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PHOTO-ELASTICITY. 


By E. G. Coxer, M.A., D.Sc., Professor of Me- 
chanical Engineering in the City and Guilds of 
London Technical College, Finsbury. 

Tue determination of the condition of stress within 
a body or built-up structure of given shape, sub- 
jected to the action of a set of external forces, is ot 
primary 2 poy to engineers and others who 
have to dea 
forms built to resist the stresses imposed by static 
and dynamic loads. Thus we have an immense 
variety of problems arising from a consideration of 
the structures which are designed for use in trans- 
port over land and water, and for other purposes, 
such as the production of power and the like ; and 
these problems are of the highest importance. 

The investigations of the mathematician, and 
the experimental researches of the physicist, form 
the basis upon which the engineer relies in 
making his calculations ; and while it is no doubt 
correct that in the majority of cases the latter 
is content with rough approximations to the truth, 
compared with the minutely accurate work of the 
purely scientific investigator, yet this is mainly due 
to the fact that the engineer must design and 
manufacture in a limited time structures, engines, 
and other appliances of a highly complex form, 
subjected to cole which are often not accurately 
known, and which in many cases can only be 
guessed at in our present state of knowledge. 
Even if the loads acting upon a body are accu- 
rately known, the complexity of most engineering 
structures makes any accurate calculation of the 
stresses thereby produced a work of extreme difli- 
culty except in the simplest cases. As an example 
we may take the cylinder of a large modern gas- 
engine, which is usually a structure of cast iron, 
with numerous passages and ports for the inflow 
and outflow of hot gases, for cooling water for 
the jacket, and provided with flanges and other 
accessories rendered necessary for constructional 
purposes. This very complicated structure is sub- 
jected to the high pressure produced by the explo- 
sion of a compressed mixture of gas and air, to 
intense stresses due to the variable heating action 
of the hot gases, and to the cooling action of the 
water supplied to the jacket, so that we have a 
combination of stresses produced in a comparatively 
fragile material by extreme variations of both pres- 
sure and temperature, which are not easy to deter- 
mine, and, in fact, are not fully known at the pre- 
sent time. It is not surprising, therefore, that cases 


of cylinder failure occasionally arise in large gas- | 


engines due to stresses which have not been fore- 
seen, and have not been allowed for in the design 
by a reasonable factor of ignorance. 

Other examples might easily be quoted in which 
our knowledge of the actual conditions of loading 
and the state of stress produced is very deficient, 
but it is not necessary to multiply instances, 
arising from the practical necessities of construc- 
tion, which still offer ample scope for investigation 
and research. 

One kind of inquiry, which appears to offer some 


with a great number of constructional | 


scope, is the determination of the condition of stress 
in transparent bodies by the effects which these 
latter, when subjected to such stresses, produce on 
polarised light passed through them, a subject first 
developed by Brewster and Biot and Arago in the 
early part of last century, and investigated much 
more systematically by Neumann, Clerk-Maxwell, 
and others at a later period. 

It may be urged as an objection to transparent 

bodies that they are not useful materials of construc- 
| tion, and that observations of their behaviour under 
| Stress are not likely to be of much value ; but this 
| view can hardly be sustained, having regard to the 
/ numerous important experimental researches which 
|have been made on materials like india-rubber, 
| jellies, and such like materials, the results of which 
| have thrown considerable light on the behaviour of 
| materials of construction generally. 
| Itis, perhaps, not too much to say that for some 
| special purposes transparent materials offer advan- 
| tages to the investigator which are not possessed by 
|any other material, and it is proposed to briefly 
|examine some of the chief features of advantage 
which this method of inquiry offers, and to give 
| Some account of the facilities which other branches 
| of modern science and industry allow us to make 
|use of, thereby removing many of the difficulties 
|which appear to have hindered the progress of 
| experimental investigation in this particular field. 
| As a preliminary, it may be useful to recall some 
| of the properties of light, which are of importance 
|in determining the stresses and strains in trans- 
parent bodies. 

We may suppose that light is due to a vibratory 
motion set up in an elastic medium, called the 
luminiferous ether, which fills all space, and that a 
ray of ordinary light is caused by displacements 
which are transverse to the direction of the beam, 
and have any azimuth. 

The velocity V of the ray depends on the trans- 
verse rigidity C of the medium and its density D, 
and is expressed by the relation 


v=,/°. 
/ D 


The interposition of bodies like glass can easily 
| be shown to retard the velocity of a ray, as com- 
pared with its velocity in air, and this may be 
due either to a change in the rigidity or in the 
| density of the medium, or perhaps to both. Ina 
| transparent body which has the same physical pro- 
perties in all directions, the changes which take 
place in the ether will have the same effect on an 
ordinary ray of light passing through it, whatever 
the direction may be; but if the material is sub- 
jected to stress in any prescribed manner, it may 
happen that the properties of the all-pervading 
ether will alter too, and thereby affect the proper- 
ties of the ray in certain directions. No change is, 
however, observable ; and since the vibrations of 
the ether are taking place in all planes passing 
through the line of direction of the one it is not 
surprising that this should be so. If, however, the 
vibrations are confined to one plane, we may expect 














differences in the physical properties of the 
material, due to the applied stress, generally cause 
a break-up of the wave motion into two components, 
vibrating in directions at right angles, and moving 
with different velocities in the body. 

This property, called ‘‘ double refraction,” is pos- 
sessed by many natural bodies having an aelotropic 
structure, and is due to the way in which the mole- 
cular constituents arrange themselves in certain 
definite directions, as in a crystal. Thus it is well 
known that Iceland spar possesses this property, 
and that a beam of light passing through the 
crystal will in general be broken up into two com- 
ponents—one called the ‘‘ ordinary ray,” which is 
refracted like an unpolarised beam ; and the other, 
called the ‘extraordinary ray,” which follows a 
different law of refraction, and moves with a dif- 
ferent velocity from that of the ordinary beam. 
There is one direction, however, in which the two 
rays have the same properties, and this corresponds 
to an axis of symmetry in the crystal called the 
‘* optical axis.” 

Fig. 1 shows a crystal of Iceland spar, which is a 
naturally crystallised form of carbonate of lime de- 
rived from the rhombohedral form, and bounded by 


B 


six parallelograms, the angles of which are 101 deg. 
55 min. and 78 deg. 5 min. respectively. Two of 
the solid angles A and B diametrically opposite are 
bounded by three obtuse angles, and the remainder 
by one obtuse and two acute angles. The direction 
making equal angles with the faces at the apices A 
and B is called the ‘‘ optical axis of the crystal,” and 
an ordinary ray of light C, D, Fig. 2, parallel to this 
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0 
line in the crystal, is not broken up into two rays, 
but its vibrations, which before entry into the 
crystal took place in any azimuth, are now in 
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some change; and we do find, in fact, that the! one plane, or are polarised, and they remain so on 
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emergence. For any other direction a beam of 
light is broken up into an ordinary ray O, and 
an extraordinary ray E, moving in different paths, 
with different velocities, and with vibrations at right 
angles to one another, as shown by the figure, in 
which different states of vibration are represented 
conventionally ; thus a close spiral line denotes an 
ordinary ray of light, while a polarised beam is 
marked by cross lines or dots, according to 
whether the vibrations take place in the plane of 
the paper or perpendicularly thereto. 

This property of double refraction, me age by 
some crystals, may be produced artificia y in various 
transparent bodies, notably glass, by the applica- 
tion of external forces, whereby the material 
becomes doubly refracting, and the interference 
effects between the two rays produce colour bands, 
which are extremely delicate indicattons of the 
state of stress in the material. 

The interference which takes place between 
waves of light has, in some respects, an analogy 
to the effects produced when two systems of water 
waves interfere with one snother, producing rest 


explanation of the effects of polarised light must 
take into account both disturbances, although for 
simplicity we usually talk of one only. 

It is purely a matter of convenience whether we 
consider the vibrations in the plane of the magnetic 
disturbance or in the plane of the electrical disturb- 
ance, and the convention adopted here is to consider 
the magnetic vibrations only, and to call the plane 
of these vibrations the plane of polarisation. 

For the examination of specimens under stress 
it is convenient, for photographic purposes, to have 
a strong point source of light, such as that ob- 
tainable from an arc-lamp, and to pass the beam 
through a large Nicol’s prism, or an equivalent 
arrangement, to plane-polarise it. This beam is 
then transmitted through the specimen under stress, 
and the components of the two sets of rays produced 
are recombined by a second Nicol’s prism, and the 
resulting interference effects projected on to a 
sheet of squared paper or a sensitive plate. A 
most convenient arrangement for this purpose is 
the optical bench designed by Mr. F. Cheshire, 
and shown in Fig. 4, in which a lantern, fitted with 





at some points and increased motion at others. 
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an arc-lamp, projects a beam of parallel light. 


glass, we find that if the polarising Nicol and the 
analysing Nicol are set with their principal planes 
at right angles to produce a dark field, the inter- 
position of a piece of glass makes no difference to 
the field of view, but that even a slight stress 
produces a colour effect, and that for every varia- 
tion in the intensity of a uniform stress a corre- 
a uniform colour is produced, provided 
the material remains elastic. A colour scale may 
thus be formed which for pure tension or com- 
pression stress indicates its numerical value, and a 
relation between them may be readily established. 
For examining the behaviour of a beam subjected to 
uniform bending moment, for instance, the actual 
stress in it may be determined by the colour fringes 
produced by the interference of white light, or, 
probably with more accuracy, by using mono-chro- 
matic light. As may be surmised, there is con- 
siderable difficulty in estimating the amount of 
stress from the colour produced, and this is 
especially the case with colours like yellows and 
reds ; but this difficulty may, to a great extent, 
be removed by a process of matching colours. In 
order to do this the object under observation is 











In light-wave phenomenaa dark field corresponds | 
to a state of rest, while increased brightness corre- 
sponds to an augmented wave. 

Thus, taking a simple case o 
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f two sources of light 
emitting waves of one kind of vibration only, the 
effects of interference can, by suitable optical 
devices, be made visible to the eye by the produc- | 
tion of dark and light bands, and these latter give 
s uniformly tinted field corresponding to the same 


kind of vibration as each source. If, however, 
we use white light, which is composed of waves of | 
different lengths corresponding to the colours of the | 
spectrum, the results of interference generally 
produce colour effects ranging over the whole spec- | 
trum, and Fig. 12, Plate I., shows the effect pro- | 
duced by stress in a transparent material, consist- | 
ing, in this example, of a m supported at both 
ends and bent by a uniform bending moment, which | 
latter produces tension and compression in the | 
material, these stresses both being made visible by | 
colour bands. 

Materials which are naturally doubly refracting, 
or which are made so by the application of stress, 
have the power of decomposing a plane-polarised 
ray into es at right angles, which, on re- 
combination by suitable apparatus, produce interfer- 
ence effects. Seals this Tetinetive property makes | 
it possible to investigate the state of stress in the 
interior of a ray ag 0 body, if we have suitable 
optical a — or the production of a beam of 
pabateod ight. The most convenient arrangement 
of apparatus for obtaining plane-polarised light is 
the modified form of crystal of Iceland spar devised 
by Nicol and shown by Fig. 3, in which the rhomb 
is cut along a plane A B, and the cut surfaces, after 
being polished, are cemented together with Canada 
balsam, which has a refractive index between that of 
the ordinary ray and the extraordinary ray, so that 
the ordinary ray O is got rid of by internal reflection 
at the cut surface, and only the extraordinary ray 
is transmitted. Various other devices may also be 
used to obtain plane-polarised light, each of which 
has its own special advantages. It may also be 
pointed out, that while for simplicity we consider 
a plane-polarised ray as a distortion of the ether 
parallel to one plane, yet the electro-magnetic 
theory of light shows that there are two disturb- 
ances at right angles, one magnetic and the other 
electric, and therefore a complete and adequate 
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This beam is first polarised by a Nicol’s prism, or 
an equivalent arrangement, secured ina holder, and 
it is then transmitted through the specimen, which 
latter is stressed by some convenient apparatus— 
in the present instance a miniature lever-testi 
machine. A lens focuses the beam on a secon 
and smaller Nicol’s prism, which serves as an 
analyser, and the image of the specimen so formed 
is thrown on a screen or sensitive plate, not shown 
in the figure. All the apparatus, except the 
lantern, is conveniently arranged along a bed of 
pe game section, and each part is carried by cylin- 
drical rods secured in holders, so that they can be 
adjusted to any position, along the bed, or vertically 
by the sliding bars secured in the holders. Each 
optical part can, moreover, be rotated about the 
axis of the beam of light. 

If we pass a beam of plane-polarised light through 
a specimen of a transparent material, as, for instanze, 











Fig. 4. 


arranged close to a uniformly-stressed test-piece, 
and the load applied to this latter is adjusted until 
the colour effect produced corresponds to that at 
some point of the object where the stress is 
required, 

Fig. 5 shows a very convenient arrangement of 
apparatus for obtaining a measure of the stress. 
It consists of a test-piece A loaded uniformly by a 
weight W, at the end of a lever, so that a definite 
stress per square inch in tension or compression is 
given to the test-piece, and the colour effect pro- 
duced is compared with the similar stress in the 
object B under examination by adjusting the colour 
in the test-piece until it matches that shown at a 
given place in the object. The colours obtained in 
a beam of rectangular section, when loaded by a 
uniform bending moment, are simple tensions and 
compressions, and an examination of the colour 
bands depicted in Fig. 12, Plate I., shows that the 
stress varies almost directly as the distance from the 
neutral axis, the position of which latter is marked 
by a dark band at the centre. This result may 
also be illustrated in a very simple manner by 
placing two similar beams at right angles in the field 
of view, as shown in Fig. 13, Plate I., and subjecting 
them to uniform bending moments. The effect of 
similar and equal stresses at right angles to one 
another is to cause a dark field to appear at the 
places where such stresses occur, and this causes 
the disappearance of the neutral axes of the beams 
in the common part, while a new dark band 
appears nclined at an angle corresponding to the 
ratio of the stresses at common points in the two 
beam sections, and the straightness of this band 
indicates the linearity of the stress across the beam 
section. 

New colour bands also appear parallel to this 
|inclined dark band, and their increased frequency 
on the common area indicates the probability that 
stresses at right angles to one another, and’ of 
unlike sign, may be added. 
| Interesting examples of the effects of holes and 
notches in ms and tension members can be 
lexamined, and Fig. 14, Plate I., shows the very 
|great difference in the distribution of stress pro- 
| duced by a semi-circular notch on the compression 
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side of the beam of Fig. 12.. It shows clearly, by 
the massing of the colour bands, the concentration 
of stress produced around the notch. 

The question of holes and notches in tension and 
compression members, beams, pillars, shafts, and 
the like, is, in fact, of the greatest interest, and 
Figs. 15, 16, and 17, PlateI., give further examples 
of the case of a tension member, in which the load 
is applied centrally, and notches are cut so that the 
width at the centre is in each case one half that of 
the original section. The want of symmetry in the 
first specimen causes bending stress at the minimum 
section, while in the other two cases, where the 
notched member is symmetrical about the axis of 
pull, an uneven distribution of stress is produced 
at the central section, the effect of which can be 
measured. It is also worth noting that these latter 
notches were cut in the same member, and some- 
what close to one another, and that the distribu- 
tion of stress in the area between them is there- 
fore somewhat altered by their close proximity, as 
is apparent from the coloured photographs. Work 
now in progress on this and other problems, which 
can only be indicated here, shows results likely to 
be of practical use to engineers. 

The applicability of this method to determine 
not only the nature of the stresses produced, but 
also their magnitudes, may also be demonstrated 
very easily ifa case is taken where the stresses may 
be independently calculated. Taking, for example, 
a tie-bar loaded eccentrically by « definite amount, 
it is easy ts show that the measured stress effects 
agree very closely with the calculated values. 

The tie-bar shown in Fig. 18, Plate I., is loaded in 
a line coinciding with one edge of the specimen, and 
the position of the neutral axis, and the coloyr bands 
which indicate the magnitude of the stresses, are 
shown therein, while the actual values of the stresses 
are shown in Fig. 6, in which the projected width 
of the specimen is shown horizontally, and the 
stresses are given as ordinates. All the loadings, 
except the last,. show that the stress is propor- 
tional to the distance from the neutral axis, a 
result indicated by theory, and that as the load 
increases the neutral axis tends to move away from 
the tension side. It can also be shown that the 
relation between the external forces and the 
internal stresses is very approximately that given 
by calculation. 

It is interesting to note that for the highest load 
the maximum stresses show a tendency to equalise, 
owing to the failure of the material at the extreme 
distance from the neutral axis, a result which is 
expressed by the bending over of the stress line 
towards the horizontal, and confirmed by the test- 
piece showing residual stress colours when the load 
is removed. Other cases might be quoted which 
show a sufficiently close agreement with theoretical 
calculation to justify the application of optical 
methods to study stress problems for which no 
theoretical results are available. 

To apply this kind of experimental work to cases 
of practical importance, it is evidently desirable 
that the material used should possess similar 
physical characteristics to those possessed by steel, 
iron, and other materials in general use by engi- 
neers, and in this respect glass is probably superior 
to any other transparent material. Unfortunately, 
however, in order to produce the colour effects in 
glass specimens, it is necessary that the material 
should be very thick, and the forces to which 
the glass is subjected very great—in fact, very 
near the breaking point of the material. Glass is, 
moreover, an extremely difficult material to shape, 
and specimens can only be produced by laborious 
processes. 

The extensive commercial use of xylonite and 
such-like preparations in recent years, however, 
affords a material which has nearly all the desirable 
features of glass, and, in addition, some other 
characteristics which make it superior to glass in 
many respects for this kind of experimental work. 
Xylonite is a preparation of nitro-cellulose, which 
may be obtained in large sheets of moderate thick- 
ness, entirely free from stress except at the edges. 
Tt is not usually made more than } in. thick, butas 
it is so much more compressible than glass, it is, 
generally, more convenient for use in these thin 
strips. The material is not quite so transparent as 
glass, and is usually slightly tinted ; but it has the 
very important advantage that specimens may be 
cut from the sheet quite readily with ordinary wood 
and metal-working tools, and with reasonable care 
the contours of the specimen show no signs of 
residual stress after shaping, 


The material is. somewhat aelotropic, and for 
very accurate experimental work this may have t 
be taken into account. As an example of the ease ip 
working with this material we may turn to Fig. 19 
Plate I., in which a part section of a corrugatec 
furnace-flue is shown under a torsion load, and thi 
complicated stresses in the material are made visible 
by the intense colour effects produced. 

Such examples can be multiplied indefinitely, 
provided they can be represented in a plane; and it 
is possible in most cases of complicated construc- 
tions, such as are met with in girders, trusses, 
riveted joints, pillars, notched bars, and the like 
to form some approximate idea of the distribution 
and magnitude of the stresses from models. 

In determining the condition of stress by plane. 
oa light in other than the simplest cases, 

owever, an effect is produced which depends or 
the arrangement of the optical apparatus only, ano 
this, generally, produces an alteration in the colour 
bands, which must be eliminated. The nature o! 
this disturbance may be made clear if it is remem- 
bered that, whatever be the shape of a plane 
lamina and the nature of the ied forces, the 
stresses at a point may be represented by two 
principal stresses at right angles, while the an- 
gular positions and magnitudes of these principal 
stresses will usually vary from point to point. If 
now we consider for simplicity a rectangular element 
subjected to principal stresses of intensity p and q, 
Fig. 7, and a beam of plane-polarised light is passed 


q 





Fig. 7. 





through it, having its plane of polarisation inclined 
to both axes, then the ray is split up into an ordinary 
and an extraordinary ray, one in the direction of 
one axis, and the other at right angles along the 
other axis. On emerging these rays generally 

a difference of phase, which, by the action 
of a second Nicol’s prism, produces interference 
colours. If, however, the plane of polarisation 
coincides with one of these principal axes, the ray 
passes through unchanged, and therefore, with the 
polariser and analyser set with their —— 
planes at right angles to produce a dark field, we 
still obtain a dark field in the object wherever the 
directions of the principal axes of stress correspond 
with the principal planes of the Nicols. Thus ina 
glass disc suddenly cooled the stresses are radial 
and tangential, and a black cross is produced by the 
polarising arrangements, which remains in an in- 
variable position when the object is rotated in the 
field of view. Various natural crystals exhibit the 
same effect. In the case of a model of, say, a ma- 
chine element like the circular hook section shown 
in Fig. 20, Plate I., the effect of this selective action 
is shown by one arm of the black cross lying along 
the principal section of the hook, while the other 
arm forms a black band curving round towards the 





vertical diameter, If the planes of the Nicol’s 


prisms are altered, a new pair of curves come into 
existence, and produce disturbing effects in the 
field of view, tending to distort the true stress 
phenomena. 

For stress measurements it is necessary to elimi- 
nate the distortional effect produced by the black 
cross; and I am greatly indebted to Professor 
Silvanus Thompson, F.R.S., for su i the 
combination with each Nicol’s prism of a quarter- 
wave plate set with its axis inclined at deg., 
thereby converting the plane wave issuing from ‘the 
first; Nicol’s prism into a circularly polarised ray. 
With this arrangement the plane wave A (Fig. 8) 
issuing from the Nicol’s prism is split up by the 
quarter-wave plate into components at right angles, 
and one component B in its passage through the 
quarter-wave plate is retarded more than the other 
é, while the thickness of the plate is so adjusted 
me the difference of phase on emergence is a right 
angle. 

‘he resulting ray is therefore circularly polarised, 
and we have in effect a beam of plane-polarised light 
in rapid rotation about its line of direction, and it 
therefore presents the same aspect to every 
of the stressed material, and eliminates the black 
cross. 

The ray, after passing through the object, is 
received by a_second quarter-wave plate and a 
Nicol’s prism, arranged as shown in Fig. 9, in which a 
beam of ordinary light A is converted into a circu- 
larly polarised pencil by the combined prism B and 
quarter-wave plate C, and is re-converted into plane- 
polarised light by the inverse combination D and E, 
after passing through the stressed object F. This 
arrangement causes a slight change of tint which 
affects all parts of the field of, view equally, and is 
therefore of no moment. The action of the light 
on'the stressed body is now independent of the 
angular position in the field of view, and the colour 
fringes, caused by a definite load, remain invariable 
in any part of the field, a result of great practical 
advantage. The change in the aspect of the body 
is shown by comparing the hook, Fig. 21, Plate I., 
under circularly polarised light with Fig. 20, of the 








same object in plane-polarised light, and under 
identical conditions of stress. 
There is now no difficulty in obtaining the mag- 


Fig. 9. 









nitude of the stress at points in the principal 
section of the hook, using the method } amen 
above, and experimental values obtained in this 
case are drawn in Fig. 10, showing clearly the 
important part played by the curvature of the hook 
in determining the stress across the section. Other 
examples, like rollers, chain-links of circular, 
elliptic, and other forms, afford problems of a 
similar nature, and a circular chain-hook is shown 
in Figs. 22 and 23, Plate I., under plane-polarised 
light. The principal planes of the Nicol’s prisms 
are set in two different positions to show the change 
produced in the dark bands by alterations in the 
_— arrangements, while the stress effect without 
these disturbances is shown in Fig. 24. 

Lines of Principal Stress.—It has been mentioned 
above that at any point in a plane lamina, the state 
of stress can always be completely represented by 
two stresses at right angles ; and if their directions 
and magnitudes are known over the whole specimen, 
the state of stress is completely determined. The 
optical method is stictlesty well adapted for the 
determination of direction of the lines of principal 
stress from the fact that -plane-polarised fight as 
a selective action, since it does not allow light to 
pass through the stressed specimen at any place 
where the principal planes of the Nicols are parallel 
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to the planes of principal stress. For any arbitrary 
position of the crossed Nicols, therefore, we obtain 
a series of dark bands, which are the loci of these 
positions, and, by setting the crossed Nicols in new 
positions, we obtain other bands corresponding to 
new axes of principal stress. 

Such a series of bands is shown in outline by 
Fig. 11, for the case of a local application of load 
made by a screw A upon a beam supported at both 
ends. The positions of the crossed Nicols are 
marked at intervals along each corresponding band, 
giving the directions of the principal stress at 
each point, and from these it is easy to draw the 
approximate positions of the lines of principal stress 
in the neighbourhood of the application of the 


Fig 10 
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load as shown by the figure. The determination 
of the magnitudes of the stresses offers much 
more difficulty. Since the colour effect depends 
upon the relative retardation of the ordinary and 
extraordinary rays, we may write I = (yo—p, )z, 
where », and », are the indices of refraction of the 
two rays, ~ is the thickness of the material, and 
| is the relative retardation. aimee on glass 
show that y)—, is approximately proportional to 
the difference of the principal stresses (q — p), so that 
we may write 
I=w(q~ p)z (1) 


where @ is an optical coefficient depending on the 
material. The observations of Wertheim appear 
to show that is constant for all colours—that is, 
it is independent of the wave-lengths of the light 
used ; but the later investigations of Pockels and 
Filon do not confirm this view. No experiments 
have been made so far on the materials used here, 
but, in the absence of definite information, we take 
the law expressed above as a first approximation to 
the truth. 

Assuming, therefore, the truth of the expression 
(1), we have a general solution available due to 
Maxwell,* which he states as follows :—‘‘ Let the 
isochromatic lines be determined by the equation 


ti (sy) = + = w(q - Pi, 


where I is the difference of retardation of -the 
oppositely polarised rays, and q and p are the 





* Collected papers, 





pressures in the principal axes at any point, « being 
the thickness of the plate, and o is a coefficient 
depending on the substance. 
‘*Let the lines of equal inclination be determined 
by the equation 
2 (x, y) = tan 8, 
6 being the inclination of the principal axes ; then 
the differential equation of the curves of direction 
of compression and dilatation is 
=dy 
$2 (2, v)= 57 
‘* By considering any particle of the plate as a 
portion of a cylinder where the axis passes through 
the centre of curvature of the curve of compression, 
we find 
dp 
dr 
‘Let R denote the radius of curvature of the curve 
of compression at any point, and let S denote the 
length of the curve of dilatation at the same point 


ps (x, y) =R ss (a, y) = 8 


-~R¢P 
q 7.= R d Q’ 
and since (q — p), R, and S are known, and since 
at the surface, where 
$5 (z, vy) = 0, p= 9, 
all the data are given for determining the absolute 
value of p by integration. 
‘Though this is the best method of finding p and 
q by graphic construction, it is much better, when 
the equations of the curves have been found—that 
is, when @, and @, are known—to resolve the pres- 
sures in the direction of the axes. 
“‘The new quantities are p,, p., and q,; and the 
equations are 


q-p=r 


tan @ = —%__ (p—q)*= qs? + (P,— Po) 
Pi-Ps 
Pit Pe =pt gq. 

‘It is therefore possible to find the pressures from 
the curves of equal tint and equal inclination, in 
any case in which it may be required.” 

Unfortunately, it is not at all easy to express the 
functions ¢, (#, y) and @, (x, y) from the mapping 
of the isochromatic bands and the bands of equal 
inclination, as is evident from their complicated 
character ; but, if such general expressions can be 
obtained, Maxwell’s method affords a general solu- 
tion of the values of p and q throughout any plane 
lamina subjected to forces in its own plane. 

It is also worth pointing out that maximum 
shear stress is proportional to p—q, where p and q 
are the principal stresses at a point, and also that 
the optical effect appears to depend on p—q, and 
we have, therefore, a possible means of determin- 
ing, by aid of models, the strength of a structure 
which fails entirely by shear. 

In addition to their value for experimental 
investigations, — methods appear to have a 
certain amount of value for educational work. It 
is probably a very common experience that engi- 
neering students rarely show the same degree 
of enthusiasm for the study of the theory of 
elasticity as they do for the study of other branches 
of science, such as heat engines, for example. It 
is difficult to realise what is the internal condition 
of beams, shafts, and the like, when they are bent, 
twisted, or otherwise stressed; and the average 
student, especially if he comes direct from school, 
does not readily grasp the meanings of the symbols 
he uses, or the significance of the formule he 
obtains, because of lack of illustrations of the 
nature of internal stress. 

With a limited amount of experience it seems 
quite safe to say that the pictures which optical 
ape present to the eye afford a measure of 
help to students, whether they are intelligent work- 
men or the more systematically trained students 
of an engineering college. The remaining examples 
illustrated on Plate I., constructed by students in 
the laboratory of the City and Guilds of London 
Technical College, Finsbury, are therefore interest- 
ing from this point of view, and they also serve to 
show the ease with which models may be built up in 
aplane. A plate spring is shown by Fig. 25, PlateI., 
in which the behaviour of each plate can be clearly 
traced, while Fig. 26 shows the complicated colour 
effects u in a square-threaded screw and 
nut. Fig. 27 refers to the important case of a 
pillar with pin-jointed ends, which, with other 
examples, is now under further investigation, and 
the remaining two, Figs. 28 and 29, Plate I., show 
a trussed beam in which a load is applied at two 





different = along the span. It may be added 
that the illustrations in Piate zt all been repro- 
duced by the three-colour process from coloured 
photographs taken on Lumieré plates direct from 
the specimens under stress. 








THE WATER SUPPLY OF ATHENS. 

ALTHOUGH the internal conditions of the King- 
dom of Greece have been lately somewhat dis- 
turbed, yet with every succeeding Government 
the universal opinion has been expressed, and 
agreed to, that the social improvements necessary 
for the country’s welfare claim first consideration 
at all hands; and that, no matter what political 
party may be in power, these reforms must be 
immediately proceeded with. Foremost amongst 
these improvements is the water supply of the 
capital—founded 1560 years before the Christian 
era—with its port of Firvien, which latter town, 
ranking next to Marseilles and Trieste, now occu- 
pies the third place of importance amongst the 
seaports of the Mediterranean littoral. 

International financiers, who have been officially 
assured that this precedence will be accorded, and 
that the interest required will be guaranteed by 
the Government in power in priority of other loans, 
have secrred the necessary capital, which they are 
prepared. to advance immediately the Government’s 
undertaking has been ratified by the Chamber of 
Deputies, which meets early in 1911. 

It is not difficult to realise why this important 
measure has been given the first place amongst 
necessary reforms, when it is remembered that the 
trade of Athens has immensely developed during 
the last twenty years, that modern buildings, with 
all the necessary sanitary requirements, have sprung 
up all over the city, that the population has greatly 
increased within the period mentioned, and is still in- 
creasing, whilst the growth and importance of Pirveus 
are phenomenal. The want of an efficient water 
supply further to develop the two trade centres of 
the country is therefore universally acknowledged. 

Several schemes have been submitted to the 
Government before the selection of the final. 
French and Austrian engineers competed, but they 
failed to secure universal approval, because all 
recommended an open contour culvert from the 
selected catchment area to the two towns. This 
fact, without reference to engineering details, 
necessitated a 25 per cent. additional outlay to that 
which is incurred in the construction of the scheme 
about to be described. 

An English syndicate was formed five years ago, 
and a survey made of the whole district at a cost 
of 8000/. It was found that no sufficient water of 
dependable quantity was obtainable within the 
Valley of Attica which could be conveyed to the 
two towns by gravitation. It was necessary, 
therefore, to look further afield, and ultimately the 
Mountains of the Peloponnesus, which naturally 
cover a very large area of gathering-ground, were 
selected as the source of supply. The principal 
mountain of this range is named Mount Cyllene, and 
is situated at.a distance of 143.5 km. from Athens 
(87.95 miles). It is composed of limestone, and is 
full of water, which issues out as springs or from 
fissures in the mountain side, which flow into Lake 
Stymphalia or into the streams which emanate from 
it. Fig. 1, page 5, illustrates the lake. The rain- 
fall here is exceptional for Greece, as the gaugings 
show a mean annual fall of 39.37 in., whereas in the 
Valley of Attica, in which valley both Athens and 
Pirzeus are situated, the fall is only 16 in. The 
temperature of the water is cool even in summer, 
when it may be taken at 13 deg. Cent. or 58 deg. 
Fahr. Repeated analyses have shown its quality to 
be excellent. It is extremely palatable, and con- 
tamination is impossible. 

There is a strange coincidence in connection with 
the selection of the water from Lake Stymphalia 
for the supply of Athens, in that about the year 
a.pD. 76, the Roman Emperor Hadrian, who was 
then Master of the Peloponnesus, tapped this water 
by means of an aqueduct for the supply of Corinth, 
which city was then the centre of all arts and 
opulence. Portions of this aqueduct still remain, 
and the masonry is in as good a condition as on the 
day it was built. Successive earthquakes have, 
however, broken up most of the open portions, 
which fact proves that a masonry aqueduct, how- 
ever well constructed, should not be thought of in 
Greece. Fig 2, page 5, gives a good illustration of 
one of the remaining tunnels. 

The population of Athens and Pirzus at the 
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Fic. 1. Lake StymMpHatia. 
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present time is 256,000 ; but with an efficient water 
supply it will immediately greatly increase. . At the 
wish of the Municipality, provision has therefore 
been made for 400,000. The present general supply 
of water to Athens is not only insufficient in quan- 
tity, being less than 10 gallons per head per day, 


but impure in quality, as it is obtained from shallow per day. The present supply of Pirzus is also 
wells sunk beneath manured land, whilst drinking- obtained from shallow wells, and it is even more 
water has to be brought into the city in barrels and impure than that of Athens, whilst the storage 
jars on carts. The storage is totally inadequate, as provided is only sufficient for one-third of a day. 

the reservoirs only hold 730,200 gallons intheaggre- Toremedy these drawbacks to national prosperity 
gate, which represents about 4 gallons per head the Municipality of Athens have decided that with 
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the new scheme a population of 400,000 must be 
rovided for with 30 gallons per head (or 136.3037 10 
itres). This represents 12,000,000 gallons per day of 
24 hours (or 54,516,000 litres), or 139 gallons per 
second (631.540523 litres). Eight million gallons of 
this total daily amount will be conveyed to Athens 
and four millions to Pireeus. There are four series 
of springs that issue forth from Mount Cyllene, and 
constant gaugings have shown that one alone dis- 
charges 297 gallons per second (1349.271 litres). In 
addition to the defined streams an immense quantity 
of water bubbles up in every direction, both 
through the ground and under the lake. It is thus 
clear that by driving headings into the limestone 
an immense addition of water can be readily ob- 
tained. No filtration is necessary, because all the 
water required will be intercepted as it issues from 
the mountain-side. Asa safeguard against fire or 
accident a storage in the two towns will be pro- 
vided in reservoirs, holding 10,250,000 gallons, 
whilst, in addition, the storage of the existin 
supply in both places, amounting to 4,128,000 
goles, would be available as required. Fig. 3, 
ge 5, shows the course of the conduit from the 
he to the two towns, and Figs. 4 to 6 illustrate 


the longitudinal section of the line, giving the 
hydraulic gradients, the varying head and pressure, 
and the several diameters. 

Steel lock-bar pipes wil! be used throughout 
except at the extreme upper lengths, because ‘the 
survey proved that they are the best means of 
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successfully achieving the object aimed at, on 
account of the roughness and mountainous cha- 
racter of the country, which renders the haulage 
of cast-iron pipes a matter of extreme difficulty and 
expense, to say nothing of liability to damage. 
Riveted steel pipes likewise were rejected on 
account of their liability to weep along the joints, 
and the danger consequent on bad riveting. Con- 
crete pipes were selected for the upper length of the 
main and its branches surrounding the mountain, 
where there is practically no head, because of the 
extreme difficulty of transporting even lock-bar 
pipes up into the mountainous tract near the 
source, and because the period in each year during 
which work can be carried on upon this portion of 
the route is not long enough to permit of the use 
of masonry. Concrete pipes, on the other hand, 
can be laid very rapidly, and they will therefore be 
made in advance on the table-land near the lake, 
ready for use directly the proper season arrives. 

To prevent the rigid cement jointing of the pipes 
being affected by earth tremors, each joint will be 
surrounded by a patent steel band bedded on a 
special bituminous preparation which allows of a 
certain amount of movement without any conse- 
quent leakage. A description of this joint appeared 
on pose 477 of ENGINEERING of _ 12, 1907. 

e concrete pipes will not be reinforced, as 
they will never be subjected to anything approach- 
ing their bursting pressure, which is from 35 Ib, to 
40 lb. per square inch. 


ATHENS. 








The total weight in tons of metal amounts to 
25,000 ; and the subjoined table gives the working 
maximum pressure in pounds per square inch, and 
the various sizes of pipes, with a safety factor of 4. 


Mucximum Working Pressure in Pounds per Square Inch, 


or Metres, Head, for Steel Lock-Bar Pipes, allowing a 
‘uctor of Safety of About 4. 


Bore of Pipes in Inches. 





18 In. 24 In. 27 In. 28 In. 31 In. 
rl oe to dee tet aece ty toa La kaa 
v,hesaPAaP APA PP 
Pipe fed =s leds sss seims se ™s 
mle 188 cle 88 cle -leSule 8a ule Jee. 
Inches." 8 5.92 $8 ¥oises Pgses Ps ses Psiszs 

Sis Sis.is Sis.i¢s sis S Sis iF $ 

PLive ER Soa PR Eva Lesa Loss 

a ce ce. ca ic w 
is | 320,225.04 240) 168.78 213/149.78 206 144.87) 186/ 130.80 
4 |: 427,300.28 320) 225.03 285) 200.42 275 193.39 248 174.40 
Ys | 534 375,53 401/ 282.00 356' 250.35 343 241.21) 310 218.00 
P| 641/450.77 481/338.26 427| 300.28 412 289.73) 372 261.6u 


| ‘To cope with accident, or earth tremor, spare 
' pipes in sufficient quantity will be stored at the 
numerous dépéts and cottages provided along the 
length of conduit, and by this means all repairs 
| (owing to the proximity of these dépéts and the use 
| of the telephone) could be carried out in forty-eight 
| hours. 
| Fig. 7 and 8, page 6, illustrate the head-works, 
| where the water, after interception at the numerous 
| sources issuing from the mountains, will be col- 
| lected, ite quantity gauged vertically and horizon- 
tally, the detritus deposited, the compensation 
| water from the lake arranged for, and the required 
quantity ultimately conveyed into the conduit of 
concrete tubes for delivery in Athens. 
| The two most interesting engineering features 
| along the course of the conduit upwards are the cross- 
| ing of the Corinth Canal and the passage through the 
| Kaki Scala Pass. Figs. 9 to 11 illustrate the canal 
| crossing. It will be noticed that the bridge is of the 
most simple construction, with girders of N truss 
design, its width and strength, as with all other 
' bridges, being sufficient to carry an additional 
| Pipe, if this should ever be required. The height 
of the bridge above the water-level of the canal is 
162 ft. 6 in. 

Fig. 12, of the Kaki Scala Pass, is self-explanatory. 
It shows the steep and mountainous character of 
the country and the narrowness of space available 
for the laying of a water main in a suitable position. 
A steel joist or oad will be carried in these 
narrow portions between the perpendicular wall 
overhanging the sea and the conduit, the weight 
of a 31-in. pipe when full of water necessitating th 
precaution. Every alternate existing counterfort 
will likewise be increased in size as shown. 

The rock met with in the Daphne Pass presents 
no special difficulties of excavation, and is constantly 
recurring throughout the entire line. The niches 
where the _— on their way to attend the 
Mysteries of eusis deposited their votive offerings 
|may yet be seen in the Pass, and the marks of 
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chariot wheels are still clearly delineated in the 
rock, the gauge being the same as for carts of the 
present day. 

The site of the once opulent city of Corinth is 
likewise crossed at the foot of the far-famed Acro- 

olis, from the steps of which St. Paul delivered 
fis sermons to the Corinthians. It is here that 
great treasure will probably be found, all of which 
has been acquired in advance by the Greek Govern- 
ment. 

Two break-pressure tanks will be constructed 
along the line, one at the foot of the 18-in. pipes, 
which have a gradient of 1 in 21, and the second at 
the foot of the 24-in. pipes, where the gradient is 
1 in 154. Figs. 13 and 14 illustrate the size and 
general arrangement of these break-pressure tanks, 
which are each in duplicate, and show how the 
water is diffused and subsequently conveyed, with 
the pressure removed, to its ultimate destination. 

The equilibrium float-valves, Figs. 15 to 17, 
page 7, will be used for the regulation of the flow 
of water into the break-pressure tanks. The water 
enters through the opening in the side of the 
chamber containing the valves, follows the course 
indicated by the arrows, passes down the column, and 
enters the tank through apertures at the foot. The 
inlet of water is tee se by the adjustable copper 
float, which may be placed either at the side of the 
valve or above it, as circumstances demand. 

To obviate damage to the surrounding country 
through bursts in the main, automatic stop-valves of 
the design illustrated in Figs. 18 to 22, page 7, will 
be used. Within the valve a circular disc J, on 
trunnions, is held in a horizontal position, allowing 
a free passage for the water. Keyed on to each 
trunnion end is a grooved pulley C, to which 
balance-weights H (required to turn the disc into a 
vertical position) are hung by a chain ing over 
the periphery of the pulley. A forged steel lever 
working on a rocking-shaft is secured to the out- 
side, the arm of this lever abutting against a gun- 
metal-faced cam on the pulley C, and so maintain- 
ing the disc in a horizontal position. This lever is 
held in position by a stud fixed in the weighted arm 
of the impact lever F, at the other end of which is 
attached an impact-plate opposed to the flow of the 
water. This impact-plate is held and balanced 
for any required velocity by weighting the short 
arm of the lever F. Should the velocity be greater 
than that which the impact lever is weighted to 
resist, then the weights G on the short arm F 
will be raised ; the stud will also rise and the 
trigger will be released, so permitting the balance- 
weights H to descend and bring the disc J into a 
vertical position, and thus close the bore of the 
pipe. A piston working in a cataract cylinder 
D, charged with glycerine, regulates the speed 
at which the pipe can be closed. This cylinder, 
in connection with a plunger-pump K, is used for 
re-setting the disc in position. An air vessel, 
fitted with the necessary gauges and cocks, is pro- 
vided to relieve the surging of the water whilst the 
disc is closing the main. These valves will be 
tested at short intervals of time, and an arrange- 
ment is attached for fixing the disc J full open 
during scouring of the main. An automatic arrange- 
ment is attached to each valve, so that directly it 
comes into action an electric bell will ring at the 
nearest dép6t. The man in charge will then be 
able to telephone up or down the length of main, 
and arrange for repairs at the site of accident in a 
very short time, even before the valve is entirely 
closed. . 

To secure the best distribution of water for 
Athens, the city has been divided into three zones 

—high, middle, and low-level—storage reservoirs 
being provided in all three. 

After the diversion of the 4,000,000 gallons per 
day to Pirzeus, the remaining 8,000,000 gallons will 
be conveyed to the middle-level reservoir. In this 
zone 3,000,000 gallons will be required per diem. 
The balance of 5,000,000 gallons (or 3472 gallons 
per minute) will then be conveyed through 800 m. 
of 24-in. cast-iron main to the low-level reservoir. 
Near this last site, out’ of the 3472 gallons per 
ininute, 700 gallons per minute are to be raised by 
means of turbines into the high-level reservoir ; 
2722 gallons per minute, therefore, are available for 
power and for the supply within the low-level zone, 
after seg through the turbines. A 12-in. cast- 
iron branch for the high-level zone will be taken 


direct to the pumps, so that the water that is raised 
‘loes not pass through the turbines. The lift 
(iuclusive of friction) is 280 ft., which, if the fall 
of power water is subtracted, the actual head 





becomes 190 ft. The following is the result: 
7000 Ib. x 190 ’ 
33.000 = 40 horse-power. Allowing 80 


r cent. for the efficiency of the pumps, the brake 
orse-power equals 50. For the power water, allow- 
ing 75 per cent. for efficiency, the brake horse-power 
of each turbine equals 58, Figs. 23 to 25, on page 8, 
illustrate the turbine and pump-house. 

The telephone system, which is about 95 miles in 
length, is simple, but most complete, because in 
this instance continuous communication must always 
be maintainable between the source of supply, the 
towns supplied with water, and all the inspectors’ 
cottages along the line. Cottages will be erected 
in close proximity to each of the automatic stop- 
valves previously described, so that by the move- 
ments of the valve-shutter instantaneous connection 
will be effected with the bell ringing in the nearest 
cottage. This movement closes an electric circuit 
and thus rings the bell. Such a precaution is neces- 
sary, because in a country subject to earth tremors 
the slightest variation of the flow of the water in 
the conduit is of the greatest importance, and it is 
essential that its cause should be investigated 
immediately. 

Special long-distance telephones will be used, 
fitted with five magneto-generators, of special 
design, strong enough to ring at least thirty bells 
along a 100-mile line. The bells on the various 
instruments will be connected to the line, and the 
calling of any one station will be effected by a pre- 
determined code. For speaking purposes sensitive 
microphone transmitters will be adopted, worked 
by a local battery and connected through a switch- 
hook to the primary of an induction-coil. The 
secondary of the induction-coil, having a resistance 
of 250 ohms, will be connected in series with a 
double-pole receiver to the line through the switch- 
hook. Each instrument will be fitted with a light- 
ning-arrester. The overhead line will consist of 
bare silicon-bronze wire, No. 14 W.G., weighing 
about 100 lb. tothe mile. 

In order to communicate with the central office 
when the pipes are being laid, and also to enable 
the inspectors, after the work has been completed, 
to speak to and from any point — the line, tele- 

hones of a portable character will be provided. 

hey will be fitted with long bamboo rods and metal 
connections, so that the instrument can be con- 
nected to the overhead line at any point. These 
instruments are of the same high-class type as the 
fixed sets in the inspectors’ cottages, and will be 
fitted into a strong oak box, with shoulder-straps. 
Dry cells will be used for the microphone circuit, 
and the tapping-rods will consist of six pieces of 
bamboo, each 3 ft. long, joined together with 
bayonet sockets. The end-sections will have a 
lyre-shaped spring with wire clamp, the whole 
FY atus being extremely handy and portable. 

ith this scheme communication can at any time 
be made not only with other portable instruments, 
but also with the entire permanent telephone 
system, so that any of the authorities present will 
be able to speak with one of the stations from any 
desired point on the line, and obtain a reply. 

All ordinary labour in South Italy, Greece, and 
Asia Minor can be obtained at the following 
rates :— 


Horse and cart ... =n .. 5s. per day 

Two horses and cart ... ee re 

General labour ... cs a Be 

Skilled labour ... 4s. to 5s. 6d. per day 


The working day consists of 9 hours, with no 
difference on Saturdays; there are, therefore, 
54 hours per week. The amount of labour done by 
a Greek labourer per diem is equivalent to two- 
thirds of what an ordinary English or Irish labourer 
would do ; therefore, taking the average labourer’s 
hours in England at 54 per week, the Greek or 
Italian only does an amount equal to 36 hours. 

Ordinary materials can be obtained at fair prices 
on the spot, but all pipes, special fittings, machinery, 
and metals, &c., will be obtained from England. 
Sand, stone, cement, bricks, and explosives are 
all of good quality and readily obtainable at a cost 
of one-third less than in England. Timber is not 
rocurable in Greece, and therefore the forests of 
ussia and Turkey will supply it all. 

The time occupied from the commencement of 
the works to the finish will be a maximum of four 


years. 
Messrs. Hughes and Lancaster, the well-known 
firm of contractors, of 16, Victoria-street, West- 





minster, have investigated the site, and have looked 


into the scheme with the view of carrying out the 
works. The estimated outlay of the works with 
all con- tingent expenses is 1,500,000I. 

The engineers are Messrs. Bailey-Denton and 
Co., of Palace Chambers, 9, Bridge-street, West- 
minster, and Mr. J. Gurdon L. Stephenson, of 33a, 
The Broadway, Hammersmith, W. 
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INDUSTRIAL NOTES. 


Ix the widespread labour unrest evident during the 
year that has just closed no little credit is due to the 
officials of the Yorkshire Miners’ Association in that 
they have so far been successful in preventing this 
unrest from becoming actively evident among their 
own members, for they have for months had to cope 
with men eager to throw down their tools and stop 
work as did their brethren in South Wales. The 
more stable, solid character of the Yorkshire miners, 
compared with that of their hot-headed, impressionable 
colleagues in Wales, has probably aa the officials, 
and the situation has been saved, Yorkshire having 
so far escaped trouble. It must, however, have been 
no light matter for the officials. As we have before 
— out, the cause of all the unrest is doubt- 
ess the disappointment there has been with regard to 
the Eight Hours Act, for there is no use in diaguio- 
ing the fact that this Act has not fulfilled the hopes of 
the men any more in Yorkshire than it has done in 
South Wales. As most clear thinkers foresaw would 
probably be the case, all the wonderful things that 
the Act was going to do for the men, as pictured by 
many of their officials and Parliamentary leaders, have 
pave to be visionary. Hence the men feel that they 

ave been deluded, and are accordingly resentful, a 
state of things which is, after all, only natural. It is 
very likely that in the north the men were reall 
shrewd enough not to place too much reliance in all 
the wonderful things they were told the Act was 
going to do, and the swing of the pendulum has 
therefore in their case not been so t as in the 
south-west. Nevertheless, there is little doubt that 
it has —- and it would not at all surprise us 
if the men before very long plead for a return to 
the old state of things. ‘he whole trouble has 
arisen from an ignorant partisan meddling with 
economic laws—an interference that sooner or later 
brings its result in trouble and distress. The miners 
of this country are quite strong enough to look after 
themselves, and need no grandmotherly legislation 
to helpthem. Had they really wanted eight hours’ 
work per day, and if it had been possible, they could 
have got it themselves in the natural way without a 
special Act being passed to give it them. It is very 
doubtful if they really did want it. . 


A development that created much surprise among the 
men took place on Wednesday in last week in connection 
with the Powell-Duffryn miners’ strike in the Aberdare 
Valley. After being idle for ten weeks, there was a 
report that work would be resumed on the Wednesday, 
and about 5000 men gathered at the works. Their 
services were, however, not required, and they were 
told that only a small number of men were needed for 
repair work. In some cases the men were told that 
they need not come until they were sent for, and at 
the Lletty Shenklin Colliery it is reported that they 
were kept back by a body of police. The delay is, 
of course, due to the action of the men themselves, as 
the strike has rendered work at the pits impossible 
for the ee and it will no doubt take some time 
before things are put in order. Although the action 
of the management has been criticised adversely in 
certain quarters, the men have only themselves to 
thank for this delay. Mr. George Hann, the deputy 
general manager, in an interview with the men’s repre- 
sentatives, stated that he was afraid, on account of the 
damage that had been done during the strike, the 
colliery could not be opened till the following Monday. 


On Wednesday, last week, at Castleford, a large 
number of the Urban Councillors and officials, in 
addition to many of the leading employers of labour in 
the district, met in order to open the branch of the 
Board of Trade Labour Exchange in Bank-street, 
Castleford, this branch being now well equipped and 
ready for work. A full explanation of the state of 


affairs with regard to labour exchanges was given by 
Mr. Smith, the superintendent of the Huddersfield 
Exchange. He stated that 300,000 vacancies had 
been filled by the labour exchanges up to the end of 
November last, and they had already opened eighteen 
—— in Yorkshire, and it was hoped that by the 
end of June next there would be thirty at work. The 
number of vacancies that were being filled up in York- 
shire amounted to about 1000 per week—a result 
which was obtained without any sides being taken in 
labour disputes, their objects 6 purely business 
and industrial. In addition to the men’s department, 
there was a section for women and girls, and it was 
hoped that the flow of unskilled workmen into the 
great class of the unemployed might be stemmed by 
the aid of the juvenile branch, as it would, they 
thought, be a means of guiding the youth into proper 
occupations. Sir Joseph Compton Rickett, M.P., said 
that with boys and girls the ditticulty would, he 
feared, always be in connection with giving them a 
definite training. In Germany, if a boy wished to 
learn a trade he could do so at the expense of the 
State. Here it was, of course, different, but he was 


very anxious that the youths of the present generation 
should be put into some well-established trades. 


According to the Shefield Duily Telegraph, the 
cutlery trade was one of the last to participate in 
the general revival of last year, and the improvement 
did not begin till midsummer. In the early autumn 
business came forward with a rush, with the result 
that the output for the season appears to have been 
equal to that of any period of good trade in previous 
years. Work was, however, severely handicapped by 
a shortage of workmen. Blade-forgers earn money, 
but, although this is the case, it seems that very few 
young men are learning the craft, and for some years 
now there has been ashortage in the numbers required 
to fill the gaps caused by deaths and retirement. With 
the long spell of bad trade and the unsatisfactory 
earning possibilities, there has been a severe depletion 
of hafters and spring knife-cutters, and many men 
have gone into other occupations. Consequently, when 
the revival of trade came it failed to tempt any con- 
siderable number of men to return to their original 
vocations. For this reason a considerable amount of 
inconvenience has been caused, and consequently delays 
have taken place in the execution of orders. 

During last year further pro, was made in the 
application of machinery to cutlery making, but it is 

ought that, unless a much more rapid development 
in this direction takes place, Sheffield will not in a 
few years’ time be able to cope with the demands 
made by customers. In Germany, on the contrary, 
the skilled cutler is relieved of much of his task by 
having his parts prepared for him by mechanical 
means, the accuracy and finish obtained by these 
machines being such that the workman has merely to 
put the parts together, and is therefore able to turn 
out knives much more rapidly than the Sheffield work- 
man. A feature of the year was that such parts 
have been imported into this country in considerable 
quantities, among them being parts of springs and 
scales from Solingen. A local firm, however, some 
months ago erected a plant of the latest American 
machinery for forging, grinding, and finishing table- 
knife blades, an thie has proved a boon to the 
trade during the season’s rush. Had it not been for 
this, makers would have been hopelessly in arrears 
with their orders for the cheaper classes of goods. 
A notable feature of the year has been the increased 
trade with some of the Colonies, in particular with 
Canada. Australian and South African buying has 
also increased substantially. Competition throughout 
the year was, however, very keen—indeed, keener than 
has ever been experienced in the history of the trade, 
with the consequence that prices, particularly in second 
and low-quality goods, have fallen. 


On Saturday last the demand which is being brought 
forward by the National Printing and Kindred Trades 
Federation for a 48-hour week advanced another step, 
when at a largely attended meeting, held under the 
auspices of the Federation in the Royal Albert Hall, 
the matter was discussed. The chairman, Mr. C. W. 
Bowerman, M.P., in opening the meeting, said that 
the circumstances under which they met were excep- 
tional, for in the history of the printing trade there 
had never before been a meeting of men from every 
department of the trade. He did not think the matter 
was now one for arbitration, and things would, he 
feared, have to be settled by a fight between the 
masters and the men, though he hoped that a settle- 
ment might be arrived at before that. They took their 
stand on a 50-hour week, and meant to have it. The 
following resolution was :—‘* That this meeting 
of the Printing and Kindred Trades of London reiterate 
its demand for a national 48-hour working week, and 
ayo itself unitedly to support the National Printing 
and Kindred Trades Federation in any action neces- 
sary.” The result now depends on what may be 
arranged between the Masters’ Society and the Federa- 
tion representatives at the conference fixed for the 
10th inst. At a recent meeting of the employers a 
resolution was passed that a 48-hour week was 
impracticable. 


The trouble among the workmen in France over the 
murder of a non-unionist, to which we referred briefly 
on 838 of our last volume, looks as though it 
might be serious. The trouble arose owing to the 
murderer being sentenced to death; this caused his 
comrades to declare a strike, which was to continue 
until the man was liberated. The General Labour 
Federation took the matter up, and ordered the 
general strike committee to initiate a universal strike 
movement among all branches of organised labour. It 
is but another instance to what lengths the Socialist 
rulers of the great French labour organisation will go 
in order to promote their own ends, which can only ' 
described as anarchical. Four men in all were brought 
to trial, one of whom was a man called Durand, who 
was secretary of the Coal-Loaders’ Union, and was sen- 
tenced to death as being the ee of the murder, 





which was carried out with great brutality. Although 
@ great stir has been made by the men to obtain a 





reversal of the sentence, the Court of Appeal refused 
a few on ago to alter the verdict. Finding its 
efforts so far futile, the General Labour Federation has 
now openly declared its intention to intimidate the 
State. The trouble is now being caused by the same 
body that organised the railway strike, which a short 
time ago upset the whole trade of France for a few 
days, and it is sincerely to be hoped that the autho- 
rities will stand firm and resist this organisation with 
all the power they have at their command. At the 
time of going to press it is understood that the Presi- 
dent of the Republic has commuted the death sentence 
to one of seven years’ imprisonment. 


Regarding the proposed International strike of sea- 
men, to which we alluded on page 900 of our last 
volume, the Liverpool Journal of Commerce regards 
such a strike as quite impracticable, for such a move- 
ment would affect a huge body of workmen speakin 
practically all languages, and having many diversified 
interests and grievances. 





TECHNICAL DICTIONARY IN Six Laneuaces.—Vol. ix., 
which applies to metal- working and wood - working 
machine-tools, forms another welcome addition to the 
Deinhardt-Schlomann series. It is published in London, 
at the price of 9s. net, by Messrs. Constable and Co., 
Limited, 10, Orange-street, Leicester Square, W.C. It 
deals with the machines under twenty-one headings, a 
se te chapter of twenty giving the names of the 
different kinds of timber, and the commercial terms. 


New Ro.uinG-Stock ON THE METROPOLITAN DI8TRICT 
Raitway.—A trial trip was run on Tuesday last, the 
3rd inst., of some new rolling-stock for the Metropolitan 
District Railway. The jae were of a new all-steel 
pattern, trea wood having been employed for little 
else but mouldings, Le beg ae and doors. The 
new coaches have a length over all of 49 ft. 6 in., giving a 
seating capacity for forty-eight passengers. The wheel- 
base of the motor-bogies are 7 ft. 3 in., and of the trailer 
7 ft. In the case of the motor-coaches, one bogie is pro- 
vided with two British Thomson-Houston 240 horse- 
power motors. The motor-coaches weigh 304 tons, and 
the trailers 20 tons. The cars are very light, and the 
convenience and comfort of passengers has been con- 
sidered in many little ways which we are sure patrons of 
the line will appreciate. Noticeable among such features 
is the provision of wind-screens on either side of the 
central doors, the placing of handles on the corners of 
the cross-car seat-backs, and the abolition of the arms on 
the cross seats and divisions between the longitudinal 
seats. We propose to deal with these coaches in detail 
later. In the meantime we may say that the body work 
was constructed by Messrs. Hurst, Nelson, and Co., 
Limited, Motherwell, while the bogies were constructed 
and the electrical equipment of the cars was carried out 
by tha railway company at their Ealing Commun Works. 


TE CopreR Market.—In Messrs. James Lewis and 
Son’s monthly report, dated the 2nd inst., it is stated 
that the demand had been far from active during the past 
month, the business transacted being chiefly confined to 
standard copper, of which the sales amounted to about 
20,000 tons, with fluctuations between 57/. 3s. 9d. and 
55/. 17s. 6d. for cash ; closing values being 56/. 1s. 3d. for 
cash, and 56/. 16s. 3d. for three months prompt. Con- 
sumers had bought but little refined copper, either in 
Europe or the United States—where the depression of 
the steel trade had extended to that in copper. Electro- 
lytic had been sold at 128 cents per pound. At the annual 
meeting of Tanganyika Concessions, Limited, held on 
December 16, it was stated that the first blast-furnace 
at the Star of the Congo Mine, producing 1000 tons of 
copper monthly, would be in operation in April next, and 
that the reduction plant, to produce another 1500 tons 
monthly, was being shipped, and would be started as 
soon as possible after the first blast-furnace was in full 
working order, increasing the output to 2500 tons per month, 
or 30,000 tons per annum—to be increased to 40,000 tons by 
the end of this year when the railway was extended to the 
Kambove Mine. It was further stated by the managing 
director that there were practically unlimited supplies of 
ore in the Katanga Copper Belt, that the amount of 
copper that could be produced was only limited by the 
time it took for the railways to connect with the mines, 
and that when the Benguella Railway was completed there 
would probably be an increase up to 100,000 tons from 
the Star or eastern end of the Copper Belt and of a 
similar quantity from the Kolwezi or western end, the 
cost of production delivered in Europe not exceeding 
32/. per ton of pe gd when smelting with Euro coke, 
as at present, and 23/. to 27/. per ton when the shorter 
railway routes to the coast are available. The stock of 
copper at the Kansanshi Mine—2000 tons—is now being 
ship’ to England. The quantity of ore developed in 
bow mong Mine of New ve is aan amount ~ 

671, tons, av ing per cent. of copper, an 
the reserves of ee Taanieviion Mine of ‘aoe to 
14,983,000 tons, assaying over 2 per cent. The develop- 
ment in the Ray and Gila mines is given at about 
76,000,000 tons. e smelting of concentrates, at the rate 
of 100 tons daily, from the Miami Mine is expected to 
commence early this month. The average price of stan- 
dard copper for the past year has been 57/. 3s. 2}d. and of 
best selected 61/. 2s. 1ld. per ton. The stocks of copper 
in England and France have diminished to the extent of 
28,975 tons in the course of the year 1910, but those in 
Germany and Holland arestated to have increased about 
20,000 tons, no official returns being made of them. 
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YEAR-BOOKS AND ANNUALS. 


The South Wales Coal Annual. Edited by Mr. J. 
Davies and Mr. C. P. Hailey. Cardiff: The Busi- 
ness Statistics Publishing Company, Limited, 12, 
James-street.—The edition of the ‘South Wales 
Coal Annual for 1911” shows, from the increase of 
matter contained therein, that there is a demand for a 
compact and reliable compilation of figures and infor- 
mation with regard to this important section of one 
of our largest mdustries. The main portion of the 
book is divided into sections, some of the subjects 
dealt with being as follows :—Wages, production, 
conveyance and shipment, prices and sea carriage, 
exports, taxes, anthracite, coke, patent fuel, wagons, 
pitwood, docks, &c. In all these sections is given 
information bearing on the working of mines, the 
selling of coal, &c., and any regulations having an in- 
fluence on the industry. For instance, in the first, the 
working of'the Conciliation Board and the wages agree- 
ment of 1910 are dealt with. In others analyses of 
Welsh coals and statistics of output are given. 
Maximum railway rates, dock dues, &c., are also 
enumerated, and elsewhere the regulations regarding 
private wagons. In (short, the varied matter appears 
to embrace all subjects on which those having to do 
with the working of these coal-fields may be expected 
to need information. Several well - illustrated and 
interesting special articles also appear in this book. 


The Practical Engineer's Pocket-Book and Diary. 
1911. London: The Technical Publishing Company, 
Limited, 55 and 56, Chancery-lane, W.C. [Price, net, 
ls. 6d., leather ; 1s. cloth.]}—This pocket-book again 
shows an increase in bulk, having now overtopped 
the 700 pages mark in index, data, and engineering 
matter. ‘The old material has been revised, and in part 
eliminated, while a quantity of new matter makes the 
little book quite abreast of the times. The new items 
include notes on stokers, calorimeters, economisers, 
chain-driving, pyrometry, the magnetic clutch, ball and 
roller-bearings, pneumatic tools, &c. Revision has 
caused considerable alterations in sections devoted to 
water-turbines, gas and oil-engine ignition and tests, and 
other topics. The range of subjects is too wide for 
us to give any adequate epitome of it here. In fact, 
such is hardly necessary, for this little book has so 
many friends that we would simply be telling many of 
our readers what they already know. Reference to 
some of the improvements will be sufficient therefore 
to convince them that the value of the new edition is 
enhanced, while the price remains the same. 


The Gloucester Diary, 1911.—This little diary is 
ublished for the Gloucester Railway Carriage and 
Yagon Company, Limited, by Mr. F. J. Brooke, 
Gloucester. It toe now reached its sixteenth year of 
issue, and consists mainly of a diary with certain 
notes on points of interest connected with Gloucester. 
It also gives a long list of railway stations in Great 
Britain at which the company has repairing facilities, 
while illustrations are given of a great variety of 
rolling-stock built recently by the company for rail- 
ways at home and abroad. 





Fowler’s Mechanics’ and Machinists’ Pocket-Book and 
Diary, 1911. Edited by Mr. W. H. Fowler. Man- 
chester : The Scientific Publishing Company. [Price 
6d. net. No change in volume in this excellent little 
pocket-book has to be chronicled this year, a fact 
which, on the whole, may be considered satisfactory, 
as it suggests that practically all the matter which it 
professes to cover is suitably dealt with therein. Any 
enlargement beyond its present form would render 
the book less handy, and as one of its chief attractions 
is the provision of a and machinists’ data in a 
compact manner, this would be regrettable. Its fund 
of information has, in the last edition, undergone 
revision, and a certain amount of new matter takes 
the place of old. By careful treatment of this kind 
annually, this little work, we hope, may be kept abreast 
of modern practice for many years to come, and may 
long continue to enjoy the popularity which it has so 
deservedly won. 





Hazell’s Annual, 1911. Edited by Mr. Hammonp 
HA. ndon: Messrs, Hazell, Watson, and Viney, 
Limited, 52, Long Acre, W.C. [Price 3s. 6d. net. }— 
This useful hand-book on current matters has several 
unique records to make in chronicling the results of 
two General Elections. For ready reference, the 
subject-matter relating to the second election is printed 
on pink paper, so as to be readily recognisable. The | 
copious index for the book is edged with dark blue, 
so that it is easy to turn to it quickly. From the 
fact that such recent events are chronicled, it will 
be evident that this book is kept as closely up to date as 


nautics, which appear, if anything, to be favoured 
with rather an excessive amount of space. The sub- 
ject, however, is one of very great interest at present, 
and the error, if indeed it be one, is pardonable. The 
more general subjects dealt with cover an immense 
range, including politics, art, commerce, law, and 
others on which it is frequently convenient to have 
some handy and reliable guide. 








The Electrical Engineers’ Diary, 1911. Londen: 
Messrs. 8. Davis and Co., 50 and 31, St. Swithin’s- 
lane, E.C. [Price 2s. 6d.]}—'This book is a desk-diary, 
intended for consulting engineers, central-station engi- 
neers, andcontractors. Itincludesaconsiderableamount 
of information on electrical matters, with tables for 
conductors, flexible cords, lamps and current, wiring 
capacities, &c., and articles giving the amount of power 
required for driving machines used in different wdus- 
tries. Power needed for cotton-mill driving is recorded, 
for instance, as is also that necessary for carpet-beating, 
calico printing, grinding machines, laundry machinery, 
printing, mining, engineering, and wood-working macbi- 
nery, and for plant for brewers and butvhers. Home 
Office regulations are also given, as well as tables 
of lighting throughout the year. 





Calvert's Mechanics’ Almanack. London : Messrs. 
John Heywood, Limited, 20 26, Lamb’s Cunduit-street, 
W.C. [Price 4d.}—We have received a copy of 
Calvert’s Mechanics’ Almanack for 1911, this being 
the thirty-eighth year of its publication. As usual, it 
contains a large amount of useful information for 
= men engaged in the engineering profession, 

ides very interesting data for reference purposes. 
It is an old and well-tried friend of the mechanic, and 
needs no introduction to any une who has been through 
the shops. 





The Leicester Chamber of Commerce Year-Book, 
1911.—The Leicester Chamber of Commerce has issued, 
in the interest of the trade and commerce of Leicester 
and district, a year-book which gives interesting data 
regarding the town and its surroundings, a historical 
sketch of same, and very complete information on the 
staple trades. The book also contains a detailed 
directory of manufacturers and merchants. It is 
a by the secretary of the Chamber, Mr. Lewis V. 

ykes. 





The ‘* Practical Engineer” Electrical Pocket-Book 
and Diary for 1911. London: The Technical Pub- 
lishing Company, Limited, 55 and 56, Chancery-lane, 
W.C. [Cloth, ls. net; leather, ls. 6d. net. |}—The new 
issue of this useful pocket-book has, as usual, been 
modified and improved as compared with previous 
editions, in order that it may continue to — pace 
with the developments of electrical work. Altera- 
tions which may be mentioned are the revision of the 
articles on the dynamo, and additional matter deal- 
ing with the Ward-Leonard, Ilgner, and Westing- 
house equaliser systems; balancers and boosters ; 
metallic filament lamps; and the Edison storage 
battery, A synopsis of the 1909 Electric Lighting 
Act has also m added. This latter addition, to- 
gether with the various Board of Trade and Home 
Office Regulations and Rules which are reprinted in the 
book, form one of its most useful features. 





The ‘*‘ Mechanical World” Electrical Pocket-Book for 
1911. London: Messrs. Emmot and Co., Limited, 20, 
Bedford-street, W.C. [Price 6d. net.]—The 1911 
edition of this ket-book and diary, which, at 
its usual price of 6d., is one of the cheapest of its 
class, has undergone considerable modification. In 
particular, the descriptive matter has been condensed 
somewhat, thus affording s for a larger number of 
tables than heretofore. This change is undoubtedly 
justified, as the presentation of tabular matter is the 
proper sphere of such pocket-books, the exigencies of 
space preventing the inclusion of really complete 
descriptions. A new section on liquid starters has, 
however, been added, while those dealing with accumu- 
lators, circuit-breakers, electricity in coal-mines, and 
boosters, have been re-written and extended. These 
sections are generally well done, but in that on elec- 
tricity in mines something should have been said about 
the Home Office Rules. 





Almanacks, Calendars, &c.—Almanacks or calendars 
have reached us from the following firms: Messrs. Alfred 
Herbert, Limited, Coventry ; Messrs. John Smith and 
Co., engineers, &c., Grove Works, Carshalton, Surrey ; 
Messrs. William Clowesand Sons, Limited, Duke-street, 


' Stamford-street, London, S.E. ; Mr. Chas. H. Blume, 


electrical varnish manufacturer, The White Building, 
Fitzalan - square, Sheffield; Messrs. Henry Simon, 
Limited, Manchester; Messrs. Dickson and Mann, 
Limited, Bathville Steel Works, Armadale, Scotland ; 
Messrs. Geo. Cradock and Co., Limited, Wakefield ; 





. Possible. A considerable amount of space is devoted to 
engineering and to the societies and institutions con- 
nected with the profession. Railway matters, ships 


and shipping, motoring, aeronautics, &c., all receive | 
& considerable amount of attention, especially aero- | 


the United States Metallic Packing Company, Limited, 


Threadneedle-street, E.C. ; Messrs. Manlove, Alliot, 
and Co., Limited, Bloomsgrove Works, Nottingham ; 
Messrs. John Rogerson and Co., Limited, Wolsingham, 
8.0., Co. Durham ; the Hunslet Engine Company, 
Limited, Leeds ; Messrs, Urquhart, Lindsay, ana Co., 
Limited, Blackness Foundry, Dundee; Messrs. Shand, 
Mason, and Co., 75, Upper Ground-street, Blackfriars- 
road, London; Messrs. Merryweather and Sons, 
Limited, London ; the Hyrum A. Silver Foundry and 
Machine Company, 454, W. Fifth North-street, Salt 
Lake City, Utah, U.S.A. ; the Brush Electrical Engi- 
neering Company, Limited, Loughboiough; the British 
Thomson-Houston Company, Limited, Rugby ; Messre. 
C. J. Edwards and Son, Limited, 32-34, Great Sutton- 
street, Clerkenwell; the Atlas Metal and Alloys 
Company, Limited, 52, Queen Victoria-street, E.C. ; 
Messrs. Peckett and Sons, Atlas Locomotive Works, 
Bristol ; Messrs. J. A. Wilson and\Co., 8, Duke-street, 
Adelphi, W.C. ; and Messrs. Nalder Brothers and 
Thompson, Limited. 





Diaries, Pocket - Books, &c.—We have received 
eaten or diaries for the ensuing year from 

essrs. Hayward, Tyler, and Co., Limited, 99, Queen 
Victoria-street, E.C. ; Messrs. Siemens Brothers and 
Co., Limited ; and Siemens Brothers’ Dynamo Works, 
Limited, Caxton House, Westminster, 8.W. A note- 
book giving particulars of the ‘‘Thermit” method of 
welding, and of tests of materials so welded, comes to 
hand from Messrs. ‘‘ Thermit,” Limited, 27, Martin’s- 
lane, Cannon-street, E.C. The Peninsular and Oriental 
Steam Navigation Company, 122, Leadenhall-street, 
E.C., have sent us a copy of their diary and almanack, 
which gives particulars of their agents, their fleet, 
services, &c. Small pocket-diaries of useful patterns 
have also been received from Messrs. Johnson and 
Phillips, Limited, of Charlton, and from the Commer- 
cial Cable Company, while Messrs. Alfred Graham 
and Co., of London, the makers of naval telephones, 
have sent a handy form of combined diary and blotting. 








‘““STEAM-BOILER DESIGN.” 
To THE EpitTor or ENGINEERING. 

Sir,— With reference to the recent correspondence 
anent the above subject, it may interest your readers to 
know that Messrs. Richardsons, Westgarth, and Co., 
Limited, of neg ey recently tested a 20-ft. by 
8-ft. 6-in. Yorkshire boiler, the grate area of which is 
36 = ft., and the heating surface 712 sq. ft. 

When burning 21.7 Ib. of fuel per square foot of grate 
the water evaporated per hour was 6836 lb., the boiler 
efficiency being 70.3 per cent. 

At the second test with the same boiler, the coal con- 
sumption was 49.7 lb. r square foot of grate, the 
evaporation was 13,730 lb., efficiency 59.6 per cent., or a 
fall of only 10.7 = cent. efficiency ; also the evaporation 
was practically doubled. 

It will further interest your readers to learn that the 
overall efficiency of boiler and econonniser in the one case 
was 81.6 per cent., and in the other 71.2 per cent. 

The Yorkshire boiler is only a moditied form of the 
Lancashire, the flues expanding from the furnaces to the 
down-take, thereby more equally distributing the heat 
and water, and producing a higher air velocity through 
the furnaces than is possible in the Lancashire. 

The boiler has no cross-tubes, is quite plain, and we 
think you will agree the results compare very favour- 
ably with the complicated design of the boiler referred to 
in Mr. Erith’s letter of the 16th inst. 

Yours faithfully, 
THe YorKSHIRE Borter Company, Ltp., 
W. H. Casey. 
City-square, Leeds, December 30, 1910. 





To THE Eprtor oF ENGINEERING. 
Si1r,—Notwithstanding all his irrelevancies and wilful 
misunderstandings, Mr. Erith cannot conceal the fact 
that the performance of my experimental plant, so far as 
evaporation per square foot of heating surface per hour 
is concerned, was an extraordinary one. He harps awa 
about the low value of the total efficiency, which 
submit is rather unfair, considering it was a first attempt. 
It looks as if he felt bound to scotch the snake for fear it 
should bite him. 

I have already admitted that in the attempt to take the 
whole load from the two adjoining Lancashire boilers, and 
drive the entire electric Pogo plant at Messrs. Joseph 
Adamson’s works with the Cornish boiler, when using a 
mixture of nuts and dust, I threw away 10 per cent. of 
the available heat. 
It is obvious that by employing Mr. Erith’s excellent 
underfeed stokers I could easily collect this lost 10 per 
cent., and raise my total efficiency to 76 or 79 per cent., 
whilst still retaining, by the use of a high induced 
draft and counterflow economiser, all the other ad- 
van which Mr. Longridge’s experiments proved my 
experimental plant to —e.g. (1) More than double 
the evaporative rate of any other type. (2) No chokin 
corrosion inside or out. (3) Great saving of space an 
weight. (4) Instantaneous adjustment of steam production 
to load. (5) Very rapid getting up of steam from cold. 
It looks as if Mr. Erith ought to join forces with me 
instead of spending so much energy on my discomfiture. 
Yours truly, 

Joun T. Nicoison. 





Soho Works, Bradford ; Messrs. Partridge and r, 
191 and 192, Fleet-street, E.C. ; the Sun Fire Office, 








School of Technology, Manchester, January 3, 1911, 
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CLAY-CUTTING HYDRAULIC DREDGER FOR THE RIVER NILE. 


CONSTRUCTED BY MESSRS. LOBNITZ AND CO., 


LIMITED, 


ENGINEERS, RENFREW. 








Tne Kgyptian Government have recently put in | 
service on the Upper White Nile, as part of a com- 
prehensive programme of irrigation works, several large 
dredgers, one of which we illustrate herewith. This 
dredger was built by Messrs. Lobnitz and Co., 
Limited, Renfrew, Scutland, to the order of the 
Egyptian Government, and was designed by Mr. 
A. fy. Robinson, M. Inst. C.F., Montreal, Canada. 
The work is being done under the direction of Mr. 
C. E. Dupuis, Adviser to the Egyptian Department 
of Public Works, and of Mr. P. M. Tottenham, | 
Inspector-General of Irrigation, Khartoum. 

The vessel was shipped out to Khartoum by sea and | 
rail, and there erected ; being self-propelling, it was 
able to make the voyage up the river several hundred 
miles to the place where work is in progress. As will 
be seen from the views, Figs. 1 and 2, the dredger is 
of the hydraulic type ; it is designed to make wide | 
cuts in the bed of the river, and to deposit the spoil 
on the banks through a floating pipe-line having a | 
suspended shore discharge. The hull is of steel, 


approximately ayy oy in plan and section, 162 ft. 


long by 38 ft. beam. The machinery is mounted on the | 
main deck and in the hold, the two upper decks being | 
divided into accommodation for the officers and crew. | 
A heavy steelsuctionframe is mounted in front, upon 
the end of which is fitted a powerful rotary cutter | 
(Fig. 2) adapted for dealing with stiff clays and heavy 
soils as well as softer material. The suction frame 
projects sufficiently in front to enable the vessel to cut 
its own flotation through solid ground when necessary. 

Two steel spuds, or vertical anchors, are fixed in | 
slides near the stern, each having a sharp point on the 
bottom, which holds in the ground and constitutes the 
anchorage for the vessel. The latter is caused to 
oscillate from one side to the other upon one or the 
other of these spuds as a pivot, by means of side 
lines carried out from the forward end and attached to | 
the shore. The cutter makes a lateral cut upon an 
are of a circle, and has a clear swing from side to side 
of 150 ft.; it can make a channel of this width by | 
25 ft. in depth at one time. The main machinery 
consists of a centrifugal dredging-pump driven by a 
triple-expansion engine of 700 horse-power, together 
with boilers, winches, auxiliaries, cutter-driving gear, 
&c., all of very complete and substantial description. 

The boilers are of the Babcock and Wilcox water- 
tube type, and the coal-bunkers are arranged amid- 
ships, so as not to alter the trim of the vessel with 
varying load of coal. The vessel is propelled by a 
stern paddle-wheel driven by horizontal compound 
engines of the usual type. The underbody of the hull 
is shaped or cut away forward and aft to facilitate 
— but it is designed more for stationary 
dredging-work than for navigation. Suitable steering- 
gear is arranged on the upper deck forward, where 
are also ae the levers and signals for operating 
the vessel when dredging. 

The accommodation for officers and crew is made 
especially roomy and comfortable. Separate decks are 
devoted to the native crew and the officers, each with 
accommodation for sleeping and dining in the open air, 
under double-shade decks and mosquito protection. 
‘Lhe entire deck space of the three dredgers, and also 
the mvwhinery space, are enclosed by mosquito-netting 














Fie. 1. DreEpGER IN OPERATION ON THE NILE. 














Fie. 2. View sHowrne Rotary Currer. 


of oxidised bronze, twelve meshes to the inch, in inter- 
changeable steel frames, so arranged as to be readily 
removable. 

The discharge-pipe consists of a number of flexibly- 


connected floating sections, and a terminal pontoon, 
from which the end of the pipe is suspended. The 
overhang of the suspended portion may be as much as 
200 ft. if required, so that the spoil may be put well 
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METAL-CUTTING AND WELDING BLOW-PIPES. 
CONSTRUCTED BY THE BRITISH OXYGEN COMPANY, LIMITED, ENGINEERS, LONDON. 
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back in marshy places. The 
new type, an all-metal self-packing ball-joint, avoiding 


oor joints are of a 


the use of rubber or leather sleeves. The rotary 
cutter is of the Robinson improved type, and is of cast 
steel, with renewable cutting edges. The blades are 
made of special form, to cut heavy clay with as little 
resistance as sible, and are self-clearing. The 
strength of each blade is sufficient to safely withstand 
the strain due to encountering immovable resistances 
when running at full speed. This type of cutter appa- 
ratus represents the latest development of hydraulic 
dredging in heavy clay soils, and the success which 
has attended its use will have the effect of greatly 
extending the field of usefulness of this type of 
dredger, which had heretofore been thought useful 
only for sand or soft material. The strength and 
digging action of the cutter-blades are fully equal to 
those of the buckets of the ladder type of dredger ; 
the machine can therefore do work in any material that 
is adapted for hydraulic transportation through pipes 
equal to that carried out elsewhere by ladder dredgers. 





METAL-CUTTING AND WELDING BLOW- 
PIPES. 

THosE of our readers who visited the recent Engi- 
neering and Machinery Exhibition at Olympia will 
doubtless remember the very comprehensive exhibit 
displayed at the stand of the British Oxygen Company, 
Limited, Elverton-street, S,W. At this stand demon- 
strations were given of both metal-cutting by means 
of oxygen, and welding by means of oxy-acetylene, 
the great success of which has revolutionised many 
engineering processes. As we mentioned on page 462 
of our last volume, in our notice of the Exhibition, 


several types of blow-pipes employed in these opera- 
tions were on view, the effectiveness and handiness of 
two recently designed by the company attracting 
particular attention. We had 


not space at the time to 
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describe these appliances in detail, but we are now in 
a position to give full particulars regarding them, and 
we will take first the Universal welding blow-pipe, 
views of which are given in Figs. 1 to 4, annexed. 

It will be seen by our illustrations that the tubes 
which convey the oxygen and the combustible gas to the 
ae are attached respectively to the connections 
A and B, the oxygen passing through the screw-down 
valve C, through the tube D to the injector nozzle EK, 
where it meets and draws in the combustible gas 
through the cock F and the tube G. The mixed q 
regulated to the required proportions by the valve C 
and the cock F, are ejected through the expansion 
chamber H formed in the bent nozzle I and the copper 
tip K. The special feature of this blow-pipe, and one 
that makes it exceedingly handy in use, is the bent 
nozzle that has been adopted, and the manner of 
manipulating this. It will be seen that the angle of 
this nozzle is such that any position with regard to the 
axis of the body of the + vam can be given to it 
from zero up to 70 deg., and this can be done without 
arresting the flame, by slightly slacking back the milled 
nut L. The nozzle can then easily be turned into the 
desired angle with relation to the body of the blow- 

ipe. The advantage of this simple arrangement will 
be obvious to all welders who have to operate in 
cramped and difficult positions. 

Coming now to the Universal metal-cutting blow- 
pipe, which is illustrated in Figs. 5 to 10, we may say 
that the principle on which it works is that the oxygen 
under pressure is made to draw the necessary quantity 
of peed eee ev gas into the blow-pipe, and then deliver 
both gases well mixed and under sufficient pressure 
through the burner nozzle. 

It will be seen on reference to the illustrations 
that the valve through which the supply of 95 
passes to the nozzle is capable of double control, for it 
can be operated by means of the thumb-screw a (Fig. 6), 
which acts upon the valve-spindle 6, or the thumb- 


screw a can be screwed back in the hand-lever c, 
after which the valve-spindle can be controlled by 
the lever. In this way great nicety of adjustment 
can be obtained and the amount of 5 op passin 

through the nozzle d for cutting can regulate: 

as desired. The valve is held open by the spring e, 
which is contained in the body part, or distributing- 
box f. At the end of the spring there is a sleeve g 
which acts on the shoulder h formed on the extended 
part of the valve-spindle. A cap, which is screwed 
into a recess formed in the distributing-box /, holds 
the spring in position. The upper part of the valve- 
spindle passes through a stuffing-box, as shown, and 
projects sufficiently for the thumb-screw a to act 


u it. On the y part of the distributing-box 
there is a fork, in which, by means of the pin 1, the 
lever c is centred. In the distributing-box / there are 


passages j and k, through which the supply of oxygen 
and combustible gas required for heating pass, and 
these passages are fitted with separate valves / and m, 
by means of which the proportions of the gases can be 
regulated. The distributing-box is also provided 
with screw projections, into which the connector o for 
the main supply of oxygen, and the valve / for the 
supply and control of the combustible gas, either acety- 
lene, hydrogen, or coal-gas, are fixed, these gases being 
led to the Sew-sigs through rubber-pipes. The com- 
bustible gas is conveyed through the e k to. the 
chamber p, while the oxygen is supplied to the under- 
side of the valves } and m, from each of which it is 
allowed to travel by the separate passages r and j 
through the pipes « and ¢ to the nozzles d and n. 

On the inner side of the distributing-box there is a 
recess which receives the junction-piece v, in which 
are openings communicating with the passages j, k, and 
r,as shown. The openings which communicate with 
j and r are prolonged through v, and into this pro- 
longation are fit the pipes s and?¢. The opening 
corresponding with the passage & is carried through 
the outer side of the junction-piece, and so communi- 
cates with the chamber p, which is in communication 
with the tube w. It will thus be quite clear that while 
the separate supplies of oxygen are conveyed through 
the pipes ¢ and « for heating and cutting respectively, 
the combustible gas is at the same time conveyed out- 
side these pipes, inside the tube w, to the elbuw-piece a’, 
where, beyond the injector-nozzle z, it meets the oxygen 
supply for heating, by which it is drawn forward 
through the passages x and y. At the expansion 
orifice 6', which communicates with the annular space 
between the nozzles d and n, the gases are mixed. The 
oxygen used for cutting passes through the pipe ¢, 
which is also fitted to the elbow-piece a'. By this 
means there is a separate supply of oxygen obtained 
for cutting, which is capable of adjustment and control 
by means of the thumb-screw a and the lever c. 

The special advantages claimed for this design of cut- 
ting blow-pipe are, first, that all the controlling valves 
are kept together at a point farthest away from the 
heating and cutting nozzles, and under the hand of the 
operator. Second, the combination of thumb-screw 
and lever control for the valve supplying oxygen for 
cutting, which enables a very delicate regulation to be 
effected, a point of special importance in connection 
with the handling of metal-cutting blow-pipes ; and, 
third, the facility with which the various parts of the 
blow-pipe can be detached and r together again. 

When in use the operation of the instrument is as 
follows :—For ordinary work the valve ¢ is closed by 








means of the thumb-screw a, and the valve m is opened 
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to the oxygen, which flows under pressure from a cy- 
linder and passes to the injector nozzle z, at which point 
the combustible gas is drawn in through the valve / 
to the passages x and y, where it mixes with the oxygen 
in the expansion-passage }, finally escaping mixed with 
the oxygen through the annular nozzle 7 in the required 
proportion for the efficient heating of the material to be 
cut. When this heating is sufficient the thumb-screw a 
is operated so as to allow oxygen in the correct quantity 
to flow through the r, pipe /, and, finally, 
through the central orifice of the nozzle d on to the 
heated material which has to be cut. The control of 
this supply of oxygen can be effected by the thumb- 
screw, in which case the lever c may be disregarded, 
or the flow may first be regulated by means of the 
thumb-screw, and then by operating the lever c, which 
has the effect of instantly closing or opening the 
valve b within the limits of the pe Eo afforded 
by the thumb-screw a. It is this last feature which 
forms the chief feature of the apparatus. 





THE ‘“*TAN-GYRO” CENTRIFUGAL PUMP. 

THE rapid development which has taken place in 
the design and construction of centrifugal and turbine 
pumps in recent years has been very remarkable, and 
when we consider the high mechanical and commercial 
efficiency to which rotating pumps have been raised, 
it is not surprising to find that they are now employed 
on many duties which were formerly performed exclu- 
sively by reciprocating pumps. Rotating pumps have 
the advantage of being perfectly balanced, and can 
therefore be run at high speeds. They are simple in 
construction, occupy the minimum amount of floor 
space, are not liable to shock, and, when direct-coupled 
to an electric motor or a steam-turbine, form almost an 
ideal combination. The high state of perfection to 
which the modern centrifugal and turbine-pump has 
attained has been due to research and experiment, made 
in order to discover the laws which govern the various 
actions and changes which take place from the time 
the water enters the pump to the time at which it is 
discharged. It is only when these laws are known 
that the designer is in a position to produce a pump 
which will give the greatest output of water for the 
least power. 

Messre. Tangyes, Limited, of Cornwall Works, Bir- 
mingham, whose ne ey is well known, 
have carried out an exhaustive series of tests in 
order to obtain the highest ——_ efficiency from 
their centrifugal pumps. The experience obtained 
from their research, covering as it does experiments 
on many sizes of pumps, with as many as readings 
from one single pump, has been embodied in their new 
centrifugal pump, to which they have given the dis- 
tinctive name of ‘‘Tan-Gyro.” This — we are now 
able to illustrate on page 18, Fig. 1 showing a sec- 
tional view of the 12-in. ‘‘C” type ‘‘ Tan-Gyro,” while 
the view, Fig. 2, shows the experimental plant referred 
tu later. In general design the pump resembles 
an ordinary centrifugal pump ; its difference in 
behaviour is due principally to the design of the 
impeller. 

The quantity of water delivered by a centrifugal 
pump depends chiefly upon the speed of the impeller, 
its diameter, width and shape, the curvature of the 
vanes, and the total head against which the pump 
has to work. Until recently the various factors 
which entered into the construction of an impeller 
were very much involved. It was necessary, there- 
fore, in — the experiments referred to above 
to arrange so that one factor only was altered at a 
time, so that its effect upon all the others could be 
noted. By this means the hydraulic and mechanical 
losses could be divided up into their component parts. 
All these being known, it was possible to so design an 
impeller that the = of a water particle passing 
through the ary should meet with the least possible 
resistance, and by such means ensure the maximum 
efficiency, It occasionally occurs that the combination 
of s , head, aud quantity is such as will not admit 
of the theoretically correct shape of impeller and cur- 
vature of vane being employed. Under these circum- 
stances, certain modifications in — become neces- 
sary. When a pump is driven direct from a polyphase 
motor in which the speed is fixed and admits of no 
adjustment, the importance of calculations based upon 
precise knowledge becomes obvious, since the speed 
affects all other factors. 

It follows from the above that for every particular 
duty a pone should be specially designed to ensure 
the highest efficiency ; commercial considerations, 
followed in regular 

pum 
essrs, 


however, prevent this ap | 
practice, except in the case of la 
Recognising this difficulty, 
designed the ‘* Tan-Gyro ” to give its highest efficiency 
on a particular duty, but at the same time to give a 
high efficiency over a very wide range of head and out- 
put. The ae Fig. 3, shows curves taken from a 


- have 


constant-s test. It will be noted that the highest 
efficiency obtained was | pp ame 80 per cent. when 
delivering 3300 gallons of water per minute against a 
head of 64 ft, The efficiency, however, is maintained 





at over 70 per cent. with a variation in output as wide 
as 1900 to 4300 gallons of water per minute, and overa 
range of head from 75 ft. to 50ft. It should be specially 
noted that these results were obtained when the pump 
was driven at a constant speed. When, however, the 
arrangements are such that the pump can be driven at 
varying speeds, it is possible to adjust the rate of dis- 
charge relatively to the head so that the highest effi- 
ciency is maintained throughout the whole range. This 
latter characteristic of the ‘‘Tan-Gyro” is illustrated 
in the diagram, Fig. 4. In this, the maximum effi- 
ciency is seen to be 80 per cent. when dealing with 3200 
gallons of water per minute against a head of 57 ft., and 
when running at a 8 of 425 revolutions per minute. 
With outputs ranging from 2600 to 4000 gallons per 
minute the efficiency over a range of head varying 
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from 38 ft. to 90 ft. is maintained at over 76 per cent., 
which is an exceptionally high figure for such a wide 
range of duty. The pump which gave the results 
shown in the diagrams was an ordinary commercial 
pump of on design, and without any special pre- 
paration or finish, and was of comparatively small 
size. In larger pumps, of course, the efficiency obtain- 
able is still higher. 

The conditions under which the tests were carried 
out are shown in the view, Fig. 2, in which, it will be 
observed, a Venturi water-meter is employed to obtain 
the rate of output from the pump. 

In order to meet all ordinary pumping duties, the 
‘*Tan-Gyro” centrifugals are made in three types, 
and cover in all nearly forty different pumps, which 
are stocked in sizes up to 12 in. diameter of discharge 
branch. The series covers all heads up to a maximum 
of 120 ft. when driven by belt or motor, and 150 ft. 
maximum when direct motor-driven. The term *“ effi- 
ciency” is used and understood in several different 
ways. In this article the word is used to mean the 
horse-power in the water — divided by the horse- 


ed—viz., —— : 
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Tue TRANSANDINE Summit TUNNEL.—We regret that 
in the article on this tunnel, by Mr. John Pollok, which 
appeared on page 880 of our last issue, he omitted to 
state that the engineers of the tunnel were Messrs. 
Livesey, Son, and Henderson, and that their local resident 
engineer in charge of the works was Mr. Robert Stuart, 
under whose direction the contract was carried out. 


THE PERMANENT ASSOCIATION OF INTERNATIONAL NAVI- 
GATION CONGRESSES. — This Association will hold its 
twelfth meeting in Philadelphia in the spring of 1912, for 
the discusssion of questions affecting inland and ocean 
navigation. Previous meetings of this body have been held 
in the following cities :—Brussels, 1885; Vienna, 1886; 
Frankfort-on-the-Main, 1888; Manchester, 1890; Paris, 
1892; The Hague, 1894; Brussels, 1898; Paris, 1900 ; 
Diisseldorf, 1902 ; Milan, 1905 ; and St. Petersburg, 1908. 
Information regarding the forthcoming con can 
obtained from the British representative, Mr. L. Ser- 
raillier, Room 3, third floor, een Anne’s Chambers, 
Westminster, S.W., who will glad to receive offers 
from engineers who are willing to write papers on the 
subjects arranged for discussion. ay 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was dull, and the business consisted of 
1500 tons of Cleveland warrants at 49s. 10d. cash and 
50s. 2d. one month. The close was steady, and sellers 

uoted 49s. 10}d. cash, 50s. 24d. one month, and 50s. 9d. 
three months. In the afternoon no dealings of any kind 
were recorded, and sellers’ prices were unchan from 
the morning’s close. Three months hematite was quoted 
at 67s. 1d. buyers and 67s. 3d. sellers. On Friday morn- 
ing the market was quiet, but the tone was rather 
stronger. The transactions consisted of 1500 tons of Cleve- 
land warrants at 50s. seven days, and 50s. 84d. three months, 
and closing quotations were firm at 50s. cash, 50s. 34d. 
one month, and 50s. 10d. three months. Buyers of hema- 
tite quoted 67s. three months, and sellers named 64d. 
more. At the end of the session the market closed for the 
New Year Holidays. When business was resumed on Tues- 
day morning there was little doing, but prices were firm. 
One lot of Cleveland warrants changed hands at 50s. 4 
eight days, and closing sellers quoted 50s. cash, 50s. 34: 
one month, and 50s. 10d. three months. Hematite war- 
rants were strong, and one lot was done at 67s. 6d. three 
months, with buyers over, and sellers at 68s. In the 
afternoon a tone prevailed, but no business of any 
kind was put through, and at the close there were sellers 
at 50s. 04d. cash, 50s. 4d. one month, and 50s. 104d. three 
months. When the market opened to-day (Wednesday) 
Cleveland warrants were strong, and 2500 tons were done 
at 50s. 14d. 50s. 5d. and 50s. 54d. one month, and 
50s. 114d. three months. Closing quotations were firm 
at 50s. 2d. cash, 50s. 6d. one month, and 51s. three months 
sellers. Hematite was quoted at 67s. cash sellers. In 
the afternoon the market was firm, but very quiet, and 
only one lot of Cleveland warrants chan hands at 5ls. 
three months, with sellers over. The other closing quota- 
tions were 50s. 24d. cash, and 50s. 6d. one month sellers. 
The following are the market quotations for makers’ No. 1 
iron:—Clyde and Calder, 62s. 6d.; Gartsherrie, 63s.; 
Summerlee, 65s. 6d.; Langloan, 64s.; and Coltness, 
32s. 6d. (all shipped at Glasgow); Glengarnock (at Ardros- 
san), 65s.; Shotts (at Leith), 63s. 6d.; and Carron (at 
Grangemouth), 64s. 6d. 


Sulphate of Ammonia.—The year 1910 was quite a good 
one in the sulphate of ammonia market, and during the 
whole period the price maintained a fairly high level. 
At the beginning of the year the figure was about 
11/. 12s. 6d. per ton, Glasgow or Leith, and after ad- 
vancing about 17s. 6d. per ton, it eased off early in the 
summer to about 12/. per ton. In November the price 
had risen to 13/. 2s. 6d. per ton, with a fair demand, and 
the year closed with the market firm at from 12/. 15s. to 
12/. 17s. 6d. od ton. Business has not yet been resumed 
since the holidays, but it is anticipated that sulphate of 
ammonia will be in fairly good demand during the early 
months of this year round the latter figure. The amount 
— from the port of Leith during the past week was 
1362 tons. 


Scotch Steel neg oy to the annual New Year 
holidays, at present there is little to report in connection 
with the Scotch steel trade. The anticipated success of 
the past year was not fully realised, on account of the 
unfortunate dispute between the iron-shipyard workers 
and employers. That dispute, which lasted over three 
months, was the cause of slackness in the various steel 
works from September to December; but the export 
demand was so good that it enabled producers to keep 
their establishments going, although on reduced outputs. 
Despite that trouble, the year 1910 will rank very 
favourably with former years, and reports state that the 
outcome has been, on the whole, very satisfactory. No 
reduction took place in prices in the period under review, 
and the advances, numbering two, amounted to 15s. per 
ton. The past year opened with the official selling 
rates as follow:— oo 6l. 2s. 6d. per ton; 
boiler-plates, 61. 17s. 6d. per ton; and angles, 51. 15s. 

r ton—all less 5 per cent. These quotations held in 
orce until March 18, when an advance of 10s. took 
place. The second advance was made on October 12, 
when 5s. ow ton was put on the prices, making them 
6l. 17s. 6d. per ton for ship-plates; 7/. 12s. 6d. per 
ton for boiler-plates ; and 6/7. 10s. per ton for angles, all 
less the usual 5 per cent. No further change has been 
made since then, and the year closed with these as the 
official selling prices, but a higher level of values is very 
probable in the near future. The prospects for this year 
are considered very bright, and already in some instances 
steady employment is almost assured for the next eight or 
nine mont 


Malleable-Iron Trade.—By the beginning of next week 
it is expected that a general start will have been made in 
the eable-iron trade of Scotland, but in the meantime 
necessary repairs are being overtaken. For a good part of 
the past year the works were well employed, but the lock- 
out of the iron-shipworkers made business very quiet, 
and much difficulty was experienced in securing specifi- 
cations in sufficient number to keep the works going. The 
+ price of pig iron and fuel militated against a success- 
ful year in the trade, with the result that profits have been 
small, and some even say that 1910 has been one of the 
poorest years forsome time. The prospects for this year 
certainly seem to be very fair at the present time, as ship- 
builders have quite a lot of work on hand, and malleable- 
iron makers are likely to be well employed for some time 


be to come. 


Scotch Pig-Iron Trade.—The Scotch pig-iron trade 
during the past year has not been of outstanding 
character, and there was little at any time to enthuse 
over. The prices have shown little variation throughout 
the twelve months just closed, although costs are said to 
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have been increasing. On one or two occasions it looked 
as if a big improvement was likely to take place, but 
something always seemed to happen to prevent this, and 
to leave the trade in a dull condition. business was 
done in August, making it about the best month of the year, 
but with the beginning of September came the lock-out of 
the boilermakers, and a consequent ces:ation in buying, 
although deliveries continued on a large scale. The year 
closed with a fair inquiry on local account for the ordinary 

ualities and with the export demand quite satisfactory. 
Little can be said as to the prospects for-1911, but many 
are of opinion that the outlook is fairly bright. The pro- 
duction of hematite iron during the past year was more 
than equal to the demand, which was partly due to the 
lock-out of the boilermakers. The price maintained a 
high level owing to the high price of ore, and from 65s. 6d. 
per ton in January the value rose to 73s. 6d. in March, 
easing off again to about 68s. 6d. per ton in August. The 
figure lately named by makers at which they are willing 
to do business during the first few months of this year is 
70s. per ton. They consider the outlook as very hopeful. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

American Exports Down.—Although trade between 
Sheffield and America during 1910 has been much greater 
than last year, and the 1 t recorded since 1907, the 
boom year, the exports for the past quarter show a marked 
decrease. They are 40,0007. less than in the September 

uarter and about the same amount below the figure for 
the last quarter of 1909. The total for the quarter is 
196,728/., which includes 132,021/. worth of steel, sheets, 
bars, wire, &c., 67711. worth of saw plates, and 40941. worth 
of sheep and garden shears. The year’s aggregate is 
609, 4561. as against 530,633/. for 1909. 


South Yorkshire Coal Trade.—Following upon the 
holiday stoppage, the collieries have had a broken week, 
and though most of them reopened last Wednesday, 
there has not been much activity. On ’Change, at the 
week-end, business was very slack. It is somewhat 
difficult under the circumstances to estimate how things 
stand, but the export of steam coal is somewhat better. 
The shutting down of the works affected the demand for 
manufacturing hards, but there has been a little more 
moving during the last few days. A good deal of delay 
is noticeable in fixing up contracts, particularly on the 
part of the railway companies. Gas coal is well called 
for, and slacks are very active. In fact, consumers are 
pressing for deliveries. House coal is not as brisk as is 
usual at this period of the year, but prices are firm, and 
Silkstones have made a slight advance. London supplies 
are on the small side. A good many empty wagons have 
accumulated at collieries during the holidays. This will 
facilitate deliveries which are being pressed for under old 
contracts. Latest Change quotations are :— Best Barns- 
ley, 12s. 6d. to 13s. 6d.; Silkstones, 10s, to 11s.; Derbyshire 
brights, 11s. 6d. to 12s. 6d.; Yorkshire hards, 9s. to 10s.; 
Derbyshire hards, 7s. 6d. to 8s. 6d.; washed nuts, 8s. to 
9s.; rough slacks, 6s. to 6s. 3d.; seconds, 3s. 6d. to 4s. 9d.; 
smalls, 1s. 3d. to 2s, 6d. 


Tron and Stecl.—The business of the week was neces- 
sarily on a small e, owing to the holidays. Raw 
materials generally are in a good position, and the out- 
look for the year is promising. A good deal of pig-iron 
buying was done immediately prior to the holidays, an 
there are indications of further good business and pos- 
sibly firmer prices. Hematites finished up the year 
viens any Official change in quotations, although makers 
obtained small advances upon some contracts. Some 
makers of Lincolnshire common irons are still holding 


out for a premium on is rates, and byshire 
foundry has advanced 6d., to 52s. 6d. Bar iron is 
not very active, and there is little doing in scrap. 
The most salient feature of the Sheffield industries 


is the large amount of heavy work in the hands of 
the biggest firms. Government as orders are 
of considerable weight, and the shipbuilding deman 
generally promises to show much improvement during 
the current year. In addition to their ordinary work, 
Messrs. Cammell Laird and Co. have in hand several 
destroyers, a second-class cruiser, and a first-class battle- 
ship for the Admiralty. Then there are very big orders 
for armour-plate, which will provide continuous employ- 
ment in the East End for some months. Owing to the 
special character of present day armour-plates, a given 
weight of orders means more work than it ever did 
before. In the general steel trades hopes are centred 
on the prospects of a good year, with as little trade dis- 
turbance as possible. All the signs point to better busi- 
ness, providing the relations between supply and demand 
are not violently interfered with by outside circumstances. 
In spite of tariffs, excellent trade has done with the 
Continent, and in the Colonies the market for the best 
Sheffield products is ever widening. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. . 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—The market was re-opened 
to-day after the holidays, but only a limited number 
attended "Change. A most cheerful tone, however, pre- 
vailed, and traders spoke most hopefully of the future. 
A fair amount of business was transacted, and values of 
all kinds of pig stiffened. No. 3 g.m.b. Cleveland pig 
became 50s. . for early f.o.b. delivery; No. 1, 
which was still scarce, varied from 53s. 9d. to 5s. ; 
whilst No. 4 foundry was 49%; No. 4 f 486. 9d. ; 
and mottled and white iron each 48s. 3d.—all for 
early delivery. [East Coast hematite pig, as was 





anticipated, showed an upward movement, and some 
- inquiries in this branch were reported. os, 1, 
, and 3 were advanced to 65s. for early delivery. Forei 
ore fully maintained its value. Prices were based on 
ex-ship Tees for best Rubio. Coke was in fairly good 
request, the local consumption being heavy. Average 
blast-furnace kinds stood at 16s. delivered here. 


Manufacturid Tron and Stcel.—Very excellent accounts 
are given of these two important branches of the staple 
industry. Producers generally are very well off for work, 
and new orders are still coming in. veral large firms 
have contracts made which will keep them busily em- 
ployed for many months. Prospects are thus bright and 
encouraging. Under such favourable circumstances values 
tend upward and, in fact, advances may be made at any 
time. Principal market quotations :—Common iron bars, 
72.; best bars, 7/. 7s. 6d.; best best bars, 7/. 15s.; packing 


angles, 7/.; iron ship-rivets, 7/. 5s. to 71. 7s. 6d.; steel 
bars, 6/. 5s.; steel ship-plates, 6/. 5s.; steel ship-angles, 
6l. 7s. 6d.; cast-iron railway chaira, 3/. 10s.; light iron 
rails, 6/. 10s.; heavy steel rails, 5/. 10s.; steel railway 
sleepers, 6/. 12s. 6d.; and galvanised corrugated sheets, 
111, 5s.—sheets less 4 per cent. f.o.b., railway material 
net, and all other descriptions less 24 per cent. 


Iron and Steel Shipments.—The iron and steel shipment 
returns for December are satisfactory. Those of pig iron 





Middlesbrough, and 11,013 tons from wee 
Clearances of pig for the previous month reached 106,858 
tons, and loadings of pig during December a year ago 
amounted to 92,043 tons. Of the pig sent from Skinnin- 
grove during last month, 10,490 tons went to Scotland, 
and 523 tons to the Continent. Of the pig iron despatched 
from Middlesbrough during the month just ended, 55,118 
tons went abroad, and 31,898 tons went to coastwise 
customers. Scotland was, as usual, the largest receiver 
of pig, taking 20,245 tons; Italy being second, with 
12,008 tons; whilst Wales took 8315 tons; Japan, 8050 
tons; France, 7660 tons; Belgium, 6058 tons; Sweden, 
4486 tons; America, 4400 tons ; and Holland, 3415 tons. 
Manufactured iron shipped during December is returned 
at 16,125 tons, 6483 tons having gone foreign, and 9642 
tons coastwise ; and steel clearances are given at 43,786 
tons, 34,248 tons having gone abroad, and 9538 tons 
having been sent coastwise. India was once more the 
largest customer for both manufactured iron and steel, 
ws 3344 tons of the former, and 7586 tons of the 
latter. Other large importers of steel were the Argentine, 
6664 tons ; South Australia, 5784 tons ; Egypt, 4450 tous; 
and Japan, 3334 tons. 








British Co.tumBiin Coa. — British capitalists are 
negotiating for the yg of bituminous coal lands in 
the Copper River Valley, in Northern British Columbia. 
The amount proposed to be invested is stated to be 
between 400,000. and 600,000/., and the coal basin to be 
purchased embraces an area of 75 square miles. The 
purchase contemplated has pro} under the 
7 of the Grand Trunk Pacific Railway Company, 
and Mr. R. H. Friesby, of Vancouver, has left for London 
to close the deal. An outlay of 15,000/. has been already 
made in driving tunnels in the coal-measures and oat ing 
various outcrops. Experts who have been consul ve 


d | reported that the new coalfield promises to be one of the 


largest on the North American Continent, and that it 
contains coal to the extent of 1,000,000,000 tons. The coal 
is cokeing in character, and is also adapted for steaming 
purposes. It averages 54 per cent. in fixed carbon, con- 
tains little sulphur, and only from 2 to 5 per cent. of ash. 
The field can be tap; by wre Ce three directions, 
none of the routes being more than 40 miles from the 
main line of the Grand Trunk Pacific Railway. The 
shortest route would be from Kitsukla. The field is 
about 60 miles from Prince Rupert, the new Grand 
Trunk Pacific port. The new field promises to be not 


| only of great value in itself, but its working will also 
solve the problem of railway and steamship fuel supply 
at Prince Rupert. 





A New Frere Prorective Scueme ror O1L-STorace 
Tanxks.—A schema of fire tection which has recently 
been fitted up by Messrs. Me weather and Sons for a 
prominent oil company in the North of England presents 
several features of interest. Thescheme involves the pro- 
tection of seven large oil-storage tanks, and has been car- 
ried out on unique lines. Briefly, the installation comprises 
a petrol-driven ‘‘ Hatfield” pump, which delivers water 
through a series of pi laid up to and around the roof 
of each oil-storage tank. A sprinkler pipe surrounds the 
top edge of the tank, and when the pump starts working 
the water is forced at high pressure through the holes 
impinges on the surface of the tank at an angle of about 
45 deg., and streams down the side of the cylinder, form- 
ing a perfect film of water. Should a fire occur in one of 
the tanks, this film of water, with its cooling properties, 

ill form an effective saf i the danger of 
the remaining tanks becoming involved. In the event 
also of a fire breaking out in the immediate vicinity of 
the tanks, these protective measures should prove of 
great value. The supply of water can be controlled so as 
to enable the entire output of the pumps to be concen- 
trated on to one or more tanks, according to the location 
of the fire, or a — quantity of water can be turned 
on to some of the tanks than on to others, as may be 


found necessary. Very satisfactory results were obtained 
when the Lectolasien wen tested. The distance from the 
engine-house to the farthest tank is about 500 ft., and the 
roof of each tank is 31 ft. from the ground. A few 
seconds after the pumps were started water was streaming 





down the sides of the tank, 


iron, 5/. 15s.; iron ship-plates, 6/. 12s. 6d.; iron ship- | P® 


are given at 98,029 tons, 87,016 tons of which went from 1 


NOTES FROM THE SOUTH-WEST. 


Cardiff.—In the steam-coal trade buyers have been 
holding off as regards the future, anticipating that 
existing pressure will disappear with the Powell-Duffryn 
and other Aberdare pits again at work. The best large 
steam-coal has made 16s. 6d. to 17s. per ton ; secondary 
qualities have ranged between 15s. Ba. and 16s. 3d. per 
ton ; best bunker smalls have made 9s. to 9s. 3d., and 
cargo smalls 7s. 6d. to 8s. per ton. The house-coal trade 
has sbown little change; the best ordina: alities have 
made 14s. 6d. to 16s. 6d.; No. 3 Rhond Aa— 17s. to 
17s. 6d. ; smalls, 9s. 6d. to 10s. per ton; No. 2 Rhondda 
large has brought 12s. 6d. to 12s. 9d.; smalls, 7s. to 
7s. 6d. per ton. Foundry coke has been quoted at 18s. to 
20s., and furnace ditto at 16s. 3d. to 17s. 3d. per ton. As 
regards iron ore, Rubio has been making 20s. 6d. to 21s. 
r ton, upon a basis of 50 per cent. of iron and charges, 
including freight, insurance, &c., to Cardiff or Newport. 


Dock Repairs.—Sir Griffith Thomas presided at an 
adjourned meeting of the Swansea Harbour Trust on 
Thursday. A report of the engineer on works necessary 
for repairing the damage done to the new dock parapet 
wall by a recent gale, and for the prevention of further 
damage, was considered, and it was decided to entrust the 
work to Messrs Topham, Jones, and Railton, the builders 
3 I dock. The estimated outlay is between 14,000/. and 


Swansea New Works.—Messrs. Chance and Hunter are 
the firm with whom negotiations have been taking place 
with reference to works on the Burrows, near the King’s 
Dock, Swansea. Messrs, Chance and Hunter contemplate 
the erection of chemical and acid works, for which the 
neighbourhood is said to be suited. The North Central 
Wagon Company, of Rotherham, and Messrs. Hurst, 
Nelson, and Co., a Scottish wagon-building firm, are also 
about to establish works in the same neighbourhood. 


Portsmouth.—-A contract which has been placed by the 
Lords of the Admiralty with Sir John Jackson, Limited, 
for the construction of a jetty at Portsmouth in the north- 
east corner of Fountain e, is in connection with the 
moorings of the new floating dock. This jetty, which 
will be about 124 ft. on the face, and 143 ft. from front to 
back, will be carried on cast-iron cylinders sunk into the 
clay, and filled with concrete. It will be provided with a 
superstructure of heavy steel-work, and railway com- 
munication from the dockyard will be afforded by means 
of a viaduct, so that the material for the repair of ships 
can be taken alongside the floating dock. The amount 
promeen pe the work in the Navy Estimates for 1910-11 
is 100,000/. 


Dowlais.—The output of the various departments has 
been affected by the Christmas holidays, but there have 
been large deliveries of steel rails. The blast-furnaces 
have also turned out a heavy tonnage. 


Llanelly.—A meeting of aay sotemarene was held 
on Friday to sanction a proposal of the Harbour Trust to 
borrow ’9000/, for the improvement of the harbour. Mr. J. 
Williams, in moving that the proposal be adopted, stated 
that the Board of Trade had already sanctioned the 
borrowing of the money for the scheme, which would 
increase the depth of water in the channel by 4 ft. e 
Harbour Trust had sufficient trade, but it was unable to 
accommodate large vessels, with the result that trade was 
diverted to other ports. Last year the town contributed 
about 90001. towards the harbour, and the dock was 
capable of earning that money if the channel were 
deepened. 

Tron-Ore Imports.—Rubio iron-ore commenced 1910 at 
18s. 6d. per ton, and closed the year at 20s. 9d. per ton, 
being the highest point touched during the twelve months. 
In view of the approaching exhaustion of Spanish iron-ore 
mines, from which South Wales draws its chief supplies, 
a recent announcement of the discovery of rich ore in the 
Hebrides appears to be a matter of considerable import- 
ance. More exact information upon the subject, however, 
is necessary. 

South Wales Coal E. .—Careful estimates as to the 
course taken by South Wales coal exports last year lead 
to the conclusion that the te shipments for the 
twelve months were 33,996, 596 tons, as compared with 
34,286,310 tons in 1909 and 34,148,925 tons in 1908. To 
these aggregates the six eer elsh ports—Cardiff, 
Newport, Swansea, Port Talbot, Llanelly, and Neath— 
made the following contributions :—Cardiff, 22,942,526 
tons last year, as compared with 23,213,066 tons and 
22,706,632 tons ; Newport, 5,206,000 tons last year, as 
compared with 5,295,968 tons and 5,377,839 tons; Swan- 
sea, 3,490,000 tons last year, as compared with 3,591,020 
tons and 3,638,072 tons; Port Talbot, 1,785,000 tons Jast 

ear, aS compared with 1,618,137 tons and 1,734,358 tons; 

lanelly, 245,000 tons last year, as com with 227,724 
tons and 249,876 tons; Neath, 328, tons last year, as 
compared with 340,195 tons and 442,148 tons. The 
figures given are, of course, approximate only; more 
exact information will be available in a few days. 





Exursition Awarps: Buenos Arres.—The India- 
Rubber, Gutta-Percha, and Telegraph Works Company, 
Limited, Silvertown, E., have received the following 
awards : Three grand prizes for brake-hoses, motor-tyres, 
and cycle-tyres, gold medal for india-rubber tiling. and 
diploma of honour for i apparatus.— Messrs. 
Priestman Brothers, Limited, Hull, have been awarded 
the grand prize for their grab dredger, excavator, and 
elevator.—Messrs. James Archdale and Co., Limited, 
Birmingham, have been awarded the prize for their 
exhibit.—The Stanton Iron Works Company, Limit 
Nottingham, have been awarded the silver medal for 





pipes and castings. 
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THE “TAN-GYRO” CENTRIFUGAL PUMP. 
CONSTRUCTED BY MESSRS. TANGYES, LIMITED, ENGINEERS, CORNWALL WORKS, BIKMINGHAM. 
(For Description, see Page 16.) 
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THE RELATION OF SCHOOL AND 
FACTORY. 

Tue problem of the distribution of our youth in 
the ranks of our great industrial army so as to 
ensure the best results for the nation and for the 
individual—results which are in close relation—is 
complicated by many considerations dependent 
upon our social system. There is, for instance, the 
fact that our young people, on leaving school, find 
employment too readily in lines of activity which 
end sooner or later in culs de sac, and which, there- 
fore, ultimately, in many instances, lead to an 
increase in the number of unemployables. The work 
thus performed—notably in the transport of goods 
within cities—is essential to our social system, and 
the many nostrums proposed are inadequate to 
mitigate the evil, largely because these remedies, 
dictated by philanthropic, rather than by practical, 
considerations, fail to touch the root cause. In 
large urban communities the trouble is almost 
irremediabls ; but it may be lessened by adopting 
procedure which will enable such untrained labour 
to be absorbed easily in the rear ranks of industry 
where little or no skill, or training, or experience 
is essential. This absorption would be more easily 
achieved if an effort were made to make more or less 
skilled all other workers who pass from school direct 
to factory. It is reasonable to assume that a more 
definite adjustment of the relation between the 
school and factory will offer a satisfactory solution 
of this, as of many other side-issues of the general 
problem of regulating the supply of recruits accord- 
ing to the demands of works. Until lately any direct 
relationship which may exist has been accidental 
in the great scheme of education, but we are glad 
to find that educational authorities are gradually 
recognising that it is a fundamental duty to arrange 
definitely the system of training to meet the require- 
ments. of the factory, and with regard also to the 
numbers of various ranks to be filled. There is 
some recognition too, although not yet clearly en- 
forced, on the part of employers of the n for 
rewarding the attainments of the scholar during 
his earlier years in the works. 

In considering in some detail the relations of 





school and factory, as thus broadly enunciated, we 
may neglect the advanced work of the technical 
colle e and university. We are thinking of the 
subaltern and non-commissioned ofticers of industr 
rather than of the captains, although we have still 
such faith in British commercial shrewdness and 
honest acknowledgment of merit as to believe that a 
marshal’s baton may yet be found in a corporal’s 
knapsack. Buteach such corporal must have n 
the mental development towards the cultivation of 
resourceful and creative faculties and well-discip- 
lined energy during his school years. We are not 
thinking of the genius ; but even so, did not Edison 
say that ‘‘ genius is 2 per cent. inspiration and 98 per 
cent. perspiration.” How then, we may ask, are our 
sods: meeting this dominant aim of education ? 
Are the primary and technical systems so arranged 
as to give the maximum of efficiency? By efficiency 
we mean brain culture, the nurture of the mental 
faculty to be creative, resourceful, adaptive. Are the 
means adopted to achieve this end the most suitable 
and productive ? Are curricula wisely framed, with 
the subjects, and the proportion of time devoted to 
each, arranged with due regard to the particular 
accomplishments desiderated in the output? This 
does not involve specialisation. Enough money is 
being spent on education, perhaps too much in some 
directions, and too little in others. Expenditure 
and energy are dissipated in diffuseness. There is 
need of co-ordination, of more centralised adminis- 
tration, of co-operation at the top between educa- 
tionalists and employers. 

Brain-power is the greatest factor in the produc- 
tion of wealth, in the p rity of the industrial 
nation, and yet, although Britain is the wealthiest 
and the greatest industrial nation in the world, we 
have no truly representative Council of Education. 
It may be urged that t success establishes 
approval of past method ; but all indications point 
to more strenuous effort being required in the 
maintenance of our position in the face of keener 
international competition, and we must begin with 
education, since it is a primary essential to indus- 
trial prosperity. To the Ministry of Education we 
must add an advisory board more fully representa- 
tive of all the media for utilising the education 
imparted for the advancement of the nation’s 
interests, instead of its being confined, as in the 
consultative committee founded in 1900, to educa- 
tionalists pure and simple. An analogy is found in 
a similar crganisation in the cognate department 
of the Board of Trade, where in the consultative 
committee industries are represented. There would 
thus be not only co-ordination, but a direct relation 
between the supply and demand. It may be urged 
that our School Boards include in their member- 
ship representatives of industry. That is most 
advantageous. But the Boards are purely admi- 
nistrative ; they carry out the instructions of the 
central authority, and it is open to question whether 
the dicta of the permanent officials of the depart- 
ment are conceived with full knowledge of what 
is required for the factory. 

A certificate of merit, granted at the end of the 
primary school period, is now, it is true, accepted 
in many factories as a record of proficiency, and 
the boys so equipped should prove skilled trades- 
men. The others who have not such a certificate 
may also make quite satisfactory craftsmen. The 
full capabilities of boys are not demonstrated with 
any degree of certainty, in all cases, at so early an 
age as fourteen years. Such boys as have not 
received any certificate may not have accepted life 
seriously enough, or may have been lacking in brain 
power or diligence, or in the capacity or inclina- 
tion of applying themselves to book-work. They 
may still, however, have all the potentialities con- 
ducive to handicraftsmanship. A difficulty is that all 
the boys with all the qualities justifying continued 
education have not the financial resource to pass 
to a further stage in education after completing the 
primary course. Thanks to philanthropy, there 
are many scholarships tenable at higher schools ; 
but they are still insufficient in number, and the 
nation would be justified in providing greater 
assistance to proved latent ability. What is wanted 
is more opportunities for those with the mental 
faculty capable of being developed. In such a post- 
primary course there is need for more clearly 
weighing the relation between the school and the 
factory without any attempt at specialisation. 
English, and, perhaps, one other la e and 
mathematics, must be taught, but special attention 
ought to be paid to science or the arts. There 
should be a deliberate and well-devised effort to 
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bring the student at this age—14 to 17 years—into 
closer acquaintance with those problems in science 
which must be faced even by the subalterns and 
non-commissioned officers of the industrial army. 

A certificate of merit from such a post-primary 
course would carry great weight with any employer, 
and the youth would have little difficulty in ob- 
taining special opportunities for acquiring a com- 

rehensive practical training. But there arises 

ere the difficulty that trade unionists, with their 
communistic ideas, insist on equality of treatment 
in respect of the period of apprenticeship. There 
is little need to enforce the view that although boys 
with or without a primary school certificate may 
equal, the boy with a certificate of merit from the 
post-primary course is superior to either, and that 
to exact like conditions in r t of apprenticeship 
from all is absurd. The superiority, in effect, raises 
the boy above the ordinary trade-union rank, but 
some tradesmen, who are members of a union, are 
too often imbued with the belief that membership 
of a union is essential for success, or at least for 
ensuring the continuity of employment, of their sons. 
It is a serious reflection upon the a of pre- 
ferment in factories that some workmen are seldom 
comfortable when their sons, however clever, fail in 
the arrangement of their apprenticeship to conform 
to trade-union rules. That this discomfort exists 
is undoubted. Is there any reason why the well- 
educated youth should spend three years in one 
department? It would be instructive to learn 
whether the prosperous trade unionists—even the 
leaders—have, when financially able, restricted 
their sons’ training to the course requisite to enable 
them to qualify for election as trade unionists. 
There is here room for a more enlightened policy 
on the part of the men’s leaders, leading distinctly 
to the strengthening of unionism. 

Where a certificate of merit for the intermediate 
or post-primary course has not been won, we 
would again bespeak consideration for the youth, 
so far as the conditions of employment are con- 
cerned ; but it must be frankly admitted that he 
can have no further claim upon the State in respect 
of scientific training. That view is accepted by 
the educational authorities, at least in Scotland. 
There the Government grant for pupils in the 
post-intermediate classes, who have not taken the 
certificate at the end of the intermediate course, 
is very materially reduced. We go further ; even 
if their parents or guardians are disposed to pay 
fees for the continuation of education at day tech- 
nical colleges, the educational authorities should 
deny to them the valuable space in classes, and 
the still more valuable time and energy of teachers. 
Their past failure to profit, from whatever cause, 
justifies this extreme measure. It is in such 
process of elimination at the advanced stages of 
knowledge that some economy in finance may be 
achieved, to enable more support to be given to the 
mental material which has proved receptive and 
adaptable by the test of successive processes. This 
view, of course, is dependent upon the method of 
elimination being thoroughly satisfactory ; that is 
a matter for the Minister of Education and his 
Advisory Board. 

The next step in the ladder of the scientific train- 
ing of the youth is what is termed the technical- 
school course. Only those who have taken the 
certificate of merit in the preceding school should 
be eligible for this step, and here, even in greater 
degree, there is need for the dominance of general, 
but clearly specified, scientific training. Govern- 
ment aid should be given freely, with carefully- 
guarded standards to ensure that the student can 
profit by such higher training. Obviously, in the 
case of a youth of 18 or 19 years of age who has 
thus continued his education, there should be very 
definite prospects of his being able to gain a profit- 
able market for his attainments, especially in the 
case of sons of men in humble circumstances. We 
admit that our argument is founded upon a demo- 
cratic idea, but it pertains to the democracy of 
talent, which is the soundest basis for the winnin 
of national wealth. The difficulty is to get individual 
employers to co-operate without some guarantee 
that a fair share of the reward will accrue to their 
establishments. But if the terms are even mode- 
rately satisfactory, such well-trained youths will 
readily come under the bond of agreements extend- 
ing over a number of years to serve their employers 
after the period of practical training in all the 
departments of the works has ended. 

At this stage in the career of the youth two 
gourses are open—the prosecution of scientific 





training at the technical college or university 
associated with practical work during vacation, or 
exclusive service in the factory. How may such 
youths be profitably employed with satisfactory 
remuneration in the works? That is a question to 
be answered by each employer according to the 
organisation of his factory ; but there should be 
no difficulty in the choice of alternatives, as all are 
in the direction of higher efficiency and increased 

restige. One of the several possibilities may be 
indicated. The generals of an army and the 
admirals of a fleet have aides-de-camp; why not 
the directors of a great industrial establishment ? 
Youths endowed with acute powers of discernment, 
even if lacking in experience, could be utilised to 
make précis of the reports of managers, and them- 
selves report on all operations, and by such digests 
of information save the director much important 
work, leaving him free to devote his time and 
energy to other questions. There is no need to 
elaborate the advantage of such procedure. The 
same principle may apply to ‘‘aides” to assistant 
managers, and even to foremen. Again, the costs 
department ought to afford a field for the employ- 
ment of youths who have had scientific and technical 
training. The tendency is to advance respectable 
tradesmen to the posts in this department, because 
of their practical experience ; but there is needed 
something more than a knowledge of workshop prac- 
tice, which the well-schooled youth could acquire 
during his apprenticeship course. The drawing-oftice 
staff could be recruited also from among such youths 
who had been specially trained, and there would 
thus accrue a greater originality in design. For 
those who take still further advanced courses in 
college and university, the way to a life of profit- 
able usefulness is, at the outset, still more difficult; 
but that belongs to another phase of the subject. 
Perhaps for the present we have said enough to 
support our case that the educationalist and the 
employer of youths ought to be brought into closer 
relationship. 





AFFORESTATION IN FRANCE. 

Tue clearing and afforestation of lands are pro- 
blems which are being dealt with more or less 
actively—rather less than more, we are sorry to 
say—by most of the civilised nations of the Old and 
New World. They have become questions of 
moment in France, where clearing has been 
attended with disastrous effects in several districts. 
French statisticians have calculated that from 1846 
to 1875 the inundations which can be directly 
traced to clearing throughout the country have 
involved losses to property amounting to a total of 
410 million francs (16,400,000/.), and damage to 
barrages, bridges, and other civil engineering work 
to an amount of another 70 million francs 
(2,800,000/.). A century ago there were in France 
17 million hectares (42,000,000 acres) of woodland ; 
at the present time there remain only about 9 mil- 
lion hectares (22 million acres), a large proportion 
of which, however, is mainly covered with stunted 
underwood, and can hardly be called woodland 
in the proper sense of the term. The above area 
of 22 million acres forms approximately 17 per 
cent. of the total area of the country. The waste 
land, land which cannot be profitably cultivated, 
covers another 22 million acres, about two-thirds 
of which could certainly be profitably planted with 
trees. 

The danger of indiscriminate clearing had long 
been foreseen in every land, and nearly thirty years 
ago (April, 1882) the French Government ed a 
law on afforestation, which completed earlier laws 
passed in 1860 and 1864. Many million francs 
have been spent in France in the planting of trees, 
but work in this respect bears only upon a very 
small portion of the land previously cleared, and 
the laws in question have not prevented the evil. 
The name of Mr. de Montzey, Inspector of Forests, 
is connected with the law of 1882 ; this expert is 
the author of standard works in the French lan- 
guaye on afforestation and its action on torrents 
and rivers. The law in question applies mostly to 
some ten French de ments or districts, and it 
has led to the establishment of means to keep 
rivers within bounds rather than to further affores- 
tation proper. It has not had for its aim the check- 
ing of the evil in places where it had not yet reached 
its more grave phase. The law of 1882 distinguishes 
two classes of mountainous districts; it applies 
more especially to those districts the improve- 
ment of which is rendered necessary by the earlier 





stripping of the land ; but even then, in order that an 
effective intervention of the State may be obtained, 
the same districts have to be classified according to 
a special law as areas where improvement is neces- 
sary by reason of actual danyer, and not by reason 
of any fear of danger occurring at some future time. 
The lands outside the districts provided for also 
lie outside the afforestation laws above referred 
to ; these lands, under the law of 1882, are free to 
be improved by various other means, such as 
voluntary defence work, by regulating the letting of 
pasturage, and so forth. ew classifications of 
dangerous zones have been made of recent years, 
but these cover only a limited area comparatively, 
and much work still remains to be done in this 
connection. 

The forest authorities of the State have the right 
in certain cases to oppose clearing work which may 
lead to the washing away of ground, or to the dis- 
appearance or irregular flow of springs ; they can 
also oppose clearing which would tend. to further 
inroads by the sea on sandy coasts, and can 
also deal with it from the military and sanitation 
standpoints. This would appear a sufficiently wide 
programme to give the authorities free scope, but 
the measure as it stands is ineffective, for many 
land-owners turn these same lands into pastures 
for sheep, the result being a gradual denuda- 
tion of the areas requiring protection. During 
the last fifty years 90 million francs (3,600,0001.) 
have been spent by the State in this connec- 
tion, one-fourth of which has been used for cor- 
recting torrents, one-fourth for afforestation work 
proper, over one-fourth in the purchase of land 
for the above works, and the remainder for dis- 
tribution as subventions to the districts or private 
— for the planting of trees. The annual credit 
or afforestation has generally amounted to about 
3,250,000 francs (130,000/.). 

Of recent years, owing to the danger which is 
clearly traceable to clearing, the efforts made to 
retain ground, and to work for afforestation, have 
taken two different lines. In the first place, various 
Parliamentary Bills have been prepared; in the 
second place—and this is far preferable—private 
institutions have been formed with a view to 
impress upon every member of the rural population 
the uséfulness of afforestation, and the risks attend- 
ing clearing, illustrating the precepts by examples 
on a more or less large scale. One of these institu- 
tions, formed in 1904, deals more especially with 
the Pyrenees district, and has a branch which works 
in the Dauphiné, the mountainous region to the 
east of Lyons. This association holds annual 
congresses, calling attention to the practical work 
it has carried out on land it has hired, and to the 
results attending same. It plants nursery gardens, 
cuts lanes, regularises the flow of streams, does 
away with the hollowing of land traceable to the 
herds of sheep, by limiting the number of the 
latter on the fand which it lets out for pasture, 
and so forth. It is succeeding gradually in con- 
vincing the highlanders that it is necessary to plant 
in order to hold the ground or to allow it to form 
again. Other similar associations have since been 
formed on the Swiss borders, close to Belfort, and 
in Algiers, which act on the same principles. The 
work of these associations is not a costly one ; they 
frequently commence by planting brushwood in all 
clefts of rocks, this meaning only about 55 cen- 
times per hectare (about 2d. per acre) annually for 
rent, while the necessary work and supervision 
costs about as much again. 

Another class of association may also render 
real service to the cause; these are connected 
with the primary and secondary schools. Their 
object is to teach the children the elements 
of tree cultivation, and to call their attention 
to the important part which wooded land plays 
in the economy of a country, the teaching 
being accompanied by examples of a_ practical 
nature. In the Jura and Vosges mountainous dis- 
tricts, which form the boundary between France, 
Germany, and Switzerland, and in the French 
Alps, school treats have been organised, in the 
course of which the scholars plant a number of 
saplings, the object being to gain their interest in 
the preservation of trees. There are, further, 
numerous private associations in the above-named 
districts, each member of which pledges himself to 
plant every year a given number of trees, or to pay 
a given subscription enabling it to be done. 

Unfortunately, the fiscal legislation of the country 
does not tend towards the maintenance of forests 
and woodlands, for any private person or company 
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purchasing a piece of woodland with a view to 
maintaining it as such pays to the State a tax of 
7 per cent. on the purchase price. If, on the other 
hand, the purchaser immediately upon acquisition 
commences to clear the land, he pays 24 per cent. 
on the value of the wood cut os , the tax of 
7 per cent. being applicable later to the value of the 
naked land. The purchaser has thus an immediate 
interest in clearing the woodland he has acquired. 
We may here remark that the taxes on land of all 
kinds often reach a total of 40 and 50 per cent. of 
the income the land brings in. There are wood- 
lands in France which give their owners a return of 
hardly a quarter of 1 per cent. 
Many schemes have lately been drawn up and 
ut before Parliament by private persons and public 
ies, with a view to increase afforestation. 
Among these are schemes for enabling savings-banks 
and old-age pension funds to place their capital in 
existing forests and in land to be planted with trees. 
A scheme is also on foot to complete the law of 
1882 above referred to, by empowering the State 
to purchase mountain lands with a view to planting 
them with trees before there arises any danger due 
to their remaining cleared. State agents would 
have the charge of forest maintenance ; and would 
regulate the cutting of trees ; the owners would not 
work their property in this respect, but would be 
id the sums for which the wood had been sold. 
hese schemes evidently go too far in some respects. 
An alternative which has also been proposed would 
be to place under State management those forests 
only which are considered of public utility. Some 
idealists have advocated the nationalisation of 
forests, a scheme which at the present time would 
find many advocates in France; this, however, 
would not meet with satisfactory results, notwith- 
standing the fact that private enterprise is not 
always enlightened. It would a r that the best 
way of solving the problem oa be to reduce the 
taxes on woodlands, and to help private owners 
in regard to afforestation by supplying to them 
young plants which ean easily be obtained in large 
quantities and at moderate prices. Large areas of 
land could be obtained at a low cost, and planted 
with trees, so as to form natural protections against 
inundations. This could be carried out under State 
supervision, care being — taken that private 
enterprise, which has hitherto done much good 
work in the practical instruction of the population 
of mountainous districts, be not discouraged. 





THE FUTURE OF THE SHIPBUILDING 
TRADE. 

In the review of the work of the shipbuilding 
trades of the United Kingdom, which is published 
in another part of this issue, there will be found 
interesting facts regarding possible developments 
and the prospects for the immediate future. 
These, as is there pointed out, are most favourable. 
Since the article was written we have received 
from Lloyd’s Register the official statement of 
work on hand, which bears out this promise of 
activity. Excluding warships, Lloyd’s show that 
there are in course of construction throughout 


the kingdom 363 vessels, with an aggregate of 


1,131,503 tons, which is 23,000 tons, or 2 per cent., 
less than was the case three months ago. There 
are thirty-two more ships building now than a year 
ago, the increase in tonnage being 218,000, equal 
to 24 per cent. Of the total tonnage on hand, it 
may be remarked parenthetically that 762,659, or 
67 per cent., are being built under the supervision 
of the surveyors of Lloyd’s Register, with a view 
to classification by that society. Herein we have 
a clear indication of the continued popularity of 
the premier registry society of the world—a 
popularity which is justified by the more pro- 
gressive policy pursued in recent years. Of this 
evidence is afforded by the decision of the Com- 
mittee to include in its membership direct repre- 
sentation of shipbuilders and engineers, in addition 
to underwriters, shipowners, and merchants. For 
some time the General Committee kas had the 
advantage of the guidance of a technical committee 
representative of marine constructors, and this tech- 
nical committee has undoubtedly done most useful 
work by assisting the technical officers of the Society 
in connection with new points in ship design. The 
General Committee will now be greatly strength- 
ened by the inclusion within its membership of the 
shipbuilders and engineers, and to this extent 
Lloyd’s are to be congratulated on their decision. 
The warship work is also greater than was the 





case a year ago, notwithstanding that Lloyd’s have 
taken no oe of four battleships recently 
ordered, the King George V. and Centurion from 
the Portsmouth and Devonport Dockyards respec- 
tively. and two others—the Ajax and Audacious— 
from Messrs. Scotts, of Greenock, and Messrs. 
Cammell Laird; and five unarmoured cruisers— 
the Dublin, from Messrs Beardmore; the South- 
ampton, from Messrs. John I. Thornycroft; the 
Sydney, from the London and Glasgow Company ; 
the Melbourne, from Messrs. Cammell Laird and 
Co., and the Chatham, just laid down at the Chat- 
ham Dockyard. Messrs. Yarrow have this week 
received an order to build three destroyers for the 
Colonial fleet. We have thus warships equal to 
about 125,000 tons to lay down for the British 
Navy, and a Japanese battleship-cruiser (which is 
of 24,000 tons) to be commenced at Vickers’ works, 
not included in Lloyd’s figures, so that the state 
of affairs is very much more favourable than the 
appended table shows. 


Tonnage in Course of Construction in the United Kingdom 
at January, 1896 to 1911. 


Total. 














Merchant Ships. | Warships. 

No. | Tons. No. Tons. Tons. 
1896 377 | 711,562 68 | 306,580 1,018,142 
1897 390 784,711 94 330,005 1,114,716 
1898 505 1,013,319 95 312,920 1,326,239 
1899 584 1,401, 91 410,985 1,812,072 
1900 538 1,306,751 81 423,755 1,730,506 
1901 443 1,269,919 65 390,145 1,660,064 
1902 469 1,359,205 45 333,325 1,692,530 
1903 387 1,024,067 57 300,690 1,324,757 
1904 386 898,478 63 | 309,510 1,207,988 
1905 408 | 1,049,860 54 | 282,810 1,332,670 
1906 515 1,355,756 55 262,025 1.617,781 
1907 481 1,166,989 | 49 | 205,858 1,372,847 
1908 483 948,830 60 | 268,717 1,217,547 
1909 360 764,520 | 658 219,271 983,791 
1910 331 913,374 | 64 273,210 | 1,186,584 
1911 368 1,131,508 | 66 1,420,984 

| 


| sender | 

It will be seen that the total of merchant vessels 
and warships, excluding the ships about to be laid 
down, makes up 1,420,984 tons, which is 234,000 
tons more than at the close of last year. For a 
total exceeding this we have to go back to the year 
1906, when shipbuilding experienced a high degree 
of activity. In 1901 and 1902 the total was also 
between 1,600,000 and 1,700,000 tons. It is 
enough, however, for the present that the total 
work on hand exceeds that of a year ago by 20 per 
cent. Apart altogether from the total of nearly 
150,000 tons of warships to lay down, there is every 
prospect of a considerable improvement in the 
demand for merchant shipping. Of the total work 
on hand, 200,000 tons of merchant ships and 8816 
tons of warships (excluding the Japanese battleship- 
cruiser) are for foreign nations. 

The improvement, as compared with a year 
ago, is participated in by all districts, excepting 
only Hartlepool and Liverpool. In the former 
case there is a decrease of 10,000 tons (equal to 
20 per cent.), and in the latter case of 14,000 tons 
(equal to about 40 per cent.). As is shown in the 
annexed table, Belfast enjoys a particularly favour- 


Work in Hand in Principal Districts at January, 
1908-11 ( Warships Excluded), 











District. 1911. 1910. 1909. 1908, 
tons tons tons tons 
Belfast .. ..  .. 250,807 168,210 196,160 | 194,507 
Barrow, Maryport, anc 
Workington .. 2,730 2,880 4,833 | 12,880 
Glasgow 194,690 174,744 152,143 194,706 
Greenock .. _..| 180,270 | 181,710 | 93,610 116,451 
Hartlepool and Whitby 42,135 | 62,950 | 30,655 37,980 
Liverpool os ; 22,110 34,550 - _ 
Tees 74,587 | 63,685 | 26,906 , 61,263 
Tyne 206,692 | 147,829 | 143,850 | 204,871 
Wear 126,897 | 105,525 | 68,700 | 61,075 
able position, The tonnage, as com with 


three months ago, is 18,800 tons higher, while, 
as compared with a year ago, it is 82,600 tons 
higher (equal to nearly 50 per cent.) ; so that it 
is not surprising that Messrs. Harland and Wolff 
are adding to their producing capacity by the 
erection of two or three entirely new shops. 
Glasgow seems to have suffered most from the 
prolongation of the dispute, and the consequent 
reluctance to place new shipping, as the total 
work on hand now is about 25 per cent. less than 
three months ago. But, when comparison is made 
with the condition of affairs a year ago, there is 
found to be an increase of 20,000 tons, equal to 114 
per cent. This district too has obtained a very large 
share of the new warship work, so that the extent 





of employment will be very much better than for 
many months past. The neighbouring port of 
Greenock is much better off in merchant tonnage ; 
that on hand is 22,000 more than three months 
ago, and 48,500 tons, or 37 per cent., more than 
a year ago. The Tyne stands practically where 
it did three months ago, but the total is nearly 60,000 
tons, or 40 per cent., better than at the beginning of 
last year. In the case of Sunderland there is an im- 
provement of 16,600 tons during the three months, 
while the total is 21,300 tons, or 20 per cent., more 
than a year ago. On the Tees there has not been 
the same improvement as in other districts, the 
increase on a year ago being only about 11,000 
tons, or 17} per cent. The state of affairs, on the 
whole, must regarded as very satisfactory, par- 
ticularly as concerns the prospective demand for 
new merchant shipping. 








COAL-DUST EXPLOSIONS. 

Tue terrible catastrophe which befell the Pretoria 

ast ped Bolton on December 21 forces our attention 

k to colliery explosions and the dangers of coal- 
dust. We have commented on the notable work of 
the British Coal-Dust Committee in our issues of 
December 9 and 23. What has been established by 
this Committee on the whole accords with the con- 
clusions at which scientists and miners have arrived 
in other countries. The methods applied differ— 
that is not to be regretted. TheBelgians have been 
experimenting at Frameries ; we are not aware that 
any recent account of their researches has been 
issued. The Germans are continuing their studies 
on the lines which they explained before the London 
meeting of the Congress of Applied Chemistry in 
the summer of 1909.* German colliers, having 
recognised the dangers of coal-dust in itself, have 
directed their efforts towards the prevention of 
explosions by means of watering and other means ; 
their special researches concern safety explosives, 
lamps, lighting, and ventilating. The two terrible 
explosions at Radbod and Reden shook the belief in 
the efficacy of watering ; but it is conceded that in 
both cases the watering had not been applied as it 
ought to have been. Very comprehensive and 
noteworthy work is being done in France, and we 
wish to-day to deal particularly with the results of 
these researches. The United States are no longer 
behind in this field either, and we shall refer to 
some of their experiments. 

The erection of the French experimental station 
at Liévin, situated to the south of Lille, is the out- 
come of the disaster at Courriéres, which so far, 
fortunately, remains unequalled in its horrors. 
The Courriéres accident was essentially a coal-dust 
explosion, and the first great coal-dust explosion in 
France. France had passed through a sad period 
of fire-damp explosions in the years 1887 to 1891. 
French scientists and practical men then took the 
lead in fighting those dangers, and the average 
number of the victims of colliery explosions, which 
had been 20.3 per thousand in 1887, diminished to 
an annual average of 0.26 per thousand in the 

riod 1892 to 1905. The Courriéres disaster 
induced the Comité Central des Houilléres de 
France to grant the sum of 14,0001. and an annual 
allowance of 3000/. for the erection of an experi- 
mental station at Liévin. Mr. J. Taffanel, the 
director of the station, presented a preliminary 
account of the researches which he is superintend- 
ing to the International Con of Mining and 
Metallurgy, assembled at Diisseldorf last June,t 
and the official report of the French experiments 
has since been published. t 

The work done at Liévin is very instructive, and 
may appear more comprehensive than that achieved 
by the British Coal-Dust Committee. It must not 
be overlooked, however, that the French report 
covers the full period 1907 to 1910, while the 
British Committee has so far only reported on the 
experiments of the years 1908 and 1909. The 
Liévin station comprises a principal gallery and an 
auxiliary gallery, in addition to the laboratory, 
coal-crushing plant, two gasometers for fire-damp, 
and other parts. The principal gallery had, in 
1908, a length of 71 yards only; it was after- 
wards extended to 328 yards. As at Altofts, the 
object has been to conform to practical conditions 


* See ENGINEERING, vol. lxxxvii., page 813. 

+ Ibid., vol. xc., page 43 

t~ Compare Abstract of the Reports on the French 
Coal-Dust Experiments, conducted at the Liévin Experi- 
mental Station, 1907 to 1910, by J. Taffanel. London: 
The Colliery Guardian Company. [Price 1s.] 
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so far as the application of scientific methods would 
permit. In some respects the Altofts gallery bears 
more resemblance than the Liévin gallery to a 
haulage-road ; in others Liévin may claim to 
have gone further. Relief-valves are not used at 
Liévin, for instance, and the longitudinal shelves, 
on which coal-dust was spread at Altofts, are at 
Liévin, in a certain sense, regarded as ‘‘ obstruc- 
tions” and utilised as such in a novel way. Of the 
first section of 71 yards, the head, 33 yards in length, 
is built in ferro-concrete on the Hennebique system ; 
it is trapezoidal in section, 6 ft. high, and tapering 
from 5ft. 3in. to 4 ft. 7in. The concrete sides 
have a thickness of 7in. or 84 in., the buttresses, 
5 ft. apart, a thickness of 224in.; six of the steel 
rods of the armouring have a thickness of 1.17 in., 
and the head is calculated to resist an internal 
pressure of 571b. per sq. in. The concrete forms 
cants in the four angles of the trapezoid which are 
interrupted every 2 ft., to fix sets of mine-timber. 
Ten observation-windows, 8 in. by 6 in., fitted with 
armoured glass plates 1.17in. in thickness, are 
placed in the side wall at mid-height. The other 
part of the gallery is built in iron, strengthened by 
girders ; several modes of construction have been 
adopted with the objectalso of studying the cooling 
influence of the walls. Part of the circular tube is 
buried, the far end is left free. The end of the 
head is closed by a movable block of wooden beams, 
12 in. thick, supported by lateral walls of brick- 
work, Ignition is generally provided by means of 
one of two guns ; the stronger of these, 14-in. bore, 
47 in. long, can bear an internal pressure of 95 tons 

rsq. in. The gun is mostly placed in front of the 

lock. 

The gallery itself forms one straight line. The 
fan-tunnel joins the head at right angles, leading 
over from the engine-house and crushing-shop, in 
which a helicoid Rateau fan of 3 horse-power has 
been erected, delivering, at 525 revolutions, about 
300 cub. ft. of air per second, under a head of 
water of 0.58 in., and yielding an air-current flow- 
ing at the rate of 10 ft. per second (about 20 ft. at 
Altofts) through the gallery. A trap-door is closed 
to protect the fan-tunnel when violent explosions 
are feared. The gallery is cleared of old dust and 
débris after an explosion by means of compressed 
air supplied, through lengths of rubber hose, by 
a double Rateau turbine, driven by a 20-kw. 
motor, running at 50 revolutions per minute. When 
coupled in series these two turbines give 52 cub. ft. 
of air per second under a water head of 59 in. 
Compressed air is also made use of for working the 
dust-injector and for mixing air and fire-damp. The 
crushing plant consists of a ball mill yielding 
‘* grains,” and an improved Alsing pulveriser, the 
crushers of which are cylinders 0.58 in. long and 
0.31 in. in diameter, yielding dust of different 
degrees of fineness. e dust -ejector is of the 
type used with rotary cement ovens. Compressed 
air is blown into a blast-pipe into which dust is 
fed ; the cloud spreads in the gallery ; when it fills 
the gallery the trap-door above mentioned is closed. 

In certain experiments a special explosion 
chamber is, as at Gelsenkirchen, arranged within 
the head of the gallery, in order to start an explo- 
sion by means of explosive mixtures of fire-damp 
and air. A portion of the first 16 ft. of the gallery 
is then partitioned off by means of paper screens, 
and the mixture is introduced through orifices 
above until the gas passing out through an orifice 
below has the same composition as the charging 
gas mixture. The fire-damp is taken from a Liévin 
pit, in which two gas-blowers have been caught; 
the gas contains from 83 to 93 per cent. of methane, 
and the natural supply is fairly constant. The 
gas is stored in a pos in Ao of about 11,000 cub. ft. 
capacity, connected with a smaller gasometer, 
the bell of which carries on the top a water cistern, 
which is emptied and charged again by means of 
pum The fire-damp discharge-pipe is pierced by 
a series of holes arranged in a tpital. The ignition 
is produced by an explosion which is started by an 
electric fuse, or by a gun or detonators. 

From the observation-room, not far from the 
gallery, the advance of the flame can be watched 
through the windows in the gallery ; a registering 
Weiss chronograph has recently been added to the 
equipment, to record the moments when the flame 
breaks electric circuits comprising detonators at 
fixed points in the gallery. Suspended cotton and 
paper tell-tales are also used. Gas ures are 
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glass. From the piston the pressure is transmitted 
to a lead disc, a steel ball, and a steel plug, and the 
pressure is deduced from the “— to which 
the ball penetrates into the lead. e sampling 
bottles are quite different from those used at 
Altofts. From an evacuated flask, placed outside 
the gallery, a glass tube is led into the gallery ; this 
tube is bent at right angles, and about a foot of the 
tube lies in the gallery parallel to the wall. The 
sealed tube end, facing the open end of the gallery, 
carries a fulminate detonator, which is ignited by a 
fuse of black powder. The advancing flame ignites 
the detonator, the tube breaks in a previously 
filed mark at the bend, and the gas rushes into the 
flask whose evacuation had been determined before 
mounting it by the aid of a mercury gauge. 

The erection of a smaller auxili gallery was 
decided upon in order to expedite the work, and 
for the special purpose of ascertaining the in- 
flammability of certain dusts and mixtures. 
This gallery is built up of old boiler skells, 
64 ft. in diameter, and has a length of 16 yds.; 
it is lined with ferro-concrete and half buried. 
Several other series of experiments were conducted 
in a conduit consisting of two parallel lengths of 
25 ft. of sheet-iron piping, 2 ft. in diameter, 
connected at both ends by the same piping, so 
as to form a rectangular conduit. Observation- 
windows and a ventilating-fan were also provided 
in this conduit ; the coal-dust introduced was carried 
round the conduit by the ventilating current from 
five to fifty times before an explosion was started, 
in order to secure a uniform distribution of the dust 
before its ignition by half a cartridge of gelatine 
dynamite. 

It was found that various kinds of dusts differed 
considerably as to their inflammability, which 
seemed to depend upon the amount of volatile 
constituents in the coal and the density of the 
dust-cloud. Dust from anthracite and a coal of a 
colliery at Lens, a few miles from the station, 
proved not inflammable under the conditions of 
the experiments. This dust contained—deducting 
ash and moisture—about 11 per cent. of volatile 
matter. The various other dusts were inflammable, 
and gave flames which increased in dimensions with 
the growing density of the cloud. Once ignited, 
dust-clouds will goon burning like gas. At Altofts 
all the coal-dusts tried were found to be inflam- 
mable ; but the cannon-charges (up to 40 oz. of 
gun-powder) were sometimes unusually heavy. 
Much depends upon the conditions, of course. 
The just-mentioned Liévin experiments were con- 
ducted with the gun charged with the mouth 
pointing inst the direction of the ventilating 
current. t current was far more powerful than 
it would be in collieries. On the other hand, the 
dust was artificially kept in suspension under cir- 
cumstances parcet fens favourable to an explo- 
sion. We shall return to this point. 

In another series of experiments made in the 
same pipe-conduit the gun was discharged in the 
direction of the draught, the charges of gelatine 
dynamite and of black powder were varied, and 
slate-dust was mixed with the coal-dust. The more 
violentexplosive gave a longer flame, while the limitof 
inflammability appeared independent of the weight 
of explosive applied ; a minimum charge would, 
however, be required. The observations can be 
explained on the assumption that ignition will result 
when the source of heat yields both a sufticiently 
high temperature and a sufficient volume of heat, 
while the propagation of the flame will depend 
upon the composition of the mixture and upon the 
environment. The addition of slate-dust to the 
coal exerted a very decided moderating influence 
on the inflammability. Sometimes, however, mix- 
tures of coal and slate-dust containing 62, and even 
78, per cent. of the latter would catch fire, and 
yield a flame —_— of propagation, though that 
propagation would be slow. 

One point which does not seem to have been 
particularly considered at Liévin has received the 


-attention of the American investigators and of pre- 


vious workers, notably of Beyling, Heise, and 
Herbst. It is the question of the change in the 
percentage of volatile constituents which coal might 
undergo while and after being crushed. We will 
refer to the American investigations before proceed- 
ing with our comments on the Liévin work. The 
American studies were undertaken by the United 
States Geological Survey after a series of disastrous 
explosions occurring in the Naomi, Monongah, 
and Darr Mmes of Pennsylvaniaand West Virginia 
an December, 1907, when more than 600 men 





were killed. We have not yet seen any complete 
report on the work entrusted to Messrs. Clarence 
Hall, W. O. Snelling, and James W. Paul, and we 
confine our remarks to the notes published by 
Rollin T. Chamberlin in Bulletin No. 383 of the 
United States Geological Survey. Gases were col- 
lected from the mines as soon as possible after 
the explosions, in the earliest case two days after- 
wards, and the ser conditions in which gas can 
exist in coal and under which it can be discharged 
from the coal were inquired into. The gas may 
be held mechanically imprisoned in pores, cavities, 
and cracks ; it may be dissolved or occluded within 
the coal; or it may result from slow chemical re- 
actions, a continuation of those reactions to which 
the coal owes its origin. Chamberlin found that 

was discharged during crushing, but that it made 
ittle difference whether he crushed the coal in a 
vacuum or under atmospheric pressure, and that 
would support the view that the slowly liberated gas 
was essentially held mechanically entrapped. Finely- 
powdered, fresh coal gave off its methane more 
rapidly than lumps of coal; but in the course of 
many months the amount of gas liberated would 
differ little. A temporary difference of the air 
pressure during crushing had very little influence ; 
in any case crushing would only remove a small 
part of the whole gas contained in the coal. These 
statements do not affect ‘‘ blowers,” of course. In 
their case variations of atmospheric pressure may be 
important factors. As regards the slow liberation 
of gas, the influence of the barometer may be dis- 
regarded. This is the conclusion to which both 
long-continued observations made in the Ruhr dis- 
trict, and the experiments of Heise and Herbst 
point, and it accords with the general records, 
though it is not rarely doubted still. That fresh 
coal-dust is more dangerous, as regards the libera- 
tion of gas, than old weathered dust, was also con- 
firmed by Chamberlin, and it is in accord with 
Professor Bedson’s tests on the inflammability of 
coal-dust. The American observers comment also 
on the apparent frequency of colliery explosions on 
cold winter and December days. If there is any- 
thing in this—several factors have to concur to 
cause an explosion ; some carelessness or accident 
being perhaps the first condition—the sudden fall 
of temperature would rather appear to be the chief 
factor. That the cold air entering the relatively 
warm mines becomes more capable of taking up 
moisture, and thus dries the passages through which 
it is drawn, was proved in the Darr Colliery. At 
Liévin the inflammability of the dust appeared 
diminished on cold, damp days. 

We pass to the experiments conducted in the 
main gallery at Liévin. One of the first points 
established was that the direction of the ventilating 
current hardly influences the propagation of the 
explosive wave, though it may have some influence 
on the original direction which the explosion takes. 
The return air-ways suffer on the whole, perhaps, 
less than the intakes, probably because the latter 
are wider and less obstructed than the returns, in 
which big dust-clouds cannot so readily be raised ; 
that the flame should by preference travel to meet 
the ventilating current which brings more oxygen 
looks less likely. But the initial velocity is low, and 
if the flame is short, both in length and duration— 
as itis with safety explosives—and the explosive 
energy small, a dust-cloud capable of propagating 
an explosion may not be raised, or a sharp draught 
may prevent the spreading of the wave in both 
directions. It is for these reasons that dynamite, 
which sets up violent eddies, is more dangerous than 
black powder, and that large detonators are more 
to be feared than small detonators. 

The influence of the fineness of the dust has been 
carefully inquired into at Liévin. The dust was 
classified according to the duration of the treat- 
ment in the pulveriser, as }-hour dust, }-hour, 
?-hour, and 1-hour dust ; the latter left only 7 per 
cent. residue on a 240-mesh screen ; the pr A an 
termed grains, (2 mm. and more in diameter), were 
merely crushed. The same classification was adopted 
as to the inert dust of slate, clay, marly chalk, sand, 
and boiler-furnace cinders. In some of these ex- 
periments very large charges of unstemmed gelatine 
dynamite, up to 4lb., were applied. With very 
fine pure dust the upper limit of inflammability was 
not reached when the air contained fifteen times 
as much carbon as the oxygen would be able to 
burn. The dust charge in this case was 1650 
grammes per cubic metre, about 14 oz. per cubic 
foot of air space, while at Altofts the usual dust 
density was 0.4 oz. per cubic foot of air space. The 
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maximum velocity of propagation was obtained 
with Liévin coal-dust (containing 30 per cent. of 
volatile matter, after deducting from 6 to 12 per 
cent. of ash), when the dust density was less than a 
third of the amount we just stated for the upper 
limit of inflammability. The lower limit of codiien. 
mability was found so low that most dusty mines 
would contain sufficient dust to be dangerous in this 
sense. Grains, however, proved not explosive, 
and if the finest particles are not smaller than 
1 mm., a coal-dust explosion should not arise 
under ordinary conditions; though a_ violent 
explosion once set up by fire-damp, or by-deto- 
nation of stored blasting agents, would spread in 
such dust. The percentage of dangerous volatile 
matter in the coal should, in general, exceed 18 per 
cent. to render a dust explosive. 

The numerous and varied experiments on the 
prevention of coal-dust explosions by the appli- 
cation of water and of inert mineral dust, and 
also on the influence of obstructions and cleared 
zones, are most instructive. It resulted that a 
coal-dust containing 50 per cent. of inert dust 
would not produce a dust explosion even in the 
presence of fire-damp ; a once-started flame would, 
however, traverse such a dust-cloud, and a small 
explosion occurring in one part of a mine might 
stir up sufficient dust in another part to propagate 
the explosion, though that dust should half consist 
of mineral matter. Watering in front of the shot- 
holes in dusty galleries is known considerably to 
lessen the dangers of ignition. When the amount 
of water used was equal to that of the dust, ignition 
would, in the worst cases, extend 8 yards from the 
gun, but not penetrate further, so that watering for 
about 10 yards previous to shot-firing should prevent 
explosions. Yet accidents might occur, and the initial 
explosion must be stifled. In the study of these 
preventive measures, water and dust were systema- 
tically applied in increasing quantities. The stone- 
dust was laid on the gallery floor, or on shelves, 
arranged longitudinally or transversely, or placed 
behind retaining-walls ; the shelves were wider 
than those used at Altofts (where they were 5 in. 
wide), and were arranged longitudinally in five rows 
along the walls. Both water and stone troughs 
were further placed across the gallery so as to be 
upset by any explosion. This treatment was applied 
to zones of varying length. 

In order to obtain comparative results, a con- 
tinuous deposit of coal-dust was first tried. Fine 
dust was spread to a distance of 16 ft. in front of 
the gun; the other part of the gallery contained 
coarser half-hour dust to a length of 82 ft., or grains 
to a length of 246 ft. In the half-hour dust the ex- 
plosion wave traversed the whole gallery (328 yards) 
in less than 14 seconds, with a progressively increas- 
ing velocity of finally 1100 yards at the orifice. The 
pressure likewise rose from 28 lb. per square inch 
to 71 lb. (at 49 yards from the orifice) and 156 
yards (at 11 yards from the orifice). In one case, 
where a very heavy charge of blasting agent was 
used, the last 13 yards of the gallery, consisting 
of 04 in. sheet steel, supposed to resist a pres- 
sure of 570 lb. per sq. in., were completely 
wrecked, and some fragments were blown 160 
yards away. 

Zones 100 yards in length, carefully cleared of 
coal-dust, were also tried, with or without watering. 
In these cases the explosion was apt to restart 
beyond the zone, and was particularly violent when 
the dust in the far space was coarse. Limewashing 
the walls, which appeared promising, was only tried 
in one instance, as it interfered much with the other 
work. 

The influence of obstructions in the gallery was 
peculiar. When a quarter of the section of the 
tubular gallery was obstructed, in the last 10 m. of 
the gallery, by a barrier of clay, the velocity of the 
tlame remained unaltered, but the pressure increased 
in front of the barrier. When the obstruction 
barred one-third and two-thirds of the section, the 
phenomena changed ; both the velocity of the 
explosion and the pressure did not attain high 
values—that is to say, the wave wanted 3 seconds 
to traverse the gallery instead of 1.7 seconds, 
while the average pressure was somewhat greater 
than before, but did not rise beyond 42 lb., and 
did not increase as the wave advanced. The 
flame was extinguished by the dislodged earth or 
dust, sometimes in the middle of a coal-dust zone ; 
this quenching was particularly noticeable when 
cinders had been spread on the floor. Obstruc- 
tions placed on the floor would, of course, be 
very inconvenient in mines; but they seem to 


arrest explosions, and it is suggested that the 
obstructive material might be lodged between the 
walls of the gallery and secondary wails, which 
would collapse under the first shock of any explo- 
sion. The shelves for water or dust come, in a 
certain sense, also under the head of obstructions. 
The longitudinal shelves, four above one another, 
occupied 13 per cent. of the total section over a 
length of 10 metres; 7 cub. ft. of material were 
used per yard run, 70 cub. ft. in all ; the obstruc- 
tive material was always covered with a layer of 
coal-dust. The shelves were, asa rule, overturned 
and broken by the explosion; when the material 
was coarse dust, the explosion would, by leaps, 
slowly reach the end of the gallery, without much 
disturbing the shelves. The pausing of the flame 
occasionally led to a further liberation of gas and a 
reflux of air from the open end of the gallery. 

The transverse shelves were composed of ten 
double planks, 5ft. long and 14 in. wide, disposed 
at varying intervals (from 1 to 5 yards) and taking 
up 15 per cent. of the section ; 4.24 cub. ft. of 
material was heaped upon each platform, 42.4cub. ft. 
in all; the material was such as to be easily dis- 
lodged and fall down through the dust-cloud. The 
boards were suspended from the roof about 150 
yards distant from the source of the explosion. The 
arrangement of the transverse water-troughs, 1 yard 
apart, was similar. The troughs were half round, 
40 in. long, and each contained 5} gallons of 
water, 55 gallons in all ; 10 per cent. of the gallery 
section was taken up by the troughs. The troughs 
were overturned, and the dust was turned into mud, 
The results obtained were very favourable, even 
when the conditions were similar to those under 
which the gallery had otherwise been wrecked. The 
flame was extinguished before the explosion acquired 
great energy. 

Summing up, we find that though watering in 
front of the shot-holes will lessen the probability of 
an ignition, means must be provided to prevent any 
ignition from developing into a mer dae explosion. 
This can be done by spreading in the gallery water 
at least equal in mass to that of the coal-dust, or by 
disseminating in similar ways at least 40 per cent. 
of stone-dust. Watering of the face and walls or 
washing the tubs may suffice forthis purpose. But 
watering has to be done systematically and to be 
repeated at short intervals, because the water 
evaporates rapidly, and it is difticult to say how much 
water really remains in contact with the coal-dust. 
All dust should best be removed or kept in a state 
of mud, which is objectionable, if not impossible. 
Schistification (application of stone-dust) is often 
more convenient. In applying it regard should be 
had to the amount of volatile matter in the coal ; 
the nature of the incombustible substances in the 
coal is immaterial. 

Both schistification and watering, as ordinarily 
understood so far, can only arrest an explosion in 
its initial stage. But watered or schistified zones 
of sufficient lengths can stifle serious explosions, 

rovided that ample extinguishing material be used. 

‘here should be four times as much water as coal- 
dust, enough to form a liquid mud; but even that may 
not suffice if the dust is coarse. Proper schistification 
is more easily realised; yet 75 per cent. of slate-dust 
added to the coal-dust did not always stop an explo- 
sion wave. Both means of prevention look fairly 
reliable, however, in tortuous, narrow galleries, in 
which the explosion would appear to be naturally 
quenched, as the experiments on obstructions 
suggest. These experiments on water and stone- 
dust, applied as obstructions for concentrated local 
watering and schistification, are the most promising. 
The overturned water or dust stopped explosions 
that had travelled more than 150 yards in a gallery 
in which coal-dust was spread throughout its length. 
The barriers seem to act as extinguishers, and the 
material—-water, stone-dust, clay—hence to be of 
little influence. The obstacles are upset, and the 
material is spread in all directions before the flame 
reaches the obstruction. So far as the experiments 
go, two gallons of water per square foot of sectional 
area of the gallery would seem to be sufficient for 
this concentrated watering. There should be a 
good number of troughs (ten) within a length of 
about 10 yards; the transverse arrangement is 
preferable to the longitudinal. Cinders about 
l in. in diameter should be applied at the rate of 
1 bushel fod square foot of sectional area, and 
cover the boards to a depth of about 1 ft. ; in very 
high galleries several shelves might be grouped the 
one above the other. 








The Liévin experiments are being continued, 


and the further results of concentrated watering 
and schistifying will be watched with particular 
interest. 


THE JAPANESE INSTITUTION OF 
NAVAL ARCHITECTS. 

Tut Japanese Institution of Naval Architects 
held their annual meeting on November 5 last. It 
comprised a united visit to some works of public 
interest, a sederunt for the reading of papers, and a 
dinner. 

The papers read were as follow :— 





“On Froude’s Law of Comparison when Applied to 
Airships,” by Professor 8. Yokota, Tokyo Imperial 
University. 

**On the Surface Efficiency of Condenser-Tubes,” by 
5 gad ectaamad Y. Wadagaki, Japanese Imperial 
Navy. 

"On the History of Freeboard Rules, and the Prin- 
ciples upon which they are Based,” by Mr. Y. Yamamoto, 
Marine Bureau, Department of Communications. 


Froupe'’s Law or CompartsoN WHEN APPLIED 
TO AIRSHIPs. 

Dealing first with Dr. Yokota’s paper, much of 
the work in it is based on fundamental principles 
leading up to Bernouilli’s equation. This equation, 
when applied to motion in an elastic fluid such as 
the atmosphere, he shows to be expressed by 


ai 
k (1—y) 

on the assumption that density and pressure are 

related by the expression 

p= kp 


+ 4e=y2 + constant, 


in the above 
» = velocity ; 
: = vertical co-ordinate of position ; 
p = pressure of fluid ; 
p = density of fluid ; 
k and ¥ are constants. 

Taking n as the relation of the linear dimen- 
sions of the ship and model, and therefore also of 
the square of their velocities, the above equation 
leads to 

n ( p> 2) ~™ p ’ p,~’ 
k ky . 
where 
£ = pressure on model; 
> = pressure on ship. 
py and P, being the normal atmospheric pressures 
for model and ship respectively, k, is the constant 
for the ship, corresponding to k for the model. 

Taking 
P 
Py 
and assuming 6 and A to be small, 

(PY =a-a'%=1-A-n4, 


Po 
P \l-y 
=1-(1- 4; 
(= ) ( Y) 


( py = -(1= 9 (1- ”), 
Po Po 


(sy si-@ v(} : hd ) 


Making the necessary substitutions, the following 

value is obtained for P :— 

> — % py! - m Py! = 

I rah ( “ae, Po), 
where p, and p,' are the normal densities of the 
atmosphere for model and ship respectively. 

Since resistance is the sum of the « component 
pressures on every element of surface, and surfaces 
of ship and model have the relation n*, it readily 
follows that 


5; =1- A, 


hence 


n? Po! a 

Po : 
where R and r are resistances of the ship and of 
the model. 

For the degree of approximation involved in 
omitting the higher terms of 8 and A in the above 
expansions, Dr. Yokota shows that even with a 
ressure due to motion of 100 lb. per square foot 
= pP—P») a8 compared with atmospheric pressure 
(po + 2118) the error is only 7},. 


R = 


Tue Surrace Erricrency or Conpenser Tuprs, 

Captain Wadagaki’s paper deals, in the first 
place, with the theoretical considerations of the 
principal matters required to ensure a condenser 
of maximum efficiency ; among these being the 
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introduction of the circulating water at the coldest 
yart of the tube-nest, and its discharge at the 
Rottest, the elimination of air, and, lastly, the 
avoidance of dead corners or any obstructions to 
the rapid passage of the steam over the cooling sur- 
faces. He proceeds to apply these considerations 
to a type of condenser designed by himself and 
fitted at Sasebo Imperial Dockyard to an installa- 
tion of two sets of -1500-kilowatt generating units. 
The design of condenser is shown in Fig. 1. The 
exhaust inlet is on the lower side, the influx of the 
exhaust steam being directed tangentially to the 
inner surface of the condenser shell, near the bottom. 








(206@) 


This has the effect of separating the water already 
in the exhaust steam at the initial stage. Removed 
somewhat from the centre of the tube-nest, and 
parallel to the axis of the condenser, is a large 
split pipe between the tube - plates; within this 
pipe is a group of cooling-tubes, just as in other 
parts. An annular space is thus formed between 
the split tube and the shell of the condenser, of 
volute form, fitted with ordinary condenser tubes, 
and open at its narrow end; hence any steam 
in the condenser at the end of one turn round 
the nest of the condensing tubes is caught up by 
the new influx of exhaust steam and carried round 
a second time. By suitable adjustment of partition- 
plates, the flow of water through the tubes is made 
to follow the course that theory and practice assign 
to be the best. Through the bottom of the con- 
denser, near the exhaust-steam inlet, a short length 
of pipe protrudes ; this allows a certain area of 
water-surface to be directly exposed to the influx of 
the exhaust steam, the surplus water being drained 
off through the pipe by a water-pump suction. The 
air-pump suction is connected with the large split 
pipe, into which the air flowing round is finally 
carried by virtue of its own momentum. In this 
arrangement Captain Wadagaki claims that all the 
energy due to velocity of exhaust steam is profitably 
employed maintaining brisk circulation of steam 
among the condensing-tubes ; there is absolutely no 
sharp turn in the direction of flow, no baffling-plate 
or other obstruction to the course of the steam, 
except, indeed, such obstruction as the condensing- 
tubes themselves must always furnish ; neither is 
there any short-circuit, dead-corner, or stagnant 
recess that would detract from the general effi- 
ciency of the cooling surface. Any water already 
in the exhaust steam at the inlet is at once with- 
drawn, while water resulting from the condensation 
of the steam within the vondenser is se from 
the surface of the tubes and promptly removed to 
the outside of the tube-nest by virtue of its centri- 
fugal force. This water ultimately flows to the 
bottom of the condenser along the inner surface of 
the shell and comes again into direct contact with 
the fresh influx of exhaust steam ; its final tem- 

rature is thus practically equal to that of the 
incoming exhaust steam, whatever the quantity of 
circulating water supplied. The condenser, to a 
certain extent, becomes in this way a feed- 
water heater. Further, the vortex motion of 
the steam established within the condenser causes 
the air, by virtue of its momentum, to pass to the 
air-pump suction ; the absolute ure at this suc- 
tion may therefore differ less than usual from the 
average pressure within the condenser. The work 


of the air-pump is further facilitated by the cooling 








of the air in the split pipe, where, by design of the 


water- the circulating water is the coldest. 
In the arrangement above described there are 
two separate pumps—one for the air, the other to 


draw off the water of condensation. If a single 
pump is considered preferable, the design of con- 
denser may be modified as in Fig. 2. In this alter- 
native arrangement, exhaust steam enters at the 
top; a common suction is provided, through the 
bottom of condenser, for the water gathered there, 
and for the air collected in the split pipe, the neces- 
sary separation being provided by the U-bend 
shown in the diagram. Appproximate figures are 





given by Captain Wadagaki, taken from the con- 
denser installed at Sasebo, to show the high 
efficiency obtained with this design. 

FREEBOARD RULEs. 

Mr. Yamamoto, in his paper, traces the history 
of freeboard rules. He estimates that through the 
statutory action of Great Britain, Germany, France, 
Holland, Denmark, and the further influence of the 
law of these countries, some 90 per cent. of the 
total registered tonnage of the world (vessels above 
100 tons) have their draughts restricted by definite 
freeboards. Although the Japanese Government 
has not yet dealt with the question, it is giving it 
close attention. Through the requirements placed 
a vessels using British ports, and from the fact 
of a number of Japanese vessels having been built 
in Great Britain, not a few are made amenable to 
the freeboard rules. Mr. Yamamoto is apparently 
in favour of the falling into line by Japan of what 
is rapidly becoming the universal adoption of the 
British scale. 








NOTES. 
British Corton TRADE witH CHINA. 

Tue trade of Lancashire with the Far East is of 
so much importance that all that affects it should 
be carefully noted. There is a growing inclination 
on the part of the Chinese to use their own pro- 
ductions, even if they are more expensive, than 
the imported goods, and it has its origin in the 
same feeling as the ‘‘ swadeshi ”’ movement in India. 
It has, however, been assisted by the low rate of 
exchange which has prevailed for a considerable time, 
as this benefits native manufactures, and the in- 
creased purchases of yarns, both native and foreign, 
during the year 1909 show that native looms took 
some advantage of the protection afforded them by 
high gold values. The innumerable cheap wooden 
hand-looms in every village are said to be turning 
out improved work, and in a country like China, 
where labour is so cheap, the price of the products 
is not much above that of the imported goods, while 
they last very much longer. The Chinese looms 
are supplemented, to some extent, by imported 
Japanese hand-looms, but such figures as are 
available indicate that the imports of Japanese 
machines are not large, the extreme cheapness 
of the native hand-loom rendering competi- 
tion difficult. As regards cotton-weaving with 
foreign machinery, there are now in China some 
3000 machine looms in operation, and more cotton- 
weaving mills are being started in various parts of 
the country, but the British manufacturer has as 
yet no cause for serious concern on account of the 
competition thus indicated. The following com- 





parative table of the total imports of British, 
American, Japanese, and Indian plain cottons— 
compiled from the Customs figures for shirtings and 
sheetings, drills, jeans, and tea-cloths—during the 
last four years shows that British piece-goods are 
fairly holding their own :— 


| | 














Description. 1906. 1907. 1908. 1909. 
pieces | pieces | pieces ieces 

British ..  ..| 10,785,227 | 8,224,951 | 8,993,534 | 10,691,448 
American .. ..| 8,544,165 | 578,647 | 1,586,989 | 3,856,231 
Japanese .. ..| 733,436 | 840,401 | 986,982 | 1,396,297 
In * 85,003 | 67,905 | 141,312 | 133,855 


The increase in the imports of Japanese piece-goods 
hardly affects British products, but Japanese heavy 
shirtings and drills compete severely with the 
American goods of the same class. This competi- 
tion is chiefly felt in Manchuria, where Japanese 
sheetings and drills are gaining on American. The 
demand for imports in Manchuria, which is in- 
creasing as a natural consequence of the flourish- 
ing condition of exports in that part of the 
empire, makes the condition of international 
rivalry there a matter of anxious concern to foreign 
traders. It may be assumed, however, that 
British goods are, on the whole, better than 
Japanese, and it is believed that, to a consider- 
able extent, the cheap goods of the Japanese have 
led to a demand for better qualities than satis- 
fied the purchasers at first, and cheap and inferior 
goods of Japanese or other make have opened the 
way for the more solid and expensive British pro- 


ducts. Indian yarn meets with an increasing com- 
petition from Japanese, and Japanese yarn, in its 
turn, appears to be subjected to a still closer com- 


petition, especially in the North of China, from 
the products of the Shanghai mills. At the 
beginning of 1910 there were 782,242 spindles in 
China (including Hong Kong), of which 407,718 
belong to fourteen mills in Shanghai, 203,892 to 
twelve other mills in Kiangsu and Chekiang pro- 
vinces, 90,000 to Hupeh Government mills at 
Nuchang, 25,000 to a mill in Chihli province, and 
55,632 to a mill in Hong Kong. The native yarn 
distributed by the Shanghai mills amounted to 
24,900,000 lb. in 1907, 50,400,000 lb. in 1908, 
and 56,700,000 lb. in 1909. 


SHortTENING Bent Bripce-Tizs. 


Attempts are sometimes made to straighten and 
shorten the iron ties of old bridges which, from bad 
adjustment or other causes, have become bent or 
slack, and thus do not take their proper share of 
the stresses due to the loads on the structure of 
which they form part. According to a communi- 
cation published by G. Schaper in the Zentralblatt 
der Banderwaltung, the thermit process of Albert 
Hassenkamp, of Essen, answers very well in 
such cases. The distortion may be corrected 
without interfering with the traftic. Two clamps 
are fixed to the tie, the one above the bent portion, 
the other below ; the two clamps are connected by 
a pair of bolts, one on each side of the tie. 
At the spot itself a two-part mould is attached to 
the tie, and the thermit charged into this mould 
and ignited. The bar becomes white hot within a 
few minutes, and the bolts connecting the clamps 
can be tightened up as desired. The tie is thus 
shortened by an upsetting operation, and the stress 
actually applied is measured with the aid of a 
dynamometer. Tests conducted in the Material- 
priifungsamt at Gross Lichterfelde, near Berlin, 
tend to show that the iron is little impaired in 
strength by the application of the thermit, and a 
considerable number of structures have already been 
treated in this simple way, after some old bridges 
had been ennai operated upon. 





Automatic Licurers.—The introduction of these 
lighters in France has been causing trouble, according 
to a contemporary, Le Génie Civil, which has devoted two 
columns to the subject in a recent issue. The French 
State granted to a company many years ago a monopoly 
in the manufacture of lucifer matches, and the State is 
bound to protect the said company. The difficulty is to 
know under what heading the lighters can be classified. 
If they can be classified similarly to the old steel and flint 

rocess, their manufacture and sale may ultimately be 
ree; if, on the other hand, the State finds that the 
lighters contain chemicals, they will be prohibited, unless 
the State, through the company, undertakes their manu- 
facture, in which case, said a Member of Parliament, 
they would, like the French matches, cease lighting at 
all. In the meantime, a bill has been prepared to autho- 
rise a tax on the automatic lighters, the amount of which 
is to vary according to their size, and the metal of which 
they are made. 





Jan. 6, r9rt.] 


ENGINEERING. 


25 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 


OctToBer, 1910. 


fis 


176 





{-979) OCTOEER. 


Novemser, 1910. 


46WIZKHBDMWDUNUMUBISTINBENABB 
NOVEMBER. 


DeceMBER, 1910. 






1715 78BE 
DECEMEER. 


In the accompanying diagrams each vertical line represents a market day, and each horizontal line 
represents 1s. in the case of tin-plates, hematite, Scotch and Cleveland iron, and 1I. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in weight from 70 lb. to801b. The metal 
prices are per ton. Heavy steel rails are to Middlesbrough quotations. Tin-plates are per box of I.C. cokes. 





Tue Seng OvERFLOW AND ExecrricaL MacHINERY.— 
It was at first feared that the inundations which 
occurred in Paris at the commencement of last year had 
utterly spoiled all the electrical machinery located under- 
ground. This, however, was not the case, says L’ Industrie 
Electrique, and in many instances it was found that a 
simple drying of the dynamos and motors was sufficient 
to put them again in working order. Our contemporary 
states that as soon as the machinery which has been 
inundated can be reached it has to be carefully washed, 
im some cases, first with slightly acidulated water, then 
with fresh water, and afterwards with alkaline water, 
with a final rinsing with fresh water. Various methods 
were followed for drying the different dynamos and motors 
and accessory apparatus and fittings. The machines 
should be treated immediately the inundation has sub- 
sided ; if they are allowed to remain standing in the air a 
fortnight or three weeks, they have to be wound afresh. 


Tue Late Mr. A. W. RicHarpson.—It is with regret 
that we announce the death of Mr. A. W. Richardson, 
of the Skew Bridge Works, Patricroft, Manchester, which 
occurred on December 25 last. Mr. Richardson, who 
died in his seventy-first year, had during his long life 





been connected with many branches of mechanical and 
electrical work, and was a sound practical engineer, to 
whose credit much pioneer work stands due. He was 
born in Norfolk, Virginia, U.S.A., and displayed an 
early interest in mechanical “ey Coming to England 
in his youth, he went through a varied experience in 
marine, locomotive, and stationary work, and then com- 
menced a small engineering works in London. Later 
he removed to Manchester and joined Messrs. Crossley 
Brothers, during the time they were first engaged 
in the manufacture of gas- engines. After this Mr. 
Richardson started in business as a machine-tool 
maker. In 1881 he turned his attention to electrical 
matters and, in collaboration with the late Mr. Charles 
Lever, brought out the Lever arc-lamp which was used 
in the lighting of the Crystal Palace Electrical Ex- 
hibition in 1883. Later Mr. Richardson introduced an 
arc-lamp of his own design, which had much success. 
About the time of the passing of the Motor-Car Act, Mr. 
Richardson did work in connection with the development 
of steam-car design. Of late years he devoted atten- 
tion to pump work, his boiler-feed pump for traction- 
engines, steam-wagons, &v., being a well-known speciality 
of his firms 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, December 28, 1910. 

Tue closing days of the year indicate nothing of 
encouragement in the iron and steel situation, which 
has been Pe less satisfactory for months past. 
Buyers and sellers are still apart, not only as to prices, 
but as to the volume of business which may be regarded 
as safe to transact at this time. Makers of pig iron 
in Western Pennsylvania and Ohio have undertaken 
to come to an understanding of some sort with refer- 
ence to the management of the business cevering 
both the manufacture and sale of that product. 
Makers of pig iron in Eastern Pennsylvania have also 
been conferring concerning what is best to be done 
in the present unusual state of affairs. The meeting 
of the Eastern makers was held in this city, but this 
Eastern movement, thus far, has been confined to 
fixing of the prices at which iron should be sold to 
allow some little profit. 

The Western makers want to further than this 
and include all kinds of crude iron." The meeting 
was held at Cleveland, and basic iron was the 
chief subject of anxiety. ‘The matter most concerning 
those present was the inducing of all makers to enter 
into a profitable ar ement. One evil intended to 
be overcome is the selling of basic iron on long-time 
contracts based on prices which are not profitable. In 
other words, prices on these long contracts are made, 
not by the Te who make the iron, but by the com- 
petitors. vigorous effort is to be made to come to 
a common understanding, as present conditions are 
almost intolerable. 

The demand for all kinds of crude and finished 
materials is at a low ebb. Notwithstanding this 
there is an undertone of confidence that improving 
conditions will soon develop. 

The Carnegie Steel Company has banked half of its 
furnace capacity for two weeks. Independent steel 
companies are also banking their furnaces rather than 
blowing out. The probabilities of trade improvements 
are very generally entertained. It is known that a 
great many large orders are in sight, and some of them 
may drop into the market in a few days, while some 
of them may be held over until the middle of February. 
In any event there is very little probability of any 
improvement in demand of a pronounced character for 
some time. 








Tue Dutcn Navy.—The Dutch Admiralty contemplates 
an expenditure of 23,658/. for a third submarine, and a 
first aunuity of 45,8711. for fourth and fifth submarines. 
A further first annuity of 79,5602. is proposed for the con- 
struction of three armour-plated gun-boats for service in 
the Dutch Indies. A second «unnuity of 43,320/. for 
torpedo-boat destroyers authorised in 1910, and a firet 
annuity of 126,670/. for four other torpedo-boat destroyers 
also figure in the estimates for 1911. It is proposed to 
construct altogether sixteen armour-plated gun-boats ; 
they are to have a displacement of 330 tons each, and 
to steam at the rate of 15 knots. They will each carry 
four guns, and their cost is estimated at 48,000/. each. 
The number of officers and men in the Dutch Navy 
is to be increased in the financial year 1911 to 11,338, 
as compared with 11,279 in 1910. 





PeRsonAL.—Mr. W. Henry Hunter, M. Inst. C.E., 
M. Am. Soc. C.E., having retired from the position of 
chief engineer of the Manchester Ship Canal, has opened 
offices at Johnson’s Buildings, 42, Spring-gardens, Man- 
chester.—Mr. August Reichwald, Finsbury Pavement 
House, E.C., states that his business, which has been 
carried on by him in partnership with his two sons, 
Edward Ernest and Victor Balzar Reichwald, has now 
poee See “| August ee Limited, — 

as nm registered as a company for this purpose. e 
transfer has been made purely for family reasons, and 
the whole of the shares of the company will remain in the 
family.—The firm of Messrs. Biles, Gray, and Co., naval 
architects and engineers, will in future be known as 
Messrs. J. H. Biles and Co., the ners of which are 
J. H. Biles, senior, C. 8. 
junior. The address is Broadway Chambers, West- 
minster, and 175, West -street, Glasgow.—Mr. 

S. Wilson has resigned his position as outside 
manager of the electrical fe gray = of Messrs. Clarke, 
Chapman, and Co., Limited, to take up the position of 
branch m r for Messrs. Johnson and Phillips, 
Limited, at 448, Blackett-street, Newcastle-on-Tyne.— 
Messrs. Denny and Co., of Dumbarton, announce that 
they are assuming as partners, as at January 1, 1911, 
Mr. George Kerr Ward, Mr. Maurice Edward Denny, 
and Mr. John McAusland Denny, junior.—Mr. Arthur 
W. Richards has resigned his position as works manager 
of Messrs. Bolckow, Vaughan, and Oo., Limited, of 
Middlesbrough, after December 31, 1910, and his resigna- 
tion has been accepted by the board.—The offices of the 
Road Board on and after January 9, will be at Queen 
Anne’s Chambers, Broadway, Westminster, S.W.—We 
are requested to state that the voluntary liquidation of 
Messrs. Ludwig Loewe and Co., Limited, is in no way 
connected with the Berlin firm Messrs. Ludw. Loewe 
and Co. A.G. The English company is an independent 
one, and it is being wound up voluntarily for private 
reasons only, the sole liquidator being Mr. &. W. Good- 
child, who has for over five years been acting as the 
managing director of the firm. 
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FLAME-PROOF MOTORS FOR COLLIERY 
WORK. 


Tue increasing use of electricity for one purpose or 
another in collieries is one of the outstandi 


few years. Indeed, at the present time the supply 
of apparatus for mining work generally forms one 
of the most important branches of the home market, 
so that it is not surprising that manufacturers 
have devoted much attention to the design of plant 
specially suited for mining requirements. Of the 
many conditions which have to be kept in view in the 
construction of such plant, some apply equally to 
apparatus designed for other work; but mining, or 
more particularly colliery, plant has frequently to be 
cottstle! for installation in tiery atmospheres, a condi- 
tion which, in general, has no parallel in other services. 
Considerations turning on the use of apgetetne in 
fiery atmospheres have more direct application to 
switch and fuses boxes and to motors, than to other 
types of ee and much attention has been paid 
to the development of satisfactory designs in these 
special classes of plant, In general, two methods of 
construction suggest themselves for so-called flame- 
proof apparatus—that is, apparatus so designed that, 
if used in a fiery atmosphere, an internal explosion in 
the apparatus will not ignite an inflammable atmo- 
sphere which may be surrounding it. The first method 
depends on the use of gauze screens corresponding to 
those of a Dévy lamp ; while the second relies on the 
provision of long joints, frequently more or less 
tortuous, through which a flame projected from the 
interior of the apparatus is unable to make its way, 
owing to the cooling action of the metal of which the 
joint is made up. In principle these two methods of 
construction are the same, and in both cases depend 
upon the inability of a flame to pass through small 
or narrow passages surrounded by relatively cool 
metal; but the second would appear to possess ad- 
vantages over the former in respect to ability to 
withstand internal explosions. ith any type of 
construction there is always the possibility of the 
accumulation of an internal charge of explosive mixture, 
and the long-joint system allows the apparatus to be 
made of adequate strength, and yet retain the neces- 
sary communication with the outer atmosphere to 
allow the products of internal firing to escape, ensur- 
ing, however, that they shall be sutfticiently cooled 
during their through the joint to prevent any 
communication of flame to the pact a ype lag ne ae 
A flame-proof motor, constructed on the long-joint 
rinciple, which is being introduced by the Phcenix 
Tenniee Manufacturing Company, Limited, of Brad- 
ford, is illustrated in the two figures on this page. In 
it the long-joint form of construction has been consis- 
tently adhered to throughout, while the bearings, which 
are of the roller or ball type, without oil-chambers or 
ges, are placed outside, and have no direct com- 
munication with the interior of the motor. Where the 
shaft through the carcase, cooling glands are 
fitted which fulfil the same purpose as the long- 
joints in other parts of the design. In the construc- 
tion of the motor, the special requirements of colliery 
work have been kept always in view, and large clear- 
ances between live parts and the casing, and specially 
impregnated windings are features of the design. The 
question of accessibility for examination and adjust- 
ment has also received much attention. The motor 
has been tested at the maker’s works by placing it in a 
chamber containing a mixed atmosphere of gas and air 
proportioned to give the maximum explosion on firing, 
care being taken that the atmosphere inside the motor 
casing was similar to that outside. The internal mix- 
ture was ignited by means of a sparking-plug. In all 
cases the internal firing failed to explode the outer 
atmosphere, which was afterwards fired by means of 
a second sparking-plug, as a check on the efficacy of 
the experiment. An explosion meter was used 
throughout the tests to insure that a mixture of maxi- 
mum explosive power was in use. In Fig. 2, above, 
the motor is shown in position in the chamber in which 
the experiments were carried out. 





University CoLtiecr, Lonpon.—The second term of 
the session at University College opens on Tuesday, 
January 10. The Provost will be in attendance on 
Monday, January 9, and Tuesday, January 10, between 
10 and 1 o'clock, for the purpose >f advising students and 
consulting with their parents and friends. During the 
month of January the following special lectures in the 
faculty of engineering will be held :—A course on 
** Advanced Klectrical Measurements,” by Professor J. A. 
Han F.R.S., beginning Wednesday, January 11, at 
5 o'clock. A course on “‘ Water Supply, Sewerage, and 
Lighting,” by Mr. R. E. Middleton, meaning Fonereny, 
January 12, at 4 o’clock. A course on ‘* Waterways, 
Harbours, and Docks,” by Mr. A. T. Walmisley, begin- 
ning Thursday, January 12, at 5 o’clock. A course on 
““The Graphical Treatment of Arches,” by Professor 
Karl Pearson, F.R.S., i Friday, January 13, at 


10 a.m. A course on ‘‘Some Modern Methods in the 


Design of Structures,” by Mr. H. P. Philpot, beginni: 
Thursday, January 26, at 6.30 p.m, as 


features | 
of the remarkable electrical development of the last | 
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INDIAN RAILWAY PROGRESS. 


INDIAN railway managers find it impossible to alto- 
gether stand still. There is a feeling that now that 
a considerable network of main lines has been carried 
out, Indian railway construction may ease off, to somite 
extent ; but the experience of the Bombay, Baroda, 
and Central India Railway shows that it is difficult, 
if not impossible, to work with a closed capital account. 
The Bombay, Baroda, and Central India Railway was 
transferred to the Anglo-Indian Government in 
January, 1906, and during the last five years further 
capital has been expended to the extent of 2,378,628/. 
This expenditure was made to the extent of 1,139,595/. 
upon the Bombay, Baroda, and Central India Railway, 
properly so-called, and to the extent of 1,239,033V. 
upon the Rajputana and Malwa lines, which have 
become associated with the original Bombay, Baroda, 
and Central India system. f the 2,378,628/. ex- 
pended between 1906 and 1911, the principal outlay 
was made for additional rolling-stock and plant; but 
an appreciable sum was expended upon formation, 
ballast, permanent way, and bridge-work. Renewals 
have been made in some localities with 90-lb. rails ; 
the main line has been strengthened by the introduc- 
tion of additional sleepers ; bridge-girders have been 
renewed and several uther improvements have been 
made. One of these improvements is the quadrupling of 
the line between Bandra and Bhayndar. The Bombay, 
Baroda, and Central India system appears to 
worked by its new managers—that is, i te staffs 
employed—with care and economy, the ratio of the 
working charges to current receipts having been 
brought down to 46.51 per cent. in June, 1910, as 
compared with 49.56 per cent. in June, 1909. The 
Nagda and Muttra State line is still being worked 
Ew through the Bombay, Baroda, and 

ntral India Railway, pending negotiations for the 
revision of the company’s contract with the Anglo- 
Indian Government. A proposed chord line from 
Biana, a station on this line to Agra, has been surveyed, 
and constructive operations are expected to be com- 
menced this year. When the new line is completed, 
the distance from Bombay to Agra, via the Bombay, 
Baroda, and Central India route and the Nagda 
and Muttra Railway will be reduced to 777 miles. The 
Bombay, Baroda, and Central India Railway has made 
little progress in adjusting its confusing gauge diver- 
sities. At the close of June, 1910, the company had 
256} miles of double-broad, and 580 miles of single- 
broad-gauge lines, 3 miles of double-metre gauge lines, 
and 2167} miles of single-metre gauge lines, and 132 
miles of narrow-gauge (24-ft.) lines. Altogether the 
company was working at the date indicated 31384 
miles of line of all kinds—viz., broad-gauge lines, 836} 
miles ; metre-gauge lines, 2170} miles; and narrow- 

uge (24-ft.) lines, 132 miles. To the 31384 miles 
565 miles should be added for sidings. These sidings, 
of course, show that efforts are made to meet the con- 
venience of the company’s customers. 

In the course of the past summer the Bengal and 
North-Western Railway had 1895 miles of 
operation, 1119 miles belonging to the company, and 
76 miles to the State. The mean length of line 
worked in the first half of this year was 1884 miles, 
as compared with a mean of 1831 miles in June, 1909, 
and a mean of 1791 miles in June, 1908. The weight 
of general merchandise and = coal carried by the 
Bengal and North-Western Railway in the first half of 


this year was 1,098,761 tons, as compared with 793,815 | fession. 
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, tons in the first half of 1905, and 637,352 tons in the 
| first half of 1900. The company’s business thus ex- 
| hibits a satisfactory gradual growth ; but this, of 
course, was to be expected, in view of the fact that 
the system has been in course of gradual development 
during the ten years. Among works in hand may be 
mentioned a bridge of forty spans of 150 ft. each over 
the Ganges at Allahabad. Another bridge of eighteen 
Dae of 200 ft. each over the Gogra at Manjhi Ghat has 

made considerable progress, as has a third bridge of 
fifteen spans of 150ft. each over the Gundak, at Bagaha. 
The Sitapur extension, 60 miles in length, has made 
fair progress, and hopes are entertained that it will be 
opened for traffic this year. Arrangements are being 
made to commence a line, 60 miles in length, from Thame 
to Captainganj. Other extensions in hand are the 
Bagnatti Bridge, of fifteen spans of 100 ft. each, over 
the Bagnatti at Dhang, the Bhimnaggar branch, 13} 
miles long, and the Rosar branch, 17 miles long. The 
expenditure made by the company on capital account to 
the close of June, 1910, was 6,038,094/. In this total 
bridge-work figured for 1,203,323/.; ballasting and 
permanent-way for 1,619,867/. ; and rolling-stock for 
1,048,851. 

The Madras and Southern Mahratta Railway had 
altogether 3126 miles of line in working at the close of 
June, 1910, and this may be analysed thus :—Metre- 
gauge, 1514 miles ; broad-gauge double line, 45 miles ; 
and broad-gauge single line, 987 miles. The Mysore 
State lines accounted for 411 miles more, and sundry 
metre-gauge worked lines for 169 miles. There was 
no change last year in the mileage of the lines in 
operation. The company has the construction of 
several further icasmiae under consideration ; these 
branches, which have been surveyed and reported on, 
are the following :—Rajahmundry and Sironcha, 210 
miles ; Mysore and Hassan (metre gauge), 74 miles ; 
Yerraguidipadu and Nandyal (metre gauge), 185 
miles; Gudivada, Pallakollu, and Tadepalligudem, 
84 miles; Guntur, Tenali, and Repalli (standard 
gauge), 38 miles; Koregaon and Satara, 11 miles; 
and Wadi Gadag, 174 miles. It is proposed that the 
Koregaon and Satara line should be laid with second- 
hand rails, so as to reduce the cost of construction. 
Some saving was effected in working expenses during 
the Half year in consequence of the six months com- 
paring with a period when a rather heavy outlay was 
made on the maintenance and renewal of permanent 
way. Fewer 80-lb. bull-headed rails were used last 
year in connection with renewals, and a smaller ex- 

nditure was made on girder bridges on the North- 

est line and the Madras-Bangalore section, as com- 
pared with 1909. A saving was also effected in the 
maintenance and renewal of locomotives; this was due 
to the cost of new engines for renewals having been 
lower than hitherto, while a smaller number of engines 
was repaired. The company’s locomotives consumed 
6000 tons more coal in the past half-year ; but, owin 
to more favourable prices being current, the actua 
outlay under this head was somewhat less. There was 
a small increase in the outlay made for repairs and 
renewal of machinery, tools, and plant; this was 
Hengely due to an installation of electric power plant 
in the Perambur workshops. 





New Year’s Honours.—Among the names which 
appear in the list of New Year’s honours we notice only 
those of Sir James C. Inglis, general manager of the 
Great Western Railway, t-President of the Institu- 
tion of Civil Engineers, and of Sir William H. Lindley, 





M. Inst. C.E., as connected with the engineering pro- 
Both these gentlemen have been knighted. 
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PORTABLE ROTARY CLEANER. 
CONSTRUCTEDBY THE BROWN HOISTING MACHINERY O©0., CLEVELAND, OHIO, U.S.A. 





























Fie. 2. 


WE illustrate above a handy power-driven portable 
appliance, called by the makers the B.H. rotary 
cau, which is designed for the removal of rust 
and scale from structural ironwork and for facing 
certain materials. As will be seen by our illustration, 
Fig. 1, it consists of two circular plates on the same 
a 4 and these plates support at their perimeters a 
series of pins on which are carried steel blades or 
cutters. The blades are rectangular in shape, and the 
hole through which they are supported is elongated, 
so that when they revolve they have a maximum 
efficiency, and strike a series of rapid blows on the 
surface operated upon. The tool is driven from a high- 
8 pneumatic tool or electric grinder by means of a 
flexible shaft connected to the milled handle-piece that 
projects from the apparatus. The motion of the 
cutters gives to them achipping action, which accounts 
for the high efficiency of the tool as a means of remov- 
ing rust, Re. 

t is claimed for this machine that it is more con- 
venient to use than the sand-blast, and is also more 
efficient and economical. It is also claimed that with 
it one man can do the work of from 8 to 10 men with 
scrapers or wire brushes, and that he will also get 
better results. It may also be used for surfacing 
stones, removing barnacles from boats, &c. In Fig. 2 
are shown some samples of rusty iron bars, portions 
of which have been operated upon by the machine. 
The makers of the appliance are the Brown Hoisting 
Machinery Company, Cleveland, Ohio, U.S.A. 








THe Merrica, Carat.—On and from January 1, says 
Ia Nature, the metrical carat of milligrammes 
(3.086 grains troy) replaces the carat of 205.3 milli- 
pam (3.167 grains troy) in France, Switzerland, 

oumania, Norway, Spain, and Bulgaria. The matter 
is under consideration in other countries also, with a view 
to arrive at a universal ment on this point, the 


result of which would be to facilitate dealings in precious 
tones. 





SHIPBUILDING AND MARINE 
ENGINEERING IN 1910. 

Tue shipbuilding and marine engineering industries 
would have been much more satisfactory in 1910 had 
it not been for the frequent labour disputes which cul- 
minated in the lock-out of iron-shipyard workers as a 
consequence of an infringement by some workers of the 
national agreement. This involved serious interference 
with all work in the yards and the factories of cognate 
industries. As it is the output of new shipping, naval 
and mercantile, was about 138,000 tons more than in 
1909, and 264,000 tons more than in 1908. These addi- 
tions, equal to 11.5 per cent. and 24.6 per cent. respec- 
tively, do not by any means represent the possibilities 
of the situation, because almost throughout the whole 
year there was a distinct inclination on the part of 
owners to place orders for new work ; but in this the 
were naturally checked by uncertainty as to the atti- 
tude of labour, and they did not care to advance their 
instalments on the completion of early stages in con- 
struction until they were assured that there would be 
no stoppages and no avoidable delay in realising 
remuneration for their capital thus expended. But for 
this circumstance a much larger use could have been 
made of the producing capacity of the country, which 
is in some measure established by the total output 
of 2,030,900 tons of shipping in 1906. It follows 
that three men only were last year employed where 
five men were engaged four years ago. We are 
not dis , however, to enter here upon a consider- 
ation of the relations of capital and labour. We 
prefer to hope that the supplementary agreement 
which has recently been come to as an outcome of the 
dispute with the iron-shipyard workers will prevent 
the recurrence of the state of uncertainty. If this 
hope attains fruition, there seems every reasonable 
prospect of great activity in the marine indus- 
tries. Freights have been nen nearly every 
trade route, and it is considered that the tonnage 


|afloat is now little, if any, in excess of the require- 





ments of over-sea commerce ; and, as a consequence, 
the great steamship lines— more, perhaps, than 
the owners of tramp steamers—are willing to add 
to their fleet on reasonable building terms. Ship- 
| builders’ quotations, however, must advance. The 
engineers on the Clyde and the English districts 
have recently been granted advances in on ae and 

pbuildin 





the workers who are parties to the shi ig 

ment have applied for an advance, and this appli 
| cation will be considered at an early date. Builders 
| will therefore require to adopt a somewhat conserva- 
| tive attitude in quoting prices for new ships. The 
quotations for material are also on the up-grade, 
| although ship-plates are still at the same level as a 
year ago; but raw material has advanced. Rates 
and taxes, too, continue to increase against the 
employers. But, withal, the prospects are distinctly 
in favour of greater activity in all shipbuilding 
districts. 

The aggregate tonnage, as we have already stated, 
| shows an increase of 11.5 per cent. as compared with 
| the preceding year, and of 24.6 per cent. as com 
with 1908 ; but on the figures for 1907 (as shown in 
Table I. and Fig. 1, on the next ) there is a decrease 
of 27.3 per cent., and, as compared with 1906, the year 
of maximum output, the diminution is about 33 per 
cent. Foreign and colonial owners have not patronised 
our shipbuilders to the same extent as in previous years, 
as the tonnage registered in other than British ports 
totals only 245, tons, or about 18.3 per cent., 
whereas in the previous year 25.3 per cent. of the total 
tonnage flew foreign flags, and, in 1908, 35 per cent. 
The principal feature of the foreign tonnage is, again, 
not alone on ocean-going ships, but also, and parti- 
cularly, small craft for South America, India, Burmah, 
and China rivers. In the design of this type of craft 
several of our builders have made a special study, and 
thus still secure a large part of foreign patronage. 
Germany, Norway, and Sweden have had very consider- 
able additions to their ocean fleets from British yards. 
This may not be so much a matter of choice, since all 
foreign countries are anxious to develop their own ship- 
buildin industries ; but foreign yards have been mode- 
rately busy, especially with warship work, and this 
and financial considerations have no doubt influenced 
the placing of orders in this country. No notably fast 
ocean-going ship has been built during the year, 
although many vessels of the intermediate class have 
been added to the mail lines. The number of excep- 
tionally large ships is an average, and once again we 
have stepped to a record in size in the Olympic. The 
year, too, has been remarkable for the smal! number 
of high-speed Channel vessels, of which only three 
have been constructed, while paddle-boats for coasting 
and river service are fewer than usual. The result is 
that the horse-power of the machinery for merchant 
ships is less than in previous years. In our article 
on ‘Naval Warship Construction” in last week’s 
issue (page 896 of the preceding volume), it was 
pointed out that the power for warships reached the 
remarkable total of 613,000 horse-power. The aggre- 

ate power of all marine engines produced in the 

nited Kingdom, including also oil-motors for marine 
purposes, was 1,671,600 horse-power ; of this merchant 
ships required 1,058,600 horse-power. The merchant 
machinery power is thus 7 per cent. less than in the 
previous year, although the merchant steam tonnage 
inc by 13.8 per cent. Only five merchant 
steamers were fitted exclusively with turbines, and 
two others had on a centre-shatt a low-pressure tur- 
bine driven by the exhaust steam from reciprocating 
engines on wing-shafts. The oil-engine has not made 
much progress so far as practica! application is con- 
cerned, the largest vessel fitted being of 1672 tons, 
but the engines are only of 400 brake horse-power. 

he results will be looked forward to with considerable 
interest. That developments are certain to come in 
the near future seems to be accepted by everyone 
who has given close consideration to the subject, 
although it may at once be said that the largest power 
contemplated for warship work at the moment is 
5000 brake horse-power, and this only for severe tests. 
Oil-engines are being adopted to an increasing extent 
for fishing craft, and for cruising and other boats and 
launches. To these reference will be made in due 
course. Three notable floating docks, the largest for 
raising battleships, were launched. Three large steam- 
yachts have been constructed, a moderate number of 
steam-fishing craft, one oil-tank steamer, one turret 
steamer, several vessels on the Isherwood longitu- 
dinal framing principle, and an average number of 
dredgers, the largest, ot 2224 tons, for Argentina. 

In the general increase of 11.5 per cent. on the total 
production, as compared with the previous year, prac- 
tically all the important districts have participated, 
except the Clyde, still regarded as the premier ship- 
building district in the world because of the volume as 
well as the variety of itsoutput. In their case there is a 
decrease of 2.7 per cent. in the output as compared with 
1909, as there was practically a cessation of launches 
during the past two months owing to the absence of 
iron-ship workers in all the yards. At the same 





time it must be noted that the decrease from the 
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28 ENGINEERING. 
TABLE I.—AcGREGATES OF PRODUCTION IN THE UniTED KiINGDoM. 

— 1910. 1909. 1908. 1907. 1906. 1905. 1904. 

4 i tone tons tons. tons tons tons tons 
Steam tonnage* .. a a oii .. 1,244,980 | 1,131,549 980,600 1,739,200 | 1,944,000 | 1,740,200 1,316,100 
Sailing tonnage .. By ae a Ay 43,660 25,627 54,200 56,200 39,800 | 38,300 48,400 
Totals 1,288,590 | 1,157,176 | 1,034,800 1,795,400 | 1,983,800 | 1,778,500 1,364,500 
His Majesty’s Dockyards 52,852 | 46,320 | 42,426 | 51,800 47,100 46,250 57,100 
Grand totals 1,341,442 1,203,496 | 1,077,226 } 1,847,200 | 2,080,900 | 1,824,750 1,421,600 
Foreign-owned tonnage 245,636 317,000 376,600 | 547,000 406,000 392,400 247,700 

Per cent. of total ad 18.3 25.3 35 | 30.4 20 21.5 17.4 
Total merchant tonnaget 1,209,255 | 1,078,436 992,250 | 1,714,500 | 1,922,860 | 1,694,800 1,294,200 

Per cent. of steam merchant tonnage to ie 

total merchant tonnage... on ei 96.5 98 95 96.7 98 97.7 96 

Horse-power of engines 1,671,600 | 1,484,810 1,157,140 1,712,180 | 1,816,000 1,468,600 1,359,200 





Per cent. of all Naval tonnage to merchant 


tonnage .. Fe 10.9 11.6 








7.5 7.75 5.6 7.65 9.85 
! 








* Includes warships built in private yards. 
maximum is not so great as in some of the other 
districts, so that, relatively to the producing capa- 
city, the Clyde firms have done as well as those 
in other districts. The Tyne has not done so 
well as the other districts, the increase in their case | 
being only 13.6 ad cent. In the following list we have 
set out in the first column the percentage of increase 
or decrease as compared with the figures for 1909, 
and in the second column the percentage of increase 
or decrease, as compared with the maximum total 
attained in any one year. It will be noticed in this 
second column that the decreases are from 26.5 per 
cent. in the case of the Tees to 52 per cent. in the case 
of Hartlepool. In only one instance—that of Ireland 
—has there been an increase. The attainment of the 
maximum output for any year by the Belfast firms in 
1910 is due in large measure to the inclusion of the 
White Star liner Olympic, of 45,500 tons. 


Clyde - 2.7 p.c. (1909) -37 p.c. maximum (1907) 
(i 


Other Scotch ports +26  p.c. (1909) -50 p.c. ay 906) 
Tyne .. ea .. +13.6 p.c. (1909) -44 pac. oe (1906) 

ear .. .. +81 p.c. (1909) — 49.5 p.c. o (1906) 
Tees .. * .. +78.5 p.c. oem — 26.5 p.c. ” (1906) 
Hartle SS . +13.2 p.c. (1909) -52  p.c. ” (1906) 
Irelan ; . +37 p.c. (1909) + 5 p.c. aa (1908) 


Tue Size or THE Surrs Bui. 

There falls to be included in the figures for 1910 a 
greater number of small craft than in 1909, due largely 
to the increasing popularity of the motor-driven boat, 
in consequence of the high state of reliability attained 
by the light internal-combustion engine ; but to this 
reference will be made later. A large number of small 


TABLE I1.—Showing Sizes of Vessels from Private Yards 








| 
1910. _ 1909. | 1908. 1907. | 1906, 











Under 500 tons .. = .. 814 722 | 1079 999 | 882 
Between 500 and 1,000 tons .. 71 70 61 77| 58 
- , << Se» ee 72 79; 59)! 102 81 

» 2000 ,, 38,000 3%) «4562; 40 54) 51 

» 38000 ,, 4,000 49 41 | 25 103 | 147 

, 4000 ,, 5,000 , 61 | 72 39 94 | 106 
5000 ,, 6,000 17 18 22 25 | 2 

6000 ,, 8,000 , 24 18 12 2; @ 

» 8000 ,, 10,000 , 5 6 6 10; 6 
Over 10,000 tons... 10"| 8] n| 10 | 9 

1080 | 1354 


1157 1499 1391 


This table does not include warships built in the Royal Dock- 
yards (see page 896 of our previous issue). 
* Includes two battleships built in private works. 


craft have also been built for service on the rivers of 
South America and the Kast. In all, there were 814 
vessels of less than 500 tens, as compared with 722 in 
the previous year; but the number is less than in the 
three preceding years. Of vessels of over 500 tons we 
have 343, as compared with 358 in the previous year, 


TasLxe IIT.—Notably Large Merchant Steamers. 





Name. Tons. L.H.-P. Builders. 
White Star liner 45,500 51,500 Harland and Wolff, Bel- 
Olympic .. se fast. 
Cunard liner Fran- 19,150 14,500* Swan, Hunter, and Wig- 
conia ham Richardson, New- 
castle. 
Union - Castle liner 13,326 13,000 ‘Harland and Wolff, Bel- 
Edinburgh Castle fast. 
Maloja .. 18,000 12,670 Ditto Ditto 
Aberdeen liner The- 
mistocles .. “a 11,500 5,850 Ditto Ditto 
New Zealand liner 11,130 —  W. Denny and Brothers, 
Rotorua Dum > 
Holt liner Eneas .. 10,049 6,000. Workman, Clark, and 
Co., Ltd., Belfast 
Holt liner Ascanius 10,049 6,000 Ditto Ditto 





. Engines by Wallsend Slipway and Engineering Company. 
275 in 1908, and 500 in 1907. A year ago we referred to 
the largenumber of vessels constructed in 1909 0f between 
2000 and 5000 tonsa favourite type for general 
trading, as it affords dead-weight capacity for between 





+ Excludes British and foreign warships. 


5000 and 7000 tons. This year rather fewer ships of 
the size have been launched, the number between the 
limits named being 144, as compared with 165 in 
1909 ; but in 1908 the number was only 104, so that 
the general trend is not affected, the labour dispute 
probably having caused the reduction. It will be 
seen, too, from Table II. that the number of ships 
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between 6000 and 8000 tons is doubled ; while 
between 8000 and 10,000 tons the number is practi- 
cally the same. The vessels over 10,000 tons built 
in private yards include two battleships, in addition 
to which two were built in the Royal Dockyards. 
The eight large merchant ships are enumerated in 
Table fit. 
Sarina TonnaGe. 

Not a single sailing ship was built during the year, 
although in Table I. the sailing tonnage is given as 
43,660 tons. This is made up of floating docks, fishing 
craft, barges and other vessels which are without 
propelling machinery. It is —— that we might 
soon have some revival in the oye 7 of ocean- 
going sailing-ships, as a consequence of the improved 
avour with which the oil-engine is being regarded. 
The sailing-ship has been driven from the ocean by 
reason of the economy of the tramp steamer with a 
certain speed of 9 to 10 knots. With favourable 
winds the sailing vessel can easily exceed this, and 
records are extant of averages of 15 knots being main- 





tained for very long periods. The difficulty, however, 
is that with contrary winds, or when becalmed, the 
sailing ship loses the advantage of her high speed, | 
and her average rate on a voyage is seriously decreased. 
The economy of using the unbought wind is for- 
feited in the balance-sheet of the year by reason of 
the delays thus caused. The acldition of an oil-engine 
of sufticient power to make headway under adverse | 
winds, and to drive the ship along at 9 or 10 knots in, 





calm weather, might prove a great advantage, and we 
hope that this application of the internal-combustion 
engine will be followed, not only because of its poten- 
tialities for financial success in such ships, but also 
because it affords a further means of establishing in 
actual work the practical success of the many existing 
designs of the heavy-oil engine. With such ships 
there would be no hazard in the event of the oil-engine 
failing, and the vessel would be no worse off on the 
voyage than under present conditions ; whereas with 
such an engine in substitution for steam vgs J on 
a tramp vessel the dangers of complete breakdown 
would be serious. 

The sailing tonnage recorded in Table I. is, as we 
have said, due in large measure to the floating-docks, 
of which three were built, the largest (for raising 
Brazilian battleships) by the Vickers Company ; one, of 
6410 tons, for Liverpool, by Messrs. Swan, Hunter, 
and Wigham Richardson ; and a third, of 4000 tons, 
for Brazil, by Messrs. Hamilton, of Port Glasgow. 


MARINE ENGINEERING. 

The feature of the returns in connection with marine 
engineering is the large number of motors which have 
been built for small pleasure and fishing-craft. The 
former divide themselves into high-speed racing vessels 
and ‘‘cruisers” with or without sails. As to the 
former, a marked success has been achieved, notably by 
the Saunders-Wolseley vessel, which has reached a 
speed of 40 miles per hour ; by Thornycroft’s Miranda, 
which exceeded 35 miles per hour, and by several boats 
which have attained speeds of 27 miles per hour—all 
marvellous rates, in view of the restrictions in size. The 
cruisers are more numerous, and some of these boats, 
from 40 ft. to 50 ft. in length, have very comfortable 
sleeping quarters, and are built seaworthy enough to 
cruise around the coast. They thus affurd very consider- 
able pleasure. A great variety of motors are in use, 
ranging up to 40 or 50 horse-power, which give quite a 
satisfactory speed on a low consumption of oil. Greater 
interest, however, is associated with the more utili- 
tarian work of motor-boats for winning the ‘‘ harvest 
of the sea.” In previous articles we referred to 
the serious competition which the old-time sail and 
fishing-boat experienced from the advent of the steam- 
trawler and steam-drifter, especially in reaching the 
market at the most favourable moment. These steam 
craft have multiplied greatly in British waters, 
much to the sey sna of the sailing boat. Now 
it is recognised that the oil-engine may give to the 
sailing-boat a new lease of life, as it will prove a 
valuable auxiliary, especially in enabling it to reach 
the market early. Je described various engines 
titted to such fishing-boats in connection with the 
recent exhibition at Yarmouth (vol. xc., page 637), and 
need not now enter upon the question. These engines 
have, perhaps, been more favoured in the Scottish 
than in the English fishing ports, and the most recent 
statistics of the Scotch Fishery Board show that the 
average earnings of each type of craft is, for steam- 
drifters, 1388/.; for auxiliary craft, 973/.; and for sail- 
ing-boats, 412/. The difference of 415/. between the oil 
and steam-boat looks considerable, but this must be 
viewed in conjunction with the lower first cost and 
capital charges and the smaller working expenses 
and lower fuel consumption. Fewer men are needed 
for the oil-boat, and the financial considerations are 
therefore in favour of a considerable extension of the 
application of the system. 

As regards the adoption of oil-engines in ocean- 
going steamers, reference has already been made to the 
vessel built by Messrs. Swan, Hunter, and Wigham 
Richardson, and fitted with their adaptation of the 
Diesel engine to give 400 horse-power. This is the 
largest British marine oil-engine fitted during the year, 
excepting in the British Admiralty submarine-boats. 
There has been much talk of developments, especially 
in the application of the system to warships, but so 
far no action has been taken by the Admiralty ; when, 
however, present proposals come within the range of 
‘* practical politics,” we shall have something to say on 
the subject. Meanwhile, it may be said that the pro- 

Ils being considered are within more modest limits 
than those with which common report have from time 
to time credited them. In these, as in all other deve- 
lopments, the principle of hastening slowly will be 
followed until all doubt as to practical efficiency is 
resolved. 

The year has been notable for the extent of power 
of marine turbines fitted to warships. The collective 
—_ of turbines for warships makes 592,800 shaft 

orse-power, while to merchant ships there have been 
fitted. turbines of 52,700 shaft horse-power. The total 
= of Parsons turbines fitted to British-built ships 

uring the past year was over 610,000 shaft horse- 
power, which compares with 468,000 shaft horse- 
power in 1909, 324,000 shaft horse-power in 1908, 
423,400 shaft horse-power in 1907, 315,000 shaft 
horse-power in 1906, and 80,000 shaft horse-power in 
1905. 

In our article on ‘‘ Naval Shipbuilding ” in the pre- 
vious week’s issue, we referred to the various warships 
built and fitted with turbines, and it may be noted 
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here that the turbine merchant ras, =) include the 
British India steamer Angora, built by Messrs. Denny, 
Dumbarton, the Great tern Railway Company’s 
steamer St. Petersburg, built by Messrs. John Brown 
and Co., Limited, Clydebank, the London and South- 
Western Company’s steamers Cwserea and Sarnia, 
built by Messrs. Cammell Laird and Co., Limited, | 
Birkenhead, and the Vespasian, which was purchased | 
by the Parsons Marine Steam-Turbine Company, to | 
be fitted with turbines and gear to demonstrate the | 
ractical application of their — of gearing | 
 srcamnen the turbine and the propeller. This applica- | 
tion has proved very satisfactory and opens up an im- 
mense field for the development of the turbine system | 
in cargo ships. Experience has shown that the loss in | 
transmission due to the application of the gearing is 
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but there are, of course, many possible variations in 
the arrangement, and there has been launched in 
France a ship with four shafts, having two piston and 
two turbine engines, the two inner shafts being driven 
by the reciprocating engines, and the wing shafts by 
the low-pressure turbines. 

A feature of the year was the application of the 
Brown-Curtis engines for the first time to British 
ships. The first vessel fitted was the cruiser Bristol 
and a torpedo-boat destroyer, but as in connection with 
the former installation we gave full details in pre- 
vious issues (vol. xe., pages 465 and 897), no further 
reference need be made. Several other warships are 
being fitted with the same type by Messrs. John 
Brown and Co., of Clydebank. 

The reciprocating engines built during the year do 
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not more than 1} per cent., but against this there is | 


the enormous gain in the higher economy of the steam- 
turbine. On trial the steam consumption of the 
turbines at 70 revolutions was found to be 19 per 
cent. less than with the original triple-expansion 
engines ; at 65 revolutions it was 17 per cent. less, 
and at 63 revolutions—the continuous economical sea 
speed of the vessel when fitted with reciprocating 
engines—it was 134 percent. less than with the piston 
engines, In addition, there is a saving in oil and | 
wear, so that the collective gain is very considerable. 
During 1910 the Vespasien steamed over 12,000 nautical 
miles, and the water consumption for all ee 
with turbines was found to be about 10 per cent. less. | 

In addition to the five vessels named, which depend | 
entirely on the turbine for propulsion, there were two 
ships launched and fitted with a combination of turbine 
onl reciprocating engines, the former takin; exhaust 
from the latter. These vessels were the White Star | 
liner Olympic and the Rotorua, both mentioned in 
Table III. In practically all the ships with combina- 
tion machinery the turbine is fitted on the centre 
shaft, and the reciprocating engines on the wing shaft ; | 














not call for special reference. Fewer than usual were 
of the quadruple-expansion type, and very few were 
constructed for ships built in other countries. 














Taste 1V.—Horse-Power of Engines Constructed. 
| 1910. | 1909. 1908. 1907. 1906. 
eat "621,000 ~ 618,500 478,000 674,000 | 599,510 
Other Scotch j ey 
ports 30,700 24,500 55,000 6,900 63,050 
North - East ‘ Ps 
District 518,000 428,800 334,000 652,000 740,600 
Humber | 44,000} 36,700 27,600 55,600 | 52,780 
Barrow oul 90,000 122,110 58,850 15,150 79,000 
Mersey | 72,500 43,900 8,200 48,300 | 19,780 
Thames and) 
other Eng | , 
lish ote 157,700 56,500 90,000 178,000 | 114,660 
Ireland 137,700 123,800, 105,490; 2,230 147,200 
Total ..| 1,671,600 | 1,484,810. 1,157,140 | 1,712,180 | 1,816,580 | 





The engine output of most districts is much higher 
than in the preceding year. The Clyde, however, 
has experienced a decrease in horse-powcr a» well as 


in tonnage. Although a large number of torpedo-boat 
destroyers were launched, and considerably augmented 
the total, the amount of naval work in 1908 was also very 
large, and thus the total for each of the two past years 
is not far short of the maximum achieved in 1907. 
Indeed, the decrease, when compared with 1907, is 
for 1910 only 53,000 horse-power, equal to about 8 per 
cent., and for 1909 about 4 per cent. The North-Kast 
Coast has a much higher total than in the two pre- 
ceding years, due to the extent of warship work done, 
and not to any other cause. Indeed, the North-East 
Coast naval work is much higher than in previous 
years. Although the Barrow horse-power total is less, 
the Vickers firm is ver fully employed on turbine and 
other engine work. The Thames and other English 
ports have, as shown in the table, profited also by the 
additional number of. to’ 0-boat destroyers built, 
while Ireland has exceeded her total of the three pre- 
ceding years, partly by reason of the power required 
for the Olympic. Table IV. gives the horse-power of 
engines constructed in the various districts, with the 
figures for the five preceding years. 


Work FOR Foreign Owners. 


Rather less than one-fifth of the tonnage, naval and 
mercantile, launched during the year was for colonial 
and foreign owners, whereas in the previous year a 
fourth was so owned, and in 1908 rather more than 
one-third.. This bears out the view that during times 
of activity the proportion of foreign tonnage decreases. 
The assumption is that the foreign owners take fuller 
advantage of the easier terms which builders are ready 
to accept when they are not busy than do British 
ship-owning companies. Most of the builders have 
complied with our request to state the nationality of 
the owners of each ship, although not all; but we 
have been able to classify in Table V. a very large 
proportion of the colonial and foreign tonnage, and 
it will be seen that the South American Republics 
take first place, although the total of 43,255 tons 
is little more than half that of the previous year. 
The decrease in the colonial tonnage is still more 
marked ; it is 33,571 tons, against 89,000 tons. Cer- 
many took 27,000 tons, which is made up by two 
large liners built in Belfast, and a third at Clyde- 
bank, with a small ship from another Clyde firm. 
Sweden and Norway are fairly regular clients, and 
it will be noted that within the last five years 
Sweden has taken an average of slightly over 20,000 
tons, which is also the total for the past year. Norway, 
on the other hand, has dec her tonnage ; as 
in the case of Sweden, most of their ships were built 
on the North-East Coast. Russia seems to have re- 
covered from the effects of the war, and this year their 
total is almost as great as in 1906, the year of our 
maximum activity. France has been a fairly good 
client, having taken several moderate-sized ocean- 
going ships, as well as two or three steam fishing craft. 
Austria-Hungary’s total for the past year is almost 
exactly caulk te that of 1909, but is mach less than 
in 1906, when considerable additions were made to 
the mail fleets. Holland had a large liner built on 
the Clyde and several small craft elsewhere, but the 
total is much less than in the three preceding years. 
An ocean liner for Belgium, with some fishing craft, 
accounts for 10,987 tons, while the Portuguese total 
is made up mostly by a large passenger steamer built 
on the Clyde. 

TABLE V.—Countrics where British-Built Forcign- 
Owned Ships were Registered. 


- 1910, 1900. 1908. | 1907. 1906, 1905, 
tons tons tons tons tons tons 
South American 
Republics . 43,255 | 76,066 | 57,832 53,826 49,101 24,537 
Colonies and India 33,571 | 89,160 | 51,883) 88,221 22,566 | 42,474 
Germany 27,020 12,041 | 16,623 35,274 104,526 (05,255 
Sweden 20,017 19,431 | 17,816) 20,856 23,769 34,067 
Norway 19,334 23,264 29,137'51,213 44,806 47,085 
Russia 18,241 7 | 2,600) 3,725 20,527 — 
France 15,065 15,141 | 16,710 19,665 18,069 4,850 
Austria-Hungary | 11,182 11,579 | 20,117 80,697 13,248 29,170 
Holland .. —..| 10,008 25,087 | 33,146 28,901 3,976 35,442 
Belgium 10,987 20,636 | 39,941 4,054 4,906 3,856 
Portugal 7,946 3,887 | 4,030, 1,694 6,670 8,071 
Greece 3,611 _— 9,272, 3,487 8,025 
Egypt 3,147 610 | 462) 3,828 — - 
Spain 2,385 12,283 |18,044, 3857 7,793 74 
Denmark 1,487 690 - 12,068 14,777 9,812 
rkey 908 3,327 748 
United States 454 174 2,943 : 
Persia 350 330 o- ms 
Mexico 140 1h 253 
Italy 8 5,398 17,807 60,200 6,830 12.873 


Work 1n ScorLanp. 


In Table VI1., on the next page, and on the diagram, 
Fig. 2, there is recorded the torinage launched in each 
of the districts into which we have divided the United 
Kingdom. The ee as always, takes first place, 
and it will be seen from the diagram that the tonnage 
is practically the same as a year ago, the decrease 
being only 11,000 tons as compared with 1909, and is 
41,000 tons more than in 1908, With this exception, 
however, we have to go back to 1897 fora less tutal, 
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TABLE VI.—STATISTICS OF SHIPBUILDING IN THE UNITED KINGDOM IN THE YEARS 1904 TO 1910. 





| ToraL Propvction. 


{ 
} 


| Per Cent. or STEAM TO ToraL Tons. 


Per CENT. OF ForEIGN-OWNED TO ToTaL Tons. 


















































District. ¥ a - _ 
1910, 1909. | 1908. 1907. 1906. | 1905. 1904. || 1910. | 1909. | 1908. | 1907. 1906. 1910. | 1909. | 1908. | 1907. 1906. | 1905. | 1904. 
Scotland. | No. tons tons tons tons | tons tons | tons | 8 | | 
Clyde (including outports) .| 360} 393,000 | 404,000 | 352,800 | 624,000 | 600,800 | 540,000 | 432,400 || 97.6 | 98.54/92.25| 96.68 | 97.62!/ 24.6 | 242 34 | 2510/1383 |194 | 16.7 
Other Scotch ports... | 92] 27,800 | 22,000} 45,000 52,000) 56,000) 48,000 | 30,300) 96.87 | 100 | 99.6 | 99.02 | 88 1.4) 224| 42 | 3272/41 | 288) 244 
England. } } | | | | 
Tyne ee ee -.| 77| 230,000 | 203,000 | 213,000 | 345,000 | 409,000 | 350,000 | 279,000 | 95.92 | 100 | 96.7 | 100 100 14.9 | 29.7 44.5 32.48 | 32.6 | 26 21.8 
Wear .-| 58) 173,600 182,000 | 85,000 295,000 | 343,000 | 317,000 | 233,000 || 100 100 100 | 99.75 | 100 || 19.5 | 33.2) 39.4 38 «| 14.5 | 25 21.4 
Tees a 65) 111,000 | 64,000 | 59,000 141,000 | 151,000 | 132,000 | 112,000 || 99.9 98.5 99 | 99.70 | 100 72/27 | 187 39.03 | 24.6 |19.6 | 16.3 
Hartlepool ¥ Seda ..| 21 77,000 | 68,000 | 37,000 1025000 | 160,000 | 124,000 | 101,800 || 100 | 100 100 100 «=| 100 || 29/178 | 38 | 3960/196 | 59 | 218 
Barrow-in-Furness (including Work- | | | 
ington and Maryport) ..| 12} 20,500} 61,000] 15,000, 6,500| 29,000} 43,800} 15,100 100 100 100 =| 100 | 95.6 || 765 | 54 | 33.3 0 77.5 |37.7 | 49 
Mersey... BF a :.| 117| 213600 | 247500 | 23/000 7,300 | 8,600 700 11,000 | 84.8 87.5 90.45} 60.40 | 586 || 24.5 (51.95 5.8 0 10.7 | 14 0.8 
Blyth and Whitby * he --| 4) 4,890) 6,276| 6,725 7,800| 8,400] 11,800} 5,800|| 86.3 | 100 (100 | 97.64 | 78 49) 0 56.5 0 15 0 42.3 
Humber (Hull and Grimsby) .. ee 7 28,800 | 24,900} 20,500 35,800} 37,000| 34,300) 25,100 || 82.7 83.7 | 83.2 92.68 | 90 7.6 | 9 13.7 | 5.04 | 20 0.82 5.7 
Thames and other English and Welsh | } | | 
ports .. il a ro ae ” 33,300 | 25,900} 18,200| 39,500) 32,000| 32,400! 41,000|| 56.5 | 58.8, 22 55.10 56.6 || 26.2 43.7 | 80.7 | 39.80/218 |293 | 189 
} | | | } 
Ireland, | | 
Belfast, Londonderry, Dublin, &. .. 21) 167,100 | 121,000 158,600 | 139,500 149,000 144,500 | 78,000 || 99.98 99.97 99.99 | 92.47 | 99.79 || 99 17.9 | 384 22.04 | 84 | 30.9 1.67 











while as compared with the maximum output of 1907 
there is a decrease of 231,000 tons. The fluctuations 
in trade, as shown by Fig. 2, indicate that a re- 
covery in trade is overdue, as in no period during 
the past twenty-five years has such keen depression 
continued for more than a couple of years. The 
explanation, of course, is to be found almost 
solely in the labour troubles. The work done on the 
Clyde, excepting the warship work—made up of 19 
vessels, of 42,534 tons displacement—does not include 
any vessel of special note. There were about 120 
screw-steamers, several of them of what might be 
termed the ‘‘ intermediate” class. Thus there was a 
Hamburg-Amerika liner, a Castle liner, a Donaldson 
liner, a Royal Holland liner, two vessels for the Holt line 
to West Africa, and an Indian trading steamer. The 
faster ships included the British-India turbine steamer, 
a New Zealand liner with combination machinery, 
the Great Eastern turbine steamer St. Petersburg, 
a Canadian - Pacific coasting steamer for the Pacific 
service, a paddle steamer for the coasting service in 
Australia, and another for the Isle of Wight service. 
There were fewer fishing vessels than usual, the number 
being 6, of 1200 tons, and amongst the other craft were 
9 tugs, 3 stern-wheel steamers, 2 ferries, 6 rock-cutters, 
45 motor vessels, 15 sailing yachts, and 6 steam launches. 
Of the 360 vessels which make up the total tonnage of 
390,000 tons, 247 were under 500 tons, and 37 more 
were between 500 and 1000 tons. This is a much 
larger number of small craft than in the preceding 
year, but less than in 1907. They ‘estate almost 
every type of craft, with five steam-yachts, of which the 
Clyde firms have in past years built greater numbers. 
Of the larger class of vessels, however, the number is 
rather more than formerly. Of over 10,000 tons 
there were only two vessels, the ship with combina- 
tion machinery already referred to, and the battle- 
ship Colossus, while of between 8000 and 10,000 tons 
there were two ships. Thus the total number over 
8000 is only four, whereas last year there were 13. Of 
general traders, between 2000 and 5000 tons, there 
were 32, as against 65 in the previous year, and 32 in 
1908, while between 6000 and 8000 tons there were 15 
vessels. The proportion of foreign work done was 
about one-fourth, which is practically the same as in 
the previous year. This, indeed, is a fair average, 
although in 1908 the ratio was 34 per cent. The most 
important clients were the colonies, which took 21,400 
tons ; but this falls far short of the 46,500 tons of the 
previous year. South America has taken practically 
the same as in the previous year—13, tons, as 
compared with 14,000 tons and 10,000 tons in the two 
preceding years. To the large ship taken by Germany 
we have already made reference ; the total tonnage of 
their ships is 9182 tons; Russia took 8813 tons; Portugal, 
7754 tons ; Holland, 7958 tons; Belgium, 7250 tons ; 
France, 3185 tons ; and Egypt, 3122 tons. The United 
States had a steam-yacht ok | two other small craft. 
As regards the other Scotch ports, the general 
result corresponds to that on the Clyde; the total 
was considerably larger than in the previous year, but 
less than half that of the year of maximum production. 
With the exception of one vessel of 4832 tons, all 
the ships were under 2000 tons, and 78 of them 
under tons, the last including a large number of 
steam-sailing craft. The foreign work included 1054 
tons for Russia, 661 tons for South America, and a 
fishing-boat for the Colonies, Belgium, and France. 


Nortu-East Coast. 


On the North-East Coast, between Blyth and Hartle- 
pool, there were built 225 vessels, of 596,400 tons, 
which is ten vessels and 122,600 tons more than in 
1909, and 32 vessels and 195,700 tons more than in 
1908. In that year, however, the conditions were 
abnormal, a fact which will be more appreciated when 
it is stated that even the ly improved output of 


the past year is 470,000 tons less than the production 
in the year of maximum output—namely, 1906. 





On the Tyne 77 vessels, of 230,000 tons, were built. 
This year the Smith Dock Company’s production is 
credited to the Tees, where their new yard is situated, 
and as this firm is largely occupied in the building of 
small craft, we have a great reduction in the number 
of. vessels returned for the Tyne. The tonnage, how- 
ever, is 27,000 tons more than in 1909, but is 179,000 
tons less than in the year of great activity. The 
most notable vessei built was the intermediate 
steamer Franconia for the Cunard Company, and the 
Hercules for the British Navy. Between 6000 and 
8000 tons again there were four vessels, and between 
5000 and 6000 tons the same number. Of general 
liners between 2000 and 5000 tons there were thirty- 
one, practically the same number as is credited to the 
Clyde. Of the ships not registered in this country 
the Tyne contributed to the Colonial fleets 10,700 
tons; to France, 8321 tons; to Sweden, 7774 tons; 
to Norway, 5980 tons; to Denmark, 1271 tons ; to 
Russia, 974 tons ; and to Portugal, 170 tons. 

The Wear firms again considerably improved upon 
their output, which was only 85,000 tons in 1908, 
became 132,600 tons in 1909, and is for 1910 173,600 
tons. Thus in two years they have doubled their 
output, but the aggregate tonnage of the fifty-eight 
vessels built during the past year is still only half the 
aggregate of 1906. Usually a larger proportion of 
the ships than in any other important district has 
been for foreign owners, but this year the percentage 
of the total is only 19.5, and of the 34,000 tons in- 
cluded, Austria took 8045 tons ; Norway, 7092 tons ; 
Russia, 7400 tons ; Sweden, 5068 tons ; France, 2554 
tons ; Belgium, 1592 tons ; and Germany, 1338 tons. 
All the vessels were steam, and the largest was under 
6000 tons, while the smallest was over 1000 tons ; so 
that every one of the vessels may be classed as general 
traders, 19 being between 3000 and 4000 tons. 

The Tees, fortunately, did not experience the same 
keen depression two years ago as was the case on the 
adjoining river, but the improvement is as great, the 
advancement in two years being from 59,000 to 
111,000 tons, the latter the measurement of 65 
steamers. Here the total is only 40,000 tons less than 
that of the year of maximum activity—1906, when 
151,000 tons were produced ; this is the smallest pro- 

rtionate decrease in any of the English districts. 

here were no sailing craft. In view of the new yard 
of the Smith Dock Company at South Bank, a larger 
number than usual of small vessels are included ; thus 
there were 34 vessels under 500 tons, and three 
between 500 and 1000 tons; the remainder were 
between 1000 and 6000 tons. The foreign tonnage 
was divided between Norway and Spain, the former 
taking 6262 tons, and the latter 2385 tons. 

The builders in Hartlepool have doubled their total 
of two years ago, but the output is still less than half 
that of, 1906. Thus there were 21 vessels built 
ranging between 1000 and 6000 tons, ten being 
between 3000 and 4000 tons. The total measurement 
of these was 77,000 tons, which is 9000 tons more than 
in the immediately preceding year, and 40,000 tons 
more than in the year 1908 ; but in 1906 the yards in 
this district added 160,000 tons to the world’s mer- 
chant fleet. The proportion of foreign tonnage is 
larger than in any of the other North-East Coast dis- 
tricts, being 25.9 per cent., but Hartlepool has always 
had a large foreign clienté/e, and in 1910 the total of 
foreign work is made up of 5900 tons for Sweden, 
3600 tons for Greece, and vessels of 2050 tons for 
Belgium and Holland. 


OrneR Encuisu Districts. 


Of the other English districts, the most important 
is Barrow-in-Furness, where the total tonnage is only 
one-third of that of last year, but the horse-power 
nearly reaches the maximum recorded in the previous 

ear. The output, as measured by launches, however, 
uctuates considerably, and it can scarcely be regarded 





as an index to the degree of activity experienced. At 


the present time there are in progress two of the most 
remarkable cruisers yet designed—one for the British 
Navy and the other for Japan—while a second-class 
cruiser is reaching the launching stage. There is also 
a considerable amount of varied naval and mercan- 
tile work in progress, so that the Vickers works are 
as fully employed as for a long time. 

The same remark applies in large measure to the 
Mersey, where Messrs. Camuell Laird’s works are 
situated. Here there is about to be laid down a large 
battleship for the British Navy, and a second-class 
cruiser, named the Melbourne, for the Colonial fleet, 
while there are four destroyers for Argentina and 
several for the British Navy. The tonnage for the 
past year has been about an average, and is notable in 
that it includes a merchant ship ot over 6000 tons, and 
two turbine steamers for the London and South- 
Western Railway Company’s Channel service. The 
remainder of the tonnage was made up largely of 
barges, South America having taken 4158 tons of 
various craft, and the Colonies 793 tons. 

As regards the Humber output, this includes 76 
vessels, of 28,800 tons, largely made up. of fishing 
vessels ; this makes five vessels less, but 3900 tons 
more, than in the previous year, and is within 9000 
tons of the best total reached since the beginning of 
the century. As to the work done by the other 
English districts, the only noteworthy vessels were 
the torpedo-boat destroyers built by the Thames Iron 
Works, Messrs. Thornycroft, and Messrs. White, of 
Cowes; but these were dealt with in our article on 
Naval Shipbuilding in the issue of last week. The 
remaining vessels, which numbered in all 254, were 
largely small craft, barges, tug-boats, fishing-boats, 
and motor-boats; and of the total tonnage, 8700 tons 
were for foreign owners, South America taking 7323. 


IRELAND. 


Ireland is in the unique position amongst the districts 
of having produced a greater tonnage than in any pre- 
vious year, the total being 167,100 tons, which is 
5 per cent. more than the previous record output of 
1308. Of the total number of vessels built, six were 
over 10,000 tons, and these have already been enume- 
rated in Table III. Between 8000 and 10,000 tons 
there were three more, and between 6000 and 8000 
tons four more, while between 4000 and 5000 tons 
there were two, leaving only six vessels under 1000 
tons. Two of the ships, each of 8250 tons, as already 
mentioned, are for the Hamburg-Amerika Company. 
None of the vessels launched in Ireland depend upon 
sails for propulsion. 


PRODUCTION OF SHIPBUILDING FrrMs. 


In Table VII., on pages 31 and 32, we give a list 
of the various firms who have sent us returns, 
arranged according to the Board of Trade tonnage 
produced. In some of the returns the firms insist 
on giving only the tonnage including erections, 
and in such cases we have given this tonnage with 
an asterisk, but have put the firms in the place 
to which they are entitled according to the rd 
of Trade measurement of the vessels which they have 
built. 

The first place on the list is taken by Messrs. 
Harland and Wolff, Limited, of Belfast, the eight 
vessels built by them making up a total of 115,861 
tons. This is the largest total ever attained by the 
firm, but falls short of the maximum total by any one 
firm in the United Kingdom to the extent of nearly 
11,000 tons. This maximum was reached by Messrs. 
Swan, Hunter, and Wigham Richardson in 1906. 
The Belfast firm have the remarkable average for 
the past ten years of 80,875 tons, which, for one yard, 
is unprecedented. The vessels are all notable craft, 
and include the largest ship yet launched—the Olympic 
—which has two sets of triple-expansion engines, with 
Parsons low-pressure turbines for using the exhaust 
from the reciprocating engines (see ENGINEERING, 
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vol. xe., 564, 620, and 693). The total horse- 
power is 100,130, which is the second largest output by 
any firm during the past year, but in 1903 the Belfast 
firm exceeded this power by 270 indicated horse-power. 

Messrs. Swan, Hunter, and Wigham Richardson 
take second place this year, having launched sixteen 
vessels, of 70,012 tons, which is almost as good a total 
as in the previous year. Their average for the past 
ten years is the highest of any firm in the Stasi, 
being 83,566 tons ; this output, however, is from two 
yards, the Wallsend and Walker yards having some 
years ago been combined under the one firm. As usual, 
the work by this firm is of considerable variety. The 
most notable and largest ship is the Cunard liner 
Franconia. In the total is included 13,638 tons for 
foreign and colonial owners. There is also a tor- 

o-boat destroyer, a vessel for the Hydrographic 

rvice of the Canadian Government, and a ship of 
1672 tons fitted with oil-engines. One of the vessels 
is the twenty-first, another the eleventh, and two 
others the sixth vessel built by the firm for their 
respective owners, which, in itself, is a testimony to} 
the satisfactory character of the work done. The| 
company have on hand a second Cunard liner—a| 
sister-ship to the Franconia—and have been very busy 
inthe dry-dock department. Of the vessels built, six 
were fitted with their machinery by the firm, the total | 
power of machinery being 21,800 horse-power, which | 
is almost equal to the total of the previous year, but | 
is nearly 11,000 horse-power less than in the year of | 
maximum output—1906. 

Messrs. Russell and Co., of Port Glasgow, take third 
place, having built 12 merchant ships, of a total of 
66,462 tons. This is 4000 tons over the average for 
the past ten years, and is 11,000 tons more than in 
the previous year. All of the ships were for British 
owners. and they ranged in size from about 4000 
to 7343 tons. hree vessels of the latter tonnage 
were built, all with extensive refrigerating holds. 
Messrs. Gray, of Hartlepool, come fourth, returning 
60,377 tons as the gross tonnage, including erec- 
tions, of the thirteen vessels built by them, but the 
Board of Trade measurement is about 52,000 tons. 
The output is above the average, but falls short 
of the maximum of 1906 by 25,000 tons. Messrs. 
Workman, Clark, and Co. take the fifth place, with 
eight vessels, totalling, according to the Board of 
Trade measurement, 49,933 tons, with engines of 
36,300 tons. This tonnage is, however, very much less 
than in the previous year, when they occupied first place 
on the list, but it is, nevertheless, fairlysatisfactory. Of 
the ships, two are over 10,000 tons. The machinery 
output of the firm is only half what it was in the 
previous year, when two Orient liners were included, 
and is 8000 horse-power less than the average for the 
past ten years. The Northumberland Company, sixth 
on the list, also give the tonnage including erections, 
and here the total is 50,080, the measurement of ten 
vessels. The vessels include three dead-weight carrying 
steamers for the Empire ~~ Company ; and two 
to carry nearly 9000 tons, for Messrs. Wilson, of Hull; 
the others carry about 7500 tons. Messrs. William 
Doxford and Sons, Limited, in their total of ten vessels, 
of 41,575 tons, include one of their ‘‘ turret” class for 
Sweden, and nine other single-deck ships. Half of 
their total is for foreign owners, and the vessels range 
between 3600 and 5068 tons. The total, it will be seen, 
shows a marked improvement on that of the previous 
year, but compares ili with the maximum output of 
106,058 tons, a figure which placed them on the top 
of the list for 1907. Messrs. Barclay, Curle, and Co., 
Limited, who take eighth place on the list, have more 
than doubled their output of the past year, their 
33,544 tons being slightly above the average for the 
past ten years, but 14,000 tons less than the output of 
1907. One of the ships was for Danish owners, while 
important additions were also made to the Union- 
Castle Line, the Booth Steamship Line, and the British 
India Company’s fleet. The horse-power of machinery 
—25,800—places them twenty-fifth on the list of 
engine-builders in the United Kingdom, the output 
being 12,000 more than in the previous year, 15,000 less 
than in the year of maximum output, but it is slightly 
above the average. Messrs. Charles Connell =a Co. 
built five ships—all of large size—totalling 32,791 
tons, which is 7000 tons more than in the previous 
year, and nearly up to the average. 

Messrs. Alexander Stephen and Son, Limited, who 
are tenth on the list, built five vessels of large size, 
four of them twin-screw steamers. The total tonnage, 
30,176 tons, is 9000 tons more than in the previous 
year, and 4800 tons above the average, although still 
14,000 tons less than the maximum output. One of 
the vessels was a notable ship for the Royal Holland 
line mail service, and another for a Belgian company, 
while a third was an Australian liner. The Palmer’s 
Company include a fast nger steamer, a battle- 
ship, and a liner for the Indian service, while in addi- 
tion to the machinery for these they supplied engines 
for another vessel. Their tonnage is 30,010 tons, 
which is only 8000 tons less than the maximum dur- 
ing the past ten years, and is 7300 tons more than 








tne average. In 1909 the firm had a small tonnage, 
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TABLE VII.—Propvcrion tn 1910 or Eacu Surpsuitpine Firw in THE Unrrep Kinepom, witH 


NAME OF Fire. 


Harland and Wolff, Limited, Belfast a o 
Swan, Hunter, and Wigham Richardson, Ltd., 
Wallsend-on-Tyne .. = * nt “ 
Russell and Co., Port Glasgow... ' 
Wm. Gray and Co., Ltd., West Hartlepool 
|Workman, Clark, and Co., Limited, Belfast 
Northumberland Shipbuilding Company, Ltd., 
Howden-on-Tyne .. as “ = ex 
William Doxford and Sons, Ltd., Sunderland .. 
Barclay, Curle, and Co., Ltd., Whiteinch, N.B.| 
Charles Connell and Co., Ltd., Scotstoun, N.B. 
Alex. Stephen and Sons, Ltd., Linthouse, Govan 
Palmer’s Shipbuilding and Iron Company, Ltd., 
Jarrow-on-Tyne a = oe oa 
J. L. Thompson and Sons, Limited, Sunderland 
Sir Raylton Dixon and Co., Limited, Middles- 
brough-on-Tees 


4 Craig, ‘aylor, and Co., Ltd., Stockton-on-Tees 


William Denny and Brothers, Dumbarton, N.B. 
Short Brothers, Limited, Sunderland .. om 
Irvine's Shipbuilding and Dry Docks Company 
Limited, West Hartlepool ~ i a 
'R. and W. Hawthorn, Leslie, and Co., Limited, 
Newcastle-on-Tyne x. - Se es 
Richardson, Duck, and Co., Stockton-on-Tees. . 
Ropner and Sons, Limited, Stockton-on-Tees .. 
Wim. Hamilton and Co., Limited, Port Glasgow 
Sir W. G. Armstrong, Whitworth, and Co., 
| Limited, Newcastle-on-Tyne .. be “a 
Scotts’ Shipbuilding and Engineering Company, 
| Limited, Greenock. . - re ; 
A. McMillan and Son, Limited, Dumbarton... 
John Brown and Co., Limited, Clydebank, N.B. 
|Vickers Sons and Maxim, Limited, Barrow-in- 
| Furness a ie “ sa it ja 
Cammell Laird and Oo., Ltd., Birkenhead 
\John Readhead and Sons, Limited, South Shields 
Earle’s Shipbuilding and Engineering Company, 
Limited, Hull mn ae - es es 
|David and William Henderson and Co., Ltd., | 
Partick, N.B. i ae as ‘a 
Bartram and Sons, Sunderland... _ , 
Robert Thompson and Sons, Ltd., Sunderland 
The Tyne Iron Shipbuilding Company, Limited, 
Willington Quay-on-Tyne in * te 
Sunderland Shipbuilding Company, Limited, 
| Sunderland .. es - So - on 
|William Pickersgill and Sons, Ltd., Sunderland 
| Wood, Skinner, and Co., Ltd., Bill Quay-on-Tyne 
\Fairfield Shipbuilding and Engineering Com-' 
pany, Limited, Glasgow .. a ‘an 56 
Greenock and Grangemouth Dockyard Com- 
pany, Greenock and Grangemouth .. 
eee oe a Old Kilpatrick, N.B. 
|\Clyde Shipbuilding and Engineering Company, 
Limited, Port Gla Ws. - - ae 
John Blumer and Co., Sunderland ‘ 
Sudbrook Shipyard .. am = - en 
William Beardmore and Co., Ltd., Dalmuir, N.B. 
|Hall, Russell, and Co., Limited, Aberdeen 
William Simons and Co., Limited, Renfrew... 
Fleming and Ferguson, Limited, Paisley, N.B. 
A. Rodger and Co., Port Gl Ws e : 
J. Priestman and Co., Sunderland ise 
\S. P. Austin and Son, Limited, Sunderland R 
{Robert Duncan and Co., Limited, Port Glasgow 
|G. Rennie and Co., Thames-street, Greenwich. . 
/Osbourne, Graham, and Co., Sunderland ‘ 
|Ailsa os Co., Limited, Troon and 
| Ayr, N.B... mr a5 ad oe os 
J. Samuel White and Co., Limited, Cowes, 1. W. 
\Smith’s Dock Co., Ltd, South Bank-on-Tees 
William Dobson and Co., Newcastle on-Tyne .. 
Blyth Shipbuilding Company, Limited, Blyth .. 
Lobnitz and Co., Limited, Renfrew, N.B. 
W. Harkess and Son, Limited, Middlesbrough- 
on-Tees - os a = eo os 
John Crown and Sons, Limited, Sunderland 
‘Sir James Laing and Sons, Ltd., Sunderland .. 
0 beltown Shipbuilding Co., C beltown, 





|\Cook, Welton, and Gemmell, Limived, Beverley 
Murdoch and Murray, Port Gl ow ve 
Alley and MacLellan, Limited, Goasee. a 
Mackie and Thomson, Limited, Govan, Glasgow 
Caledon Shipbuilding and Engiveering Com- 

pany, Limited, Dundee .. ae oii ow 
Ferguson Brothers, Port Gl: w, N.B - 
John I. Thornycroft and Co., Limited, Woolston 

Works, Southampton ° ot es 5, 
Bow, McLachlan, and Co., Limited, Paisley, N.B. 
Cochrane and Sons, Selby .. a - ‘on 
Ramage and Ferguson, Limited, Leith .. a 
Dundee Shipbuilding Company, Ltd., Dundee. . 
Scott and Sons, Bowling... és ee - 
\John Fullerton and Co., Paisley, N.B. .. onl 
|Ritchie, Graham, and Miloe, Whiteinch, N.B... 
A. and J. Inglis, Limited, Pointhouse, Partick, 


G Ow we " ow 
John Chambers, Lowestoft . . és se 
Henry Scarr and Son, Hessle, near Hull “< 
Joseph Scarr and Son, Beverley and Howden, 
Yorks .. * ~ oe ne ae ee 
Lytham Shipbuilding and Engineering Com- 
pany, Limited, Lytham .. by i 
Alex. Hall and Co., Limited, Aberdeen .. 
Richard Williamson and Son, Workington 
A. W. Robertson and Co., Canning Town ea 
The John Duthie Torry Shipbuilding Company, 
Aberdeen... pa a ne - sa 
Ardrossan Dry-Dock and Shipbuilding Com- 
pany, Limited, Ardrossan, NB. ty 3 a 
J. T. Eltringham and Co., South Shields : 
Yarrow and Co., Limited, Scotstoun, N.B. as 
Goole Shipbuilding and Repairing Company, 
Limited, le sa ve Be ad 
eg and Nicholsons, Ltd., Gosport, Hante 
W. H. Warren, New Holland, Lincs. .. on 
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1910 
| a 
Tons. No. 
115,861 6 
70,012 2 
66,462 14 
| 60,377* 8 
| 49,993 16 
| 50,080" | 9 
| 41,575 8 
| 33,544 3 
| $2,791 6 
| 30,176 4 
30,010 3 
27,2562 5 
27,125 6 
31,850* 4 
25,873 
25,819 8 
31,440* | 11 
| 
| 23,970 6 
23,576 - 
| 26,677" 4 
22,825 8 
| 21,936 | 10 
| 20,250 5 
20,008 7 
18,564 Fs 
| 18,130 _ 
17,197 39 
20,174" | 4 
| 15,915 | 10 
| 18,492 4 
12,218 2 
12,031 6 
| 11,671 3 
} 11,401 6 
10,805 3 
9,407 5 
9,400 6 
9,277 9 
| 9,190 4 
| 9,182 7 
| $,643 1 
| 7,585 35 
| 7,400 2 
6,955 13 
6,322 11 
5,970 7 
| 5,929 4 
| 6,772 2 
5,750 5 
| 5,610 5 
| 6,441 19 
| 5,369 5 
5,140 2 
| 6,180 14 
| 6,037 20 
| §,475* 1 
| 4,896 10 
| 8,802 23 
| 9,872 3 
| 3,785 | 6 
| 3,753 - 
| 8,504 2 
| 3,562 | 20 
| 8,526 2 
| 3,600 12 
| 8,440 10 
| 
| 3,258 7 
| 8,050 6 
| 9,984 | 12 
2,924 6 
2,7: 11 
2,743 4 
2,610 4 
2,505 4 
| 2,344 6 
2,815 13 
2,109 1 
2,079 18 
1,970 7 
1,965 12 
1,956 17 
| 1,886 6 
| 1,748 1 
1,655 a 
1,654 7 
1,632 3 
| 1,646 3 
| 1,886 ~ 
| 1,348 5 
1,292 7 
1,270 6 


1909. 





Tons. 





29,708 
77,637 


37,004* 


17,230 
18,324* 
17,935* 
28,559 


15,964 


21,259 
19,637 
10,154 


60,200 
19 807 


15,352 
9,745 


7,625 
7,433 
13,488 


8,423 


13,706 
5,090 
8,590 


27,658 


20,317 
11,076 


13,305 
2,838 
4,567 
6,000 
4,520 
5,870 
5,600 


5,205 
5,950 


5,980 
3,000 
4,322 
1,887 
6,276 
4,605 


2,544 
6,583 


6,667 
2,480 


4,084 
Y34 
4,026 
4,117 
1,407 
1,022 
2,788 
540 
1,561 
1,170 
1,130 
2,250 
1,597 
824 
707 
892 
1,464 
937 
2,488 
1,915 
855 


1,360 


CoMPARATIVE Figures FoR Previous YEars. 


EN = 
4 S ; 
lagen ors | vane | Beg 
Toran. | ciel 
— eo 
55% 
Year. Tons. Tons. | &*5 
1910 | 115,861 | 808,756 | 16,600 
1906 | 126,921 | 835,664 | 18,638 
1904 | 73,689 | 620,650 ion 
1906 | 85,111* | 540,769" | 9,677 
1909 | 88,952 | 593,733 _ 
1910 | 50,080" | 395,377 - 
1907 | 106,058 | 545,498 | 20,513 
1907 47,388 312,611 8,200 
, 347,680 — 
1907 | 44,003 | 253/065 | 21,121 
1906 | 38,076 | 237,343 4,824 
1907 | 48,218 | 245,816 - 
1907 | 28,380 | 236,667 2,385 
1901 | 40,244 | 204,481 
1906 | 40,682 | 329,438 2,388 
1903 | 30,558 | 236,661 3,247 
| 
1906 | 78,574 | 488,444" | 4,100 
1906 | 32,650 | 218,178 7,774 
1906 | 28,657" | 215,718 
1906 | 35,890 | 277.405 6,262 
1907 | 44,305 224,434 2,000 
1907 | 74,228 | 488,964 5,980 
1906 | 33,180 | 196,744 
1907 | 21,918 | 174,167 2,212 
1903 | 55,152 | 406,405 7,986 
| 
1909 | py 265,883 15,000 
1949 | 19,80 102,642 2,662 
1906 | 30,206 | 231,939 
1905 | 16,436 | 100,533 
1902 | 39,849 | 254,350 7,409 
1904 | 20,715 | 127,637 — 
1901 | 16,785 | 116,629 1,338 
1904 18,603 139,041 _ 
1902 | 19,465 | 198,483 | 4,641 
1905 | 23,950 | 193,771 1,502 
1907 | 13,915 | 90,497 3,345 
1907 | 48,020 | 343,381 
1906 | 31,236 | 180,295 | 2,833 
1907 | 19,785 | 146,713 1,562 
1909 | 13,305 | 86,869 9,182 
1906 | 18,387 | 128,597 -- 
1908 | 8,424 | $1,2678 6,610 
” 21,050 | 149,730 
1902 | 8,865 | 49/660 | 356 
1901 8,650 | 76,275 | 4,200 
1908 on'78 154087 as 
1906 | 21,000 | 199'839 sn 
1901 11,189 70,878 — 
1906 | 15,613 | 64,096 2,662 
1910 5,441 23,946 1,095 
1907 | 11,487 71,204 3,055 
1907 | 10,775 | 61,181 3,561 
1910 5,130 13,7866 
1907 7,961 52,653 
1906 | 24,811 | 127,516 . 
1905 | 11,800 | 74,527 200 
1908 6,663 45,777 1,627 
1901 | 6,007 29,590 
1909 6,588 | 39,313 
1901 | 39,200 | 2309/5939 
1905 5,490 | 83,618 2,405 
1908 8,366 | 56,264 214 
1907 6,839 | 32,610 2,937 
1910 | 3,600 | 23,0559 |. 3,600 
1906 7,020 | 42,946 955 
1906 | 12,570 | 92,841 -- 
1907 | 4,468 | 92'548 1,860 
1906 4,335 20,0016 300 
10s | 790 | seer | 
‘y . — 
1907 6,545 | 40,195 695 
1908 | 4778 28,308 1,914 
| 9 19,522 
1907 | 8,011 22,902 - 
1904 3,5) 21,138 2,315 
1901 12,204 45,437 1,874 
1910 2,079 | 12,439 
1910 1,970 11,549 
1905 3,300 | 21,940 
1908 1s 12,108 1,618 
885 14,069 - 
1906 1,999 7,426 773 
1906 4,227 13,2275 - 
1907 8,788 15,679 88 
me | ue | nee | 
77 x — 
1908 2,813 12,1846 1,886 
1907 3,604 34,027 28 
1910 1,202 4,649 4 
1907 1,500 6,843 -_ 
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* Includes erections, 


6 For six years, 


» For nine years, 
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TABLE VII. —Continued. 
Ten es. Z 
1910. 1909, Se Years’ | 96 2 | & 
No. Name oF Firm. Total. 367 a... 
cr J = —— = = 1 coo es 
ie SS? (|S? 
No Tons No. | Tons. Year | Tons. Tons. 5=F | Be 
92 |George Brown and Co., Greenock Ns 8 1,167 6 1,193 1907 | 3,186 14,5°2 — 332 
9% |J. P. Rennoldson and Sons, South Shields 6 1,108 6 1,552 1901 | 2,609 14,898 495 231 
94 |Hepple and Co., Limited, South Shields 8 1,094 8 945 1910 | 1,094 5,432 366 
95 |Dublin Dockyard Company, North Wall, | | 
| Dmblin ye za id ae + oe. 1,078 | 5 1,808 | 1909 ,808 7,4906 am 350 
96 |W. J. Yarwood and Sons, Limited, Northwich..| 13 975 12 1,787 | 1909 1,787 | 6,111 83 234 
97 \Thames Iron Works Shipbuilding and Engi | | 
| neering Company, Limited, Blackwall aa) 8 70 | — — | 1906 1,470 a -~— - 
98 |London and Glasgow Engineering and lron- | 
| Shipbuilding Company, Limited, Glasgow .. 1 920 1 12,129 | 1901 | 17,552 | 81,985 | ae — 
99 |Edwards and Co., Limited, Millwall, London... 14 815 12 601 1906 | 1,875 | 6,2136 | 613 | 105 
100 | Philip and Son, Dartmouth, Devonshire * 8 810 20 620 «= -:1906 | 635 3,7056 168 
101 |Day, Summers, and Co., Limited, Northam, 
Southampton a ee os a = 732 
102 ‘Isaac J, Abdella and Mitchell, Limited, Queens- 
ferry and Brinscombe - we ..| Sl 678 17 430 -- » 250 | 
103 William Walker, Maryport .. ” = 668 1 lu7 | 1905 1,165 3,703 
104 | Forrestt and Co., Ltd., Wyvenhoe 7 599 10 305 1906 | S49 $,5746 - 334 
105 |Mackay Brothers, Alloa , ” ae 1 542 2 194 | 1907 | = 4,607 7,9875 - 
106 | Beeching Brothers, Limited, Yarmouth. . we 7 530 3 23 1907 730 2, 5096 
107 \Crabtree and Co., Limited, Southtown, Great 
Yarmouth .. - “2 es as ‘ 4 515 2 119 | 1910 | 515 1,777 
108 |Fred. Braby and Co., Limited, Deptford, 
| London pe sd na oa a ..| 12 | Est. 500 14 180 | 1907 | 636 2,0305 500 
109 |[saac Pimblott and Sons, Northwich 24 457 19 603 | 1909 63 1,991 457 373 
110 |Cox and Co., Falmouth = a o> aa 4 427 2 352 | 1908 466 2,3836 
111 |Garston Graving-Dock and Shipbuilding Com- | 
| y, Limited, Garston .. Me Fe oa 3 400 2 250 | 1907 | = 1,608 2,2584 104 
112 |Fellows and Co,, Limited, Southtown, Great 
| Yarmouth .. es - aA “ a 5 414 6 438 | 1907 | 570 1,8566 
113 |Hawthorns and Co., Limited, Leith ..  .. 3 | 378 1 97 | 1905 | 1,425 6,279 
114 |E. Finch and Co., Limited, Bridge Works, 
Chepstow... ‘ - os a ~ 2 289 - _— ‘ 
115 | Peter McGregor and Sons, Kirkintilloch, N.B... 4 286 5 156 =| -:1908 435 2,482 187 27 
116 |R. Cock and Sons, Appledore, Devon .. = 5 250 ts ean 250 
117 |W. Fife and Sons, Fairlie, N.B. .. 8 212 8 199 | 1908 299 2,421 49 92 
118 |John Cran and Co., Leith .. ‘i fie 4 209 4 258 | 1907 622 2,8698 109 . 
119 | White Brothers, Itchen, Southampton .. 5 173 2 40 — | a sa ae = 
120 |Larne Shipbuilding Company, Larne 2 170 Ss 400 | — - 2,650 50 
121 |G. and T. Smith, Limited, Rye ; 3 168 4 217 1907 297 1,959 - 168 
122 |MacLaren Brothers, Dumbarton, N.B. .. a = 149 19 69 — 38 39 
123 | William: Chalmers and Co., Limited, Ruther- 
glen, N.B. .. = “a om ep se 144 _ —_ 144 
124 |Montrose Shipbuilding Company, Montrose .. 2 114 — — ~ — = . 
125 |Simpson, Strickland, and Co., Ltd., Dartmouth 22 109 36 221 1907 | 266 4,543 56 13 
126 |Edward Hayes, Stony Stratford .. ae “1 8 108 2 35 - _ - 99 . 
127 | Alex. McDonald and Co., Itchen, Southampton — 100 16 123 — _ a 
128 |R. Macallister and Son, Dumbarton = “wt & 92 6 115 190 8426 54 
129 |J. G. Fay and Co., Limited, Southampton 3 82 _ _ _ —_ ‘ ‘ 
130 |D. M. Cumming, Parkhead, Glasgow... 5 80 12 990 «=: 1909 990 3,217 36 44 
131 |John Reid and Co., Ltd., Whiteinch, N.B. 1 65 1 414 - aa - 
132 |W. Luke and Co., Hamble .. ; s 2 15 — —_ 25 = a 
133 |A. Munro, Ardrishaig, N.B. 1 14 1 18 — a - 
134 |Stow and Sons, Shoreham .. * 1 12 2 80 - ane as 
135 |A. Weatherhead, Eyemouth, N.B. 1 12 2 20 — | 1,754 - _ 
' 





5 For five years. 





4 For four years, 


but a large power, owing to the inclusion of torpedo- 
boat destroyers, so that this year the horse-power is 
only 1800 more—being 33,100; this, however, is con- 
siderably above the average, as is shown in Table VIII., 
in which they take seventeenth place. Messrs. Joseph 
L. Thompson and Son, Limited, give both the Board 
of Trade measurement and the tonnage including erec- 
tions. The former is 27,252, and the latter 32,537 tons, 
the measurement of seven vessels, all between 4354 and 
5202 tons, including erections, The total, although 
larger than in the previous year, and than the average for 
ten years, is 21,000 tons less than in the year of maxi- 
mum output. Sir Raylton Dixon and Co., Limited, take 
next place, having launched seven vessels (including a 
Spanish ship) with a Board of Trade gross register ton- 
nage of 27,125, and, including erections, of 31,780 tons. 
This is more than double the output of the previous 
year, and comes within 1200 of the maximum. Messrs. 
Craig, Taylor, and Co. built seven single-deck steamers, 
of 31,850 tons, which is three times the output of the pre- 
vious year, but is still 8394 tons below the maximum. 

Messrs. William Denny and Brothers, of Dumbarton, 
have always an interesting list, and this year it is up to 
the average, alike in variety and in volume of output ; 
the total, 14,759, although 5000 below the maximun, is 
7100 tons above the average. The list includes three 
destroyers ; a fast turbine steamer for Indian service— 
the largest ship they have ever built—of 11,130 tons, 
which is fitted with the combination system of machi- 
nery, a@ ship for the Patrick Henderson Line, a 
motor-launch for one of the ers, and several 
light-draught vessels, principally for the Indian rivers. 
Messrs. Short Brothers include two foreign ships in 
their total of eight, the Board of Trade measurement 
being 25,819, and the tonnag», including erections, 
30,323. This is within 5000 tons of the maximum 
output, and is 2200 tons above the average for the 
past ten years, so that the firm, considering the lock- 
out, have done very well. The Irvine Shipbuilding 
Company have not given the Board of Trade tonnage, 
but, including erections, their eight vessels measure 
31,440 tons, which is less than half the maximum 
output attained by the firm. 














places them fifth on the list. This, while less than 
the previous year, is 30,000 above the average. To the 
Vickers Company reference has already been made in 
reviewing the work done in Barrow. The principal 
feature is the construction of a floating. dock for 
Brazilian battleships, of submarines, and the comple- 
tion, ready for titting on board, of the machinery of the 
Lion, the armoured cruiser launched at Devonport. 





; | the horse-power is much 





Messrs. R. and W. Hawthorn, Leslie, and Co., | 
Limited, of Newcastle-on-Tyne, take eighteenth | 
place on the list. They have built three tor- 
pedo-boat destroyers, one of them 


| 
| 


placement ; a large Swedish liner, of 7774 tons, and output of the Clydebank Works totals 77,700, which garth, aud Co., 





8 For eight years. 





6 For six years. 


three 4700-ton British steamers. The total output of 
23,970 tons is very satisfactory, being above the 
average, but it is 8680 tons less than the maximum. 
The machinery output of the firm includes the turbines 
for the three destroyers already mentioned, making 
up 39,500 shaft horse-power, which is 2000 less than 
the previous year, but little more than half the maxi- 
mum output which the firm attained in 1904. They 
also built the boilers for the cruiser Weymouth. 
Messrs. Richardson, Duck, and Co. give the rd of 
Trade tonnage of their seven vessels as 23,576, and 
the tonnage, including erections, as 27,933; the 
former placing them nineteenth on our list. All 
of the vessels were for British owners, and one of 
them was built with Isherwood longitudinal framing. 
The total is 5000 tons more than last year, but is 
5000 tons less than the maximum. Messrs. Ropner 
and Co. send us the tonnage including erections, 
which is 26,677, but the Board of Trade measure- 
ment is nearer 23,000 tons. One of the vessels was for 
Norway. Messrs. William Hamilton and Co., who 
come next on the list, built a floating-dock for Brazil 
and six merchant ships, their total being almost 
exactly the average of the past ten years. 

The Elswick return includes the cruiser Weymouth 
and five merchantmen. The tonnage is 6000 more than 
the previous year, but the maximum output attained 
in 1907 is 34 times that of the 7 year, while the 
average for ten years is double. The Scotts’ Shipbuild- 
ing and Engineering Company launched the battleship 
Colossus, and have on hand another battleship for the 
British Admiralty, along with a considerable amount 
of merchant work, so that their position is quite satis- 
factory, the output being above the average. Messrs. 
MacMillan and Son built five merchant ships, one of 
them for Canada, and here also the output is rather 
above the average. 

Messrs. John Brown and Co., Limited, of Clyde- 
bank, launched the second-class cruiser Bristol (fitted 
with Brown-Curtis turbines), three torpedo-boat 
destroyers, a 910-ton steam-yacht, a turbine steamer 
for the Great Eastern Railway, and a large merchant- 
man for the Hamburg- Amerika line; all of them | 
interesting vessels, making up 18,564 tons, which is | 
8400 tons more than in the previous year, but con- | 
siderably under the average. The firm, however, are | 








The tonnage is considerably under the average, but 

hicher than the average. 
| Moreover, as already stated, the firm are very busy 
with naval and mercantile work, apart altogether from 
| the large orders they have for ordnance machinery. 
| Messrs. Cammell Laird and Co. include two destroyers, 
|two ferry-boats, a tug-boat, two steamers for the 
| Amazon River, two turbine steamers for the London 
and South-Western Railway, and a 7365-ton mer- 
chant ship, besides various barges, so that their 
return of 17,197 is within 2600 tons of the maximum 
in recent years. Messrs. John Readhead and Co. 
give the tonnage, including erections, as 20,174, 
which embraces five British ships. The Earle’s 
Company, of Hull, have launched eleven vessels, of 
15,915 tons, which is within 500 tons of the highest 
reached. This includes a tug-beat for the Admiralty, 
a 3372-ton steamer for Hull, and various small mer- 
chant vessels between 1247 tons and 1760 tons, as 
well as two fishing-boats. The horse-power of machi- 
nery is also within 1000 horse-power of the maximum 
reached by the firm. Messrs. D. and W. Henderson 
and Co. launched a large Portuguese mail liner, a 
Harrison liner, and a paddle-steamer for the Isle of 
Wight service. The total, however, is 10,000 less than 
the average. The three vessels built by Messrs. Bar- 
tram and Co. were for British owners ; the output is 
well up to the average. Messrs. Robert Thompson and 
Sons, Limited, of Sunderland, return the Board of 
Trade tonnage of their ships as 12,031, and the tonnage 
including erections as 13,140; the output is above the 
average. 

Lack of space prevents us stating in detail the work 
of the other shipbuilding tirms, and we refer the reader 
to the table, which affords a basis for comparison, as 
the figures for the preceding year are given and those 
for the year of maximum output, as well as for the 
past ten years, while the colonial and foreign tonnage 
and the sailing tonnage are also tabulated. Most of 
the firms have improved on their totals of the preceding 

ear, but few of them have attained to the maximum. 
he prospects, however, as we have already stated, are 
good, and favourable conditions are widely experienced. 


THE PRopvuctTION OF ENGINEERING Fries. 

In Table VIII., on the opposite page, there is given a 
list of the firms, who produce marine engines, arranged 
according to the total power for the past year. In 
this case the Fairfield Shipbuilding and Engineering 
Company, of Govan, take first place. Their output 
included seven torpedo-boat destroyers, in addition to 
three merchant vessels, one of them a high-speed 
vessel for the Canadian Pacific Railway service on the 
Pacific Coast. At the same time they considerably 
modified the turbine steamers Royal Edward and 
oe George, formerly built for the Mediterranean, 
and now engaged in the Avonmouth-Canadian service. 
The total is, however, not the largest attained, even 
by the Fairfield Company, as three years ago their 
output was nearly 12,000 indicated horse-power more. 
Moreover, the Vickers Company last year marked a 
record with 122,110 horse-power. Messrs. Harland 
and Wolff take second place this year for the work 
already reviewed ; the Vickers Company third place. 
The North-Eastern Marine Engineering Company, 
who have works at Wallsend-on-Tyne and at Sunder- 
land, are fourth, their output of machinery being for 
twenty-two ships, three of which were built in 
Antwerp, and the others on the North-East Coast. 
Large as is this total, it will be seen that it is 36,000 
horse-power less than the maximum output, and 10,000 
horse-power less than the average for the past ten 
years. Messrs. John Brown and Co., Limited, of 
Clydebank, and Messrs. Cammell Laird and Co., of 
Birkenhead, come next, the latter including not only 
the machinery for the vessels they built, but also the 
ee ae | for the Blonde, launched at Pembroke 
Dockyard. 


The Wallsend Slipway Company, who always occupy 
a prominent place on the list, are this year seventh 
with an output of 67,250, which is 9000 higher than 
the average, although 48,000 horse-power less than in 
1906—the year of maximum output. Their work in 
1910 is again of a varied character, —— 
machinery of the battleship Orion, built at the Pem- 
broke Dockyard, of a to o-boat destroyer, a Cunard 
liner, and three merchantmen built by firms on the 
Tyne. Messrs. J. Samuel White and Co., of Cowes, 
have a horse-power of 66,230, due largely to torpedo- 
boat destroyers, and the highest yet recorded by the 
firm. Messrs. Denny’s total is within 6000 horse- 
power of the — which was reached in 1909. In 
the past year they engined the vessels already built 


of 1036 tons dis- | exceptionally well supplied with work. The machinery by the Denny shipyard. Messrs. Richardsons, West- 


imited, having establishments at 
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TABLE VItl. —PRODUCTION OF MARINE MACHINERY BY ALL FIRMS IN THE UNITED KINGDOM. 
TEN Ten 
1010, = 100, Huaumer Towau | vasns’ 1910, 1900, | Hioumer ovat | vans 
No. NAME OF Firm, as z TOTAL. No. NAME or Fre. | ‘ Toran, 
_ —_— | | 
LH.-P Year.) I.H.-P. LH. P. 1.H.-P. | Year.|_ L.H.-P. L.H.-P. 
1 |Fairfield Shipbuilding and Engineering | || 40 |McKie and Baxter, Gla ‘ 8,395 | 7,805 | 1907 | 9,710 68,080 
Company, Limited, Govan, 100,2 93,500 1907 | 112,000 604,575 | 41 | Muir and Houston, Li hed, Kinning Park 
2 |Harland and Wolff, Limited, Queen’ 's-road, | | Glasgow 8,230 | 4,950 1904 | 14,900 | 107,390 
Belfast 100,130 | 46,250 1903 | 100,400 | 675,831 42 mail Russell, and Co., Limited, Aberdeen 7,965 | 6,850 | 1907 10,200 1,825 
8 | Vickers Sons and Maxim, Limited, Barrow- | | 43 \Caledon Shipbuilding C4 ‘Engineering } 
| in-Furness a 90,000 | 122,110 1909 | 122,110 578,000 | Company, Limited, | 7,800 7,470 | 1906 13,300 50,9206 
4 |North-Eastern Marine Engineering Com- 44 oe Holmes and lll Limited, fi ¥ ; 
vany, Limited, Wallsend-on-Tyne and Hull és 7,325 6,055 1906 17,110 100,875 
underland .. 85,156 83,897 | 1907 | 121,470 | 952,226 45 |Flemin and Ferguson, " Limited, Paisley 7,300 7,000 | 1004 10,500 | 79,400 
5 |John Brown and Co., Limited, Clydebank, 77,700 $9,200 | 1906 | 108,900 | 478,250 46 -_— = eaeny Company, Lianited, “ e 
6 (Cammell Laird and ©o., Ltd., Birkenhead 69,300 40,934 1910 | 69,300 333,429 a 7,190 5,100 | 1907 7,000 24,9104 
7 |Wallsend Slipway and Engineering Com-- F ae 47 | <a Saas, Port Glasgow 7,160 5,100 | 1907 7,700 35,3608 
pany, Limited, Wallsend-on-Tyne ..| 67,250 55,800 | 1906 | 115,500 585,560 48 eo e Shipbuildi: ey | Engineering Com- 
8 |J. Samuel White and Co., Limited, Cowes.. 66,230 41,926 | 1910 | 66,230 260,117 imited, 7,000 16,700 | 1905 18,000 111,350 
9 |Denny and Co., Dumbarton .. 65,900 71,750 | 1909 | 71,750 | 525,600 49 JA. wn In lis, Linnea Ww. se 6,950 750 | 1902 12,170 67,176 
10 Richardsons, Westgarth, and Co., Limited, 50 |W. Vv. V. Li rwood, Coatbri ,N. B. 6,870 | 4,140 1907 16,540 93,580 
Middlesbrough, Hartlepool, and Sun- 51 |Maccoll and Pollock, Limited, Sunderland 6,820 5,590 1906 11,457 84,087 
derland .. os ‘ 63,325 38,450 | 1901 | 120,150 | 678,545 52 Crabtree and aa Limited, Southtown,| a on 198 8.120 | 
11 John L Thornycroft ‘and Co., Limited, | | Great Yarmout a oa ae 400 3,120 | 7 . 48,100 
Woolston Worke, Woolston, Southampton 57,750 21,715 | 1910 57,750 169,8555 || 53 |G. T. Grey, South Shields 5,070 6,020 | 1908 10,085 | 64,554 
12 |David Rowan and Co., Glasgow 44,030 41,820 1907 50,2: 380,470 | 54 |Amos and | Smith, Limited, Hull = 4,640 | 8,430 1907 14,620 92/985 
13 |Blair and Co., Limited, Stockton 41,950 23,075 | 1906 | 66,400 424,100 || 55 |Ramage and Ferguson, Limited, Leith 4,150 | 4,150 | 1907 8,000 30, 1606 
14 |R. and W. Hawthorn, Leslie, and Co. | || 56 |Lobnitz and Co., Limited, Renfrew, N.B,..| 4,070 | 7,070 | 1908 8,970 | 59,370 
| Limited, Newcastle-on-Tyne 39,500 41,500 | 1904 | 76,500 | 487,795 | 57 | Aitchison, Blair, and Co. Clydebank, N.B.| 3,550 | 1,910 | 1907 4,380 | 14,6008 
15 |Workman, Clark, and Co., Limited, Queen’s-| j || 58 |Eliott and Garrood, Beccles and Lowestoft 3,450 - 1907 3,845 | 18,3554 
| road, Belfast 36,300 | 76,550 | 1909 | 76,550 | 441,900 || 59 |Vauxhall and West Hydreuiic Engineering 
16 |Parsons’ Marine Steam Turbine Company, | Company, Limited, Luton .. | 8,870 1,835 | 1908 4,22 27,522 
Limited, Wallsend-on-Tyne 35,50 36,500 | 1907 | 65,000 | 333,200 l] 60 |John Lewis and Sons, Aberdeen... ‘| 2,208 - | — 
17 |Palmer’s Shipbuilding and Iron Company, | || 61 \J. Abernethy and Co., Aberdeen... |} 3,280 1,020 | 1907 3,720 | 18,030 
Limited, Jarrow-on-Tyne. 33,100 | 31,300 | 1903 43,800 284,030 || 62 \J. P. Renno nand Sons, South Shields... 3,225 5,024 | 1902 5,525 41,667 
18 |Alexander Stephen and Sons, Limited, | | 63 Lytham —. building and Engineering! | | as 
Linthouse, Govan, N.B. 31,460 14,380 1907 35,930 229,880 | Com y, Limited, Lytham He | 3,200 | 1,690 | 1906 2,795 17,357 
19 | Yarrow and Co., Limited, Scotstoun, N. B. 30,860 64,050 1909 64,050 255,896 || 64 |A. Hall and Co., Limited, Aberdeen 3,200 1,870 | 1907 8,280 16,5856 
20 |Rankin and Blackmore, Greenock i 30,850 21,000 1910 30,850 185,300 || 65 |Fishers Limited, Paisley 2,150 1,640 1910 2,150 7,3155 
21 |Earle’s Shipbuilding and Engineering C om- | |} 66 \A, randCo., Helen-street, Govan,N.B. 3,100 4,900 | 1907 13,775 64,676 
pany, Limited, Hull . 29,040 | 17,880 1901 30,000 150,810 | 67 "os Macfie, Limited, Kinning Park, wee | jm mel . 
22 \Central Marine Engine Works (William Ow : 8,070 | if 0 070 11,975" 
Gray and Co., Ltd. rs est ae ..| 28,200 17,300 1901 | 47,700 | 28¢,26 || 68 PhilipandSon,Dartmouth . 2915 | 1,720 
23 | William Beardmore and Co., Limited, || 69 A, G. Mumford, Limited, Colchester on 2,300 | 
Dalmuir, N.B. . - ad ..| 26,500 | 23,500 | 1910 26,500 82,3506 || 70 \J. T. Eltringham and Co., South Shields | 2,100 1,670 
24 |Barclay, Curle, and Co. , Limited, Glasgow 25,800 | 13,800 | 1907 | 40,532 | 241,424 | 71 avons taal Co- Operative 9. Limited 
oF / l- 
we 4 ee ee) ces | samme | ane] enue | oman | Se) tee) ae le 
26 (Swan, Hunter, and Wigham Richardson, | || 72 |Hawthorns and Co., Limited, Leith. , 1,540 § | 1906 | 2,550 | 6,165 
Limited, Newcastle-on-Tyne 21,800 22,600 1906 | 32,550 220,350 || 73 Campbell and Calderwood, Paisley, _.. 1,470 2,300 | 1908 4,065 | 38,500 
27 \John Dickinson and § - Ld. , Sunderland poe fro = yo a Hi 74 |Goole + Linited, Goo am Repairing Com-| onl 
28 |George Clar aimited, Sunderlan 20,2) 08 51,500 71,8 | - 43 
29 |W illiem Doxford and Sons, Limited, Sun- HI 76 letepeoa, Bt Strickland, and ™_ Limited, | | 
derland . 18,600 13,650 1907 | 40,063 229,183 1] Dartmouth “ a 1,880 1,554 1908 8,042 16,077" 
30 |Dunsmuirand Jackson, “Ltd., Govan, N.B.. 15,850 21,500 1906 | 41,325 247,685 || 76 \James Ritchie, Partick 1,325 30 1905 3,080 | 8.9758 
31 |D. and W. Henderson and Co., Limited, \| 77 poo and Co., Limited, Abercorn. Basin, | | 
Glasgow es we 12,790 9,895 1902 35,300 204,8:5 | fast 1,300 | 950 1910 1,300 | 5,850 
32 |London and Glasgow Engineerin and Iron- 78 lacudie Gillespie, and © 0., Glasgow 1,070 | 1,725 1907 2,700 | 11,9708 
Shipbuilding Company, Ltd., Glasgow .., 12,500 | 18,800 1901 28,300 127,600 || 7 |Hep le and Co., South Shields : 1,060 1,740 1907 2,745 | 12,084 
33 [Thames Iron Works, Shipbuilding and | 80 |W. J. Yarwood ‘and Sons, Ltd., Northwich 1,084 | Los | — -_ 
Engineering Company, Ld., Greenwich.. 12,000 - ~ _ | 81 Baird Brothers, North Shields 1,020 | 1,860 | 1909 1,860 | 6,210 
34 |Shields Engineerin and Dry Dock Co., 82 |Alley and MacLellan, Limited, Glaagow 880 150 | 1904 2,520 | 9,9R0" 
Ltd., North Shields .. . 11,365 — 1910 11,365 60,457 || 83 |Cox and Co., Falmouth : 594 | 2,000 | 1906 2,000 | 7.4965 
35 |Ross and Duncan, Govan, Glasgow... 11,200 12,700 1908 12,950 114,105 | 84 E. Hayes, Stony Stratford > 535 100 - - : 
36 |John G, Kincaid and Co., Limited, Greenock 10,900 12,050 1907 22,750 150,251 | 85 Alexander Macdonald and Co. 500 _ _ _ | -_ 
7 |William Simons and Co., Ltd., Renfrew, N. B. 10,490 9,485 1908 18,910 116,235 86 John Cran and Co., Shore, Leit 410 850 1907 | 3,947 ‘| 9,532 
38 por McLachlan, and’ Co., Ltd., oe 87 W. Sisson and Co., Limited, "rinbridge: | 
-B. - 10,120 8,600 1910 10,120 84,412 road, Gloucester 250 220 1908 950 | 4,200 
39 | John Readhead and Sons, Limited, ” South! || 88 Menzies and Co., Limited, Leith 175 680 1905 1,250 | 4,707 
Shields .. = 9,500 7,500 | 1906 16,500 120,150 | 89 |W. Luke and Co. 75 | | 1910 7% | 820 


4 For four years, 


Middlesbrough, Hartlepool, and Sunderland, supplied 
machinery of 63,325 horse-power, which is nearly 
equal to the ee. but little more than half the 
maximum output. It is made up of machinery for 36 
merchantmen, including three vessels built on the Con- 
tinent, one at Girangemouth, and the others on the 
North-East Coast. hey also re-engined a liner. 
Messrs. Thornycroft and Co., who come eleventh on 
the list with the highest total they have yet reached 
—namely, 57,750 horse-power—supplied machinery for 
four of the torpedo-boat destroyers they built, and for 
nine other vessels. Messrs. David Rowan and Co., 
with an output of 44,030 indicated horse-power, come 
within 6000 of the maximum reached. Their work in- 
cluded machinery for 23 vessels, all built on the Clyde, 
with the exception of one Austrian vessel. The Parsons 
Company have an output well up to the average. Messrs. 
Yarrow’s total includes two Brazilian destroyers and 
small craft. All the machinery constructed by Messrs. 
Rankin and Blackmore was for the eight vessels built | ® 
by Messrs. Russell, Port Glasgow. The Central Marine 
Engine Works, of West Hartlepool, confined them- 
selves to the fitting of engines to the ships built by 
Messrs. William Gray and 

Messrs. William Beardmore and Co, have been busily 
engaged. They completed the ‘‘Town” cruiser—the 
Gloucester—launched another—the Falmouth—and 
have now on hand a third—named the Dublin—while 
at the same time they built a special hopper barge 
for the Glasgow Corporation. Their output of machi- 
nery is 3000 horse-power more than in the previous 
year, and the best reached in the new yard. Messrs. 
John Dickinson and Sons, Limited, fitted with machi- 
nery ten vessels built on the North-East Coast, and 
their output is 4000 horse-power greater than in the 
previous year, but is little more than one-third of 
their maximum. Messrs. George Clark and Co., of 


Sunderland, who also confine themselves to marine 
engineering, fitted twelve vessels built on the North- 
East Coast, and their output is double that of the 
previous year, being 20,200, as compared with 51,500 


5 For five years. 








6 For six years. 


horse- -power in 1906. Messrs. Dunsmuir and Jackson, 
Limited, Govan, engined five ships built by other firms 
on the Clyde. 

In conclusion, we beg to thank the various firms for 
sending us their returns, and offer an a ony for being 
unable to analyse all these returns in Fe tai 





Natura Gas 1n Canapa.—The production of natural 
gas in Ontario is rapidly increasing. Last year the 
supply was valued at 1,188,179 dols., showing an advance 
of 199,563 dols., as compared with 1908. In 1906 the 
yield was 2,534, 300, 000 cubic feet ; in 1907, 4,155,900,000 
cubic feet ; in 1908, 4, 483,000,000 cubic feet ; and in 1909, 
5,388,000,000 cubic feet. The gas comes from three dis. 
tricts—viz., the county of Welland, the counties of Haldi- 
mand and Norfolk, and the counties of Essex and Kent. 
The Haldimand and Norfolk field is the largest producer. 
The gas makes an ideal fuel ; it is clean and uces no 
smoke. From the Haldimand and Norfolk field the 

is piped to Hamilton, Dundas, Galt, Brantford, and other 
ees the Welland field supplies St. Catherine’ s, Niagara 
Falls, j Bridgeburg, and other towns; and the Kent and 
Essex field endeavours to meet the convenience of 
Chatham, Leamington, Blenheim, &c. It is thought that 





the Essex and Kent and the Haldimand and Norfolk 
fields extend beneath the bed of Lake Erie. 
Rark Woops or THE PHILIPPINES.— What will no 


doubt Speers a very useful work has been undertaken by 
the Department of the Interior, Bureau of Forestry, 
Manila, Philippine Islands. This is the arranging 
by the department for the general distribution of 
samples of all the Philippine woods of any commercial 
importance, as well as of many of the rare and little-known 
woods. Very little ap to be known generally about 
these woods, of which there are said to be about 400 mer- 
chantable kinds. Each of the samples measures about 
6 in. by 4 in. by § in., and has planed surfaces, and each 
has on it the scientific name, as well as the native name 
by which it is known in the country. The rarer sorts are 

sold at 20 cents each (United States currency), while the 
common kinds are supplied for 10 cents each. If the 
samples have to be sent by post, the postage is, of course, 





8 For eight years. 





® For nine years. 


charged extra. Anyone wishing to purchase samples 
must communicate with the Director of Forests, to whom 
all remittances must be made payable. 


Direct Extraction or Copprr.—At some Danish 
works an English invention for extraction of copper has 
been experimented with for some three years, and 
excellent results are now stated to have been attained. 
The invention, which at the time attracted much atten- 
tion, pur rted to extract copper direct from the ore by 
means of electricity, but delay occurred on account of 
the technical difficulties which were met. Two Danish 
engineers have now completed the plant. Dynamos of 
a peculiar construction are required, large output, some 
14,000 amperes, being ey whereas the voltage had 
to be very low, not exceeding 10 volts, and preferably of 
not more than 2 volts. All difficulties appear now to 
have been got over, and cc ci ture has com- 
menced, the output at present being equal to about 300 
tons per annum. The new process will, it is claimed, 
revolutionise the copper manufacture, the Danish works 
in question being, it is stated, the only establishment 
capable of extracting copper in the form of plate or wire 
direct from the ore. 











THe Mass or THE KILOGRAMME OF WatTER.—Several 
important memoirs on the volume and mass of 1 cubic 
decimetre of water have recently appeared in vol. xiv. 
of the “Travaux et Mémoires du Bureau International 
des Poids et Mesures.” In the first of these memoirs 
Guillaume gives a résumé of the various determinations 
made since the fundamental work was conducted by 
Lefévre-Guineau and Fabbroni during the great Frene 
Revolution. The other memoirs describe the various 
exact methods by which the linear and cubic dimensions 
of bodies can be ascertained. The final result would be 
that 1 yo of pure water, free from air, mea- 
sures, at 4 deg. Cent. and under normal pressure, 1.000027 
cubic decimetre, or that the mass of t cate decimetre 
(1 litre) of water is 0.999973 kilogramme. In his résumé 
of these memoirs, René Benoit, director of the bureau, 
points out that the first investigators were extraordinarily 
accurate in their determinations, and that for all practical 
and for most scientific purposes the mass of | litre of 
water may be accepted as equal to 1 kilogramme, 
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FOREIGN ENGINEERING PROJECTS. 


We give below a list of Colonial and foreign engineer- 
ing jects, for several of which tenders are asked. 
Further data concerning the same can be obtained on 
application to the Commercial Intelligence Branch, 
Board of Trade, 73 Basinghall-st E.C. :— 

Canada: The Monetary Times, Toronto, states that 
the City Council of Sydney, Nova Scotia, has under con- 
sideration a proposal by a company, controlled by local 
people, to construct at that R a floating dry-dock 
capable of taking vessels of 15,000 tons, ship-repairing 
and shipbuilding shops, a berth in which can be built 
merchant vessels or warships of up to 10,000 tons, and a 
modern wrecking plant. 

Australia ; The Commercial Intelligence Branch of the 
Board of Trade is in receipt of a copy of a report by the 
Railways Commissioner of South Australia on proposed 
railways from Goodwood to Brighton, 6 miles long, and 
from Brighton to Willunga, 23 miles long. The gauge is 
to be 5 ft. 3 in., and new 60-lb. rails are to be used. The 
cost of construction of the first line is estimated at 
51,500/., and the cost of rolling-stock at 33,1101. The 
construction of the second line is estimated to cost 
341,000/., and the necessary rolling-stock 39,550/. 

Netherlands East Indies: The Bulletin Commercial, 
Brussels, notifies, on the authority of the Belgian Consul 
at Batavia, that arrangements are being made for supply- 
ing the town of Padang with drinking water. It is pro- 
po to take the water from beyond Taratak, in the 

boek Kilangen district, and to construct reservoirs 
at Soebarang Padang, whence it will be duly distributed. 
There is also a project on foot to establish water works at 
Fort de Kock for supplying the villages of Kota Gadang 
and Sianok with drinking water. 

Italy ; With reference to the pro’ construction of 
the Calabro-Lucanian (Basilicata) Railway, H.M. Consul 
at Naples has now reported the award of the contract. 
The Gazzetta contains a notice, issued by the Italian State 
Railways Administration, inviting tenders for the con- 
struction of a section, about 1 mile long, from Riofreddo 
to Cagnolina, forming part of the Cuneo to Ventimiglia 
ae frontier). The upset price is put 
at 1,730,000 lire (69,200/.). Tenders will be opened on 
February 3 at the offices of the Direzione Generale delle 
Ferrovie dello Stato, Via Ludovisi 16, Rome. The carry- 
ing out of the works may involve the purchase of some 
materials out of Italy. 

Austria-Hungary : With reference to an invitation by 
the city authorities of Budapest for the supply and erec- 
tion of (1) gas works; (2) the plant and rolling-stock 
required for the transport of and coke ; and (3) two 
gasometers, His Majesty’s Consul-General at Budapest 
now reports that the final date for the receipt of tenders 
in the case of (2) and (3) has been changed to March 16, 
and the address to which tenders are to be sent is now : 
Dr. Johann Buzdth, Kézponti Varoshaz, IV. Varoshaz 
uteza 16, IT. em., Budapest. Tenders for (1), however, 
must still be sent to Mr. Bator Piperkovits, Leiter der 
Zweiten Magistrats Sektion, Kézponti Varoshaz, II. 
Stock, Tor 256, Budapest, to arrive not later than noon 
on January 28. The official Reichsgesetzblatt notifies the 
grant to the communal authorities of Dubrovnik ( 
of a concession for the construction and working of a light 
railway from Gruz (Gravosa) to Dubrovnik. Twelve 
months are allowed for the completion of the work. The 
concession is for a term of 90 years. 

Bulgaria: According to the Oesterreichischer Zentral- 
Anczeiger, Vienna, tenders will be opened at the Gemein- 
deverwaltung der Stadt Sofia, Sofia, on February 1, for 
the construction of footpaths, and on February 2 for 
street-paving. The upset prices are put at 800,000 francs 
(32,000/.) and 4,350,000 francs (174,000/.) respectively. 

Turkey: His Majesty’s Consul-General at Constanti- 
nople reports that tenders are invited by the Turkish 
Ministry of Public Works for the construction of the 
following public works in the vilayet of Baghdad :— 
Hindié Dam:—(a) The establishment, on one of the 
branches of the Euphrates, of a dam with thirty-six 
sluices and a lock for navigation ; (6) the strengthening 
of the present Hindié dam by training the canal into its 
right course, and providing the dam with seven sluices 
and a lock for navigation ; (c) the building of a dam with 
ten sluices on the Hillé Canal as soon as the latter shall 
have been trained into its proper course ; (d) earthworks 
(excavation, filling, &c.) for the training of the Euphrates 
and of the Hindié and Hillé branches; dykes and other 
works necessary for the forcing of the waters of the 
river into the new bed provided for them. Habbanie 
Overflow Canal :—(a) The construction of a dam across 
the Habbanie discharge canal ; (b) earthworks (excavation, 
filling, &c.) connected with the discharge canal. The 
undertaking comprises all masonry uired in earth- 
works, and the metal parts of all the works above 
mentioned. Copies of the specification (in French) and 
plans may be obtained from the Ministére des Travaux 
Publics, tantinople, on payment of £T1(18s.). With 
reference to a call for tenders for the construction and 
working of electric tramways in Adana, and for the dis- 
tribution of electrical ene in the vilayet of Adana, 

Consul-General at ntinople has now for- 
warded a copy of the Dye in this connection. A 
deposit of £T5000 ( .) will be uired from each 
tenderer, who must also supply na of his financial and 
technical capacity for the work. Tenders will be received 
at the Ministry of Commerce and Public Works, Con- 
stantinople, up to 1 p.m. on March 14. 

Mexico: The following is an extract from a report 

by the Belgian Legation at Mexico, and published 
in the Bulletin Commercial, Brussels:—For some con- 
siderable time the Mexican Government have been dis- 
mg J the question of a comprehensive scheme of irriga- 
tion for i 


purpose of developing the 





resources throughout the country. There is no doubt 
that in many po the yield of agricultural uce 
would be trebled uy £2 suitable system of irrigation. It 
appears that a new Bill has just been laid before Parlia- 
ment, the effect of which is that the Government will 
take in hand, on behalf of farmers, surveying operations 
for land irrigation, and therefore it is not anticipated 
o_ Jand as poe will have any oy es 
the necessary capital to carry out the work. Investi; 
tions have po bes been conducted on an extensive an 
and a classification has been made comprising at present 
ten zones, each of which will be under separate manage- 
ment, but under the central control of the Ministry of 
Fomento. It is anticipated that the scheme will cost 
1,500,000 pesos (153, 5 annum, divided between 
the ten zones. The Bill stipulates that, before work is 
actually begun, those who will benefit thereby shall 
guarantee to pay the interest on the capital invested. 





WORKMEN’S COMPENSATION CASES. 
County Court. 

Redemption of Weekly Payments by Lwmp Sum.—It will 
be remembered that, although the payment of weekly 
allowances during incapacity is the common method of 
compensating workmen under the Act of 1906, there may, 
in vertain cases, be a settlement by payment of a lump 
sum in redemption of weekly payments. The law 
authorising such settlement of a claim is found in par. 17 
of Schedule 1 of the Act, which provides that, where 
any weekly payment has been continued for not less than 
six months, the liability may, on application on behalf of 
the employer, be redeemed by the payment of a lump 
sum of such an amount as would, if invested through the 
Post Office Savings Bank, purchase an annuity equal to 
75 per cent. of the annual value of the weekly eager 
where the incapacity is permanent. In any other case 
the amount may be settled by arbitration under the Act. 
Such lump sum may be ordered to be invested or other- 
wise applied for the benefit of the person entitled, pro- 
viding that nothing shall prevent agreements being made 
for the redemption of a weekly payment by a lump sum. 
A case illustrating this rule came before the Newcastle 
County Court on Dosentier 22, 1910, when Thomas Sloane, 
a riveter, asked for an award under the Workmen’s 
Compensation Act against Messrs. Swan, Hunter, and 
Wigham Richardson, Limited, shipbuilders. On Feb- 
ruary 21, 1910, the applicant got a splinter in his eye, 
by which the sight was very much impaired, and 
his capacity to gauge distances destroyed for the 
time. He could not work with the hammer as before. 
His fellow-workmen found this incapacity a hindrance, 
and refused to have him in the squad. In August, 1910, 
the employers, who had paid compensation for the 
previous seven months, uested his return to work, 
and the applicant tried it, but as he was practically a 
one-eyed man, and could not strike true, he was prevented 
from following his employment. His injury may not 
be permanent, and an award was made to compensate 
him with a lump sum of 60/. It will be noticed that the 
injured workman has no claim to be so compensated with 


) | a lump sum instead of a weekly payment. This provision 


of the Act is intended to provide an equitable settlement, 
and to release the employer from a continuing liability to 
pay weekly compensation at least six months after liability 

as begun. An employer can, after six months, compel the 
workman to submit to redemption according to this sub- 
section of the Act. The award as to the amount of the 
lump sum is entirely at the discretion of the County 
Court Judge. Redemption is often arranged voluntarily, 
but such agreement cannot be enforced by action. 

Partial Dependency.—In their awards under the Work- 
men’s Compensation Act the County Court Judges are 
most fair, not to say generous, to the dependants of a 
workman who meets his death by accident in the course 
of hisemployment. Their appreciation of the claims of 
those who are partially dependent is no less reasonable. 
This is shown in a case recently hefore the Derby County 
Court, when an application was made against the Parker 
Foundry Company by the daughter of an aged workman 
who met his death by accident. The employers admitted 
that the death was due to accident in the course of 
employment, but contended that the old man’s daughter— 
a@ married woman with an able-bodied husband—was at 
most only pertially dependent on her father. whose wages 
had been 16s. per week. The applicant’s husband was out 
of employment for a considerable time, and his wife and 
her five children were dependent on the grandfather to 
the extent of 12s. 6d. per week, which was their sole 
means of living at the time of the old man’s death. 
Many employers would have ignored the applicant’s claim 
on the ground that she was the dependant of her husband ; 
but in this case the sum of 80/. was paid into court, and 
the judge, taking the particular circumstances into 
account, agreed that the applicant and her family were 
the old man’s partial dependants, and allowed the daughter 
the sum of 70/. 

Injury by Burns causes Disease.— At the Consett 
County Court on December 22, 1910, there was tried the 
case of a workman who was injured about his chest and 
arms as the result of a flash of fire from an oven while he 
was working for the Otto Coke Ovens Company. The 
workman had been seven weeks in the infirmary, and, 
subsequent to this, his working capacity was interrupted 
by frequent outbreaks of skin ulcers and eczema. One 
doctor said this condition was not due to the burns, while 
another believed it was due to natural causes. The work- 
man had the benefit of any doubt, the County Court 
Judge holding that the burns sufficiently accounted for 
the inflammation of the skin, which gave the manso much 
trouble since the accident, and awarded him comnensa- 
tion of 7s. 10d. per week while not working, and the 


difference between his now and the wages before 
the accident, which were 8d. week. 

The Use of Firearms by Employees.—An interesting 
case was decided on December 22, 1910, by the Alston 
County Court Judge in favour of an applicant, when, on 
the facts, it did not ap that the accident to the work- 
man had happened in the course of hisemployment. The 
workman was a general labourer on an estate, and in the 
course of his duties had to use a shooting rifle which he 
owned himself. A screw on the rifle needed tightening, 
and in doing this repair work the rifle went off, and the 
——- lost his eye. As the rifle was the man’s own, 
and as he was not at the time using it for his employer, it 

ight at first seem that such an accident did not come 
within the purview of the Workmen’s Compensation Act. 
The Judge awarded the workman half his ordinary wages 
from the date of the accident till further order. It was 
held that the employer’s liability arose because part of 
the labourer’s duties comprised shooting over the em- 
ployer’s estate. This, of course, involved the occasional 
repair of the rifle. The screwing up, which caused the 
unlucky shot which destroyed the man’s eye, did there- 
fore arise out of and in the course of his employment. 

Inswrance Companies and Working Men under the 
Workmen’s Compensation Act.—In the City of London 
Court, on December 21, 1910, a workman applied to aave 
an agreement for a lump sum set-aside because it had 
been improperly obtained. The applicant had been 
receiving a weekly payment as compensation from his 
employers, and at the end of twelve months it was agreed 
that he should take a lump sum to release the employers, 
who were acting in the matter with their insurance com- 

. Astatement was filed in court that the applicant 
would be fit for his work within six or twelve months, 
and the applicant accepted a lump sum in settlement. 
Subsequent to this he realised that he was not recovering 
rapidly, if at all. The insurance company warned the 
applicant that if they paid him this lump sum he should 
not go to his solicitor, as he had spoken of doing, and 
this action the Judge severely censured. These settle- 
ments for a lump sum should never be made otherwise 
than frankly. There was in this case a suspicion that the 
applicant knew what he was doing, and had not been 
misled. The application was therefore dismissed and the 
settlement confirmed, but the Judge disapproved of the 
insurance company’s action in saying the workman was 
not to consult his solicitor. This is the kind of thing 
which should never happen in any case, whether or not 
any unfair advantage is intended. 








Pusiic Works In New ZEALAND.—The New Zealand 
Minister of Public Works (Mr. McKenzie) states that the 
funds available for public works in the current financial 
year amount to 3,812,366/., while the outlay is estimated 
at 2,855,000/. Some sixty-one miles of new railway were 
opened last year, and the total expenditure made on 
railway construction and equipment was 1,283,932/. It is 
oo to — 300,000/. in the current year for the 

evelopment of water power, a commencement being 
made with Lake Coleridge and the Hull, near Wellington. 
The electrification of the Lyttleton and Christchurch 
Railway is under consideration. High-power wireless 
telegraph stations, which it is supenell to establish, will 
have a range of 1250 nautical miles, so that it will be 
ible to maintain communication with stations in 
ydney and the Fiji Islands. 





Tur Epvucation or Convicts.—In connection with the 
education of both convicts and inmates of the Borstal , 
institutions, a novel experiment is being carried out by 
the Home Office. Early last February the International 
Correspondence Schools of London were permitted by 
the Prison Commissioners to undertake the tuition by 
correspondence of certain inmates of one of the Borstal 
institutions in order that the authorities might obtain 
some idea of the value of correspondence tuition as 
applied to our prison population. The results of that 
preliminary experiment have been such that the Inter- 
national Correspondence Schools have just received a 
letter from the Secretary of the Prison Commissioners 
stating that they are prepared to go further into the 
matter and to place certain convicts and lads in the 
Borstal institutions under the tuition of the schools. 
The — on whom this fuller experiment will be tried 
will be those whose general aptitude and length of sen- 
tence will permit of their finishing their courses before 
being released. The experiment, so far as it has gone, 
has, we understand, been watched with great interest by 
the prison authorities, and that they have determined to 
go more deeply into the matter is a striking tribute to 
the efficacy of correspondence instruction. The schools 
are throwing open to the selection of the authorities 
and prisoners nearly 150 different courses of instruction, 
covering practically every branch of commercial and 
industrial activity. The choice of a course of instruction 
for each individual will be determined, so far as is pos- 
sible, by the occupation which he hopes to follow on his 
release. The convicts studying these courses of instruc- 
tion will do so in their cells in the evenings, after the 
day’s work is done, thus providing for their leisure time 
an occupation which will not only be of profit to them 
on release, but a good mental stimulant while in prison. 
It is ible that the adoption of this system of educa- 
tion for the convicts may tend to remove the difficulty 
which at present exists in the way of finding suitable 
employment for those who are known to have the prison 
taint. Employers of labour will surely realise that men 
who, whatever their faults may have been, have studied 
hard and earnestly in order to fit themselves for better 
things, must have that spark of good in them which may 
help to turn them once more into honest, hardworking 
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Beer (red PATENT 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFTI- 
CATIONS UNDER THE ACT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned, the Specification is not 
illustrated. 
Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 
Copies of Specifications may be obtained at the Patent Office, Sale 
Branch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 
The date of the advertisement of the a ance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 
Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


AGRICULTURAL APPLIANCES. 


16,845/10. H. S. Rainforth, Lincoln. Thr - 
Machines. [5 Figs.) July 14, 1910.—This invention relates to 
sieves or screens for use in thrashing-machines comprising a 
plurality of frames provided with apertured slats or sieve sections, 
the frames being mounted at an inclination and so as to overlap 
one another, and being adapted to be moved simultaneously in 
opposite directions and alternately forwar ily and backwardly, and 
consists in means for imparting said movements to the frames, 
and to the combination with the frames of pivotally-mounted 
slats or sieve sections, B, B! represent the frames which support 
the sieve slats of sections A. The front frame B is pivotally con- 
nected at itsfore end by a pin toa link C; and the rear frame B! 
is pivotally connected at its rear end by a pintoalink D. The 
links C, D are pivotally supported by the machine frame E as at 
cl and d! respectively. The front frame B, at its rear end, is 
provided with a bracket L4, which is pivotally connected at its 
upper end to the upper arm F of a double link; and the rear 
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frame B, at its front end, is pivotally connected to the lower arm 
F! of the double link. The arms F,F! of the double link are 
mounted upon a short spindle /4, supported in a bearing arranged 
between the arms on the machine frame. The lower arm F'! is 
pivotally connected to a connecting-rod G connected to a crank- 

in on a fly-wheel H arran in advance of the rear frame B!. 

upporting and driving means are arranged on each side of the 
machine, and both fly-wheels are mounted on one main driving- 
shaft extending acrossthe machine. The fly-wheel on one side is 
adapted to be driven by a band I from a pulley J on the drum- 
spindle j!. The sieve-frames are arranged at a slight inclination, 
one in front of the other, and so that they overlap as aforesaid. 
Forks K are secured to the frames where they overlap and are 
arranged alternately to help loosen the straw and effect its 
separation. a! represents the downturned forward ends of the 
slats or sections, and a2 the recesses or apertures formed at such 
ends and arranged alternately on adjacent slats or sections, as 
shown in Fig. 3. (Accepted October 19, 1910.) 


ELECTRICAL APPARATUS. 


5117/10. Siemens Brothers’ ome Works, 
ited, Westminster, E. O. Kieffer, and K. W. 
Schaeffer, mo - Electric 8. 
{1 Fig.) March 1, 1910.—This invention relates to arrangements 
for ventilating dynamo-electric machines, whereby eddy currents 
in the air-streams which come into contact with the windings of 
the dynamo are prevented, a@ greater supply of cool air is 
obtained. It refers particularly to squirrel- induction-motors 
of the kind in which fan vanes project from the rotor core a con- 
siderably shorter distance than the stator winding projects from 





the stator core, and consists in a special form of fan in combina- 
tion with an improved arrangement of air-baffling or guiding- 
plates, _ The fan vanes suck in a current of air ina substantially 
radial direction, and deliver it in a more or less axial direction— 
that is to say, in a direction which is more or less parallel to the 
shaft of thedynamo. The rotor shaft is indicated by a, the rotor 
winding by b, the fan blades by d, and the curved rim by dl. The 
end shield is denoted by e, an extension or baffle-plate which, 
according to this invention, projects inwards tow: the rotor 





chamber b, which is substantially hemispherical, and an upper 
chamber a, preferably extending out 
form a flat parasol shape. 
arrangement is that the smoke ema 

effectually prevented from settling on the lower hemi 
part of the globe where the walls of the latter are in 
the arc, and are subjec' 
rays, and are therefore precipitated in the upper chamber, which, 
by virtue of its a 

the rays of light. By 


paraso! 
that it ie adapted to act as a lamp-shade, and, since the precipitate 
= ed perfectly white, also as a reflector. (Sealed December 22, 
1910. 


ternal-Comb 
—This invention relates to internal-combustion engines of the 
Knight type. The invention consists in an internal-combustion 
engine in which a cylindrical element surrounding a piston and 
adapted to reciprocate with regard to a fixed head, is given sub- 
stantially a simple harmonic motion to open or close ports for the 
expulsion of the exhaust 





of the stator winding by g. The air is drawn in horizontally 
through oblong slits in the lower part of ¢, as shown by the arrows, 
then sucked by the fan blades d through the fan, and turned 
simultaneously by the rim d! until it is ejected into the space k in 
@ more or less axial direction, as shown by the arrow. Finally, 
the air travels to the chimney at.the top of the motor, and is 
ejected. It will be observed that / effectually separates k from 
the air-intake passage. The extension plate f may, if desired, be 
fixed to the rotor, and may revolve with the latter; but in such a 
ease a small clearance would have to be left between / and e. 
(Accepted October 12, 1910.) 


22,930/80. The British Radio-T Bh and Tele- 
oo Com: , Limited, and J. G. Balsillie, 
don. Wireless Telegraphy. (3 Figs.) October 7, 


and 
con- 


1909.—This invention relates to means for transmittin, 
receiving signals by wireless tel y or telephony, an 


a particular character ; same operating to cut out the receiving 
apparatus during the tr ission of a ssag 
the transmitting eqqeertee when the message is being received. 
A spring-controlled key a is pivoted near its centre. One arm a? 
of the key serves to transmit signals, and is furnished with a 
contact c, which, when this arm is depressed, closes the primary 
circuit, while the other arm (a*)of the key carries at its extremity 
a terminal d insulated from the body of the key. To this terminal 
is attached the lead from the air-wire, as also that from one 
side of the receiving apparatus. Attached to the terminal d is a 
spring contact d!, so arranged that, on depressing the opposite ex- 
tremity of the key, contact is made through the spring d! with a 
terminal connection e mounted upon the base-board. To the 
terminal e is attached the other lead from the receiving apparatus, 
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as also a lead through a high-tension condenser to earth. Upon 
depressing the arm a2 of the key, the primary circuit is closed by 
the contact ¢c, and the receiving apparatus is cut out from the 
air-wire, and short-circuited by the contact d! engaging with the 
terminal connection e. Upon releasing the arm a* the key auto- 
matically resumes its normal position, whereupon the contacts 
ec and d! become broken, and respectively open the primary circuit 
and break the short circuit round the receiving apparatus. A key 
of the character described is appropriate for use with an electric 
circuit such as that represen by the diagram, Fig. 2, d and e 
being the terminals, c the contact of the key, f the receiving appa- 
ratus, g the air-wire, h the transmitting apparatus, i the primary 
circuit, k the ground connection, 1 the oscillating inductance 
for the transmitter, » a spark-gap in the secondary oscillating 
circuit, and p a high-tension condenser in the same circuit. When 
the key is depressed for transmitting, the high-potential current 
traverses the small spark-gap m, and forms an oscillating circuit 
tm dep, the receiving apparatus being, at the same time, short- 
circuited. When, on the other hand, the key is released and the 
apparatus is in condition for receiving, the current of minute 
potential collected by the air-wire is unable to traverse the spark- 
gap m, with the effect that the transmitter is cut out, the circuit 
then being g fpk. (Sealed December 22, 1910.) 


5561/10. T. L. Carbone, Berlin, a 
Lamps. [1 Fig.) March 5, 1910.—This invention refers to 
globes for arc-lam According to the present invention, a two- 
chambered globe is employed, and consists of a lower chamber 
substantially hemispherical and disposed so that its surface is 
approximateiy equidistant from the arc at all points, and an 
ae chamber made in the shape of a > extending over the 

ges of the lower chamber. I is the casing containing the 
mechanism for feeding the carbons. ¢,¢ are the carbons which 
protrude downwards through the bottom of the casing / and 
converge. The globe g is shaped to form two chambers—a lower 
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on all sides, so as to 
In operation the result of this 
nerated in the arc are 
herical 
roximity to 
to more or less normally impinging 


is protected against any direct impact of 


giving this upper chamber a shape like a 
1, as shown in the drawing, the further advantage is obtained 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


106/09. F. W. Lanchester, Birmingham. In- 
= ustion es. (6 Figs.) October 9, 1909. 


by its movement relatively to the 





core until it nearly touches the fan wheel, by /, and the hang-out 





head. The invention a consists in an internal-combustion 


sists in a device applicable for use in conjunction with a circuit of | 


, and to cut out | 


| engine having exhaust ports in a reciprocating sleeve in which 
| the admission of the charge to the engine is effected by 
means independent of the reciprocating sleeve. A sleeve a 

| surrounds the engine-piston 6, and ¢ is a member analogous to a 
| cylinder head which is fixed in the axial direction. The piston is 
ted toa ting-rod and a crank-shaft of the usual type 

and reciprocates within the sleeve a, which forms the cylinder of 
the engine. The sleeve also is caused to reciprocate, being con- 
nected to an eccentric driven from the crank-shaft, and therefore 
receiving substantially simple harmonic motion, neglecting the 
angularity of the connecting-rod, and thereby opens and closes a 


Fug.1. 














port or ports ¢ formed in the wall of the sleeve by causing these 
ports to move clear of or overrun the fixed headc. The above 
ports serve as exhaust ports, the burnt gases passing directly into 
the at phere, as no exhaust-pipe is provided. The admission of 
the charge to the engine is effected by means independent of the 
reciprocating sleeve a—that is, the admission of fuel is not con- 
trolled by the movement thereof. According to one method, the 
admission of the charge to the engine is made through an ordinary 
spring mushroom-valve f mounted in the fixed head, the com- 
bustible being led to this valve either through the supporting-tube 
h or by a separate pipe. (Sea’ed December 22, 1910.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


22,411/09. C. H. Gray, Silvertown. Driving-Belis. 
{4 Fiys | October 1, 1909.--The present invention relates to an 
improved type of compound driving-belt, and consists of the com- 
bination with an inextensible non-metallic core surrounded by a 
flexible cover of rubber, or rubber compound or substitute, of more 
than one fastening device embedded in the belt. The drawings 
represent a Y-belt composed of an inextensible non-metallic core 
B surrounded by a flexible rubber cover A. The covering may be 
extensible or not, but must be sufficiently flexible to bend round 
the engine-pulley. The core B must be flexible, but must also be 
inextensible, so that it will transmit energy without stretching. 
The core B may be of any suitable non-metallic material fulfilling 
the necessary conditions ; it is preferably made of the well-known 
Palmer cord used in the Palmer cord pneumatic tyres. The ends 
of the belt as a whole are united by fastenings of any yy 
kind, but a fastening device as shown in Figs. 1 and 2 been 
found suitable. To each end of the non-extensible core is attached 
two-part fastening-clamps C which are fastened together by a 
hook D. These fastenings C consist of two members, a flat plate 
C! ribbed to obtain a firm grip upon the core B, and a hollow 
plate C2, in the hollow of which the core B is accommodated, 





he member ©? is also ribbed, and has its sides ©* project- 


Fug. g. 
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ing a sufficient distance to form a _ recess of the right 
depth for the size of core employed. ©? has a suitable 
nuinber of prongs C4 adapted to pass through holes O° in the 
plate ©}, and rive over upon the back of that plate, 
as shown in Fig. 1. The plate C! has a hole C® in its end, with 
which a hook D engages, as shown in Fig. 1. This hook D may 
be an entirely independent hook, gripping the fastener at each 
end of the belt, or it may form part of one fastening C!, which 
would then hook into the hole or loop 06 of the other. Each end 
of the core B is provided with at least one fastening, but, as 
shown in Fig. 1, it is intended that at least one end, and prefer- 
ably both ends, will be provided with more than one fastening, 
two or three being a convenient number. All the fastenings, of 
whatever particular construction they may be, are completely 
embedded during the manufacture in the covering A of the belt. 
When it is desired to fit the belt to a machine, the cover A is cut 
away at both ends, as far as* it is necessary, to —- the loop or 
hook portions ©®, so that the ends may be connected. Should the 
belt be too long, the covering A is cut baek further still, so as to 
expose a fastening further in the belt, the projecting portion of 
the core being also removed, 80 that, as the case may be, the 
second or third fastening C is sufficiently exposed. (Sealed De- 
cember 22, 1910.) 


MINING, METALLURGY, AND METAL- 
' WORKING. 


29,762/08. Anderson, 

A. Anderson, Methorweil, 
(8 Figs.| December 20, 1909.—This invention relates to disc- 
wheel coal-cutting machines of the kind in which the picks or 
cutters are held in removable and reversible boxes dovetailed to 
the rim of the cutter-wheel. The box A is bevelled on both sides 





| in correspondence with the inclination of the sides of the dove- 


tailed recess, and is 80 dimensioned that when one end is inserted 
in place the other end can be dropped the corresponding 
overlap, 80 that the box may rest on the k c of the dovetailed 
recess. The box A is provided, as usual, with orifices to receive 





the cutters ¢, and preferably with side-flanges to steady the same 
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laterally against the rim of the wheel. Each box is held firmly in 

ition by means of a key g, which is inserted into the 

tween the sides of the box and of the recess, and into a cavity j 
beyond, the key being locked by means of a cotter-pin doopged 
into an orifice in the rim of the wheel, and engaging a recess in 
the key. To permit of reversibility of the boxes the cavity j 
for the key and the orifice for the cotter-pin are duplicated at 
the opposite side of the recess. (Sealed December 8, 1910.) 


a a H. D. Shrimpton 
Newark. Valve Mechanism. 
1909. —This invention relates to Lerrm g n which the motion of the 
valve controlling the inlet and outlet of the actuating fluid to and 
trom the driving cylinder is obtained partly by mechanical means 
and partly by fluid pressure. In carrying out this invention, a 
valve of the piston type is provided and consists of two distribut- 
ing pistons a, a p near to each other on a valve spindle b. 
Towards each end of the valve spindle are ted auxiliary 
istons c, c, and between these auxiliary pistons and the distri- 
uting-pistons are balance-pistons d, d. All these pistons are 
fitted to slide in cylinders formed in the valve-chest e. The 
= a control the inlet and outlet of the working fluid to and 
rom the main cylinder f of the pump, and the pistons c control 
the movement of the pistons a, whereby the whole valve is moved 
from end to end of the valve-chest e at the desired instant in 
order to bring about the reversal of motion of the driving piston 
in the main cylinder to obtain continuous working of the pump. 
The function of the pistons d is to place the ends of the 
valve alternately in equilibrium at a certain period during 
each double stroke. The cycle of operations for one complete 
double stroke is as follows:—As shown in Fig. 1, the main 
piston g is ont downwards, the piston-valve having been 
previously moved into the lowest position. The piston a has 
uncovered the main port ¢ leading to the top of the main 
cylinder f. Steam is thus admitted through a pilot port j to the 
top side of the main piston g, starting it on its downward stroke. 
Simultaneously the other main port ¢ is opened to exhaust from 
the lower end of the main cylinder. The main piston f during 
its stroke passes an equilibrium port k (see Fig. 2), admitting steam 
to the between the piston ¢ and the Pp ton d at the top end 
of the piston-valve. This places the whole of the valve in 
equilibrium. A lever pivoted to a bracket secured to the cover 
of the main cylinder is made to embrace loosely the valve 
spindle 6, and the valve spindle is also provided with adjustable 
—. The other end of the lever is connected by a link to a 
collar secured upon the main piston-rod g!. The continued 
downward movement of the main piston g causes the lever to 


and W. J. Weir, 
10 Figs.) December 23, 
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strike the upper tappet arranged on the valve spindle outside 
the steam-chest, forcing the complete valve upwards and un- 
covering a port o in the lower piston c (see Fig. 2). This admits 
steam through the port o! into the space below the said lower 
piston, whereby the sum of the pressure acting upwards is in 
excess of the pressure acting downwards, and, consequently, the 
whole valve moves bodily in an upward direction. During the 
upward motion, the port o in the upper piston c is placed in 
communication with the upper equilibrium port k, and the 
steam in the space between it and the upper end of the 
valve escapes to exhaust. The cycle of operations is then 
repeated for the bottom end of the cylinder, driving the main 
piston g again to the top end of the cylinder, thus completing an 
entire revolution. The ports p are for steam to carry the valve 
over the remaining portion of its stroke, also to hold the valve in 
position until a to make the return travel. In order to 
ensure that the main piston g will maintain a full stroke in either 
direction, the ports o!, or the ports 0, are cut in an oblique direc- 
tion, by which means the relative positions may be varied by 
either turning the liners in which the ports o! are bored, or by 
turning the complete valve. By this means the motion of the 
entire valve may controlled within any desired limits, and the 
reversal of the main piston controlled thereby. Exhaust ports q 
are placed up some distance from the end of the cylinder in 
which the pistons c work, in order that a certain quantity of the 
working fluid may be imprisoned at each stroke of the valve at 
each end of the steam-chest, preventing knocking of the valve by 
reason of the cushioning effect of the working fluid, so that 
the valve will work noiselessly. In like manner the cushioning of 
the main piston g is a by placing the main ports + at 
a certain. predetermined distance from the ends of the main 
bbe oe 7 J, the exit of the steam after the main piston has 

the said ports being controlled by a cushion-valve r in such 
(Sealed December 22. 
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manner as is usual in this class of pump. 


RAILWAYS AND TRAMWAYS. 

11,691/10. A. G.S, , Loadon. Central Buffin 
and Draw-Gear. [3 Figs.) May 11, 1910.—According to 
this invention, central buffing and Craw-gear comprises a com- 
bined buffing and draw-spring consisting of india-rubber ring- 
like bodies of oblong form with rounded corners, and plates or 
rings arranged in the heretofore usual manner between thrust- 
aap me by a stirrup-shaped holder fixed to the draw-rod. 

ese spring’ may comprise a number of separate spring elements, 
each consisting of two or more ring-like bodies of the said form 
arranged one within the other a short distance apart, and a per- 
forated plate moulded into them, and separating-plates arranged 
between each of the spring elements and the adjacent one. a 
and b are tubular bodies of india-rubber arranged one within the 
other a short distance apart, and c and c! are perforated plates of 
metal securely held in the rubber. The rubber of the ies a 
and / extends through the perforations of,the metal plates c and 
and c!, and such plates hold the rubber bodies the desired distance 
apart. Between the rubber bodies the plates ¢ and c! can be 





formed, with other perforations that allow air to freely pass to and 
from the several annular spaces formed by and between the rubber 
bodies a and b and the metal plates ¢ and c!, The india- 
rubber tubular bodies of the spring are of oblong form, with 
rounded corners, and the complete spring is adapted to be placed 
between the thrust-plates r which with the spring are culaetel 
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by a stirrup-sha holder s fixed to the inner end of a draw-bar | 
that extends through the headstock of a railway wagon, the | 
outer end being provided with a coupling-head. Brackets v | 
riveted to the longitudinal members w of the underframe form 
stops for the thrust-plates r, and bars xz fixed to the brackets v | 
constitute top and bottom guides for the spring, which is guided | 
in a lateral direction by the members w. (Accepted October 19, 
1910.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


24,924/09. W. Weir,Glasgow. Feed-Water Heaters. 
{1 Fig.] October 29, 1909.—This invention relates to feed-water 
heating systems particularly adapted for use on board war vessels 
and the like, of the kind wherein a centrifugal pump is arranged 
within the suction-pipe leading to the feed-pump or —- for | 
the purpose of augmenting the pressure therein, and has for its | 
object to provide an improved system of this kind. According to 
this invention, in case the centrifugal pump should from any cause 
stop or break down, a by- ipe is provided, having a very | 
light non-return valve in connection with the pump, thus enabling | 
the feed-pumps to draw automatically their supply without it 
passing through the centrifugal pump. A feed-tank 1 has | 
arranged upon it any ordinary type of feed-water heater 2, or, if | 
desired, the feed-water heater may be fitted toa separate bulk- | 
head, but always ina position above the level of the feed tank 1. 
The usual air-pumps are arranged to di:zcharge directly into 











the feed-water heater 2, and the auxiliary engines of the vessel 
are caused to exhaust into it oo the stop-valve 4. The 
heated feed-water flows into the tank 1, from which the feed- 
pumps 9 draw their supply through the suction-pipes 5,8. In 
the suction-pipe 5 a small eg pump 6 is arranged, shown 
as driven by the steam-engine 7, the said pump, when in opera- 
tion, maintaining a ure of from 5 lb. to 10 Ib. in the pipe 8, 
the suction-pipe of the feed-pump 9. In case, however, the centri- 
fugal pump 6 should from any cause stop or break down, a by- 
pass pipe 10 connecting the suction-pipes 5 and 8 is provided, 
the said by-pass having a lightly loaded non-return valve 11 
therein, shut-off valves 12, 18 being placed on the suction and 
discharge sides of the pump 6. With this arrangement, in cases 
of emergency, the steam is shut off from the heater 2, the valves 
12, 13 are closed, and the feed-pumps are able to draw their 
supply through the by-pass pipe 10 and the non-return valve 11. 
(Accepted October 19, 1910.) 


TEXTILE MACHINERY. 


693/10. O. Hibbert, Hyde. Mule Carriages. (3 Figs.) 
January 11, 1910.—This invention has for object to avoid danger 
of injury to an operative being caught between the carriage and 
any of the stops on either the outward or inward run of the 
carriage. According to this invention, the ordinary stops are 
dispensed with, and secured to the floor or to the rail underneath 
the creels is a trough as b, said trough extending a suitable 
distance from where the back @* of the mule carriage @ would be 
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situate when at the end of the return run, as shown on the 
drawing, to a sufficient distance to permit of a rod c attached to 
the underside of the carriage by a bracket as d and inserted in 
said trough, to traverse the necessary distance before the carriage is 
stopped on the outward run in the direction indicated by the 
arrow. At the end of the trough / a regulating stop e is inserted, 
which can be adjusted according to the traverse that is required 
of the carriage on the return run, the position of the carriage at 
the end of the outward run being regulated by adjnsting the 





regulating stop e*, which abuts against the right-hand end of the 
trough b. (Accepted October 12, 1910.) 


22,980/09. T. Barbour and D. Crosbie, Belfast. Gill- 
Boxes. {7 Figs.) October 8, 1909.—This invention relates to 

ill-boxes as employed in the preparation of fibres, the object 

ing to ensure the regular consecutive transit of the fallers from 
screw to screw, and to prevent the fallers dropping from the top 
screw when delivered thereto by the tappets at the ends of the 
bottom screws. The invention comprises an improved construc- 
tion and combination of screw and tappets, and yielding or elastic 
guides and cushions for the fallers operated thereby, and is 
specially designed for boxes in which the fallers travel at a high 
speed, being operated by double-threaded screws. Top screws 1 
are employed in which a portion of the circumference has been 
removed at the point where the tappets 2 on the ends of the 
bottom screws 3 strike, as shown at 4, and the faces of the tappets 
2 are made broad and strong, being at least as broad as the fallers 
6 which they lift, and thus the obvious defects of narrow tappets 
are avoided. At the points where the fallers 6 pass from screw to 
screw, yielding or elastic guides 7 are provided for preventing the 
fallers 6, lifted by the beaks of the tappets 2 from the bottom 
screws 3 to the top screws 1, from falling back. The guides 7 at 
the back or point where the fallers 6 rise from the bottom into 
the top screw preferably consist of a casing 8, containing a spring 
encircling a spindle 10 connected with, or forming part of, the 
guide 7, as shown in Fig. 3, and these guides 7 have their ends so 
formed, or have curved or inclined faces, and the guides 7 are 
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pushed back or inwards by the passage of the fallers 6 until the 
fallers 6 rise above them, when the springs shoot them forward 
below the fallers 6, which are thus prevented from falling. The 
guide 7 may be actuated by a flat spring 8a instead of the spring 
shown. At the front point where the fallers 6 pass from the top 
screws 1 to the bottom ones 3, the guides consist of curved steel 
springs 10 fixed at their lower ends to the beam 11, and carried at 
their upper ends by the front block supporting the ends of the 
screws, and the upper ends of the springs 10 are pressed against 
the descending fallers 6 by means of a small spiral spring 12, and 
these springs 10 act on, or lie in, grooves 13 in the faller-heads ; 
the fallers 6 are thereby steadied, and endwise movement is pre- 
vented as the fallers 6 from screw to screw, and at the same 
time the curved or inclined surfaces 14 of the springs 10 guide the 
fallers 6, so that they are presented at the proper angle to enter 
into the threads of the bottom screw 3. When the fallers 6 are 
caused to travel at a high speed, undue wear and tear is obviated 
by _——— cushions of leather 15 at the point where the fallers 
6 drop on to the bottom slide 16, and the cushions 15 being 
slightly higher than the bottom slide 16, the impact is absorbed 
by the cushions before the fallers 6 actually come into contact 
with the rigid slides 16. The cushions 15 are carried on the spring 
spindles 17, supported in brackets 18 attached to the beam 11, 
and provided with screw adjustment forregulating the pressure of 
the springs. (Accepted October 19, 1910.) 


MISCELLANEOUS. 


27,048/09. A. R. Robertson, Glasgow. Cen al 
Machines. [4 Figs.) November 22, 1909.—This invention pro 
vides a buffer-bearing device in which two distinct members are 
employed between the centrifugal machine-spindle and its support, 
the one to control oscillation of, and the other vibration of, that 
spindle. The improved device renders the application of driving 
means, or of a brake, at or near the point about which the spindle 
oscillates more readily possible than in hitherto known construc- 
tions. According to this invention and to this end, the spring- 
controlled spherical part and its spherical seating are inverted ; 
that is to say, the centre from which the spherical parts are struck 
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is beneath their co-acting surfaces instead of above them. The 
centre C, from which the spherical part A and its spherical seating 
B are struck, is, as indicated by the dotted radius D, beneath their 
co-acting surfaces instead of above them. Thus the means, trans- 
mission, and it may be also a brake, may very conveniently be 
arranged as nearly as may be in the plane indicated by the dotted 
line E, in which lies the centre C, which is, of course, the centre of 
oscillation of the spindle F. The spindle F is supported in the 
spherical part A in any convenient form of bearing, while that 
part is supported from the seating B by a series of springs G of 
sufficient strength to support the load of the machine and give 
adequate controlling friction. (Sea ed December 22, 1910.) 
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Engineering Construction in Steel and Timber. sf 
WituiamM Henry WARREN, Whitworth Scholar; M. 
Inst. C.E.; M. Am. Soc. C.E.; Member of Council of 
the International Society for Testing the Materials of 
Construction ; Challis Proseser of Engineering and 
Dean of the Faculty of Science and Engineering, 
University of Sydney. Second Edition. London: 
Longmans, Green, and Co. [Price 18s. net. ] 

Tue first edition of this work appeared in 1894 ; 

since that time some little progress has been made 

in a knowledge of materials, and methods of calcu- 
lation and construction. For this reason alone 
the present edition may—indeed does—claim atten- 


tion, owing to the inclusion of new matter, apart | 


from which consideration the older parts have been 
revised, the result being practically a new book. 

The title of Professor Warren’s work is somewhat 
more general than is warranted by the contents of 
the volume, which relate chiefly to bridge and 
roof construction; the scope of the book may, 
therefore, be better understood by a brief sum- 
mary of its contents, with occasional comments 
thereon. 

The opening chapters—of nearly eighty pages— 
dealing with the nature of stress, and the properties 
of materials treated, give an excellent presentation 
of the facts, and includes the results of compara- 
tively recent repetitive and impact tests of metals, 
and investigations of hardness, toughness, and 
brittleness ; timber also receiving a large measure 
of attention. The solution of stresses in framed 
structures, bending moments, and shearing stresses 
are clearly handled, a great variety of cases being 
elucidated ; the method of influence lines is intro- 
duced, and explained in connection with this class 
of problem. 

The behaviour of beams, previous to reaching the 
limit of elastic flexure, and after, is well treated, 
together with the moments of inertia of a section, 
and moments of resistance, useful graphic solutions 
being introduced, in addition to the analytical treat- 
ment. It may not, however, be out of place to 
say it is a pity that writers on the phenomena of 
bending, and the analysis of these phenomena, 
do not better explain some of the terms used. 
There is reason to believe that many students are 
greatly bothered by the adoption of terms properly 
applied only in dealing with dynamical questions, 
and used only because the quantities dealt with may 
be expressed by similar mathematical conventions, 
though expressing widely dissimilar ideas. Pro- 
fessor Warren does something towards making 
these matters more clear than is the case with many 
authors, but he still leaves something to be desired. 

Passing to practical construction, small timber 
bridges are dealt with in sufficient detail, giving a 
very complete idea of the methods adopted by the 
Public Works Department, Sydney, with respect to 
this class of work. 

The calculation of various forms of roof trusses is 
treated, as is commonly the practice, by graphic 
methods, but no space is devoted to details of con- 
struction. Braced girders having parallel flanges 
are dealt with by the simplest methods, which, 
though sufficiently exact for practical purposes, are 
not precise, as the author is careful to point out. It 
is, indeed, a feature of this book that where a simple 
solution is permissible it is, as a rule, presen 
in preference to one that is more elaborate, having 
only an academic claim to superiority. Stresses 
in the members of bow-string and polygonal girders 
are treated both by the method of moments and 
by reciprocal figures, the processes being explained 
with sufficient fulness. A chapter on the slope and 
deflection of beams closely investigates this some- 
what difficult question, in which flexure due to web 
stresses is included. The principle of work is ex- 
plained in this connection, and is utilised in the 
inquiry. Following this we have a chapter on con- 
tinuous girders, dealing with a variety of cases in 
considerable detail, and concluding with some 
remarks on cantilever bridges. 

_ The treatment of columns summarises available 
information in a useful way, the principal for- 
mulee in use are investigated, and practical results 
examined, ending with some general comments 
on column formuls, and tables giving the pro- 
perties of typical sections. The chapter upon 
riveted joints is instructive, and contains new 
matter based on experiments made by the author, 
and resulting in the design of a novel form of 
grouped joint for girder - flanges. The conclu- 
Sions of the author (page 300) with respect to the 





unequal transference of stress to the outer covers 
of a = joint need, it may be contended, 
some qualification in cases where bending is pre- 
vented by rigid attachment of the jointed plates to 
other parts of the structure, as in the case of girder- 
flanges to a continuous plate-web. It is to be 
observed with satisfaction that a somewhat question- 
able form of flange-joint appearing in the previous 
edition is, in this, eliminated. The pages devoted 
to wind-pressure, while giving a summary statement 
of the condition of knowledge down to recent years, 
seems rather to overstate the case with respect to 
high structures, except, perhaps, those in positions 
of abnormal exposure. Particulars recently con- 
tributed by M. Bret to Le Genie Civil, based on 
observations made at the upper platform level of 
the Eiffel Tower, show that cast-iron plates intended 
to blow over at pressures ranging from 11 Ib. to 55 1b. 
per square foot, advancing by 11-lb. differences, 
resisted overturning as to the three higher values, 
the 22-lb. plate being only once upset during the 
period over which the observations extended. The 
flexure of the tower under wind pressure is also 
very greatly less than that anticipated, violent gusts 
of wind of high velocity have a less effect upon 
the tower than lesser winds of greater persistence. 
Further, during twenty-two years (down to 1906) the 
highest pressure recorded at the top of the Forth 
Bridge has been 65 Ib. per sq. ft., corresponding to a 
pressure on omy indies surface probably not 
exceeding 40 Ib. per sq. ft. 

Methods in practical use of ascertaining the 
maximum bending moments and shears of girders 
and trusses are developed at some length. For 
the investigation of these problems we are largely 
indebted to American writers, to whose labours the 
author freely refers. Three examples of typical 
bridge structures are worked out in detail, covering 
about forty pages. A short chapter on :swing- 
bridges, making no pretence to fully deal with the 
subject, contains useful matter touching upon 
special points of difficulty in this class of structure. 
About sixty pages are devoted to the ‘consideration 
of arched and suspension bridges having free or 
fixed ends, hinged or continuous at the centre, and 
treats an avowedly difficult branch of design in 
much detail, giving by way of fully-worked example 
the case of a three-hinged arch. 

Professor Warren’s book is a welcome addition 
to bridge literature. While presenting, as a book 
of many pages on such a subject is likely todo, much 
that is to be found in earlier works, there is also a 
fair amount of original matter. 

Though mathematics of an advanced kind are 
freely used, yet a great part of the subject is 
treated, and many examples worked, by quite 
simple methods, so that the book will appeal to 
students of widely differing attainments in this 
respect. The os pg matter is, however, 
somewhat unequal as to lucidity. There are pages 
in which, if the reader does not readily follow the 
mathematical demonstration, he will not be greatly 
helped by the text. 

The book is well got up, the letterpress makes 
easy reading, the diagrams are clear and open, and 
many folding plates illustrate the practical examples. 
Both the contents table and the index are good. 





Crystalline Structure and Chemical Constitution. By 
A. E. H. Turron, D.Sc., M.A., F.R.S. London: 
Macmillan and Co., Limited. [Price 5s.] 

Dr. Totton’s ‘*‘ Crystalline Structure and Chemical 

Constitution,” a well-illustrated, well - printed 

octavo volume of 200 pages, forms one of the most 

interesting of Messrs. Macmillan’s science mono- 
graphs. The astounding discoveries of strange 
radiations have withdrawn attention from progress 
in other fields of science, slower and less sensational, 
but not less important and more reliable. Thanks 
to the researches of men like Dr. Tutton we begin 
to understand the relations which, as everybody 
felt, should hold between the geometrical forms of 
crystals, their internal structure, and composition. 
It is only during the last two decades that this 
knowledge has been worked out ; how this has been 
achieved, and what we may now consider as esta- 
blished, is very well explained in this volume. New 
instruments had to be devised, the means of pre- 
paring crystals for research had to be perfected, 
and systematic determinations had to be made of 
crystal angles and of many ——— optical, 
and physical constants. In all these fields Dr. 

Tutton has taken a leading position ; his spectro- 

— illuminator, his interferometer, dilatometer, 

and elasmometer are remarkable instruments, and 


his systematic researches on the physical and optical 
constants of the crystals of simple and double 
sulphates and selenates are unique. 

In the first year of the nineteenth century, Abbé 
Réné Haiiy, the founder of crystallography, taught 
that to every specific substance of definite chemical 
composition there appertained a peculiar character- 
istic crystalline form. Twenty years later the great 
chemist and profound scholar, Eilhardt Mitscherlich, 
suggested that elements of the same group gave 
‘*isomorphous ” crystals of the same shape. fie had 
studied the phosphates and arsenates of potassium, 
caesium, rubidium, and had observed that the com- 
pound ammonium, which is closely allied to the 
alkali metals, may replace them in their salts with- 
out apparent change of their crystalline form. He 
did not fail to notice that the respective crystals 
differed slightly, and did not, in his later years, 
insist upon rigorously equal forms. But there 
seemed to remain a contradiction between Haiiy 
and Mitscherlich. We believe now that they were 
both right. There are slight differences in the 
crystals of members of the best characterised 
natural groups of elements, differences too small 
sometimes to be detected by the older methods, 
yet amounting, in the angles and inclinations of 
the axes, to as much as a few degrees of arc in the 
lower systems of symmetry. But there are always 
differences, and these differences are functions of 
the atomic weights in the ordinary progressive 
manner. Again, the same differences come out 
characteristically in the thermal deformation con- 
stants, in the changes noticed on heating similar 
crystals. 

It may not appear strange that elements which 
resemble one another as closely as the alkali metals 
potassium and caesium should occur in almost iden- 
tical crystals. That ammonium, a compound of 
nitrogen and hydrogen, and also thallium, a remote 
member of the same group, give very similar 
crystals, is, however, striking. Again, the salts of 
sulphuric acid and of selenic acid, in which selenium 
may be said to have been substituted for the similar 
element sulphur, are more or less isomorphous. 
We may conclude, then, that specific chemical sub- 
stitutions are accompanied by definitely orientated 
changes in the crystalline structure, indicating that 

rticular atoms occupy definitely localised positions 
in the molecule and in the crystallographic unit. In 
the modern conception of the space-lattice system, 
which Bravais, Sohncke, Schonflies, Von Fedorow, 
and quite recently Barlow and Pope, have deve- 
loped, the molecular cell may be said to be the 
elementary parallelopipedon of the space-lattice. 
The atoms composing the molecule assume definite 
positions within the crystal. The mode of arrange- 
ment of similarly or alternately (left and right- 
handed symmetry) orientated molecules governs 
the crystal system (the seven system of sym- 
metry), while the grouping of the atoms within 
the molecule governs the class of crystal. There 
are thirty-two possible classes of crystals. These 
thirty-two classes are those which correspond to the 
230 possible modes of homogeneously partitioning 
space. The unit of chemical combination is also 
the ultimate unit of crystal structure. That idea is 
only confirmed, and not disproved, by the discovery 
of the composite nature of the atom. It was for- 
merly suggested that the atoms moved within the 
molecule when the substance congealed into a 
crystal. Itseems more probable that the corpuscles 
in the atom are in a state of organised motion, in 
regular accretions of cycles as the atomic weight 
rises, but that the atom, as a whole, does not move 
within the molecule when in the solid state. 

These are some of the conclusions at which Dr. 
Tutton arrives. To understand the justification of 
the conclusions one has to follow him through his 
painstaking measurements, of all kinds of crystals 
especially prepared for the particular line of study. 
It is the method by which modern theoretical che- 
mistry and the chemistry of colouring matters, of 
therapeutics, and of rubber have become possible. 





Canals and Traders ; The Argument Pictorial. By E. A. 
Pratt. London: Messrs. P. 8. King and Son, Orchard 
House, Westminster. [Price 1s. net.] 

Our readers will doubtless remember that, at 

the time of its publication, we commented upon 

the ineffectiveness of the final report of the recent 

Royal Commission on Canals and Waterways. 

This report, the result of nearly four years’ labour 

on the of the Commission, met with a recep- 





tion at the hands of the — which can only 
correctly described as altogether lacking in en- 
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thusiasm. It is quite true that at the time of its|is said about the number e, the student is likely to Bolirips ~~ Crastelehte Ad ay teen und Pamesirte. Jahr- 
issue attention was diverted from the subject, |be mystified wherever it occurs, especially as he . a a. fag eg A pen aed ; gg OO Foor S 


being wholly centred then on the political situation. 
This may be taken as the only reason why no more 
was heard in the way of criticism, for under ordi- 


nary circumstances, a report containing so many | par 


unprecedented propositions, based on principles in 
which a large section of the community have no 
faith whatever, would assuredly have attracted 
greater notice. 

No expert is required for the detection of the 
host of weak points studding this report, but in- 
asmuch as there exists a general reluctance to wade 
through ponderous Blue-Books, the succinct 
criticism that appears in the little book before us, 
from the pen of so ready a writer on this subject 
as Mr. Pratt, will doubtless serve the useful purpose 
of making them known to a wider circle of the 
public than would otherwise be reached. Mr. 
Pratt has made a special study of matters affecting 
internal transport, and previous works of his on the 
subject are well known. His facts are usually so 
marshalled as to bring the reader to the very heart 
of the matter without superfluous verbiage. In 
the present instance his argument, carefully rein- 
forced by liberal quotations from various parts of 
the report, is assisted by numerous well-chosen 
illustrations. As most people are not familiar 
with the intricacies of the problem of resuscitating 
our inland waterway system, these will doubtless 
convey a truer appreciation of the difficulties 
that would have to be faced than would be possible 
with words alone. The term — may, in 
fact, be applied to the work as a whole. 

It may be well to refer to just one example. 
The proposed scheme centres in the Birmingham 
and Wolverhampton district. The canals of this 
district are suitable for boats of less than 14 ft. 
beam only, and their widening would be so costly 
that even the Commission hesitated suggesting 
that they should be included in the improvement 
scheme. The actual position is made clear by one 
of Mr. Pratt’s maps, on which we have had the 
curiosity to draw into scale a circle of rather less 
than 15 miles in diameter. . Such a circle includes 
Birmingham, Wolverhampton, Pelsall, Halesowen, 
&c., and within this limited area may be counted 
no less than 179 locks and 10,856 yards of 
tunnel. Of the latter, the greater part is only 
large enough to admit of ‘‘ legging ” as the means of 
propulsion. This, at the very heart of the area 
which is expected to benefit most by the proposed 
scheme, must effectually damp any hope of economy 
from the use of larger boats than are now common, 
except on the lower portions of the main routes, 
which raises at once the question of transhipment 
and its attendant inconveniences. Although lack 
of space precludes great detail on many interesting 
points, Mr. Pratt’s book will serve to reveal, to the 
uninitiated, the apparent hopelessness of the situa- 
tion, and may, we hope, edify that section of the 
community which appears to have convinced itself 
that the renovation, at any expense, of our inland 
waterways will usher in an era comparable only 
with the most optimistic representations of the 
looked-for millennium. 





Practical Curve Tracing, with Chapters on Differentiation 
and Integration. By R. Howarp Duncan, A.R.C.Sc., 
Assistant Lecturer in the Engineering Department, 
the University of Leeds. London: Longmans, Green, 
and Co. [Price 5s. net.] 

Tue title of this book is perhapsa little misleading. 

The only method of curve tracing explained is that 

of plotting a curve on squared paper, or logarithmic 

paper, from a series of points with given rectangular 
co-ordinates. What the book really contains is an 
elementary introduction to the subject of graphs. 

It covers the ground which is easily accessible in a 

clear and practical way, and it can be recommended 

for the use of the engineering student whose 
education in mathematics hss been neglected. 

The first three chapters explain rectangular 
co-ordinates, the plotting of a curve by given 
=. and the meaning of the linear equation. 

he succeeding four chapters treat of curves of the 
parabolic family, the hyperbolic family, the expo- 
nential and logarithmic families, and the sine curve 

(including the curve of damped oscillations). It is 

a little difficult to understand why the closed curves 

of the second degree have been altogether excluded. 

A good chapter on the graphical solution of equa- 

tions follows, and the last two chapters are devoted 

to the rudiments of differentiation and integration, 
treated on a graphical basis. As practically nothing 





will be accustomed to using tables of common 
logarithms. This difficulty is typical in the attempt 
to teach the student more than he is properly pre- 
ed to learn. 

At the end of the book will be found four-figure 
tables of logarithms and sines, a page of standard 
differential and integral forms, a set of examples 
followed by the answers, and an index. e 
examples, like the exercises worked in the body of 
the book, are well-chosen, and based on engineering 
problems. The book is well printed and seems 
generally free from errors; but it is unfortunate 
that one mistake has not been noticed in the table 
of standard forms (page 124), where the differential 
coefficient of log, x is wrongly given. Nor does 
there seem any obvious reason why certain spaces 
in this table have been left blank. 
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“THE M.C.C. Cuart oF THE ELEMENTS.” —The Metallic 
Compositions Company, of 333, Gray’s Inn-road, W.C., 
have issued a chart stating the constants and chief pro- 


- | perties of the eighty-one known elements, and particularly 


of the sixty metallic elements. The chart is offered 
either in the form of a folded map or in roller form ; the 
full sheet measures 3 ft. by 34 ft. and is mounted on 
linen. The chart is described as ‘‘ An Adaptation of the 
Periodic Law of Mendelieff and Newlands, a Td 
modified for formi a Background to the M.C.C. 
Periodic Cabinet of Collection of Specimens of the Elemer- 
tary Substances.” The elements are grou as in the 
periodic table, and additional room for further informa- 
tion is found in the so-far unoccupied spaces of unknown 
index added to show where infor- 
mation about an element is to be looked for. An “‘Intro- 
duction” to the chart has also been compiled. This 
introduction contains notes on atoms, natural groups of 
elements, the mystery of life, the spirit of research, &c. 
We can only deprecate the practice of using, in publica- 
tions, initiate like M.C.C., whose significance is obscure 
to the ordinary reader. 
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THE HEAT GENERATED IN THE 
PROCESS OF CUTTING METAL. 


By H. I. Brackensury and G. M. MEver, 
Elswick Works, Newcastle-on-Tyne. 


One of the most obvious of the phenomena 
encountered in the engineering machine-shop is 
the high temperature of the chips produced when 
cutting metal by means of a machine-tool, such as 
a lathe or planing-machine. It is also obvious to 
the most casual observer that the temperature of 
the chips rises when the cutting speed is increased. 

It is intended in the present paper to investigate 
the rise of temperature quantitatively, and also to 
consider the temperature of the work from which 
the chips have been removed. The author has 
found that many people, arguing, as he believes, 
from a false analogy, consider that the temperature 
of a piece of metal is higher if it be turned at a 
high-cutting speed than if it be turned at a low 
speed, the depth of cut and feed being kept con- 
stant in the two cases. 

Now Dr. Nicolson has deduced, from the results 
of his experiments at the Engineering Laboratory 
of the Manchester University, that the work done 
in removing 1 Ib. of chips is independent of the 
cutting speed, being affected only by the shape of 
the tool and the quality of the metal being cut. It 
seems highly probable that all, or nearly all, this 
work is degraded into heat, and this will be assumed 
in what follows. 

Let us now consider the case of two bars of metal 
exactly alike in all respects, from which equal 
weights of turni are to be removed, using the 


same depth of cut and thickness of feed, but em- | 








ploying, in the first case, a low cutting speed, and 
in the second a high cutting speed. In both cases 
(on our original assumption) the same number of 
units of heat are produced. But this heat can only 
appear in the following forms—viz. :— 

1, A rise in temperature of the chips. 

2. Arise in temperature of the bar. 

3. Radiation and convection to the air. 

4, Conduction through the tool to the toolholder 
and lathe. : 

Throughout what follows (3) and (4) will be 
assumed to be small compared to (1) and (2), and 
will be neglected. 

Now we know from observation that the tem- 
perature of the chips produced in the second case 
(high cutting speed) will be greater than in the 
first case (low cutting speed). Hence it follows 
that less of the heat goes to raise the tempera- 
ture of the bar in the second case than in the 
first. Therefore, the bar which is turned at a 
low cutting speed will have a higher temperature 
than that which is turned at a high cutting speed. 
We are led to the same conclusion if we approach 
the question from a somewhat different point of 
view. The work done by the lathe will be turned 
into heat at that point where the chip is sheared 
and torn from the mass of metal. If the turning 
be done at a high speed, this heat will have less 
time in which to be conducted into the bar than if 
a low cutting speed be used. Therefore, if the total 
number of units of heat produced in the two cases 
be the same, the bar turned at the higher speed 
will have the lower temperature. 

This conclusion appeared somewhat paradoxical, 
and contrary to the ordinary opinion of the shops, 








so that the authors considered that it warranted 
experimental investigation. As will be seen later, 
the few rough experiments which they were able 
to carry out fully confirmed the theoretical con- 
clusions. It is to be hoped, however, that further 
experiments will be tried by some mechanical 
oe Saad properly equipped for work of this 
ind. 

If we take the force exerted on a lathe tool as 
being equal to 100 tons per square inch of cross- 
section of the cut, we are led to the following quan- 
titative results. 

However great the cutting speed, the tempera- 
ture of the chips cannot exceed a certain maximum. 

For let A = area of cut in square inches. 

Force on cut = 100 A tons. 

Specific heat of stee] = 0.11. 

Density of steel = 0.284 lb. per cubic inch. 


The work done per inch length of cut 


_ 100 A x 22405 
12 
Taking 778 as the mechanical equivalent of heat, 
we have :— 
Heat produced per inch length of cut 


= 100A x 2240 B.Th.U. 


12 x 778 
= 24A B.Th.U. 
But the weight of chip per inch length = 0.284 A lb. 
Therefore, if all the heat goes into the chip, the rise 
of temperature 


-pounds, 


el 
0.11 x 0.284 A 
_ 770 deg. Fahr, 
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VARIATION OF TEMPERATURE OF CHIP WITH 
CutTtine SPEED. 

Let 

T = rise of temperature of chip. 

A = area of cut in square feet. 

Q,) = total heat produced per second. 

), = heat conducted into the bar per second. 

4 = heat carried away in chip per second. 

= cutting speed in feet per second. 
Take the density and specific heat the same as 
before. 
Then 
Q, = 144 x mn A x 2240 _ 41 500 x V A (B.Th.U.) 
Q. =AV x 0.284 x 0.11 x 1728 x T. 
= 53 V T A (B.Th.U.). 

The quantity of heat conducted to the bar per 
second depends upon the temperature of the bar, 
the temperature of the chip, and the dimensions of 
the cut. The temperature of the bar will be nearly 
the same for all cutting speeds, so that as a first 
approximation we may. take 

Q=MTA, 
where M isa constant depending on the particular 
case, but independent of the cutting speed. 

We have then 

Qo = Q + 


assuming that the radiation to the air is small. 
- 41,500 VA=MTA+53VTA 


_ _V 41,500 
53V + M 
Putting V’ = cutting speed in feet per minute 
T= _690 V"_ ‘ 
0.9 V’ +M 


This constant M must be obtained by experi- 
ment ; so that, supposing the theory to be suffi- 
ciently accurate, if we know the temperature of 
the chip at any given cutting speed, we shall be 
able to foretell its temperature at any other cutting 
speed (keeping the feed and depth of cut the same). 

In order to test these theories, several experi- 
ments were made. The temperature of the chips 
cannot be found directly, therefore they were 
allowed to fall into a vessel containing water, and 
the rise of temperature of this water was noted. 

From this and the known weights of the water, 
the vessel and the chips, and their specific heats, the 
original temperature of the chips at the time of 
their immersion in the water was calculated. A 
similar course was pursued to find the temperatures 
of the bars. Throughout the initial temperature of 
the water was made nearly equal to the temperature 
of the atmosphere, and the quantity of it was such 
that its rise of temperature never exceeded 18 deg. 
Fahr., so that radiation should be reduced to the 
minimum. The thermometer used was graduated 
to 4 deg., and could be read to 0.1 deg. Fahr. by 
estimation. 


Experiment I. 
Initial diameter of bar... ia of in. 
Final diameter of bar i a 
Depth of cut ... mi én 
Feeds ... a te ad 12 per inch 
Speed ... ... 12.5 rev. p. min. 
(31.6 ft. per min.) 
Weight of chips i See 6 lb. 44 02. 
Temperature of chips 617 deg. F. 
Experiment II. 
Diameter, cut, and feed, as in Experiment I. ’ 
Speed... we ae us ... 6.45 revs, per min. 
(13.8 ft. per min.) 
Weight of chips __... 7 lb. 24 oz. 
Temperature of chips 468 deg. F. 


From Experiment I. we find M = 10.6, which 
ives the temperature in Experiment IT. as 473 deg. 

Fahr. This is an extraordinarily close approxi- 
mation. 

Experiments ITI. and IV. were designed to test 
the truth of the theory that with high-cutting 
speed the temperature of the bar would be lower 
than with low-cutting speed. The same tool was 
used in both cases without re-sharpening, and the 
slower turning was performed first, so as to give it 
the benefit of the sharper tool, which presumably 
would heat it less. The tool was considerably 
dulled at the higher speed, which accounts for the 
slightly less weight turned off. 

The diagram annexed shows the dimensions of 
the bar. Two cuts were taken. The driver was 
removed before immersing the bar in the water. 
This was done so as to be able to use a smaller 
volume of water. The driver could be taken off in 
less than 10 seconds without touching any part of 
the bar, except the small centre. 





Experiment LII. 
Weight of bar before turning... 7 Ib. 13} oz. 
Weight of bar after turning ae oa. ee 
Difference... ee a ae ae 
Temperature after turning 117 deg Fahr. 


Temperature of air and bar before ai 


turning —— 
2% ... 24 revs. per min. 
(11.3 ft. per min.) 
Experiment IV. 
Weight of bar before turning 7 Ib. 13 oz. 
Weight of bar after turning oe C.@ » 
Difference ss 


- see +e . 1 2” 9° 
Temperature after turning 93.6 deg. Fahr. 
Temperature of air and bar before 
turning... ee one te ie 


"". 188 revs. per min. 
(88.0 ft. per min.) 


It may be seen, therefore, from Experiments IIT. 
and IV. that, as was expected, that bar is the 
cooler which was turned more quickly, other things 
being the same. The small difference of about 1 oz. 
in the weight of the chips was due to the tool be- 
coming blunter in Experiment IV., and is quite 
insufficient to account for the difference in tempera- 
ture of the bars, especially when we consider that, 
owing to the blunter condition of the tool, more 
pressure per square inch area of cut would be re- 
quired to remove the cuttings in Experiment IV. 
than in Experiment ITI. 

The bar turned at the lower speed had, obviously, 
more time in which to get rid of heat to the air. 

The water into which the bar was dropped rose 
in temperature from 64.25 deg. Fahr. to 67.9 deg. 
Fahr. in Experiment III., and from 64.25 deg. 
Fahr. to 66.3 deg. Fahr. in Experiment IV. a 
will be seen that the difference between the rise of 
temperature in the two cases is more than 3 of the 
graduations on the thermometer scale. 

In Experiments V. and VI. the temperatures 
both of the. bar and of the chips were found. The 
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The 1-8'Dia.was reduced to 1-54’un 2 cuts at 20Feeds 
per inch inExperiments land IVand trom 154% 73" 

dia.alsoin2cuts andat20Feeds per inch unrExperiments 
Vand VI. 


dimensions of the bar are shown in the sketch 
annexed. ‘Two cuts were taken, as before. 


Experiment ... a are ie VI. 
Revolutions per minute... 24 188 
Cutting speed ft. per min. 9.65 75.4 
Initial weight of bar .. 61b. 8 02. 6 Ib. 74 02. 
Final weight of bar ... 5b. 9 0z. 5 lb. 104 oz. 
Weight of chips... .-  14$ 072. 13 oz. 
Weight of chips collected ... 14 oz. 10 oz. 
Temperature of bar... ... 108.5 deg. F. 95.4 deg. F. 
Temperature of chips ... 479 deg. F. 806 deg. F. 
Temperature of air and bar 

before turning... ... 64.25 deg. F. 64.25 deg. F. 
Heat in job... B.Th.U. 26.7 19.3 
Heat in chips ” 41.4 66.3 
Total heat produced ,, 68.1 85.6 
Heat produced per gree? 

of chips . BThvU. 75 105 


The temperature of the water into which the bar 
was dropped rose from 64.25 deg. Fahr. to 66.85 
deg. Fahr. in Experiment V., and from 64.25 deg. 
Fahr. to 66.1 deg. Fahr. in Experiment VI. The 
difference between the rise in these two experiments 
is more than one graduation on the thermometer. 

Now if H be the total heat produced in B.Th.U. 
per pound of metal removed, we have :— 


Work done per pound = H x 778 foot-pounds. 
Volume of 1 Ib. of steel = m0 cub. ft. 


= H x 778 x 490 _ 1 19 8 tons 


144 x 2240 


This assumes that the work done in feeding the 
tool is negligible. 


.*. Cutting fore } 
per square inch 


This gives 
Experiment ... Ss ERS ¥ VI. 
Cutting force in tons per 

square inch... ave am 88.5 124 


From Experiment V., M = 7.3, so that in 
Experiment VI. temperature of chips should be 
= 754 deg. Fahr., which is close to the observed 
temperature, 806 deg. Fahr. 

It will be seen that in the last two experiments 
the cutting force per square inch is in one case less, 
and in the other greater, than the value assumed— 





namely, 100 tons per sq. in. It follows, therefore, 
that the formula calculated on this assumption does 
not apply accurately, and, in fact, the difference 
between the observed and calculated temperatures 
in Experiment VI. is 52 deg. Fahr. 

It appears to the authors that a very simple and 
fairly accurate method of finding the force on a 
cutting-tool could be devised on somewhat similar 
lines to the experiments described above. They 
suggest that a large vessel of water be placed upon 
the table of a slotting-machine, but insulated from 
it on a layer of cork or other bad conductor of heat. 
In this vessel should be placed a block of the 
material to be cut, held in position by clamps, but 
insulated from them thermally by fibre packing. 
The slotting-tool also should be similarly insulated 
from the ram of the machine. A very delicate 
thermometer would be used to find the rise in 
temperature of the water, and the cuttings produced 
would be weighed after drying. 

The thermal capacity of the vessel and its con- 
tents could be found by noting the rise in tempera- 
ture produced on the addition of a weighed quantity 
of hot water of known temperature. 

In this way the force on the tool per unit area of 
cut could be calculated. A similar method could 
be employed with a milling, drilling, or boring- 
machine. They trust that some such experiments 
will be undertaken by one of the many technical 
colleges or universities possessing better facilities 
for this kind of work in are to be found ina 
workshop. 





5000-KILOWATT RATEAU ' STEAM- 

TURBINES AT THE GREENWICH 

POWER-STATION. 

Tue Westinghouse Manufacturing Companies have 
legitimately earned a reputation for enterprise 
and boldness in new fields of manufacture. The 
American company was, we believe, the first outside 
firm to take up the construction of the Parsons 
steam-turbine, and, having done so, they did not 
hesitate when the demand arose to construct these 
turbines in unprecedentedly large sizes. To the 
Westinghouse Congestion belong also the credit of 
a pong the rotary form of air-pump, which 
or some time past has been exciting the keen 
interest of those responsible for the equipment of 
electric generating stations. Perhaps a still more 
notable example of this characteristic enterprise 
was shown when the London County Council decided 
to replace with steam-turbines their reciprocating 
plant at the Greenwich power-station. This had be- 
come unavoidable because the vibration originated by 
the use of this old-fashioned plant was occasioning 
much trouble and annoyance at the Royal Observa- 
tory. Indeed, the disturbance caused here was of 
international importance, since the meridian of 
Greenwich has now been adopted as the prime 
meridian by most of the civilised countries of the 
world, and an abatement of the nuisance was, there- 
fore, imperative. In finally arranging to adopt a 
steam-turbine plant the London County Council 
resolved to favour the impulse system, and the 
specifications were drawn 2 in accordance with 
this decision. Though the Westinghouse Company 
had hitherto been associated with the development 
and manufacture of the Parsons type, they boldly 
determined to offer to supply Rateau turbines, 
although the output demanded was much in excess 
of the largest of the type yet built for electric- 
generator a and they were successful in secur- 
ing the award of the contract, and in satisfactorily 
completing the construction and installation of the 
turbines. 

On Plates II., III., IV., and V., and on pages 41, 
42, and 43, we are enabled to publish this week a 
very complete set of drawings of these powerful and 
efficient machines. In accordance with the wishes 
of the London County Council, the low running 
speed of 750 revolutions per minute was adopted, 
and this condition necessitated the use of a con- 
siderable number of stages, and prevented the 
weight and over-all dimensions of the machine being 
as low as would otherwise have been practicable. 

The contract provided that the turbines, when 
supplied with steam at 1801b. gauge, and a vacuum 
of in., should be capable of developing in 
normal working 5000 kw., with a power factor of 
0.85, so that the actual output demanded was about 
5890 K.V.A. It was further demanded that each 


turbine should be capable of taking an overload of 
25 per cent. at the same 
use of a by-pass valve. 


wer factor, without the 
e steam consumption at 
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full load was not to exceed 15 lb. per kilowatt- 
hour, with steam supplied at 180 lb. gauge and at 
500 deg. Fahr., and with a vacuum of 95 per cent., 
or 284 in. Actually the builders guaranteed a con- 
sumption of 14.5 lb. per kilowatt per hour under 
the conditions stated, the corresponding figure at 
three-quarter load being 14} lb., at half-load 16 lb., 
and at quarter-load 19 lb. per kilowatt-hour. 

A longitudinal section through one of these tur- 
bines is shown in Fig. 1, page 41, whilst Fig. 69, on 
Plate V., shows a general view of the machine as 
erected in place. As is well known, the Rateau 
steam-turbine is divided up into a series of cells or 
stages, each of which is, in point of fact, an indepen- 
dent turbine of the impulse type, and through this 
series of independent turbines the steam passes in 
succession, losing a certain fraction of its pressure- 
head ateach stage. In the present case there are 24 
such cells or compartments, and in passing from one 
to the other the steam undergoes an expansion 
through a series of guide-blades, acquiring in the 
process a velocity of about 800 ft. per second. The 
guide-blades, through which the steam enters a com- 
partment, direct it on te a set of impulse-buckets 
mounted on a wheel or disc,-and the latter is in 
consequence driven round. The steam as it passes 
through the moving buckets is robbed of most of its 
acquired velocity, and accordingly enters the guide- 
blades, leading to the next compartment in the 
series, with but a small residual kinetic energy. In 
this second set of guide-blades further expansion 
occurs, so that the steam leaves them with a 
velocity which has been restored to the figure of 
about 800 ft. per second. This velocity is again 
abstracted from the steam by a row of moving 
buckets, and the cycle described is repeated from 
compartment to compartment. As the steam falls 
in pressure it augments in volume, and the area 
through the guide-blades has to be adjusted accord- 
ingly. As the steam es-the governor-valve on 
its way to the first compartment of the turbine, it 
has a specific volume (allowing for the superheat) 
of about 3 cub. ft. per lb., whilst as it passes 
through the exhaust branch at a pressure corre- 
—e to a vacuum of 283 in., the specific volume, 
allowing for the fact that the steam is partially dried 
by the friction it has experienced en route, is emg 
about 416 cub. ft. per lb., so that the total ratio of 
expansion is about 139. Were the whole expansion 
effected in one operation, the speed acquired by the 
steam would be about 4300 ft. per second, and to 
abstract this velocity from the steam with any ap- 
proach to a reasonable efficiency would necessitate 
impracticably high bucket speeds. Actually, as 
stated, the velocity of outflow in each compartment 
is about 800 ft. per second, whilst the mean blade- 
speed is about 285 ft. persecond. This figure is well 
below the limit of what is practicable, even with 
drum rotors, so that in the present case the centri- 
fugal stresses in the wheel centres must be moderate, 
and the factor of safety very ample. As will be seen 
from Figs. 13 to 15, annexed, each wheel has prac- 
tically the same mean diameter of about 7 ft. 3 in., 
and the designed number of revolutions is 750 per 
minute, 

In the earlier forms of Rateau turbine the discs 
were pressed out of thin steel sheets, and the 
buckets stamped to form out of nickel-steel sheet, 
and secured in place by riveting, the whole consti- 
tuting, as it were, a highly ingenious development 
of the boilermaker’s art. In the case of the tur- 
bines for Greenwich these methods of construction 
have been discarded for others more in consonance 
with ordinary machine-shop practice. The wheels 
are steel forgings turned and finished all over, and 
assembled, by an hydraulic pressure of 20 tons, on 
seats turned on the turbine shaft. The latter, it 
will be seen, measures 1 ft. 9 in. in diameter at the 
centre, and is thus very stiff ; a feature which is 
essential in turbines of the compartment-com- 
pounded type, since to keep down the leakage 
losses very small clearances are required between 
the shaft and the diaphragms. 

Unless due care is taken in the design of the 
shaft and diaphragms, the use of these small 
clearances involves a certain element of risk, and 
it is instructive to note how any danger of injury 
to the machine from an accidental contact between 
the shaft and the diaphragm is obviated in the case 
of the turbine we illustrate, and yet leakage losses 
are most successfully minimised. 

Each diap , a8 shown in Figs. 24 and 25, 


Plate III., has a dovetailed groove bored in it 
at the boss, and into this 
ring (see Fig. 26), made in 


ve fits a keeper- 
ves and lined on 


the inside with a ring of tandem anti - friction 
metal. This, in cases where the clearance permis- 
sible is small, is serrated, as indicated in Fig. 29, 
so that the shaft at the worst is touched merely 
| by a series of thin fins of a readily-fusible metal. 
| In case of such a touch the thin fins simply yield, 
and no damage is done. It is therefore pos- 
sible to assemble the turbine with no initial dia- 
phragm clearances at all in the case of the first nine 
diaphragms, the tandem metal rings being scraped 
to Bt the shaft. For the remaining diaphragms a 
positive clearance of a few mils is allowed, and the 
tandem metal is then turned in a series of grooves, 
as indicated in Fig. 32. The carrier-rings are pre- 
vented from turning in the diaphragms by cheese- 
headed bolts, the heads fitting partly in the dia- 

hragm and partly in the carriers, 4s indicated in 

igs. 25, 27, and 28, where, in the last-named figure, 
the arc of the circle shown on the dovetail indicates 
the spot bored out to receive the head of a -in. 
screw tapped into the casting, as indicatedin Fig. 25. 

The diaphragms are steel castings slightly dished, 
as indicated in Fig. 24, which represents diaphragm 


to gauges, and are then registered and clamped into 
a form. With a group of blades thus assembled, 
the dovetails at the bottom are cut in a vertical 
milling-machine, the table of which is constrained 
to follow a guide so as to give the proper curve 
to the tails, which have, of course, to fit on to a 
circular, and not a straight surface. The con- 
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No. 24, the last of the series. This, as shown in 
Fig. 48, is bladed all round, as are the whole of the 
diap: ms for the low-pressure end of the tur- 
bine. hey are all made in halves, as shown, 


facilitate machining. These are ultimately machined 
off. At the horizontal joint a groove to take a key 
is cut in each half of the diaphragm, being under- 
cut in the case of the lower half. A key is driven 
into this groove, and secured in place into the 
lower half diaphragm by countersunk screws. This 
key thus forms a tongue which fits into the groove 
in the upper half of the diaphragm, rendering the 
joint practically ee 

Details of the guide-blades for this diaphragm 
are given in Figs. 34 to 42. These blades are malle- 
able castings, which on the convex faces are filed up 





being cast with lugs (shown dotted in Fig. 24) to, 
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| cave face of the blade is finished by milling. One 
of the blades, Figs. 34 to 36, is extra stout, and is 
drilled to take a 1}-in. bolt, which (see Fig. 31) passes 
through the centre of the upper half of the turbine 
casing, through the blade and into the diaphragm, 
thus ensuring its being lifted when the top cover 
is removed. The ‘‘closure”’ blades, which come 
| on each side of the horizontal joint, have the shape 
| shown in Figs. 37, 38, and 39; but the remainder 
|are made as in Figs. 40, 41, and 42. The hole at 
, the top, indicated by the dotted lines, is drilled in 
|blades near the joint, as indicated in Fig. 33. 
| These holes take pegs fixed in a band 1 in. by @ in. 
in section, which passes round the outer ends of the 
blades lying in the groove shown. Every third 
blade, moreover, has its dovetail at the root split by 
a saw cut and drilled as shown at the lower end of 
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Fig. 41. In assembling the blades a taper peg is 
driven into the drilled hole, which thus wedges 
the blade firmly in its groove. The ‘‘ closure” 
blades are held in place by stopper-plates secured 
by countersunk set-screws, as indicated in Fig. 30. 
The discharge angle of these low-pressure blades lies 
between 26 deg. and 30 deg., this relatively large 
value being adopted so as to secure the requisite 
area of steam way without the use of abnormally 
long blades. . 

At the high-pressure end of the turbine the 
admission is partial, and the arc of circumference 
subtended is here increased by reducing the dis- 
charge angle of the blades to a value lying between 
13 deg. and 16 deg. The blades in this case have 
the form indicated in Figs. 45, 46, and 47, which 
represents those used for diaphragm No. 2. These 
blades are cut out of rectangular steel bars, which 
are first drilled to a diameter corresponding to the 
radius of the concave face of the blades. Two 


blades are secured from each bar, and the convex 
and straight surfaces are finished by milling. The 
finished blades are tinned at the ends, and cast into 
a segment piece, as shown in Figs. 43 .- 44. 
t fits 


A complete segment is shown in Fig. 49. 
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into recesses machined for it in the diaphragm, 
The position of the blades in each successive dia- 
phragm is so situated with respect to those in the 
preceding diaphragm as to utilise as fully as possible 
the residual kinetic energy in the steam as it escapes 
from the moving blades ; and for the same reason 
a small ‘‘ entrance” angle (32 deg. to 40 deg.) is in 
this case given to the guide-blades, as illustrated in 
Figs. 46 and 47. After each diaphragm is finished 
the blades are filled in with lead, and the strength 
of the diaphragm tested by water pressure. 

Details of several of the moving wheels are illus- 
trated in Figs. 13 to 22, on page 42, and Plate II. The 
blades vary considerably in dimensions, but are all 
constructed on the same system, having the form 
shown in Figs. 10, 11, and 12. They are forked 
at the roots, and straddle the discs, as shown in 
Figs. 19 and 20, being secured by rivets. These 
rivets are a driving fit for their holes, and are closed 
by rolling, and not by hammering, as the latter 
operation might possibly distort the disc. When 
the dise is finished the rivet-heads and projecting 
ends of the snugs are ground off, so that the 
wheel, when ready for erecting, has a perfectly 
smooth finish. The wheels are assembled on 
their seats by hydraulic pressure, but two 1}-in. 
by j-in, keys are also provided, though only one is 
shown in Fig. 18. Any danger of the wheels shift- 
ing axially when in place is obviated by a lock-nut 
at each end (see Figs. 1, 2, 3, and 4). These nuts 
are prevented from unscrewing by a stop, shown in 
position in Fig. 4, and separately in Fig. 9. Each 
wheel-seat or step on the shaft is tapered at the end, 
as indicated in Fig. 7, so as to facilitate the putting 
of the discs in place. Each of these discs is drilled 
with five 1f-in. tap-holes, into which rods can be 










screwed, should it be necessary to remove a disc. 
There are also eight larger holes (3 in. in diameter) 
round the circumference, to ensure an equality of 
steam pressure on the two sides of the disc. 

Each wheel, after completion, is balanced, first 
statically, and is then mounted on the shaft, which, 
after the addition of each successive wheel, is 
balanced dynamically. 

The blades are cut out of solid 5 per cent. nickel- 
steel bars. The blanks are rectangular, and the 
first operation consists in rough milling these with 
two parallel sides to fit a gauge. A gang-mill is 
used which finishes both sides at once. A number 
of the blanks are next assembled in a jig, and the 
forks are then milled by a five-gang cutter. The 
group is next turned end for end, and the snugs, 
to receive the shrouding, milled with a three-gang 
cutter. This operation makes the blades true to 
length, and the concave faces are now milled. 
The mill used has inserted cutters of high-speed 
steel, but a fairly low rate of speed and feed is used 
in order to preserve the cutters. After this opera- 
tion each blade is clamped (with its concave face) 
to a hardened mandrel, and turned down in a 
lathe to the thickness required. A hardened 
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shoulder on the mandrel serves as a gauge to which 
to set the tool, so that calipering is dispensed with. 
This operation leaves the blade with its front and 
back faces concentric, though of the right thickness 
at the middle of the blade. The next operation is 
to thin the blade down at the entrance and exit by 
removing the superfluous metal at the back, thus 

iving the section indicated in Fig. 12, page 42. 

his operation is effected in a profiling machine in 
the case of short blades, but in the case of long 
blades two operations are required. A formed 
cutter removes all the superfluous metal, save near 
the shoulder, this being left for a finishing operation 
in the profiling machine. After this operation the 
blade is nearly finished, but the root is still rect- 
angular, and it is therefore machined at the back, 
so as to fit the concave face of the adjoining 
blade. In this operation the blade is also tapered 
so that the back is truly radial to the dise on 
which it is to be mounted. This operation concluded, 
the blades are assembled in a jig in pairs in order 
to have the rivet holes in the forks drilled. 

An end view of the turbine showing the governor 
and the position of the main valve-box is repre- 
sented in Fig. 50, PlateIV. From the valve-box the 
steam is led by a curved pipe to two nozzle-boxes 
situated diametrically opposite each other. These 
nozzle-boxes are of a somewhat special construction 
(see Figs. 51 to 54). They have, it will be seen, 
adjustable openings, the steam-way being capable of 
being increased or diminished by turning the hand- 
wheel shown, which, by means of gearing, raises or 
lowers simultaneously the three spindles, each of 
which carries at its lower end a block scraped to 
fit between the parallel faces of the nozzle segment. 
By lowering these blocks the steam-way can be 








diminished, and the output of the turbine reduced 
without throttling the supply at the governor-valve. 
Hence for a very range of load the first wheel 
can be worked with constant efficiency. This arrange- 
ment has been particularly serviceable in the present 
instance, as the County Council specification con- 
tained a requirement to the effect that the turbine 
should take a 25 per cent. overload without the 
use of a by-pass valve, the latter only being used 
when the demand on the turbine exceeds 6250 
kilowatts. A section through the main valve-box 
is represented in Fig. 55. The steam stop-valve is 
of the balanced type, and directly below it is fitted 
the emergency cut-off valve, which comes into 
operation if the turbine begins to race. From this 
valve the steam passes through a strainer to the 
underside of the ordinary governor - valves, of 
which there are two, as shown, this plan being 
adopted with a view to obtaining a maximum 
steam-way, with a minimum of weight to be shifted 
by the governor. The automatic overload governor- 
valve is shown to the right, and admits steam 
through a special nozzle-box to the third stage. 
The non-condensing by-pass is hand-operated, and 
is shown to the right of the overload-valve, and 
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admits steam through a similar nozzle-box to the 
overload one to the fifth stage. These special 
nozzles are shown in Figs. 60 to 62. 

Compartment-compounded impulse-turbines have 
ale fixed bearings, as these tend to stiffen 
the shaft. Inthe present case, however, the speci- 
fication called for spherical-seated bearings, and 
details of those fitted are given in Figs. 56 to 59. 
The shells are lined with white metal, ard the oil 
supply is pumped in through 1}-in. holes passing 
through the lower pads. The side pads are split, 
as shown in Fig. 59. 

The turbine glands, as shown in Figs. 63 to 68, 
annexed, are of the water-sealed type. The high- 
pressure gland is shown in Figs. 63 and 64. The 
steam pressure to which the gland is exposed is 
about 100 lb. absolute, and hence careful packing 
is required if leakage is to be reduced. To this 
end labyrinth packing is provided comprising two 
sets of dummies. The first set are of the radial 
type, and reduce the pressure to about 20 lb. 
absolute, the leakage from chamber A being re- 
turned to a stage in the turbine with a correspond- 
ing pressure. 

The second set of dummies are of the axial type, 
and reduce the pressure to that of the exhaust, 
chamber B being connected to vacuum. The 
paddle-wheel is thus working under similar con- 
ditions to the low-pressure one. The construction 
of the paddle-wheel is shown in Fig. 64. The low- 
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pressure gland is provided with extra dummies of 
combined radial and axial types, for steam —- 
when starting up, until the turbine has attain 
such a speed that the centrifugal force of the water 
is sufficient to form an effective seal. 

As is well known, impulse turbines are almost 
free from end thrust, but a thrust-block has never- 
theless to be fitted in order to maintain correct 
alignment axially. This is shown to the left 
of the bearing in Fig. 1, on page 41. Details of 
the grooves on the shaft into which the thrust- 
collars fit are given in Fig. 6. 

The spiral gears, by which the governor and oil- 
pump is driven, are arranged to the left of the 
thrust-block, and to the left of this, again, comes 
the emergency governor. This is simply a round- 
headed bolt passing axially through the shaft and 
held down to a seat by a spring. The head of the 
bolt being heavier than the shank, tends to fly out 
under the centrifugal force developed by the rota- 
tion of the shaft. Should the turbine exceed the 
speed limit fixed, the centrifugal force in question 
becomes sufficient to overbalance the spring, and 
the head of the bolt flying out trips a detent, and 
the emergency cut-off valve then flies on to its seat. 

The weight of each turbine complete is 85 tons, 
of which total the rotor accounts for 25 tons. 

The condenser supplied has 12,500 square feet of 
cooling surface, oy is provided with a Leblanc 
air-pump, which on trial has easily maintained a 
vacuum of 28} in., the ratio of cooling-water supply 
to the steam condensed being 65 to 1. Fig 69, 
Plate V., shows the turbines as installed at Green- 
wich, while Fig. 70 shows the condensing plant 
beneath the engine-room floor. 





AGRICULTURAL MOTOR TRIALS. 

In reporting the trials of icultural motors 
held by the Royal Agricultural Society of England 
at Baldock last August, we mentioned that we 
would give fuller details when the official report 
was received. This report has now come to hand. 
Considering that it only contains five tables, a 





portion of which we reproduce in a condensed form, 





























report (see Table I.). The remainder of the letter- 
press gives a description of the trials, and the 
general conclusions to be drawn from them. The 
judges were Mr. W. Worby Beaumont, M. Inst 
C.E., of London, and Mr. R. J. Bayntun Hippisley, 
of Ston Easton Park, near Bath, and the main 
conclusions drawn are :— 

That all the tractors entered were capable of 
loughing 5 in. “an in light land with a three- 
urrow plough. The steam-tractors could also 

plough 7 in. deep with a three-furrow plough, and 
the largest oil-tractors could probably have done so 
if the engines had been properly tuned up, but the 
smaller ones appeared overweighted with this load. 

In the reaping tests it was proved that all the 
tractors except the ‘‘ Ivel” could haul two Harrison- 
McGregor 6-ft knife-bar, sheaf-delivery,  self- 
binding reapers as fast as their parts can stand, 
and the ‘‘Ivel” successfully hauled one of these 
machines. 

The steam-engines easily gave the 15-16 brake 
horse-power required for a 54-in. or 60-in. thrash- 
ing-machine ; but as regards the internal-combus- 
tion engines, the judges remark : ‘‘ The petrol and 
oil-engines, however, in all cases showed them- 
selves to be of considerably under the nominal 
power given in the entry list, and in some cases it 
was found undesirable to pursue this test for the 
length of time at first intended. There were none 
of them capable of running continuously on paraffin 
or heavy oil, and the ‘Ivel’ engines showed them- 
selves also deficient in constructive details, as, for 
example, in the bearing next the pulley for driving 
thrashing and other machines, this bearing showing, 
in fact, a disregard of the power it would have to 
transmit.” 

The judges considered that the steam-engines 
best fulfilled the conditions of the trial, and they 
unhesitatingly came to the conclusion that of these 
the McLaren tractor fulfilled them best, but they 
have little doubt that eventually the oil-engine will 
best suit the farmer’s requirements. The judges 
further state that in spite of the fact that the 
various tractors accomplished the tasks described, 
they ‘‘ were unable to recognise in any of them the 






































TABLE I. 
= _ ! ny | —~ : : | \ | { . he 

‘ 2 Driving Front “4 | | S265 “ e } 
§ 26 | «= - |Wheels. | Wheels @ | 2 e.* jg | £ 3 
© Clg! . £ i TT fog a Ss @ $ = 
ee Maker's Name. Sis 8 2 af 2 |‘ & lee S2agée & bo to | = 
g " jgldi Sig] og id) $id) s2| 5 GF Fee | 3 Selzele lets 
: @e gle) = (aziz iat 2/353 Ef Esseg | = |e9 58 | 2 |6s 
3) nin A |e Z Bie ee Bo] mw ee] eer So mM EP) a la 

,a f tons ct. qr. | in. | in. | in. | in, | galls.) cwt.| | Ist 2nd 3rd sq. ft. Hb, per} £ | 

| | . in, 

5 |J. and H. McLaren | 8 244 410h 419 8 |eo|12)az'6 155 4 | 3/2 4 5! 38 67 oa 00 sso] 314 
6 |Mann’s Patent Steam-| 8 24&/7| 4 18 0 | 48 | 20 87|7 | 200 | | sim 5 28 | 64| 180 | 400) 350 
Cart and Wagon Co.,| 68 } 
Limited | | 
11 |Wallis and Steevens,! S| 2\43&/9| 4 19 8 | 59g] 16 | 303/6 | 1504 | 3 2h 5| 24 173] 180 | 410) 250 

Limited | | | 8h } 
3 |Ivel Agricultural | | | galls. | } 
Motors, Limited ..|O 2 6} |5| 1 14 2 | 40| 9/|20| 78! 44 Sev ee oe oe 
4 |Ivel Agricultural | 
Motors, Limited ...O0 2 6} [5 1h 2 40 9 | 20 | 7% 44 8 } 2) % ne 5 310; 850 
8 |H. P. Saunderson 0.46 |8| 4 18 0 |@0/12/42/6 | % | 46 | 8| 2h 3, 6 450| 800 
9 |H. P. Saunderson O 45 (6% 3 11 2 | 48/10; 36/6 | 2% | 323) 8/2 4 | 8 380! 800 
' 3 u i | | 
NOTES. 


The steam tractors are all of the two-cylinder compound traction-engine type. 
The ‘‘Ivel” tractors have two-cylinder opposed horizontal engines and a single steering-wheel. The Saunderson tractors 


have vertical four-cylinder engines. 


The figures in Roman type are those given in the report, but as these omit some ages particulars, the figures in italics 
n 


have been added for the convenience of our readers. The latter are, therefore, 


on the authority of the report, but of 


information supplied us by the makers’ representatives at the time of the trials. 


and sixteen pages 8} in. by 54 in. of letterpress, in- 
clusive of engravings of the motors and particulars 
supplied ibe makers, it is not clear why it should 
have taken four months to prepare, while the price 
charged for it—namely, 2s. 6d.—cannot be regarded 
as tending to its extensive circulation. The object 
of such trials is to interest farmers in the perform- 
ances of the machines, and in order to do this the 
report should be issued as soon as possible after the | 
trials, while the fact of their having been held is | 
still fresh in people’s minds. It is found possible 
in the case of motor-car trials to get out in a fort- 
night a report giving exhaustive details of the 
performances of some 80 or 100 cars, although the 
number of figures given for each car is far greater | 
than in the present report. 
Dealing with the letterpress of the report now | 














TaBLE II,—S: ‘y of Dy ter Trials. 
Size of Furrows. | Draught 
P -\in Pounds 
Name of Competitor. | | for 6 In. 
Width. | Depth. -. Deep. 
ince in. | in. 
J. and H. McLaren, Leeds 9% | & 150 784 
Mann’s Patent Steam-Cart | 
and _e . ae i 30 | (5h 165 784 
Wallis Steevens, Ltd., | | 
Hants eee ee 4} 132.75 784 
Ivel Agricultural Motors, 
le gear) .. pa 28 5 140 728 
Ditto faoable gear) .. 29 5 145 S96 
H. P. Saunderson, 45-50 
°P, es oe sa) a 5 140 ~—=C*=»D| 896 
Ditto 25-80 B.H.-P. ... 225) .. 147.5 896 








before us, we find five pages are occupied by photo- | agricultural motor which is hoped for as the ideal 


graphs and 


competed. Full descriptions of these are given in 


our previous report of the trials in our issues of | 
August 12 and 19, 1910, but for the convenience of 
our readers we repeat the particulars given in the 


iculars of the various motors which general-p 


urpose tractor and engine for farm pur- 

poses.” They hope, however, that the trials will 
vide experience which may lead to such a motor. 
upplementary to the “~~ report there are some 
notes on the trials by Mr. F. S. Courtney, M, Inst. 





C.E., the consulting engineer to the Royal Agricul- 
tural Society, but these are mainly a recapitulation 
of the details of the arrangements of the trials. 

Dealing with the Tables, No. II. gives a sum- 
mary of the dynamometer tests, which we repro- 
duce in a condensed form. These will be of more 
interest to those of a scientific turn of mind than 
to those who are interested in practical farming, but 
they disclose some curious features. Thus, if the 
figures are accurate, the draught required to move 
the plough was exactly the same for all the three 
steam-tractors—784 lb.—although in one case the 
depth ploughed was 1 in. less than in another. 
Similarly, the draught for the two Saundersons and 
the two-speed ‘‘Ivel” were exactly the same— 
896 lb.—while that of the plough hauled by the 
single-speed ‘‘Ivel ” is given as only 728 lb. It is 
not quite clear what these figures are supposed to 
represent, for as a matter of fact the dynamometer 
was not used when the tractors were actually 
ploughing their 5 acres, and the diagrams published 
in the report are stated to have been obtained by 
ploughing between the various 5-acre lots, but it 
is not stated in any case what engine hauled the 
plough when they were made, or the speed at which 
it was driven. 

Table III. gives asummary of the ploughing tests 
on the 5-acre lots, from which it will be seen that 
the time taken to plough the 5 acres, exclusive of 
stoppages, varied from 4 hours 56 minutes in the 
case of the McLaren to 7 hours 45 minutes in the case 
of the two-speed ‘‘Ivel.” That is to say, that 
the engines ploughed from approximately two- 
thirds of an acre to 1 acrean hour. The plough 
used for all the engines was the same, and was a 
three-furrow plough, taking a total width of 30 in. 
and depth of 5 in. As this plough was hauled 
successfully at an average speed of 24 miles an 
hour by the ‘‘Ivel” tractor, whose engine only did 
an average of 6.65 brake horse-power on the brake, 
it is quite clear that the large engines were very 
much underloaded. In order to make some use 
of their greater power the steam-tractors were 
driven a good deal faster than this—3.38 miles 
average in the case of the McLaren. 

As a good deal of time was necessarily lost turn- 
ing the headlands, the actual speed of ploughing 
was about 5 miles an hour in the case of the 
McLaren, and it is mentioned in the report that at 
this speed the ground was very much broken up. 
The speed of even the ‘‘ Ivel ” was probably faster 
than desirable for economical ploughing. 

Deducting the time the plough was moving from 
the net time ploughing, we get the time spent in 
stoppages, which is as follows :— 


Hr. Min. 
ry meg ee se ee * — 
**Tvel” two-speed ... os # w—~ S23 

” one-speed ... ae 2 ~ & 
re ce ae 0 24 
Wallis and Steevens . . 0 52 
Saunderson, 25-30 ... a te am. ae 
ms 45-50 ... 1 36 


Table IV. gives particulars of the brake tests. 
the steam tractors, there was no doubt 
of their ability to maintain the desired brake horse- 
—_ for any time required, and, as a matter of 
act, it will be seen that it was easily exceeded. 
The interesting part, therefore, is the coal and 
water consumption. It will be seen that in both 
these, the superheater of the McLaren tractor gave 
it a very great advantage. The steam consumption 
was only 17.2 lb. per brake horse-power per hour, 
as against 24.35, and 24.25 in the Mann and Wallis 
and Steevens engines respectively. The difference 
in coal consumption was still greater — 2.08 lb. 
against 3.72 lb. and 3.62 1b. The reason of this is 
the higher evaporation of the McLaren engine, 
8.28 lb. of water being evaporated per pound of coal, 
as against 6.55 lb. and 6.7 lb. respectively in the 
other two. In the ploughing test, the evaporations 
were 8.33 lb., 6.26 lb., and 7.72 lb. respectively; 
and if these figures are accurate, it is very curious 
that the evaporation of the McLaren and Mann 
engines ea be practically the same in the 
ploughing and brake tests, while the Wallis and 
Steevens engine should be so much better in the 
ploughing. : 

The higher evaporation of the McLaren tractor 
was probably largely due to the fact that the boiler 
was = forced. As there was little difference in the 
size of the boilers, the evaporation per square foot 
ef grate and heating surface was about 30 per cent. 
less, owing to the reduced steam consumption of 
the engine. This is a matter of considerable im- 
portance from the point of view of wear and tear. 
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ith that given in the table. In th of the 
TABLE III.—Summary oF PLOUGHING | oN : 5-Acre Lors. be engin Ay howe, thé dumne hues apres “ 














~ ToraL FURL 
Ss | Cons MED. 
iS lea 
= | be SST 2 
Name OF COMPETITOR. - 16. | 
= By be | | ¢ 
| @2 | aw 
8) 2s\3/5 3 
Zz7 Oo] & | & 
a i h. m.|h. m.| Ib. | gals. | gals 
J. and H. McLaren, Leeds .. ..| 4 56) 4 56 2738) .. 
Mann’s Patent Steam - Cart and) | & | 
Wagon Company .. “ --| 6 24°6 O \474 
Wallis and Steevens, Ltd., Hants..| 6 8| 5 15})350 
Ivel Agricultural Motors, Limited) a its 
(single gear). . os ae i 17 7 5 | | 19.06 0.5 
Ditto (double gear) ae .|7 47) 7 45) | 18.06 0.56 
H. P. Saunderson, 45-50 B.H.-P. ..| 8 7) 6 31 25.5 3 
Ditto 25-30 BH -P. ..| 8 49) 7 2 | 21.37 3.19 











— : . 
z gy 2 FUEL PER 4 oe |S * 
g 67) |& | het S$ ES? ibe 
~ [221i 2 PLovensn. | @ m&. | § 4 
: [ge | & | 3s |8 (59 

3 | SE Sa ° 8 ie ES 
by | 26 | 2 | ay oa =e 3] Ss we) 
s a= £ a 6 ee! & be 

z ¥ | & . & & 4\3 @s8 3 #sé 
3222.5 $5 gf & £5 3235) 35 5s 
eB*i 6s, = eis £ | A “8a <3 

. | miles | m.p.h| gals. | Ib. |gals gals h. m. s | ib | m. 
7) 16.69 | 3.38 | 45.6 54.7 .. © 0 0) 7.28 ae 3. 

207 | 15.62! 2.45 | 60 96.5 024 0 5.62 |.182 | 2.63 
270 | 16.69! 2.72 54 | 70 05230 68 = 3.18 

| | gals. 

36 | 17.85| 2.45 | 6.85 3.63 0.09012 0 5.0 |.00542!/ 2.52 
43.5 |17.25| 221 | &78 3.360.110 2 0 5.45 |.00526/ 2.23 
34.25 | 17 2.12 | 6.98 5.16 0.611 36 0 6.38 |.00826| 2.61 
3.25 | 16.69' 1.9 | 0.67 4.440.661 21 0 5.47 |.00688 2.24 





Norr.—Fuel used throughout tests :—Penrikyber Navigation 


steam coal; Pratt’s motor spirit ; Russolene. In the column of 


“ Fuel per Ton of Land Moved ” coal used in getting up steam and = in starting motors is included. The actual 


horse-power absorbed by the plough is calculated from the draw 


r pull as given by the dynamometer, and the 


average speed of the plough, exclusive of stoppages. 
TABLE 1V.—Summary or Brake TEst. 


























































































































mm . : | o~, — SA | e eesies (gt & 
co, & s é 2 Fuet Coxscmprion. | mn = Cee — 88.3 we ¢ wo sibigbsks : 
Se &% Fee fl a al el.) ase 
-@ : <= a 

Nave or Cowrerron. [s@ Eo: |g) | ig els>§ By ore: 
sei ea lee | 2 > | _ 
a: <" & Es Coal. Paraffin,’ Petrol. | Coal. Paraffin. Petrol. | * Em zm 2P2\s AS 5 mS 
hem : | gals | tb | gale | gale Tt. p. Tb. per| Ib. per 
ma acl gale = oe sq. . hour.| hour. 

J. and H. McLaren, Leeds 4 0} 22.15 | 204 | 185 | | 2.08 | nm = 17.2 186 116°F.| 16.4 5.8 

’s Patent Steam-Cart | | | } 

was ae Company ..4 0) 21.0 | 333) 312; .. | 3.72 we. . 24.35 | 182 27.8 8.0 

Vallis and Steevens, Limi- | | | | A 

“ae Hants . ../4 4) 23.60 245 | 347 os | oe 3.62 oo we 24.25 164 35.5 7.8 

Ivel Agricultural Motors, | | } 2 } | 

Limited (single gear) ..0 53) 6.65 | 565 | .. | 231° | 0.25* os 0.34* | 0.94 | 

Ivel Agricultural Motors, | | 

‘Limited (double gear) ..|2 €/ 10.94 749) .. 4.62* | 0.20* = 0.42* 0.02* 

. P. Saund nm, 45-50 | | 

' B.B.-P. " _— ose ..2 0) 23.24) 539 — 8.9* | 0.80* -- | 0.38* " 

| | ! 
* These figures are taken from the cfficial report, but do not agree with each other. 
TABLE VI.—Summary or Roap TRIALS. 
| : | Time to Con- | 
Water | PLETE JOURNEY. | pos 
| | Water jon- ey , 
NaME OF ComPEriTor. | Load | uel Consumed.| Con- | Fuel Consumed | sumed | ——— ~—| Total. iles 
Drawn. a per Mile. |" her : . 
cuanee, th First | Second | . nl 
| | Mile. | Round. Bound.| , 

: |tns. owt Ib. gals. Ib. | gals. {h. m. 6 |b. m. s/h. m. 6 

J. and H. McLaren, Leeds... ee 17} 214.25 186 8.92 | 7.76 ‘ 28 o 23 es 5115; 8.43 

y ’s Patent Steam-Cart and | | 

_ Company er lng .| 8 12 408.75 225.25 17.08 | 938 (2 15 O11 58 04 13 0) 5.7 

Wallis and Steevens, Limited, Hants 8 12 359 - 192.25 14.96 - 8.02 (! 62 O11 43 308 85 30; 6.7 

gi is. | 
Ivel Agricultural Motors, Limited) 3 6 | Paraffin.. 9.12) 8.5 Paraffin.. 0.38 0.854 (2 2430/2 29544 5424) 49 
(double gear) | Petrol .. 1.12 Petrol .. 0.046 | | | 

H. P. Saunderson, 45-50 B.H.-P. ..| 7 174 | Paraffin.. 15.31) 26.25 | Paraffin.. 6.638 1.09 2 18 01 49 O04 7 0} 5S 

| | Petrol .. - Petrol .. — | 

H. P. Saunderson, 25-30 B.H.-P. ..|6 0 | Paraffin... 21 ll Paraffin.. 0.87 0.46 4 4 01 44455 4845) 41 

| Petrol .. 6 Petrol .. 0.25 | 
TaBLE V.—Showing Cost of Ploughing Five Acres. Tasie VII. 
scteaa=aeane i Bee a: ne ee ee 
> | > ogy : : 27> |:0° 
1) cs (@dn\& | & Water Evaporated | Water Evaporated 
£ igs eS BPE ey a. fe per Hour, Gallons. | per Pound of Coal. 
Se 5\¢ | 5a |g 
Item, : ~ 48 ~ ie iG Slg~ ig*.. — a ) aoe weeres : — 
sa |\maSl= oe bee bes, _ el & 1 Brake | Plough-| Road |Brake| Plough-| Road 
ag eaesegsecss* fae fx Test.| ing. | Test.|Test.| ing. | Test. 
x } iar ls ; Pomnnccondl 
[sn jaeF eee ERC EAS i oes et | Cian. —.| 878 | 6 |82s| sss | 867 
ae | 4 | . . 1. .~ . Mann .. a an) | eat 7 oo 5.52 
8. | ' | 7 7 om tl 1 . 6.35 

Fuel .. _..| 4.68] 7.18) 5.20|18.75|18.11/ 21.98 18.69 | WallisandSteevens | 57 | Sl | 68%) 6.7 | 7 

Lubricating Oil -+| 0.25; 0.13 | 4 be | oa to } 300 | — — 7 = 

Water ae -| 2.30; 3 | ; 0. 44) 0.34) . . 

Labour Costs ..| 8.48/ 9.89 / 10.07) 8.12| 868 | 12.36 1343 | While the steam-engines, = the —— gave 
—— 4 is | 1a32 | 2035 |2a85 | 87.28 3512 | 800d economy for engines of their class, the same 
9 Nemes! ae ee ae ae saat cannot be said for the oil-engines. The consump- 

~~ i _.. | tion of ffin and petrol is not stated in pounds, 

ploughed ..| B11] 4.08 3.66 | 4.47 - ond 7.02 but gal ons, and as their specific vity is not 





Notr.—Costs given do not include capital cost or wear and 
tear of motors. Fuel costs are worked out, taking coal at 30s. per 
ton, Russolene at 8}d. per gallon, petrol at 1s. 3d. per gallon. 
Lubricating oil at 1s, per gallon. Motor driver’s wages at 35s. per 
week (54 hours). Boy in attendance, wages at 16s. per week 
(54 hours). Water at 1s. per a Ploughman’s wages, 
248. per week (54 hours). Coal in getting up steam is in- 
cluded in cost of fuel. Average depth of furrow, 5 in. Labour costs 
include motor-driver, ploughman and boy, except on the “ Ivel,” 
which exclude boy, and the Saunderson, where man at 22s. is 
charged in place of boy. 


All the boilers of these tractors, as well as steam- 
lorries, have to be rather small for their power, in 
order to keep the weight down, and consequently 
are often hard driven. The result is more or less 
trouble with tubes and fire-boxes. Superheating, 
by reducing the work the boiler has to do, should 
reduce these troubles, and the saving from this 
might easily be far more than the wear on the 
superheater, while the economy in coal and water 
is @ distinct advantage not only in the matter of 
cost, but in the increased radius of action. 


stated, the weight consumed cannot be accurately 
ascertained. The paraffin is not likely to be below 
0.8, and the petrol below 0.7, however, and at 
these the consumption in pounds per brake horse- 
power per hour is as follows :— 


Lb. 
**Tvel” single-speed ois Em =i 3 
**Ivel” two-speed ... ° ... ~_ eae 3.5 
Saunderson ... . at 3.13 


If these figures represent the actual consumption, 
it is therefore clear that the engines were using quite 
four times as much fuel as they should do. It may, 
however, be remarked that the fuel stated to be 
consumed per brake horse-power per hour does not 
correspond, in the case of the vil-engines, with the 
total fael stated to have been consumed during the 
trial. In the case of the steam-engines the total 
fuel consumed divided by the number of hours 
run and brake horse-power gives a consumption 
per brake horse-power per hour corresponding 





different figure. If the total fuel consumption and 
duration of trial stated are correct, the consumption 
of fuel in gallons per hour is actually as follows :— 


Paraffin. Petrol. 


“Ivel” single-speed _—_.... i 0.393 0.04 
** Ivel”” two-speed : ais 0.211 0.01 
Saunderson = * a 0.191 0.006 


and the total consumption in pounds per brake 


3s | horse-power per hour— 


‘“*Tvel” single-speed a ; - 3.42 
** Tvel ” two-speed i . ; 1.76 
Saunderson ue ; a 1.57 


In the case of the last two engines the consump- 
tion per brake horse-power per hour works out at 
half that stated in the report, and the discrepancy 
between the total stated consumption and the 
stated consumption per brake horse-power per hour 
therefore requires some explanation. Even ifthe con- 
sumption of the two-speed ‘‘ Ivel” and the Saunder- 
son be taken at 1.76lb. and 1.57 lb. respectively, 
however, their consumption is very heavy, for an 
oil-engine should run on under 1 Ib. of oil per brake 
horse-power per hour. It is possible that the 
makers were not familiar with the brand of oil 
-—** Russolene ”—used in the trial. 

Table V. gives the cost of ploughing as deter- 
mined by the experiments on the 5-acre plots. No 
charge is made on this for repairs and depreciation 
or for interest on capital, and these would, of course, 
increase the actual cost; but the extent to which 
they would do so would depend on many circum- 
stances. On the other hand, it is probable that in 
many cases fuel could be got at lower prices than 
those assumed, and possibly in some cases water 
also, though in others the latter might cost more 
than the price assumed. The assumption that 
lubricating oil, suitable for use in oil-engines, can 
be got at 1s. a gallon is also rather a doubtful one. 

e most economical engine was obviously the 
McLaren, in which the fuel cost was very low indeed, 
and it is interesting to note that, in spite of the 
fact that this engine did its ploughing more quickly 
than any of the others, the labour costs were 8s. 6d. 
for the five acres, or ls. 8d. per acre. This fact 
shows the advantage of using the largest engine 
that work can be found for, as in this case the 
labour costs per acre are necessarily smaller than 
when small engines are used. Considering their 
small size, the total cost of ploughing with the small 
‘*Tvel” motors compares very well with the larger 
steam-tractors, but the Saunderson engines did not 
do so well owing to their heavy fuel consumption. 

Table VI. gives the results of the tests, 
which were not of great interest owing to the easy 
nature of the road. It will be seen that the 
McLaren averaged about 84 miles per hour round 
the course, and, in fact, was often driven at speeds of 
12 miles an hour and over, a speed which is certainly 
not desirable for commercial work, on account of 
the excessive wear and tear. Much more might have 
been learnt as to the relative performances of the 
different tractors by keeping them all to a reason- 
able commercial speed. Several of the machines 
had stops’on the road, but no information is given 
in the report as to their nature or duration. Hence 
the mean speed which can be maintained cannot 
be ascertained, but it may be presumed that the 
great difference between the time of the first and 
second round in the case of the two Saunderson 
engines was mainly due to stops. It will also be 
seen that in the road tests the engines were allowed 
to vary their load according to their capacity, 
instead of being limited to the load suitable for 
the smallest, us in the ploughing test. Both in 
the road and other tests it was evident that the 
larger oil-tractors were barely finished, and quite 
unfit to go in for a trial ; in fact, they were really 
being tuned up as the trial went on, and this com- 
pletely spoilt their performance. 

Table VII. gives the actual amount of water 
evaporated per hour by the different steam-engines 
on the various tests, and also of the water evapo- 
rated per pound of coal burnt. The former gives an 
idea of the relative mean power developed, and also 
of how hard the boiler was driven. It will be seen 
that the water consumption of both the Mann and 
Wallis and Steevens engines was about the same in 
the ploughing and road tests as on the brake tests ; 
but the McLaren used a great deal more water 
ploughing and on the road, and presumably gave 
more power. In fact, if the steam consumption per 





brake horse-power was constant, there must have 





46 


ENGINEERING. 


[JAN. 13, IQIT. 





been developed on the average nearly 40 brake 
horse-power on the road test. The high evapora- | 
tion of the Wallis and Steevens tractor on the 
ploughing test as compared with the others appears | 
to be anomalous. It has been stated that on this | 
test 100-lb. and 50-lb. bags baa sey together in | 
one heap in such a way as to lead to possibility of 
error, and, without suggesting that error was made, 
it is an arrangement which would be better avoided 
in future, It is rather curious that in these trials 
the performance of the McLaren boiler should | 
appear to improve the more it is forced. 

onsidering the report as a whole, the most 
striking point is that there is no information what- 
ever as to any breakdowns or their causes. It was 
very evident to those who were present at the | 
trials that several of the machines had various | 
mechanical troubles, and it would be of the utmost 
interest to know what these were due to, yet there 
is no information whatever regarding them. True, | 
we can get at the total time of stoppage in the | 
ploughing test, but in the other trials we cannot even | 
do this. Even where the time of stoppage can be 
ascertained, there is no information as to what pro- 
portion of it was spent in replenishing the tractors 
with fuel and water. Again, in the ploughing test 
the McLaren is said to have had the ‘ plough 
moving” the whole of the net time taken to plough, 
but the engine is said to have used 228 gallons of 
water, and its tanks are stated only to hold 
155 gallons, so it is not clear how stopping for water 
was avoided. 

As already mentioned, the ploughing tests 
were all made with a three-furrow plough of! 
identical dimensions, regardless of the size of the | 
tractor, and it is stated in the report that this 
arrangement was ‘‘ generally welcomed by the 
several competitors.” This was not, however, 
the impression which our representative got 
from talking to the competitors on the ground, 
and it will o remembered that one of the most 
experienced firms building agricultural motors 
refused to enter unless this condition was altered. 
The power required to move the plough was so 
small that the ‘‘ Ivel,” which only did 6.65 brake 
horse-power on the brake test, hauled it with ease 
at a speed higher than is considered the most 
economical ploughing speed by those who have had 
great experience on the subject. It was therefore 
quite unsuitable for an engine capable of giving 
some 50 brake horse-power. In order that direct 
ploughing should be economical the load behind 
the engine should be as great as it will haul at some 
24 miles an hour, for if the ploughing is done fast, an 
undue proportion of the power developed is spent 
in moving the engine itself over theland. Judging 
from the coal and water consumption the McLaren 
engine was developing a mean of some 27 brake 
horse-power, of which, according to the dynamo- 
meter tests, about 7 brake horse-power was spent 
in hauling the plough. In fact, one might as well 
test a cart-horse by harnessing it to a pony cart. 

Had the McLaren engine been allowed to haul the 

loughs it was capable of handling, it would probably 
Sov been able to plough nearly, if not quite, twice 
as much land in a given time that it did, and the 
other large tractors would have done much the same. 
As very little extra fuel would have been consumed 
doing this, the cost of ploughing per acre would 
have been little more than half that given in 
Table V. It is not quite clear what is the use of 
publishing the cost per aere if it is to have very little 
relation to what the cost is likely to be in practice. 

As actually carried out the ploughing tests also 
in no way tested the capacity of the tractors to 
plough in the manner required in practice. When 
the engine is suitably loaded rhe mew the power 
it will give at low speeds, the draw-bar pull 
will be several times as great in the case of the 
large engines, and proportionate pressures will come 
on the ings and transmission. These parts of 
the ordinary road-tractor are only intended to stand 
such pressures temporarily on steep hills, and for 

loughing must be increased in surface to avoid 

eating and undue wear. While there is no evidence 
that the tractors were deficient in this respect, it 
Paes to be one of the points which such a trial 
should test, and it was not tested atall, the plough- 
ing trials in heavy land being-so short that there 
was i time for developing hot bearings or 
other troubles of « similar kind. 

Altogether the report does not give a great deal 
of information on the points which it ap to us 
it should be the main object of such trials to eluci- 
date—viz., What are the advantages of motors ever 
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horses from the farmer’s point of view ? What is the 
best form of motor for their use? and what are the 
points which most require improvement? Without 
in any way wishing to detract from the merits of 
the McLaren tractor, which deservedly got the 
prize, we may point out that there are many places 
where steam is unsuitable on account of the diffi- 
culty of getting water; in fact, the judges them- 
selves say in their report that they consider the 
oil-driven tractor will the fuiure type. 
therefore, greatly to be regretted that, owing to 
the ploughing being done with a plough absurdly 
too small to show the merits of a large engine, 
firms like Messrs. Marshall refused to enter into 
competition. A tractor on the lines of the one which 


It is, | 


won the trial for military tractors at Aldershot 
should also have done well. 

_As we have already mentioned, the judges say 
in their report that they do not recognise the 
ideal cnieuand motor in any of the types tested, 
but that they consider the trials will prove useful 
in providing experience which may lead to its being 
produced. Itseemsa pity that the report does not 
_give some indication of the direction in which such 
experience should lead. 

ile the trials and report will doubtless be of 
considerable use, it appears certain that there 
should be room for another series in the near future, 
with a view of testing the merits of different 
machines, and the progress made ; and we there- 
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fore venture to make the following suggestions as 
to the conduct of such trials. In the first place, it 
seems very desirable that in all the tests the engines 
should be fully loaded as far as ible. The 
competitors should therefore be allowed to pro- 
vide their own ploughs, &c., or else, if standard 
implements are. provided, they should be allowed 
to haul that number which they consider will give 
the most satisfactory result. In this way the 
labour, fuel, &c., required for the tests would 
have some relation to that required in practical 
work. If motors of very different sizes, weights, 
and prices are tried, we would suggest that they 
should be classified in some way. Obviously a 
35-ewt. motor and a 5-ton one have different uses, 
and cannot compete on even terms. 

It would further be an advantage if ploughing 
tests could be made under circumstances more 
nearly approaching the conditions of actual work. 
Most ploughing is done when the ground is much 
wetter than it is in the middle of August. It would 
also be interesting to have tests on clay soils, or 
those of similar nature. There seems no advantage 
in allowing the competitors to run their machines 
at excessive speed, either in road haulage or 
ploughing. What the farmer wants to know is 
what is economical, not how fast an engine can be 
driven regardless of wear and tear. 

With regard to details of the trials, we would sug- 
gest that an endeavour should be made to arrange 
these so that those who come to see them should 
be able to seeas much as possible in the time they 
can spend there. Nothing convinces people so 
much as seeing things, but farmers cannot spend 
unlimited time at trials, so the latter should be 
condensed as much as possible. Thus the time of 
starting at Baldock was far later than in the case 
with other motor trials. With a start as early as is 
made in other trials, the whole of the tests could 
have been finished at least two days before they 
were- As there are only a few machines to try 
instead of nearly a hundred, as is sometimes the 
case with motor-car trials, there should be no diffi- 
culty in providing an observer to accompany each 
machine. 

_It would, further, be a great advantage if some 
kind of a programme could be published before 
hand, so that those who wanted to see one particular 
test, but could not be there all the time, could have 
some idea when such test would take place. Failing 








| this, it should be at least possible for the public to 


find out readily what is going to be the procedure 
for the day. A blackboard and a piece of chalk 
would be quite sufficient to give a great deal of 
useful information. Similarly, it would make the 
trials of much greater interest if the main figures 
relating to performances were published at once. 
The time taken, fuel and water consumed, in the 
various tests is known on the day the trials are 
completed, and they could be posted up, as has 
been done elsewhere. The full report also loses much 
of its interest if not published soon after the trials. 
As the most valuable feature of trials is informa- 
tion as to defects developed, the length and cause 
of every stoppage, whether on the road or other 
tests, should be stated fully. It would possibly 
conduce to more confidence on the part of manufac- 
turers if the conditions of the trial set forth more 
completely the nature of the tests and the number 
of marks to be given for each point, and if the 
marks on which the awards were based were pub- 
lished. This would also give more information 
as to the merits of machines other than the one 
which secured the first place. 

In specifying the oil fuel to be used it might be 
an advantage to give a choice of more than one 
brand of those in common use. If this is not done, 
the brand which makers find most demand for 
should be used. Lastly, all the figures in the 
report should be checked to see that they are accu- 
rately stated and correspond with each other. 
Unless some alterations in these directions are 
made, it appears to us that the agricultural public 
can hardly be expected to support the Society in 
the way which is so desirable, or that makers will 
enter their machines for its competitions. 
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By JoserH Horner. 


THE subject of testing-machines, treated in this 
article, is limited to those which are commonly 
used in foundries for testing cast iron by cross-bend- 
ing, and by tensile stresses ; omitting, therefore, 
compressive, torsional, impact, and hardness tests, 
which are not embraced by the ordinary require- 
ments of the foundry. ere is practically no 
extension in cast iron before fracture, yet the ten- 





sile stress alone is a useful measure of the strength 
of the iron. The transverse or cross-bending is, 
however, of more value than the tensile, because it 
includes the capacity for deflection before fracture, 
which is a property of much utility. This, there- 
fore, the oldest test of all, is still the one most 
commonly employed, and hence the testing- 
machines for foundry use do not vary much in 
essential —, They do not the re- 
finements and details of the high-class machines 
for laboratory tests on the ductile materials, but 
are simple lever-machines, exercising a transverse 
pull on the centre of a specimen-bar supported 

inst knife-edges, usually 36in. apart, though 
often 12in. or 24in. The old standard test-bars, 
measuring 2in. deep by 1 in. wide in cross section, 
are still mostly employed. They break at from 
28cwt. to 38cwt. load at the centre, deflecting 
about gin. before fracture. A volume might be 
written on these bars and the part which they 
have played in foundry work, the methods of 
pouring them with the casting for which they 
afford the test, or separately, and whether hori- 
zontally or vertically, how cooled, their differences 
in fracture, and what they teach and fail to teach, 
the influence of dimensions, the relation of a small 
test-bar to castings of different proportions, and so 
on, until at least one thing would be clear—that 
the test-bar, if used without much good practical 
judgment, is as likely to lead to erroneous deduc- 
tions as to correct ones. But our present scope 
will be served - a very summary method of treat- 
ment, and by illustrating two or three only of the 
most useful machines for testing the bars. 

We have said that test-bars can be made and 
used to yield misleading results. These results 
will vary when the bars are cast from the first iron 
or the last iron of a melt, whether they are cast 
upright or on edge, or, if on edge, on whether the 
lower or the upper edge is p uppermost in the 
machine ; on whether they are poured in green or 
in dry sand, whether cooled quickly or slowly, and 
very much depends on the cross-section of the bar. 
The old 2-in. by 1-in. bar is a useful size; }-in. 
bars are too small, as being liable to chill, being 
too responsive to the state of the mould and the 
— of pouring. 

The reasons why so much variation occurs in 
test-bars and in castings lie in the peculiar chemical 
composition of the metal. It is an alloy of iron 
with other elements, the relative proportions of 
which control the character of the product. Chief 
of these is carbon, the allotropic character of 
which accounts for the hard white iron at one 
end of the scale and the soft grey iron at the 
other. While the total carbon in a casting or 
bar remains unaltered, conditions may produce 
any percentage between these extremes, with great 
corresponding variations in tensile and transverse 
strengths. Sudden or slow cooling are powerful 
factors in producing these differences, but the 
results are largely controlled by the presence of 
silicon, sulphur, phosphorus, and manganese, their 
relative importance being in the order named. 
These facts explain why an analysis of iron giving the 
percentages oF combined carbon and of graphite is 
of less value than it might appear to be, because the 
proportion will become changed in cooling under 
the influences of greater or less percentages of the 
other elements. The rate of cooling is also a highly 
important factor in influencing results, and this is 
influenced by the initial temperature of the metal 
when poured, as well as by its rate of cooling in the 
mould. The last depends on the quantity of mois- 
ture in the mould, whether it is of green or dry 
sand, or chill, and also on the mass of the casting. 
The interior of a large casting will be of different 
crystalline coarseness and chemical composition 
to the outside. The strength of a test - har, 
therefore, is the strength of the metal in that 

icular bar, but not that of the same metal cast 
in a smaller or larger bar, or under different con- 
ditions of cooling. Neither does it indicate even 
approximately the strength of castings poured 
from the same metal at the same temperature, 
since that strength varies with the rate of cooling, 
with the shapes of the castings, and with the rela- 
tive masses of metal in different parts. So much 
depends on the design of the castings and on the 
work of the moulder. 

Cast iron, besides, lies in a different category 
from the bronzes and other mixtures. The pre- 
sence of the metalloids, and more especially carbon, 
silicon, and phosphorus, produce changes by reason 
not only of their percentage amounts, but also by 
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their controlling influence upon each other, and 
upon the metal, and the influence of heat and 
methods of cooling in modifying the physical 
conditions of the iron. Complicated reactions 
therefore take place which are as yet imperfectly 
understood. 

Some observations made by Messrs. Cook and 
Hailstone led them to the same conclusion which is 
held by the practical foundryman—namely, ‘‘ that 
there is a rate of cooling which will give high 
physical properties.” But the other conditions 
just enumerated also have an equal bearing on 
results. In their experiments also it was found that 
the mixing of different brands of pig iron was appa- 
rently responsible for great differences in strength, 
notwithstanding that the chemical composition of 
each product was identical. Two series of casts, 
one for each mixture, were made, extending over 
sixty days, and the highest tensile strength of one 
series of bars was lower than the lowest result in 
the other series. Thus, while the highest tensile 
strength of one series was 12.9 tons per sq. in., and 
its lowest 8.7 tons, the highest of the other was 
18.3 tons, and the lowest 13.1 tons per sq. in. The 
transverse tests revealed correspondingly great 
differences. Attempts were made to ascertain the 
possible causes of these differences in bars of similar 
composition, even including the proportions of 
combined and uncombined carbon. Sections of the 
bars were taken, polished, etched and unetched, 
and examined microscopically. The view seemed 
to be justified that high physical qualities accom- 
panied a net-like formation of the phosphorus and 
cementite present. This fact does not help the 
founder much, it is true, but it suggests that the 
heat treatment of cast iron may prove to be as 
important a factor as it is in the working of steel. 

he practice of chill casting is an object-lesson 
in the effect of sudden cooling on suitable brands 
of iron. Sudden solidification against a cold 
metallic surface is necessary to produce the needle- 
like crystals which characterise the chill. The 
same metal cooled slowly would not chill. Thus it 
is practicable to produce wholly different results in 
the same metal by its rapid or slow cooling, being 
made hard as steel and brittle, or soft and tough. 

The foregoing brief — why the 
interests of a purchaser are better safeguarded 
by breaking a percentage of actual castings (as is 
done in the case of car-wheels, pipes, and some 
columns) than by trusting to test-bars. Another 
safeguard is to recognise the essential differences in 
light and heavy castings and to vary the specifica- 
tions for test-bars for light, medium, and heavy 
work. The test-bar used intelligently is safer 
than chemical analysis of pig. A good mixer will 
obtain better results by mixtures of pig and scrap 
than of pig alone. The metal will be stronger and 
cost less. 

The grading of cast iron in the foundry has, 
until recently, been always done by the experienced 
judgment of the furnaceman or the foundry fore- 
man. It cannot be questioned that the judgment 
of an experienced and careful man is thoroughly 
reliable in grading and mixing iron for different 
classes of castings. The knowledge cannot easily be 
imparted—it must be acquired. Certain brands of 
pig are selected and melted, with or without various 
proportions of selected scrap, and are melted once, 
or re-melted, and the pose is checked by test- 
bars, and, if nec , modified. 

In this practice the physical characteristics of 
the pig and scrap alone are observed, and from 
these very accurate results are ensured. The 
manner in which fracture takes place, and the 
aspect of the fractured surfaces, are infallible 
physical signs which reveal to the man of experi- 
ence the degree of strength and toughness of the 
iron. An increase or diminution of either or both 
characteristics is secured by mixing different 
brands in variable proportions, and the test-bars, 
also used with judgment, show the approximate 
strength and elasticity of the resulting material. 
In this way all castings of all kinds have until 
recent years been graded, and metal is still mixed 
and graded thus in the vast majority of foundries 
at the present day. But the practice is being slowly 
superseded by the foundry chemist working and 
grading by analysis. 

But chemical analysis alone is not a sure substi- 
tute for the —— of the foundry foreman or 
furnaceman, ixtures of iron precisely alike, the 


same identical mixture in fact, will often show 
greatly different results at the testing-machine and 
im castings. The fuel used, the temperature of the 





cupola, the methods of charging, the temperature 
of pouring, the mass of the casting, and other con- 
ditions just stated all have important bearings on 
results. The skilled founder knows this, and he 
has to regulate his work at each successive stage in 
order to secure the desired metal. In the iron 
foundry, therefore, theory if divorced from prac- 
tice would lead to curious and unexpected results. 

The first important movement which was made 
to substitute chemical analysis for the so-called 
rule-of-thumb method was due to Mr. Keep. But 
the industry in which he is engaged—that of stove- 
making—in which uniformity of metal is essential, 
is one which is exactly adaptable to chemical 
analysis, differing notably in this respect from the 
work of the general foundries where several dif- 
ferent qualities of iron have to be melted in a day, 
and often in the same cupola. Moreover, the test- 
bar is employed as an integral part of the system, 
being made to test the amount of shrinkage and 
degree of hardness as well as the strength. The 
Keep tests and methods are adopted in large 
numbers of foundries, and as they have often been 
described, it is unnecessary to do more than sum- 
marise them here. 

Keep’s tests are not in strictness chemical, though 
based on chemistry. They are termed mechanical 
analysis, and they have for their object the rapid 
and ready determination, from a standard size of 
test-bars, of the suitability of cast iron for a definite 
class of work. They are based primarily upon 
the mutual influences of silicon, carbon, and other 
elements. Though the grade of cast iron is 
approached from the chemical side, Mr. Keep has 
made the physical behaviour of the test-bar the 
means of ascertaining and controlling its chemical 
composition ; and his work has thus had a perma- 
nent influence in foundry practice. 

The basis of the system is the influence of silicon 
onthe carbon in iron, causing the carbon to pass 
during — from the combined into the graphitic 
condition, and thus varying shrinkage. Provided 
the iron contains sufficient carbon for the silicon to 
act upon, the quantity of silicon to be added can be 
varied to produce grades of iron in which any pro- 
portions of combined and graphite carbon desired 
can be obtained. The physical behaviour in the 
form of a shrinkage test (and not chemical analysis) 
indicates the results, so that they can be quickly 
observed by the ordinary founder. 

The point is, that if equal amounts of shrinkage 
exist in different specimens, then they possess 
similar qualities as regards strength and hardness, 
and that the silicon, combined and graphitic carbon, 
sulphur, phosphorus and manganese in each speci- 
men are exerting substantially the same influence. 
The relations between carbon and silicon are such 
that it is in graphitic iron that the largest amount 
of silicon is generally found, and silicon added to 
white iron will change the carbon to the graphitic 
state; in other words, will soften it and turn it grey. 
Hence the use of silicon as a softener of inferior 
irons. 

But more, the value of the shrinkage test lies in 
this, that irons of the same chemical composition 
will not produce bars of like strength if they are of 
different mass dimensions, and also that in different 
mixtures the chemical elements do not always exert 
the same influence in bars of the same size. A 
thin casting or bar cooling more rapidly than one of 
larger mass does not allow so much time for the 
separation of graphitic carbon, and it will therefore 
not be so grey as the larger mass, and will have a 
greater shrinkage. But added silicon causes graphite 
to separate more rapidly, with resulting greyer 
iron and diminishing shrinkage, so that a small 
bar requires more silicon than a larger one if equal 
shrinkage is desired, and equal shrinkage of a 
standard size of test-bar indicates that different 
heats have received their proper proportions of 
silicon and of other elements. If the shrinkage 
is too great, more silicon must be added to bring 
it back to standard, and vice versd. The influence 
of this element, therefore, is not direct, but it acts 
indirectly through carbon. From this central fact 
this series of tests for foundry use has been 
elaborated. 

The test-bars used are small, 4 in. square and 
12 in. long, and are cast between the ends of a 
yoke. By passing a graduated taper scale between 
the end of the test-bar and the face of the end of the 
yoke in which it was cast the amount of shrinkage 
is measured. As the ends of the test-bar are chilled, 
the depth of chill is measured by breaking off the 
corner of 4 bar, 





The reason for using a small bar for relative tests 
is that by its rapid cooling it shows only the 
influence of silicon in separating graphite, while 
larger test-bars show the influence of silicon and of 
slow cooling, and the latter influence is often 
greater than the former. 

Three testing-machines, by Messrs. W. and T. 
Avery, Limited, of Birmingham, designed for deal- 
ing with foundry test-bars, are illustrated on pages 
46 and 47. Figs. 295 to 297 illustrate a machine de- 
signed simply for the transverse testing of cast-iron 
bars of regulation size, 2 in. by 1 in. by from 12 in. 
to 36 in. long. Two dogs, A, A, are adjustable along 
the cast-iron bed-plate to'suit these various lengths, 
and the bed-plate is graduated to permit of accu- 
rate setting to those centres. The standard B, 
which supports the steel-yard, is fitted with bearing- 
blocks of hardened steel, on which the fulcrum 
knife-edge of the steel-yard rests. Brass caps fitted 
over the main fulcrum knife-edge protect it from 
dust. The steel-yard is of wrought iron, polished, 
and fitted with hardened-steel knife-edges. It is 
graduated up to the full capacity of the machine, 
thus dispensing with loose weights. It is provided 
with a sliding poise, by means of which it is main- 
tained in equilibrium and the strain indicated. 
Steadiness of movement is provided for by means 
of a small hand-wheel D-fitted to the poise for effect- 
ing its propulsion. This wheel is keyed toaspindle 
which passes through the poise, to which spindle a 
hardened-steel roller is fastened, having its edge 
milled to grip the top face of the steel-yard, and 
thus to impart the propelling motion to the poise. 
To relieve this roller of the greater portion of the 
weight of the poise a smooth trailing-roller runs 
upon the top face of the steel-yard. The load is 
applied by turning a polished hand-wheel E with 
a screw working in a stirrup. The point of the 
screw is hardened, and bears in a hardened-steel 
bearing-block edge of the steel-yard, and so exerts 
the strain on thespecimen. A graduated scale and 
pointer F is attached to the machine to show the 
amount of deflection of the specimens being tested. 

A machine for both tensile and transverse tests 
is shown by Figs. 298 to300. Its capacity for ten- 
sile stress is 60 cwt., and for transverse 40 cwt. The 
design is for testing specimens 4 in. in diameter, for 
which size the capacity of 60 cwt. allows for iron 
which will stand 15 tons per square inch. Har- 
dened-steel grip-wedges are supplied for gripping 
specimens 4 in. in diameter. For transverse tests 
the regulation bars of 2 in. by 1 in. section or less, 
and pe to 36 in. between centres, are taken. The 
bed-plate carries adjustable dogs A, A, with blunt 
knife-edges for holding the transverse specimens, and 
the base is graduated for centering at 12 in., 24 in., 
or 36 in. The steel-yard, of wrought iron, is carried 
in a cast-iron standard B, having hardened-steel 
bearing-blocks, upon which the hardened-steel knife- 
edges which form the fulcrum of the steel-yard rest. 
The steel-yard is graduated up to the full capacity 
of the machine by 28-lb. divisions, thus dispensing 
with loose weights. The steel-yard is provided 
with a sliding poise, by means of which it is kept 
in equilibrium and the strain indicated ; it is pro- 

lled by means of a small hand-wheel D in front. 

e load. is applied by means of a hand-wheel 
and screw and stirrup, with a blunt knife-edge. A 
deflection scale F is provided, which shows a 
maximum of 1 in. of deflection, and is graduated 
by divisions of 34 in. and also of jin. A spring 
buffer is fitted in the steel-yard carrier, to minimise 
the shock due to the breaking of the specimen. 

Figs. 301 to 303 illustrate a machine for cast 
iron, termed the ‘“‘laboratory” pattern. It is 
arranged for tensile and transverse tests, the 
tensile capacity being 80 cwt., the transverse 50 cwt. 

For tensile tests the object is to test specimens 
gi in diameter, for which size the capacity of 

ewt. allows for iron which will stand about 
20 tons per sq. in. Hardened-steel dies for grip- 
ping specimens 4 in. in diameter are provided. 
For transverse tests the machine is designed to 
test bars 2 in. by 14 in. in section or less, and u 
to 36 in. in length between centres. The steel- 
yard is kept in equilibrium and the stress indi- 
cated by a travelling poise, which is propelled 
by means of a handle at A, and screw-gearing, 
the handle being carrie@ on the main column. 
This arrangement avoids the pressure of the 
hand upon the poise, which is liable to pro- 
duce inaccurate results. It also prevents risk 
of the movement of the poise after fracture has 
occurred. An improved deflection scale is attached 
to this machine at B graduated into yyypin, 
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divisions. By means of this the varying deflections 
of a specimen under different strains can be ascer- 
tained at any period of the test. The steel-yard is 
of wrought iron, tooled, polished, and fitted with 
knife-edges of hardened steel and graduated by 
98-lh. divisions, so dispensing with loose weights. 
To minimise the shock on the steel-yard consequent 
on the breaking of the specimen, a spring buffer is 
fitted in the steel-yard carrier. The machine is 
supported on a bed-plate of cast-iron. It carries 
the dogs, having v edges for holding the — 
men adjustable to different lengths of bars, the 
being graduated so that the specimens can be 
accurately positioned at either 12in., 24in., or 
36 in. between centres, at which positions the dogs 
can be locked. The load is applied by means of 
the hand-wheel actuating a screw working through 
a stirrup having a hardened-steel bearing, which 
puts the strain on the specimen. 








Tur InstiTvTIonN oF Crvit EncingErs: STupEnts’ 
Mretinc.—At the students’ meeting held at the Insti- 
tution on Friday, January 6, at 8 p.m., Captain H. Riall 
Sankey, R.E.. M. Inst. C.E., in the chair, Mr. G. F. 
Davidson, B.E., Stud. Inst. C.E., read a paper entitled 
“The Measurement of Boiler Deformations.” The author 
describes a novel and ingenious method of ascertaining 
the deformation and corresponding stress by means of a 
mirror attached to the point on the shell to be examined, 
and a telescope sighted on to the mirror, the reflec 
reading of a graduated scale being observed, and the 
angular deflection thereby ascertained. In the discus- 
sion which followed Messrs. A. G. Meade, J. Russel, 
J. R. d’O. Lees, and G. Lovegrove took part. 





E.ectric PowER IN THE NEwcAsTLE AREA.—A number 
of important extensions have recently been made to the 
installations of electric power in the works and yards in 
the Newcastle area supplied from the mains of the 
Newcastle-upon-Tyne Electric Supply Company ; at the 
works of Messrs. Donkin and Co., engineers, where there 
is already some 170 horse-power installed, some 235 horse- 
power of new electrical machinery is being fitted. An im- 
portant installation of power is being used in connection 
with the excavation for the new shipyard of Messrs. 
Armstrong, Whitworth, and Co. at Walker-upon-Tyne, to 
which the principal shipbuilding of this firm is about to 
be removed. About 245 horse-power of electrical plant is to 
be installed, the most important pieces being four large 
cranes, each equipped with two 25-horse-power motors and 
one 10-horse-power three-phase motor. At the Ouseburn 
Sail-Cloth Factory an interesting plant of between 50 and 
60 horse-power bas been put in, two 16-horse-power and 
one 10-horse power motors being used for driving looms, 
and motors of 3, 4, and 5 horse-power for driving spinning- 
frames. At the St. Lawrence Ropery some 350 horse- 
power of electrical plant is now in work, there being 
15-horse-power, 124-horse-power, and 64 -horse- power 
motors driving rope-machines, and also electrically-driven 
shafts, hoists, and reelers. An interesting replacement 
of steam by electricity has taken place at the St. Law- 
rence Saw-Mills, where 75-horse-power motors of the 
squirrel-eage type are now used to drive the shafting, 
and replace the steam-plant formerly employed. 





Prrsonat.—The British Thomson-Houston Company, 
Limited, Rugby, have opened a branch office at tle 
Buildings, Swansea.—Messrs. Frank Wigglesworth and 
Co., Limited., Clutch Works, Moss-street, Bradford, 
have appointed as their agents in London, Messrs. Irwin 
and Jones, 5, London Wall Buildings, London, E.C. 
—Messrs. I. and F. Neuwirth have sent us a circular 
stating that they have opened an office at Budapest, IV., 
Vaczi-Kérut 15, for the sale of technical instruments and 
goods.—Schmidt’s Superheating Company (1910), Limited, 
28, Victoria-street, Westminster, S.W., inform us that, 
owing to the large increase in their business, arrange- 
ments have been made to combine the patents owned by 
Schmidt’s Superheating Company, Limited., with the 
English patents of the American Locomotive Company, 
and those of the Vaughan-Horsey system, of the Canadian 
Pacific Railway ; the newcompany has been formed to ca 
this into effect. It will deal with the British, Colonial, 
and South American patents of the group. An American 
and a German company will deal with the American 
foreign patents.—Sir Hugh Gilzean-RKeid, LL.D.. who 
has been for many years a director of Messrs. Richard 
Hill and Co., Limited, Wire and Rolling-Mills, Middles- 
brough, has been appointed chairman, in succession to 
the late Mr. Rich Hill. Mr. Fredk. Bowes, formerly 
general manager, has been appointed to fill the vacancy 
on the Board. the other members of which are Mr. 
Frederick W. Manson and Mr. Frank Hill, managing 
director.—Mesers. Clarke, Chapman, and Co., Limited, 
\ ictoria Works, Gateshead-on-Tyne, state that their 
office at Westminster has been withdrawn, and that the 
business will be carried on at their present London office, 
50, Fenchurch-street, under the rship of Mr. H. 
R. Chapman.— Messrs. Haslam and Schontheil, Limited, 
Cardiff, inform us that from the 14th inst. Mr. Alec. O. 
Scott will cease to be a director or a shareholder of this 
company, he having resigned in order to take up another 
position. The style of the company will remain unchanged, 
and Messrs. Haslam and Schontheil continue to act as 
= rn 1 Re agg eel grec Carbon Tool Company 

@ remov eir offices to more convenient premises 
at Albany-road, Coventry, 


25-TON STEAM TRAVELLING-CRANE. 


Wes illustrate on page 39 a steam travelling-crane 
which has recently been built by Messrs. John H. 
Wilson and Co., Limited, of Birkenhead, to the order 
of Messrs. Topham, Jones, and Railton, Limited, for 
use in setting concrete blocks on the harbour works at 
Singapore. It is designed for lifting 25 tons at 35-ft. 
radius, the height from the rail to the centre of the jib- 
head pulley being 42ft., and proportionate loads for 
longer radii up to 45 ft., and the crane is fitted for lift- 
ing and lowering, revolving, jib-adjusting, and travel- 
ling. The leading dimensions are as follow :—Gauge 
of rails, 12 ft.; wheel-base, 12 ft. The vertical boiler 
is 4 ft. in diameter, 11 ft. high, has four cross- 
tubes, and works at a pressure of 80lb. per square 
inch. The engines are horizontal, and have cylinders 
10in. in diameter by 12-in. stroke. There are two 
cylinders, which are lagged with sheet steel, and they 
are fitted with link-motion reversing-gear, the links 
being of cast steel and the eccentric-straps gun-metal. 
All working parts of the engines have large wearing 
surfaces with suitable lubrication. 

The carriage on which the crane runs is mounted on 
eight wheels, the four outerones being in swivelling bear- 
ings, so as to enable the crane to go easily round curves. 

he boiler is constructed of Siemens-Martin steel, the 
vertical seams being double riveted, and is fitted with 
all the usual mountings. The water tank for supplyin, 
the boiler has a capacity of 300 gallons, and is siseel 
on the tail end of the crane, so as to act as a counter- 
weight. The lifting-gear is arranged for single and 
double purchase, ar two powerful foot-brakes are 
soars Fy which give full control over the maximum 
oad. The lifting-barrel is 24 in. in diameter, and is 
grooved to take a wire rope. Double ropes 1,% in. in 
diameter, made of plough-steel wire, are provided for 
lifting the load, and the lifting-hook has ball-bearings. 
The barrel will hold sufficient rope for a total lift of 
about 80 ft. When lowering, the lifting-pinion slides 
out of gear, so that the barrel may run free when 
lowering in single purchase. 

The slewing-gear is actuated by double-friction 
cones of large diameter and surface, which are con- 
trolled by a screw-brake and worked by a_hand- 
wheel and screw, so that the crane can be revolved in 
either direction without reversing the engines. The 
roller-path is so constructed that it is separate from 
the carriage, by which means the revolving part of the 
crane yields to the load in the case of jerks or shocks, 
thus preventing any unnecessary straining or the 
breaking of gear. e jib can be adjusted between 
a minimum rake of 18 ft. and a maximum of 45 ft. 
It is worked by a worm and worm-wheel barrel 
actuated by a pronged clutch, and the gear is 
controlled by a screw-brake so as to hold the jib 
safely in any required position. The travelling gear 
is worked by means of a pron clutch, all parts of 

ich are made extra strong. e frames are made of 
steel plates and sections. The carriage itself is made 
of steel plates and angles hydraulically riveted, and 
the superstructure revolves on a live ring of steel rollers 
running between sast-steel roller-paths. Mild steel 
has been used for the axles, which are provided with 
adjustable gun-metal bearin The pillar is of for, 
steel, and the jib, which is 46 ft. long, is lattice- 
braced, as shown. 

The speeds of lifting are, with full load, 30 ft. per 
minute, with light 1 160 ft. per minute, and the 
8 of turning is one complete revolution per minute. 

he travelling speed is 150 ft. per minute. The total 
weight of the crane in working order is 90 tons. 





Tue Royat Institution CxHristMAS LECTURES ON 
Sounp.—On Tuesday last Professor 8S. P. Thompson, 
F.R.S., Princi of Finsbury Technical College, con- 
cluded an excellent series of juvenile lectures on ‘‘ Sound, 
Musical and Non-Musical.” The lectures were really 
adapted to a juvenile auditory, and, at the same time, 
generally instructive. Dr. Thom explained his sub- 
ject by a most comprehensive collection of historical and 
modern apparatus, comprising many simple working 


and | models of complicated instruments. 





Tuer LATR Prorgsson Kart Koppr.—We regret to 
learn that Dr. Karl Koppe, professor of geodetics at the 
Technical High School at Brunswick, died at Cologne a 
few weeks ago. Koppe’s name became known in the 
engineering world in connection with the survey of the 
seven tunnels on the Gothard Railway. His determina- 
tion of the axis of the Gothard Tunnel proper enabled the 
workers proceeding from the two ends to meet within 5 cm. 
in the vertical and 33cm. in the horizontal. Born at Soest, 
in Westphalia, in 1844, Koppe studied originally physics 
and astronomy, and it was illness contrac — 
the solar eclipse expedition to India of 1868-69 whic 
induced him to take up geodesy. In 1872 he was attached 
to the Airolo section of the railway, and he carried out 
a triangulation at Airolo, Faido, and Biasca, and other 





survey work, including barometrical determinations of 
heights. Illness Seoend him again in 1876 to give up this 
work, and he was for some time associated with his friend, | 
R. Hottinger, in the manufacture of physical instruments 
of precision, in the firm of N. Goldschmid, at Ziirich. In 


| 1879 he was called to Brunswick, j 





THE ROOF OF NEW -STREET STATION, 
BIRMINGHAM, AND ARPLEY BRIDGE, 
WARRINGTON, 


At the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, January 10, Mr. Alexander 
Siemens, President, in the chair, the papers read were 
“The Strengthening of the Roof of New-Street Station, 
Birmingham,” and ‘‘The Reconstruction and Widening 
of Arpley Bridge, Warrington,” by William Dawson, 
M. Inst. C.E. The following are abstracts of these 
papers :— 
Roor or New-Srrest Station, BrrMIncHAM. 


The roof of New-Street Station, erected in 1852-3, is 
the prototype of the one formerly existing over Charin 
Cross Station, and is of the bowstring girder type, | 
212 ft. span. Having regard to the results of the Board 
of Trade inquiry into the failure of one of the tie-rods of 
Charing Cross roof, it was deemed advisable, as a pre- 
cautionary measure, to fix auxiliary tie-bars to the prin- 
cipals, especially as they were of somewhat lighter 
construction than accorded with modern practice. The 
tensile stress in the main tie-rod due to dead-load, painters’ 
scaffolding, and a horizontal wind-pressure of 40 lb. per 
sq. ft., was 6.93 tons per sq. in,, whilst the corresponding 
stress in the arched rib was 3.07 tons per sq. in., and it 
was therefore considered that the former alone need be 
strengthened. Auxiliary tie-bars were accordingly fixed to 
each principal by means of scaffolding suspended directly 
from the arched ribs of the pelnsiga’s by wire ropes, so 
as to avoid all interference with the traffic on the lines or 

latforms below. This scaffolding was moved forward 

rom principal to principal as the work proceeded, with- 
out being lowered to the platforms. In order to avoid 
placing additional stress on the existing tie-rods, owin 

to the weight of the scaffolding, temporary stee 
hawsers were secured to the feet of the principals, 
and stressed to an amount which counterac the effect 
on the tie-rod of the weight of the scaffolding. The 
auxiliary tie-bars were formed of two 6-in. by }-in. 
steel bars placed on edge ; and in order that a certain 
definite amount of relief might be given to the 
existing tie-rods, an initial stress was put in the auxi- 
liary tie-bars, and accurately measured by means of cali- 
brated springs. While this work was in progress the 
pee was lifted and suspended clear of its bearin 

y means of a derrick, so that the full tensile stress might 
be developed in the tie bars, and not be partly absorbed 
in tending to draw over the head of the column on which 
the principal rested. The new tie-bars were secured to 
the existing principals by means of 2?-in. diameter pins, 
which nowt ¢ through the shoe of the roof principals. 


RECONSTRUCTION OF ARPLEY BriIpGk, WARRINGTON. 


The London and North-Western Railway Company’s 
line, over which the heavy traffic passes between Liver- 
pool, Garston, and the Manchester and Yorkshire dis- 
tricts, crosses the River Mersey at Warrington by a girder 
bridge of 180 ft. span, erected in 1853 from designs by the 
late Mr. John Lister. 

The bridge formerly consisted of three main girders 
with a suspended timber floor, to which the permanent 
way was directly attached, and as the working of the 
goods traffic necessitated the use of a heavier class of 
engine than had hitherto been employed, it became neces- 
sary to strengthen the bridge, and at the same time to 
widen it, so as to provide the clearance between the 
girders required by the minimum construction gauge. 

Various schemes for this purpose were considered, 
bearing in mind the necessity of maintaining the railwa 
traffic across the bridge, and avoiding interference with 
navigation below. It was ultimately decided to substitute 
new girders for the existing face girders, and by means of 
overhead girders connected with the top-booms of the new 
girders, to transfer to the latter a portion of the load that 
would otherwise be carried by the centre girder, which 
was already overloaded. A new steel floor was also to be 
provided. 

The method of carrying out the work at site is, per- 
haps, the most interesting feature. This was accomplished 
by first closing one of the lines over the bridge, and 
erecting the new face’girder on the existing floor, all traffic 
being meanwhile worked over the other line. 

After the first pean: had been completed, the portion 
of the floor on which it was built was cut away, and the 
old face pom was removed in the following manner: 
—One end was placed upon a trolley, and ba: , on which 
a suitable stage had been built, were floated underneath 
the other end at low water. The =m | tide lifted this end 
off its bearings, and it was then pulled on to the opposite 
abutment by a locomotive, running on the ordinary line 
of rails. 

The new face girder was next placed in its final posi- 
tion, and the first half of the new steel floor was fixed. 
after which we ponrsy ony teen b was restored and all 
traffic was dive over the yn age portion of the 
ar. The other half of the bridge was dealt with 
simi > When this work had been completed, ste 
were taken to relieve the old centre girder permanently 
of such an amount of load as would ensure that under no 
conditions of traffic would the stress in the bottom flange 
exceed 5 tons per square inch. 








Irish Roap Coneress, 1911.—The general committee 
has decided on holding a second Congress in Dublin on 
April 19, 20 and 21 next, and at the same time to promote 
an exhibition of road material, machinery, and 
other ao at the Royal Dublin Society’s grounds 
at Ballsbridge, in connection with the spring show, 
which will be held at the same time as the Congress. 
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MOTOR-OMNIBUSES OF THE PARIS GENERAL OMNIBUS COMPANY. 
CONSTRUCTED BY MESSRS. SCHNEIDER AND ©0., ENGINEERS, CREUSOT AND HAVRE. 
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In 1860 the Paris Municipality signed a contract 
with the Compagnie Générale des Omnibus, which 
granted to the ike company a fifty-years’ monopoly 
of the omnibus service in the French metropolis. 
This contract came to an end in May last. As early 
as 1907 the Municipality commenced the preparation 
of a programme for dealing with a continuation of the 
service, and quite recently the former company has 
been awarded the new contract for a period of forty. 
five years—counting from June 1 of last year. 

During the time the first contract remained in 
force the company repeatedly improved their horse- 
omnibuses ; it also put on its routes a number of 
mechanically - propelled vehicles, and instituted in 
1905 a competition for motor-buses, in which all the 
French builders were invited to tuke part. The t 
the company finally decided upon was that of the 
Société des Automobiles E. Brillie¢, which is built at 
the Havre Ordnance Works belonging to Messrs. 
Schneider and Co., and a first order was given to the 
Brillié Company in 1905 for sixty chassis for service on 
five existing routes. The Omnibus Company reserved 
to itself the fitting of the bodies, which were made 
with adouble-deck, generally on the pattern followed 
for the horse-drawn omnibuses. These first vehicles 
were put in the service in June, 1906, and in the follow- 
ing December the Omnibus Company ordered from the 


Brillié Company a further series of ninety chassis. 
Owing to the short time the contract of 1860 had still 











to run, the Omnibus Company remained satisfied 
with the 150 vehicles in question. These, it may be 
remarked, are still in service giving complete satisfac- 
tion. The chassis require practically no supervision ; 
the liquid-fuel consumption is less than half a litre per 
car-kilometre (5.7 car-miles per gallon) for vehicles 
having a total weight of 7500 kilogs. (7 tons 7 cwt.), in- 
cluding ngers. The chassis have been specially 
desi with a view to simplify the driving ; in fact, 
the former coachmen of the Omnibus Company have 
Learned all been trained in a very short period in 
riving the mechanically-propelled omnibuses. 

Seeing the success obtained with the vehicles first 
supplied to the Omnibus Company, and the future for 
such vehicles, Messrs. Schneider purchased in 1908 the 
Brillié Company, whose business they continue in their 
own name with the collaboration of Mr. Brillié and 
his staff. They have made a speciality of the con- 
struction of heavy cars, both for commercial and 
military purposes. 

In the same year, 1908, the Paris Municipality 
made a public statement to the effect that the new 
concessionnaire would be compelled to use in future 
motor-buses exclusively, and the Paris Omnibus Com- 
pany asked each French manufacturer to send in a 
chassis for testing purposes. Messrs. Schneider sup- 
plied a chassis on the pattern of the 150 in service 
above referred to, but embodying several improve- 
ments, This chassis was fitted with a body for seating 








34 passengers, without double deck, the vehicle being 
placed in the service in January, 1909. A few points 
| of interest concerning this chassis may be stated here. 
The springs adopted in the case of the first double- 
deck motor-omnibuses used by the company were 
given but a limited flexibility, so as to reduce the 
| oscillation of the vehicle and increase its stability, 
the centre of gravity being comparatively high. In the 
recent vehicles, the double-deck being done away with, 
the springs have been made much more flexible, this 
largely increasing the resiliency. 

he older motor-buses have a ehassis which contains, 
with a view to Ses the differential gear, two 
radius-rods join on the rear axle, and at the other 
| end on a fixed point near the front of the vehicle. These 
|radius-rods transmit to the chassis the propulsive 
| action of the driving-axle, and withstand the reaction 
| of the motive effort of the wheels. Owing to the con- 
siderable vibrations which the rods undergo, they 
soon became loose at the joints, and rendered the 
vehicle noisy ; this was corrected to some extent by the 
Omnibus Company by the aid of devices for deadening 
the noise. In the new vehicles the differential gear is 
carried direct by the axle, and the rear suspension has 
| been so fitted that the springs withstand both the 
| motive reaction of the wheels and the propulsive 
effect of the axle, this effect being transmitted to the 
chassis by the fixed joint in front. This new depar- 
| ture has met with full success, All the joints of the 
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the driver’s seat, the petrol-tank, and the radiator. 
The chassis is carried on two axles, to which it is con- 
nected by springs placed underneath the longitudinals. 
The rear svrings are made wide, 140 mm. (5.5 in.), 
as above stated, both to ensure the propulsion of 
the vehicle and to withstand the reaction effect of 
the driving-wheels. The principal dimensions are the 
following :— 


Length of chassis... ... 7.567 m. (24 ft. 10 in.) 
Length of carriage body ... 5.020,, (16 ,, 6,, ) 
Wheel-base ... es a PS PO ae | 
Width between longitudi- 

nals in front a oie May ices. B as 
Width between longitudi- 

nals atthe rear... 2a .. @ Sh...) 
Total length of front axle, 

eae Jon ig ns Oe Thi) 
Total length of rear axle, in- 

cluding caps Si 3 as. te 2 9 
Front springs, width ... 0.090 ,, (34 in.) 
Front springs, length ... 1.250,, (4 ft. 1 in.) 


Rear springs, widt ... 0.140 ,, (54 in.) 
Rear springs, length ..- 1.500 ,, (4 ft. 11 in.) 


Wheels. —The wheels are of wood, with forged steel 
naves, fitted with gun-metal sockets lined with anti- 
friction metal. 

Diameter of front wheels... 900 mm. (35.4 in.) 
Diameter of rear wheels 950 mm. (37.4 in.) 

The front wheels are provided with solid-rubber 
tyres, and the rear wheels with triple rubber tyres, as 
shown in Fig. 2. 

Engine.—The four-cylinder engine is shown in 
Figs. 5and 6; the cylinders are 125 mm. (4.9 in.) in 
diameter, the stroke being 140 mm. (5.5in.). The 
engine-frame is of cast iron, and the lowcr casing of 
aluminium. The crank-shaft is held in bearings fixed 
to the engine-frame, and independent of the lower 
casing ; the latter can be removed for inspection pur- 
poses, and for removing the connecting-rods and pistons 
without touching the crank-shaft. he valves are on 
the left-hand side, the other side being free for the 
magneto-ignition device. The valves are one above the 
other ; the inlet valves are at the top, and are operated 
by levers driven by trip-rods. he valve-gear is 
knuckle-jointed, this ities the valves to be taken 
out simply by unscrewing one nut. All the mecha- 
nical parts, cams, spur-wheels, &c., are contained 
inside the frame. The lubricating device comprises an 
oil-receiver placed against the engine, with oil-gauge 
pipe and an oil-distributor, which supplies the various 
parts requiring lubrication. The lower casing is 
divided by partitions, so that each connecting-rod 
dips into a separate oil-bath. The lubrication of each 
connecting-rod remains, therefore, constant, notwith- 
standing the gradients of theroad. The engine is fitted 
with a jet carburettor with automatic air-valve. It is 
fitted close to the common exhaust, this ensuring 
complete vaporisation, and oe engine to run 
with petrol, carburetted alcohol, or bevzol. Governing 
is by a throttle-valve operated by a governor, for 
limiting speed, or by a foot-lever. hen the latter is 
raised, the engine runs at a slower speed ; when it is 
depressed, it runs at its maximum speed. Ignition 
is by magneto and spark-plug. The engine is of about 
40 horse-power when running at 1000 revolutions. 

Radiator.—The engine is fitted with a thermo-syphon 
cooling device, with radiator in front, and a fan driven 
by the engine. 

Fuel-Tank.—This is of lead-lined sheet-steel, con- 
taining about 100 litres (22 gallons), and carried under 
the driver’s seat ; the fuel feed is by gravity. 

Coupling.—The disc-coupling is of the Hele-Shaw 
tvpe, running in oil ; and is worked by a pedal on the 
left. 
Change-Speed Gear.—The change-speed gear runs in 
oil ina closed casing. It is shown in Fig. 7. It is fitted 
with three speeds forward and one reversing, opera‘ed 
by one single lever. Speed-changing is by slidin 
pinions, direct drive being on the third speed. A 
the mechanical parts are on Kepe gey he travel- 
ling speeds, when the engine runs at revolutions, 
are the following :— 


Third speed ... ... 22.8 km. (14.2 miles per hour) 
Second speed... eS ee id ae ”» 
First speed wae ve 1D ae ( 4.0 ,, ” 


Drive.—The drive from the engine to the rear axle 
is by a Cardan shaft and bevel gearing. We illustrate 
the differential gear in Fig. 8. 

Brakes.—The chassis is provided with two brakes ; 
one with iron brake-blocks on tae differential gear 
worked by the right-side pedal, and one on the wheel 
drums worked by a lever which moves on a toothed 
sector. 

Steering. —The steering-wheel is on the left-hand side. 

Weight of the Chassis. —The chassis, with its wheels, 
weighs about 3200 kilogs. (about 3 tons 3 cwt.). 





Wexsu Coat ror Cu1ii.—The Chilian Government has 
placed contracts for 30,000 to 40,000 tons of large Welsh 
steam coal, The price to be paid is understood to be 
lds. 6d. per ton, free on board. 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 


pig-iron market was very quiet, and only one Cleveland 
warrant changed hands at 51s. three months, with sellers 
over. At the close the other selling quotations were 
50s. 24d. cash and 50s. 54d. one month. Sellers of hema- 
tite quoted 66s. 9d. cash and 67s. 9d. three months, and 
for the latter position buyers offered 67s. 64. The market 
was weak in do cheatin, when 3000 tons of Cleveland 
warrants were done at 503. 1d. and 50s. 04d. cash and 50s. 3d. 
eighteen days. The closing prices were 50s. 1d. cash, 
50s. 5d. one month, and 50s. 114d. three months. Hematite 
was unchanged at 67s. 6d. buyers, and 67s. 9d. sellers, 
three months. On Friday morning an easier tone again 
prevailed and 1500 tons of Cleveland warrants were dealt 
in_at 50s. . and 50s. cash, and the session closed with 
sellers at . cash, 50s. 4d. one month, and 50s. 11d. 
three months. ematite—1000 tons—changed hands at 
67s. 6d. three months, with buyers over at 3 
and 67s. 6d. three months, and sellers at 66s. 9d. cash, and 
67s. 9d. three months. In the afternoon Cleveland warrants 
were quite idle, with sellers quoting 50s. 1d. cash, 50s. 4d. 
one month, and 50s. 11d. three months. One lot of hematite 
was done at 67s. 9d. three months, with buyers over, and 
sellers at 68s. On Monday morning a firmer tone pre- 
vailed, and 2000 tons of Cleveland warrants were put 
through at 50s. 1d. cash. Closing sellers quoted 50s. 14d. 
om te 54d. one month, and 50s. 11d. three months. 
Hematite was also the turn firmer, and 1000 tons changed 
hands at 67s. cash, and at the close sellers quoted 
68s. 14d., and buyers 68s. three months. In the afternoon 
Cleveland warrants were again idle, and at the close 
sellers quoted 50s. 14d. cash, 50s. 54d. one month, and 
51s. three months. Hematite was strong, and two lots 
were done at 68s. 14d. three months, with closing sellers at 
68s. 3d., and buyers at 68s. On Tuesday morning Cleveland 
warrants were steady, and 1000 tons were done at 50s. 14d. 
three days, with p sellers quoting 50s. 2d. cash, 
50s. 54d. one month, and 51s. three months. The turn- 
over in hematite was 1000 tons at 67s. 14d. cash, and 
68s. March 31. ‘There were sellers over at 67s. 3d. cash, 
67s. 6d. one month. and 68s. 14d. three months. The 
afternoon market was just the turn easier, and one lot of 
Cleveland warrants changed hands at 50s. 1d. cash. The 
closing prices were 50s. 1d. cash, 50s. 5d. one month, and 
50s. 114d. three months sellers. One lot of hematite was 
done at 67s. 14d. , with closing sellers at 67s. 2d. cash, 
and 68s. 3d. three months. When the market opened 
to-day (Wednesday) the tone was fairly steady, and 
2000 tons of Cleveland warrants were dealt in at 
50s. Od. cash, and 50s. 4d. one month, and the 
closing quotations were 50s. 1d. cash, 50s. 44d. one month, 
and 50s. 11d. three months sellers. One lot of hematite 
was done at 67s. cash, with buyers over at that figure, and 
at 67s. 4d. one month, while sellers quoted 67s. 14d. cash 
and 67s. 6d. one month. In the afternoon Cleveland 
warrants were easier, and 2000 tons were put through at 
49s. 114d. cash and 50s. 3d. one month. Closing sellers 
quoted 50s. cash, 50s. 3hd. one month, and 50s. 104d. three 
months. Hematite was idle, with buyers quoting 67s. 104d., 
and sellers 68s. three months. The following are the 
market quotations for makers’ No. 1 iron:—Clyde and 
Calder, ; Gartsherrie, 63s. 6d.; Summerlee, 65s. 6d.; 
Langloan, 64s. ; and Coltness, 82s. 6d. (all shipped at 
Gl w); Glengarnock (at Ardrossan), 65s.; Shotts (at 
Leith, 64s.; and Carron (at Grangemouth), 66s. 6d. 


Scotch Pig-Iron pe tempol tage makers report 
a fair inquiry for the ordinary qu 

home consumers and buyers in the South. The hematite 
position is almost unchanged, and buyers and sellers are 
not yet of the same mind as to prices, the latter naming 
from 70s. to 70s. 6d. per ton, which figure the former con- 
sider too high, the resuit being that business is on a small 
scale. The Scottish Ironmasters’ Association’s returns 
for the year 1910, of the production, consumption, exports, 
and stocks of Scotch pig iron, including hematite and 


basic, are as follow :— 


1910. 1909. Increase. 


Production as per makers’ 














returns . 1,414,461 1,361,697 52,764 
Consumption :— 
In foundries .. ~ | ce 215,771 189,889 25,882 
In malleable iron ad steel 
works .. ¥. we 839,115 791,466 47,649 
Totals . 1,054,886 981,355 73,531 
Exports :— 
Foreign. . 147,757 136,544 11,213 
Coastwise ox oe a 149,615 148,374 1,241 
Rail to England es ay 5,720 5,658 71 
Totals .. .. 808,101 290,576 12,525 
Total Consumption and Exports :— 
Stocks as on December 31 :— 
In Connal’s stores .. “ 1,000 1,000 — 
In makers’ yards 331,285 274,811 56,474 
Totals .. 382,285 275,811 56,474 
Furnaces :— 1910, 1909. 
Number of furnaces in blast on December 31 86 84 
Average number of furnaces in blast for 
the year ee - os a -. 84.982 82.04 
Summary. 
Total stocks at December 31, 1909 .. 275,811 
Add production for 1910 “ os 1,414,461 
Total a ae 1,690,272 
Deduct total deliveries for 1910 1,357,987 
Total os ‘io 332,285 





Glasgow Pig-Iron Market.—Last Thursday morning the | Leith 


ities of iron, both from | § 





Sulphate of Ammonia.—A — tone prevails in the 
| sulphate of ammonia market, and the price has advanced. 


Sellers report a fairly good demand for near dates, with 
a similar inquiry for forward lots. The current quota- 
tion is from 131. 5s. to 13/. 7s. 6d. per ton, Glasgow or 

ith. The amount shipped from Leith Harbour last 


week was 400 tons. 


Scotch Steel Trade.—Little can be reported at present 
in connection with the Scotch steel trade, as practically 
less than a week has ela since the resumption of 
work. All the same, a fair amount of inquiries have 
lately been received, and with the shipbuilding trade now 
in full swing, some activity in the steel industry is sure to 
follow without much delay. A fair demand exists for the 
lighter qualities of material, while the inquiries for struc- 
tural sections are exceedingly good. Prices are firm, and 
without change. 

Malleable-Iron Trade.—No improvement has as yet 
taken place in the recently prevailing conditions in the 
West of Scotland malleable-iron trade. Work has been 
resumed, but there has been no great influx of specifica- 
tions. 

Shipbuilding. — Messrs. P. Henderson and Co., Glasgow, 
have contracted with Messrs. W. Denny and Brothers, 
Dumbarton, for the construction of a new steamer for 
their Burma trade. This vessel is to carry 8500 tons, and 
to be of good speed. 








Hypro-Eecrric Power 1n Iraty.—The utilisation of 
hydro-electric power has advanced in Italy on a scale 
which, considering the size and population of the country, 
has not even been surpassed in the United States. ii 
the schemes at present started upon are carried out to the 
cane extent, Italy will have added about 750,000 

orse-power in hydro-electric installations during the last 

six years, and invested something like 25 million pounds 
in these plants. In Lombardy, in particular, the deve- 
lopment has been very rapid. Current transmission at 
more than 70,000, and even above 80,000 volts, is used in 
the Milan district, which has quite a number of supply 
sources, at Rome and at Naples. 





New Bringer at Mooreatse-Street, BLAckBURN.—A 
remarkably successful test was carried out on December 22 
on a new reinforced-concrete bridge over the Leeds and 
Liverpool Canal at Blackburn. The new structure was 
erected to replace an existing arch. Both the width of the 
roadway and the span of the bridge were greatly increased, 
in order to afford additional facilities to both the road 
and canal traffic. The span is now 40 ft., and the width 
of the roadway 37 ft. between parapets. Exceptionally 
heavy loads had to be provided for. The test referred to 
consisted of a moving load of 65tons. It was made witha 
14-ton traction engine drawing an 18-ton four-wheel bogie 
(No, 1), and a 15-ton engine drawing a 32-ton four-wheel 
bogie (No. 2). The engine and bogie No. 1 first 
over the bridge, the load being 32 tons. They were then 
left on the bridge, and the engine and bogie No. 2 were 

over alongside it, the total load being 65 tons, as 
stated. In neither case was there the slightest measur- 
able deflection, and the vibration during the passage of 
these exceptionally heavy loads was practically impercep- 
tible. The bridge was designed by the Patent Indented 
Steel Bar Company, Limited, and was constructed, under 
their supervision, by Messrs. F. Mitchell and Sons, con- 
tractors, Manchester, indented bars being used in the 
reinforcement throughout. The rise allowed was very 
slight—only 1 ft. on a span of 40 ft.—owing to the neces- 
sity of avoiding interference with the road gradient. The 
engineer for whom the work was constructed was Mr. W. 
itubbs, Assoc. M. Inst. C.E., engineer to the Corpora- 
tion of Blackburn, under whose personal supervision the 
test was carried out. 


Contracts.—The United Motor Industries, Limited, 
45 and 46, Poland-street, W., inform us that four large 
thrust-bearings have recently been turned out by the 
D.W.F. factory, for a large crane ; they are made to take 
a load of 110 tons, and are of the following dimensions :— 
Bore, 3ft. 9 in. ; diameter, 4 ft. 7in.; height, 6 in.— 
Messrs. Scott and Mountain, Close Works, Gateshead- 
on-Tyne, recently received orders for several pumping 
plants, comprising large centrifugal pumps, two of the 
most interesting of these being for Messrs. Cochrane and 
Co., = Mines ; two sets of pumping plant cm- 
sisting of four-stage high-lift centrifugal pumps to deliver 
750 gallons per minute against a total head of 400 ft., 
complete with three- » 3000-volt motors, and the 
necessary generating plant in duplicate, driven by high- 
speed reciprocating steam-engine. For Messrs. Elswick 
Coal Company one pumping unit consisting of centri- 
fugal pump to deliver gallons per minute against 
200 ft. , driven by direct-current motor ; this set being 
required for practically continuous working, it is only 
run at a speed of 750 revolutions per minute. The pump- 
ing plant in both of these cases is of the type which 
Messrs. Scott and Mountain have recently introduced.— 
Messrs. John vueg Limited, Millwall, E., have re- 
ceived from the British Admiralty a very large order for 
mooring-buoys.—The Mirrlees Watson Company, Limited, 
Gl w, have recently booked orders for surface condens- 
ing plants for the Uxbridge and District Electric Supply 
company, Limited ; the Anglo-Persian Oil Company, per 
Siemens Brothers (two sets); M. Nairn and Co., Kirkcaldy, 
ond C. A. Parsons and Co.; and Usine de Tuiliere, Bor- 

eaux, per Thomson-Houston Company, Paris. Baro- 
metric jet condensing nts for Chuwo Seito Kaisha, 
Formosa, per Okuraand Co., London ; C. and W. Walker, 

ited, mnington ; Durban Corporation, per Hubert 
Davies and Co., London (with three sets of injection and 
hot-water ames end motors). Low-level jet condensing 
plants for the Edinburgh Corporation, per Brush Elec- 
trical Company (three sets), and the Dinnington Main 
Colliery, per British Thomson-Houston Company. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Returns.—The latest returns issued for the 
amount of coal dealt with at Hull are of more than 
usual interest, as they give the figures for what has been 
an exceptional and record year. The total consignments 
received at Hull during the year have amounted to the 
remarkable figure of 6,875,152 tons. The only previous 
year approaching this was 1907, but the tonnage then was 
over 300,000 tons less than in 1910. The export for the 
year amounted to 3,722,008 tons, which is 500,000 tons 
more than in 1909. The facts, however, that big tonnages 
have been held up at the port awaiting shipment, and 
the low-price tendency a the year, suggest that 
more coal is being produced, now that the newer col- 
lieries are being opened up, than there is a market for. 
These new collieries have increased their output ver 
markedly on the year. The tonn from Brodswort: 
has increased from 163,200 to 219, tons, from Bentley, 
from 53,944 to 194,792 tons, and from Dinnington, from 
71,440 to 207,232 tons. The ton’ dealt with at Hull 
during last month, December, was 532,480 tons, a decrease 
of 17,264 tons. The exports were 197,777 tons, and coast- 
wise shipments 104,124 tons. 


Tron and Steel.—The new year opens with very = 
prospects all round. A notable feature is the sudden 
rise in iron prices. Although the increases are consider- 
able, buying is on a pretty scale, and makers have 
confidence in being able to dispose well of their supplies. 
Hematites have gone up 1s. on recent quotations. For 
West Coast from Sos. to 82s. is asked, and makers of East 
Coast mixed numbers demand from 73s. to 75s. (delivered 
in the district). Concurrently there have been increases 
in the common irons. Foundry sorts stand at 52s. for 
Lincolnshire, and 52s. 6d. for Derbyshire. The figures 
for forge irons from these districts are respectively 51s. 
and 50s. Ironfounders could do with a good deal more 
business, though there is a fair quantity of work with the 
Derbyshire foundries. The existing quotation of 62. 15s. for 
bar iron is to be continued, according to a decision arrived 
at by a recent meeting of the South Yorkshire Bar-Iron 
Association. The demand for iron from the big steel- 
makers is a welcome augury for the future. Although 
at present the heavy departments are not receiving much 
new business, this contracting for irons, together with 
other indications, points to the fact that steel-makers are 
confident of the growth of trade. ree ga and casti: 
are amongst those materials for which a big inquiry is 
expected now that activity has been resumed in the ship- 
building districts. Engineering is also looking up. One 
large local firm have in hand an order from an East End 
armament house for Dreadnought accessories in the 
of castings and turbine-drum casin; 
the work is the heaviest of its kind attempted by a Shef- 
field firm. Railway steel appearslikely to improve. It is 
stated that additional locomotivesare to be built by the Great 
Central Railway, who are also inquiring for wagons. Some 
of the spring makers are in better work, and there is hope- 
fulness in regard to foreign and colonial demands. A 
growing trade is being done in steel and forgings for 
motor-car purposes, Sheffield makes of this class of steel 
being widely appreciated. It is very satisfactory to be 
able to report that in edge-tools last year’s revival is 
being followed by continuous trade. The output 
and the profits realised during the current twelve months 
are expected to be quite satisfactory to makers, in spite of 
keen competition. There promises to activity in 
builder’s tools in consequence of the building trades 
revival. Garden tool, scythe, and sheep-shear manufac- 
turers are very busy. 


South Yorkshire Coal Trade.—There are indications of 
a revival in steam coal. Shipping demands are better, 
and the inquiries for hard coal have improved, following 
-—e the holidays. The weight of business in the hands 
of manufacturers has caused them to press for contract 
deliveries. Stocks at pits are mostly low. The South 
Yorkshire collieries are still negotiating in regard to rail- 
way contracts, but the Derbyshire pits have fixed u 
their contracts with the companies at a reduction of 3d. 
on last year’s prices. Gas fuels are freely sought after, 
and there is considerable business doing in spot. lots. 
Slacks are in a good position, with small price advances 
in some cases. mtract deliveries of best qualities are 
in arrear at some collieries. Coke is selling well. House 
coal is quiet. Variable weather has something to do with 
the position, which is more particularly due, however, to 
the fact that very large toda were got in for the holi- 
days, and consumers are not yet requiring fresh supplies. 
Merchants have a good deal. of material on hand, and 
late deliveries have accounted for much of their outgo. 
Collieries are finding ordering very slow, but are not over- 
burdened with stocks. London contract deliveries are of 
small quantity. There is a considerable demand for cheap 
house-coal, test "Change quotations are :—Best Barns- 
ley, 128. 6d. to 13s. 6d.; Silkstones, 10s. to 11s.; Derby- 
shire brights, lls. 6d. to 12s. 6d.; Yorkshire hards, 9s. to 
10s.; Derbyshire hards, 8s, to 8s. 9d.; washed nuts, 8s. to 
s.; rough slacks, 6s. to 6s. 3d.; seconds, 3s. 6d. to 4s. 9d.; 
and smalls, 1s. to 2s. 3d. 





3RITISH Exports or Coat.—Messrs. D. M. Steven- 
son and Co., Glasgow, have issued a leaflet in which they 
state that they have received from the Board of Trade a 
summary, specially compiled for them, of the coal exports 
for the past year. aw exported from Great 
Britain in 1910 was 62,085,476 tons, tan a decrease of 
991,323 tons on the quantity exported in the previous 
year. From Scotland, 10,256,624 tons were exported in 
1910, as compared with 10,040,863 tons in 1909, an increase 
of 215,761 tons. The leaflet gives the exports by periods 
of ten years from 1850 to 1890, then per year up to 1910, 


pe tons hematite, &c. 
It is believed that | 4 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The pig-iron market is 
steady, and a most cheerful tone prevails. The most 
satisfactory feature is the desire shown by buyers to 
make forward contracts at rates above those quoted for 
early = ¥ There is a firm belief amongst traders 
that a period of great activity has been entered upon, 
and some f° so far as to opine that the present year is 
likely to a record one for output. is week a 
number of strangers, most of them foreign ore merchants, 
have attended the Cleveland market. Pig-iron prices 
show little change. No. 3 g.m.b. Cleveland is 50s. 14d. 
to 50s. 3d. f.o.b., both prices having been ised ; 
whilst the other qualities are in the same proportions 
that have existed for some time t; No. 1, which 
continues scarce, 54s. to ; No. 4 foundry, 
49s. 14d.; No. 4 forge, 104d.; and mottled and white, 
each 48s. 44d.—all for early delivery, 9d. to 1s. above 
these rates being asked on forward account. Fairly 
good sales of East Coast hematite 4 tm reported, and 
values are steadily ene. ixed numbers are 
fully 65s. for Jan delivery, and 66s. is readily paid 
up to the end of June, Beyond that period up to 
67s. 6d. is quoted. Foreign ore is firm, though there is 
not much business passing, consumers being well bought. 
Rubio of 50 per cent. quality is 22s. ¢x-ship Tees. 


ae py Wages.—The average net selli 
price of No. 3 Cleveland pig iron for the three feo» 8 


ending December 31 last has this week been certified at 
49s, 10.72d. per ton, as compared with 50s. 5.25d. per ton 
for the previous quarter, there having thus been a reduc- 
tion in the fourth quarter of last _ of 6.53d. per ton, 
which means a reduction in blastfurnacemen’s wages of 
0.75 (three-quarters of one) per cent., which brings wages 
from 23 per cent. above the standard to 22.25 per cent. 
above the standard. 


Iron Trade Statistics.—The Middlesbrough Chamber of 
Commerce returns just issued show that at the end of last 
yon of eighty blast-furnaces built within the port of 

iddlesbrough fifty-seven were in operation. The a 
duction of pig iron at Middlesbrough during the last 
three months of the year is given at 590,000 tons—390,000 
tons of Cleveland pig and 200,000 tons of hematite, 
spiegel, basic, and other special iron. For the previous 


ngs quarter the total make was 575,000 tons, 380,000 tons 


being Cleveland, and 195,000 tons hematite, &c.; and for 
the last three months of 1909 the output was 550,000 tons, 
355,000 tons of which was Cleveland iron, and 195,000 
Imports of foreign iron ore last 
uarter amounted to 444,493 tons, as compared with 
498,151 tons for the vious quarter, and 533,367 tons for 
the last quarter of the previous year. The total value of 
oe er ti and coke exported to foreign and 

lonial destinations from Middlesbrough during the last 
quarter of 1910 amounted to 2,054,676/.—an increase, as 
compared with the corresponding period twelve months 
ago, of 187,305/. 


Manufactured Iron and Stcel.— Very satisfactory 
accounts continue to be given of the manufactured iron 
and steel industries. Producers have excellent order- 
books, and inquiries continue good. A slight advance 
has been made in steel rails, and all other descriptions 
tend upward, but are not quotably altered. A Tees- 
side shipbuilding firm are reported to have purchased 1500 
tons of Belgian plates. Principal quotations stand :— 
Common iron bars, 7/.; iron ship-plates, 62. 12s. 6d.; iron 
ship-angles, 7/.; steel bars, 6/. 5s.; steel ship-plates, 6/. 15s. ; 
steel Ctioc 6l. 7s. 6d.; steel strip, 6. 10s. ; steel 
hoops, 6/. 12s. 6d.; steel joists, 6/. 5s. to 61. 7s. 6d.; cast- 
iron railway chairs, 3/. 10s.; light iron rails, 6/. 10s.; 
heavy steel rails, 5/. 12s. 6d. to 5/. 15s.; steel railway 
sleepers, 6/. 12s. 6d.; and galvanised corrugated sheets, 
111. 5s.—sheets less 4 per cent. f.o.b., railway material 
net at works, and all other descriptions less 24 per cent. 


Clereland Engineers’ Society.—The members of the 
Cleveland Engineers’ Society held their third meeting of 
the session on Monday evening, in the hall of the Cleve- 
land Literary and ie ars a Society, Middlesbrough, 
the President (Mr. T. C. Hutchinson) coomagene the 
chair, when a paper was read by Mr. Albert H. Marshall, 
M.1.E.E., of Miidlesbrou h, on ‘The Use of Electric 
Locomotives for Shunting Purposes.” The paper was an 
unusually long one, and the author dealt on the im- 
portant commercial application of electric power to 
shunting operations, which were taken to include the 
handling of heavy goods and minueral traffic in yards and 
sidings, which work was now done by steam locomotives, 
and the haulage of minerals below the ground by stationary 
engines and horses in mines and collieries. The author 
pointed out that the substitution of electric power for these 
purposes was cheaper than steam. The manipulation of 
the electric machines was simpler than that of steam plant. 











Tue Institute or Merats.—The Council of this 
institute report that a large increase in membership has 
recently taken place; the number of members now 
exceeds 550. Additional honorary members have been 
appointed, in the persons of Dr. R. T. Glazebrook, 
r .S., and Sir Andrew Noble, Bart., K.C.B., whilst 
Sir William H. White, K.C.B., D.Sc., LL.D., F.R.S., 
has been elected the first Fellow of the Institute. The 
annual general meeting takes place on Wednesday, the 
18th inst., at the hall of the Institution of Mechanical 
Engineers, commencing at 10.30a.m. On Tuesday, the 
7th inst., members will visit H.M.S. Thunderer at the 
Thames Iron Works. The second annual dinner takes 
place at the Criterion Restaurant, Piccadilly-circus, W., 
on the 17th inst., at 7.45 p.m. 





NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has shown a strong 
tendency for prompt itions, most of the colliery 
owners being over-sold for immediate delivery. The best 
large steam made 17s. to 17s. 3d. per ton; 
ordinary qualities have ranged from lbs. 9d. to 16s. 9d. 

r ton. e best bunker smalls have brought 9s. 9d. to 

Os. per ton, and smalls 8s, 3d. to 8s. 9d. per ton. 
House coal has ruled firm; the best ordi qualities 
have made 14s. 6d. to 16s. 6d. per ton; No. 3 Rhondda 
large has been quoted at 17s. to 17s. 6d., and smalls at 
10s. to 10s. 6d. per ton. No. 2 Rhondda large has brought 
12s. 9d. to 13s. 9d.; smalls, 7s. 3d. to 7s. 9d. per ton. 
Foundry coke has realised 18s. to 20s., and furnace ditto 
16s. 3d. to 17s. 3d. “ery As regards iron ore, Rubio 
has been quoted at 6d. to 21s. per ton, upon a basis 
of 50 per cent. of iron and including freight, 
insurance, &c., to Cardiff or Newport. 

More Welsh Coal.—Sinking o tions which have been 
carried on at ech by Mr. D. Jones have resulted 
in the finding of the fiery seam, which is 5 ft. thick. The 
seam is good steam coal. 

Dowlais.—The Goat Mill has been full ongievet upon 
steel rails, steel sleepers, and tin-bar. e Big Mill = 
turned out about its usual quantity of angles, curves, 

ps, fish-plates, &c. The collieries have m making 
ull time. 
Tin-Plates for Russia.—A monthly meeting of the 
wansea Harbour Trust was held on Monday, Sir G. 
Thomas in the chair. It was stated that during the 
month there had been a startling increase in tin-plate 
shipments to Russia. The general tin-plate trade also 
ater sh — >" sr — anes committee 
repor at it that repairs to the parapet 
wall of the sea embankment of the King’s Dock, eid 
necessary by recent exceptionally heavy gale, would be 
carried out by Messrs. To: Jones, and Railton, who 
had all the necessary plant on the spot. 


Welsh Coal Exports.—The exports of coal from the six 
rincipal Welsh ports—Cardiff, Newport, Swansea, Port 
albot, Neath, and Llanelly—last year were as follows :— 

Cardiff, foreign, 16,931,403 tons; coastwise, 2,867,432 
tons—total, 19,798,835 tons. Newport, foreign, 3,808,376 
tons; coastwise, 738,741 tons—total, 4,547,117 tons. 
Swansea, foreign, 2,703,362 tons; coastwise, 311,847 tons 
—total, 3,015, tons. Port Talbot, foreign, 1,409,032 
tons; coastwise, 183,141 tons—total, 1,592,173 tons. 
Neath, foreign, 153,188 tons; coastwise, 173,083 tons— 
total, 326,271 tons. Llanelly, foreign, 185,353 tons; 
coastwise, 48,663 tons—total, 234,016 tons. The aggre- 
gate exports for the year were accordingly 29,513,621 tons. 

Barry.—Imports and exports at Barry were scarcely 

asitaeed last year. They amounted for the twelve 
months to 10,383,782 tons, as compared with 10,738,972 
tons in 1909 ; 10,396,124 tons in 1908 ; 10,424,603 tons in 
1907 ; and 10,263,482 tons in 1906. In 1900, however, the 
total stood at only 7,486,996 tons ; in 1895, at 5,266,545 
tons; and in 1890 at 3,265,296 tons. Imports increased 
to a moderate extent last year ; the weakness observable 
occurred in the exports. 


Bristol Docks. —The tonnage movement of Bristol docks 
last year was 2,331,126 tons, as compared with 2,119,850 
tons in 1909; 2,058,039 tons in 1908 ; 2,068,735 tons in 
1907 ; and 2,110,963 tons in 1906. It will be seen that 
last year beat the record, but that the progress made 
during the five years was relatively moderate. The dock 
and city dues collected in 1910 amounted to 167,590/., as 
compared with 155,017/. in 1909. 


Penarth.—In April last year a large modern pontoon 
was opened at Penarth docks, and during the last nine 
months vessels, representing an aggregate displacement 
of 110,000 tons, have been dry-docked, while many 
steamers have been coaled which would have e else- 
where but for the increased facilities afforded. The 
special construction of the pontoon and the provision for 
making bilge shores work from the top of the side wall 
enables the Dock Company to dry-dock sailing vessels as 
easily as flat-bottomed steamers; and this makes the 
pontoon more profitable. Since it has been opened the 
equipment of the pontoon has been perfected and im- 
proved, large cranes having been erected. One of these 
cranes, with a 20-ton lifting capacity, has a radius of 80 ft. 





Tuer Navat Yarp at THE Care or Goop Horr.—An 
interesting point was omitted from our review of the pre- 
liminary work in connection with the naval yard at the 
Cape of Good Hope, published on 591 of our preced- 
ing volume. The original survey for the extensive works 
which we described in successive issues was carried out 
for the Admiralty by Mr. William Shield, F.R.S.E., 
M. Inst. C.E. It should also be stated that Mr. C. 
Colson, O.B., M. Inst. C.E., was closely associated with 
the inception of the scheme and its earlier ‘Prosress, being 
then deputy civil engineer-in-chief at the Admiralty. 





Iron AND Sree. Ovutpot in 1909.—The following 

figures are given in a Parliamentary paper, No. 270, 
issued a few days “go, reg yt output of iron ore 
in 1909:—United States, 53,034,000 tons; 
25,095,000 tons; United Kingdom, 14,980,000 tons; 
France, 12,254,000 tons ; Spain, 9,056,000 tons ; Sweden, 
3,823,000 tons ; Austria-Hun; , 2,450,000 tons; Canada, 
239,000 tons ; Belgium, 203, tons. The figures given 
fer the United States, Canada, and France are only provi- 
sional. The world’s output in 1909 is estimated to reach 
a total of about 133,000,000 tons. The total production 
of pig iron in 1909 throughout the world is estimated to 
reach about 60,000,000 tons. The total steel output of 
the world in 1909 is estimated at about 53,000,000 tons. 
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MACHINE-TOOLS FOR TURBINE WORK. 


CONSTRUCTED BY 


MESSRS. ERNST SCHIESS A.-G., 
(For Description, see Paae 63.) 


ENGINEERS, DUSSELDORF. 

















» ‘Tue BeRGEN-WHRISTIANIA Raitway. — The variety 
of sections of the rails on the Bergen-Christiania Rail. 
way has given rise to a good deal of trouble, and it is 
therefore proposed to remedy the matter. From Bergen 
to Voss the rails are 55 lb.; from Voss to Aal, 66 lb.; 
then, again, 55 Ib. from Aal to Hinefos ; and on the rest 
of the line, from Hénefos to Christiania, again 55 Ib. 
The latter has been found to be inadequate for the heavy 
locomotives. When the trains arrive at Voss from the 
east, or at Aal from the west, the mountain locomotives 
have to be eng es The railway department there- 
fore pao to substitute 66-lb. rails for the 55-Ib., first 
on the Bergen-Voss section, and afterwards from Aal to 
Hénefos. In order to avoid similar drawbacks on the 
Dovre Railway, the railway authorities propose laying 
77-lb. instead of 55-lb, rails on the Otta-Hamar section, 
this latter dimension of rails having been fixed upon for 
the Otta-Domaas section. The work is expec to be 
completed in the year 1916. 





S.Leepers or TASMANIAN TIMBER IN pig sane Mihm 
of “‘Stringy Bark ” (eucalyptus obliqua), sometimes called 





Fig. 2. 


Tasmanian oak, are now being tried in the United States, 
|a shipment of 70,000 having left Hobart in October last. 
| It is expected that other shipments will follow, making a 
| total of 210,000 sleepers. This timber, being exceedingly 
| durable, is very suitable for the pur , and it is stated 
| that some forest tramways used by Tasmanian saw-mills 
| were laid with sleepers of this wood more than 50 years 
ago, and are still perfectly sound. When laid on gravel 
ballast and subjected to a rainfall varying between 
20 in. and 60 in. per annum, such sleepers last about 
15 years. The wood is —, suitable for underground 
railways, as it is practically non-inflammable. White ants 
and other land insects do not appear to be attracted by 
it, and it is also immune from the attack of marine worms, 
&c. A sample of the wood, after being for a period of 
40 years under water in Hobart Pier, was recently 
removed, and found to be perfectly sound. 





New InpusTRIzs IN JAPAN.—According to Japanese 
newspapers, several industries which have hitherto been 
unknown in the country will come into operation at the 











expiration of existing treaties in 1911. Among the in- 
dustries that may be established are the construction of 
locomotive boilers and Babcock and Wilcox boilers. It is 
intended also to form a company, with a capital of one 
million yen, under the title of the Nippon Seikan 
Kabushika Kaisha, or the Nippon Pipe Menelecturing 
Company, for the manufacture of Japanese gas, water, 
and steam-pipes from 1} to 15 centimetres in diameter, 
and it is intended to produce about 10,000 tons per 
annum by the drawing process. It is expected that the 
net cost of manufacture by the new company, which is in 
course of formation, will be from 874 to 90 yen per ton. 
The new Customs duties on this class of goods are 
2.30 yen per 100 kin, or about 424 per cent. on the net 
cost of 90 yen per ton, while the conventional duties now 
in operation are only 10 per cent. ad valorem. The raw 
materials are to be supplied within the country. The 
iron and steel pipes imported into the ae A have 
averaged for the last three years 23,415 tons, valued at 
329,940/., and there isa considerable increase each year 
in the number of undertakings in Japan that use these 
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DETAILS OF 5000-KILOWATT RATEAU STEAM-TURBINE AT THE 


GREENWICH POWER-STATION. 


CONSTRUCTED BY THE BRITISH WESTINGHOUSE ELECTRIC AND MANUFACTURING 


ENGINEERS, MANCHESTER. 


LTD,, 


Co., 


(For Description, see Page 40.) 
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DETAILS OF 5000-KILOWATT RATEAU STEAM-TURBINE AT THE 
GREENWICH POWER-STATION. 


CONSTRUCTED BY THE BRITISH WESTINGHOUSE ELECTRIC AND MANUFACTURING CO., LTD., ENGINEERS, MANCHESTER. 


(For Description, see Page 40.) 
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5000-KILOWATT RATEAU STEAM-TURBINES AT THE GREENWICH 
POWER-STATION. ie . 


CONSTRUCTED BY THE BRITISH WESTINGHOUSE ELECTRIC AND MANUFACTURING CO., LTD., ENGINEERS, MANCHESTER. 


(For Description, see Page 40.) 




















Fie 69, View or Tursrnes anp GENERATORS IN ENGINE-Room. 














Fic. 70. Tur Conpenstnc APPARATUS BENEATH THE ENGINE-Room FLoor. 





(To face Page 43.) 
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NOTICES OF MEETINGS. 


Tus InstircTs oF Marine Enoiveers.—Monday, January 16, at 
8 p.m. ‘‘ Causes of Deterioration in Boilers, and Measures Tend- 
mg ce Prevent or Remedy Them,” by Mr. C. C. Nelson (Member). 

Jumior InstrruTion oF ENGinegRs.—Monday, January 16, 


to Engineering,” by Mr. L. W. J. Costello. 
Saturday, January 21, at 10 a.m., visit to the Royal Arsenal, 
oolwich. 

Tue Ixstirvtion or Civi, ENGINRERS.—Tuesday, January 17, at 
8 p.m. Papers to be discussed :—‘‘ The Strengthening of the 
Roof of New-Street Station, Birmingham,” and ‘“ The Reconstruc- 
tion and i of ne 4 Bridge, Warrington,” by Mr. 
William Dawson, M. Inst. C.E. — Students’ meeting, Friday 
January 20, at Ee. Paper to be read :—‘‘ The ign an 
Construction of ‘info! -Concrete Arches,” by Mr. G. F. 
Walton, Stud. Inst. C.E. Mr, Thomas Sims, C.B., iM 
will occupy the chair. 

Tue InstiTUTS oy MeraLs.—Tuesday and Wednesday, January 17 
and 18 Programme of Proceedings :—Tuesday, January 17 
visit, by the courtesy of the Thames Iron Works Shipbuilding and 
Engineering ge ae Limited, to H.M.S. ‘‘ Thunderer.” The 
second annual dinner is arran; for 7.45 at the Criterion 
Restaurant, Piccadilly-circus, W.—Wednesday, January 18, at 
10.30a.m., general meeting, in the Hall of the Institution of Mecha- 
nical Engineers, Storey’s Gate, S.W., at which the following papers 
will be read and discussed :—1. ‘‘ A New Critical Point in Copper- 
Zinc Alloys: Its —s tation and Influence on Their Properties,” 
by Professor H. C. H. Carpenter, M.A., Ph.D., and Mr. ©. A. 

wards, M.Sc., with an appendix on “The Nature of Solid 
Solutions,” by Mr. C. A. Edwards, M.Sc. 2. ‘‘ Some Practical Ex- 
247 with the Corrosion of Metals,” by Engineer Rear-Admiral 

. T. Corner, C.B. 3. ‘Some Tests on ite Anti Friction Bearing 
Metals,” by Mr. H. J. Humphries and Professor C. A. Smith, 
M.Sc. 4. “ The Adhesion of Electro-Deposited Silver in Relation 
to the Nature of the German-Silver 8 Metal,” by Professor A. 
MeWilliam, Assoc. R.S.M., and Mr. W. R. Barclay. There will 
also be nted :—5. ‘‘The Preliminary Report to the Corrosion 
Committee,” by Mr. G. D. Bengough, M.A., dealing with ‘“‘ The 
Present State of Our Knowledge of the Corrosion of Non-Ferrous 
Metals and Alloys, with Suggestions for a Research into the 
Causes of the Corrosion of Brass Condenser-Tubes by Sea-Water.” 

Tus Royat Society or Arts.—Wednesday, January 18, at 
8 p.m., at John-street, Adelphi, London, W.C. ‘‘ The Dutch 
Labour Colonies,” by Mr. John C. Medd, M.A. The —_ Hon. 
Lord Reay, G.C.8.1., G.C.1.E., LL.D., will preside.—Thursday, 
January 19, at 4.30 p.m. Indian Section : ‘‘ Banking in India,” 
by Mr. Reginald Murray. Sir Felix Schuster, Bart., will preside. 

THe Royal Mergoro.oeicaL Society.—Wednesday, January 18, 
at 7.30 p.m., at the Institution of Civil Engineers, Great George- 
street, Westminster, S.W. The annual general meeting will be 
held at 7.45 p.m. Business:—1. Report of the Council for 1910. 
2. Election of the Council for 1911. 3. Address on “‘ The Present 
Position - British Climatology,” by Mr. Henry Mellish, F.R.G.S., 
en 

THE INSTITUTION OF MECHANICAL Enoinesrs.—Friday, January 20, 
at 8 p.m., ordinary general meeting. The nomination of officers 
for election at the annual general meeting on February 17 will 
take place. Paper to be read and discussed :—‘‘ Modern Elec- 
trical Dock Equipment, with Seected Reference to Electrically- 
Operated Coal-Hoists,” by Mr. Walter Dixon, Member, and Mr. 
George H. Baxter, Member, of Glasgow. 

Tue Roya Instrrvtion or Great Brirain.—Friday, January 20, 
at 9 p.m., at Albermarle-street, Piccadilly, W. Professor Sir 
James Dewar, M.A., LL.D., D.Sc., F,R.8., MRL, on “‘ Chemical 
and Physical Change at Low Temperatures.”—Afternoon lectures 
next week at 3 o'clock. rt’ Jan 17, Professor Frederick 
W. Mott, M.D., F.R.S., F.R.C.P., Fulle Professor of Physio- 
logy, R.I., on “* Heredity.” (Lecture I.) Thursday, rug x 4 19, 
the Astronomer Royal, Mr. Frank Watson Dyson, M.A., F.R.S., 
F.R.A.8., on “ Recent ress in Astronomy.” (Lecture I.) 
Saturday, January 21, Mr. Arthur Hassall, M.A., on ‘‘ Problems 
in the Career of the Great Napoleon.” (Lecture I.) 
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FITNESS IN MACHINE DESIGN. 

Ir is a commonplace that, in the design of any 
new machine, or structure, the relative propor- 
tions of the various parts, and their positions in 
relation to each other, are determined rather from 
precedent and experience than by calculation. Cer- 
tainly, in simple cases calculation may be employed, 
and is employed; thus, for instance, the dimensions of 
a simple tension member of a bridge may be directly 
determined from the known properties of the 
material from which it is to be made, although, 
even in this case, the factor of safety to be em- 
ployed is fixed in terms of precedent and experience 


- alone. In general, in simple structures, a mathe- 


matical determination of the dimensions of parts 
may be my but as they tend to become more 
complicated, the reliance on precedent and judg- 
ment becomes ever greater. In the design of 
machines this reliance on personal judgment 
becomes still more noticeable. Even here, how- 
ever, some few leading dimensions may, more or 
less, be determined mathematically; the dia- 
meters of shafts and the sizes of bearings may, 
for instance, be so fixed, although these will fre- 
uently be modified by a designer in order to bring 
tons into what he considers better relation to the 
general arrangement and dimensions of a machine, 
which are, of course, a function of the operation it 
is intended to perform. Allowing, however, for 
cases in which calculation is of assistance, it may 
in general be said that the determination of the 
dimensions of machine parts is a depending 
rather on experience and individual judgment than 
on mathematical considerations. 





The ability to determine instinctively the correct 


dimensions for a machine part which is to be sub- 
jected to indeterminate stresses is a common enough 
feature among machine-designers. All competent 
draughtsmen have it in greater or less ya aay It 
has even received a name, and those in whom this 
ability is strikingly displayed are commonly said to 
have a ‘‘mechanical instinct.” The system on 
which this ability operates, and by which such 
instinctive designing is carried out, is worth a little 
attention. It is common practice to sketch out 
roughly the general lines of a new machine on a 
drawing- , and to determine approximately the 
sizes and shapes of the main from this sketch, 
various dimensions, curves and tapers being moditied 
in freehand until the whole ae np han ether 

rly, and the different parts such relation 
Each alee as to make the whole appear a satis- 
factory and workable, and probably a neat, machine. 
The process is largely a visual one, and although 
there are men capable of forming wonderful mental 
pictures of new machines or apparatus, even they 
will, in general, be found, more or less, to modify 
their ideas when they see them down in black and 
white. The dependence of this process of instinc- 
tive designing on the visibility of the object designed 
isa matter of some interest, and may be given a 
little consideration. 

The fact that the mechanical instinct judges the 
soundness or otherwise of a design by its appear- 
ance may be interpreted by saying that such instinct 
is but an example of visual memory, and that the 
eye, after long training and familiarity with correct 
designs, retains a sort of standard, with which it is 
capable of comparing future examples which may 
be presented to it. This, however, appears a 
somewhat limited statement of the case, as a 
sound designer is capable of correctly proportionin 
the parts of an entirely new form of machine, or o 
one of a type with which he is not familiar. It 
would probably be nearer the truth to say that the 
actual appearance of a machine and the general 
look of fitness of its various parts in relation one to 
another is, in fact, a direct measure of its efliciency 
as a piece of mechanism. In one sense, of course, 
this statement is a mere truism, but the present 
idea goes rather farther than the first obvious mean- 
ing of the sentence and suggests that the mere. 
general appearance of a machine is, in fact, some 
measure of its adequacy asa machine. The idea is 
that there are certain, more or less obscure, prin- 
ciples of fitness, or, if one prefers it, of beauty, to 
which correct designs of necessity conform, and that 
competent designers work in terms of these prin- 
ciples, without necessarily recognising their exist- 
ence, or being able to state them. This idea is but 
a particular application of a doctrine which, in one 
form or another, has been advanced times without 
number in relation to the Arts—the doctrine that the 
best and finally correct form of anything is, at the 
same time, the most satisfactory in cope — 
the most beautiful. This was one of Ruskin's 
favourite doctrines, and there would be no difli- 
culty in finding a dozen passages in his works 
illustrating it. For instance :—‘* Few buildin 
are beautiful unless every line and column of their 
mass have reference to their foundation, and be 
suggestive of its existence and strength, so nothing 
can be beautiful in Art which does not in all its 
rts suggest and guide to the foundation.” Trans- 
ting this into engineering language, one may say 
that of two machines that will be the best mechani- 
cally which is the best in appearance and in which 
the proportions and relations of the various parts 
suggest to a competent observer a proper distribu- 
tion of weight and stress. The classic expression of 
this doctrine of fitness and efficiency, or beauty and 
truth, as Ruskin would call it, is due to Keats :— 


‘** Beauty is truth, truth beauty ’—that is all 
Ye know on earth, and all ye need to know.” 


It may appear a far cry from Keats to machine 
design, and yet it is probable that if this doctrine 
is not pushed too far, it will be found to have quite 
definite application in practice. 

This matter cannot be satisfactorily discussed 
without a consideration of what constitutes fitness, 
or beauty, in machine desi although, by ap- 
proaching the matter from this point of view, there 
is some danger of reasoning in a circle. In the 
early ve hed the development of the steam-engine 
and machine-tools, it was the practice to attempt a 
sort of added beauty in mechanical constructions 
by such devices as the provision of Corinthian 





pilasters on engine standards, and the adornment 


_of bridge work with various species of cast-iron 
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‘*carving.” This type of engineering art found 
little favour with the professed experts in artistic 
matters, and there is an amusing story told, if our 
memory serves, by Sir Benjamin Baker, to the 
effect that in his early days he had adorned one of 
his bridges with some type of cast-iron filigree 
work, which drew from Ruskin the remark that the 
sight of it always made him wish he had been 
born a blind fish in an underground cave, and 
thus escaped the pain of ever secing it. This 
system of designing a machine, or structure, and 
afterwards sticking on a certain amount of external 
decoration endured later in the United States than 
in this country ; but, although it still crops up at 
times, it is fairly generally abandoned nowadays. 
We recently, however, came across a water-meter, 
intended for power-station or similar use, which 
was carried on a pair of cast-iron legs of floricultural 
design, that were appropriate rather for a German 
beer-garden than an engine-room. Examples of 
this order are, however, rare at the present time, 
and whether it be as a result of criticism by engi- 
neers themselves or that of outsiders, there is no 
doubt that the majority of designers are now 
ersuaded that any beauty in mechanical work must 
inhere rather in the lines and proportions of the 
design than in added matter of any description. 

It may ap that a conclusion to the effect 
that external decoration is unsuited for mecha- 
nical constructions, and that beauty in such works 
can be obtained only by a proper distribution 
of forms and proportions, merely leads back in a 
reverse direction to the point we attempted to 
attain in the early part of this article. There is, 
however, a difference in the conclusions reached 
by the two ways of approaching the matter, which 
may perhaps be illustrated by an example. A 
good Teal of criticism has, at one time and another, 
been directed against the Tower Bridge on the 
score that its ornamental features are purely ex- 
traneous, and that the masonry towers form no 
essential part of the design, but are simply added 
to make the bridge look ‘‘ pretty,” the implication 
being that had the steel-work been left in its naked- 
ness, without covering of any sort, the final effect 
would have been more beautiful. This point of 
view assumes, or should assume, that the steel- 
work is of bold and straightforward design, ad- 
mirably suited for its purpose, and such that in it 
the general distribution of weights and stresses can 
be followed by a trained eye. This represents 
the anti-decoration point of view which was con- 
sidered immediately above. The alternative way of 
looking at the matter, however, which we dealt with 
first, asserts that had the steel-work been left bare, 
then the general impression of beauty which it con- 
veyed to the eye of an engineer would actually be a 
measure of the mechanical adequacy of the design, 
and that a construction which, although satisfactory 
and workable enough, yet was more or less dispro- 
portionate or wasteful of material, would, for that 
reason, appear less beautiful and fitted for its pur- 
pose. It is clear that a full discussion of this 
matter would involve an inquiry into the nature of 
beauty, but that investigation has bogged too 
many generations of philosophers to be attractive, 
and the meaning attaching to beauty, or fitness, 
in machinery is, in general, quite sufficiently under-. 
stood for our purpose. 

We have no wish to suggest that the idea of fitness 


work being in some way consonant with its me- 
chanical adequacy, is capable of anything more than 
very general and loose application ; but none the 
less we think the idea will be found to have a sound 
foundation. It isnotdifficult to findexamples to illus- 
trate the matter. A very simple one has reference 
to the distribution of weights. A tower-crane, for 
instance, with a revolving hammer-head that is 
designed with such insufficient counterweight that 
serious and unintended stresses come on the centre 
bearing, will, to a trained observe:, look wrong at the 
first glance. It may take a few minutes for him to 
decide what is missing, or what is wrong, in the 
relative proportions of the ae: but he will at 
once see that there is a defect somewhere. The 
crane will look wrong, and the suggestion is that it 
will do so because it betrays certain principles of 
fitness which are essential in a machine if it is to 
look right. Another example which may be quoted 
is the case of a heavy machine-tool in which 
the legs are so light that excessive vibration is 
bound to be set up when the tool is operated. 
In this case, again, the machine would look 
wrong at first sight, to a trained man, simply 


of a or beauty, in a piece of engineering | req 





because its design would be at variance with prin- 
ciples of correct construction, which are a part, 
possibly an unconscious part, of the observer’s 
mental equipment. There is no need to multiply 
examples to illustrate this idea, but, it may be 
pointed out, even such small matters as the 
rounding-off of the edges of castings appear to be 
consonant with the ‘* beauty is truth” doctrine. 
Square-edged castings not only look wrong, but are 
wrong. A final example, which is of some interest, 
may be mentioned. e believe attention has been 
drawn to it by Mr. Lanchester. It has reference 
to the position of the steering hand-wheels of motor- 
cars. In the early days it was the practice to 
carry such hand-wheels on vertical spindles, so 
that they lay in a horizontal position ; while at 
the present time it has become practically universal 
custom to incline the spindle towards the 
driver’s seat, so that the hand-wheel also occupies 
an inclined position, which in high-speed cars 
usually approximates to about 45 deg. from the 
vertical. This change has come about partly as a 
result of the increase in the length of cars ; but the 
question of appearance has also had weight, and 
there is no doubt that not only designers, but the 
general public also, consider the inclined position 
the most fitting and the most in keeping with 
the lines of a car. One obvious reason for this is 
that the inclined position of the spindle adds to the 
impression of speed, which is rightly inherent in the 
build of motor-cars, especially heavily-powered ones. 
It is interesting that this change, which is in every 
way sanctioned by esthetic considerations, is 
directly substantiated by mechanical ones. With 
a steering hand-wheel in a horizontal position, the 
effect of the inertia of the body of the driver, 
when the car is rounding a curve, is to tend to 
make him mcve the wheel farther round than he 
intends, so that defective steering results. This 
point is of much importance in high-speed cars. As 
the steering-wheel approaches more nearly to a 
vertical position this inertia effect is more and more 
eliminated, so that the inclined wheel not only 
looks better, but is actually mechanically better, 
as conducing to easier and more accurate steering. 





AERONAUTICS. 

ENGINEERS are often amused, and sometimes a 
little scornful, when they read books dealing with 
sciences which do not admit of experiment. They 
find authors setting forth systems of mental and 
moral philosophy with an assurance that betrays no 
shadow of a doubt, and predicting the future deve- 
lopments of the race with even greater certainty 
than the historian can speak of its past. In such 
problems there are a hundred unknown factors, 
while of known factors there ate few, if any. Yet 
from these unlikely materials logical systems are built 
up which look extremely plausible, and which meet 
with a good deal of acceptance because no one can 
prove con to be false. Mankind is always seeking 
an explanation of itself and its future, and is not 
dis to be too critical provided it is taken suffici- 
ently seriously. The march of time undermines 
most of these systems in the end, but the process is 
slow and their architects have generally departed for 
the Elysian fields before their structure shows signs 
of failmg. If engineers could only confine their 
efforts to the drawing- board, and were never 
uired to translate them into actual machines, 
they would be in a similar position to many philo- 
sophers. They could provide appliances for every 
need of life and raise us to a point at which we 
should be only a very “little lower than the angels.” 

But, unfortunately, the engineer who confines 
himself to designs which are never carried out gets 
no pay and scant consideration. The world is 
shrewd enough as to its material interests, and 
exhibits the liveliest scepticism regarding paper 
schemes to meet its daily. needs. It calls out for 
actual proof, and no one knows as well as the 
engineer himself what a small step it is safe to 
sake into the unknown. In spite of a century’s 
accumulations of science, mathematics and experi- 
mental data, he has to feel his way carefully step 
by step, and, like Fritz in the ‘‘ Grande Duchesse,” 
to remember that three strides will carry him out 
of the territory which he knows. is un- 
doubtedly much more rapid than it was, owing to 
ciceeneer | specialisation, and to the readier com- 
mand of capital for likely objects ; but it is by no 
means certain that we really move further at each 
step than our fathers. We have made definite 
progress in aviation in the last three years ; it is 





asserted that 3000 aeroplanes have been constructed 
so far, and among these there must have been some 
hundreds of different designs. A good many were 
freaks, the products of untechnical enthusiasts ; but 
even after deducting these, if the actual progress be 
divided by the number of serious designs made by 
capable men, the dividend is only small. 
hen we turn to the engines for driving aeroplanes 
we are at once struck by the difficulty that has been 
experienced in getting down the weight to the neces- 
sary degree. nufacturers were optimistic in 
promising light motors, and we have published, from 
time to time, lists of weights which they were pre- 
pared to ntee in a general fashion, which 
seemed to suggest that the problem had been solved. 
But when the engines were subjected to stringent 
tests the matter took on a fresh aspect. A Blue- 
Book which has just come to hand* gives an account 
of the tests carried out at the National Physical 
Laboratory in competition for the prize of 1000I. 
offered by Mr. Patrick Y. Alexander for the best 
motor for aeronautical purposes which should 
satisfy certain conditions. These conditions were 
that the machine should be of British manufacture ; 
that it should give 35 brake horse-power ; that it 
should not weigh more than 7 lb. per brake horse- 
power, including the cooling apparatus, with all 
accessories, but not including the cooling water, 
trol and lubricating oil, or the vessels for contain- 
ing these ; that it should run for twenty-four hours 
with not more than three stoppages, and with not 
more than half an hour aggregate stoppages. A 
thousand pounds is a handsome prize, and the credit 
of winning it would probably be worth more, and 
yet no engine was able to fulfil the conditions. 

Six engines were entered, but only three arrived 
before the date fixed. These were by (1) the 
Wolseley Tool and Motor-Car Company, Limited, 
Birmingham; (2) Messrs. Humber, Limited, 
Coventry ; and (3) the Aster Engineering Company, 
Limited, Wembley Park (entered by Green’s Motor 
Patents Syndicate, Limited). Not one of these 
engines was able to fulfil the conditions of the test 
fully. The first was pulled up by an insignificant 
cause, the copper oil-pipe leading from the pump to 
the oil-well developing a leak. The company’s 
engineer-in-chief decided not to stop, and, after 
20 minutes, disconnected and blanked off the pipe 
while running. It appears, however, that this leak 
interfered with the oil supply to the bearings, for the 
engine began to run irregularly, and finally stopped 
after about three hours, when it was found that 
the white metal of one of the connecting-rods had 
melted. The motor was disqualified, but after it 
had been repaired it was again tested. It ran well 
for four hours, and then began to run irregularly. 
After five hours a new sparking-plug was fitted, 
and later a second. After six hours there was a 
stop of 50 minutes. Theradiator was emptied and 
refilled. On restarting the engine ran for six hours 
and then failed. Later it was found that the cool- 
ing water was making its way into all four cylinders 
through cracks in their upper ends. The test was 
therefore discontinued after a total run of 17 hours 
41 minutes, including seven stops aggregating 
2 hours 18 minutes. 

The Humber motor ran steadily at 37 brake 
horse-power at 1224 revolutions for 11} hours, 
except for a short stop to fit a new sparking-plug. 
Then it stopped suddenly, with one of the cylinders 
broken off, and two connecting-rods buckled. The 
Aster engine was more fortunate. It had to stop for 
a new sparking-plug, and then ran, making approxi- 
mately 31.5 brake horse-power at 1213 revolutions 
until the completion of the 24-hours run. In a 
special test of 7 minutes the motor developed 36.4 
brake horse-power at 1390 revolutions. 

In making the test each motor was placed ina 
galvanised-iron testing-box, which could not be 
entered, the various levers being brought to the 
outside. One side of the box communicated with a 
4-ft. by 4-ft. air-duct, and the other with a vertical 
discharge-pipe, 6 ft. by 4 ft. Through this duct 
there was an air-current equal to a wind of 30 miles 
per hour. The crank-shaft of the motor was 
coupled to a line-shaft passing through the end 
of the box, and driving the armature of a 50-kilowatt 

enerator mounted on knife-edges, as shown in 
ig. 1, annexed, which formed a very sensitive 
dynamometer. The end-bearings were provided 





* Aeronautics: Interim Report of the Agony Com- 
mittee for Aeronautics on the Work for the Year 1910-11. 
London: Eyre and Spottiswoode, Limited. [Cd. 5453. ] 
Price 1s. 2d. 
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with hardened-steel rings, which were in rolling 
contact with the steel knife-edges, as shown. The 
lever of the dynamometer (Fig. 2) was provided 
with a dashpot for damping the oscillations, and 





varying tensions of this spring, recorded on a 
rotating drum, were a measure of the amount 
of fluctuations. As the motion of the lever-arm 
was limited to } in., it was necessary to devise a 


Fig.2. 
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TABULATED RESULTS OF THE TRIALS. 
The first line in the Table gives the figures laid down in the regulations for the competition. 
Endurance Tests. 
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Remarks.—Humber engine :—12} pints of oil added 7 hours after commencement of test, and 50 pints after 8 hours. 
Green engine :—42 pints of oil added 17 hours after commencement of test, and 21 pints after 22 hours. 


Notg.—The petrol was supplied to the Laboratory by Messrs. Carless, Capel, and Leonard, a 


petrol of 8 G. 0.700 


a scale-pen for the dead load, which was adjusted | 
to the mean torque required. For the 
recording the fluctuations of torque, the end of the | 
lever-arm was connected to a cast-iron pillar by | 
means of a spiral spring (Fig. 2), so that the 


was described as their Standard 


multiplying gear of 6 to 1 to work the pen. For 


purpose of convenience this pen was fitted so that it should 


be in contact with the paper on the drum of the 
8 -recorder. By this means it was found - 
sible to obtain a complete record of the fluctuations 








of 5 and torque during the trial. The general 
results are given in the annexed table. All the 
engines were of the four-cylinder vertical type, 
the sizes of the cylinders being 95 mm. by 140 mm. 
(Wolseley), 110 mm. by 120 mm. (Humber), and 
105 mm. by 120 mm. (Aster). 

These tests emphasise our previous remarks. 
No one doubts that each of the three firms will 
very shortly produce an engine that will easil 
fulfil the conditions, for they have both the skill 
and the capital to enable them to bring the attempt 
to a successful conclusion. But in this particular 
trial they all failed in producing an enyine of the 
motor-car type which should not weigh more than 
7 lb. per brake horse-power, and should run for 
24 hours ata stretch. If the limit of weight had 
been 8 lb., the Aster engine would have passed the 
test, and probably so would the others, as the 
speed, or the mean pressure, could have been reduced. 
Anyhow an important experiment has been made, 
and a certain de; of progress achieved. 

The authorities at the National Physical Labora- 
tory, acting for the Advisory Committee on Aero- 
nautics, do not confine themselves to testing the 
results of commercial experiments. They also make 
researches, the results of which will, in due course, 
be putat the disposal of designers and manufactur- 
ing engineers to aid them in the practical work 
of producing flying-machines. Naturally they have 
had to doa great deal of experimental work before 
they could seriously enter upon the task of design- 
ing and constructing the apparatus by aid of which 
their researches are to be conducted. They have 
been investigating the conditions for obtaining a 
uniform flow of air across a section of a wind-channel, 
and so that the flow past any point shall not exhibit 
fluctuations at any speed of air-current at which it 
is desired to experiment. Special apparatus has 
been designed and constructed at the Laboratory for 
the simultaneous measurement of the air resistance, 
parallel and perpendicular to the direction of the cur- 
rent, of the model under test. The design includes 
an arrangement enabling the model to be rotated 
readily between successive sets of measurements, so 
that the ‘‘lift” and ‘‘drift” at various angles can be 
rapidly determined. Among the researches carried 
out are the determination of the magnitudes of the 
forces on airship bodies of different forms inclined 
to the wind, and the line of action of the resultant 
force in each case ; the determination of the rela- . 
tive efficiency of different types of rudders and 
lifting planes ; the investigation of the resistance 
of model gondolas, and also of models of radiators, 
and of wires, stays, &c. An important series of 
experiments has also been made to investigate the 
forces due to the wind on sheds for dirigibles. In 
conjunction with Messrs. Vickers Sons and Maxim, 
Limited, a series of tests is in progress to determine 
the dimensional coefficient, a knowledge of which 
will, it is hoped, enable the efficiency and charac- 
teristics of a full-sized propeller of a given form to 
be predicted from experiments on a small scale. 

he wind-towers were completed early in the 
spring, and the investigation on wind-structure has 
been continuously in progress. Special apparatus 
has been constructed for recording the mean wind- 
—- at a number of points within the area. 
ests have been carried out on a large number of 
balloon fabrics, both as to strength and imper- 
meability. The fabrics have been tested at various 
temperatures, and after exposure to the weather 
for considerable time. Other researches on wind- 
structure have been undertaken at Pyrton Hill, 
Oxfordshire, where the Meteorological Office is 
carrying on an investigation on the upper air. The 
immediate object is to find out how far the ordinary 
gustiness of wind extends. Apparatus has been 
devised to register simultaneously the pull of a kite 
wire with the fluctuations therein due to gusts, 
and the length of wire paid out. Efforts have 
also been made to find evidence of vertical motion 
or rotary motion in the atmosphere. For the 
study of vertical motion self-recording gear has 
been designed to be fitted to a theodolite, so that 
a single observer can attend to the instrument and 
obtain a record of the variations of the azimuth 
and altitude of a pilot balloon. With two such 
theodolites the path of a balloon can be determined 
both as regards its horizontal and its vertical 
motion. 

It is to be expected that in a short time our 
knowledge of the ‘‘structure of wind” will be 
greatly increased, and that engineers will be in a 
position to minimise the most serious danger 
which now threatens the airmen. ~ We can never, 
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of course, control the movements of the atmo- 
sphere, but we may provide apparatus, either 
automatic or otherwise, which will adjust the 
aeroplane, from instant to instant, to the motion 
of the element in which it glides. That is done 
to a certain extent now, but it demands the 
greatest skill and vigilance on the part of the 
aviator, and even then it is only possible in 
moderate weather. Further knowledge is wanted 
on this and many other points, and it is matter for 
congratulation that the subject has been put into 
the hands of a public body who will publish their 
results. There are many points connected with 
flying-machines which can only be properly inves- 
tigated in an engineer's shop, but researches into the 
motion of the atmosphere, and into the forces 
between an air current and a plane, are far better 
done in an iustitution in which commercial considera- 
tions do not prevail, and where trained experi- 
menters are available. Nevertheless, we can never 
have too many observers, provided they are cap- 
able, or too many experiments. Engineering is 
built on knowledge wrested from Nature by patient 
and persistent inquiry, and success in it cannot be 
attained by mental operationsalone. It is only the 
philosophers who can safely construct systems of 
words. 





THE PRUSSIAN MATERIALPRO- 
FUNGSAMT IN 1909. 

Tue report of the Kénigliche Materialprii- 
fungsamt at Gross-Lichterfelde, near Berlin, for 
the year ended March 31, 1910, proves that this 
Government institution is more and more becoming 
a technical arbitration court for questions affecting 
the relation between authorities, manufacturers, 
and purchasers, and concerning the testing of ma- 
terials and their classification as regards the customs 
regulations. This is not an unintended develop- 
ment. We explained the objects and equipment 
of the institution at some length in 1905,* when 
the institution moved from its old quarters in the 
Technical High School at Charlottenberg, with 
which it remains affiliated, into its new buildings at 
Lichterfelde. The chief objects are :—The perfec- 
tion of methods, of testing machines, instruments, and 
apparatus; research; the testing of materials and pro- 
ducts in scientific and industrial interests ; public 
and private instruction in testing is also imparted. 
The objects of the official German testing-stations 
have sometimes been misunderstood. For example, 
the Materialpriifungsamt has recently taken up the 
testing of rubber and of insulating materials ; with 
respect to this work a book, published in a foreign 
country, stated that the Materialpriifungsamt was 
exclusively established for the purpose of conducting 
chemical analyses and physical determinations, but 
not for dealing with practical problems. This 
statement is, of course, erroneous. In fact, the 
question is now being ventilated, how far the 
Materialpriifungsamt might undertake the regular 
control of certain manufactured articles. An 
understanding has already been arrived at in the 
cases of some manufacturers of cables for house 
wiring and of the manufacturers of artificial lime- 
sandstone bricks. The understanding is, in the 
case of the cables, to the effect that any purchaser 
imay demand a test, the expenses of which are 
borne by the works and the client in fixed propor- 
tions. The silk industrials have also come to an 
agreement with the Priifungsamt as to the testing 
of weighted silks. 

The staff of the Materialpriifungsamt consists of 
224 persons, comprising 71 men of academical 
technical training. Professor A. Martens, Dr.- 
Ing., remains the chief; the directors of the 
mechanical and chemical divisions are Professors 
Rudeloff and E. Heyn. These gentlemen are also the 
superintendents of departments I., Metal Testing, 
and IV., Metallography. The other departments 
and their superintendents are:—II. Building 
Materials (Professor Gary); III. Paper and Tex- 
tiles (Professor Herz ); V. General Chemistry 
(Professor Rothe); and VI., Oils (Dr. Holde). 
The problems submitted to the staffare very varied. 
They were asked, for instance, to decide whether 
birch-rods had been cut with a certain knife, 
whether envelopes would not fasten because the 
paper had been impregnated with some wax, and 
whether silver braid had become discoloured by the 
dye of the cloth. A not inconsiderable number of 
demands come from abroad. 





* See ENGINEERING, vol. lxxix., page 760. 





Passing to particulars we learn that the hydraulic 
diaphragm gauges of Martens continue to give full 
satisfaction. eleven out of twenty gauges the 
original brass diaphragm, 0.35 mm. in thickness, 
which is covered in each case by a rubber disc, 
1 mm. in thickness, remains serviceable after 
20 million operations. The metal-testing depart- 
ment has come to the conclusion that the conical 
shoulder under the head of a rivet, upon which some 
authorities insisted, does not offer any advantages. 
As regards nickel steel and mild steel, comparative 
bending tests of riveted columns, 4 m. in length, 
showed a very decided superiority in strength of the 
former. The expansion coefficients of nickel steels 
containing 25, 34, and 36 per cent. of nickel have 
been determined at ordinary temperatures, and at 
300, 400, and 500 deg. Cent. (about 400, 570, 750, 
and 930 deg. Fahr.). High-grade nickel steel 
sometimes turns brittle, and develops cracks ; this 
seems to occur especially when the material has 
been worked in the cold, but the inquiry is not 
completed, Some high-carbon steels, supposed to 
have been hardened in a lead bath, broke in service ; 
the brittleness was cured by treatment in a lead 
bath, which seems to suggest that the bath had not 
been previously used. 

The metallographical department has occupied a 
leading position from the beginning of this science, 
in which the name of A. Martens should be asso- 
ciated with that of Sorby. In this year’s report 
the continued very extensive researches of E. Heyn 
and O. Bauer on the rusting of iron claim particular 
attention. In water at rest all kinds of iron ap- 
= to be about equally liable to rust ; the dif- 
erences were not of lasting significance. In flow- 
ing water cast iron was more attacked than other 
kinds of iron; but the attack was more uniform, 
and thus cast iron came out better in the long run 
than mild steel, which is more liable to strong local 
corrosion. The corrosion in acids, observed in labo- 
ratory tests, is not considered as a reliable general 
criterion at the Priifungsamt. It was shown that 
the protection against rusting afforded by soda 
(sodium carbonate) and by potassium dichromate 
was destroyed by the presence of common salt, 
and that all kinds of iron rusted more rapidly at 
higher temperatures, particularly between 60 deg. 
and 80 deg. Cent. (140 deg. to 175 deg. Fahr.) ; at 
still higher temperatures the liability to rusting 
diminished again. The contents in soda should be 
about 10 per cent. really to afford any efficient pro- 
tection ; at higher temperatures 1 per cent. of soda 
would suffice. Very pure feed-water was found to 
attack a boiler more than water containing salts, 
just as distilled water does, because, Professor Heyn 
points out, pure water absorbs more oxygen than 
impure water, and the oxygen is the real enemy. 

e corrosion of aluminium by water and salt 
solutions, which is also being investigated, seemed 
to proceed either uniformly from the surface 
or locally ; the latter corrosion was especially 
marked when the aluminium had been rolled in 
the cold, and was no longer noticed after the alumi- 
nium had been heated up to 450 deg. Cent. The 
durability of magnesium and its alloys is likewise 
being studied, and an inquiry into the malleability 
of brass is proceeding. 

Tests of artificial and natural building stones, 
their weathering and permeability to air, and of 
mortars and concretes were the most important 
work of the department for building materials. 
The chemical department examined into the spon- 
taneous inflammation of lignite bricks by piling 
up heaps of 20 tons each of the respective bricks 
in sheds and erecting similar piles in the open. 
The testing of rubber, which was taken up in con- 
junction with the cable companies and balloon 
manufacturers, has involved manifold researches. 
The oil - testing department investigated the 
changes which turbine oils and gas-engine oils 
underwent in use. In some cases the oil turned 
into a rubber-like skin, which interfered with the 
action of valves and stopped the oil-filters. The 
residue proved to contain metallic particles, dirt, 
and soaps of iron and copper. D. Holde, J. 
Marcusson, F. Schwarz, Schliiter, and others are 
also studying the improvement of mineral lubri- 
cants for steam-cylinders by small quantities of 
fats, and several of their new analytical methods for 
oils, varnishes, &c., have proved of practical value. 

We mentioned that, so far as possible, instruc- 
tion is given in the Materialpriifun t. These 
facilities are especially offered to delegates from 


technical institutions; men engaged in practical 
work are likewise admitted, however. 





BRITISH NAVY CONTRACTS. 


Tue Admiralty have this week placed the contract 
for the battleship-cruiser inolnded in this year’s 
Navy programme with the Palmers Iron and Ship- 
building Company, Limited, of Jarrow-on-Tyne, 
and the turbine machinery will be manufactured by 
the Wallsend Slipway and Engineering Company, 
Limited, who have extensive experience of the con- 
struction of large turbine units. This cruiser belongs 
to the same class as the Lion (see ENGINEERING, 
vol. xc., e 237), launched in August from the 
Devonport Dockyard, and the Princess Royal, to 
be launched in the spring from the Vickers Naval 
Construction Works at Barrow-in-Furness, and 
both being fitted with Parsons turbines by the 
Vickers Company. The arrangement of this con- 
tract completes the list of orders for the ships of 
the programme for the current financial year, and 
it may be interesting to give a complete record of 
the builders of hulls and engines vf this large fleet 
of new vessels. The battleships will be improved 
Orions.* In the table appended the two cruisers 
and three torpedo-boat destroyers for the Australian 
fleet are each marked with an asterisk :— 


: Builders. Engineers. 
Battleships : 

King George V. Portsmouth Dockyard Parsons Company 

Centurion Devonport Dockyard Hawthorn, Leslie, 

and Co., Newcastle 

Ajax... Pe Scotts Company, Ltd., Scotts Company, 

Greenock Ltd., Greenock 
Audacious Cammell Laird and Cammell Laird and 
Co., Ltd., Birkenhead. ., Ltd. 

Battleship-Cruiser : 

_ Palmers Company, Wallsend Slipway; 

Ltd., Jarrow and Engineering 


: Co., Ltd., Wallsend 
Unarmoured Cruisers : 


Chatham Chatham Dockyard Thames Iron 
‘ Works, London 
Dublin .. _ W. Beardmore and Co., Beardmore, Dal- 
Ltd., Dalmuir muir 
Southampton .. J. Brown and Co., Brown, Clydebank 
Ltd., Clydebank 
Sydney* — ae L. and G. Com- 
ompany, Ww y, Glasgow 
Melbourne* Cammell Laird and Co. Ocmmncll Laird and 
Co. 
Amphion Pembroke Dockyard Hawthorn, Leslie, 
and Co , Ltd. 
_ Ditto Ditto 
Torpedo-Buwat Destroyers : 
Three .. “ J. Brownand Co., Ltd., J. Brown, Clyde- 
Clydebank an 
Two i eu J. 8. White and Co., White, Cowes 
., Cowes 
Two = be Cammell LairdandCo., Cammell Laird and 
Ltd., Birkenhead Co. 
Two sp ~~ Hawthorn, Leslie and Hawthorn, Leslie 
Co., Newcastle and Co. 
Two pA ae W. Denny and Bros., Denny and Co., 
Dumbarton Dumbarton 
One > “ Vickers Co., Barrow- Vickers Co. 
in-Furness 
One ot oe W. Beardmore and Co., W. Beardmore an 
Ltd., Dalmuir Co. 
One es ee Swan, Hunter, and Wallsend Co., 
Wigham Richardson, Wallsend 
Ltd., Wallsend 
Twot... ‘a W. Denny and Bros., ParsonsCo., Wall: 
Dumbarton en 
Twot .. me J. I. Thornycroft and Thornycroft 
Co, Ltd., South- 
ampton 
Twot.. ve Yarrow and Co., Ltd., Yarrow 
Glasgow 
Three* .. <= Ditto Ditto 
Submarine Boats : 
a o- Chatham Dockyard Chatham Dock- 
ya 
Five _ i“ Vickers Co., Barrow- Vickers Co. 
in-Furness 
Submarine Scotts’ Company, Scotts’ Company 
Depot Ship Greenoc 
Two Submarine Cammell Laird Camme Laird 
Tenders 
Salva ge and Vickers Company, Vickers Company 
Tank Vessel Ww 
Coastguard Hall, Russell, and Co., Hall, Russell, and 
Cruiser Aberdeen Co. 
Floating Dock Cammell Laird and 
Co., Ltd. 


Ditto Swan, Hunter, and 

Wigham Richardson 
The fourteen destroyers first enumerated are all of 
the same design, by Sir Philip Watts, K.C.B. ;+ 
this also applies to the three vessels for the 
Colonies ; but the other six, and marked with a t 
in our list, ordered in pairs, from Parsons, Thorny- 
croft, and Yarrow, are of special design, with alter- 
native systems of machinery, which will invest their 
trials with great importance. It will be noted that 
the work, which makes up nearly 180,000 tons, 
excluding the two floating-docks in the table, has 
been widely distributed. Taking the displacement 
tonnage first, the Clyde and Scotland is credited 


® See Encuvaznine, vol. Ixxxix., page 451, vol. xc., 
305. 
; See ENG:NEERING, vol. Ixxxix., pages 422 and 755. 
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approximately with over 76,800 tons, the Tyne with 
29,300, the Mersey with about 8000, and the other 
English districts, including the dockyards, with 
about 65,000 tons. As regards the horse-power of 
the propelling machinery, which makes up a total 
exceeding 700,000 shaft horse-power, the Clyde 
firms will be responsible for 260,000 horse-power, 
the Tyne for over 250,000, Birkenhead for about 
85,000, and other English districts for 105,000 
shaft horse-power. 








THE LATE SIR JOHN AIRD, BART. 

Ir is with regret that we have to record the 
death, which occurred at his residence, Wilton 
Park, Beaconsfield, Bucks, on the 6th inst., of Sir 
John Aird, Bart., senior 
member of the firm of 
Messrs. John Aird and 
Co. Sir Johnwas born on 
December 3, 1833, and 
was the son of Mr. John 


new 
built various extensions of the District Railway, 
the Metropolitan Railway, and the St. John’s Wood 


Dock, the East and West India Dock Extension, the 
Hull and Barnsley Railway and Dock, the West 
Highland Railway, besides many other new railway 


and drainage works and railways in the provinces 
and in foreign countries. 

The crowning work accomplished by Sir John 
Aird as a contractor was the construction of the 
Assouan Dam on the Nile, the contract for which 
was made between his company, Messrs. John 








Aird, of Great Cumber- 
land-place, London. 

The contracting busi- 
ness of John Aird and 
Sons, the former name of 
the firm, covers the whole 
of the latter half of the 
last century. Sir John’s 
father died in April, 1876. 
After having enn for 
over twenty years, up to 
1848, superintendent of 
the Phoenix Gas Com- 
pany’s station at Green- 
wich, he established, in 
the latter year, a con- 
tracting business on his 
own account, and com- 
menced by laying service 
mains for that company. 
Later he executed similar 
contracts for many other 
gas and water companies 
throughout London. 
John Aird was associated 
with his father in 1851, on 
reaching his eighteenth 
year ; he had spent the 
greater part of his boy- 
hood at Greenwich, and 
it was there and at South- 
gate that he was educated. 
As regards his appren- 
ticeship in  engineer- 
ing, he could not have 
had a better schooling 
than the one he received 
in association with his 
father’s business. At 
this period (1851) his 
father commenced carry- 
ing out important under- 
takings, among which we 
may mention the Exhibi- 
tion building in Hyde 
Park, the reconstruction 
of which, as the Crystal 
Palace, a little later on, 
was entrusted to the son, 
who was at that time still 
in his ’teens, 

At about the same 
period the Airdsextended 
several gas-works in this 
country, and were the 
contractors for new works 
of the same class both in London and in the pro- 
vinces, Their sphere of activity was not, however, 


limited to Great Britain, but extended to the Conti- | 
nent of Europe and to distant countries; their name | 
1s associated with the early installation of water and | 


gas-works in Amsterdam, Berlin, and Copenhagen, 


and they also put down gas-works in France, Italy, | 


and Brazil. Other large works of the same nature 


were carried out by them in connection with | 


various contracting firms, among whom stand pro- 
minent those of Sir John Kelk and Messrs. Peto, 
Brassey, and Betts. The association of Brassey, 
Wythes, and Aird carried out the construction of 
the Calcutta Water-Works ; that of Kelk and Aird 
built the Millwall Docks; and that of Peto, 
Brassey, Betts and Aird executed a large amount 
of civil engineering work in Sardinia. 


Railway ; the Royal Albert Docks, the Tilbury | 


lines, railway widening works, docks, water, sewage, | 
| tract of land through the tipping of the excavated 
/material on the mud slopes o 


John Aird after the death of his father entered | 38,000 million cubic feet of water. Its construction 
into partnership with Messrs. Lucas Brothers, the | took about four years only. This, as has been 
m being styled Lucas and Aird. The firm | correctly stated, is certainly ‘‘one of the grandest 


ee ee of our time.” 

Among the later undertakings carried out by Sir 
John Aird and Co. in this country may be men- 
tioned the Royal Edward Dock at Avonmouth, 
which was commenced in March, 1902. The works 
at Avonmouth increase the deep-water area of the 
port by 30 acres, and reclaim from the. sea a large 


the Severn, this 
raising them much above the level of the sea. 
In the course of these works some four million 
cubic yards of material had to be excavated. The 
whole of the excavating was carried out by mecha- 
nical means, excepting 
that in the great trenches 
for building the quay 
walls, A bank was formed 
round the area to be re- 
claimed by tipping the 





From a Photograph by Messrs, J. Russell and Sone. 


Tue tate Sir Jonn Arrp, Bart. 





first of the material exca- 
vated. Subsequently a 
tipped mound of rubble 
was made, at the back of 
which the foreshore was 
ultimately reclaimed for a 
length of about 5000 ft. 
and a width of about 
1000 ft. by the tipping 
upon this area of the 
material excavated in the 
construction of the dock. 
The work of excavation, 
the construction of docks, 
wharves, granaries, and 
the laying of an exten- 
sive system of railway 
sidings, proceeded apace, 
and were practically com- 
pleted in the summer of 
1908. The works in ques- 
tion, with the road and 
railway work in conjunc- 
tion with them, have 
assisted in placing Bristol 
in the position of one 
of the foremost Western 
ports. 

Sir John Aird and Co, 
were until quite lately 
occupied in Egypt in 
heightening the Assouan 
Dam, and in the con- 
struction of a barrage at 
Esneh. They are the 
contractors for the Tan- 
jong Pagar Dock Works, 
Singapore. 

Sir John Aird was also 
well known as a con- 
noisseur of art, and 
owned an admirable col- 
lection of valuable paint- 
ings, water-colours, and 
statuary. He was created 
a baronet in 1901. He 
was a Member of Parlia- 
ment for North Padding- 
ton from 1887 to 1905. 
In 1900 he was elected 
the first Mayor for the 
newly-formed Borough of 
Paddington. He was, 
moreover, Commissioner 
of Lieutenancy of the 
City of London and 





Aird and Co., and the Egyptian Government in | Lieut.-Colonel of the Engineer and Railway Volun- 


1898. 


scriptions we have published in former issues, and 
it is unnecessary for us to return in detail to the 
subject. It is sufficient for us to recall that 
the preliminary operations were commenced at the 
site of the dam in April, 1898. In the early 
summer of 1899 the number of men employed on 
the undertaking reached a total of 13,000. The 
dam has a length of about 2200 yards ; it has 180 
sluice-gates, and its maximum height from the 
foundation is about 130 ft. The total amount of 

nite masonry its construction involved was 
about 1 million tons. The effect of the dam is to 
convert the River Nile above Assouan into an 


Our readers are acquainted with all the | teer Staff Co 
phases of the work in question by the complete de- | tution of Civil Engineers since 1859, and a member 





He was an Associate of the Insti- 


of the Iron and Steel Institute since 1887. He is 
succeeded by his elder son, who was born in 1861. 





NOTES. 

Tue Ruorevare Iron-Ore Mountarn, LAPLanp. 

In connection with the projected large inland 
trunk railway through Northern Sweden, a survey 
has been e of some deposits of minerals in the 
country through which the railway will pass, in- 
cluding the Ruotevare iron-ore mountain, in 
Kvikkjokk parish, Lapland. Some ten years ago a 
railway trace was made from Ruotevare to a harbour 


, immense reservoir, which, when full, contains about | on the Sér River, Norway, across the mountain 








60 


ENGINEERING. 


[JAN. 13, IQIT. 





range, a distance of some 70 miles. From Kvikkjokk 
to Tokkmokk, along the series of lakes of the Little 
Lule, the distance is about the same, and of this 
some 57 miles are formed by the lakes of Saggat, 
Tjimotesjaure, Skalka, Parkijaure, Randijaure, 
and Purkijaure, which are practicable for lighters 
and sloops, whilst the intermediate stream is un- 
navigable ; several plans for connecting these sections 
have been under discussion without anything coming 
of it, the cost being comparatively heavy. The 
Ruotevare iron-ore mountain is about 600 metres 
above the level of the sea, and the ore deposits 
cover an area 1400 to 1500 metres long, averaging 
in breadth rather more than 200 metres. The ore 
consists of a blending of magnetite, ilmetite, and 
spinell, intersected with varying quantities of ri and 
andolivine. The capacity of on ore deposits has 
been estimated et very different figures by various 
experts. In 1892 Mr. J. G. Jungner fixed it at 
50,000,000 tons, whilst Mr. P. Vanjura, in 1907, 

ut it at only 500,000 tons. Later the same year 
Mr. C. Morton, as the result of some diamond 
borings, arrived at an estimate of at least 85,000,000 
tons. The recent investigations now completed 
show that the two first and last estimates are 
considerably too high ; whilst Mr. Vanjura’s, being 
based on an entirely erroneous conception of the 
findings, is altogether too low. The complete area 
of the purer iron ore may be put at about 135,000 
sq. m.; the depth, according to diamond borings 
and the whole geological aspect, cannot be put at 
more than some 20 m. to30m. The total capacity 
of the ore deposits has consequently been calcu- 
lated at about 19,000,000 tons raw ore, likely to 
yield some 14,000,000 tons purer ore. The neigh- 
bouring Vallatj] deposit only covers a compara- 
tively small area. The iron percentages of the ore 
average about 47 per cent., and that of titanic acid 
11 per cent. Through magnetic treatment this ore 
can produce a concentrate containing about 65 per 
cent. iron and only 5 per cent. titanic acid. 


110,000-Vott Power TRANSMISSION. 

Electric power transmission at very high volt- 
ages has, so far, been confined to America and the 
Colonies. An interesting power project, involving 
transmission at 110,000 volts over a distance of 
30 miles, is now being executed in the eastern parts 
of the kingdom of Saxony and of the adjacent 
Prussian province of Saxony. The project is due 
to a combination of the A.G. Lauchhammer and 
of the Ueberland Centrale Gréba. The A.G. 
Lauchhammer owns iron and steel works at Burg- 
hammer, Lauchhammer, Gréditz, and Riesa. These 
works have power supplies of their own. It was 
recently established that the important lignite basin 
of Saxony and Brandenburg could be tapped at 
Lauchhammer (also on Prussian territory), and the 
company hence resolved to supply their several works 
from a central lignite steam power-station at Lauch- 
hammer. Meanwhile, the scheme of the Ueberland 
Centrale Griba had assumed definite shape. This 
company intended to supply with electric ~— 
some 760 small towns and villages in the Royal 
Saxon districts of Grossenhain, Oschatz, Meissen 
(the seat of the so-called Dresden porcelain manufac- 
tory), and Débela. Operations had already com- 
menced under the superintendence of Professor W. 


Kiibler and Director Oellers. Lauchhammer lies to’ 


thenorth of the supply district, and the two con- 
cerns, the metallurgical and the electrical companies, 
have combined, Mr. Fischinger, an engineer of the 
Lauchhammer Company, acting on their behalf at 
Dresden. The two chief transformer stations are 
being built at Gréditz and Riesa, on the Elbe, on 
Royal Saxon territory. The transmission from 
Lauchhammer to these stations is to be effected at 
110,000 volts, while the two stations themselves are 
to be connected by a ring circuit at 60,000 volts. The 
contractors for this ring circuit are the Bergmann- 
Elektrizitiits- Untersuchungen, A.G. The chief 
firms participating in the project are the Machinen- 
fabrik Augsburg-Niirnberg, the {i Schuckert 
Werke, and the Allgemeine Elektrizitits-Gesell- 
schaft. Messrs. Siemens-Schuckert will furnish the 
whole transformer and switch plant. For the 
present three turbo-dynamos, each of 5000 kilo- 
watts, are being installed ; two more will be added. 
These will generate three-phase currents at 5500 
volts, whose tension will, in four oil trans- 
formers, each of 6800 kilo-yolt-amperes, be raised 
to 110,000 volts ; the total capacity, as now - 
jected, will be 40,000 kilovolt-amperes. The 
secondary transformer stations will distribute cur- 
rents at 15,000 volts ; in the towns and hamlets 








current will be obtainable at 210 and at 120 volts. 
The high-tension line is to be attached to hanging 
insulators suspended from masts, the erection of 
which has already commenced at Lauchhammer. 
There is a feeling that stringing the line on fixed 
supports on masts is not safe for very high vol- 
tages. It will have to be seen whether the inherent 
mechanical weakness of suspension devices really 
justifies this opinion. Supply, it is hoped, will 
~ started from Lauchhammer in the autumn of 
1911. 








‘““STEAM-BOILER DESIGN.” 
To THE Eprror OF ENGINEERING. 

Srr,—Mr. Casmey’s letter shows that a boiler with two 
36-in. diameter furnaces gave 70.3 per cent. boiler 
efficiency on test, when burning 21.7 lb. of coal per 
square foot of grate surface. For double the evaporation, 
two such boilers would obviously maintain this satis- 
factory efficiency, so that the burning of 49.7 Ib. of coal 
- square foot on one boiler, resulting in a drop of 

0.7 = cent. in boiler efficiency, cannot possibly be 
justified. Mr. Casmey appears to think that the ‘‘ higher 
air (? gas) velocity through the furnaces” was beneficial ; 
but his figures prove nothing but the economy of low rates 
of combustion under the conditions of the tests in ques- 
tion, details of which are not given. 

I regret I cannot accept Dr. Nicolson’s friendly appeal 
to join forces with him in pores artificially high 
velocity of —<¢ Neither he nor I have anything to 
con we both have the same object in view—viz., the 
promotion of mg mg Ao steam-raising practice. None 
of the facts in Mr. gridge’s impartial report of six 
tests of Dr. Nicolson’s boiler is in dispute; and anyone 
can obtain a copy of the full report. Dr. Nicolson thinks 
the figures prove that heat transmission depends more on 
the a velocity than on the high temperature of the 
gas. have given my reasons for holding the contrary 
view, as I did after his lecture, previous to Mr. Long- 
ridge’s tests. 

My paper, on pages 764 and 765 of ENGINEERING for 
December 2 last, acknowledged that Dr. Nicolson’s design 
carried his velocity theory to its logical conclusion, and I 
showed that the practical defects were inherent in any 
boiler design applying this velocity theory. 

Mr. Longridge’s report is headed “‘ Kivaporative Tests 
of an Experimental Boiler,” no reference being made to 
any load carried ; but I am quite willing to accept Dr. 
Nicolson’s explanation that the poor results of the forcin 
tests were due to attempting to carry an undue overl: 
on the one boiler. 

There was obviously no overload on the test of October 
14, 1909, when the coal burnt in the 41-in. furnace was 
only 4131b. Manvers Main coal hourly, and the water 
evaporated only 3625 1b. hourly ; the boiler efficiency was 
then only 64.2 at cent., while the electrical horse-power 
Ps was 20.2, and for water-circulating pump 3.36 

As the same result, with equally skilled firing, could be 
obtained in any ordinary boiler without any such enormous 
working cost, it seems to me that the complications neces- 
sarily involved in an Sg eee of the high gas velocity 
theory cannot possibly be justified. My only reason for 
discussing the lecture nearly two years ago, and for 
examining the report on the su uent tests of the boiler, 
was my inability to accept any of the recommendations 
for altering boiler design, with which the 54-page lecture 
concluded, all these pro being based on a theory 
which I still consider to be a mistaken one. 

Yours meee. 
HARLES ERITH. 
Erith’s Engineering Company, Limited, 70, Grace- 
church-street, London, January 10, 1911. 





“THE ‘PHCENIX’ SUPERHEATER.” 
To THE Eprtor oF ENGINEERING. 

Srir,—My attention has been drawn to the article con- 
tained in your issues for December 23 and 30, describing 
the above apparatus, and as the subject of the application 
of superheating apparatus to locomotives is one that 
possesses special interest for me, and I think I can claim 
to have a reasonably complete knowledge of most of what 
has been, and is being, done in this connection, I should 
like, with your approval, to make a few remarks on the 
subject. 

In view of the highly satisfactory results stated to have 
been obtained on the Furness Railway with this appa- 
ratus, one would expect to find the apparatus comprising 
features of a notable character; but, on examining the 
drawings, the first thing that strikes one is the stro 
similarity between this and the Vauclain apparatus, u 
to a fair extent in the United States. But the latter 
apparatus is generally considered to be an apparatus for 
moderate superheating, and the claims advanced in its 
favour do not go beyond. In fact, I think it is the 
opinion of most locomotive engineers that, unless special 
eg is made for the conveyance of furnace gases 

irect to the smoke-box, as in the original Schmidt 
smoke-box superheater, it is not possible to obtain more 
than moderate superheating by means of smoke-box 
ap tus. 

t ws be that reasonably high economies are actually 
obtained, and I am quite sure that Mr. Pettigrew would 
be the last person to give publicity to exaggerated 
reports as to results of careful and extended tri Yet 
I should like to know a little more about those trials, 
while questions of maintenance and repairs presum- 
al 
24,000 miles only, 





op Pee me hardly show themselves seriously after some 


I think it has been fairly well settled that the full 
benefit of superheating cannot be obtained without adopt- 
ing a high degree of superheat. And to obtain a high 
degree of superheat measures must be taken to ensure 
the transmission of sufficient additional heat to the steam 
passing through the superheater. If an ordinary loco- 
motive is to use fuel economically, it is a broad truism 
that by the time the furnace gases reach the smoke-box 
there must not be too large a proportion of heat units re- 
maining, else the steam generative efficiency will be lower 
than it should be. Buteven at its best I hardly see how, 
in view of experience generally, it is possible to obtain 
more than moderate superheat by means of a purely 
waste-gas superheater, unless the gases are allowed to 
reach the smoke-box at an unreasonably high tempera- 
ture. 

In the case of the superheaters generally used, of which 
the Schmidt is by far the most important, while nearly 
all the others which aim at high superheat are of the 
same general type, a part of the fuel consumption is 
directly devoted to superheating, and the actual fuel 
consumption is the sum of that used for steam generation 
plus that allocated to superheating, with whatever heat- 
ing is obtained from the gases which reach the smoke-box 
after serving for steam generation. Consequently I must 
confess to a difficulty in understanding how it is possible 
that results approaching those associated with high super- 
heat apparatus can be obtained by apparatus that is very 
similar to apparatus recognised as being intended only for 
obtaining moderate superheat. 

I am, Sir, yours faithfully, 
. F. Garens. 
30, Fetter-lane, E.C., January 6, 1911. 





INTERNAL-COMBUSTION ENGINES FOR 
MARINE USE. 
To THE EpIToR OF ENGINEERING. 
_ Srr,—In further reference to the correspondence in your 
issues of October 7, 14, and 28, and in view of the great 
importance at this comparatively early stage of the de- 
velopment of the marine internal-combustion engine, of 
thoroughly discussing the merits and suitability of various 
types. the diagrams herewith have been prepared. 

hey show graphically the various characteristics of 
the two rival types—viz., the constant-volume combus- 
tion type, as exemplified by the modern gas-engine in its 
various forms, using as fuel town PS producer-gas, blast- 
furnace gas, and petrol-gas, and the constant-pressure 
combustion type, as exemplified by the Diesel engine, 
using as fuel the heavier hydro-carbons of the petro- 
leum group. 

In the first type, the explosion takes place at constant 
volume—i.e., the explosion raises the pressure of the work- 
ing medium, the volume remaining constant. 

n the second type the combustion (it cannot strictly be 
called explosion) increases the volume of the working 
medium, the pressure remaining constant. The other 
class of internal-combustion engine, the oil-engine, using 
heavy oils as fuel, may be classed as an intermediate type, 
the more volatile constituents of the oil being gasified in 
the vaporiser and forming an explosive mixture with the 
air, and the less volatile constituents being burnt in a 
similar manner to that obtaining in the Diesel engine. 

In oe apn the diagrams the following assumptions 
have been made—viz :— 

(1) That the whole of the heat is given to the working 
medium at constant volume, or at constant pressure. In 
neither case is it probable that this process can actually 
be effected, as in the case of the gaseous explosion disso- 
ciation will take place, and the combustion will not be 
complete until the volume has been increased by the 
motion of the piston, and in the other case, it is probable 
that the combustion will not be completed until the pres- 
sure has fallen by expansion ; as, however, these two de- 
partures from the theoretical are in the same direction, 
they will not materially affect the comparison. 

he next assumption (2) is that the working medium 
has the same ee properties as regards specific heat, 

&c., as air, which is nearly true, and will not affect the 
comparison of the two ty 

The other assumption 8) 3 is that the compression and 
expansion are adiabatic, which, owing to the cooling 
effect of the water-jacket on the one hand, and of 
delayed combustion on the other, cannot actually take 
place ; but as the two errors tend to balance one another, 
there will be nothing unfair in the comparison. 

The temperature of explosion and combustion has also 
been assumed, as from various causes it cannot be calcu- 
lated accurately. 

The diagrams have been worked out for two maximum 
temperature conditions—viz. (a) the addition of such an 
amount of heat at the end of the compression period as 
will increase the compression temperature by 2000 deg. 
Fahr.; and (b) the addition of such an amount of heat as 
will increase the compression temperature up to 2960 deg. 
Fahr. absolute. The two types as thus compared are 
therefore working between the same temperature limits, 
although all engines as now made complete the cycle in 
one cylinder, and have therefore limited expansion. 
diagram has been prepared showing the comparison 
between the two types when the expansion is carried to 
——- pressure. This diagram shows what gain 
could be effected by compounding. 

The curves show :— 

_1. The theoretical absolute thermal efficiency, a con- 
sideration of the very first importance for the marine 
engineer ; as the conditions in the cylinders of the two 
types are very similar, the actual efficiency obtained 
by each type should be proportional to the theoretical. 

2. The negative work of compression expressed as a 
percentage of the net indicated horse-power. 

This negative work determines the fly-wheel power 
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required, which should be reduced to the very minimum 
for marine work, and when starting up the compression 
should, if possible, be entirely or partly relieved. 

3. The mean effective pressure, which determines the 
dimensions of the cylinder for a given power, and to some 
extent the weight. 

4. The maximum initial pressure, which determines the 
strength of the main working parts and size of ings. 

5. The number of expansions, which go hand-in-hand 
with the thermal efficiency. 

6. The terminal pressure, which gives an indication of 
the duty to be done by the exhaust-silencer and of the 
temperature the exhaust-valve will have to deal with. 

Fig. 1 shows the curves of the two types in which the 
explosion or combustion raises the compression tempera- 
ture by 2000 deg. Fahr. 


Fig, 1, COMPRESSION TEMP. 
INCREASED BY 2000°F. 
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It will be seen that, as regards thermal efficiency, the 
constant-volume cycle is much superior to the constant- 
pressure, the quick rise of the constant-volume curve at 
25 lb, compression pressure, and the early flattening of 
the curve, being very marked, this latter feature showin 
that there will not much advantage in going beyon 
200 1b. compression pressure, which is fortunate, as high 
compression pressures would cause pre-ignition. 

The Diesel engine must use a compression of 500 Ib. in 
order to obtain self-ignition, and it will be seen that the 
efficiency at this pressure is 0.562. The efficiency of the 
constant-volume cycle for 150 1b. compression (quite a 
practicable compression) is 0.502. 

The negative work of compression rises more rapidly 
with the compression pressure in the constant-volume 
cycle, but making the comparison between the constant- 
volume at 150 lb. compression and the constant pressure 
at 500 Ib., the negative work is as 34.3 per cent. to 46 per 
cent. Comparing the mean effective pressure of the con- 
Stant-volume type with 150 lb. compression, and the 


superior, enabling smaller cylinders to be used, in the 
ratio of 87 to 122. 

Coming to the maximum initial pressure, it will be seen 
that the constant-volume type, with 150 lb, compression, 
has an initial pressure of 480 Ib., against 515 Ib. for the 
constant-pressure type with 500 lb. compression ; and, in 
addition, the pressure in the constant-volume type is only 
momentary, and at the beginning of the stroke, whereas 
the constant-pressure type carries the pressure for a con- 
siderable period of the stroke. This point will be referred 
to later. As regards the number of expansions and the 
terminal pressure, the constant-volume type has the 
advantage, and it has, with only 150 1b. compression, about 
the same ratio of expansion and terminal pressure as the 
constant-pressure type with 500 lb. compression. 





Fig.2. COMPRESSION TEMP 
RAISED TO 2960°F ABS. 
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vonstant pressure with 500 lb. compression, the latter is 


Fig. 2 shows the comparison between the two types 


Fig. 3. RAISED 
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| torque. In the case of the constant-pressure cycle, on the 

other hand, the maximum initial pressure is carried for a 
considerable portion of the stroke duri which the 
inertia forces are rapidly decreasing, ‘and the crank-pin 
leverage rapidly increasing. 
For instance, in Fig. 2. the mavimum initial pressure 
| for the constant-volume type with 500-lb. compression is 
12251b., but the maximum crank-shaft torque does not 
exceed that produced by the constant-pressure type with 
& maximum initial pressure of 515 1b. 

Of course, compressions of 5001b. could never be used 
in the constant-volume type, and the comparison of the 
maximum torque of the constant-volume type with 150-Ib. 
compression, and the constant-pressure type with 500 lb. 
compression, is vastly in favour of the former, and counter- 
balances the advantage of the latter as regards its smaller 
cylinder. A study of the diagrams, therefore, seems to 
point to the conclusion that from a theoretical point of 
view the constant-volume type has distinct advantages in 
every t, except mean effective pressure. 

Looked at from the pe side, and assuming that 
to make the best of the constant-pressure cycle a com- 
pression pressure of 500 lb. will be necessary to secure a 
reasonable thermal efficiency, and to secure self ignition, 
the constant-volume type seems to be far more suitable 
for marine use. One of the first necessities is ease of 
starting, reversing, and manceuvring. In the constant- 
pressure Diesel engine the working cylinder must com- 
press a charge of air to 500 lb. per square inch, and there 
must be a supply of air available at 750 lb. pressure to 
inject the fuel before a working stroke can be got. 

un the constant-volume ty on the other hand, a 
working stroke can be obtained for a ch of gas and air 
at atmospheric pressure, the negative work when manceu- 
vring being practically negligible. The air for startin 
does not aiel to be above 80 lb. pressure, which is muc 
easier to compress, store, and work than air at 1000 Ib. 
pressure. 

Again, if the working cylinder, through some small 
defect in the piston-rings, or a scored barrel, or leaky 
admission or exhaust-valves, fails to compress the charge 
to 500 lb., the engine is at once put out of action. 

A failure of the fuel-injecting air-compressor to deliver 
air at 750 lb. pressure will likewise disable the engine. 

In the case of the constant-volume type, on the other 
hand, the engines could, with similar defects of piston 
and valves, always be kept going, until repairs could be 
executed. 

Turning now to the actual fuel economy attained by 
the two types, the Diesel engine can show very fine 
results, as it has no gas-producer losses to contend with, 
as in the case of the ordinary gas-engine. 

The guaranteed consumption of the 600-brake-horse- 
»0wer Diesel engine illustrated in your issue of Novem- 

r 25 is 0.37 lb. per brake-horse-power hour at full load, 
the calorific value of the fuel being 18,000 B.T.U. per 
pound. Assuming a mechanical mene be 88 per cent., 
this would give a thermal efficiency of about 0.437. The 
theoretical efficiency is about 0.562, so that the actual 
efficiency is about 77 per cent. of the theoretical. 

Taking the case of a gas-engine using anthracite fuel of 
14,800 B.T.U. per lb. calorific value, the fuel consumption 
for an engine of 100 brake horse-power would be 0.75 Ib., 
and probably less for 600 brake horse-power. 

Taking the mechanical efficiency as 88 per cent., as 
above, and a producer efficiency of 73 per cent., the 
thermal efficiency comes out about 0.352. 

The theoretical efficiency with 120 lb. compression will 
be about 0.47, so that the actual efficiency will be about 
74 per cent. of the theoretical. 

‘aking the case of an oil-engine with a consumption of 
0.65 pint, or, say, 0.65 1b. of oil per brake-horse-power 
hour, calorific value, say, 19,000 B.T.U., the efficienc 
works out to about 0.236. The theoretical efficiency wit 
a compression pressure of 50 lb. will-be about 0.356, so 
that the actual effieiency will be about 66 per cent. of the 
theoretical. 

The inflammable nature of the mixture pee by the 
oil-vaporisers, as used on oil-engines, and in some cases 
the use of the hot bulb ignition, prevents high com- 
pression pressures being used, and the above figures show 
the direction in which “ey in oil-engines of the 
vaporiser type can be effected, in order that they may 
compete successfully with the Diesel type. 

. R. Cummins. 





First Arp 1n Co.ureries.— The Colliery Guardian, 
30 and 31, Furnival-street, Holborn, E.C., issues, at the 
price of 1d., a small _—— with the above title, 
written by Mr. T. L. Llewellyn, M.D., B.S., in which 





when the explosion or combustion raises the compression 

temperature to 2960 deg. Fahr. absolute. It will be seen | 
that the comparison does not vary much from that of | 
Fig. 1, the main difference being that the negative work 
is 36 per cent., against 59 per cent. in favour of the con- | 
stant volume, and the mean effective pressure 82.5, 

against 94.5 in favour of the constant pressure. Fig. 3 

shows the comparison when the gases are expanded to 
atmospheric pressure. It will be noted that the increase 
of thermal efficiency is comparatively small, especially in 
the constant-volume type, and it is questionable if the 
extra complication of some system of compounding or 
its equivalent would be of any material advantage, 
taking into account the reduction in mean effective pres- | 
sure. 

When comparing the maximum initial loads and their 
effect as regards the strength of the crank-shaft, it should 
be borne in mind that the maximum initial load in the 
case of the constant-volume type occurs at the dead centre, | 
when the inertia of the reciprocating parts is at its 
maximum, and the crank-pin bas no leverage to produce | 





interesting data are given concerning the dealing with 
accidents in mines. Stress is laid upon the necessity of 
attending to even the slightest injuries immediately they 
occur. The proper training of the men and the appliances 


| that are available are described. 





ComPpuLtsonY WIRELESS TELEGRAPHY ON EMIGRANT 
Surps.—The Italian Government was the first to pass the 
law compelling shipowners to instal wireless telegraphy 
on emigrant vesse In view of the efforts which are 
being made to induce the British Government to insist 
upon all large passenger ocean-going vessels carrying 
wireless apparatus, it is interesting to learn that the 
Italian Government has confirmed the law, and supple- 
mented it by a decree which takes effect from the 1st inst. 


|In accordance with this decree, all ships—Italian or 


foreign—carrying emigrants between Italian ports and 
abroad must be equipped with wireless-telegraph appa- 
ratus, and the apparatus must be on the Marconi system. 
As a number of British shipping companies carry emi- 
ats from the Mediterranean on vessels which touch at 
talian ports, the decree will affect our shipping interests. 
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INDUSTRIAL NOTES. 


WueEwn Mr. Asquith, last November, made his state- 
ment that the proposed Goverament Bill dealing 
with the situation created by the Osborne judg- 
ment would make it possible for a trade union to 
engage in politics if a majority of the members wished 
it, providing the opinions of the members on the 
subject had been effectively ascertained, his words 
caused much mystification among the Labour members, 
as the meaning of the phrase “‘ effectively ascertained” 
was not very clear. An unsuccessful attempt was 
made at the time to extract something more definite 
from the Prime Minister, but without success. Since 
then, however, better fortune has attended the efforts 
of the Labour Party, and the trade-union leaders most 
interested have received from an authoritative source 
what they believe to be the real meaning of the phrase. 
This information is that the views of trade union 
members on the question of affiliation to the political 
Labour party shall be ‘‘effectively ascertained” by 
an exhaustive ballot participated in by at least 
80 per cent. of the members. Under existing con- 
ditions a union could be affiliated to the bour 
Party against the wishes of a majority of the 
members, because by a bare majority of those voting 
the unions can be committed to affiliation, and it is 
not often that the proportion of votes recorded has 
been more than 20 per cent. of the total voting 
strength. As the law exists at present no amalgama- 
tion of trade unions can take place without the consent 
of two-thirds of the members, and in well-informed 
Labour circles it is thought that the present intention 
of the Government is to extend this, or to introduce a 
similar, safeguard tothe question of trade unions 
engaging in politics. In labour circles it is also 
pt that a conscience clause may be inserted in 
the Bill for the protection of the minority man who 
objects ete A the political levy, and it does not appear 
likely that there would be much opposition to this in 
the House of Commons. It is eq oy indeed, that 
there are many Socialist members of the unions who 
would rather welcome a conscience clause, as it would 
remove from them the necessity of contributing money 
to finance non-Socialist candidates. 





A briskness in the shipyards of the North-East 
Coast has commenced with the year, a briskness to 
which they have for a long time been unaccustomed. 
With the conclusion of the Boilermakers’ dispute it is 
probable that there will be a busy year. There 
appears to be a shortage of boilermakers on the West 
Coast of England; at Barrow Messrs. Vickers Sons 
and Maxim, Limited, are said to be so busy that 


they have a difficulty in procuring all the men they | p.. 


want, and they have accordingly sent agents to Belfast 
in order to secure whatever surplus in men may be 
available. Messrs. Cammell Laird and Co., Limited, 
of Birkenhead, are also said to be well supplied with 
work, and have met with a similar difficulty in pro- 
curing a sufficient number of boilermakers, and the 
Clyde district was visited by their representative to 
see what workmen could be found. The result of this 
visit was that he returned with only six squads—twenty 
men—although he wanted 120 squads. There is no 
inducement for men to leave the Clyde at present, 
because of the large amount of work in the district. 

There are, however, renewed signs of trouble in the 
industry, and another sectional dispute amongst the 
boilermakers employed in the Mid-Tyne district 
occurred last Wednesday week, when the riveters 
employed on repair-work at Messrs. Robert Stephen- 
son and Co.’s dock at Hebburn-on-Tyne left their 
work. A vessel belonging to the Red Star Line had 
been placed in the dock for repairs, and work was begun 
on Tuesday, the 27th ult., the men being employed on 
piece rates. There was, however, a dispute with the 
riveters, and although efforts were made by the 
management the men left work on the morning men- 
tioned, bringing all work on the vessel practically to 
a standstill in consequence. The wagesof some of the 
men, it is stated, ranged from 15s. to 1/. aday on piece 
rates, and the men demanded 15s. a day on time rate. 
The trouble affected about 100 men. The difficult 
was, however, eventually got over when the officials 
of the Boilermakers’ Society visited Hebburn in the 
afternoon, and the men returned to work on the 
following day. 





The eleventh annual conference of the Labour 
Party will take place in the Temperance Hall, Leicester, 
on the 3lst of this month and the following days, and 
will be preceded by a special gathering called to deal 
with disarmament and the international situation, at 
which Mr. J. R. Macdonald, M.P., will preside, and 
at which the Parliamentary executive will submit a 
strong resolution condemning militarism and war. 
The most important matter to be dealt with is that 
relating to the constitution of the organisation. In 
the opinion of the executive, the party has not yet 
reached a point when its polic 
tion are so well understood 


and political posi- 
t the conduct of | 





members will be influenced by them as Liberals and 
Conservatives are influenced by the policy or position 
of their parties. It is therefore recommended that 
the ‘‘ object ” of the party should be amended so as to 
read ‘‘to organise and maintain in Parliament and 
the country a political Labour Party.” The whole 
‘* object ” reads ‘‘to secure the election of candidates 
to Parliament and organise and maintain a Parlia- 
mentary Labour Party with its own whips and policy.” 
The following new clause (3) is proposed :—‘‘ Candi- 
dates and members must maintain this constitution 
and a before their constituents under the title 
of Labour candidates only, abstain strictly from 
identifying themselves with or promoting the interests 
of any other party, and accept the responsibilities 
established by Parliamentary practice.” It is pointed 
out by the executive that if these and other proposals 
which they recommend are carried out the independ- 
ence of the party will not in any way be undermined by 
them. After these amendments are carried it will be as 
disloyal for members to associate themselves with 
other political parties as itis now. Put briefly, it is 
the desire of the executive that the party be put on 
exactly the same footing as the Liberal Party and the 
Tory Party, and they e t the men to be loyal to 
their organisation or to leave it. Several resolutions 
will be submitted on the question of the Osborne 
judgment, the chief of these being that the executive 
shall introduce a Bill to secure the principle of 
majority rule by the reversal of the judgment. 
General resolutions on education, unemployment, 
electoral reform, factory legislation, &c., will 
brought forward and discussed. As places for the 
next conference Plymouth, Birmingham, and Stoke- 
on-Trent will be suggested. 


It is now considered by the officials of the Amalga- 
mated Society of Railway Servants that the threatened 





romise has now been fulfilled, and the 
answer given — owners in their reply is again in 
the negative. The owners’ decision is to be considered 
at a special meeting of the Council of the Association. 
The existing Conciliation Board cannot be abolished 
without a six months’ notice, and this provides time 
for further negotiations, and it is to be hoped that some 
satisfactory decision will be arrived at. 


result. This 


At the conference held on Tuesday last between the 
employers in the printing and allied trades and the 
representatives of the Printing Trades’ Federation of 
the United Kingdom no satisfactory conclusion was 
arrived at, and when the meeting closed at 7 o’clock 
it was understood that both sides would report to their 
respective members at meetings to be held within the 
coming week. After much discussion the employers 
had eventually offered a 52-hours week, which was de- 
clined, and a counter proposal of a 50-hours week was 
made by the men’s representatives, but the masters 
could not see their way to accept it. It had been 
previously intimated by the employers that they 
could not discuss the question of a 48-hours week. 


On Saturday last about 2000 men employed at the 
Liverpool and the Birkenhead docks as scalers came out 
on strike over g demand for an increase of wages from 
24s. to 30s. per week, and a reduction of hours from 
53 to 47, with a claim also that ‘‘ boys who now begin 
at 12s. shall have a weekly wage of 21s.” The em- 
ployers, whose work is mostly done on contracts of 
from three to five years, made an offer to increase the 
wages by an amount equal to 10 per cent. instead of 
40 percent., but the men declined to accept the offer. 


On Sunday last it was resolved by the guards work- 
ing on the Kast Coast trains from York to Edinburgh 
to apply for an advance of 2s. weekly—34s. instead of 
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to be avoided. The trouble has been complicated by 
the objection of the service staff to work with non- 
union men, who, it is said, reap the benefits of the 
society’s operations without joining the union. Since 
it was announced, however, that the North-Eastern 
Federation of District Councils, which covers the 
entire society organisation on the system, decided in 
favour of a stoppage of work, there has, it is reported, 
been a satisfactory addition of new members from the 
non-union ranks in nearly every branch. It is, there- 
fore, thought highly probable that should this acces- 
sion continue the threat of a strike will be withdrawn. 
os re case, the date for the proposed strike is not yet 
ecided. 


A proposal by the workmen to alter the Conciliation 
agreement by establishing, amongst other things, 
a new basis wage 30 per cent. higher than the 1879 
standard, has for the second time been refused accept- 
ance by the Northumberland Coalowners’ Association. 
The coalowners informed the officials of the Miners’ 
Association about three months ago that they could not 

to the proposal, but the matter was not allowed 
to rest there, and it was decided to obtain the views 
of the Miners’ Federation of Great Britain, and, in the 
event of the Federation promising to give the necessary 
support to secure a minimum percentage of 30 on the 
1879 basis, the Northumberland Association would be 
advised to terminate the present Conciliation Board, 
with the object of having the proposed amendments 
adopted in a new eement. The men’s proposals 
were :—(1) That profits shall be one of the factors 
to be considered by the Board when determinin 
wages. The Conciliation Board accountants sha 
for this purpose be instructed to ascertain the 
average profits from the owners’ books. (2) That 
there be new basis wages equal to 30 per cent. on 
present basis wages, and that the new basis be 
minimum w . (3) In a normal state of trade wages 
shall rise or fall by 1 per cent. for every ld. rise or 
fall in price. It shall, however, be open at any 
meeting of the Board for either side to propose a 
special change in the rate of wages owing to a special 
change in the state of the coal trade. There shall be 
a time-limit to any Conciliation Board agreement, so 
as to enable either side at the end of such time to 
have the agreement ended or amended if they so 
desire. The first period of three years to end with 
December, 1913. (5) Also that they, the coalowners, 
— with us to allow a copy of the verbatim reports 
of the proceedings of the Conciliation Board to be sent 
to each lodge. ‘ 

A resolution expressing the opinion that the North- 
umberland scheme was fully justified was unanimously 
adopted by the Federation Conference, and a pled 
was also given to accord all the support necessary in 
order to secure and defend the proposed minimum in 
Northumberland. There was another interview be- 
tween the men’s representatives on the Conciliation 
Board and the representatives of the Coalowners’ 
Association regarding the suggested new minimum, 
and a promise was given by the owners that they 
would give the arguments put forward further con- 
sideration, and apprise the miners’ agents of the 








According to news from Helsingfors, in Finland, a 
printers’ strike began on Saturday, the 3lst ult., but 
all the papers appeared as usual on the Monday, though 
their size was smaller. Office-girls were employed to 
operate the Linotype machines. These girls had been 
secretly trained in the use of the machines during the 
past few months. 





The official view, as suggested by Dr. Macnamara’s 
interpretation of the Government fair-wage clause, 
that ‘‘the fair-wage clause in any particular Admi- 
ralty contract applies solely to gig | work done 
under that contract,” has, according to the report of 
the Amalgamated Society of Engineers for the current 
month, caused some suspicion among the executive 
council of that body, for they draw the conclusion from 
it that a tirm may “4 on the list and yet ‘‘ be employ- 
ing both men and women under the worst possible 
conditions.” It is also stated in the official interpreta- 
tion of the clause that ‘‘ the question of the [_ paid 
by a firm for private work can only come before the 
Admiralty for consideration when they are determining 
the suitability of a firm for admission to or retention on 
thelist of contractors.” The council of the Amalgamated 
Society of Engineers conclude, therefore, that their 
wisest course will be to ‘‘ watch for the placing of 
contracts, and, where they find that firms are invited 
to tender who do not observe the fair-wage clause in 
its entirety, secure the co-operation of the societies 
concerned, and at once approach their Members of 
Parliament with the object of getting them struck off 
the list of contractors.” It is very doubtful if the 
Government intended the condition to have this wide 
application. Had they done so they would probably 
have said so. 








Tne SaniTaRy INsPEcTORS’ ASSOCIATION.—A meeting 
of the members of the South-Eastern Centre of the 
Sanitary Inspectors’ Association was held at the hall of 
the Carpenters’ Company, City, on Saturday evening, the 
7th inst., Mr. W. W. West, the President of the Centre, 
in the chair. A paper was read on ‘“‘The Amalgaline 
System of Plumbing,” by Mr. Sidney Sharp. A large 
display of examples of pipe-work and joints, as well as of 
special tools, was set out in the hall; the method of 
executing the work was demonstrated by Mr. Harden, 
the inventor, and his plumbers. The paper described 
the process, the tools in general use, and the results 
obtained. It then p ed to discuss the bearing of 
the drainage bye-laws on this system, and indicated 
that, with one exception, the bye-laws need not prevent 
the use of the ‘‘Amalgaline” method of jointing. A 
discussion followed, in which Messrs. W. Firth, S.C. G. 
Fairchild, J. J. Burgess, W. G. Kershaw, J. H. Ollett, 
E. C. Freeman, J. G. Banks, E. J. Franklin, J. A. 
Shillito, and T. H. Culver took part, the —— trend of 
which was favourable to the system, an indicated that 
the members were favourably impressed by the exhibits 
and the system as described in the paper. The ex- 
hibits, and the services of Mr. Harden and staff, were 
kindly lent by the Metal Jointing Company, Limited, of 
Adelphi House, Adam-street, Strand, from whom may be 
obtained particulars of this system, of which we have, at 
one time and another, given short accounts, 
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PRESSED-STEEL SHAFT-HANGER. 


Tue shaft-hanger called the ‘‘ Pioneer,” which we 
illustrate below, is now being placed on the market 
in this country, and combines in a marked degree 
lightness, strength, and cheapness. On reference 
to Fig. 1, which is a perspective view reproduced 
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from a photograph, it will be seen that the hanger, 
with the exception of the bearing, the bolts, nuts, and 
the rivets, has been pressed entirely out of thin sheet 
metal, the metal used being steel. Figs. 2 to 7 show 
the different parts before they are assembled and 
riveted together. What may be called the leg blank 





SAW-TOOTH. PUNCHING-MACHINE. 
CONSTRUCTED BY MESSRS. ERNST SCHIESS A.-G, ENGINEERS, DUSSELDORF. 
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is shown in Fig. 2; the blank with the edges beaded 
or curled, with two reinforcing pieces inserted, in 
Figs. 3 and 4; a side view of the completed leg ready 
to be assembled, showing how the double reinforce- 
ments are riveted together, in Fig. 5; a front view of 
the same leg, showing the very broad section to take 
up the thrust, in Fig. 6 ; poe fe section showing the 
shape of the strongly - ribbed legs, in Fig. 7, also the 
centrally-located pressed-steel aheg while at the 
lower end, in Fig. 1, is shown the pressed-steel clamp 
or yoke, anal to the legs by the bolts running 
through them, allowing the yoke to be swung down 
and at the same time taking the strain on the bolts in 
shear. The hangers are fitted with babbetted bear- 
ings, which have ring lubrication, and are made in sizes 
for shafts from }§ in. in diameter to 4 in. in diameter, 
and with a drop of from 8in. to 30in. They are 
sonstructed by the Standard Pressed Steel Company, 
of Philadelphia, Pa., whose European manager is Mr. 
W. M. Nones, Kingsway House, London, W.C. 








SCHIESS MACHINE-TOOLS. 

On page 54 are illustrated two large machines con- 
structed by Messrs. Ernst Schiess A.-G., Diisseldorf, 
for work connected with the manufacture of large 
steam-turbines. The first machine (Fig. 1) is for 
boring turbine casings up to 2000 mm. (6 ft. 7 in.) 
in diameter. A similar machine in the firm’s own 
shops is capable of boring work up to 9 ft. in dia- 
meter. The base-plate of the machine is 8000 mm. 
(26 ft. 4 in.) long by 2500 mm. (8 ft. 24in.) wide. At 
one end it carries the boring headstock mounted on a 
bed, on which the headstock has a longitudinal move- 
ment of 5 ft., both automatic feed and quick 
power traverse being provided. The height of the 
centres of the spindle and boring-bar from the base- 
plate is 1500 mm. (4 ft. ll in.). The boring-bar is 
driven directly from the main spindle, being coupled 
to it. At its other end it is carried on a steady-rest. 
The drive is obtained from a y nag et ame electric 
motor. The automatic feed for the headstock is 
derived from the main spindle, being transmitted to 
two leading screws, one mounted on each side of the 
headstock. A range of eight feeds between 0.15 mm. 
and 5 mm. (about 6.006 in. and 0.2 in.) forward, and 
reverse, is provided. Provision is also made for fine 
hand-feed and adjustment. 

The main spindle is of forged steel, and runs in large 
adjustable bearings. The gears and screws are also o 
steel, the gear-wheels being machine-cut. The worm 

rs run in oil, and long bronze bearings are provided 
‘or the high-speed shafte and spindles. The machine 














weighs about 42 tons. The larger machine in the 
firm’s own works, to which reference has been made, 
has a weight of 85 tons, a base-plate 344 ft. by 114 ft., 
with height of centres of 7 ft. 2 in. 

The second machine is a lathe for turning turbine- 
shafts. It is illustrated in Fig. 2, and can handle 
work up to 50 tons in weight. The height of centres 
is 1650 mm. (5 ft. 4in.); the distance between centres, 
9000 mm. (about 294 ft.); the length of the bed is 
14,700 mm. (48 ft. 3 in.) ; its width, 3700 mm. (12 ft. 
2 in.); and the maximum diameter of work which 
the machine can turn, 3000 mm. (9 ft. 10in.), The 
machine, being intended for the use of high-speed 
tools, taking cuts of 120 eq. mm. (0.186 sq. in.) sec- 
tion, has been designed so as to be specially rigid and 
well up to this class of work, The face-plate has a 
diameter of 2500 mm. (8 ft. 24 in.), and is titted with 
four jaws. The main spindle runs in adjustable bronze 
bushes, automatically lubricated, in order to prevent 
heating under the heavy work for which the machine 
is designed. The diameter of the front spindle bearing is 
400 mm. (153 in.). The machine is driven by a 45 to 50 
horse-power electric motor, running at a constant 
speed of 650 revolutions per minute. A special form 
of coupling between the motor and machine is pro- 
vided, in order to avoid all riek of overloading the 
former. The geared headstock provides twenty dif- 
ferent spindle speeds, ranging from 0.5 to 100 revolu- 
tions per minute. 

The bed is double, and one slide works on each 

rt. Both automatic and hand feeds are arranged 
or the slides, longitudinal movement being obtained 
from racks, while cross movement is obtained by 
screwed spindles. Quick longitudinal traverse is 
also provided for the slides, which can, moreover, 
be instantaneously thrown out of gear if necessary. 
The loose headstock is very massive. It can be 
adjusted by the hand-wheel gear shown in the illus- 
tration, a certain lateral adjustment also being pro- 
vided. The bed is fitted with a cast-iron rack, on 
which this headstock can be locked, thus preventing 
any tendency of it toslack back. Adjustment of the 
centre is arranged and controlled by a hand-wheel. 
Six feeds, ranging between 0.2 mm. and 5 mm., can be 
obtained. The feed and main-head gears are all of 
steel, as are also the racks. The machine weighs about 
95 tons. 

On this page we illustrate (Fig. 3) another machine 


by the same makers. This is a machine for punching 


f | teeth in saw-blades. The ys of the gap is 145 mm. 


(5.7 in.), and the machine will take circular saw-discs 
7 mm. (0.28 in.) in thickness, and from 300 mm. to 
1400 mm. (11.8 in. to 55 in.) in diameter. The 
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frame is similar to that of an ordinary punching- 
machine. It carries a vertical plunger working in 

ides, and moved up and down by an eccentric 
on a shaft driven through single gears from the 
main driving-spindle, on which are mounted fast and 
loose pulleys. A heavy fly-wheel is mounted on 
the pulley spindle. The belt-shifting arrangement 
is on the machine, and not on the counter-shaft. By 
means of a hand-lever the plunger can be instantane- 
ously thrown out of gear when at its highest position. 
The saw-dise is given automatic circular f motion 
about its vertical axis while being cut. This movement 
is effected by change-wheels, a worm, and a dividing- 
wheel, which push the saw forward after each stroke 
of the ram. The photograph shows the clamping 
attachment for holding the saw, which is carried on 
a bracket-arm projecting from the standard ; under- 
neath the bracket is the screw-spindle for traversing 
the clamping attachment. The machine weighs approxi- 
mately 2.5 tons. 





SAND FILTRATION. 

At a time when almost every day sees some new 
system of water purification receive the ee of 
scientists, to be condemned only too often after 
practical trial, it is interesting to note that the old 


‘number of bacteria after the partial clarification of the 
water by straining through gravel will be noted. No 
chemicals are but the water is physically clear 
after passing at a moderate speed through the coarse 
sand pre-filter. The sand filters, therefore, are sup- 
plied with a water free from suspended matter, and 
their astonishing bacterial efficiency when working 
under these conditions will be seen from the table. 

The speed of the final filters has been increased to 
a maximum of 100 gallons per square foot per 24 hours 
since the multiple pre-filters were adopted, and it has 
been possible to put out of service two large filters, 
with acombined area of 3080sq. m., which were formerly 
included in the plant, which, under the old conditions, 
failed to deal satisfactorily with the same water. 

The condition of the raw water of the Elbe durin 
November was extremely bad, owing to floods, an 
also to the large amount of refuse from the sugar fac- 
tories which is discharged into the river at this season. 





THE EOTVOS-HECKER TORSION- 
BALANCE 


Tue Eétvés torsion- balance, which Professor O. 
Hecker, chief of the Prussian Geodetic Institute at 
Potsdam, has had constructed for this institute, is of 
high interest, both as regards the theory and the 





Report OF THE MunicipaAL LABORATORY OF THE CITY OF MAGDEBURG, NOVEMBER, 1910. 


City of Magdeburg Filtration Works, Transformed in 1908 by Messrs. Puech and Chabal. 


NuMBER OF BACTERIA PBR Ou, Om, AFTER THE STAGES OF THE PUECH-OHABAL SyYsTEM.* 
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* Colonies counted after 48 hours (German method). A Elbe in Flood. B Commencement of the beet-sugar manufacturing season. 


Analysis of above Table. 





am ~~, No, of ~) Bacterial 
| Samples Bacteria per C.C Purifica- 
t Examined tion. 








Highest Lowest |Average 








River water... 30 144,000 | 4200 [43,523 

After gravel filters 30 10,000 | 1600 | 3,771 (91.33 p.c.: 
»» _pre-filters .. 30 1,900 130 636 (98.51 ,, 

Sand filters .-| 826 18 1 5.65/99.987 ,, 

Collecting well .. 30 4 3 7.4 

Service reservoir 5 17 6 1.6 

Town mains... 3 14 4 8 


system of slow sand filtration, which for eighty years 
has been in use in all parts of the world, can still hold 
its own as the most practical safeguard against water- 
borne disease, provided the plant is placed under 
proper supervision and control. 

In the early part of 1910* we dealt with the subject 
of the treatment of water antecedent to filtration, and 
described the multiple filtration plant on the Puech- 
Chabal system at renner —s 4 

The tables we then published showed the great im- 
provement in the general working uf the filters which 
resulted from the adoption of the pre-filtration plant. 
We now publish a table of results of the bacterial 
working of the whole of the filters at Magdeburg for 
the month of November, recently issued by the muni- 
cipal authorities. This table is remarkable, in the 
first place, for its completeness, and illustrates in a 
striking manner the scientific thoroughness with which 
Continental water works are now usually controlled. 

General results are not accepted as sufficient, but 
the performance of every element in a large installa- 
tion is under daily observation. The reduction in the 
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mechanical construction. The theory of the instrument, 
which determines space variations in gravity, was 
explained by Baron Roland Eétvis, Professor at the 
University of Budapest, in 1896, in a memoir on 
‘* Untersuchungen iiber Gravitation und Erdmagnetis- 
mus,”* and further information was given in reports 
presented by him to the International Physical Con- 
gress t held at Paris in 1900, and to the Fifteenth 
xeodetical Conference,t which met at Budapest in 
1906. Baron Eétvis has constructed two t of 
instruments based on his principle, as we shall indicate. 
The instrument which Professor Hecker designed, and 
which was made by Mr. Fechner, the mechanician of 
the Institute, agrees in its essential features with the 
origi of Eiétvés, but it embodies several important 
additions which render the working of the torsion- 
balance quite automatic. Prof. Hecker described the 
new instrument in the Zeitschrift fiir Instrumentenkunde 
of Jan , 1910 ; our diagrams are reproduced by per- 
mission of the author and of the editor of this journal. 

Gravity determinations are ordinarily carried out 
with the aid of short pendulums of a period of about 
half-a-second. Professor Hecker ascribes their intro- 
duction to the Austrian Colonel K. von Sterneck. 
The instrument of Eétvis does not yield the g, but 
the differential coefficient d g/ds, the space variation 
in the acceleration of gravity, and enables the observer 
thus to trace the variations of gravity over the surface 
of the earth, and this with considerable accuracy and 
much more expeditiously than by the ordinary method. 
The mass distribution in the earth, indicated in the 





* Wiedemann’s Annalen, vol. lix., 354. 
+ - , Congrés International de Physique, vol. iii., 


3 Verhandlungen. Berlin ; G. Reimer, 1908, page 337. 








diagram Fig. 1, could not, for instance, be well studied 
by pendulum observations. Let O O be the surface of 
the earth, which has the average density d. Two 
masses are embedded in the crust, the one marked -— 
being as much deficient in density as the other, marked 
+, exceeds the average density d. Pendulum obser- 
vations at S and S would not reveal the peculiar con- 
ditions unless the masses were very large. 

The principle of the Eétvés torsion-balance is that 
the suspension wire of the beam is twisted by a space 
variation in gravity. The elastic force of the wire 
opposes that twist, and the horizontal component of 
gravity can be calculated when the two forces balance 
one another ; fatigue of the wire, temperature varia- 
tions, and other disturbing factors have to be elimi- 
nated. The torsion-balance is made in two forms, 
indicated in the diagrams, Figs. 2 and 3. In the first 
type the beam is a tube, into the ends of which the 
loads m, cylinders of heavy metals (gold, platinum), 
are inserted. In the second type the loads are fixed 
at different levels, the one being pushed into one end 
of the beam, the other being suspended by a special 
wire h from the other end of the beam ; the two loads, 
which are always equal to one another, are therefore 
in the same plane in the first type, but at different 
levels in the second. The diagrams suggest very 
small dimensions ; but the tubes, of aluminium, have 
a length 2/ = 16in., and the suspension wires were 
first made more than a yard in length, though 
shortened in later instruments. 

Professor Hecker reproduces the chief equations of 
the theory of Eétvés for the two types. ese equa- 
tions differ, of course, and the two types do not serve 
exactly the same purposes. Neither suffices for the 
complete determination of the configuration of a sur- 
face ; for that purpose the gradient of gravity in the 
vertical would further have to be ascertained after 
Jolly. Ejétvés has, however, shown how his instru- 
ments determine the directions of the plumb line and 
of the radii of curvature for all the points of a sur- 
face, if the north and east components of the relative 
deviation from the perpendicular are ascertained by 
astronomical and geodetical methods at two points. 

It would not be profitable to abstract the mathe- 
matics. How the instrument is used will presently 
be explained. One single observation of the position 
of the beam is, of course, insufficient to measure the 
torsion. The whole instrument is turned through a 
certain angle to determine the change in the torsion. 
The suspension wire has to be very thin to secure fairly 
large angles of torsion. But the chief advantage of 
the balance seems to lie in the use of systems of long 
oscillation periods. Eétvés has tried periods ranging 
from 600 to 1200 seconds in the various types of instru- 
ments, which he devised for different psa vario- 
meters, balances for determining the gravitation con- 
stant, &c. In the instrument descri below the 

riod is eleven minutes. These long periods enable 

im to measure small variations in force. 

The instrument of Professor Hecker is of the 
second type. It follows, as we already mentioned, 
in its general arrangement and main dimensions, 
the most recent instrument of Eétvis, which was 
built by Ferdinand Siiss in the Government work- 
shops of the University of Budapest, but differs as to 
certain details ; the automatic registration, in parti- 
cular, is due to Hecker. The balance-beam is a tube 
of aluminium ; it is suspended by a wire of platinum- 
iridium, and supports two weights of gold. The wire 
has a thickness of 0.04 millimetre, and was especially 
made by W. C. Hereus, of Hanau. Loaded with a 
weight of 80 grammes—the weight it had to bear 
afterwards—it was slowly heated up to 100 deg. Cent. 
and cooled again to the ordinary temperature. This 

rocess was repeated many times and the wire then 

ept suspended, with the load still on, until the instru- 
ment was ready for its reception. This treatment, 
Eétvis found, gave the wire a remarkable —oey 
in its position of equilibrium, and Hecker agrees wit 
him that such a wire is superior to quartz fibre. 

The wire is suspended from the torsion-head (Fig. 4). 
It ends below in a thin rod of brass, which bears at s, 
a small mirror ; the rod is attached to the horizontal 
tube of aluminium, which is 40 centimetres (16 in.) in 
length and 6 millimetres (} in.) in diameter. Into the 
one end of this tube is pushed a cylinder of gold, weigh- 
ing 28 grammes; from the other end is suspended, by a 
platinum wire 65 centimetres (26 in.) in length, another 
cylinder of gold of the same weight. The whole sus- 
pended system is encased to keep off air currents and 
radiations, not only thermal, but also electrical. The 
casing consists of three shells ; the two inner ones are 
made of sleet-copper 3 millimetres in thickness, the 
outer one of magnalium of the same thickness ; the 
shells are separated by distance-pieces of hard rubber. 
Even if the instrument were mounted in a room in 
which considerable temperature variations might arise, 
the torsion - balance would be but little affected. 
Eétvis mentioned at Paris that he had at first not 
dared to take his torsion-balance out of its dark room ; 
later he had found that he could obtain reliable obser- 
vations in the open air, sheltered merely by a tent. 
Two of these suspended systems are com ined in 
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such a way that the beams are el to one another, 
each encased with a double jacket, and that the lower 
wires, each surrounded by its triple jacket, hang the 
one to the right, the other to the left. Two observa- 
tions are then made simultaneously, the one for the 
azimuth a, the other for the azimuth a + 7. 

The whole instrument is supported on a pillar of 
magnalium, and rests with its conical vertical axis of 
steel in a bronze bearing. The casing of the balance 
is carried by the axis, and a horizontal toothed circle 
is fixed to the bearing. A clock-work, strong enough 
to turn the whole instrument, is attached to the casing, 
and a toothed wheel engages with the teeth of the 
divided circle ; the movement is arrested with the aid 
of a pawl which stands under electro-magnetic control, 
and the exact azimuth of the instrument is read off 
by means of microscopes. When one observation has 
been completed, the pawl is raised, and the instru- 
ment turned into the desired ition for the next 




































in the same position, and will therefore appear as a 
vertical line on the descending pho phic plate. 
The two other pictures will alter their positions with 
the azimuth of the balance, and when the balance beam 
oscillates curves will be drawn. The curves are sine- 
curves, which permit of determining the zero position 
of the beam. 

It has already been mentioned that the twist of the 
balance-wire changes with the variation of gravity in 
space. In general, there will be some slight variation in 
gravity with every change in azimuth, since no room is 
rigorously symmetrical as to mass distribution. Thus the 
beam will have another zero position for every azimuth. 
Eitviés has, however, demonstrated that, with his 
double-torsion balance, three observations taken of 
azimuths differing by 120 deg. will suffice, when 
the constants K/r and mh l/r are known. Of these, 
m h 1 can directly be measured ; r and K/r have to be 





K/r is determined by observing the oscillations. As 


determined for each suspended system. The constant | 


| the gold weight. The beam of the torsion-balance in 
question (curve on the right-hand side) to oscil- 
late, but quieted down again ; the central straight line 
marks the fixed point ; the line on the left (second 
beam), it will be noticed, is not quite straight, showing 
that the lead ball influenced the distant gold weight 
to a slight extent. Fig. 8 reproduces the curves 
obtained when three complete observations were taken 
in the instrument-room of the Geodetical Institute at 
Potsdam, at azimuths of 0, 120, and 240 deg., but under 
otherwise identical conditions. The very slight varia- 
tions in gravity at different itions in that room 
produced very strong effects ; effects so marked, indeed, 
that the instrument might appear almost too sensitive. 
Such a set of observations requires a period of about 
five hours, since the observers have to wait until the 
beam has quieted down. 

Professor Hecker concludes his account with the 
remark that the use of the instrument would somewhat 
be restricted in mountainous territory, on which the 


























observation. Fig. 5 shows the head of the pillar, the 
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divided circle, the electro-magnet, the casing, the 
upper portions of the lateral tubes, the lower 
portion of the central tube enclosing the suspension 
wire, and also the photographic apparatus for regis- 
tering the observations ; the driving clock would be 
at the back of the electro-magnet. One of the levels 
can also be seen; the two thermometers within the 
casing are read from outside. 

The registering apparatus is attached to the one 
end of the casing. Particular care had to be exercised 
in its design to avoid any disturbance of the sus- 
pended system by the movement of the box of the 
photographie plate, which descends under the influence 
of gravity, this movement being checked by the 
mechanism of a lady’s watch. Fig. 6 illustrates the 
arrangement and shows the box open. The guides 
for the box are fixed to a vertical plate, the base, 
to the upper portion of which the watch u is attached. 
The box is suspended by a cord which is wound 
round the drum of the watch-spring. When the 
watch is wound up, the box is sien moving with 
rollers in the guide-framing ; it afterwards descends 
at the rate of 12 millimetres (4 in.) per hour. The 
watch has therefore merely to check the descent of 
the box. All concussions of the instrument are hence 
minimised, and this is important, since even small 
concussions might set up resonance oscillations, which 
would be very troublesome. 

When the 7 hic plate has been inserted. the 
front of the box is closed by a sheet of metal. Two 
little osram lamps/ are fixed close to the sides of the 
framing. The beam of light of each lamp falls through 
& very fine hole made in a small screen of blackened 
brass on the concave mirror « (see Fig. 3), which pro- 
duces a sharp image of the luminous point on the 
photographic plate, the ray passing through the hori- 
zontal slit in the base, marked in Fig. 6. Tero pictures 
are thus produced. A third 
the same plate by the intermediation of a 
attached to the casin 
on the left, This 


icture is printed on 
ird mirror 
» the light coming from the lamp 


described conditions; the lead ball was placed first to 





ird picture will always remain 
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a rule, it will be sufficient to take two observations, 
with the beams at right angles to one another. If T, 
is the oscillation period in one azimuth, T, the oscilla- 
tion period in the azimuth at right angles to the 
first, then K/r = (T,? + T,*)/2 7% If desirable, 
four observations are taken at azimuths 0 deg., 90 deg., 
180 deg., and270deg. These observations can be made 
with great accuracy, because the periods are long— 
viz., 11 minutes. 
The determination of + was effected by Hecker with 
the aid of a ball of lead, a fairly true sphere, 13 kilo- 
mmes in weight, which was approached to the one 
gold weight, first on the one side and then on the other, 
the distance from the weight being 12 centimetres 
(5 in.). If d be the alteration in the zero of the beam 
on the photographic plate, D the distance between 
the mirror and plate, G the gravitation constant 
(G = 6.6576 x 10-8), M the mass of the lead weight, 
m that of the cylindrical gold weight, \ the length of 
the latter, s the distance between the centres of M and 
m, and / the radial distance of m from the axis of sus- 
pension (as in Fig. 3), then 
r=4DG.Mm.i/d.8. J1+ NAM. 


Fig. 7 shows the three curves obtained under the just- 





the right, then to the left, and again to the right of 











reduction of the observations would become difficult 
and uncertain. In level country, however, Eiétvis 
had obtained results of very high a>curacy in his 
extensive researches conducted in Hun Some 
particulars of these investigations will be found in the 
memoirs of Eiitvis, which we quoted at the beginnin 

of this article. Baron EKiétvis has himself cagbanet: 
firstly, that local variations in terrestrial magnetism 
can be explored by the same method, and, secondly, 
that the method should afford some information 
as to the attractive force of the sun and moon, 
and even of celestial bodies. The argument is the 
following :—Imagine two vectors drawn from the 
centre of the rimas sun (or some other point on the 
sun), the one to the upper weight of the torsion- 
balance, the other to the lower weight, sup to 
be at a level 1 metre below the upper weight. Let 
lower the w oer vector just graze the earth ; then the 
vector ma pass through a le of 7 kilometres 
of the earth crust, and there should be an alteration in 


the attractive force, a differential effect. So far as his 
experiments went—he presented his report at Paris 
in 1900—a stratum of the crust of the , 1 kilometre 


in thickness, did not affect the attractive force of the 
sun by one-hundred millionth. R. von Kivesligethy 
and K. Tangl have collaborated with Eétvés in these 
researches, which commenced twenty years ago. 
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WATER RESISTANCE OF BIRDS AND 
BIRD FORMS.* 


By Tatsucoro INnovyr, B.Eng., uate of the Naval 
Architecture Department of the Engineering College of 
the Tokyo Imperial University. 


In the first place, photographs were taken of two birds—a 
duck and a goose—in the condition of rest in the water and 
also swimming. Thuse of the birdsswimming at full speed 
are reproduced in Figs. 1 to 4. 

The form of the goose does not visibly change very 
much when at rest or swimming, but with the duck there 
is a great change—the length of water-line is reduced 
when swimming, the reduction occurring at the breast. 

The wings and webs of the birds having been bound up 
with strings, the birds were set in the water ; the binding 
was made somewhat loose, especially about the webs, as 
otherwise the birds would slowly have capsized from want 
of -stability. From the birds there were then constructed 
moulds of the load water-line, vertical middle-line section, 
and seven transverse sections ; to get a wood model from 
these moulds having correct displacement, it was neces- 
sary that the moulds should not press too tightly on the 
bird ; loose-fitting moulds, representing the outside surface 
of the feathers, gave displacement most in accord with the 
weight of the bird. To make moulds of the same birds 
swimming was more difficult ; it was necessary to trust 
very much to general observation, careful inspection of 
the photographs, and a resulting wood model having 
correct displacement. 

Dimensions, &c., of the birds at rest in fresh water are 
given in the following table :— 





Duck. Goose. 
Length of load water-line i 13 in. 14.3 in. 
Maximum breadth at load water- 
line .. “a <4 “e - 6 in. 7.8 in. 
Draught at middle of oo -- 812 in. 3.83 in, 
Displ t, excluding legs .. 4.61 1b. 7.94 lb, 
Block coefficient ab 0.525 0.512 
Wetted surface 96.98q. in. 135 sq. in. 


The areas of sections (see the curves in Fig. 5) are as 


below :— 


No. of Section. Duck, Goose. 
8q. in. aq. in. 

Py 2.62 5.12 

1 6.92 12.20 

2 13.99 20.99 

3 14.56 23.43 

7 13.10 21.30 

5 8.60 14.43 

5} 6.07 6.33 


The maximum speed of the birds was measured in a 
rectangular pond, 30 ft. by 15 ft. by 3 ft., by the following 
method :—Along the length of the pond was stretched a 
string, and two men chased the birds with bamboo sticks, 
and the time occupied in swimming over 10 ft. of length 
was taken with a stop-watch. As a mean of several 
observations the following results were arrived at :— 

For duck, 10 ft. in 4 secs. = 150 ft. per min. 
For goose, 10 ft. in 4.2 secs. = 142.9 ft, per min. 

As a higher speed for the goose was expected, these 
results were checked by timing the motion of the webs. 
This gave the following :— 

For duck, 10 paddles with one web in 4 secs. 
For goose, 10 paddles with one web in 6 secs. 





From these figures it became clear that the goose did 





Fie. 6. Goosx witu Taus Tren. 
not paddle as rapidly as the duck, and her s was 
accordingly less actually, and a good deal less relatively. 


Taking the maximum speeds as above, the speed-length 

ratios Speed in mane work out :— 
___ length in feet 

* This article is written from the “ graduation essay” 
prepared this year by Mr. Inouye. The subject and treat- 
ment were thought to be of sufficient importance to deserve 
a wider reading than that of his professors and examiners, 
and it has been sent to ENGINEERING for publication, with 
the examiner’s approval and also the approval of his 

league, fessor Terano. 





| 


1.48 


For duck = 1.42; 
a/ 1.083 

For gocse 141. 1.29. 
,/1.191 


of stream was tested at various depths, and was found 
practically uniform. Varying, the position of the boat it 
was gow to obtain various speeds of stream between 
85.8 ft. an: 


d 157.8 ft. per minute. 
Experimenting with the actual birds, the wings and 





Fie. 1. Goosk Swimmine at Fou. Speen. 


Fie. 3.' Duck Swmimine at Fut. Speen. 





Fie. 2. Goose Swimmine at Futy Speen. 


Fig.5. 


AREAS OF SECTIONS. 
Seale 9-1Sq.Inv. 











Fie. 4. Duck Swimmine at Fut SPEEp. 


MODIFIED ‘kas Wa4” 
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Fig. 7. 


MEASURING THE ResIsTANCE OF A Duck ON THE KatTasE RIVER. 





SPEED 


or Water Fiow. 150 Fr. per Minute. 


Compared with cruisers or despatch-boats the = en 
as thus measured will be seen to be very high. The photo- 
ere hs already referred tc sow the waves raised by the 
irds at their maximum speeds. 

Having no apparatus for taking resiitance when being 
towed in still water, use was made of running water on the 
River Katase, near Enoshima; the resistanvs was measu 
by a spring-balance from a flat-bottom boat, in tne belivf 
that, though inaccurate, this method would give com- 
parative results of at least some value ; the Katase River 
he spot made use of is some 60 ft. broad, and 1 ft. to 

t. deep. 

By means of a bottle loaded in various ways the speed 


red | balance also had to 





both webs were tied up tightly (Fig. 6); the method of 
spplying the balance to measure the resistance is shown 
in Fig. 7. Some difficulty was experienced in reading 
the spring-balance owing to the oscillations of the spring ; 
each observation occupied 5 to 10 minutes of time, and 
was checked also by an assistant ; the graduations of the 
be corrected for horizontal pull as 

inst a usual vertical weight ; a disturbing element was 
b= introduced by the projecting legs an webs of the 
birds, causing a trim by the head. Opposed to this was a 
sligit =pward force (never exceeding 0.2 Ib.). When all 
this was done, the re. dings of resistance were as recorded 
in the table on the nex. vage. 
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Mean draught ce oe 3.83 in. held lightly b ista: h in th hoto- 
Resistance. : F 3.8 ghtly an assistant, as shown in the pho 
inal oe x nr agene hee sh water — phs, Figs. 15 to 17. The resistances measured were as 
P F P ‘| ap apiece fogs Wow Se i oeeton : Wetted surface os ee ; ; ° , a 142 sq. in. ollow a 
— | os. In constructing the lines of this modified Kasuga those 
ft. per min. ft. Ib. Ib. of the real Kasuga‘at load draught were retained, breadth Resistance. 
85.8 1.5 | 0.095 0.110 Speed. Depth of Water. 
100.2 1.5 } 0.165 0.195 Fie. P a 
120 2.5 0 240 0.280 iT VIM: Com. | peng 
136.2 1.5 0.280 0.420 | : * Kasuga.” 
157.8 2.5 0.385 0.510 i Queene _cpavent a 
| i PRimCHAL DIMERS ONS ft. per min. ft. Ib. Ib. 
. - 7 m LEnGT™ Oven au ~ wires 90.6 1.5 0.07 0.07 
The curves in Fig. 12 are plotted from the above read- \\ maine == re :. = 4 
ings in the usual way. On the same figure (8) there is Sten | - geet. cL me ey ; oie = 
also plotted the resistance curve for the model of a — } : OYSPLACEWERT .om Vem. m Toms oo 136 2 2 0.175 0.48 
goose, the model representing the goose ———— i ad ili me | 150 9 0.245 0.50 
To compare the resistance of the goose-formed model 


Fig. 9. SHEER DRAUGHT. 
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| Fics. 8 to 11. Lines or THE Japanese Oruiser ** Kasuaa.” 
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Fie. 13. Mopet or tHe Mopirrep Fia. 14. Mone. or Goose, 
Cruiser ‘*‘ Kasuea.” 
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Fic. 15. Wave or tHE Mopet or THe Goose. Wave or THe Mopg. or tHe Goose. 
Srzep or Water Frow, 150 Fr. rer Minute. Cruiser **Kasuca.” Spsep or Water Fiow, Sreep or Water Ftiow, 107.1 Fr. per 
107.1 Fr. per Minute. MINvUTE. 


Fic. 16. Wave or tue Move or tHe Mopirigep = Fic. 17. 


—_ that of a ship-shaped kody, these was selected for the | and depth ratios being altered so as to make maximum _ These results are also shown in Fig. 12, ther with 
atter the Japanese cruiser uga, Figs. 8 to 11, as | breadth and maximum draught correspond to those of the | the results obtained directly with the actual duck and 
having ap oroximately the same block coefficient. In order | goose. With the two new models (Figs. 13 and 14)—viz., | goose. 

that her dimensions might accord with those of the goose | the goose in the form assumed when swimming, and the 


there was constructed a model of a modified Kasuga, with | modified Kasuga—f i i i *sixti 
‘ 1 i ga—further experiments were e, a8 With Many years ago (somewhere in the ’sixties) the late 
the following dimensions :— the previous model, the epeed of water in this case varying willie Froude © experiments of a Bann A, similar 
Length ot load waterline SS See iret 14.3 in. from 90.6 ft. to 150 ft. per minute. Considerable yawing | nature; they were referred to at one, at least, of the 


7.8 - vs motion occurred with both the models, and they had to be | British Association meetings, and in varieus other ways, 
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From these experiments of Froude it has been quite a 
well-known fact that between certain ranges of speed the 
form of a bird is a very good one, giving remarkably low 
resistance; but, though well known, the fact is very 
easily and very often forgotten, and thariks are due to 
anyone bringing the matter once more into the area of 
discussion, especially when his standpoint is explained 
and justified by carefully-made a gg 
In these days of experimental tanks, Mr. Inouye’s 
experiments will no doubt appear crude enough. But 
ater qualification one is inclined to place on the 
exact accuracy of his results, there can be no doubt that 
they are in the main trustworthy, and show, for a large 
of s , & distinct advantage by a bird- 
form over that of a fine-lined (ship-s 1) form having 
= aN length, breadth, draught, and displacement.— 
ip. E. 





BENGUELLA RaiLway IN PortuGcuEsE ANGOLA, SOUTH 
West Arrica.—During the last twelve months active 
progress has been made on the construction and equip- 
ment of this im t line of railway. The contract let 
to Messrs. Pauling and Co., Limited, London, S.W., and 
Cape Town, by the Benguella Railway Company in 
November, 1909, for the construction and equipment of 
the section from kilometre 198 to kilometre 323 (774 
miles), was comple in October, 1910, six weeks 
ah of contract time. Traffic is now running up to 
rail-head at kilometre 323, from Lobito, the company’s 
port on the Atlantic. A contract has nm arran 
with Messrs. Pauling and Co., for the construction 
and equipment of a further section of railway from 
kilometre 323 to kilometre 360, or 23 miles. The surveys 
will be completed up to Mutota, kilometre 900, from 
Lobito, equal to a distance of 560 miles, by June 30, 1911. 
The total distance from Lobito to the pa frontier is 
estimated at about 1400 kilometres, about 800 miles. The 
gauge of the railway is 3ft.6 in. The Port of Lobito, 
which is naturally one of the finest harbours in Africa, 
is equipped with a substantial timber jetty and wharf 
capable of taking the largest steamers running to South 
Africa. The section of ‘the railway from Lobito to kilo- 
metre 198 was constructed by Messrs. Griffiths and Co., 
Limited, under contract from the Benguella Railway 
Company. Serious difficulties of water supply have had 
to be overcome on the section of the line to kilometre 200, 


but beyond that point there is an ample water supply. | 7, 


n carried out under the 
rvision of the company’s 


The whole of the works have 
specification, designs, and su i 

engineers, Messrs. Sir Douglas Fox and Partners and 
Sir Charles Metcalfe, Bart. All the rolling-stock is of 
the latest South African standard, of double-bogie type, 
with central buffers, and fit with vacuum and 
hand-brakes. The line will ultimately connect Lobito, 
on the Atlantic, with Beira, in Portuguese East Africa, 
opposite Mad r, via Katanga, in the Congo Free 
State, and Victoria Falls, Bulawayo, and Salisbury, in 
Rhodesia. 


Hovuss-Rerusge Mapk into Roap-Pavine MATERIAL.— 
We understand that a bronze medal .has been awarded to 
Messrs. Goddard, Massey, and Warner, Limited, sani 
engineers, Nottingham, by the road experts appoin 
by the Sani Institute to investigate improvements in 
road-paving, the award being made after inspection of 
the roads laid in the Royal Borough of Kensi , these 
roads in some cases having been laid for over four years. 
The paving material for which the bronze m was 
awarded is in the form of bricks, whieh measure 9 in. 
by 44 in. by 3 in., made from refuse clinker residue. The 
material is ground in a mill of special design, and 
incorporated, when ground, with hot Trinidad Lake 
asphalt and oil, and thoroughly mixed. The works of 
the Royal Borough of Kensington, where these blocks are 
made, can turn out over 500 paving-blocks per hour, the 
actual process being the following :—The clinker as it is 
delivered from the houses is ground up in a special mill 
resembling an ordinary mortar-mill, round the outside of 
which is a perforated screen, through which the crushed 
material passes, and is graded to the required size in 
the From the mill the ground clinker is taken 
to a heater, where it is raised to a temperature of about 
300 deg. Fahr., after which it is carried by an elevator 
up into a hopper, and each charge is then weighed and 

into a batch mixer, where a given proportion of 
inidad Lake asphalt, which has been refined, is added. 
After being mixed, the materials go into a chute leading 
to a press, where they are formed into bricks of the size 
before mentioned. After pressing the bricks are automa- 
tically placed on a steel-belt conveyor, in which they are 
surrounded with water to cool them, they are much 
too hot to handle. At the end of this conveyor they are 
taken off and stacked. The asphalt is heated by steam 
supplied by a boiler at a pressure of about 100 Ib. per 
equare inch, and the temperature of the steam, when it 
reaches the softening- is something over 300 deg. 
Fahr. We understand that these bricks wear exceedingly 
well, and possess the very gooc quality that they 
are sanitary and require very little scavenging. They 
are also not in any way affected ty the weather, and 
are not slippery under any atmospheric conditions. 
They are tically noiseless when traffic is passi 
over them. he whole of the machinery by means ‘of 
which these blocks are made is the invention of Mr. 
William Warner, m ing director of Messrs. Goddard, 
Massey, and Warner, Limited, who are the sole manu- 
facturers. The committee oo by the Royal 
Sanitary Institute consisted of the leading experts on 
roads in Great Britain, the chairman being Mr. Henry 
Percy Boulnois, one of His Majesty’s Government 
experts on road construction and the keeping in order of 
roads in Great Britain. 





‘FOREIGN ENGINEERING PROJECTS. 


We give below a series of colonial and foreign = 
pce FT reap Further data concerning same can 
obtained from the Commercial Intelligence Branch, Board 
of Trade, 73, Basi -street, E.C. , 

New Zealand : e New Zealand Gazette contains a 
notice by the chairman of the Wairoa Harbour Board, to 
the effect that it has been decided on a poll of ratepayers, 
to borrow 78,000/. for carrying out improvements at the 
port of Wairoa. 

Norway ; H.M. Consul at Christiania reports that the 

bable expenditure of the Christiania municipality 
uring the next five years is stated to include 3,000.000 kr. 
for harnessing the Solberg waterfall, 3,000,000 kr. for 
harbour works, nearly 2,000,000 kr. for new national 
schools, 1,500,000 kr. for a slaughter-house, 1,000,000 kr. 
for gas works, and 1,000,000 kr. for the Ullevall hospital. 
The town council have joan a resolution authorising 
the raising of a municipal loan not exceeding 5,000,000 kr. 
(about 278, 0001. ), of which 1,000,000 kr. is for paying off 
the last instalments of a former loan, and 4,000,000 kr. for 
fresh requirements during the next four years. 

= : e Madrid contains a decree 
authorising the executive authorities to grant a conces- 
sion for the construction and working of a rail a 
Sarrid to the Plains of Vallvidrera, Province oi 
lona, in accordance with the plans submitted by Don 
Carlos E. Montajiés to the Ministry of Fomento. A con- 
cession has also been Ya 7 the Ministry of Fomento 
to the Compajfiia de Ferrocarriles Suburbanos de Mdlaga 
for the construction and working of a secondary railway 
from Terre del to Periana, via Vélez Malaga. The 
Gaccta also notifies that the Sociedad de Ferrocarriles 
Econémicos has applied to the Ministry of Fomento for 
a concession for the construction and working of a rail- 
way from Seville to Malaga. 

Portugal ;: With reference to the tenders for the con- 
struction and working of a railway between Penafiel and 
Lixa, the Diario do Governo notifies that the contract has 
been awarded to Antonio Erqueira Magro. Two years 
are allowed for the completion of the line. 

Brazil: The Diario Official publishes Decree No. 8406, 
dated November 30, approving the plans submitted by the 
Companhia Estrada de Ferro de az for the construc- 
tion of a line, 39 miles long, from Araguary to Catalao, 
and of another section, 29} miles long, from Catalio to 
ormiga. The total cost of the work is estimated at 
8,687,000 milreis. Decree No. 8343 grants to the Com- 
panhia Amparo Industrial a concession, with a subsidy 
of 15,000 milreis per kilometre, for the construction of 
100 kilometres (62 miles) of line from Villa Nova (on the 
Leopoldina Railway) to the banks of the Muriahé river, 
near Santa thence to Cardoso Moreira, with a 
branch to connect up with the town of Campos, in the 
State of Rio de Janeiro. Decree No. 8415 grants to 
the Companhia Mogyana de Estradas de Ferro e Nave- 
gagio a concession tor the construction and working of a 
rai a oo Igarapava, in the State of Sio Paulo, to 
Uberaba, in the State of Minas Geraes. The line must 
be open for traffic by September, 30, 1912. Note.— 
— = about 1s. 44a. at present; kilometre = 0.621 
mile. 

Argentine Republic: Adverting to the tenders for the 
construction of a port for ocean-go 
Plata, H.M. Consul at Buenos Aires reports that the con- 
tract has been awarded to Srs. Juan Sillard, Julio Doll- 
fus, Felix Allard, and Luis Wiriot, the contract price 
being 11,380,984 pesos gold (about 2,276,200/.). The firm 
referred to are the contractors who constructed the port 
of Monte Video. The address in Paris of certain members 
of the syndicate may be obtained by British contractors 
on application to the Commercial Intelligence Branch 
of the rd of Trade. The Boletin Oficial publishes a 
decree approving the plans submitted by the Ministerio 
de Obras Puiblicas for the enlargement of the ship repair- 
ing yard and the carrying out of other harbour works at 
Concepcion del Uruguay. 

Peru: The Bulletin Commercial (Brussels) contains the 
following extracts from reports submitted by the Belgian 
Consul at Lima:—Applications have been made to carry 
out surveying operations for railway construction in 
various parts of Peru, and a contract has been granted by 
the Director de Obras Publicas for the laying of a line 
between La kay Tarma, and Puerto Wertheman. 
Powers have also been granted to the Peruvian Corpora- 
tion, Limited, to draw up plans, within three years, for 
the construction of a new harbour in the Bay of Matarini, 
and for the construction of a railway from Matarini to 
Mollendo. Within the three years stipulated, permission 

ill not be granted to anyone in respect of any similar 
work within the territory. 

Mexico: The Diario Oficial notifies that a concession 
has been granted to the Mexican Tramways Company for 
the construction of (1) a section of tramway from the 
Plazuela de San Sebastian to connect with the Peniten- 
cearia-Nifio Perdido line ; and (2) a duplicate line on the 
Panteon de Dolores section between La Hormiga and the 
Calzada dela Fundicion Nacional. 





‘*TASCHENBUCH DER KRIEGSFLOTTEN.”—We have re- 
ceived a copy of this pocket-book for 1911, the twelfth 
edition. It 1s edited by — B. Weyer, and is pub- 
lished by J. F. Lehmann’s Verlag, Munich, at the price 
of 5 marks. It gives tables containing general data on 
the fleets of all nations, illustrations of the various classes 
of ships, comparisons of various types of ships, particulars 
on ordnance, and general information. The book would 
be more interesting were it to contain complete figures 
concerning the units of the very latest programmes—but 

is, perhaps, asking too much. As it stands, bowever, 


it constitutes a welv. me book for reference purposes. 


ing vessels at Mar del | 7 


CATALOGUES. 


Grinding Machines and Wheels.—A very complete cata- 
logue of emery and corundum grinding-wheels and grind- 
ing-machines been issued by Messrs. B. R. Rowland 
and Co., Limited, of Climax Works, Reddish, near Man- 
chester. This list, which is well printed and very fully 
illustrated, first deals with grinding-wheels, which are 
manufactured in a full range of grits and grades of hi 
ness for all classes of work. The abrasives empleyed are 
corundum, carbo-corundum, and emery, and these mate- 
rials are combined by three distinct methods of bonding. 
The method employed in the manufacture of the firm’s 
new “ Vitrite” wheels, which they strongly recommend, 
consists in combining the abrasive with vitreous clays and 
other materials, shaping the mixture in suitable moulds, 
and firing in a kiln similar to those employed in pottery 
manufacture. The catalogue states prices of plain and 
specially shaped wheels, a very | number of the 
latter, for use on Brown cad Ghenpe and other 
well-known grinding machines, — illustrated b 
dimensioned sections. Particulars of different methods 
of mounting the wheels, and of diamond and other 
tools for turning and dressing them, are also included. 
The remainder of the catalogue is devoted to grind- 
ing-machines, among which are illustrated universal 
bench and floor grinding- machines, tool and cutter- 
grinders, twist-drill grinders, automatic saw-sharpen- 
ing and knife-grinding machines, cylindrical grinders, 
roll-grinding machines, disc-grinders, polishing-machines, 
&c. Self-oiling, dust-proof we nem of ample dimensions 
are employed in all these machines, and particular atten- 


tion is called to their substantial design, accuracy, and 
simplicity. 
Mercury-Vapour Converters.—We have received from 


the Westinghouse Cooper Hewitt Company, Limited, 
151-152, Great Saffron Hill, E.C., a list dealing with 
mercury-vapour converters for transforming alternating 
to continuous current for charging accumulators, operatin 
electro-medical ——, or supplying arc-lamps an 
other apparatus. These converters comprise, essentially, 
an auto-transformer, a mercury-vapour bulb, and an 
arrangement for starting the arc, and they depend for 
their action on the fact that a current will only pass in 
one direction through the mercury vapour. The source 
of alternating current is connected to the primary of the 
auto-transformer, and the secondary is connected to two 
anodes on the bulb. The positive pole of the direct- 
current circuit is the cathode of the bulb, and the negative 
pole is the middle point of the auto-transformer winding. 
After the arc is started, the alternating current enters the 
bulb, first at one anode and then at the other, leaving in 
each case by the cathode, so that a pulsating uni-direc- 
tional current is produced in the direct-current circuit. 
This current is rendered more uniform by passing it 
through an inductance. Its pressure is always much less 
than that of the alternating current applied to the bulb, 
so that the transformer is designed to increase the supply 
voltage to the extent necessary to produce the required 
pressure on the direct-current side. The life of the bulbs 
under ordinary working conditions is stated to be at least 
600 hours, and an efficiency of 80 per cent. is obtained for 
the sets delivering current at 110 volts, this efficiency 
being practically constant from one-quarter to full load. 
‘or use on single-phase circuits, four patterns are stan- 
dardised, for outputs ranging from 3 to 30 amperes at any 
wg? another type, for three-phase circuits, is also 
isted. Some of the advantages claimed for these con- 
verters are that they have a high and constant efficiency, 
are noiseless, require no attention, and have none of the 
objections of electrolytic rectifiers. 





THE LATE Mr. JoskPH PARKINSON.—We regret to have 
to announce the death, after a long illness, of Mr. Joseph 
Parkinson, which occurred at his residence, ‘* High Close,” 
Shipley, on December 28, 1910. Mr. Parkinson was the 
senior partner in the firm of Messrs. J. Parkinson and 
Son, machine-tool makers, Shipley. 





Tue Larcest Hypravtic TurBinge.—The Stone and 
Webster Engineering Corporation, acting as consulting 
engineers for the Pacific t Power Company, have 
placed an order with the Allis-Chalmers Company for 
two 20,400 horse-power reaction turbines, to be installed 
in connection with a new development on the White 
River. The power-house to contain the turbines in 

uestion is designed for a total length of approximately 

3 ft.; 45 ft. 7 in. of its width is to be used for the gene- 
rating units. m is to be provided for six units, 
although only two will be installed for the present. One 
side of the building, 26 ft. wide, will be occupied by 
exciter units, pumps, toilet rooms, and transformer bays. 
Concrete foundations will be built, having a brick super- 
structure. The hydraulic installations will be made by 
the Allis-Chalmers Company, and will, at first, consist of 
the two units referred to—the largest ever built. These 
will have the maximum capacity, above stated, of 20,400 
horse-power each, under a see of 480 ft. They will run 
at 360 revolutions per minute. Each turbine will be 
direct-connected to a 60-cycle three-phase 6600-volt gene- 
rator. The turbine runner is of the ieneness Francis 
type with horizontal shaft. Water will be admitted to 
the runner through a cast-steel spiral casing. The runner, 
which will also of cast steel, divides the water into 
two lines of flow. The water is discharged from the 
wheel by two quarter turns to separate draft tubes. The 
flow of water to the turbine will be controlled by a cast 
steel butterfly-valve. The governors for these turbines 
will be of the Allis-Chalmers standard oil-pressure type. 





Separate governors will be supplied for each unit, but an 
etoboonte central oil-pressure system will be employed. 
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**eNGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELFOTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE ACT OF 1907. 
Th: number of views given in the Specification Drawings is stated 
in each case; where none is mentioned, the Specification is not 
illustrated. 
Where ¢ tions are ted from abroad, the Names, &c., 
of ihe Cee ncations tnagbe abeatned of the Patent Ofies, Sale 
Copi i ‘ions may v e x 
° sh 25, —— Buildings, Chancery-lane, W.C., at 


the uniform a, . 

The date of the advertisement of the ovations of a Complete 
Specisication is, in each case, given after abstract, wnless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the rt a Complete Speeification, 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the grow mentioned in the Act. 


AGRICULTURAL APPLIANCES. 
Ranso’ 8 and Jefferies, Limi 
17,256/10. nen, ims, es, pntoed, 


and F. W. very 

(4 Figs] July 20, 1910.—In side-delivery rakes the rakes have 
tet been formed of horizontal rake-bars having a number of 
rake or tine teeth projec’ downwards from them. These rake 
or tine teeth have also ly each been formed of a rod of small 
diameter, which, at its upper end, has been formed into a helical 
coil, to give elasticity to the tooth. The longitudinal axis of these 
helical coils has heretofore always been at right angles to the 
teeth, and made to surround the tubular rake-bar, and the end of 
each coil has been secured to the tube by a bolt passed through 
the tube, as illustrated in Figs. 1 and 2. When the rakes have 
been formed in this way, the pressure of the crop against the rake 
teeth, when the rakes were at work, has tended to turn them 
somewhat in a direction to tighten the coil around the tube. Im- 
plements provided with rakes formed in this way are now being 
often used as tedders—that is, in such a way as to move 
the crop forwards. This is done by giving a reverse move- 
ment to the rakes; the pressure of the crop inst the 
tines or teeth then tends to uncoil the coils at their upper 


Fig.3. 
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ends, and puts a strain on each tempered coil in such a way as 
to tend to cause it to snap. Supposing any tine is inju or 
breaks between the two ends of the tube, all the tines from the 
broken one to the nearest end of the tube must be taken off, to 
allow a new tine to be put on to replace the broken one, and then 
all the other tines have to be again re . To remedy these 
disadvantages, according to this invention, the upper end of the 
thin rod from which each tine, or rake tooth, of a side-delivery 
rake is to be formed, is made into a coil, the axis of which is 
coincident with that of the tine or tooth, and the end of this 
coil is secured to the rake-bar by a bolt, as shown in Figs. 3 and 4. 
In this case the rake-bar is made of ey as shown in these 
figures, but it might be a tubular rake- as heretofore, as shown 
in Figs. land 2. By forming the coils at the upper ends of the 
tines, or rake teeth, and affixing them to the rake-bars in the 
above way, it is immaterial in which direction the pressure of the 
crop against them may come, their elasticity being prac’ the 
same in whatever direction pressure may come upon them. More- 
over, should any one tine or tooth be injured, it can be removed 
and replaced without interfering with any of the other teeth. 
(Accepted November 2, 1910.) 


ELECTRICAL APPARATUS. 


Maley, West Bromwich. Elec- 
, [4 Figs.] October 11, 1909.—This inven- 
tion relates to starting resistances for motors, regulati: 
ances for generators and the like. These resistances are now 
commonly made in the form of separate grids mounted in a box, 
and electrically connected. In practice the joints between the 
grids frequently become defective, a matter which is in certain 








cases—e.g., in electrical bi portance. 
According to this invention, a resistance composed of a number of 
such grids is made in one . The grids may be juced by 
pape nm ad in any other convenient manner. A grid constructed 
in accordance with the invention is illustrated. a is the wire of 
cross-section, 


—of the gravest im 


surface to receive a terminal for a tapping to external circuits. 


approximately parallel, to each other, as shown, the wire being 
twisted at the bend, so that the depending loop ¢ presents a flat | 


ings h. One bolt i and lever j are em 
ad. By forming the bolts i with —~ ny 
employment of ball-ended nuts m for connecting 





The grids are supported on bolts }, sur by 
tubes c, and are separated from each other by insulating washers d. 
(Sealed December 2', 1910.) 


27,478/09. H. A. Mavor and Mavor and Coulson, 
Limited, Glasgow. Electric Power Plants. (8 Figs.) 
November 25, 1909.—This invention relates to power plants of the 
kind in which a body is driven by a plurality of motors deriving cur- 
rent from a plurality of alternators. The applicants show, in Specifi- 
cation No. 11,183, of 1907, that efficient speed control or v: ion 
can be secured in a case such as is therein referred to by employ- 
ing alternators of different periodicities, and motors of 
different numbers of _— and connecting dnd alternators and 
motor windings in different relationships. onl ayy invention 
_— arrangements constitut'ng an amplification of the under- 
ying principle of the system of control referred to, according to 
which current of different periodicities is supplied to the motors 
by alternators, each having a compound primary etic field 
that is equivalent to the resultant of independent fields, and each 
having a number of poles equal to the pole number of a corre- 
ponding independent armature winding. This primary field is 
capable of inducing secondary currents in the armature windings, 
severally or simultaneously. In a motor constructed according to 
Specification No. 12,197, of 1909, the windings are usually so 
arranged that there is no mutual induction between them, and 
it is believed that it is advantageous to arrange them so. 
It —_ probable, however, that in certain cases it may 
be advantageous in the case of the generator to arrange the wind- 
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ings so that there is mutual induction between them. Windings 
which have no magnetic influence on one another are in the ratio 
1-2, 2-3, 3-4, and so on, one re odd, the other even ; whilst 
windings which have a magnetic influence on one another are in 
the ratio 1-3, 3-5, 5-7, and so on, both odd. Now, in the motor 
only the windings of odd and even ratio will usually be adopted. 
In the generator, the windings of odd ratios will cmesionslly be 
found convenient for the sake of the construction of the et 
with a resultant field affecting two or more pole n- 
structional arrangements in which the field rotor of the generator 
is provided with windings of different pole numbers 
simultaneously excited for use, as referred to, be obvious 
without illustration ; but in order that the modification embodying 
a single winding may be readily understood, an example is shown 
in the drawings. us, referring to Figs. 1 and 2, which are 
respectively a part sectional side elevation of an alternator and a 
cross-section of its rotor, the stator a is provided with a —_ 
secondary winding b and a go secondary winding c. e 
rotor comprises a field-magnet d having peripheral slots ¢, which. 
were separate windings of four-pole and six-pole value employ 
as shown in Figs. 3 and 4, would be twenty-four in number equally 
As, however, a consideration of Figs. 3 and 4, on the 
assumption that the windings are superposed, will show that the 
current direction in certain of the conductors is opposed, such 
conductors may be omitted, and a single winding /, as shown in 
Fig. 5, substituted. Slots 2,3, 4, 5, 7, 8, 9, 18, 18, 22, 23, and 24 will 
therefore alone be occupied, and the remainder, or some of them. 
may be omitted. In Fig. 2, slots 1 and 6 are omitted. (Accepted 
October 19, 1910.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


1504/10. H.H. Benn, London, and the Unbreakable 
and Mill con Limited, Man- 


,and G. F. oa, le. 
(3 Figs.) January 20, 1910.—This invention relates to friction- 
clutches of the plate type, in which a plate carried by the driven 
shaft is adapted to be between the two parts carried 
the driving shaft. The driving element @ is internally screwed 
at its outer end to receive a carrier b. The internal flat face c of 
element a forms one of the driving surfaces of the clutch, the other 
driving surface being provided by the segmental sliding-plate d. 
The driving connection between the segments of the g-plate 
d and the carrier b is provided by means of the lugs ¢ on the 
latter, which enter slots in the segments. For controlling the 
movements of the segments of plate d away from and 
driven J, bolts i are provided, each of the said bolts passing 

asegment of d ata point midway between two spri 
h acting upon the said segment. The heads of the bolts ¢ lie 
within countersunk slots in the sliding-plate d. The bolte are 
en, by levers j which fulcrum upon the carrier b. The free 
e j can be actuated by a oollar k upon the shaft g. 
To put the clutch out of action, the said collar is moved from 
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any desired , Which is formed, first of all, into a 
Continuous zigzag. Successive sections are then bent parallel, or 








left to right in Fig. 1, when the its of d are withdrawn 
from contact with the driven disc f against the action of the 


levers j any t' ing or til movement that ~~ be —— 
to the segments d by the lever j is obviated. To adjust the degree 
of compression of the springs A for ae the —— 

driving upon the driven frictional surfaces, it is only necessary to 
screw the carrier b, which is of known form and arrangement, 
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into or out of the drum a. For yr} the carrier in position a 
catch n engages the serrated edge of b, as shown. The form of 
clutch illustrated in Fig. 1 is ag ag adapted for use when 
the drum @ serves as a pulley for transmitting power to the 
shaft g for the provision of a separate bearing = the shaft g 
for the carrier b (which is of wheel-like formation) affords an 
effective support for the drum against the stresses im thereon 
by the belt or its equivalent. (Accepted November 2, 1910.) 


MINING, MET E SY, AND METAL- 
New- 


/08. W. Alderson and , M. Holmes, 
Fire-Damp De (2 Figs.) 


castle -on- - 

October 23, 1909.—This invention relates to means which, when the 
presence of gas is detected, shall cause the cutting-off of the supply 
of electrical energy to tools, machines, or other apparatus employed 
in or about the coal-mine or other Day and it may be, give, 
or cause to be given, a signal. A, B are the electric supply-mains, 
C is the electric motor, and D is the motor starter, which may be of 
any suitable type. In the present invention, the additional heat 
developed and given off by a coil of platinum wire, owing to 
catalytic action, is caused to set up unequal expansion of two 
similar metal rods or tubes, such unequal expansion a med 
the supply of current from the supply-mains A, B to the motor C, 
and also giving a signal that the presence of gas has been detected. 
E, F are the two metal rods. Each rod is supported at one end by 
a rigidly fixed point 20,and at the other end carries a knife-edge 
21, which engages a groove formed in the face of a bar, 42, which 
in turn, is mounted on knife-edges 28,24. The knife-edges 23 are 
rigidly fixed, but the knife-edges 24 are carried by a lever 25 which 
is pressed by the spring 26 in the direction indicated by the arrow 
Z. The ti end ont ‘gz t are such that when the 

E, F expand equally, only an endwise movement of the lever 25 is 
produced. 3, 31 are coils of wire which are wrapped around, but 
























































are insulated from, the rods E, F. The coil 3 is of platinum, and 
the coil 31 is of some metal whose temperature is unaffected by 
the presence of gas in the atmosphere, and both coils are in con- 
tact with the surrounding atmosphere. The operation is as 
follows :—Electric energy is supplied to the fe A, B, 
and current from the su 
tacts 30, | 29, 
coils 31, 3, and by lead 33, the oe solenoid 34 
to the supply-main B. The solenoid 34 is excited, and 
is drawn and held up. The coils 3, 31 will be heated by 
of the current, and will cause the eapention the 
F. If it be desired to start the motor C, the 
first closed. This allows of the 
main A the no-volt release arran, nt 42, the 
the solenoid winding of the main switch K, and t! 
resistance 45 to the supply main B. The solenoid of 
switch K is energised, and the bh tact-making 
‘drawn wu on to the fixed switch contacts, so that the supply- 
connected with d 


fe 








with the coils 3, 31 
and the rod E will be sub a r. amount of heat 
than the rod F, with the result it a 
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greater extent. The unequal expansion of these two rods will 
be felt by the lever 25, which will be caused to tilt so that 
its free end and comes out of contact with a contact- 
making and breaking arm G. This arm is thus released, falls, 
and comes into contact with, and bridges, contacts 38; at 
the same time a piece of insulating material 50 carried by the 
arm G enters between and rates the spring contacts 30. The 
arm thus completes a circuit at one point, and breaks a circuit 
at another point. The separation of the spring contacts 30 re- 
moves the short-circuit on a lamp 36. The circuit is now as 
follows :—From the supply main A by lead 32, lamp 36, lead 29, 
resistance 28, leads 27, 39, contacts 38 and arm E, and leads 
49, 35, to the supply main B. The resistance of the circuit just 
traced is less than that of the circuit connecting lead 27 with the 
supply main B, and containing the coils 3, 31 and the winding of 
solenoid 34; the coils 3, 31 and the solenoids 34 are thus short- 
circuited. The core of the solenoid 34 and the bridging-piece 34) 
carried thereby drop ; the bridging-piece ts the tacts 48, 
and thus completes a circuit from the contact 43 of the pilot- 
switch H through lead 47, contacts 48 and bridging-piece 34), 
leads 49, 46, and resistance 45 to the supply main B. The com- 
pletion of the circuit just traced causes the short-circuiting of the 
solenoid of the main switch K and the coil of the no-volt release 
arrangement 42 of the pilot-switch H, with the result that 
the core and movable tact-making ber of the main 
switch fall and open the motor circuit, and the arm of the pilot 
switch is released and caused by spring action to fly to the “* off” 
position. So long as the contacts 48 are bridged by the bridging- 
piece 34), the circuit through the motor C cannot be completed, 
as the main switch K will not operate, even if the pilot-switch be 
closed, owing to the short-circuiting of its solenoid. The pilot- 
switch H will not remain “ on,” as the coil of its no-volt release 
arrangement 42 is also short-circuited, and the spring will compel 
the movable contact-arm to move tothe “ off” position unless the 
arm be maintained ‘‘on” forcibly. The contact-making and 
breaking arm G, when it fell, caused the lamp 36 to be placed in 
circuit. This lamp is accordingly lighted, and forms a signal of 
the presence of gas. Should the resistance 28 or either of the 
coils 3, 31 burn out, or should any disconnection or fault occur in 
the circuit containing the coils 3, 31, the core of the solenoid 34 
will fall, and its bridging-piece will cause the short-circuiting of 
the solenoid of the main switch K and the coil of the no-volt 
release arrangement 42 of the pilot-switch H. It will be seen 
that when the rods E, F cool and contract, as they will do 
shortly after the current through the coils 3, 31 is shunted 
through the arm G, the short-circuit on the coils 3, 31, and the 
winding of the solenoid 34 and the circuit through the signal- 
lamp 36 and arm G are still maintained by reason of the connec- 
tion of the contacts 38. It will thus be impossible to re-start 
the motor C until the arm be raised and held up by the lever 25. 
If the lever 25 and arm G be therefore in a locked case, it will 
only be ible for an authorised person to switch current on 
again, (Accepted November 2, 1910.) 


J MOTOR ROAD VEHICLES. 
18,138/10, K. I. Crossley and A. W. Reeves, Man- 
chester. Motor Road-V' les. (3 Figs.) July 30, 1910. 
—This invention relates in particular to an improved combina- 
tion and arrang t of suspension springs in conjunction with 
a balancing or compensating lever pivoted to the frame of the 
vehicle at or about its centre in such a manner that road shocks 
received by either the front or rear wheels of the chassis are distri- 
buted more or less equally over the whole spring suspension, thus 
insuring greater comfort to the occupants of the car, in thata 
sudden rise of the axle raises the body to a less extent than would 
be the case with the ordinary methods of spring suspension ; 
further, there is less localising of injurious strains and stresses, 
thus enabling the chassis to be built lighter and yet of sufficient 
strength. To each side and each end of the chassis frame a is 
attached an inverted plate or leaf spring}, b! by means of 
brackets c, c! pivoted to the frame a and placed in suitable posi- 
tions on the springs. The outer ends of the springs >, 6! are 
attached to the front and back axles d, d! respectively by clips or 
guides ¢, ¢! in such a manner that each spring is free to slide in 


















fig.1. 





its guide. The front axle d is tied to the chassis frame a in the 
manner well known and understood by a pair of radius-rods /, 
one at each side, and having preferably ball-and-socket or uni- 
versa] joints at their inner ends f1, where they are connected 
with the front pair of pivoted brackets c, while their front ends 
are connected to the pair of front — e. The rear axle d! is 
tied to the chassis frame a either through a similar pair of 
radius-rods or through the medium of a central rod or tube 
extending from such axle to the gear-box or frame. The inner 
ends of the front and back springs }, b! on each side are con- 
nected by means of adjustable shackles g, g! respectively to the 
opposite ends of the balancing and compensating lever h which 
is pivoted at mid-length A! to the frame a. It will thus be 
obvious that when either road-wheel i or i! meets an obstruction 
its springs } or b! will swing through the medium of their pivoted 
brackets ¢ or ¢!, and the inner ends of the springs > or ! will 
consequently transmit a portion of the road shock through the 
shackles g or g! and balancing or compensating lever h to the back 
or front springs, as the case may be. (Accepted November 2, 


1910.) 
RAILWAYS AND TRAMWAYS. 
$43/09. Ak Brown, Bovert, et 
cle Switzerland. Vehicles. [4 Figs.) 
October 28, 1909.—This invention relates to the electric driving of 


rail vehicles in which the wheel-axle is connected to the motor. 
axle through a hollow motor-driven shaft with a universal joint 
at one e a second shaft passing through the hollow shaft 
and — geared at the other end to the wheel axle, and a dis- 
tance- connecting the wheel-axle to the free end of the second 
shaft, in that irregularities may not be itted from 
one to the other, and the ob, of the invention is to obtain an 
improved arrangement of this kind. The invention consists in an 

electric drive for railway vehicles, in which either the motor or , 


the wheel-axle is a hollow shaft connected to the wheel-axle or 
motor-shaft respectively through a universal or jointed coupling. 
In the form shown in Fig. 1, the rotating part of the motor indi- 
cated by a is mounted on a hollow shaft c, rotatable in bearings, 
and drives an axle h through a pivoted or universal connection g. 
The other end of the axle A is formed as a crank j, which, through 
the link / and crank o, transmits power to the axle p of the wheels 
q running on rails r. The axle p is further connected through a 
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link k to the axle h. It will thus be seen that owing to the con- 
nections between the axles p and ‘irregularities set up from the 
former axle will not be transmitted to the rotating part of the 
motor. In the form of the invention shown in Fig. 2 the motor a 
has a rigid shaft s connected through crank j, link 1, and crank o 
with an axle u in connection with a hollow shaft ¢ of the wheels 
q by means of a coupling g, as in Fig. 1. (Accepted November 2, 
1910.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 
23,872/09. W. BR. Preston, Deptford, and R. M. 
Deeley, Derby. Slide-Valves. [3 Figs.) October 18, 1909. 
—This invention relates toslide-valves of the piston type. Accord- 
ing to the invention, a piston slide-valve comprises what may be 
termed two “‘ D valves,” one inverted upon the other, and pressed 
apart by a spring arranged between them, these valve parts bein 
formed extertagty so that they together approximate a cylindrica 
body fitting steam-tightly in the tubular slide-way or liner. 
In the construction preferred, two such piston slide-valves are 
connected together axially by a rod formed with, for instance, 
two loops or yokes encircling the piston members. In the con- 
struction shown, the valve-rod a is formed with two yokes b, 
which are pete rectangular in eee the sides of the 
rectangle being preferably narrow in side elevation as shown, and 
the ends c circular and of greater diameter than the valve-rod a. 
The side members of the yokes b are designed to lie within side 
recesses h in the upper portions i of the piston members, and the 
ends ¢ are designed to abut against the ends of the piston 
members. The latter are thus securely maintained in position 
and are movable coincidently with the valve-rod a. Each piston 
member comprises a lower portion d and the aforesaid upper por- 
tion i. The lower portion d is formed with a lower part-cylin- 
drical face, which is cut away at ¢ in order to give it the so-called 
OD formation. This portion d is also suitably formed with an up- 
standing mid-rib f, recessed in its upper face and formed with a 
bolt-hole in the centre. The upper portion i of each piston 
member has its upper surface formed part cylindrical, and is cut 
away at j in order to give it the inverted D forma ion. The cut- 
away parts ¢ and j of the upper and lower portions d and i re- 
spectively come one beneath the other when the valve portions 
are assembled. The upper portion i is preferably formed with a 
downwardly extending flange k. The mid-rib / of the lower por- 


Fig.1. 











emg) 
(tarps) 
ys VY 














tion d is formed at each end with a group of radiating wels /, the 
ends of which lie in asemi-circle, the whole being so designed that 
when the wr inverted D portion i is lowered on to the lower 
D-portion d, the semi-circular portions of the flange k take over 
and are guided by the ends of the webs /, so that the two valve 
portions d and ¢ are brought into accurate register A spring is 
inserted between the two portions d and i and constantly presses 
them apart, so that the piston members work steam-tightly in 
the tubular slideway, which is preferably fitted with a removable 
liner n capable of being easily replaced when undue wear has 
taken place, The spring is suitably kept in position or centred 
by means of a depending annular rib o or shallow socket on the 
interior of the upper valve portion 7, and by the head of the bolt 
y which is secured to the bolt-hole aforesaid in the lower 
valve portion d. The head of the bolt p may clamp down 
on to a washer-like plate g, the shape of which may con- 
form somewhat to the interior of the flange & of the upper 
valve portion i. This plate g may be utilised for securing in 
pes & flexible diaphragm fitting the interior walls of the flan 
, and serving to isolate the lower = 1 enclosed between ti 
flange & and the lower valve tion d and the recess or 8 2in 
the upper valve portion i. ve steam enters beneath the lower 
the flange k into the lower space 1, which surrounds 
the mid-rib /, and such steam balances 
the steam upon the 





the piston member in the leer 5. The rane 





recesses formed in the mid-rib, as described, have ports communi- 
cating with the exhaust. In this way the steam pressure on the 
valve is relieved greatly, and the valve is thereby balanced. 
ed in end elevation, each piston member has the appearance 

of a cylindrical body formed with a large recess j in its upper 
surface, and a sim recess ¢ in its lower surface, and pre- 
ferably with reduced ends wu for we! against the ends 
¢ of the yokes b of the valve-rod a. e truly cylindrical 
parts of each piston member are thereby given the appear- 
ance of discs or flanges situated one near to each end of that 
piston member. In side elevation each piston has the 
appearance of a two-part cylinder, with recesses h in the sides, 
in which recesses lie the side members of the corresponding 
loop, or yoke, 6. Inasmuch as a piston member has a true fit 
only at its lower and upper surfaces, and not along the sides, the 
inlet and exhaust ports v and w respectively in the liner d, 
instead of being completely circular or almost circular, as other- 
wise they might be, are discontinued at those parts which come 
ite th d, or mutilated, side ary of the cylindrical 

(Sealed December 29, 1910.) 





rr ie 
body constituting a piston member. 

1 0. A. F. Yarrow, Blanefield. Water-Tube 
{1 Fig.) April 24, 1910.—This invention relates more 
particularly to dampers for the control of the flow of the furnace 
gases. According to the invention, the dampers are made hollow, 
and are kept more or less cool by introducingair to them. For 
the purpose of introducing the air, the dampers are preferably 
mounted upon a hollow spindle, the interior of which is connected 
with the source of air by suitable pipe-connections. The damper 6 
is shown as positioned some distance up the chimney, but it will 
be understood that the disposition of the damper is not of the 
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essence of this invention, which relates to the construction of 
dampers, wherever they may be disposed, and for whatever pur- 
they be used in connection with weter-tube boilers. The 
ollow damper is pivotally mounted on a hollow spindle, which is 
journalled within the funnel 7 in bearings, and one or both ends of 
which hollow spindle is or are connected by means of a pipe or 
ipes 10 with a suitable source of air under pressure. e air 
issues from the damper through holes which are formed in or near 
the tips or edges thereof, the issuing air escaping with the furnace 
gases up the funnel. (Accepted October 19, 1910.) 


16,889/10. J. Howden and J. Holloway, Glasgow. 
Steam-Turbines. [7 Figs.) July 15, 1910. pg 
the es 


has for its “or to provide means of securing 
accurately in the proper position on the rotor, while obviating the 
use of separate distance-pieces. It will be observed that the 
periphery of the rotor. disc a is formed with recesses b of suitable 
depth, di transversely thereof and parallel to one another 
and apart at distances corresponding to the desired pitch 
of the blades, The recesses b, which preferably extend only 
partly across the periphery of the disc a, are shaped to conform 
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exactly to the angle and curvature of the blades }! andare adapted 
to be engaged by the roots of the blades. The roots of the blades 
are shown as being secured in position by means of a ring’ c, which 
is preferably com of two or more segments, according to the 
diameter of the disc, and which fits into a recess in the face of the 
disc and is held in position by screw-pins d, which mag Se carried 
vege Py entirely h the rim of the disc ; or the blades may 

held in position by tapered Ty one for each blade, the 
pins being riveted at one or both ends to give complete security— 
while being at the same time easily removable—the cross-pins being 
inclined itely to the roots of the blades, (Accepted October 





space 2 beneath the upper portion i of the piston 
to exhaust 


through a small port, and likewise any hollows or , 26, 1910.) 
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ie SUSPENSION BULB FURNACE 


(PATIENT. 


BOARD OF TRADE 


HIGHEST CONSTANT 
FOR OTHER 
CORRUGATED TYPES 


14,000. 


HIGHEST 
FACTOR of SAFETY. 
FURNAGE UNIFORM 


THICKNESS. 
MANUFACTURED. CREATEST DIAMETER OF FURNACE EVER OFFICIALLY TESTED TO COLLAPSE. 852 
THEE LEEDS FORGE Cco., L.rimxrrsap, L.npos. 


LonDON AGENT: Mr. JosepH HatcrettT. 108, FencwHurcnw Sr., E.C. Telegraphic Address: “ Enatnous, Lonpon.” 


PETER BROTHERHOOD, L™ 


Auxiliary Machinery for Ships. 


ELECTRIC LIGHT SETS. CIRCULATING PUMPS. 
FANS ano FAN ENGINES. AIR COMPRESSORS. 
&C. &C. 
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THE “ALLEN” HIGH-SPEED ENCLOSED ENGINE 


FITTED WITH A SYSTEM OF FORCED LUBRICATION TO ALL WORKING PARTS. 


ONE, TWO AND 


LOW STEAM THREE CRANKS. 


CONSUMPTION. 





ALL SIZES FROM 
5 UP TO 3000 





HIGH BRAKE HORSE POWER 
EFFICIENCY. 
eee SIMPLE, COMPOUND 
AND 
UVITABLE FOR TRIPLE EXPANSION 
SUPERHEATED STEAM. TYPES. sg 
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PHILADELPHIA, PENNSYLVANIA, U.S.A. 


LABOUR-SAVING MACHINE TOOLS. 



































BORING AND TURNING MILL, 84 in. SWING. 


In our latest form of Extra High Power Boring and Turning Mills the table is carried by a flat 
annular bearing of large diameter and wide face, and is provided with an adjustable centre step also 
of large diameter. Table gear is cut from solid ring and bolted to place. Pinion is cut from solid 


steel forging. 

Principal speed changes are effected by sliding gears, so arranged that but one pair can be 
engaged atatime. Intermediate changes are made by changing belt on cone pulleys, or by controller 
of motor if electric driven. 

Crosshead is of our patented deep box girder type, extending back between uprights and securely 
clamped front and rear, thus bracing uprights and crosshead rigidly together. 


Heads and tool slides have rapid power traverse in both directions. No counterweights required. 
Positive automatic feeds of wide range horizontally, vertically, and at any angle. 


The design, proportions and construction of these Extra High Power Mills warrant, we believe, 
our claim that they are capable of more and better work than any others. 


Our sizes range from 60 in. swing up to the largest required. 


CRANES, TURNTABLES, INJECTORS, SHAFTING, &c. 


SORRESPEPONDINCE SOLICr(ITED. 


South American Representatives: DUTILH-SMITH, McMILLAN & CO., 29, Great St. Helen's, LONDON, B.C. 
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THE WIDENING OF THE PASSAGE 
BETWEEN DOCKS AT BARROW-IN- 
FURNESS. 

Ir is well known that Barrow-in-Furness owes 
much to the enterprise of the Vickers Company, 
because since the naval construction works there 
were purchased by this firm, now thirteen years 
ago, there has been an almost continuous deve- 
lopment, with the result that a large proportion of 
the population of the town has found profitable 
employment, and the various industries which 
supply the wants of the people have experienced 
constant prosperity. This happy condition of 
affairs has been largely brought about not only 
by the ability and activity which have charac- 
terised the management, notably in respect of 
design, but by the liberal policy prosecuted in 
modifying from time to time machinery, plant, 
and dock and similar facilities in order to keep 
pace with the size and other elements of ad- 
vanced design in merchant and naval ships, and 
with the economic conditions conducive to success- 
ful competition. We have had occasion from 
time to time to refer to such works, because of 





point of view of harbour accommodation, with which 
we propose to deal in this article, the increase 
in beam has been most marked. Ten years ago 
H.M.S. Vengeance was the broadest battleship 
then built in Barrow, being 74 ft. in beam. The 
Katori, which followed a few years latter, was of 
the same beam. The Vickers firm, recognising that 
the trend was for broader ships, especially since the 

rinciple of unity in size of the primary guns h 

en adopted, opened negotiations with the Fur- 
ness Railway Company for the widening of the 
Buccleuch Dock Passage from 80 ft. to 100 ft.; 
and in this enterprise were able to secure the 
approval of the Furness Railway Company, the 
general manager of which, Mr. Alfred Aslett, is 
ever ready to recognise the importance of the naval 
industry to the district. When, therefore, the design 
of the Dreadnought type of battleship was adopted, 
the company had anticipated the dock requirements 
for H.M.S. Vanguard, of 84 ft. beam, with the 
construction of which they were entrusted in 1908, 
and to-day they are engaged on warships of still 
greater dimensions—up to 88 ft. 6 in. 

The map of the principal part of Barrow-in-Fur- 
ness, reproduced on this page, Fig. 1, explains the 
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their interest from the engineering point of view| position. Ships are launched from the Vickers 


as well as from the economic standpoint, and we 
begin the publication this week of illustrations of 
another undertaking which has recently been com- 
pleted in order that the firm may be able to 
construct vessels considerably in excess of the 
dimensions hitherto adopted. 

In nearly all harbours and naval construction 
works the rapid march of events, particularly in 
reference to the beam of ships, has involved the 
exercise of enterprise on the part of builders of 
such ships, and harbour authorities have often re- 
quested the Admiralty to bear a part of the cost 
involved in such works as the provision of docks 
for the accommodation of the great, beamy ships 
now built for the Navy. But ‘“‘My Lords Com- 
missioners of the Admiralty” have so far refused to 
recognise that they have a direct responsibility for 
such docking facilities in commercial ports, content- 
ing themselves with work in the Royal dockyards. 
We have no intention here of entering into this 
many-sided question, but refer only to this attitude 
in order to point out that the harbour authorities 
of Barrow-in-Furness and the Vickers Company 
have so far refrained from appealing for the finan- 
cial assistance of the Admiralty, although, in view 
of the large amount of naval work done there, 
and the immense importance of the naval construc- 
hon works, especially in times of national stress, 
the importance of the port cannot be gainsaid. 
For the present, however, the Vickers Com ny 
as shown commendable enterprise, and have 

ne avery large proportion of the expense in- 
curred in carrying out works which place the port 
= an admirable position for the building of the 
rey nen — which may be designed for many years 


As regards the necessities of the case from the 





works into the Walney Channel, and, in order to 
be fitted with propelling and other machinery, guns 
and gun-mountings, are taken to the Buccleuch 
or Devonshire Docks, where there are fitting-out 
wharves, the turbine and ordnance engineering 
works being contiguous to these docks. The 
ships when launched have to be taken through the 
Ramsden Dock entrance, which is 100 ft. wide, a 
lock, which was deepened some years ago by the 
Furness Railway Company, to the cost of which 
Messrs. Vickers contributed, and Ramsden Dock, 
to the fitting-out wharves in the Buccleuch and 
Devonshire Docks. Ships less than 80 ft. beam 
enter through the opening bridge into the Devon- 
shire Dock, where there is an electrically-operated 
hammer-head crane of 150 tons lifting capacity, and 
a 100-ton hydraulic crane. The passage between 
the Buccleuch and Devonshire Docks being 80 ft. 
wide, vessels of greater beam than this are now 
fitted out at a new wharf, 900 ft. in length, eae | 
constructed along the western side of the Buccleuc 
Dock. Here a second electrically-operated ham- 
mer-head crane of 150 tons has been erected, with 
the necessary communication with the workshops 
and all the appliances for carrying out the opera- 
tions connected with the fitting of guns and machi- 
nery into the ship. 

The increased width of the passage-way between 
the Ramsden and Buccleuch Docks has been ob- 
tained by the reconstruction of the western wall. 
Across this entrance there was formerly a swing- 
bridge, over which the main line of the Furness 
Railway to their dock station, as well as a 

ublic road to the harbour, as shown in the plan, 
ig. 2, on page 72. It was imperative that the traffic 
should be maintained during the construction of a 
new wall and the demolition of the old, and conse- 





quently it became necessary to lengthen, in addition 
to widening the passage, in order that the new bridge 
should be constructed entirely clear of the old swing- 
bridge before its demolition. This new bridge is of 
the Scherzer rolling-lift type, having a span between 
bearings of 110 ft., with a clear width of 24 ft., 
13 ft. of which is occupied by the double railway 
tracks, which are drawn together to over the 


ad | bridge, and 11 ft. by the public roadway. The 


bridge is of the single-leaf type, the roller-path and 
mechanism for operating it being on the western 
side of the passage, which, as already mentioned, 
had to be lengthened in the direction of the Rams- 
den Dock. As the weight on the eastern end 
consists of little more than a half of the load pass- 
i over the bridge, it was suflicient to sink a 
cylinder to support one end of the sill-girder carry- 
ing the bearings of the front end of the leaf, and 
one end of the flanking girder along the Ramsden 
Dock side, this girder bm built for the purpose 
of supporting the joists and floor-plates extending 
to the level of the existing dock-wall, the other 
bearing of the leaf being fixed on the sill-girder, 
where it rests upon the old wall of the passage, as 
shown in Figs. 3 to 8, page 72. 

All foundation work at Barrow-in-Furness Har- 
bour has been of an exceedingly interesting cha- 
racter, owing to the sub-strata being for the most 
a running sand, with thin wens wom, Raat of clay. 

he engineers for this new work were Messrs. Baker 
and Hurtzig, as representing the Vickers Company, 
and Mr. Frank Stileman, M. Inst. C.E., the Furness 
Railway Company’s consulting engineer. The con- 
tract was let to Messrs. John Aird and Co., of West- 
minster, and work commenced in January, 1907. 
The feature of the undertaking most suggestive to 
engineers was that involved in the foundations, and 
the drawings which we reproduce on pages 73 and 
74 will therefore be studied with great interest. 
The difficulties were numerous, and demanded not 
only vigilance, but considerable resource on the 
part of the resident engineer, Mr. H. F. Vial, 
Assoc. M. Inst. C.E. 

Before describing the work of constructing a new 
wall for the Scherzer roller bridge to the south of 
the old western wall of the —the work 
which involved the greatest diftcu ties—we will 
deal with the making of the extension of the eastern 
wall for supporting the front end or toe of the 
bridge, although both operations proceeded contem- 
poraneously. 

Beyond the corner of the east wall of the passage, 
and within the Ramsden Dock, a cylinder, as 
shown in Fig. 3, was sunk in position. For this 
purpose staging-piles were driven, and to the 
walings connecting them to the old abutment 
guides for the sinking of the cylinder vertically were 
affixed. Then the first steel length of cylinder with 
cutting edge, but provided with a wooden bottom 
with cock attached, was placed between the guides. 
The second steel length of cylinder was next added, 
and the bolted joints—as were all the joints of 
the cylinder—made with broad wick and red lead. 
As it was intended in the case of all subsequent 
sections of the cylinder to have a lining of concrete, 
to increase weight, with a central shaft 3ft. in 
diameter, for ingress and egress, this second section 
was partly filled with concrete on all sides, in the 
shape of a dome with a central opening 3 ft. in 
diameter. As each successive cylinder-ring was 
added it was filled with concrete, with the excep- 
tion of the 3-ft. diameter hole through the centre, 
until the cutting-edge of the cylinder rested on 
the bottom of the dock, which had been pre- 
viously levelled by divers to receive it. The cock 
in the flooring was then opened, and the divers 
removed the flooring and proceeded to excavate 
within the cylinder, the material being brought to 
the 1 in small skips through the 3-ft. diameter 
central shaft. As the cylinder sank into the ground 
the top rings were added and lined with con- 
crete, the procedure corresponding with the more 
usual practice of sinking cylinders under compressed 
air. hen the cylinder had been sunk to its re- 
quired depth, the 3-ft. diameter shaft and the first 
and second steel rings of the cylinder were filled 
up with concrete. A dolphin built of Australian 
timber, adjacent to and protecting the cylinder, 
was next constructed (Fig. 4). 

The end sill girders, Leaking girder, and floor- 
plates were now placed in position, and portions 
of the new concrete wall, 7 ft. wide at the back of 
the sill girder, were built. The sill and flanking 





girders, with the details of connection and girders 
and flooring, are well shown on the dimensioned 
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WIDENING THE PASSAGE BETWEEN THE RAMSDEN AND BUCCLEUCH DOCKS. 


MESSRS. BAKER AND HURTZIG, AND MR. FRANK STILEMAN, ENGINEERS, LONDON. 
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drawings reproduced in Figs. 3 to 7, on page 72, 
so that it is not necessary here to enter into details. 
The finished work is shown on the plan (Fig. 4). 
The first procedure in connection with the difficult 
work on the western wall of the ong was the 
construction of a cofferdam to enclose the area of 
the southern wall of the passage. This dam was of 
tongued and grooved pitch-pine piles driven to a 
depth of 4 ft. to 5 ft. below the foundation level of 
the new wall. The tongues and grooves were 
formed by strips of pitch-pine 4 in. by 2 in., spiked 
to the piles, and the structure, when completed, 
was required to give a minimum clear width of 
76 ft. between it and the northern wall. This, it 
was considered, would suffice, and did suffice, for 
the passage of ships built during the process of 
construction. The dam was braced and strutted to 
the old western wall. For the pumping out of the 
water within the dam, a 6-in. centrifugal pump 
was used in the first instance, but subsequently an 








8-in. pump had also to be installed. It was found 
that when the water had been cleared out to/| 
about 6 ft. below its ordinary level, only slight 
leaks occurred between the piles, which were easily | 
plugged. A lower frame of struts was subse- 
quently put in between the cofferdam and the | 
walls, this being repeated at different levels as the | 
water-level was lowered. The work of excavation 
behind the old wall had to be confined to the 
site of the foundations for the opening leaf, as 
the old swing-bridge had to be left intact while 
this work of excavation was in progress, It was 
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necessary also to break down part of the old 
return wall along the side of the Ramsden dock 
where the new wall was to cross it. Runners were 
put in, and the excavation proceeded in sand and 
clay, until at the level of 13.99 ft. below dock 
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water -level a alight ‘‘ blow” took place in the 
excavation, discharging a small continuous stream 
of water, and carrying with it a small quantity of 
very fine sand. Asthe excavation had to be con- 
tinued for a further depth of 19 ft. in order to reach 
the foundation-level, it was necessary to undertake 
further temporary works. It was thought from the 
bore-holes that had been sunk prior to beginning 
work that the water might be passing along a bed of 
sand overlying clay, and the first method attempted 
to overcome the difficulty was to replace the ordinary 
runners by 6-in. tongued and grooved sheet-piling, 
driven into the clay below the sand-layer, and 
enclosing the area to be operated upon. 

When the 6-in. piling had almost been com- 
pleted around the area, it was found that sand and 
water were coming up between the grooves of the 
piles. It was then decided to put down a series of 
new bore-holes in order to further ascertain the 
nature of the substrata, These disclosed the fact 
that the material to 20ft. below the foundation- 
level consisted of layers of fine sand, clay, and 
ballast, but the clay was nowhere more than 4 ft. 
thick, and in some cases only 1 ft. thick. Under 
these circumstances the method of procedure 
was modified, and it was decided to enclose 
the whole of the site occupied by the foundation 
for the ~~ - with tongued grooved 12-in 
pitch-pine sheet-piling, and to put in bearing- 
piles under the actual bridge foundation, also 
to construct a box-dam, having a width of 18 ft. 
and a length of 45 ft., to embrace the area of the 
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WIDENING THE PASSAGE BETWEEN THE RAMSDEN AND BUCCLEUCH DOCKS. 


MESSRS. BAKER AND HURTZIG, AND MR. FRANK STILEMAN, ENGINEERS, 


Fig. 74. SECTION G.H.(OMITTING TIMBER QUAY) 
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bridge foundations where the work was to be 
carried to its greatest depth-—namely, 33 ft. below 
the ordinar Sock water-level. This box-dam is 
shown in plan and sections :n Figs. 10 to 17, on 
page 73. ft was formed with sheet-piling carried 
down below concrete foundation level, and above 
the level of the water in the dock. A 24-in. sluice- 
valve with pipe connection from within the coffer- 
dam to the box-dam was provided, so that, in the 
event of serious ‘‘ blows” in the box-dam during 
excavation, water might be let into the box-dam to 
revent the flooding of the remainder of the works. 
n this event the excavation within the box-dam 
would have required to be removed by some other 
_ than in the dry. The jarring caused by the 

iving of this piling caused several cracks in the 
old walls to open, and the roller-path of the old 
bridge to settle several inches, As it was of first 
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‘importance that the old bridge should be maintained | 
|in operation, the roller-path was temporarily raised | 


to its right level by an oak bearing-piece. Where 
the line of sheet-piling crossed the return wall of 
the old abutment, which had previously been re- 
moved to within 6 ft. 6 in. of its foundation level, 
the further demolition had to be undertaken in very 
short lengths of about 4 ft., and of the bottom 12 in. 
concrete layer only sufficient was removed at atime | 
to enable a sheeting pile to be pitched and driven. | 
Owing to the pee By becoming very much com- 
ressed with the piling, some of the piles in the 
nt row of the box-dam could not be driven to the 
required depth, and it was then decided to substi- 
tute for them a line of cast iron tongued and grooved 
sheet piles 16 ft. 5 in. long, returned at the end to 
the sheet-timber piles, as shown in the plan, Fig. 10, 
and the cross-section, Fig. 11, page 73, 














<< 




















All the piles were 12 in. by 12 in. in section, and 
were driven with the ordinary piling-engine and 
30-cwt. hammer, unfil the safe limit of resistance 
of the pile to the blow of the hammer was reached. 
In most cases a dolly or punch was required, as, on 
account of the strutting necessary between the 
cofferdam and the piling, the pile-engine had to be 
paced at the top of the first frame of timber strut- 
ting to the cofferdam. ; hate 

When the piling was finished, excavation within 
the box-dam was commenced, first in clay and sandy 
clay, then in ballast, and finally in very fine red 
sand, The material had been compressed con- 
siderably owing to the extent of the piling in the 
neighbourhood, and this greatly assisted towards 
work in the dry, although it added to the difficulty 
of taking out the material. All went well until the 


| work of excavation was within some 4 ft. of the 
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foundation level, when, owing to some piles in the 
rear row of sheeting to the box-dam not penetrat- 
ing to a sufficient depth, there were severe rushes 
of sand and water from under these piles. These 
rushes were stopped by cross-poling, bags of straw, 
&c., and 3-in. runners were pitched on the inside of 
the box-dam close to the sheet piling. As excava- 
tion proceeded, several more ‘‘blows” occurred, but 
were similarly stopped. By the end of February, 
1908, the foundation level within the area enclosed 
by the box-dam was reached, when the pum 

were stopped, the water being allowed to rise 10 ft. 
within the dam ; it was maintained at that level. 

As the bearing-piles, as shown on plan and sec- 
tion, had already been driven within the box-dam 
before the completion of the sheeting piles, two 
layers of 4 to 1 cement concrete in bags were laid 
over the bottom by divers. On this again massed 
cement concrete was deposited to the height of 
5 ft. 6 in. above foundation level, as shown in the 
various cross-sections, Figs. 11 to 17. The water 
was then quietly pumped out from the area 
enclosed by the box-dam, such water as leaked 
between the concrete and the piles being con- 
veyed to the pulsometer pump sump by 4-in. 
earthenware pipes set against the sides of the 
box-dam, with open joints lightly covered with 
gravel, and with sacking laid over all. This kept 
the area dry, and prevented the water following 
the mass concrete and washing out the eement as 
the concrete was being built up to the level of the 
water in the dock. More massed concrete was 
then deposited over the concrete within the box- 
dam. The remainder of the excavation was then 
bottomed up in five sections successfully, and 
various depths of concrete deposited, as shown in 
the cross-sections, Figs. 18 to 21; the first layer of 
4 to 1, the next of 6 to 1, and the upper of 8 tol 
cement concrete. Several ‘‘ blows” which occurred 
during this process were stopped with bags of straw 
and deal planks punched down from the timber 
trenches. A layer of concrete sufficient to hold the 
bottom down was imuinediately laid over each 
section when bottomed up. The bearing and sheet 
piles, cut off to the required levels, were secured 
with longitudinal and cross walings, fixed to each 
row of piles. Along the top of each row of sheet- 
ing piles of the box-dam, parallel to the ge- 
way, a distributing box girder, filled with 8 tol 
cement concrete, was placed, and secured to the 
oy with strap-bolts, as shown in the section, 

ig. 22. A cast-iron cap was fitted to the top of 
each bearing pile (Fig. 16), and the concrete was 
then brought up to the level of the top of these 
caps. The foundations were then ready for test- 
ing. Fig. 23 is a plan of the completed founda- 
tions, showing also the position of the girders and 
the timber quay. 

For testing purposes an area 12 ft. by 14 ft. under 
each of the front bearings of the bridge was planked 
over and loaded separately with 550 tons of cast- 
iron kentledge blocks and pig iron. Two areas, 
each of 10 ft. 10 in. by 11 ft., at the rear bearing of 
the bridge, were similarly loaded, each with 450 tons 
dead weight. The loads were in all cases maintained 
for at least 48 hours, and not the slightest settle- 
ment took place. The 4-in. pulsometer pump in 
the sump of the box-dam was then withdrawn, and 
the sump plugged and filled up with concrete. 

A 12-in. by 6-in. by 54-Ib. rolled steel joist was 
then laid over each longitudinal row of bearing 
piles, and ‘* dogged” down to each of the piles 
through holes left for that purpose in the cast-iron 
caps. The concreting of the complete site of the 
new bridge abutment was next proceeded with, 
the front being faced with 9 in. of blue brickwork 
set in English bond, with headers thrown back into 
the concrete, whilst ordinary timber shuttering was 
used at the back of the walls. At levels of 1 ft. 
and 5 ft. above the tops of the rolled-steel joists 
the concrete was reinforced with steel rails laid in 
pairs, the lower set transversely, and the upper set 
longitudinally, over each row of bearing piles, as 
shown in the plan and sections. 

€ concrete and blue brickwork foundations, 

for carrying the track girders on which the bridge 

rolls, were then built, and, when set sufficiently, 

the track girders were placed thereon in position, 

and the Scherzer roller bridge erected. With the 

construction of the steel-work we shall deal in a 
ter article. 

After the new bridge had been completed and 
opened for traffic, the old bridge was removed, 
and the demolition of the remainder of the western 
wall was proceeded with, to provide for the required 


increase of width to the passage between the 
docks, 

In view of the fact that the new Dreadnought— 
the Vanguard, of 84 ft. beam—was expected to be 
launched by the Vickers Company in January, 
1909, the question of the removal of the remainder 
of the old abutment wall sufficiently to allow of her 
passage into the Buccleuch Dock had b2en engaging 
considerable attention ; and in view of the difficul- 
ties experienced in obtaining foundations for the 
abutment of the new bridge, and in order to hasten 

rogress, and allow the old abutment to be demo- 
ished in a more rapid manner, it was decided to 
substitute a timber quay in place of the masonry 
wall, as originally intended. 

In August, 1908, a start was made to excavate 
on the west side of the old bridge, the excavation 
being carried as near to the old bridge as safety 
allowed. On October 12, 1908, the traffic was 
diverted over the new bridge, and then the work 
of demolishing the old bridge was at once proceeded 
with. The decking was strip off, the cross- 
girders disconnected from the three main girders, 
and these main girders removed. By October 18, 
1908, all the southern half of the old bridge had been 
removed, and it was then possible to proceed with 
the excavation for the new quay. Work was carried 
on night and day, a lot of trouble being experienced 
in removing the foundations of the old bridge. 

Piling for the new quay proceeded simultaneously 
with the excavation and the breaking down of the 
old abutment wall, and the excavation at the back 
of the old abutment was stopped when it had 
reached a depth of about 24 ft. On November 9a 
serious ‘* blow ” took place in the centrifugal pump 
sump, which was between the old return-wall to 
the ) Bow wean Dock and the cofferdam, and the 
excavations were flooded. Clay was immediately 
deposited outside the dam and around the ‘‘blow,” 
and the water within the excavations slightly re- 
duced. Other ‘‘ blows” occurring, the water was 
allowed to rise within the excavations, and clay 
was deposited along the outside of the cofferdam 
and in the excavations alongside the old return-wall 
to Buccleuch Dock. This had the effect of check- 


line of steel piles 30 ft. long and some cast-iron 
pilings, as shown on the sections, Figs. 26 to 28, 
page 74, in order to hold up the slope, which was 
slipping in some places. 

At the same time the water within the excava- 
tions had to be gradually reduced, and holes drilled 
in the back of the old abutment at various levels, so 
that the wall might be blasted away to give the 
necessary depth of water to permit the Vanguard 
to = through the passage-way. Accordingly, 
as the water was lowered gradually, holes 24 in. in 
diameter, about 3 ft. 6 in. a horizontally and 
2 ft. 6 in. vertically, were drilled about 10 ft. deep 
into the back of the old abutment, some 300 holes 
in all being drilled. On December 14, 1908, the 
water was let into the excavations, and the work 
of drawing the piles of the cofferdam proceeded. 
This was accomplished by means of wire-rope and 
blocks connected to a 5-ton ship’s winch mounted 
ona barge. The piles of the cofferdam were with- 
drawn until within about 25 ft. of the new abut- 
ment, when the remainder were bored off under 
water by divers using pneumatic boring-machines. 
The piles were bored off with 1#-in. diameter augers, 
the holes being made as closely together as pos- 
sible and the piles then broken off by means of a 
wire-rope fixed on the head of the pile and con- 
nected to a 10-ton winch on the opposite side of 
the passage-way. 

As soon as a sufficient number of piles had been 
withdrawn, the top row of holes in the back of the 
old wall were charged and fired, the shattered 
masonry being picked up with a 4-ton crane work- 
ing a Wild’s single-chain grab mounted on a barge. 
The shattered material was deposited into punts, 
which were unloaded into drays and the material 
taken toatip. From four to six holes ata time 
were charged by divers, and were then fired by an 
electric firing-machine. A zinc tube had been pre- 
viously inserted into the holes before the water was 
let into the excavations to prevent the holes becom- 
ing filled up with concrete shaken by the firing. 
The explosives used were dynamite, gelignite, and 
blasting gelatine, in 1j-in. plugs, which were 
inserted in oiled linen bags e row of cast-iron 
piles, 12-ft. long at the toe of the old abutment 
already referred to, were withdrawn in a similar 
manner to the cofferdam piles. 


ing the flow of water, and it was decided to drive a} 


ment had been removed to permit the Vanguard to 
pass through the -way, and on April 19, 
1909, the Brazilian Dreadnought Saé Paulo, of 
83 ft. beam, also built by the Vickers Company, 
was launched and successfully passed through to 
lie alongside the new fitting-out quay in the Buc- 
cleuch k. After the e of the Vanguard 
there yet remained some fo ft. in depth of the old 
abutment to be removed. Holes in the top of this 
wall were drilled by men in a small diving-bell, and 
were charged and fired, the shattered masonry being 
picked up by means of the grab. 

As the ground in front of the steel piles was liable 
to be eroded away, it was removed in lengths of 
25 ft. by means of a steam-crane working a grab 
from off that portion of the new timber quay then 
built, and at the base of the steel piles there was 

ut in a mass-concrete retaining-toe, as shown on 
Figs. 26 to 28, the face of this wall being composed 
of concrete in bags. As the wet eg had to 
maintain a height of 22 ft. of material at the back 
when the foundations of this concrete toe were 
reached; with only the balancing load of water in 
front, it was considered desirable, before any of the 
material in front of the steel piles was removed, 
to fix a waling consisting of a steel rail along the 
whole length, and to tie this back by 4-in. circum- 
ference wire ropes, as shown in Figs, 24 and 25, 
extending to es pout le into concrete blocks some 
distance from the top of the slope. It will be 
noted that a bearing for the wire rope was arranged 
on the top of the piles put in for the purpose, and 
that unions and tightening-screws were introduced 
to take up any whe 

The abutment of the new bridge on the west side 
of the passage-way was finally extended for 20 ft., 
the work being carried out in a fashion similar to 
that for the concrete toe to the steel piles just 
described. 

} (To be continued.) 





THE INTRODUCTION OF STEAM POWER 
INTO THE PERUVIAN MINES. 


By Oswa.p H. Evans, F.G.S. 


Tue early history of steam eter in England is 
closely associated with its application to the drain- 
ing of mines, and it was fitting that an Englishman 
should play a prominent part in the introduction of 
this all-important factor into the classic mining 
district of the New World, although it must be 
noted that the action taken was in response to a 
demand which emanated from Peru. 

It is noteworthy that, throughout the history of 
technical development in Spanish America, the 
initiation of new ideas has almost invariably been 
due to men of foreign birth or descent. In spite of 
the fact that the natives of Latin descent show 
commendable eagerness to avail themselves of the 
latest word of progress in science as applied to 
everyday requirements, and no small aptitude for 
carrying on an enterprise when once started, the 
original impulse usually comes from without. 

In the present instance it was a naturalised Swiss, 
one Francisco Uville, who, far in advance of his 
Peruvian contemporaries, listened with avidity to 
the wonderful reports of the achievements of that 
astonishing new force which was revolutionising the 
mining practice of the Old World, and who con- 
ceived the possibility of successfully applying it to 
the problems of the New. 

At that period, just about a hundred years ago, 
at the very end of the old order of things in the 
southern continent, the mineral industry in Peru 
and Chili was in a somewhat languishing condition, 
although these regions had long since passed into 
a byword for mineral wealth. Long centuries of 
oppression had resulted in a great falling off in the 
supply of Indian labour, and without cheap and 
abundant native labour it was found almost impos- 
sible to carry on the work. Added to this, many 
of the most productive mines of former times had, 
by dint of long-continued working by most primi- 
tive means, arrived at that stage of their develop- 
ment when those methods were inadequate, and in 
consequence a period of depression had set in. 
This unsatisfactory state of affairs had aroused 
attention on the part of many public-spirited 
Peruvians, both officials and civilians, and, in con- 
uence, the projects of Uville met with consider- 
able support. 

Filled with the idea of gaining information and 
expert advice at the fountain head, Uville made a 








By February 22, 1909, sufhcient of the old abut- 


journey to England, an undertaking the difficulty 
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of which can scarcely be appreciated at the present 
day. Shut off from all contact with the outside 
world, and even from her sister colonies, as Peru 
had been, so far at least as the jealous policy of the 
mother-country had been able to accomplish that 
end, the means of communication with Europe were 
unorganised, exceedingly expensive, and of the 
most arduous description. The choice lay between 
a passxge over the hills and fever-haunted swamps 
of the Isthmus, a trying journey over the frozen 
Cordillera and Indian-infested Pampa to Buenos 
Aires, or the certain perils of a voyage round the 


orn. 

Uville reached England in due course and 
hastened to lay his plans before the great James 
Watt. Discouraged by the evident difficulty of 
transporting his cumbrous engines across the 
deserts, mountains, and torrents of Peru, the great 
man gave an adverse opinion on the project, send- 
ing away the eager inquirer in despair, little doubt- 
ing that the judgment of the premier engineer of 
Europe at that time was fatal to all his hopes. 

Delaying a short time in London, one of those 
strange chances which have played so important a 
part in human affairs directed his gazc to a certain 
shop-window in Fitzroy-syuare, where he saw a 
small model of a Trevithick pumping-engine, on 
the high-pressure system of that inventor. It was, 
fortunately, a working model, and a successful 
demonstration of its principle led to his purchasing 
it on the spot for 201. One would imagine that the 
next step would have been to have sought out and 
taken counsel with its inventor, but it would seem 
that Don Francisco was a man of cautious as well as 
original mind, for, instead of so doing, he returned 
to South America, bearing his precious model with 
him. No doubt his object was to interest his 
countrymen in the project before embarking single- 
handed upon so vast an undertaking. The good 
graces of the Viveroy and mining officials of a 
despotic réyime would also have to be won before 
any important steps could be taken with security. 
Be this as it may, Uville carted his model up to 
the mines and demonstrated, to complete satisfac- 
tion, that its principle held good for the southern 
hemisphere and Andean slopes as it did in smoky 
old London, 

It was speedily arranged that Uville should pay 
a second visit to England and get into touch with 
Trevithick. The arduous journey was once more 
undertaken. It is a curious story. This time 
Uville, evidently a man of imaginative and enthusi- 
astic temperament, found the tedium of the long 
voyage in a sailing-ship intolerable. Filled with 
the tormenting fear of not being able to find the 
inventor of the model engine which had played so 
important a part in his life, his mind gave way, 
and long before the vessel reached Europe he was 
stricken with brain fever, from which he had 
scarcely recovered before arriving at his destination. 
By yet another singular chance he had for fellow- 
traveller a relative of Trevithick, who was able to 
give him all the information he required, and, soon 
after, we find that he became the intimate com- 
panion of the inventor, who entered heartily 
into his schemes, which were, indeed, of a scope 
and character. well suited to the genius of that 
able, but certain'y in many respects eccentric, 
individual. 

The excitable, gesticulating stranger from the 
remote Andes and the gaunt and gigantic Cornish- 
man became inseparable. Between them, whilst 
accomplishing much, they made rather a muddle of 
the matter, Trevithick, as usual, doing practically 
all the work in an erratic fashion of his own and 
getting the worst of every bargain. Of great per- 
sonal strength, remarkable appearance, and amazing 
inventive fertility, this singular character was a 
very child in conflict with the sharp wits of the 
market-place. 

As an immediate outcome o* their deliberations, 
Trevithick put in hand a considerable amount of 
work on mining machinery, principally for winding 
and pumping, although there is some hint of a 
design for applying his locomotive engines for 
haulage. After many delays, the difficulty of getting 
the stuff transported over sea was overcome, a 
South Sea whaler being chartered. A party of 
Cornish miners and engineers accompanied the 
machinery, but it was found that they gave more 
trouble than they were worth, one of them drink- 
ing himself to death and two of the others being 
murdered by the natives. It was soon evident that 
the personal experience of Trevithick was indispens- 
able for making a success of work of so novéla 





character in such difficult conditions, and, accord- 
ingly, in the year 1816 we find him on his way to 
Cerro Pasco in person. 

It is eloquent of the changed conditions that the 
engineer had the greatest difficulty in arranging 
his route to Lima. Less than a hundred years ago 
he had practically no choice save to travel overland 
from the La Plata, a journey of many hundred 
miles on horseback, or to take his chance on a 
whaler, which, as he observes, would only call in 
at a Pacific port by chance, and which might, un- 
less he was prepared to pay an exorbitant fee to 
the captain, fand I him again in England after a two 
years’ voyage without once sighting the American 
mainland. Eventually he came to terms with a 
whaler, and, setting sail in the Asp, in course of 
time arrived at Callao. 

The reception accorded to Trevithick by the 
Peruvians has passed into history. South American 
hospitality, profuse as it remains to this day, 
has evidently not improved upon its reputation of 
a hundred years ago. A guard of honour accom- 
panied the pioneer of steam wherever he went; 
his horse was shod with silver—a thing, however, 
not uncommon in the Peru of that day—and the 
ofticial whom he terms the ‘‘ Lord Warden,” in a 
flowery speech, presumably delivered in the course 
of a banquet, proposed the erection of a statue in 
solid silver to the regenerator of the mining glories 
of Peru. 

So far, so good. The machinery was put up at 
the mines and did its duty to a marvel. Difficulties 
were met with and overcome. Wonderful rumours 
travelled to England of the princely fortune which 
was rewarding the enterprise of the engineer, and 
they may be read at large in contemporary mining 
publications by the curious in such matters. 

A pretty quarrel arose with Uville, whose head 
was turned with the success of his schemes and 
who, desirous of taking all the credit and profit, 
did all in his power to injure Trevithick. On the 
whole, however, the future development of the 
mines with the aid of this great innovation seemed 
assured, 

Just at this time the political voleano, which had 
for years given signs of imminent eruption, burst 
forth in Peru and swept away all these excellent 
and well-planned devices like smoke. Within a 
very short time Trevithick was a penniless 
wanderer, an alien spectator of a struggle which, 
whilst depriving him of his hopes of fortune, 
utterly failed to interest him on its own merits. 
Personally indifferent to the result of the conflict, 
on the wrong side, if he may be said to have taken 
sides at all in the matter—for his mining operations 
had been conducted under the protection and 
approval of the Spanish Government, which was 
then reaping the whirlwind where it had so abun- 
dantly sown the wind—Trevithick had to turn his 
hand to many a strange task in that unquiet time. 
He raised the guns and cargo of the San Martin, a 
vessel of the Chilian Patriot fleet, and then lost all 
that he had gained by the speculation in fishing 
for pearls in the Bay of Panama. 

At the same time, in consequence of the political 
unrest, he had to abandon his schemes for develop- 
ing the copper-mining industry in Chili, the im- 
portance of which he was one of the first to fully 
appreciate. It is said that he saved the life of his 
friend Lord Cochrane, then Admiral of the Patriot 
fleet, swimming off to the crank old flag-ship in 
Callao ~~ to give warning of an intended assassi- 
nation. It was his fate to cross the path of Simon 
Bolivar, the Washington of South America, who, 
with his well-developed faculty for recognising 
ability, considered that the big ‘‘Gringo” was likely 
to be useful to him, and commandeered his services. 

The fiery little Venezuelan liberator employed 
him in many strange occupations, but without suc- 
ceeding in winning his regard. Among other tasks, 
he set him to design and manufacture a carbine for 
the cavalry, and Trevithick, rising to the oecasion, 
evolved a very remarkable weapon, cast out of 
brass in one piece, and firing a flat bullet made of 
lead cut into four pieces. ft would be very inter- 
esting to learn whether any specimen of this 
weapon has survived to the present day. Trevithick, 
who—-had his heart been in the matter—might very 
vossibly have risen to place and honour in the 

atriot service, as did so many of our countrymen at 
that time, had a profound distaste for the circum- 
stances in which his lot was cast, and after a further 
mining disappointment, in which a new venture 
was ruined through a temporary success of the 
Royalist troops, which forced him to abandon his 





mines and a valuable accumulation of ore, he 
resolved to ‘‘ make tracks,” and took the oppor- 
tunity of doing so whilst engaged on a special 
mission for Bolivar. With cue companion he 
travelled northward by an almost unknown route, 
and the awful journey left traces on his iron con- 
stitution to the day of his death. Bit by bit he and 
his companion had to abandon their scanty baggage, 
and when at length Cartagena was reached, the 
wealth of the Indies which Trevithick carried from 
Peru was confined to a pair of silver spurs. 

One more remarkable coincidence brings this 
little narrative to a conclusion. Whilst ‘‘ holding 
up the bar” in the dreary hotel at Cartagena, 

enniless and in ill-health, Trevithick was greeted 

y a fellow-contryman, none other than young 
Robert Stephenson, who was on his way home after 
three years of mining experience in Columbia. He 
too had had his troubles, but they were slight in 
comparison with those of the tattered wayfarer 
before him. Trouble with Cornish miners and 
unreasonable directors, combined with bad health 
and home sickness, had decided Stephenson to give 
up his appointment and return home, where far 
greater work awaited him. A strange encounter 
on that distant tropical shore of the twomen whose 
names will go down to future ages inseparably con- 
nected with the beginnings of the locomotive. 

Stephenson, ever generous, helped his unfortu- 
nate fellow-engineer with a loan to enable him to 
proceed on his journey, and they took ship to- 
gether for the States. Trevithick proved a veri- 
table Jonah, for the vessel was wrecked before 
reaching her destination, and all on board narrowly 
escaped with their lives. 

The fate of Trevithick’s engines is obscure. It 
was a considerable time before the political troubles 
of the country permitted of organised mining, but 
there is reason to suppose that Trevithick himself 
all his life retained an interest in the properties 
which he had done so much to develop. 








NEW WIRE-ROD MILL. 

In June last a new wire-rod mill was put into 
operation at the Tinsley Steel, Iron, and Wire- 
Rope Works at Sheffield, belonging to Messrs. 
William Cooke and Co., Limited. This mill was a 
completely new installation, from the buildings 
downwards, and was constructed as a result not 
only of the increasing demand for wire of all kinds, 
but also to meet the increasingly stringent require- 
ments of wire-users in reference to size, quality, 
and length. The modern and highly efficient nature 
of the plant will also assist the owners in meeting 
both foreign and home competition. The design of 
the new mill was largely determined as a result of 
the success of a mill which was set to work in the 
early part of 1904, this mill having run without 
stoppage due to breakdown or repair from that time. 
This earlier mill replaced one of still earlier date, 
which was in operation in 1873, when the firm was 
turned into a limited company. Our present 
description is concerned entirely with the new mill, 
which was started-up last year, and of which some 
views are given on Plates VI., VII., and VIII, 
published with our present issue. 

The new plant consists of cogging, intermediate, 
and finishing-mills, which are capable of rolling a 
3-in. billet into No. 5 wire-rod of 200 lb. weight in 
a minute and a third, and in connection with which 
a Siemens gas-heated furnace is fitted. The mills 
are driven by a 1120-indicated-horse-power hori- 
zontal coupled compound tandem engine, which is 
supplied with steam from three Lancashire boilers, 
each 28 ft. long by 8 ft. 6 in. in diameter. Con- 
densing plant and the other necessary auxiliaries are 
fitted in the engine-room. The whole of the build- 
ings and foundations for the plant are new, and 
have been constructed specially for its reception. It 
will be convenient, in describing the installation, if, 
in the first place, the general lines of the buildings 
and plant are dealt with, the details of the engine 
afterwards being treated separately. 

The main building of the mill is 260 ft. long by 
65 ft. wide ; the engine-house is 147 ft. long by 
40 ft. wide ; and the furnace shed is 113 ft. long 
by 40 ft. wide. They are brick buildings with steel 
roofs, of which the general construction will be 
seen from Figs. 1 to 3, on Plates VI. and VII. 
The site upon which these buildings were erected 
was considerably below the yard-level of the works, 
while owing to the presence of an old pond, which 
ran nearly the whole length of the site, a large 
part of the foundations had to be carried down 
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28 ft. below the level of the mill floor. Further 
difficulty was encountered in the fact that on two 
sides of the buildings the excavation had to be made 
in an old blast-furnace tip which contained material 
of a most varied and unstable description, so that 
massive buttressed retaining-walls were necessary 
in all the foundations up to the ground line. It 
was decided to so construct the mill building that 
the space below the floor could be utilised, and 
after consideration and tests it was determined 
that reinforced-concrete construction should be 
adopted for the heavy floor which was required. 
The floor as built is cslculated to carry 1 ton per 
square foot, with a factor of safety of 4, at the 
Sheftield end of the mill, where the steel billets 
are handled. The area of the floor where this heavy 
construction is used is 300 square yards, so that it 
will carry a total weight of 2700 tons of steel 
billets. The constructional features of this heavy 
part of the floor were determined after experiments 
with a test-floor which was built and loaded up to 
2 tons per square foot without showing appreciable 
deflection. Towards the other end of the mill 
there are 950 square yards of floor, which are calcu- 
lated to carry 5 cwt. per square foot, and which, 
when finished, were tested with a uniformly distri- 
buted load of 74 cwt. per square foot, the deflec- 
tion under these circumstances being jy in. for the 
beams in the middle of the span. It is worthy of 
note that the heavy floor at the Sheffield end of the 
mill is carried by reinforced-concrete pillars of a 
total height of 25 ft., which have no bracing or 
external support beyond what is given by a partial 
filling up of the ground around their bases. At 
one end of the mill a reinforced-concrete bridge 
supports the railway alongside the loading platform. 
This bridge carries a 30-ton locomotive, and four 
trucks weighing, when loaded, 15 tons each. The 
span of the main beams of this bridge is 22 ft., and 
it is stated that the absence of vibration under the 
maximum rolling load is remarkable. In addition 
to the uses already mentioned, reinforced concrete 
has also been employed for the foundations of tanks 
and pumps, the covering to the pipe-cellar and the 
construction of the engine-room floor. This latter, 
which has been designed to carry 5 cwt. per square 
foot, is finished with a Venetian mosaic covering, 
while the engine-room walls are finished in glazed 
brick, the effect of the whole, as will be gathered 
from Fig. 1, being admirable. A. through ventila- 
tion of the engine-room has been provided for 
by making it higher than the mill building, so 
that the clear-story windows open on to the mill 
roof. This enables free ventilation to be obtained 
without the fear of floating particles of mill-scale 
being carried into the engine-room, as would be 
possible if the lower windows on the mill side were 
made to open. A somewhat similar arrangement 
to this is made between the furnace-shed and the 
mill building. The shed is made higher than the 
mill, and a through ventilation of the shed is 
obtained by means of the lattice girder which 
carries the roof ; this opens on to the mill roof, so 
that smoke and fumes from the furnaces are carried 
a the roof, instead of being blown into 
the mull. 

The main engines, which were constructed by 
Messrs. Marshall, Sons, and Co., Limited, of 
Gainsborough, are illustrated in Fig. 1, on Plate 
VI, and Figs. 4 and 5, on Plate VIII. The 
engines are of the horizontal coupled compound 
tandem condensing type, having high - pressure 
cylinders 20 in. in diameter, low-pressure cylinders 
20} in. in diameter, and a stroke of 48 in. On 
the most economical load it is estimated that 
the engines will give 1120 indicated horse-power 
when running at 80 revolutions per minute, and 
with steam pressure at the engine stop-valve of 
1401b., cut-off taking place at 25 per cent. of the 
stroke. Under these conditions the engines would 
have a consumption of 15 Ib. per indicated horse- 
power, but with steam superheated 100 deg. Fahr. 
rd the high-pressure cylinders a consumption of 
12 lb. is anticipated. With cut-off at 50 per cent. 
of the stroke, the maximum load would about 
1850 indicated horse-power. The engines have 
jacketed cylinders, and are fitted with double-beat 
Steam-valves regulated by automatic expansion 
sear, but in order not to interrupt the continuity 
of the general description of the works, it will be 
well if a mere detailed consideration of these 
features of the engines be postponed until the 
remaining general features of the plant have been 
referred to, 

The condensing plant, which was supplied by 





Messrs. Frank Pearn and Co., Limited, of Man- 
chester, is independent of the main engines. It 
consists of three Edwards type vertical air-pumps, 
with jet-condenser, the pumps being direct-driven 
by compound condensing engines, each having one 
high-pressure cylinder 13 in. in diameter and two 
low-pressure cylinders 15 in. in diameter, all of 
15 in. stroke. The engines are controlled by Picker- 
ing governors. The condenser is fitted with cone 
spray-pipe, injection-valve, &c., while the main ex- 
haust-pipes are fitted with an atmospheric exhaust- 
valve, so that the engines may work non-condensing 
if required. The boilersare of the Lancashire type, 
three in number, each 28 ft. long by 8 ft. 6in. in 
diameter, and with corrugated flues 3 ft. 5 in. in dia- 
meter. The boilers are each fitted with a McPhail 
and Simpson superheater, having a heating surface of 
500 square feet, and giving a superheat of 600 deg. 
Fahr. The boilers are connected up to an econo- 
miser of the usual type. The steam-piping is of 
drawn steel throughout, and is in the main carried 
on roller bearings in a tunnel underground. There 
are two feed-pumps, also by Messrs. Pearn, and of 
the compound condensing Cameron type. They 
have high-pressure cylinders, 54 in. in diameter ; 
low-pressure cylinders, 9 in. in diameter; and rams, 
4} in. in diameter, all of 6-in. stroke. The water 
is pumped througha Holden and Brooks live-steam 
heater before entering the economiser, to prevent 
sweating of the tubes. Feed-water is at present 
obtained from the town mains, but the installation 
of a softening and filtering plant is under conside- 
ration, so that water from the works reservoir may 
be used. Condensed water is taken from the 
reservoir, which is supplied from wells, and in con- 
nection with which settling and cooling-ponds are 
provided. The distance from the reservoir to the 
condensers is nearly half a mile, so that the water 
is very considerably cooled on its journey between 
the two. 

The wire-rod mills are illustrated in Figs 2 and 3, 
on Plate VIL., and in Figs. 6 to 14, on Plate VIII., 
they were supplied by the Brightside Foundry and 
Engineering Company, Limited, of Sheffield, and 
consist of a cogging-mill, an intermediate mill, and a 
finishing-mill. The arrangement of the drive will 
be seen from Figs. 4 and 5, on Plate VIII. The 
engine fly-wheel drum is 18 ft. 6 in. in diameter by 
about 9 ft. 6 in. wide. It is built up in four semi- 
circular segments, weighs about 45 tons, and carries 
fifty-one 14-in. ropes, which, when the engine is 
running at 81 revolutions per minute, have a speed 
of 4700 ft. per minute. Twenty-nine of these ropes, 
in the centre of the fly-wheel rim, drive direct on 
to a pulley on the finishing-mill shaft, while the 
remaining twenty-two drive direct on to a pulley 
on the intermediate mill-shaft. Both of these 
shafts are of hollow-forged steel, that for the 
finishing- mill running at 400 revolutions per 
minute, and that for the intermediate mill at 
250 revolutions per minute. The cogging - mill 
shaft is driven at 140 revolutions per minute, 
from a heavy fly-wheel pulley on the intermediate 
mill-shaft by sixteen ropes. All the mill-shafts, 
which are provided with self-oiling bearings, extend 
through the engine-house wall, and couple up to the 
mills, whose position relative to each other will be 
seen from Figs. 2 and 3. 

Referring to Fig. 2, and tracing the operation of 
rolling throughout, it will be seen that the doors of 
the Siemens furnace are situated at the engine- 
house side of the mill building, and in a convenient 
position for the cogging-mill, which is shown at the 
right-hand side of F ig. 2, immediately beyond the 
first engine-room window. The furnace is a gas- 
heated one, having five producer and ten charging- 
doors. It is capable of heating 40 tons of 3-in. 
billets in a shift of ten hours. The billets vary in 
weight from 120 lb. to 220 lb. Above each door of 
the furnace an overhead runway is fixed, which can 
be seen in Fig. 2, and which serves to carry the 
heated billets from the furnace to the cogging-mill. 
After one pass through the cogging-mill the billets 
are passed on to the intermediate mill, which is 
situated directly behind it, and through which they 
are given four passes. An inclined guide is fixed 
at the back side of this mill, in order to prevent 
the heated rod, as it leaves the rolls, from coming 
in contact with and interfering with the rod leaving 
the rolls at the back side of the finishing-mill. This 
intermediate mill inclined guide can be clearly seen 
at the left-hand side of Fig. 3. The rod is 1 
four times through the intermediate mill, and then 
on to the finishing-mill, which is situated a little 
way beyond the intermediate one and a little below 





it. The rod makes seven passes through this mill, 
and is afterwards coiled on a reeling-machine, which 
is situated some distance beyond the back side of 
the mill. Its actual position is beyond the guide, 
which can be seen on the floor in the foreground of 
Fig. 3. This guide is one of two which serve to 
direct the rod to the reeling-machine as it travels 
across the floor from the finishingyolls. In addi- 
tion to these guides, there are others situated on 
both sides of the finishing-mill, which serve to 
confine the rod within its proper limits as it loops 
in and out of the rolls. These guides are fixed on 
inclined surfaces, as will be seen from Figs. 2 and 3. 
The whole of the rolling from billet to wire is done 
in one heat, and the passing of the rod from one 
roll to the next is carried out with great skill by 
the men in charge. One piece of rod is, of course, 
travelling through many rolls at one and the same 
time, while the breaks in the finished wire, which 
correspond to the completion of the rolling of a 
billet, are of very short duration, and leave time 
only for the removal of the completed coil of wire 
from the reeling-machine before the advancing end 
of the next section of wire reaches the guides. 
Various details of the mills will be seen in Figs. 6 
to 14, on Plate VIII. Figs. 6 and 7 are an 
elevation and plan respectively of the cogging- 
mill, the rolls with their housings being shown 
at the left-hand side, and the pinions at the 
right-hand side. Figs. 8 and 9 are end views of 
the roll and pinion housings respectively. Figs. 
10 and 11 show the finishing-mill. It will be seen 
that these figures show eight sets of rolls, which 
would correspond to eight passes, but the third set 
from the left-hand end, as well as the extreme 
left-hand end set, are both finishing-rolls, and 
in the operation, as described above, the third 
set from the end would not be used, as it is 
intended for finishing wire of a larger size and 
requiring fewer pres than that referred to above. 
Figs. 12, 13, and 14 show end views of the housing 
for the finishing-mill. The various couplings con- 
necting the rolls are omitted in these drawings, 
but the arrangement for the transmission of the 
drive will be quite clear. The mills are capable of 
rolling a 3-in. billet into No. 5 wire-rod of 200 lb. 
weight in a minute anda third, but in ordinary 
work the production is from 25 to 30 tons per shift. 

Returning now to a somewhat more detailed 
consideration of the main engines, it may be said 
that a tubular interheater is fixed between the two 
engines, through which the high-pressure stcam- 
pipe is carried to a chamber at the front end. From 
this chamber the steam returns, the full length of 
the heater, through a number of small tubes, to 
the high-pressure cylinders. The exhaust from the 
high-pressure cylinders is passed through the heater, 
around the outside of these small tubes, before 
passing to the low-pressure cylinders, while the 
exhaust from the low-pressure cylinders is taken 
directly to the condenser. Between the main stop- 
valve and the interheater there is a by-pass valve 
arranged with branches for warming up, or in such 
a way that either part or the whole of the super- 
heated steam may be taken direct to the high- 
pressure cylinders without passing through the 
interheater. The object of the interheater is to 
arrange that the temperature of the superheated 
steam may, if necessary, be moderated before it 
enters the high-pressure cylinders, while the super- 
heat in the receiver may be taken up by the exhaust 
steam from the high-pressure cylinders before it 
enters the low-pressure cylinders. 

Some details of one of the sets of valve-gear for 
one of the engines are given in Figs. 16 to 18, on 
page 78. The valves are muted te eccentrics 
on @ lay-shaft M, which is driven from the engine 
crank-shaft by mitre wheels, with machine-cut 
teeth. The steam-valve A, which is fixed on the 
top side of the cylinder, is of the equilibrium 
double-beat type. It is carried at the lower end 
of a vertical spindle, and is raised from its seat by 
means of a rocking-lever B, which is pivoted on a 
fixed point on the valve-frame. The lever B is 
operated by the bell-crank lever C, which is carried 
at the outer end of two swinging links D, which 
are moved to and fro by the eccentric on the lay- 
shaft M. The bell-crank lever C is free to revolve 
on its pivot, its normal position being determined 
by a stop, against which it is held by the weight of 
itsinnerarm. The amount of engagement between 
the two steel pieces at the ends of levers B and C 
is constant, but the period of engagement is deter- 
mined by the engine governor. e governor, of 
which the type will be seen from Fig. 16, is con- 
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nected to and rotates the shaft carrying the eccen- 
tric H. This eccentric carries a strap G, of which 
the inner side is slotted and works on a cross-pin 
fixed in the valve-frame. The other side of this 
strap carries a steel tup-pad G, which, as the 
eccentric H rotates, tends to lift and come in con- 
tact with the roller on the end of the inner arm of 
the bell-crank lever C. The result of this is, of 
course, to slightly rotate C and bring its lower arm 
out of contact with B sooner than would normally 
take place, so that the position of the governor- 
balls directly determines the time of cut-off. The 
pressure of the roller carried by C on the tup-pad 
of G has very little tendency to rotate the eccentric 
H, so that the governor has very little work to do, 
and there is no tendency for the governor to jum 
at the point of disengagement of the levers B and C. 
The valve is closed after lever C has left B, by 
means of the helical spring situated at the top of 
its spindle, while hammering is prevented by the 
air dashpot, which will be seen laden the spring 
in Fig. 17. This dashpot has a small regulating 
release-valve, so that the rate of closing may be 
adjusted. The exhaust-valve N is operated by 
a second eccentric on the lay-shaft M. This 
eccentric is coupled up to and reciprocates a lever 
O which is pivoted on the valve-frame. The upper 
surface of lever O works against the under side of 
lever Q, which is also pivoted on the valve-frame. 
Lever Q has an upper curved surface which engages 
with a collar on the valve-spindle, so that the 
reciprocating motion of lever O opens and closes 
the valve. The upper side of lever O is curved in 
such a way as to accelerate the opening of the 
valve, while a helical spring on the woe. part of 
the valve-spindle keeps the collar always pressed 
against the lever Q. 

Additional features of the engines which may be 
mentioned are the provision of a Tate’s electrical 
and automatic stop-motion on the main stop-valve, 
which is also connected up to a pair of special 
governors for the prevention of racing, and which 
actuate an automatic air-valve fer destroying the 
vacuum in the condenser. There are also two sets 
of rope connections which are electrically connected 
to the main stop-valve gear, and automatically shut 
off steam in the event of a rope breaking. The 
valve may also be closed by means of electrical 
stops placed in both the mill and the engine-room. 
As a further precaution a Ferranti stop-valve is 
placed in the main steam-pipe above ground and 
outside the engine-house for shutting off steam in 
case ofemergency. The general effect of the engine 
and engine-house is excellent, as will be gathered 
from Fig. 1, and the whole installation reflects 
great credit on the builders and owners alike. 








Tue INCORPORATED INSTITUTION OF AUTOMOBILE ENGI- 
NkERS.—The fourth ordinary general meeting of the 
session was held on Wednesday, the 11th inst, when a 

per entitled ‘‘ Castellated Shafts” was read by Mr. C. 
<. Larard, of the Northampton Institute. The paper 
illustrated torsion tests on nickel-steel and mild-steel 
specimens. 





THe HamBurc Supping Fixer. — According to 
statistics compiled by Charles Liibike and V. Clement, 
the shipping fleet of Hamburg increased in the year 1910 
by l4steamers, aggregating 17,777 register tons, and by 
26 sailing vessels, ag ting 15,964 register tons. In 
sonlity 30 steamers had been added to the fleet in the past 
vear, but 22 were lost, 3 being wrecked or lost, 1 was 

urned, and the rest were sold. As regards sailing vessels, 
the total increase was 62 vessels, but 36 were lost, 3 being 
wrecked or sunk, 4 burned, and the rest sold. At the 
beginning of 1911, 35 new steamers were on the stocks; 
their burden totalled 197,565 tons. The most important 
shipping companies of Hamburg are:—The Hamburg- 
Amerika Line (860,149 register tons) ; the Hamburg-Sout 
American Steamship Company (189,990 tons) ; the Germall . 
Steam-Shipping Company, Kosmos (177,428 register tons); 
and the German-Australian Steamship Company (162,857 
register tons). The arrivals in the port of inatens 
during 1910 totalled 17,358 ships, with 12.66 million register 
tons (against Langs 4 with 12.18 million register tons, 
in 1909); of these, 11,382 ships, regating 11.54 million 
tons, were steamers 7 11,244 steamers, with 11.09 
million tons, in 1909). The development of the Hamburg 
fleet is shown by the following figures :— 








Number of | Registered | Registered 

— ("Ships | Tons Net, | Steamers Tons Net, 
1902 864 1,086,666 531 813,921 
1905 1008 1,255,152 | 598 983,026 
1909 1175 1,554,445 | 679 1,284,487 
1910 1185 1,570,365 | 673 1,304,415 
1911 1225 1,605,106 | 687 1,322,002 





These figures refer to the beginning of the respective 
years, and the tonnages are net, while the other state- 
ments mean registered tons gross, ° 





TINSLEY ROD-MILL; DETAILS OF ENGINE VALVE-GEAR. 


CONSTRUCTED BY MESSRS. MARSHALL, SONS, & CO., LTD. ENGINEERS, GAINSBOROUGH. 





























































ae 























































JAN. 20, 1911.] 


ENGINEERING. 


79 








THREE-THROW HIGH-PRESSURE PUMP. 


CONSTRUCTED BY MESSRS. HOLDEN AND BROOKE, LTD., ENGINEERS, MANCHESTER. 


A HIGH-PRESSURE pump used in connection with the 
atomising of a special food, under a patent process, 
is illustrated in the figure herewith. Several pumps 
have been recently constructed to this deeign, by Mr. 
G. D. Dennis, for this pu by Messrs. Holden and 
Brooke, Limited, Sirius Works, West Gorton, Man- 
chester. They work at 2000 lb. to 4000 lb. pressure, 
the rams being ? in. in diameter, with a 4-in. stroke. 
These pumps are run at a crank-shaft —_ of 30 revo- 
lutions per minute. The standards, placed at 20-in. 
centres, are of cast iron. They are 4 ft. 6 in. high 
from floor to centre of crank-shaft. The pump-barrels, 
suction, and delivery are of gun-metal. The crank 
is machined from the solid forging. The gearing is 
machine cut and enclosed. 








TRAVELLING CINDER-WASHING 
MACHINE. 

Tue Salford Sewage Works are said to be the most 
concentrated in existence. They deal with the sewage 
from a population of a quarter of a million people on 
an area of less than 20 acres, The plant contained 
on this space includes that for pumping, chemical! pre- 
cipitation, rough filtration, and final flow through 
trickling bacteria beds. The resulting sludge from 
the works is shipped to sea by a sludge-steamer, via 
the Manchester Ship Canal and the River Mersey. 
The bacteria beds are situated on a continuous area of 
8 acres without division-walls, but arranged in a 
number of bays, or sections, to allow of alternate 
working and resting. Up to recently the beds had 
been worked for nearly nine years without thorough 
cleaning, although they had been frequently raked, 
occasionally dug up, and to a small extent renewed 
with clean cinders or clinker. It was accordingly 
decided to introduce some form of washing appliance, 
and the machine illustrated on Plates fx. and X. 
has been constructed. This machine is of a quite 
unusual type. It is self-propelled, and runs on the 
concrete bottom of the beds, travelling forwards or 
sideways and excavating the bed in front of it, wash- 














ing the material, and then depositing it again 
behind it. - 

The machine, although it appears complicated in the 
figures, is simple in its essential parts. It consists 
in the first place of a bucket-digger, which is situated 
at its front end, and which can be seen at the right- 
hand side of Fig. 1 and the left-hand side of Fig. 2. 
This digger is carried on a frame pivoted on a vertical 
axle so that it can be swung to the right or left, and 
is thus able to excavate to the full width of the 
machine. The buckets of this digger tip the cinders 
and clinker on to the uppermost of two jigging screens 
which are carried inside the frame. his upper 
screen is made with strong wire netting with holes 
1 in. square, while the lower screen has holes 
} in. square. All the material which fails to pass 
through the upper screen is deposited by shoots on 
to the floor of the bacteria bed behind the machine, 
and forms the lower layer of the newly-formed 
bed. These shoots can be seen in Figs. 3 and 4. 
The material which passes through the upper screen, 
but fails to pass through the lower, is lifted by a chain 
bucket-elevator and deposited behind the machine on 
the top of the larger material which passes down the 
shoots. This smaller material goes to make up the 
upper layer of the newly formed bed. The chain bucket- 
y «aon will be seen at the left-hand side of Fig. 1 
and the right-hand side of Fig. 2. The cinder waste 
and sludge which passes through the lower jigging 
screen is received in a hopper carried in the lower part 
of the framing, from whence it is drawn, along with the 
spent washing water, by a centrifugal pump, and dis- 
charged through a 5-in. pipe into the sludge tank. 
The washing water is supplied in the form of a spray 
above the upper screen, and both the pire ge 

ipe and the sludge-discharge pipe are fitted wit 

ft. lengths of flexible connection to allow of the 
movement of the machine. The washing water is 
provided by the sew tank effluent from the pipes 
which supply the fixed spray jets serving the 
bacteria- ; while the fouled water which is con- 
veyed to the sludge-tank is settled in the ordinary 





way, the sludge from it being pumred into the sludge 
steamer and the thin liquid flowing back to the sewer, 
where it joins the ordinary flow al weengs pumped up 
to the precipitation-tanks. The machine is driven by 
an oil-motor of 15 brake horse-power, which is fixed on 
the lower part of the framing, and can be seen in 
several of the figures, 

The main features of the machine will be followed 
from the above brief description, in conjunction with 
the illustrations, but various points in connection 
with it may be mentioned in rather more detail. The 
main frame is a rectangular open-work structure built 
up with steel angles, joists, and angle-plates, stiffened 
where necessary with diagonal bars. This frame is 
mounted on four 20-in. wheels, with rubber tyres # in. 
thick, which are placed so as to traverse the machine 
sideways, to the right or left, as may be required. 
Another set of four similar wheels is provided for 
travelling the machine backwards or forwards. The 
four axle-boxes of this second set of wheels are 
mounted each on a vertical slide, and are arranged to 
be lifted or depressed by the rotation of four vertical 
screws os through nuts fixed to them. When 
the conditions of working require that the machine 
shall travel sideways, the second four wheels are lifted 
out of contaet with the ground, as shown in Figs. 1 
and 2, while. when necessary, they are moved down- 
wards until they take the weight of the machine, and 
lift the transverse wheels off the ground. The fore 
and aft wheels have a total downward movement, 
which allows the machine to be lifted about 12 in., 
and, by means of a pile of supporting timbers, inserted, 
two by two, below the transverse wheels, the machine 
can lift itself from the floor of the filter-beds to the 
roadway 10 ft. above, or, by a reversal of the pro- 
cess, can lower itself. The drive for the lifting- 
screws is obtained from the oil-engine, through a 
diagonal shaft, terminating at its top end in a 
bevel pinion, which drives a bevel-wheel on a cross- 
shaft at the top of the framing. This cross- 
shaft in turn drives the two fore and aft bevel- 
wheel shafts which connect up to the vertical screw 
shafts. The arrangement will be seen in Figs. 1, 
2, and 3. The diagonal shaft, at its lower end, is 
driven by a pair of bevel wheels from the lower of 
the two cross-shafts, which are carried in the lower 
part of the framing, behind the cil-engine. The 
ends of these two shafts can be seen in Fig. 2. The 
uppermost of them is driven direct from the oil- 
engine by a chain, as shown in Fig. 1, while the 
lower one is connected to the upper through a spur- 
gearing. This spur-gear is shown in Fig. 4, but in 
this case the sprocket-wheel end only of the upper 
shaft is shown, while it is displaced from its correct 
position directly above the lower shaft, in order to 
show the arrangement of the spur-wheels. The travel- 
ling drive for the machine is also obtained from the 
lower shaft by means of bevel wheel gears driving two 
inclined shafts, one of which, as shown in the upper 

rt of Fig. 4, connects up to a worm-drive on the 

k axle of the fore and att wheels, while the other, 
through a second worm-gearing, drives a reversing 
bevel gearing on one of the fore and aft axles. 
Each of the two inclined shafts is provided with 
two bevel-wheels on the lower cross-shaft, so that in 
each case, by putting one or the other into gear, the 
machine may be travelled either backwards or for- 
wards, or to the right or left. The bevel-gearing on 
the fore and aft axle, which can be seen in Fig, 2, is 
arranged to reverse one only of the cross-traverse 
wheels in such a way that the machine is capable of 
turning itself round. 

The motion for the jigging-screens is obtained from 
two cranks which form part of the upper cross-shaft, 
and which can be seen in Fig. 6, while the drives for 
both the bucket-digger and the elevator are also ob- 
tained from this shaft by means of chains working on 
two sprocket-wheels side by side, as shown in Fig. 2. 
As before mentioned, the bucket-digger is carried on a 
vertical axle, so that it can be slewed from side to 
side. This motion is carried out by hand through 
worm-gearing, working from a large hand-wheel on 
the upper platform. e whole of the control-levers 
are also mounted on this platform, so that the driver 
who stands there is able to control all the motions of 
the machine. When the machine is in operation the 
driver ope two assistant labourers, who move, 
wash, and replace the floor tiles, shovel any cinders 
not reached by the dredger, and look after the moving 
of the supply and discharge pipes, from time to time, 
as the machine moves along. 

It is estimated that the machine can deal with 
about 16 cubic yards of material per hour, and that, b 
working with two shifts, the whole 8 acres of beds 
can be thoroughly cleaned within twelve months. As 
stated, the beds are at present very foul, but after the 
first cleaning the machine will be worked for ordinary 
hours only, so as to go completely over the beds about 
every two years. Experiments show that, at the first 
washing, about one-fifth of the bulk of the material 
of the beds will be lost. This will be replaced by new 
cinders, and it is probable that subsequent washings 
will only show a loss of about one-tenth of the bulk, 
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The cost of the washing and screening is estimated 
at about 6d. per cubic yard. The machine has been 
constructed by Messrs. George Robson and Co., of 
Eclipse Engineering Works, Napier-street, Sheffield. 





INDUSTRIAL NOTES. 

AccoRDING to the monthly journal of the Society of 
Amalgamated Tool-Makers for January the total 
membership at the end of last year was 4553, com- 
pared with 3851 at the end of December, 1909—an 
increase of 702. There was a satisfactory decrease 
in the number of the unemployed, the figures bei 
85 at the end of December, 1910, and 123 at the en 
of December the previous year, or a decrease of 38. 
There was an increase of 48000. in the reserve funds, 
the figures for the two years 1910 and 1909 being 
18,300/. and 13,500/. respectively. In the current 
number of the journal, Mr. W. A. Appleton, secretar. 
of the General Federation of Trade Unions, contri- 
butes an article on the British trade-union movement. 
In this article the writer maintains that one of the 
most noticeable features of the British trade-union move- 
ment is the desire to avoid strikes, and certainly this 
seems on the whole to be the case far more now than 
it was in the earlier years of the unions, and strikes 
are settled, much more than was at one time the case, 
without recourse to stupid personalities. Another 
point he brings forward is that the general strike, so 


= in some countries, does not find many ad-| P 


erents here. He says that it is believed by most of 
the leaders and the rank and file that, if the workers’ 
organisation was good enough to secure the success of 
a general strike, it could also obtain the desired 
amelioration by other and less expensive methods. If 
the experience gained by other countries counts for 
anything in the matter, it certainly confirms this view. 
The general strike cannot be said, at the best, to be a 
very efficient lever wherewith to effect great ends. 
Mr. Appleton also maintains ‘‘ that no one has the right 
to push their industrial or economic idiosyncracies at 
the expense of, and to the detriment of, those they are 
supposed to represent.” Two other points referred 
to are, that the movement has adopted the Parlia- 
mentary custom of refusing to allow industrial dif- 
ferences to interfere with social amenities, and that 
it has allocated the distinctly political side to an- 
other phase of the movement. All this indicates an 
enormous advance since trade unions commenced in 
this verge and such sentiments coming from the 
Secretary of the General Federation of Trade Unions 
ive hope for the future policy of the ranks of labour 
in this country. The movement may, as Mr. a ee 
ints out, still be an imperfect one, but its leaders 
ave been men who have not failed to profit by many 
years of turbulent history, and have received lessons 
which they have been willing to accept and use to their 
advancement along lines that have, on the whole, 
taken peaceful directions. The particular note that 
is sounded very clearly in what Mr. Appleton has 
to say is that hasty outbursts that ‘‘ have more of 
ignorance and passion behind them than they have 
of knowledge and reason” form a great obstacle to 
rogress, and, as in all similar movements, there 
is in the end a far greater advance made by movin 
slowly than by intermittent rushes forward, followed, 
if not by serious retrograde movements, at any rate 
by serious checks to advancement. We can only hope 
that the sentiments of the Secretary of the General 
Federation of Trade Unions will be shared universally 
by the rank and file of the unions, for they denote 
much that foretells peace. 





The total membership (senior and junior) in thie 
Associated Ironmoulders of Scotland Society was, 
according to the monthly report of the Association for 
January, 7880 at the end of December last, as com- 

red with 7868 at the end of the previous month—an 
increase of 12, This increase at this season of the 
year is considered satisfactory. The working member- 
ship for the senior section is 26 less than a month 
ago, and there has been an increase of 47 in the 
number of unemployed. This is, however, not looked 
upon as surprising, for at the end of December 
there are usually a number of men idle on account 
of repairs being carried out then. Regarding the 
financial work from November 19 to December 31 
last year, the net income was 3616/. 2s. 6d., with an 
outlay of 3356/. 3s. 7d., leaving a gain to capital of 
259/. 18s. lld. The idle benefit for the period stated 
took 910. 163. 5d. ; superannuation, 1619/. 16s. 10d. ; 
funerals, 255/.; and salaries and ordinary, which 
cover the quarterly payments and rents, 570/. Os. 7d. 
Last year a rise of wages of one farthing per hour was 
obtained, on and from September 7, and, as subsequent 
to these there was improved trade, a joint conference 
with the executive of Central Moulders decided to 
give notice for an advance of one farthing an hour on 

ay or hour rates, and 2} per cent. en piece-work. 


According to the monthly report of the Associated 
Blacksmiths’ and Ironworkers’ Society for the four 
weeks ending December 31, 1910, the total membership 





at the end of the year was 2970, against 2993 for the 
revious month—a decrease of 23. There were on idle 
nefit a total number of 354 at the end of last month, 
and at the end of the previous month 345, or an 
increase of 9. There were in all at the end of last 
month 145 members on sick benefit, against 138 at the 
end of the previous month—an increase of seven during 
the month. In the numbers on superannuation benefit 
there was not much change, the actual figures being, 
for the two months, 124 and 123 respectively, or an 
increase of one. The income for the four weeks ending 
December 31 was 998/. 8s. 10d , and the expenditure 
1005/. 12s. 6d., while for the previous month the 
figures were 643/. 19s. 8d. and 849/. 10s. 104d., showing 
an increase both in the income and in the expenditure. 





According to the monthly report of the United 
Patternmakers’ Association there were 6.3 per cent. 
of the members out of work at the beginning of 
January, as compared with 7.7 per cent. unemployed 
a month ago; but it is thought that there are indica- 
tions that a period of prosperity in all branches of 
the industry will before long occur, which will enable 
every man able and willing to work todoso. Trade 
varies considerably in different places. It is good 
in Manchester, but there has been no improvement 
during the last month at Bury and Bultov. At Barrow 
and Belfast it is excellent, while at Sunderland and 
Hartlepool trade is said to be deplorable, as these 
laces do not appear to recover quickly from the 
effects of the Boilermakers’ lock-out. In the Midlands 
and other districts there is no change to note. 





The railway strike in Portugal, about which there 
has been so much stir of late, is now at an end, 
the concessions demanded by the men having been 
ape by the syndicate controlling the railways. 
t is probable that the natural result will follow, for 
the weakness of the Government will be an induce- 
ment to other branches of labour to put forward 
exacting demands, and already other discontented 
workers in Lisbon have been unsettled by the sub- 
servience of the Government to the demands of the 
railway strikers. The gas and electric lighting em- 
ployees have gone on strike, and the emergency 
workers are being protected by troops. T'wo thousand 
cork-workers are said to be idle, and the public 
services are threatened with a mee strike, the out- 
look being anything but cheerful. There appears to 
be a strong public feeling growing against the trade 
of the country being — by these railway strikes. 1 
It is now reported that the foundrymen are idle, and 
that the cabdrivers have caught the epidemic, and have 
met to discuss the advisability of a strike. 





It is maintained by Mr. Ben Tillet that the 
threatened international strike of seamen, to which we 
have before had occasion to refer in these notes, will 
undoubtedly take place, and it is believed by some 
people that the Coronation period has been chosen for 
the event. The plane are, however, at present kept 
secret. There are very good authorities who, however, 
maintain that such a strike is quite impracticable. 
According to a representative of the British Sailors’ 
and Firemen’s Union the men do not want to strike, 
all they desire being a conciliation board, which they 
think would enable them to get their demands. 





It appears that there has.been sume mistake with 
regard to the reported action of the master printers in 
the offer they were said to have made to the men. It 
was stated on Saturday last by Mr. Joseph Causton 
(chairman of the London Printers’ Association) that 
there has never been an offer from the employers to 
the men, but that the masters’ representatives merely 
undertook to place before their various executives and 
organisations the question of a uniform number of 
hours, and they were prepared to put forward the sug- 
gestion of a 52-hour week, but there was no under- 
taking whatever to recommend it. There was also no 
truth in the statement that a compromise of 50 hours 
was being considered by the employers. Moreover, 
Mr. Causton stated that no fewer number of hours 
than 52 would be considered, for the employers are 
determined not to yield to the demands for a reduction 
of hours, because competition is far too keen to permit 
of the men’s demands being granted, even if they had 
a case, which the masters declare they have not. 

It was intimated to the employers’ secretary on 
Monday last, by the general secretary of the Print- 
ing and Kindred Trades’ Federation, that represen- 
tatives of his Federation would be prepared to meet 
representatives from the Employers’ Federation next 
week. This intimation was considered by the execu- 
tives of the Employers’ Associations in London on 
Wednesday, and a resolution was passed that the 
employers were willing to accede to the request, but 
that it was found impossible to fix the conference 
earlier than W in next week. The com- 
positors also held a meeting on Wednesday last, when 
a resolution against compromise was unani- 
mously. 





The executive of the Scottish Miners’ Federation 
held a meeting in Glasgow on Friday last under the 
presidency of Mr. Robert Smillie, at which several 
cases in connection with the Workmen’s Compensation 
Act were considered, and attention was called to a 
threatened dispute at Wallyford and Carbery, in 
Midlothian, which dispute it was hoped would not 
amount to anything serious. The executive and dele- 

tes held a meeting afterwards, at which it was 
intimated that a special conference of the Miners’ 
Federation of Great Britain would be held in London 
on January 24, when the business would include :— 
(1) Consideration of payment for abnormal or deficient 
working places in mines ; (2) the general question of 
wages paid to on-cost or day-wages men ; and (3) the 
question of financial assistance in connection with the 
strike at the Cambrian mines in Wales. The Scottish 
Federation will be represented at the conference, and 
nine delegates were appointed to attend. It was 
thought very desirable that an effort should be made 
as soon as possible to record a vote in favour cf an 
effort being made to secure from the mine-owners in 
the various conciliation board areas an understand- 
ing for payment of at least the minimum wage 
to men employed in abnormal or deficient places, and 
the representatives were asked to vote for this. 
Instructions were also given to the delegates to vote 
for a substantial weekly grant being paid to the South 
Wales miners as long as the strike continued. Con- 
sideration was also given to the agenda of the Labour 
Party Conference to be held at Leicester at the 
beginning of February. 





Picketing was resumed last week at Gilfach Goch, 
in South ales, where the Cambrian Trust have 
pits, and there is said to be some danger that the 
public peace may be again endangered. Twelve 
thousand men of the Cambrian Trust are on strike 
for higher wages at the naval group of collieries. 
Picketing had been suspended for six or seven weeks 
in the Ton-y-pandy district, but on Wednesday in 
last week mass meetings of the workmen on strike 
were held, and it was decided to resume picketing at 
the end of the week, the object being to prevent the 
officials doing work other than their own. At Gilfach 
Goch, although the police force has been reduced, 
there is still in attendance a detachment of the Royal 
Munster Fusiliers. 

One of the sectional strikes in the South Wales coal- 
field was settled on Monday last, and at the Cilely Col- 
liery, Tonyrefail, where 700 men have been on strike 
for three months, the miners returned to work. 





According to the quarterly report of the Amalga- 
mated Association of Card-Room Workers recently 
issued there is increased activity in the cotton 
trade, and although cotton is still high in price, the 
margin of profit for spinners enables business to 
done with more confidence than when prices are 
fluctuating. The feeling of unrest regarding the 
working of the wages list in reference to revolving 
flat cards is also alluded to, and also the instructions 
given by the Home Secretary that dust-removing 
appliances must be installed in the card-rooms. 


It is hoped that the scalers’ strike in Liverpool, to 
which we alluded on e 62 ante, will soon be 
brought to a close. The fact that some of the men 
are without funds to conduct the strike, and are not 
entitled to strike pay, has had a depressing effect. 
A very conciliatory attitude has been adopted by the 
employers, and they have promised to make conces- 
sions and to submit the dispute to arbitration. 


The whole of the branches of the Amalgamated 
Union of Labour held a meeting last week in Jarrow, 
and decided to apply for an immediate advance of 
10 per cent. on piece rates, and 2s. a week on time 
rates for labourers employed in the shipyards of the 
North-East Coast. This is not the same resolution 
as the one by the labourers in other areas, for 
it asks for the full advance at once, instead of in two 
instalments. 








Great indignation, it is said, has been felt by the 
executive council of the Boilermakers’ Association with 
regard to certain frauds on the funds that are alleged 
to have been practised by certain members during the 
lock-out dispute by drawing lock-out pay while work- 
ing and earning more than 18s. per week. The allegation 
is made against twenty Govan members, two members 
in Glasgow, one in Partick, four in Whiteinch, eleven 
in Clydebank, and five in Yoker. One of the Glasgow 
members was employed practically during the whole 
of the lock-out, and until detected was in receipt of 
lock-out pay. He was age and expelled from the 
association. It is thought that many members must 
have known that these frauds were being committed, 
and had not the courage to disclose them to the 
council. The meanness of such practices, at any 
time despicable, was, if possible, made worse by the 
fact that when they were committed the society was 
in a critical position so far as the state of their funds 
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went, and appeals had to be made to other trade | 
unions and to the public for support. 

The financial position created by the lock-out is 
referred to by the council, and it is stated that during 
its last three-and-a-half weeks the lock -out was 
financed entirely from the superannuation reserve, and 
less than 500/. had been received from all outside 
sources at the termination of the dispute on Decem- 
ber 14. In payment of benefit and loss of income the 
lock-out cost the society nearly 100,000/., and now the 
funds are nil, although they are not allowed by the 
rules of the society to be less than 4/. per member, or 
200,000/. in all. It is therefore asked :—1l. Shall the 
lock-out levy of 1s. 6d. per week be paid for fourteen 
weeks? (2) Shall it be paid for two and a half weeks? 
(3) Shall it be paid for fourteen weeks, and collected 
together with the 10s. levy over a period of two years 
at the rate of 3s. 104d. per quarter ? 


According to the Board of Trade Labour Gazette 
on employment, wages, prices, and disputes in 1910, 
during the year there was more employment, better 
wages, and in some cases, though not on the whole, 
lower prices for food-stufts. 

Returns relating to 700,000 members of trade unions 
show an average employment figure of 4.7 per cent., 
as compared with 7.7 in 1909, and 7.8 in 1908. The 
downward movement in wages, which began in 1908 
and continued during the greater part of 1909, received 
a check towards the end of the latter year, and early 
in 1910 a slight upward tendency occurred, which was, 
on the whole, maintained during the remainder of the 
year. The net effect of all the changes was an increase 
of 13,891/. per week in the wages of 534,119 work- 
people. Over the period from 1896 to 1910 the aggre- 
gate net increase in wages was 341,753/. per week. 

Over half a million workpeople were involved in trade 
disputes, which amounted in the aggregate to nearly 
9? million working days. The number of workpeople 
involved was the highest on record since 1893, which 
may be accounted for mainly by the trouble in the 
coal, cotton, and shipbuilding industries. The number 
of workpeople involved was about 5 per cent. of the 
industrial population, with the exception of sailors and 
agricultural labourers. In December employment was, 
on the whole, about the same as in November. As 
compared with a year ago, there was an improvement 
in most of the principal industries, except coal-mining, 
in which there was not much change. 





‘*STEAM-BOILER DESIGN.” 
To THE EprTor oF ENGINEERING. : 

Str,—Although the furnaces in the Yorkshire boiler 
referred to in my letter of the 6th inst. were 3 ft. in dia- 
meter, as mentioned in Mr. Erith’s letter of the 13th, 
they expand from the end of the furnaces, and their sec- 
tional area at the rear of the boiler is 30 per cent. greater 
than at the front. 

The expansion of the flues reduces the weight of water 
at the back end of the boiler, where the temperature of 
furnace gases is lowest, and at the same time proportion- 
ately increases the area of heating surface where most 
needed ; but, what is even more important, secures prac- 
tically the same velocity of air through the fires as that of 
the escaping the chimney, conditions which are 
quite im ible in the better known Lancashire boiler. 

I give below details of the test referred to in my letter 
of the 6th, and from which it will be noticed that when 
burning 784 lb. of coal per hour, CO, 10.7 per cent., the 
air velocity through the grates would be 450 ft. per 
minute, and when burning 1792 lb. of coal per hour with 
a better quality of combustion (15.4 per cent. of CO.) the 
velocity would be a little over 800 ft. per minute, the 
speed through the flues being, of course, proportionate. 

In the evaporation test the velocity of the es 
through the centre of the furnace flues would be about 
three times as great as during the efficiency test, and as 
the evaporation per square foot of heating surface was 
19 lb. as against 9.6 lb., it is logical to assume that the 
higher velocity and increased density does very 
materially affect the duty of a boiler. 

During the past week a 20-ft. by 7-ft. 6-in. Yorkshire 
boiler has been tested at Messrs. Ford, Ayrton’s mills, 
Low Bentham, near Lancaster, and when burning 418 lb. 
of fuel per hour the evaporation was 9.6 lb. of water per 
pound of coal; but when burning 470 lb. per hour the 
evaporation per pound of coal increased to 10.59, the 
over-all evaporation for boiler and economiser being 11.5 1b. 
of water per pound of coal consumed. 

I would also = out that in the recent comparative 
tests made at Frickley Colliery between a 24-ft. York- 
Shire and a 30-ft. Lancashire, both subjected to the same 
chimney draught, the evaporation of the Yorkshire with 
871 square feet of heating surface was 16.8 per cent. greater 
than was secured from the 30-ft. Lancashire with 1110 
Square feet of heating surface, although the latter boiler 
was benefited to the extent of being covered with non- 
conducting material, equal to, say, 10 per cent. The 
“pproximate speed of the gases 6 ft. from the bridge in 
each case was :— 


Yorkshire... 2178 ft. per min. 
Lancashire 1306 ft. od min. 
There have been many other tests carried out of a 


Similar nature to the one referred to, and in each case the 
most efficient results have been secured with the gases 





moving through the furnace flues at the higher velocity. 


I quite agree in many respects with Dr. Nicolson as to 
the necessity for improving our steam-generators, but 
think the more simple the form adopted the more satis- 
factory the results will be, and as the capacity of a 
furnace is a good guide as to the possible evaporation of 
the boiler, I consider the Yorkshire boiler meets the case, 
as with equal chimney pull it is — to burn 25 per 
cent. more 7 square foot o te in a Yorkshire 
than in a Lan ire of equal shell diameter. 

Yours faithfully, 
W. H. Casmey. 

City Square, Leeds, January 16, 1911. 





Tests of a 20-Ft. by 8-Ft. 6-In. Yorkshire Boiler Carried 
out at Legrams Mills, Bradford, by Mr. Hartley, the 
Engineer, under the Supervision of Mr. Taylor, Boiler 
Expert for Messrs. Richardsons, Westgarth, and Co., 
Limited, Middlesbrough, July 12, 1910. 

—_ Efficiency. Evaporation. 


Size of boiler .. ; od ey .. 20ft. by 8 ft. 6 in. 
Heating surface o~ os .. 8q. ft. 712.0 712.0 
Grate area és + - - a 36.0 360 
Draught by a oa 0.13 0.5 
Carbon dioxide (COg) é per cent. 10.3 15.4 
Steam pressure $s .» Ib. p. gq. ia. 120.0 126.0 
Calorific value of fuel od B Th. U. 11,9600 11,960.0 
Weight of coal burned per hour .. Ib. 784.0 1792.0 
»” ashes per hour .. se * 136.0 3150 

2 coals burned per square foot 
of grate +“ ie He —- ar 217 49.7 
Temperature of leaving economiser 333.0 364.0 


Weight of water fed to boiler perhour, Ib. 6%36.0 13,730.0 
Evaporation per pound of coal from 


feed temperature .. o* “ n 8.75 7.86 
Evaporation per pound of coal from and 
at 212 deg. .. o» _ & _ 10.07 8.8 
Evaporation per square foot of heating 
surface es oe - se Ib. 9.6 19.1 
Temperature of water entering econo- 
miser .. - és oe se ee 104.0 105.0 
Efficiency of boiler .. es “s re 70.3 59.6 
Over-all efficiency .. oe ~ os 80.8 71.2 
W. H. Casmey. 





To THE Eprror or ENGINEERING. 

Sir,—It is an utter waste of time and space to argue 
with Mr. Erith. He is plainly incapable of forming a 
sound judgment on clear experimental evidence. 

In your issue of December 9, 1910, page 795, I gave 
figures showing that the heat transmission in economisers, 
with a given temperature difference, was almost exactly 
proportional to the gas velocity. He refused these because 
they were for the cconomiser ! 

I now give a further set for the boiler as foilows :— 


Effect of Gas Speed on Rate of Evaporation. 


Bryan | Mr. Longridge on Author's Experi- 
| Donkin. mental Boiler, October, 1900. 


at tf <= 

anand ao 

£5 |&6)&¢| Mth. | 10th. | 19th. | 20th, | 2tst. 1. 
£2\ 2282) 








Palace ld 105 | 2 
Evaporation.* } | | | | 
Boiler only .. 4.51/7.2 8.3 | 11.87 | 15.44 | 19.25 | 22.77 | 23.03) 3 
Boiler and | | | | 
economiser 1.58 1.46) 3.5 6.56 | 8.53 | 10.65 12.58 1275) 4 


Average gas 
speed - 


* Evaporation from and at 212 deg. per square foot of heating 
surface per hour (Ib.). 


In face of these results it is useless for Mr. Erith to 
attempt to “bluff ” people by saying that he st#l con- 
siders the velocity theory to be a mistaken one. 

here is no escape. He must either (1) accept the 
theory, or (2) disprove the figures, or (3) be stultified. 

He claims credit for “ holding the contrary view ” from 
the very first. If he could but see it, the reasons he 
then gave were just those that should have convinced him 
the theory was correct. From the fact that boilers had 
pretty much the same efficiency whether the gas move- 
ment was slow or fast, he inferred that the gas speed had 
little or no effect. 

hereas the conclusion he ought to have drawn was 
that the heat transfer varied with the speed for a given 
temperature difference. 

Assume a fire-box temperature of 2000 deg. Fahr. and 
a smoke-box temperature of 600 ~~. Fahr. in a locomo- 
tive boiler under easy steam. Under hard firing with, 
say, three times the weight of gas ing along the flues 
per hour, if the gases at entry to the tubes still had the 
temperature of 2000 deg. Fahr., then the smoke-box 
temperature would also remain practically at 600 deg. 
Fahr. What does that mean’? Simply that, as three 
times the weight of gas has lost the same amount of heat 
per pound in the second case as in the first, three times 
the amount of heat has been transferred to the water by 
the heating surface per unit of time. The temperature 
difference remaining the same in both cases, the three- 
fold rate of heat transfer is directly due to the three-fold 
increase of gas speed. ; 

As to efficiency, since my chimney loss is 10 per cent. 
less than other ples’, the fan steam loss of 10 per cent. 
is made up. ‘Also. there is nothing in the velocity prin- 
ciple to hinder my furnace doing as well as Mr. Erith’s. 

us I can easily get 80 per cent. net efficiency together 
with a rate of evaporation per unit of heating surface and 
time greater even than Mr. Casmey’s best. 

Yours truly, 
Joun T. Nicotson. 

School of Technology, Manchester, January 17, 1911. 


EXPERIMENTS WITH HELICOPTERAL 
SCREWS. 


To THE Epiror or ENGINEERING. 

Srr,—May I venture to bring to your notice, and to 
those readers particularly interested in the ascensional 
screw or direct-lift type of flying-machine, a plan that 
will instruct and interest many, whilst, additionally, 
“enlighten our darkness” on the real capabilities of a 
true “ Clipper of the Clouds.” . 

Primarily, I may state that this —~ is just now 
receiving a large share of attention Seoul out the world 
by reason that the possibility of a craft that can soar 
direct from land or water, and, additionally, enjoy flight 
in far more tumultuous winds than the present “fair- 
weather” aeroplane, appeals strongly to naval, military, 
and civilian alike, and particularly to the former. But, 
as I have had the honour to enunciate in your columns, it 
is fallacious to experiment with helicopters unless the 
secret of maintaining the balance in translatory flight be 
known, which secret I claim to be the first Englishman to 
solve, altho’ . Bé , a veteran Frenchman, dis- 
covered this fundamental law some forty years ago. 

Briefly, Iam now constructing a full-sized experimental 
machine on helicopteral lines of sufficient dimensions to 
lift complete oppareies, with a 60-horse-power motor, 
including myself. This is the second helicopter I have 
constructed, the first being built in 1906 at Wembley 
Park. The results then were nil, owing to the fact that 
no motor was available. The present machine is a distinct 
advance and improvement, a + of which will be 
forwarded you in due course. power, of course, 
is great for one pilot, but the machine is but experi- 
mental, and I anticipate will lift at much lower readin 
whilst a reserve is always to the good. At present the 
motor is incompleted ; co uently I should be very 
grateful to any reader who could, free of cost, kindly test 
a four-bladed lifting screw, of special design, 12 ft. in 
diameter, by means of not less than 15 horse-power. The 
results and further particulars I will publish for the benefit 
of others, and may add that if this screw lifts 15 lb. per 
horse-power only, or 225 1b. in total lift, the success of 
the helicopter or “‘screw flyer” with only two of these 
ascensiona! helices is cued. 

Yours truly, 
Epear E. Wiison,. 

85, Glamorgan-street, Pimlico, London. 








AERIAL PROPELLERS. 
To THe Eprror or ENGINEERING. 

Str,—With + to Mr. Phillips's letter in your issue 
of the 11th ult. ape that my remark as to the thrust 
of stationary propellers should appear to be a plagiarism 
of Wenham, for whom I have a great respect. 

As a matter of fact, I have never seen the first number 
of the Acronautical Journal, and my figures are based on 
Lanchester’s values of air friction, so that the coincidence 
is quite accidental. 

With regard to Mr. Phillip’s statement as to the in- 
variability of the thrust due to the invariability of the 
piston pressure, I beg to join issue with him. 

The torque overcome is undoubtedly proportionate to 
the piston L pec but this torque includes two items, 
reaction and friction, and the thrust is only proportionate 
to the first of the two, and is therefore not simply propor- 
tionate to the piston pressure. The friction at high 
8 s may be equal to the reaction component, so that 
there may be 50 per cent. difference. 

T also doubt whether the drop of piston pressure between 
1000 and 1500 revolutions per minute is inappreciable. I 
was always under the impression that the kinetic energy 
of the gas causes appreciable difference in the pressure. 

With regard to Mr. Phillips’s last statement about a 
vacuum and the flow into it, may I point out three things? 

1. A vacuum of 0.1 per cent. gives a pressure of Ib. 
per foot. 

2. The high-speed flow is in the direction of the stream, 
and not a general iation, such as Mr. Phillips implies. 

3. A vacuum has been observed (see Baden- ay 
Yours faithfully, 


ERBERT CHATLEY. 
Tang Shan, December 29, 1910. 





Prrsona..—The offices of Messrs. André Citrden and 
Co., makers of the Citréen machine-cut helical gears, 
have been removed to r premises at 27, Queen Victoria- 
street, London, E.C.—Messrs. Ph. Bonvillain and E. 
Ronceray, Paris, have acquired the foundry business of 
Messrs. Desmarais and G Morane, including patents 
and processes.—Messrs. Atkinson and Young, Liverpool, 
have taken into oo. Mr. N. E. Robson, who has 
been works manager with Messrs. Denny and Co., Dum- 
barton, and chief draughtsman and boiler works manager 
with the North-Eastern Marine Engineering Company, 
Limited, Wallsend-on-Tyne. The style of the firm will 
now be Atkinson, Young, and Robson. They intend to 
open a branch office at the Prudential Buildi Mosley- 
street, Newcastle-on-Tyne, on February 1, witch will be 
under the charge of Mr. Robson.—Messrs. Henry Simon, 
Limited, Manchester, state that they have appointed 
Messrs. Irwin and Jones, 15, London Wall Buildings, 
London, E.0., who have considerable experience in both 
mechanical and electrical engineering work, to represent 
them in the south of England for the sale of their pneu- 
matic dust-collecting, grain-handling, temperature-regu- 
lating and electri speci inlen, kloan D. and A. 
Home-Morton, consulting invers and industrial works 
designers, of G ‘irmingham, have removed 
their Birmingham office, which is under Mr. Andrew 
Home - Morton, M. Inst. C.E., M.I. Mech. E., 
A.M.LE.E., to Norwich Union Chambers, Congreve- 





street, Birmingham. 
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CHAIR-MAKING MACHINERY. 


Tue two machines illustrated on this and the opposite 
page have been designed for use in the chair soon gd 
to enable two of the ordinary hand processes to 
carried out by power. The machines are manufactured 
by Messrs. Broom and Wade, Limited, who are closely 
in touch with the special requirements of the chair- 
making industry, their works being situated at High 
Wycombe, which is the centre of the trade in this 
country. 

The first machine, illustrated in Figs. 1 and 2, 
is intended for recessing wooden chair seats. Such 
seats are cut out from the board by a band-saw, and 
are afterwards hollowed out to form. On the old hand- 
method the seats are first roughly hollowed with an 
adzv, and afterwards finished with spokeshaves and 
scrapers. Remarkable dexterity is exhibited by the 
workmen who carry out these processes, and it is 
necessary that the machine should have a very rapid 
turn-out in order that it may justify its cost. In the 
machine the seats are hollowed by a rotating cutter, 
such motion being given to the seat during the process 
that the peculiar contour required is accurately formed, 
no final hand-finishing, beyond smoothing down with 
a scraper, being necessary. The form which is given 
to ordinary wooden-chair seats is so well known that 
it is, perhaps, unnecessary to describe it; but the 
reader may be reminded that the hollow forming the 
surface, approximates, more or less, to a portion of a 
sphere, with two shallow channels with rounded edges 
cut away at the front, and having a central raised and 
rounded off portion between them. It is obvious that 
the best way of producing an irregular surface of this 
kind is by some copying process, and a system of 
this sort cs been employed in the machine under 
consideration. 

The general lines of the machine will be clear 
from the illustrations. There is a table carrying a 
slide, on which a rotating face-plate is mounted. The 
face-plate is provided with two sliding jaws, to hold 
the chair-seat which is being operated on, two adjust- 
able jstops being provided, against which the seat is 
placed, so that when setting it is only necessary to 
slack back one jaw, place the seat in posivion, and 
screw up again. The operation of removing a finished 
seat and setting another takes only a few seconds. The 
seat is hollowed by a cutter fixed to a rotating spindle 
carried in the upper part of the machine. The cutter 
has a rotary motion only, and begins its operation in 
the centre of the seat. The face-plate has three 
motions, which are combined in order to bring succes- 
sive portions of the surface of the seat under the cutter 
and cause it to form the peculiar contour required. 
The three motions of the face-plate consist in the first 
place of a rotation around its vertical axis, so that 
the cutter begins by forming a cup-like depression 
in the centre of the seat, This depression is then 
enlarged owing to the second motion of the face-plate, 
which consists of a horizontal travel forwards towards 
the front of the machine. It is obvious that these 
two motions only would result in a regular depression 
in the seat, and in order to form the irregular depres- 
sion required a third up-and-down motion is given to 
the face-plate. 

The three motions of the face-plate are obtained 
from the main motion-shaft, which runs along the side 
of the machine, and which can be seen in Fig. 1. The 
rotary motion is obtained through a horizontal spur 
and pinion gearing, driven by the bevel-gear, which 
can be seen near the centre of the machine, while 
the horizontal travel is obtained by means of the 
leading screw inside the table, which can just be 
seen in Fig. 1. This leading screw is also driven from 
the main motion-shaft by means of a second pair of 
bevel-wheels situated at the front of the machine, 
and connected to the leading screw through the 
short inclined spindle and worm-gearing which can 
be seen in the figures. The bevel-wheels driving 
this worm-gear are obscured by a guard, but their 
position will be clearly understood from Fig. 1. 
Ihe third up-and-down motion of the face-plate is 
obtained by means of the cast-iron former, situated 
below the table, which is connected to, and rotates 
with, the spindle carrying the face-plate. This 
spindle is rotated by means of the horizontal spur- 
gearing as before explained, and is capable of an up- 
and-down motion inside the spur-wheel sleeve, being 
driven by the usual sliding-feather arrangement. The 
weight of the spindle, together with that of the face- 
plate and former, is carried by a roller which works 
in a swivel-bearing mounted on the adjustable lever 
which lies below the table, The result of the whole 
arrangement is that as the former rotates it is con- 
strained to rise and fall in accordance as the roller 
follows the contour of the surface, so that the face- 
plate is raised or lowered correspondingly, and the 
chair seat, by the action of the cutter, is given a form 
corresponding to the shape of the former. 

The machine is driven by a belt running on the 
fast-and-loose pulleys, which can be seen at the 
right-hand end of ig: 2, od yom y of the belt 
being controlled by the weighted hand-lever shown, 





CHAIR-SEAT RECESSING-MACHINE. 
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From the driving-shaft two belts are taken, in 
addition to the main belt connecting to the shop 
shafting, or other source of power. One of these two 
belts goes round the pulley which lies in the slot in 
the lower part of the frame, is carried over two guide 
pulleys, and drives the cutter-spindle. Its position 
is indicated by a piece of cord in the figures. The 
second belt drives from the small pulley, situated along- 
side the fast-and-loose pulleys, at the end of the 
machine, to the pulley fixed on the cone-shaft, which 
can be seen at the left-hand side of Fig. 1. 
pulley lies at an angle to the main shaft, two guide 
ulleys are introduced to keep the belt in place. 
hese cannot be seen in the illustrations. 
motion shaft, which runs along the side of the 
machine and drives the two bevel gears, is driven 
from the cone by means of a rubber-tyred friction- 


As this | 


The main | 


wheel, which is mounted on the shaft, and which | 


bears on the periphery of the cone. The object of 
using the cone-drive is to obtain a varying rate of 


feed, so that the. maximum rate of cutting may | 


be kept up both when the tool is at the centre of the 
seat and when it is near the outer edges. The variable 
feed is arranged for by sliding the cone along its shaft 
so that the friction-wheel makes contact with it at 


different diameters. The cone slides on a fixed feather | 


in its shaft, and its position is determined by a small 
bell-crank lever carrying a clutch at the end of one of 
its arms. 


The clutch engages with the small end of 


the cone. The other arm of the bell-crank lever is 
connected by a rod to a second lever fixed at the front 
of the machine. This second lever has a projecting 
upper arm which is acted on by an adjustable push- 
at cineted by the slide, so that as the slide moves 
forward the lever is pushed over, and in turn pushes 
round the bell-crank lever and carries the cone along 
its shaft. The result of this is that as the slide travels 
forward the cone at the same time travels in the 
opposite direction, and as a larger diameter of the 
seat is presented to the cutter the revolutions of the 
table and the rate of forward feed are correspondingly 
and automatically reduced. 

The handle, which is shown in the front of the 
machine, is used for winding back the table to its 
starting position after a finished seat has been re- 
moved and a new blank set in place. To do away 
with the necessity of winding the driving-gear back- 
wards, and to render the movement of the table as 
easy and — as possible, the worm gearing 1S 
arranged to thrown out of contact by means of 
a clutch operated by a small lever fixed at the base of 
the handle. The stopping of the face-plate while the 
seats are being chan is arranged for by throwin, 
the cone-controlling lever over to its extreme forwa 
position. This action causes the cone to move to the 
end of its travel, and brings it up against a stop on its 
shaft, after which the shaft, as a whole, swings slightly 
about its back bearing, so that the cone moves out of 
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contact with the friction-wheel. The provision of these 
arrangements allows the face-plate to be stopped and 
returned to its first position very rapidly, and does 
away with the necessity of moving the main driving- 
belt and stopping the machine as a whole. Chair seats 
of ordinary type are usually made of elm, and with 
such material the machine has a turn-out of about six 
dozen per hour. A depth indicator is fitted close to 
the cutter so that variations in the thickness of the 
Seats may be allowed for, adjustment being made 
by raising or loweri the former roller by means 
of the pivoted lever below the bed, the position 
of which is controlled by the vertical screw 
hand-wheel, which can be seen in the figures. The 





cutter has six blades and runs at 4000 revolutions a 
minute. 

The second machine illustrated in Figs. 3, 4, 5, and 
6, above, is intended for cramping up chair and 
sofa frames after they have been glued. As is gene- 
rally known, the various members forming the seat 
of a cane-bottomed, or upholstered, chair are made to 
fit, together with mortise and tenon joints, or with 
wooden dowel-pins, and are secured with glue. Sofa 
parts are fitted together in the same way, while round 
rails forming chair backs, or similar parts, are simply 
made a tight fit for the holes in which they are to be 


and | inserted and finally glued in. The pyrene | ag of all 


repared in special machines, which 


such members are p 
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cut the mortises and tenons, drill the holes 
for the dowel-pins, or finish the ends of the 
round rails. They are then glued and put 
loosely together, and are afterwards, on the 
hand labour system, drawn together by 
the ordinary type of joiners’ cramp. The 
present machine is intended to rm away 
with the hand labour of this latter process. 
It is very speedy, and when in operation 
the man attending to it is easily able to kee 
up with three boys glueing the various parts an 
loosely fitting them together. 

The machine consists of a long table carrying two 
jaws, one of which—that shown at the left-hand side 
in Figs. 3 and 4, and marked B—is normally fixed, 
but is capable of adjustment along the table by means 
of its leading screw. The screw is operated from the 
front of the machine by means of the handle A driving 
through the bevel and spur-gearings and the shaft 
shown. The jaw has a long adjustment to allow of 
the machine being set either for small chairs or for long 
sofa-frames. The second jaw C is a moving one, and is 
driven by an independent leading screw. It has a 
continuous reciprocating motion, of a few inches, back- 
wards and forwards along the table. In operation the 
chair or other article to be cramped is placed on the bed 
between the jaws at the instant when the moving jaw 
is at the end of its outer travel, so that as it returns 
the chair is caught between the two jaws, and its 
parts are firmly cramped into their final position. 
The reciprocating motion of the moving jaw is 
sufficiently rapid to give the machine a large turn-out, 
but at the same time allows the operator ample time 
to place the chair accurately in position against the 
fixed jaw before the moving one advances and cramps 
it up. In the event of any delay, there is, of course, 
no objection to the operator missing several strokes of 
the machine, the moving jaw simply continuing to 
reciprocate, so that the machine may be said to be 
always ready for the placing in and cramping up 
of the chair or other article for which it is set. The 
moving jaw has a constant travel with no adjust- 
ment, but it is fitted with a movable slide which 
carries the cramping face, and which is capable of 
being thrown into either of two positions, having a 
travel of about 4 in. between them. This slide is 
operated by the handle which can be seen in Figs. 3 
and 4. The handle is attached to a short spindle 
which carries an, eoéefftric working in a slot in the 
slide, so that whén the handle is thrown over to the 
second position, indicated by a dotted line in Fig. 3, 
the slide is moved to its forward ition. The 
object of the arrangement is to facilitate adjust- 
ment of the machine when setting it up for a new size 
of chair, as the small clearance given by the slide 
when in its back position allows the operator, after 
having placed the chair in position across the table, to 
adjust the fixed jaw by means of the handle A, until 
his experience tells him that the amount of clampin 
will just be sufficient when the slide is moved Ms te 
This slide arrangement is also of value when it is found 
that one of the chairs of a batch is somewhat larger 
than its fellows, as, if the operator finds that this 
rticular chair is being cramped too tightly, with 
anger of breakage, he can instantly and easily release 
it by os back the handle, even after the weight 
is on. It will be understood that small adjustments, 





causing a set of chairs to be clamped more or less 
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tightly, can be made at any time by the operator, 
owing to the convenient ition of the handle A 
close to his right hand. e jaws, as will be seen 
from the figures, are provided with dovetailed slots 
in their faces, into which wooden clamping pieces, 
or formers, are placed in order to distribute the 
cramping pressure evenly over the surface of the 
chair or other article which is being Operated on, 
and to prevent it being injured by the jaws. The 
driving mechanism of the machine is pan man eeten 4 
simple, and consists of an open and c -belt 
arrangement by which the leading screw for the 
fixed jaw is driven alternately in opposite directions, 
with the result that the necessary reciprocating 
motion is obtained. The screw is driven by the spur- 
gearing D KE, of which the pinion E is fast to the main 
driving-shaft. This shaft carries three pulleys F, G, 
and H. Pulley F runs loose on the main shaft, and 
is driven by a@ 24-in. crossed-belt in the direction 
indicated by the arrow. Pulley H also runs loose 
on the shaft, but is connected by a sleeve to the 
worm K; it is constantly driven by a 4-in. open 
belt in the direction indicated by the arrow. Pulley G 
is fast to the main driving-shaft. Worm K gears with 
worm-wheel L and drives it continually in one direc- 
tion, so that, by means of the connecting-rod and 
rocking-lever shown, the belt-forks have a continuous 
to-and-fro motion, with brief periods of rest at each 
end of their stroke, as the connecting-rod passes the 
dead centre. The action of the gear will probably be 
clear from Figs. 3 and 4, The crossed and open belts run 
continuously and drive their respective pulleys F and 
H in opposite directions, but as the forks are moved 
to and tro the belts are alternately moved on to the 
pulley G, so that the main driving-shaft is driven first 
in one direction and then in the other, this motion 
being transferred to the leading screw through the 
spur-gearing, so that the necessary reciprocating motion 
of the moving jaw is obtained. As before stated, a 
pulley F runs loose on the shaft, and simply serves the 
purpose of carrying the crossed belt when it is out of 
contact with pulley G. Pulley H, however, although 
it is parti | to carry the open belt when it is out 
of contact with G, has at the same time to drive the 
belt-reciprocating gear through the worm and worm- 
wheel. Tro enable it to do this without any stoppage 
when the open belt is driving pulley G, this belt 1s 
made 4 in. wide so that it never entirely leaves H, 
and continues to drive it even when it is fully in con- 
tact with G. It will be clear, of course, that the belt 
gear shown has no off position, and that the stopping 
and starting of the machine must be looked after b 

fast-and-loose pulleys, or a clutch, on a countess 
above. A perspective view of the machine, with a 
chair frame in position for cramping, is shown in Fig. 6. 


Le Mans Exursition oF 1911 (SartHe-FRance).—The 
Exhibition of the West of France, which will take 
place in Le Mans (France), between the dates of May 15 
and October 15, this year, will comprise all the products 
of commerce, industry, agriculture, science, art, and 
sports. British engineers and constructors will be more 
particularly interested in the section devoted to agricul- 
tural implements and machinery of every description, 
and they will be able to participate in the Exhibition by 
applying to the directors (Direction de l’Exposition), Le 

ns, France, who will gladly supply them with all 
necessary information. 











Tue Roya Sanitary InstituTe.—The fifty-first course 
of lectures and demonstrations for sanitary officers in con- 
nection with the above institute will be given between 
February to May this year. The lectures will be held at 
the Royal Sanitary Institute and Parke’s Museum 
at 7 p.m., commencing on Monday, February 13, and 
ending on May 5, while the inspections and demonstra- 
tions will begin on February 21, and end on April 27, the 
last, of course, being held at different places and works. 
The course of lectures will be divided into two parts, the 
first part comprising six lectures on elementary physics 
and chemistry in relation to water, soil, air ventilation, 
and meteorology, and twenty-two lectures on Public 
Health Statistics, Memoranda and Model Bye-Laws 
of the Local Government Board, &c. ; practical duties 
of sanitary inspectors; municipal hygiene, including 
the abatement of nuisances, water supplies, refuse re- 
moval, &c. Inspections and demonstrations are arranged 
in connection with these lectures. In Part II. there 
will be seven lectures on meat and food inspection, 
including samples of water, fooi, and drugs for analysis. 
Practical demonstrations of meat inspection will also be 
on. The various subjects dealt with will be given 

y well-known authorities and will be illustrated with 
diagrams, drawings, models, and lantern - slides. 
museum of sanitary appliances and the li will be open 
free to students attendi course, and, for a small 
my mg students may obtain the loan of books. The 
ee for Part I. is 27. 12s, 6d.; for Part II., 1/. 1s.; or 
for the complete course, 3/. 3s. Students who enter their 
names for one of the examinations of the institute at the 
time of taking their ticket for Part I. only, or for the 
complete course, can have 10s. 6d. carried towards their 
fee for examination. Members and associates of the 
institute are admitted to the lectures without payment. 
Further particulars may be obtained from the secretary, 
Mr. E. White Wallis, 90, Buckingham Palace- 


London, S.W. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 11. 
Tue business of the first ten days of the new year 
in iron and steel, and, for that matter, in all avenues in 
manufacturing and trade, has been dull in the 
extreme. Advices from far interior centres, as far 
as St. Louis and Chicago, point to a dulness that is 
certainly not encouraging for those who have been 
waiting for the new year to come. The Baldwin 
Locomotive Works of this city secured an order for 
196 locomotive engines from the Harriman lines, em- 
ree outlay of upwards of 4,000,000 dols. The 
order been hanging fire for some time, and 
will enable the 16,000 employees to be kept fully em- 
loyed for some time to come. No other heavy 
ocomotive orders have been bvoked, though it 
is admitted that a good deal of activity will be 
developed before the opening of spring in that direc- 
tion. Three Government buildings at Washington, 
D.C., to accommodate the Departments of State, 
Justice, Commerce, and Labour, will cover five blocks in 
that city, and the cost of construction will be 8,000,000 
dols. Formal negotiations looking towards a reci- 
rocity treaty between the United States and Canada 
ave been begun at Washington between the Presi- 
dent and his associates and the representatives of the 
Canadian Government in person. A strong sentiment 
prevails in favour of the establishment of the best 
treaty that can be mutually agreed upon. The out- 
look for improving business is sale with little 
confidence, and merchants and manufacturers are 
pursuing a very cautious course. A resumption of 
normal activities is predicted by our best trade authori- 
ties during the course of the winter. A national con- 
vention of sheet-steel manufacturers, held recently at 
Pittsburg, decided to maintain rates where they are in 
view of the freight rates. At present about two-thirds 
of the steel sheet capacity is employed. Makers in 
general are inclined to wait for demand to come to 
them rather than to invite it by any concession in 
prices. The pee ye purpose of the iron and steel 
interests is to do all “a "* to preserve uniform prices 
year in and year out. This is possible of accomplish- 
ment by those in control of their own sources of supply 
of raw material and means of transportation to the 
mills. The independents, who are obliged to purchase 
raw material in the open market, are less able to 
maintain this uniformity, but there is a disposition 
upon the part of those who control sources of supply 
to make the pathway as smooth as possible. It is 
their interest to do so in order to prevent the inde- 
weeny from cutting prices, and thus taking some 
usiness from those who control their own sources. 
Besides, the great concerns want to co-operate with 
and secure the assistance of the independents in the 
maintenance of just rates as a permanent future 
policy. And yet there may be influences and cir- 
oe which Bd operate to eee with this 
nign purpose. ere is so much more capacit 
in the steel industry than probable demand on 
that some sort of an offensive and defensive agree- 
ment must be arrived at. 





THe STarFORDSHTRE IRON AND Sree. InstTITUTE.— 
The fourth meeting of the session will be held at the 
Institute, Wolverhampton-street, Dudley, on Saturday 
next, the 2ist inst., at 7.15 p.m., when Mr. O. F. Hudson, 
M.Sc., will read a paper on ‘‘ The Condition of Carbon in 
Cast Iron.” The paper will be illustrated by lantern 
views. 

RoraL AGRicutTuRAL Society or Eneitanp.—This 
Society’s seventy-second annual exhibition will be held 
at Norwich, from Monday, June 26, to Friday, June 30. 
The regulations for the exhibition and trial of agricultural | 
implements, co paemegy. &c., have now been issued, and 
can be obtained from the secretary, Mr. Thomas McRow, 
16, Bedford-square, W.C. 





Ipswich ENGINgERING Socrrty.—A general meeting of 
me bg ty A a bod the =. esos 
wi y, the inst., when a paper on “‘ Oil- 
Engin he Mr. K. O. Keller, member, ~e read and 
disc The paper gave a brief history of oil-engines, 
and dealt with fuel, the classification of engines, the two 
cycle and four cycle, ignition, Diesel engines, country- 
house lighting sets, and so forth. 





MixepD-PressuRE TURBINES.—Messrs. Dick, Kerr, and 
Co., Limited, of Abchurch Yard, Cannon-street, E.C., 
have recently installed at a colliery in Scotland two 
mixed-pressure turbo-alternators, rated at 500 kw. each. 
The machines, which are of the impulse type, are designed 
to develop their full power when supplied either with 
exhaust steam at 16 1b. absolute, or with live steam at 
90 Ib. pressure, the vacuum being 274in. They will, 
moreover, carry an over-load of 25 per cent. for two hours, 
or one of 100 per cent. for five minutes. The generators 
are designed to give 625 kilo-volt amperes, equivalent to 
500 kw., at 80 per cent. power-factor. The potential is 
3000 volts, and the cycles 50 per second, when running 
at 3000 revolutions per minute. The temperature rise 
does not exceed 70 deg. above an air temperature of 77 deg. 





Fahr., after an eight hours’ run at the full rated load. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Manufacturers’ Own inions.—Many of the views 
given in this column during the year upon the state of 
trade in Sheffield receive interesting confirmation in the 
personal opinions of several of the leading manufacturers 
in the city, recently B ngunee expressed. One of the most 
salient features of the year, ing to their reports, 
was the big trade done in all varieties of oe steels 
and tools. Several manufacturers spoke of expanding 
foreign and Colonial businesses, but there were complaints 
about the quietness of thingsat home. All-round optimism 
was expressed as to the prospects for the current year. 


South Yorkshire Coal Trade.—The general tone of the 
coal market is good. Industrial expansion is responsible 
for the increasing demand, and a number of 
contracts, in some instances to cover the year, have been 
fixed up. The firmness of present prices and the pros- 
pects of the immediate future suggest that early in- 
creases may be expected. A fair amount of has 
been dealt with, and slacks are bought up quickly. The 
delay in fixing up railway contracts continues, and the 
companies are still in the open market. House-coal is 
well placed, and recent sharp weather has had an appre- 
ciable effect —_ buying. Most of the collieries are 


pretty clear of stocks, and prices are steady. Latest 
Change quotations :— Best poe Ha 12s. to 13s.; silk- 
stones, 10s. to 11s.; Derbyshire brights, lls. 6d. to 


12s. 6d.; Yorkshire hards, 9s. to 10s.; Derbyshire hards, 
8s. to 8s. 9d.; washed nuts, 8s. to 9s.; rough slacks, 6s. to 
6s. 3d.; seconds, 3s. 6d. to 4s. 9d.; smalls, 1s. to 2s. 3d. 


Iron and Steel.—The rise in iron prices has not kept 
buyers out of the market. Steel makers are displaying 
“aewes A of activity in their —— and a good deal of 

ematite has been bought. Producers, however, are not 
inclined to contract too far forward, and on their present 
transactions are obtaining the recently-advanced quota- 
tions. The advances are also being maintained on the 
Lincolnshire and Derbyshire common irons, and makers 
of the former qualities are demanding a premium. There 
is not so much foreign competition in billets, and the 
home makers are ing a slight increase in prices. 
The bar iron demand is of fair proportions. Steel 
sections hold a strong position on the market. The 
heavy steel trades are moving forward steadily, but at 
present rather quietly. Armament departments are, of 
course, very busy, but more general activity is expected 
with the extension of shipbuilding orders. There is a 
certain amount of Continental competition in forgings 
which has to be taken into consideration. Perhaps the 
most flourishing trade is that being carried on the 
various high-s) and special steel manufacturers. me 
of them are finding a difficulty in coping with the de- 
mand, so heavily have the New Year inquiries taxed their 
resources. Two counteracting factors are at work which 
have not yet adjusted themselves. The one is the de- 
crease in prices brought about by extensive competition, 
and the other, in favour of the makers, cheaper methods 
of production—the results of experimental experience. 
Foreign demands for these specialities are the most 
numerous, but there are welcome signs of a reviving 
home market. Asevidence of the improvement in rail- 
Hf steel it may be mentioned that in some departments 
full time is being worked. There are indications that 
better times are in store for the other branches. The cut- 
put of general tools is very large, and file-makers, in 
; of fluctuations, are, on the whole, doing very well. 

gineers are taking larger quantities. Gardening im- 
plements are not at present realising expectations. 








Contracts.—Messrs. Willans and Robinson, Limited, 
have recently received orders for four Willans Diesel oil- 
engines, each to develop 282 brake horse-power, for driving 
direct-coupled alternators. Two of these engines are for 
the Alianza Company, Limited, London, and two for the 
Rosario Nitrate Company, London. 


BIRMINGHAM AND MIDLAND INsTITUTE CONVERSAZIONE. 
—The above conversazione took place in the Birmingham 
Town Hall and at the Institute on the evenings of January 
10 to 13 inclusive, the total attendance during the time 
being 5474. The mme included selections of music, 
dancing, the exhibition of scientific instruments, artistic, 
archeological, and general exhibitions, and the orm- 
ance of an opera. Among the scientific exhibits were 
colour- photography, modern gun-mounting, and electrical 
domestic appliances. A number of archaic musical 
instruments were also shown, as well as illuminated 
manuscripts, ecclesiastical embroidery, rare and early- 
printed books, and ancient coins. 








ATHERIUM.—We are informed that a new white metal 
alloy, called “‘atherium,” has recently been brought out, 
which has some remarkable properties. In the first place, 
it is lighter than aluminium ; the specific gravity is 2.4 to 


2.57, according to the mixture. Combined with this 
remarkable lightness, the alloy has a tensile stength of 
18.66 tons to the square inch. A test made by Mr. R. H. 


Harry Stanger, of Westminster, on a test-piece 0.628 in. 
in diameter, showed an elastic limit of 33,712 lb. per 
square inch, and an ultimate strength of 41,798 lb. per 
square inch. The extension on2in. measured length was 
17.5 per cent., and the reduction of area was 39.1 per 
cent. The alloy has the valuable paps of making 
good sound castings, and works well in rolling and turn- 
ing: Clean screw-threads can be cut, and it can al: 

soldered, forged, and welded. It does not tarnish or 
corrode, and Withstands the action of sea-water. It is 
also electrically positive ; the conductivity is about 55.1. 
The sale of this alloy is in the hands of Messrs. Pritt, 
Bowley, and Oo., 46, Fenchurch-street, London, E.C: 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
dealings in Cleveland warrants consisted of 1500 tons at 
49s. 104d. cash, with buyers over and sellers quoting 
49s. 11d. cash, 50s. 3d. one month, and 50s. 94d. three 
months. Hematite was firmer, and 3000 tons were done 
at 67s. 4d. and 67s. 44d. one month, with buyers over, and 
sellers at 67s. 6d. In the afternoon the market was easier, 
and 1500 tons of Cleveland warrants c! hands 
at 49s. 10}d. cash and eight days, and at 50s. 7. Soe 
months. Closing quotations were 49s. 94d. cash, 14d. 
one month, and 50s. 9d. three months sellers. Hematite 
quotations were 67s. 1d. cash, and 67s. 5d. one month 
buyers, and 67s. 2d. cash, and 68s. 3d. three months sellers. 
On Friday morning the market was fairly steady, and 2500 
tons of p ewren warrants were dealt in at 49s. 10d. and 
49s. 9d. cash, 50s. 1d. one month, and 50s. 7d. three 
months, and at the close sellers quoted 49s. 94d. cash, 
50s. 14d. one month, and 50s. 74d. three mont The 
business in hematite amounted to 2000 tons at 67s. 14d. 
and 67s. 2d. cash, and 67s. 6d. one month, with buyers 
over for each position at the higher values. In the after- 
noon Cleveland warrants were stronger, and 1500 tons 
changed hands at 49s. 104d. cash, 50s. 14d. one month, and 
50s. 8d. three months. Closing sellers quoted 49s. 11d. 
cash, 50s. 24d. one month, and 50s. 9d. three months. 
Hematite was firmer, with sellers at 67s. 6d. and 
683. 44d. three months. On Monday morning the market 
was quite idle, but Cleveland warrants were the turn 
firmer at 49s. i. cash, 50s. 34d. one month, and 50s. 10d. 
three monthssellers. Hematite was quoted easier at 67s. 2d. 
cash buyers, and 67s. 3d. cash and 3d. three months 
sellers. The afternoon session was also idle, and sellers of 
Cleveland warrants quoted 49s. 114d. cash, 50s. 3d. one 
month, and 50s. 94d. three months. Hematitewas 1d. down 
from the morning at 67s. 2d. cash and 68s. 2d. three 
months. On Tuesday morning the market was quiet and 
easier, and 1000 tons of Cleveland warrants were dealt in 
at 49s. 10d. cash and 50s. 1d. one month, and closi 
sellers quoted 49s. 10d. cash, 50s. 14d. one month, an 
50s. 8d. three months. Hematite was a trifle easier, and 
1000 tons changed hands at 67s. seven days, with oo 
at 67s. 3d. one month and sellers at 68s. 14d. three 
months. In the afternoon the tone was weak, and 1500 
tons of Cleveland warrants were done at 50s. 04d. one 
month, and at the close the oe were 49s. 94d. 
cash, 50s. 1d. one month, and 50s. 7d. three months 
sellers. Hematite was not quoted. When the market 
opened to-day (Wednesday) an improved tone prevailed, 
but the dealings only consisted of 1000 tons of Cleveland 
warrants at 50s. 7d. three months. Closing sellers quoted 
49s. 104d. cash, 50s. 14d. one month, and 50s. 8d. three 
months. Hematite was firm at 68. 3d. sellers and 68s. 
buyers, three months. In the afternoon the market 
was dead idle, but Cleveland warrants were nominally 
steady at 49s. 10d. cash, 50s. 14d. one month, and 50s. 8d 
three months sellers. Hematite was the turn easier, with 
buyers naming 67s. 10}d., and sellers 68s. 2d. three 
months. The following are the market quotations for 
makers’ No. 1 iron:—Clyde and Calder, 62s. 6d.; Gart- 
sherrie, 63s.; Langloan, 64s. ; Summerlee, 65s. 6d.; and 
Coltness, 82s. 6d. (all shipped at G w); Glengarnock 
(at Ardrossan), 65s.; Shotts (at Leith), 64s.; and Carron 
(at Grangemouth), 66s. 6d. 


Sulphate of Ammonia.—The sulphate of ammonia 
market continues to maintain a fairly firm tone and in- 
quiries are quite satisfactory. price to-day is 
13/. 6s, 3d. per ton for prompt delivery, G w or 
Leith. The amount shipped from Leith Harbour last 
week was 1361 tons. 


Scotch Steel Trade.—The effect of the stoppage for the 
holidays _——_ being overcome, but business in the 
Scotch s trade not yet come away as strongly as 
was expected. Inquiries for plates and angles, , are 
more numerous, and while there has been an increase in 
the placing of fresh contracts, there is a reported scarcity 
of specifications. Producers’ prices are very stiff, and 
new business is only being accepted at a higher level of 
values than the official minimum selling rates. kers 
of light steel material and structural sections are all very 
busy, and some respectable lots of black sheets have just 
been sold for early shipment to India and Australia. 


Malleable-Iron Trade.—The malleable-iron trade of the 
West of Scotland has not yet got into full swing, but an 
early recovery is anticipated. Specifications are on the 
small side, and although business is perhaps no better, it 
is at least no worse than it was. The cad coent price 
for crown bars is 7/. 2s. 6d. per ton, less 5 per cent. 
delivered, while the export figure is about 17s. 6d. per 
ton under that quotation. 


Scotch Pig-Iron Trade.—Some improvement falls to be 
recorded in the demand for the ordinary qualities of 
“cotch pig iron, especially from consumers in the south, 
and deliveries have recently been on a fairly heavy scale. 
Inquiries are good and some satisfactory business has been 

ut through even with prices being quoted very firm. 
Movement in hematite is rather slow, owing to the firm- 
ness in producers’ price, which is named at 71s. 6d. per 
ton. All the same, existing contracts are taking up a 
fair proportion of the output. 





Wetsu Coat Exports.—The principal shipments of coal 
from British Channel ports inet your = ed ps follows 
with those made in 1909 : to France, 5,276,287 tons, agai 
sen apres Se oem et 

2 * . '’ tons ; 
Brazil, 1 268 806 tons, against 1,048,333 tons; an 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—After the recent rather 
heavy transactions, the quieter turn that Cleveland pig 
has taken was not altogether unexpected. Values of 
Cleveland iron are a little easier, and buyers are holding 
off, but the lull is not expected to be of long duration. 
A most hopeful view is‘taken of the future, and some 
sanguine traders go so far as to predict record outputs 
this year in certaindepartments. Certainly there is good 
reason to believe that the next few months will be charac- 
terised by very considerable activity. Deliveries of pig 
iron are on a fairly good scale for this season of the year, an 
shipments are expected to improve y. The — 
market quotation for this month’s f.o.b. delivery of No. 3 
g-m.b. Cleveland pig iron is 50s., though some ers 
endeavour to fix the price at 49s. 1 
purenases from second hands at the latter figure. No. 1 
varies from 54s. to 55s., and is still scarce. No. 4 foundry 
is 48s. 10}d.; No. 4 forge, 48s. 74d. ; and mottled and 
white iron, each 48s. 14d. For forward delivery rates are 
6d. to 1s. above the foregoing quotations. Fairly 
sales of East Coast hematite pig are reported, and values 
are moving upward. Nothing under 65s. 6d. is now 
named for early delivery of Nos. 1, 2, and 3, and several 
firms ask 66s., whilst for forward business more is asked, 
and 67s. 6d. has been paid for delivery beyond the end 
of June. Foreign ore is vay gueee, ough business is 
quiet owing to consumers being well bought. Sellers 
take a very firm stand, and quote best Rubio 22s. to 
22s. 6d. ex-ship Tees. Coke is steady and in demand 
for local use. Average blast-furnace qualities stand at 
16s. delivered here. 


Cleveland Ironstone Miners’ 
meeting of the Cleveland Ironstone Mineowners’ 
ciation was held at a on Monday, when 
the question of wages to be paid during the ensuing 
three months was discussed. The owners stated the 
effect of the recent ascertainment of the price of iron 
and claimed that they were entitled to a reduction in 
wages of 1.45 per cent. The deputation was not pre- 
pared, however, to come to any settlement without first 
consulting the men in the district, and it was understood 
that a further meeting would be held on Monday, 
January 30. 


Manufactured Iron and Steel.—Ver 
counts continue to be given of nearly all branches of the 
manufactured iron and steel industries. Many producers 
have contracts made which will keep them employed over 
the greater part of the year, and there are still orders 
in the market. Substantial orders for steel rails are 
understood to have been placed lately. Advances in 
values «| be announced at any time. Common iron 
bars are 7/.; best bars, 7/. 7s. 6d.; best best bars, 7/. 15s.; 
packing iron, 5. 15s.; iron ship-plates, 6/. 12s. 6d. ; iron 
ship-angles, 7/.; iron ship-rivets, 7/. 7s. 6d. ; iron girder- 
tes, 61. 17s. 6d.; iron boaiee-gtaeen, 7l. 7s. 6d. ; steel 

61. 5s.; steel ipgetan, . 15s.; steel ship-angles, 
61. 7s. 6d.; steel boiler-plates, 7/. 10s.; steel strip, 6/. 10s.; 
steel hoops, 6/. 12s. 6d.; and steel joists, 6/. 5s. to 61. 7s. 6d. 
—all less the customary 24 per cent. discount. Cast-iron 
columns are 6/. 10s.; cast-iron railway chairs, 3. 10s. ; 
light iron rails, 6/. 10s. ; heavy steel rails, 5. 15s. ; and 
steel railway sleepers, 6/. 12s. 6d.—all net at works. Iron 
and steel galvanised corrugated sheets stand at 111. 5s. 
f.o.b., less the usual 4 per cent. 


Wages.—The quarterly 
Asso- 


satisfactory ac- 





NOTES FROM THE SOUTH-WEST. 
Cardiff.—In some quarters there is an impression that 
some decline in steam coal will be sh witnessed. 
Colliery owners, having full order books for January and 
part of February, show, however, no disposition at pre- 
sent to accept lower rates. The best large steam-coal 
made 17s. to 17s. 6d. per ton, while secondary qualities 
have ranged from 15s. 9d. to 17s. per ton; best bunker 
smalls have made 9s. 9d. to 10s.; and cargo smalls, 
to 8s. 6d. per ton. House coal has shown firmness, 
sellers finding it not an easy matter to keep pace with 
the orders received. The ordina: _— have 
made 14s. 6d. to 16s. 6d. per ton; No. hondda large 
has brought 17s. to 17s. 6d.; and smalls, 10s. to 10s. 6d. 
per ton. No. 2 Rhondda | has been quoted at 13s. 3d. 
to 13s. 6d. ; and smalls, 7s. 3d. to 7s. 9d. per ton. Coke 
has maintained recent rates, foundry qualities making 19s. 
to 22s., and furnace ditto, 16s. 6d. to 17s. 6d. perton. As 
regards iron ore, Rubio has been quoted at 21s. 6d. to 
22s. per ton, upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 
Newport. 


Lundy Island.—A great fall of cliff has occurred at 
Lundy Island, close to the wreck of the battleship 
Montague. The land-slide demolished the approach to 
og Quay, the only landing-place during easterly 
es. 
Dowlais.—The works have been 


busy, the 
blast-furnaces, the Goat Mill, the Big Mil, and the 
Bessemer being well occupied. The turn-out at the Goat 
Mill was very considerable, and a similar report may be 


made with respect to the Big Mill. 

The ‘‘ Centurion.” —The first keel-plate of the battleship 
Centurion was laid at Devonport Dockyard on Monday 
by Lady Fawkes, wife of Admiral Sir Wilmot Fawkes. 
This ship will be the fifth of the Dreadnought type built 
at Devonport, and will be practically identical to the 


-» and report small | } 


rate of 214 knots. 
three torpedo-tubes. 

Water Supply of Merthyr.—The Town Council of 
Merthyr Tydfil has deposited a Bill for consideration 
next session to make further provision for the water 
supply of the borough. The Bill proposes to authorise 
the Council to construct, at an estimated cost of 399,972/., 
an impounding reservoir for storing the waters of the 
Taf Fechan and its tributaries. e reservoir will be 
formed by means of a dam across the river in the parishes 
of Llanddelly and Vaynor. The period required for the 
construction of this reservoir and the subsidiary works, 
comprising diversions and aqueducts, is ten years 
from the passing of the Act; and provision is made for 
obtaining a temporary supply of water until the comple- 
tion of the reservoir. 

Great Western Railway.—A complimentary address has 
just been presented to Mr. R. A. Oatridge, who is retir- 
ing, after fifty years’ service, from the position of 
inspector of mechanics on the Great Western Railway. 
Of Mr. Oatridge’s fifty years’ work, sixteen have been 
spent at Bristol, to which he passed from Swindon. 


She will carry thirty-four guns and 





Tue Socrery or Enoineers (INCORPORATED).—The 
annual dinner of the Society of ineers (Incor- 
rated) was held in the Victoria Hall of the Criterion 
taurant on the evening of the 18th inst. There was 
a total attendance of some eighty, ie up of members, 
ladies and visitors. The chair was taken by the President, 
Mr. Diogo A. Symons, M. Inst. O.E., M.I. Mech. E., 
and after the usual loyal toasts, Colonel Sir Edward 
Raban, K.C.B., pro the toast of ‘‘ Applied Science,” 
which was replied to by Professor C. Vernon Boys, F.R.S. 
**Kindred Institutions” were } peapeaee by Mr. J. W. 
Wilson, M. Inst. C.E., M.I.Mech.E., and responded 
to by Mr. Alexander Siemens, Pres. Inst, C.E., in an 
amusing speech, in which Mr. Siemens claimed that 
engineers were indeed the salt of the earth. After the 
toast of ‘‘The Ladies” had m pro and replied 
to, the company adjourned to the reception room while 
the hall was prepared for the programme of music which 
formed the final item of an enjoyable evening. 





Tue ‘‘PaRaGon” MARINE PROPELLER. — A quite 
unusual type of marine propeller, which is the invention 
of Mr. L. Vojacek, an Austrian engineer, is being intro- 
duced into this country by the “‘ Paragon” Marine Pro- 
pallor Company, of 11, Bush-lane, Oannon-street, E.C. 

he device departs radically from ordinary screw-pro- 
— practice, and consists of a type of horizontal 
eathering paddle-wheel. The wheel has two blades 
which are carried at the end of a vertical shaft below a 
horizontal disc, and which are completely and continu- 
ously immersed at an unvarying depth below the water 
surface. The blades are pivoted on vertical pins, which 
project from the underside of the disc and are driven by 
an epicyclic train of wheels inside the disc in such a way 
that not only is a feathering motion obtained for the 
blades, but, in addition, they may be turned about 
their centres, so that the feathering position may be 
varied in relation to the boat. This allows the propeller 
to be used for reversing and steering, as by rotating the 
blades in one direction or another the boat will turn to 
the right or left. It will be understood that this method 
of steering and reversing does not involve the reversing of 
the engine, so that the system should be particularly 
applicable to boats driven with petrol-motors. Further, 
as the steering is done by the propeller, and not with a 
rudder, the movements of a boat fitted with this system are 
very closely under control, and a boat may be made to 
turn on its own centre if necessary. It is stated that the 
propeller causes no side-wave, and is thus particularly 
suitable for use on canals and narrow rivers, as it less 
tendency to cause erosion of the banks than has other 
types. 





Luoyp’s Recister or British AND Forricn Suip- 
PING.—The returns of vessels lost, condemned, &c., 
during the quarter ending September 30 last, including 
only vessels exceeding 100 am, reported up to 
December 23, have just been issued by Lloyd’s ister. 
As might be expected, Britain has suffered most 
during the period, having lost twelve gs aggronat- 
ing 24,343 gross tons, which is, however, only 0.15 per 
cent. of the total tonnage owned. Of these twelve vessels 
eight were wrecked, one burnt, one sunk in collision, 
one foundered, and one was sunk by explosion at sea. 
The British Colonies have lost four steamers, totalling 
1985 tons, or 0.15 per cent. of the total tonnage ; three of 
these vessels were wrecked and one foundered. Germany 
is the next largest loser, eight vessels, with an gate 
gross of 17,619, having been reported during the 
quarter. tonnage lost in this case is 0.44 cent. 
of the total. Japan, ay & and Spain follow with 
5628, 2159, and 1427 tons (0.49, 0.15, and 0.19 per cent.) 
respectively. A Belgian steamer, of 1149 tons, and a 
Peruvian vessel, of 3305 tons, both of which were de- 
stroyed by fire, are the only other important casualties 
during the period. Coming now to sailing vessels, we 
find that the United Kingdom again heads the list in 
the matter of tonnage lost, four vessels, making together 
7666 tons ate per cent.), having been mone Sry The 
British Colonial losses in this section were three vessels, 
totalling 3465 tons, or 1.69 per cent. of the tonnage owned. 
Following in order of magnitude are the United States, 
with eight vessels (6935 tons); Germany, three vessels 
(5136 tons) ; Norway, six vessels (4747 tons) ; and Sweden 





King V., also commenced on Monday at Ports- 
mouth. She is 564 ft. long by 89 ft. beam, and will 





Argentina, 2,442,024 tons, against 2,064,275 tons. 





have a displacement of 23,600 tons. Her engines will | 
work up to 31,000 horse-power, and she is to steam at the | 





five vessels (1049 tons), the ratios to the tonnage 
owned being 0.62, 1.37, 0.8, and 0.77 per cent. tively. 
The losses sustained by other countries during this period 


were in each case less than 1000 tons. 
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TESTING APPLIANCE FOR REDUCTION GEARS. 


CONSTRUCTED BY MESSRS. HENRY WALLWORK AND CO., LIMITED, 


ENGINEERS, MANCHESTER. 
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‘Tue figures on this page illustrate a special apparatus | shaft of the gear under test. The low-speed side of 
which has been constructed ty Messrs. Henry Wall-| the gear is coupled, through a transmission dynamo- 
work and Co., Limited, of Union Bridge Iron Works, | meter, to the low-speed side of a second special gear, 
Manchester, for testing the speed-reduction gears | the efficiency of which is accurately known. The 
which they manufacture in large quantities. As is | high-speed end of this second gear drives a dynamo, 
woxp Bigh, viistention, endl Tit egamsten Man toms Wien” WK anunagaas ofthe appurtien on: te 

. ‘ le s e 
pe ser b meee Np toe “wo with a view of main- works’ test-plate is shown in Fig. 1 ; a is the drivin 

ining a high stan in their gearings and of giving | motor, b the gear under test, c the special gear 0} 
— = 4 arate of 7 at rnp aa efficiency, — d A ow dynamo. oa be — 

. one rn ows gears of any ratio wo measures of the efficiency of the gear under 
tested from no load to considerable overload, and, as ‘test may be obtained, the first from a comparison of 
the type of load used is an electrical one and very | the input to the motor with the readings of the trans- 
flexible, changes of load may be made almost instantly, | mission dynamometer, and the second from a compari- 
so that a complete series of readings for the gear under | son of the input of the motor with the output of the 
—— a may very easily be er oa d : 0. en a similar gears are jog J tested 

n essence the t consists of an electric | the dynamometer and special gearing may be dispensed 
motor, with known losses, which drives the high-speed | with and the two gears coupled together, so that a 








urely electrical or Hopkinson test may be carried vut. 

his gives the gearing efficiency with extreme accuracy. 
The special test-gear is fitted with a worm-wheel, con- 
sisting of a hard phosphor-bronze rim, bolted to a cast 
iron centre, and arranged so that the rim may be 
removed and another substituted when it is desired to 
alter the ratio. Several different rims and correspond- 
ing worms are kept in stock, so that the gear may be 
used for testing other gears of various ratios. 

The transmission dynamometer is mounted on the 
projecting end of the wheel-shaft of the special test- 

ar, as shown in =~. 2 and 3, and forms a coupling 

tween this gear and the one under test. It consists 
of two steel discs, 28 in. in diameter and 3 in. thick, 
each cast with a centre boss giving a bearing about 
6 in. long on the shaft. The disc next to the special test- 
gear is keyed to the shaft, while the other is fitted with 
two ball-bearings and is free to rotate independently. 
The front face of this free disc is provided with T-slots 
extending radially from its centre to its cireumference, 
so that the coupling of the gear under test may be 
bolted up against it. The slots allow of couplings of 
any diameter up to the limiting maximum, and with 
either two, three, or six bolt-holes, to be connected up. 
Each of the two discs is provided, on its inside face, 
with five 2-in. pins, equally spaced at 12-in. radius, 
and spiral extension springs are arranged connecting 
the pins of one disc to the corresponding pins of the 
other. The whole of the torque transmitted by the 
dynamometer passes through these springs, which 
stretch proportionately with the load, so that the 
rotation of the free disc relative to the fixed one gives 
a measure of the torque transmitted. 

The arrangement used to measure the relative rota- 
tion of the discs, or, what is the same thing, the stretch 
of the springs, is shown in Figs. 4 and 5, which give 
sections of the centre part of the two discs and of the 
outer bearing of the special test-gear respectively. It 
will be seen from these figures that the test-gear shaft 
is hollow, and that it is fitted inside with a small steel 
spindle, which is broken at a point near to its inside 
end, as shown in Fig. 4. The ends of the two parts of 
the spindle are cut off at an angle of 45 deg., and are 
pressed together by a spiral spring working against 
a collar on the spindle, as shown in Fig. 5. The 
inside part of the spindle carries a short link with a 
slot at one end, which works on a pin screwed into the 
moving disc, so that as this disc rotates it carries the 
inside end of the spindle with it. The link can be 
seen in Fig. 2, while it is shown to a larger scale in 
Figs. 4 and 6. The outer part of the spindle is fitted 
with a feather, and revolves with the fixed disc, but 
is free to slide endwise in the hollow shaft, and it 
will be clear that if the rotating disc makes any move- 
ment, relative to the fixed one, owing to the stretch of 
the springs, the outer part of the spindle will be 
pressed in a right-hand direction, owing to the 45 deg. 
end surfaces of the two parts travelling over each 
other. The endwise movement of the spindle is indi- 
cated in thousandths of an inch by a Brown and Sharp 
indicator, which is carried on a cast-iron bracket at 
the outer side of the gear, where it may be readily 
kept under observation. The indicator is divided 
into 100 divisions, but five complete revolutions of the 
needle are required to equal the maximum extension 
of the springs, so that an actual scale of 500 divisions 
is obtained. The value in pounds pull at 1 foot radius 
per division has been found by calibration with every 
number, from one to five, of the oe use, and 
from these calibrations five curves have been plotted, 
from which the horse-power transmitted at any read- 
ing may be readily obtained. 

The stretch of the spiral springs of the dynamometer 
is, of course, proportional to the torque applied ; 
and to prevent overstrain and maintain the accuracy 
of the apparatus, stops are fitted limiting the relative 
rotation of the discs. These stops can be seen in 
Fig. 6. The springs were — by Messrs. Salter, 
while the ball- are of Hoffmann make. 
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THE DOUBTFUL FACTOR IN 
DEPRECIATION RATES. 


AccounTANCY is a subject of little enough in- 
terest to the average engineer, and yet many aspects 
of it demand his consideration and attention if 
financial soundness is to be attained in the manu- 
facturing businesses with which he is so frequently 
connected. The branch of it dealing with deprecia- 
tion is one which, especially, cannot adequately be 
dealt with by accountants alone, and its sound 
treatment requires the co-operation and assistance 
of engineers. This fact is clear, since obviously no 
one can so properly determine the life—useful or 
otherwise—of, say, a machine-tool, as an engi- 
neer familiar with its construction, and with 
ailments to which use and age may subject it. The 
precise meaning of the word ‘‘ depreciation,” or, 
rather, the precise financial om y which it is to 
be covered, varies so much, both in theory and prac- 
tice, that for our present purpose it will be advisable 
to consider provision against depreciation merely as 
the setting aside of a definite fund to cover the 
sum which must be written off each year to allow 
for the gradual deterioration of the plant of a 
manufacturing establishment. 

The falling off in value of a man t 
which takes over a course of years is due to 
two causes, of which the first is the actual employ- 


Eleo- situated ma: 


e| the time the conversion was made. 


|ment of the plant on the work for which it is 
intended, and the second is the obsolescence which 
may take . due entirely to external develop- 
ments, with which the works in which the plant is 
very possibly have not the slightest 
relation. e first of these causes of falling value 
|is usually known as depreciation, while the second 
| has at times been termed antiquation ; but it is 
“unusual for this latter term to appear ina ce- 
sheet, and the term ‘‘ depreciation,” as ordinarily 
/used, must be held to cover both causes of falling 
‘value. If this is so, it is clear that depreciation 
rates must be fixed to cover both these causes. In 
many quarters this is, of course, recognised, and it 
was given full prominence in an admirable pa 
dealing with this subject, which was read by eer. 
H. F. Donaldson before the Junior Institution of 
Engineers on the 12th inst. None the less, it 
may be doubted if this double aspect of deprecia- 
tion receives in general the attention it deserves, and 
if, in too many quarters, there is not a tendency to 
fix a depreciation rate based on the idea that the 
useful life of a machine is determined only by the 
wear and tear it is subjected to when performing 
the work for which it has been built. This point 
of view entirely ignores the fact that although a 
machine, after a few years’ use, may be performing 
its original duty with undiminished efficiency, it 
may none the less be quite obsolete, owing to the 
fact that progress in design or construction may 
have caused the introduction of machines of 
new types which are capable of carrying out the 
same work as the machine in question, both 
better and more economically. There is no diffi- 
culty in finding examples from practice to illustrate 
the fact that this forced depreciation of machinery 
actually does take place. The serious fall in value of 
numberless comparatively modern machine-tools as 
a result of the introduction of high-speed steel is 
an excellent example, and one that has often been 
quoted ; while a somewhat similar case was afforded 

y the capital depreciation of many shaping and 
planing-machines consequent on the development 
of milling as a machine process. Other examples 
are at hand as a result of the modern develop- 
ment of electric power. The supersession of large 
numbers of workshop power plants and much horse- 
drawn rolling-stock are cases in point. 

If a depreciation fund is to cover not only the 
fall in te of machinery owing to its wear and 
tear in legitimate use, but also its fall in value due 
to external developments in the mechanical arts, it 
is clear that an accountant, pure and simple, will 
be quite incompetent to fix the rate on which the 
fund is based. If, on the contrary, the fund is to 
take cognizance of depreciation due to age and use 
only, then it is obvious that, although even here an 
accountant is not properly capable of fixing the rate, 
none the less he will be quite able to attend to the 
matter by working on the basis of certain per- 
centages, the accuracy of which has been fairly well 
established by experience. The point we wish to 
dwell on, however, is that such fixed rates can have 
no really accurate application to the conditions of 
most machinery at the present day, and that the 
settling of depreciation percentages is a matter for 
engineering rather than clerical staffs. The matter 
is difficult enough in any event, and nothing more 
than an approximation, frequently far enough from 
the truth, can be expected: Manifestly, no engi- 
neer can be expected to foresee totally new develop- 
ments which, revolutionising many methods of 
manufacture, may seriously reduce the capital value 
of his plant. No shop manager could have been 
expected, say, 15 years ago, to foresee that 12 years 
from that time it would have become necessary or 
desirable to scrap his power plant and run his shops 
with clectric power purchased from outside. Had 
he done so, it would have been his duty to depreciate 
his plant at such a rate that it would have been 
written down to somewhere about scrap value by 
e im 
bility of — revolutionary changes of this 
sort introduces a doubtful factor in the fixing of 
depreciation rates, which must always be present. 
This is, however, no reason for not the rates 
as accurately as possible, and in many cases a com- 
or engineer will be able, at least partly, to 

hanges and advancement which may tend 
to Geqnesiate bis plant before it is worn out. He 
cannot be expected to anticipate revolutions, but 
he may, none the less, to some extent foresee the 
possibilities of eee already ees as 
a —— arrange for a somew eavier 
factor of depreciation on machinery likely to be 
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affected than would be necessary to cover wear and 
tear only. The fixing of depreciation rates from 
this point of view must be largely a matter of guess- 
work at the best, but in general an engineer with 
a knowledge of his trade is likely to guess nearer 
right than an accountant with merely a knowledge 
of his trade. 

If there be any truth in the idca that the fixing 
of a depreciation percentage is, at the best, more or 
less a matter of guessing, it is bound to affect one’s 
conception of the amount of detail work that is 
justifiable in the rating of, say, a number of ma- 
chine-tools in an eng’neering shop. Such a col- 
lection of tools may be lumped together, and a 
general rate levied on the lot, or they may be 
divided into groups representing different types and 
classes, or, again, they may be treated individually. 
At first sight it might appear that if it is im- 

ossible to estimate really accurately the time 
in which the machines will become uneconomical 
for the duty for which they are intended, then 
the lumping of the whole together and the levy- 
ing of a general rate on the lot is sufficient for 
practical purposes. It may even be said that if 
it is impossible to foresee depreciation resulting 
from external developments, then, since such de- 
velopments are unlikely to occur in such a way as 
to affect many types or classes of machines at the 
same time, that a lumping system is likely to 
result in fair general accuracy, since the per- 
centage error due to the affected type will be 
to some extent swamped by the greater number of 
unaffected machines. This idea sounds plausible, 
but we think there is nothing in it. There are 
certain types of machines and shop fittings on 
which the depreciation can be gauged with fair 
accuracy, and any loss which may be sustained by 
the antiquation of other machines is not lessened 
by a system of book-keeping which charges part of 
it to machines which have had no part in it. 
Further, the employment of such a lumping system 
prevents the proper development of such foresight 
and anticipation of changes as we think is possible 
for a skilled engineer. As an example, the intro- 
duction of turbine-driven electric generators found 
many firms in the possession of large boring- 
machines which had been purchased for use in the 
manufacture of large engine-type alternators, and 
the result of this introduction was that these 
machines became in a very short time practically 
useless. This was a revolution of the type that 
shop managers could not be expected to foresee ; 
but what they could do, assuming the exist- 
ence of a system of treating the depreciation 
of all machines independently, was to begin 
the substantial writing down of these machines 
once the general success of steam-turbines had 
become obvious. With a system of treating all 
machines together, however, this special provision 
against the obvious coming supersession of certain 
ps grcweth could not be so easily carried out. This 
instance is an additional argument in favour of 
depreciation rates being fixed by the shop managers 
rather than by the accountants, as it is clear that 
if the accounting department is actually to have 
the settling of such rates, it would be much 
slower to appreciate the actual uselessness of heavy 
and expensive boring-machines than would a shop 
man who unders exactly what could be done 
with them and what could not. 

Mr. Donaldson, in the paper mentioned above, 
dealt with both the general and individual rating 
of machines, and although he did not express a 
definite preference at the time, we think we are 
correct in saying that he personally prefers the 
individual system. An advantage of it is that it 
enables, as Mr. Donaldson said, ‘‘ the manage- 
ment to follow more closely than the collective 
system admits of, the life-history, and the economy 
or otherwise in use, and indicates the time 
when it is wise and financially sound to scra 
any icular machine.” This ibility of follow- 
ing in detail the economic va‘ue of a icular 
machine is obviously of considerable assistance in 
relation to what we have called the doubtful factor 
in depreciation rates. seypree to the example 
previously mentioned, it is manifest that an indi- 
vidual system of writing down will allow of such an 
exceptional case as the superseded boring-machines 
to be more accurately and easily dealt with than 
would acollective one. We know of an extreme case 
which well illustrates this :—A new factory, built for 
electrical manufacture in this country, just at the 
time of the introduction of the steam-turbine, was 
equipped with machines for the manufacture of 





large-engine type generators. 
velopments, however, actually made these machines 
obsolete before they were used. We have no 
information as to the method of fixing depreciation 
rates actually employed in this case ; but mani- 
festly an individualistic system would have allowed 
of the writing off of these practically useless 
machines much more easily and fairly than had it 
been necessary to spread their depreciated value over 
the whole of the remainder of the new machinery 
in the shops, which was in nu sense superseded, 
or depreciating other than at the normal rate of 
10 per cent. per annum, or whatever the figure was. 





WATER SUPPLY FOR BRITISH 
CANALS. 

Ir is a little more than twelve months since the 
Royal Commission, appointed in 1906 to report on 
the canals and ideal 1 navigation of the United 
Kingdom, issued a bulky Blue Book containing its 
final deliberations and conclusions. This report, 
for one on 2 subject involving such far-reaching 
questions, was received with an indifference which 
can only be charged to its indefiniteness, and the 
unconvincing character of its arguments. As it 
was practically stillborn, and was promptly buried, 
and by most forgotten, it may be as well to remind 
our readers of some of its points before referring, as 
we propose to do, to a Blue Book issued last week, 
connected with the same subject. 

The Canal Commission—or, rather, a majority 
thereof, for seldom has a report been so lacking in 
unanimity, or had tacked on to it so many reserva- 
tions, minority reports, &c.—found it practically 
impossible to make definite recommendations. It 
formulated, however, a schemé of improvement 
which was confined to less than one-third of the 
canal mileage in England and Wales, and which, if 
at any time adopted, would involve the nation in 
very heavy expenditure. No estimate was even ven- 
tured of the total capital cost of the scheme. The 
furthest the Commission trusted itself to go was to 
put forward estimates ranging between 134 and 27 
millions sterling, as the cost of improvements 
needed before the waterways could be considered 
a workable system of channels. What would, we 
wonder, be thought of a man who, let us suppose, 
wanted to buy a second-hand motor-car, and, 
knowing nothing of such matters himself, secured 
expert advice on the cost required to put the car 
in order alone, without troubling to have inquired 
into, and obtaining an appraisement of, the car’s 
value, so that he might judge what the ultimate 
cost to him would be. Naturally people would 
think his folly well requited if he suffered as a 
result of his unbusinesslike methods. The sup- 

case is analogous to what actually happened 
in connection with the canals. We have been 
told what it would cost to improve them, but not 
even a conjecture was made of the cost of acqui- 
sition. The huge figures arrived at ignored the 
cost of purchase and of unification, omitted all 
consideration of harbours, basins, wharves, ware- 
houses, and their necessary equipment, barges and 
tugs, and the provision of lighting and power where 
required ! 
gging in the wake of this fiasco there now 
comes another volume, which, though full of good 
and earnest work, will, we fear, G completely 
overshadowed by the futility of its chief predecessor. 
The interest in, and, in fact, the value of, the 
a by Mr. R. B. Dunwoody, Assoc. M. Inst. 
C.K., to the Water Supply Committee of the Canal 
Commission, now published as Vol. X. of the series 
of reports, excellent though they be, is largely dis- 
counted by the fact that the resuscitation of inland 
navigation on the linesschemed in the Final Report 
of the Commission is altogether chimerical. 

Mr. Dunwoody’s series of reports deals with 
the water supply for the four main routes which 
occupied most of the Commission’s attention. The 
routes are taken in detail, and the available or 
procurable supplies carefully worked out. It has 
possibly been forgotten that the four routes were 
as follow :—(1) Birmingham and Leicester to 
London ; (2) Fradley Junction and Leicester to 
the Humber; (3) Birmingham and Wolverhamp- 
ton to the Mersey ; (4) Birmingham and Wolver- 
hampton to the Severn. Incidentally it may 


be pointed out that the estimate for what the 
Commission thought the most feasible scheme, 
amounting to 17} millions sterling, included no 





pe carmen for the improvement of the network 
waterways at the very heart of the system which 





The unexpected de- 


now accommodate only small barges, and, as we 
showed ina review last week, contained in a circle 
of about 74 miles radius no less than 179 locks and 
10,856 yards of canal tunnels, of which the greater 
part is only large enough to admit of legging. 

In view of the character of the main report, it 
will be sufficient to summarise briefly the results of 
Mr. Dunwoody’s investigations, though they deserve 
a better fate, if only for the amount of pains 
bestowed on their preparation. The arduous nature 
of the task, and the conscientious manner in which 
it has evidently been prosecuted, leads us to regret 
that so much excellent effort should be expended in 
a direction likely to lead only to negative results. 

Briefly put, for a 100-ton barge scheme, the cost 
of making arrangements to supply water to the 
canals would be 428.8821., and for a 300-ton barge 
scheme 764,542/. The supply available or pro- 
curable is said to be sufficient for all routes for the 
100-ton scheme. On two routes, however, it would 
probably be insufficient for the 300-ton scheme, 
while on a third the cost of powers for obtaining it 
would be prohibitive. On only one route, there- 
fore, would the larger scheme be possible. But 
here comes the point. These estimates neither 
include the cost of obtaining powers over the 
Rivers Trent, Tove, Ouse, Colne, Avon, Dane, 
Penk, Stour, Salwarpe, and Smestow Brook, nor 
that of further powers over the supplies to exist- 
ing reservoirs, nor the cost either of compensation, 
or of engineering, legal, and contingent expenses. 
It may well be asked what they do include. They 
are estimates covering the cost of cleaning and 
repairing old reservoirs and the construction of 
new, as well as the provision of pumping-stations, 
with central power plants to work them, and con- 
nections to the canals. The sum of 428,882I., 
necessary for the 100-ton scheme, is no more con- 
clusive as to the final cost than was the 174 millions 
of the Commission’s Fourth and Final Report. 

The annual cost of pumping it is hardly necessary 
to discuss. The Commission in its majority report 
suggested that charges due to cost of improvement 
only, with, of course, the working expenses, should 
be met by the canal revenue, some other provision 
being made for interest on the capital cost of acqui- 
sition. When the people of this country show signs 
of having so far lost their common-sense as to 
acquiesce in unbusinesslike propositions of this 
kind, it will be time enough to enter into details 
of estimates concerned with merely 3 per cent. or 
so of these fictitiously reduced annual costs, which 
would have to be met by revenue, most of which 
would probably never materialise. 





THE WORLD'S IRON AND STEEL 
PRODUCTION. 

Returns have just been issued by the Board of 
Trade showing the production and consumption of 
iron ore, pig iron, and steel, in the principal coun- 
tries of the world in recent years. One of the most 
interesting features noticeable in this publication 
is the world-wide effect of bad trade in 1908, and 
the almost complete recovery in the following year. 
In fact, in some respects 1909 showed results 
superior even to 1907. 

e world’s production of iron ore in 1909 
amounted, according to an estimate in these returns, 
to 133 million tons. Of the ten principal producing 
countries the United States, with an output of 
53 million tons, and France, with 12} million tons, 
alone exceeded their outputs of 1907. On the other 
hand, the United Kingdom, with an annual output 
of about 15 million tons, fell in 1909 even below the 
amount turned out in the bad year 1908, but the 
fluctuations were, proportionately, not so great for 
this country as for some others. In Spain the out- 
put likewise fell, being almost three-quarters of a 
million below the 1907, and also below the 1908 
figure. Sweden alsoshowed a falling off, but this was 
mainly due to the great strike, which dislocated all 
industrial conditions for some time in that country 
in 1909. The greatest ore-producing country is, of 
course, the United States, but the most active, if the 
expression may be used, is Sweden, which has an 
output of over 0.82 ton per head of population when 
normal labour conditions prevail, against 0.60 ton 
per head for the United States. In Germany the 
production is about two-fifths of a ton per head, 
and in the United Kingdom about 0 33 ton. After 
Sweden and the United States, Spain produces most 
ore per head of population—viz., nearly half a ton 
—although, excepting some produced in southern 





districts, the greater part of the output is confined 
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to the three extreme northern provinces of Vizcaya, 
Santander, and Oviedo. Generally speaking, of 
course, the ore-producing districts cover com 
tively small areas in the several countries. Of the 
output of the United States, for instance, about 
four-fifths come from Michigan and Minnesota. 
Among the less important countries, the outputs 
of Algeria and Cuba each amount to over 900,000 
tons annually, and of Newfoundland to little short 
of that amount. The latter country was one of the 
few recording exceptional outputs in the poor year 
1908 ; it then produced 964,000 tons, or about 
80,000 tons more than in either 1907 or 1909. 
Among the special ores, the principal countries 

roducing manganese ores are Russia, British 

ndia, and Brazil. Russia and Germany are the 
only important steel-producing countries in which 
these ores are mined to any extent, butin the latter 
country its own output has to be supplemented by 
large imports in order that the requirements of its 
industries may be met. The output of British 
India fluctuates considerably, but for 1908 and 1909 
was well over 600,000 tons. The exports from 
Russia also reached about that figure in 1909. The 
United Kingdom shows a very considerable falling- 
off in the production of manganese ore, the output 
for 1909 being little more than one-eighth of that 
produced in 1906, and now we import 120 times the 
amount we produce, 138,000 tons coming from 
Russia, 109,000 tons from India, 70,000 tons from 
Brazil, and more from other countries. 

The foreign trade in ore of the various countries 
depends largely, of course, on the steel industry. 
Of the ore produced in Spain, fourteen times as 
much is exported as is used in the country. On the 
other hand, Belgium consumes twenty times as 
much ore as is mined in the country. . Between 
these two extremes, other countries import in 
various degrees. The balance of imports of forei 
ores over exports of native ores is greatest in the 
case of the United Kingdom, which in 1909 imported 
6,326,000 tons and exported the trifling amount of 
5000 tons. The imports of Germany are consider- 
ably larger than those of this country, but, on the 
other hand, the export of native ore is also greater. 
Austria-Hungary import about twice as much as 
they export, while France, Sweden, and Spain all 
export more than they import, in degrees varying 
in the order given. The United States imports ore 
to the amount of 1? million tons. 

The amount of pig iron produced in 1909 was 
probably about equal to that turned out in 1907— 
viz., 60 million tons, some 12 millions more than in 
the intervening year. The United States, Ger- 
many, and the United Kingdom account for four- 
fifths of the world’s output. The United States 
produces about 0.3 ton per head of population, 
the United Kingdom and Germany each about 
0.2 of a ton per head, while the consumption of 
pig iron in these countries is roughly of the same 
proportions. In most cases the exports of pig iron 
are small, for the reason that it is mostly converted 
into other merchantable forms in the country in 
which it is produced. The total exports of pig iron of 
the ten most important countries amount to merely 
4 per cent. of their te output, and of these 
My yt the United Siglo is responsible for over 

r cent. 

lhe figures for steel production show great simi- 
larity to, though, of course, a slight reduction from, 
the figures for the output of pig iron in the several 
countries. The United States heads the list with 
nearly 24 million tons of steel. That country pro- 
duced rather less than 26 million tons of pig iron in 
the same year. Germany had an output in 1909 of 
11,856,000 tons of steel, while its output of pig iron 
was just under 12} million tons. In like manner, the 
United Kingdom is credited with 6.6 million tons 
of steel and 9.5 millions of pig, this larger difference 
being accounted for, as pointed out above, by the 
greater share of this country in the total exports of 
pig. For every 100 tons of pig iron she consumed 
for all purposes, Germany, between 1907-9, pro- 
duced 95 tons of steel; in the United States the 
figure was 90 tons, and in the United Kingdom 75 
tons. In the United Kingdom, out of a total steel 
production of 6.6 million tons, 4.1 millions were 
open-hearth and 1.7 million Bessemer steel. Open- 
hearth acid was made here in the proportion of 
about 2:1 of basic, and Bessemer acid to mer 
basic in almost the same proportion. In Germany, 
where a preponderance of Bessemer is turned out, 
the proportion of Bessemer (mostly basic) to open- 
ame also meaty ic) is about 1.8 to 1. e 

nited States is ming increasingly an open- 





hearth country, the output of this class of steel being 
about 3 million tons greater in 1909 than in 1907 
Open-hearth basic is produced there to an extent of 
thirteen times the open-hearth acid output. All 
the Bessemer steel produced in the United States 
is acid, and amounts to 9.3 million tons. Thus, 
while, in the United Kingdom, most of the steel is 
roduced by the acid process, either open-hearth or 
mer, in Germany by far the greater of 
the output is basic, by one or the other of the two 
rocesses, and in the United States most of the open- 
earth steel is basic and all the Bessemer is acid. 








NOTES. 
A Wraprkawkas-Tiriis Rariway. 

THE proposal to cut a railway through the 
Caucasus is a comparatively old one, and was 
mooted as long as forty years ago; but, although 
the scheme, on paper at least, was received with con- 
siderable sympathy, the t technical difficulties 
to be surmounted have hitherto stood in the way 
of its realisation. The traffic on the Trans-Cau- 
casian Baku-Batoum Railway, with its branch 
lines, increases, however, from year to year, simul- 
taneously with the opening-out of the mineral 
deposits and the forests of the surrounding country, 
and the present mode of transport along the more 
than 600 miles of circuitous route, by the steamer 
connection across the Black Sea, and further along 
the Grusini mail route, is altogether inadequate. The 
Russian Government, under these circumstances, is 
again directing its attention to a railway across the 
Caucasus, and a special Commissioner has been ap- 
pointed for the purpose of thoroughly investigating 
the question. From what has so far transpired the 


solution of the problem may be looked for by adopt- | P 


ing one of two alternative routes. The first of 
these crosses the mountain ridge at the Archot 
Pass, the southern terminus being Tiflis, and the 
northern terminus Kara Bulak on the railway line 
to Derbent, the ascent and descent being through 
the valleys of Assa and Chewsursk Aragora. e 
second of the routes is across the mountains at the 
Dshomag Pass, and would connect the stations of 
Gori on the South Caucasian and Dar-Kock on the 
Wladikawkas Railway. It is urged in support 
of the proposed railway that it will not only prove 
a great boon from a general commercial and in- 
dustrial point of view, but also be of great political 
importance, inasmuch as it will remove, so to speak, 
that partition wall which the Caucasus has hitherto 
proved as regards Trans-Caucasus, Asiatic Turkey, 
and Persia. With reference to the technical side 
of the question it would hardly be —a from 
a strategical, as well as from a practical traffic, point 
of view, to carry the line across the open at a ter 
height than 1 1500 m. above the level of the 
sea. This would mean a main tunnel on the Archot 
Pass route of about 10 to 15 miles’ length, and on 
the Dshomag Pass route of about 15 to 20 miles’ 
length. Thus the former project would appear to be 
the preferable of the two. Accepting a maximum 

ient of 1 in 44, and a minimum curve radius 
of 213 m., the daily capacity insisted upon by the 
War Ministry—viz., 18 pairs of trains, each of 36 

iages—would be practicable. With a maximum 
height of 1360 m. above the level of the sea the 
length of the main tunnel would be close upon 
15 miles, and the total mileage of the line from 
Tiflis to Wladikawkas would some 115 miles. 
The cost is calculated at 56,000,000 roubles, and 
the time required for the construction has been put 
at eight years. 


Exectrro-Osmotic Primary CELLs. 

Practical processes of electro-osmosis have for 
some years fi in the patent literature, but 
they do not — to have found much application. 
Nernst and Brill made some experiments last year 
on the efficiency of electro-osmotic dehydration. 
They placed a slab of earthenware between two grat- 
ing electrodes, the anode lying on the upper surface, 
and found that the upper surface became dry, while 
water oozed out from the lower surface, when the 
current was turned on. But only 0.2 per cent. of 
the current energy was really utili in dehydra- 
tion, and drying could not be effected in that way, 
so that the experimenters deprecated the use of 
the phrase ‘‘drying by means of electric endosmose.” 
Some use is made, however, of electro-osmosis for 
removing water from substances in a pasty, colloidal, 
or peaty condition. One of the first inventors in 
this field, Botho Schwerin, has recently taken a 
French patent on a production of electric cur- 





rents in which he proposes to generate elec- 
tricity by forcing water or electrolytes through 
a porous wall. e —— is based upon an 
observation first made by Quincke at Heidel- 
burg. Quincke tried water, to which he added 
some chemicals ; Schwerin proceeds on the same 
lines. His filter-cell is built-up of several super- 
— sheets and layers, and it is bolted to the 
ower face of a flat ring of iron which is covered 
with rubber; the patent specification does not 
illustrate the cell. The layers consist of finely- 
perforated. brass, metallic gauze, silk, very fine 
metallic gauze (the one electrode), the filtering 
material, and fine ~ (the other electrode). The 
materials should in a very fine state of sub- 
division or in the colloidal state. They are distin- 
guished as electro-negative when the electric 
current flows in the direction of the aqueous cur- 
rent, and as electro-positive when it flows in the 
—— direction. To the former class belong 
silica, baked clay, sulphur, lazulite blue, non-con- 
ducting carbon; to the latter anthracite. The 
addition of electrolytes to the water increases the 
conductivity, and may strengthen or weaken the 
current ; it depends upon the filtering material. 
For electro-negative materials basic electrolytes 
(ammonia) are recommended, for electro-positive 
materials acid electrolytes (acetic acid). Quincke 
tried the latter under unsuitable conditions, and 
his currents were therefore very feeble. In 
practice neither of the two electrol mentioned 
may be desirable, although the liquid is to be 
kept in continuous circulation ; but Schwerin does 
not speak of other electrolytes. One of the 
essential factors is the pressure. Both the poten- 
tial and the current intensity grow with the 
ressure, so that the energy develo increases 
with the square of the pressure. Experimenting 
with a filter-cell 2 sq. decimetres (31 sq. in.) in 
surface, with a layer, 6.5 mm. (} in.) in thickness, 
of quartz as filtering material, he obtained currents 
of 4 volts, 0.01 ampere, 0.04 watt and 400 ohms at 
a pressure of 10 atmospheres, and all these values 
(except the resistance) increased as the pressure 
was raised to 20 and 40 atmospheres, finally to 
32 volts, 0.08 ampere, 2.56 watts, at 80 atmospheres. 
How such filter-cells would answer in the long run 
can only be settled by experience. 


DETERMINING THE OSCILLATIONS OF BUILDINGS 
AND OF THE GROUND. 


In three communications recently presented to 
the Paris Académie des Sciences, B. Galletzin, of 
St. Petersburg, describes simple instruments by the 
aid of which he determines the oscillations which 
the running of heavy machinery calls forth in the 
ground and in the buildings of the neighbourhood, 
and also seismic movements. The instruments are 
horizontal pendulums. Particulars will be found 
in the Comptes Rendus of April 4 and 25, and 
June 27, 1910; the last communication deals with 
a seismograph for vertical motion, and the first two 
concern an instrument by means of which he 
measured the oscillations produced by a Diesel 
engine, and which would also determine the oscilla- 
tions of a bridge under heavy traffic. This instru- 
ment consists of a block of cast iron, weighing 
82 kg. The block is provided with a broad . 
and to the flat top is fixed a steel bar, 82 cm. in 
length, 6.3 mm. in thickness, on which a weight of 
3 kg. slides; the end of the bar carries a _ 
which records its oscillations on a tape. e 
bar can also be attached to one of the sides 
of the block, in order to indicate horizontal, 
instead of vertical, oscillations. When the block 
rests on a surface, which is exposed to regular 
vibrations, the bar ins to oscillate, and the 
style draws a curve, the equation for which is 
deduced from the bry -n | of elasticity. The Diesel 
engine, which caused G iela nated the problem, 
is a 200-horse-power engine, running at revolu- 
tions per minute; the walls of the building in 
which it was erected had developed cracks, and the 
question arose whether the concussions would 
endanger the buildings near by. In an adjacent 
house the instrument, when mounted on the ground 
floor, marked a deflection of 0.00056 mm.; on an 
upper story the amplitude of the deflection was 
0.0255 mm. These vibrations may be thought to 
be negligible. But Galletzin calculates that the 
oscillations are equivalent to the blows of a ram of 
249 kilog. weight, delivered at the rate of 86.3 
blows per second ; such blows might have destruc- 
tive effects. Close to the engine-house the vertical 
oscillations predominated; At some distance the 
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horizontal and the vertical oscillations became 
equally marked. But their intensity decreased 
rapidly asthe distance from the engine increased, and 
at a distance of about 75m. or 100 m. distinct oscil- 
lations were no longer perceptible. i seismo- 
graphs did not prove suitable for the study of these 
oscillations. e other instrument, the Galletzin 
seismograph, is especially constructed for measur- 
ing the vertical component of seismic disturbances, 
which is really more important than the horizontal 
component, but which is not studied in most obser- 
vatories for want of suitable apparatus. A girder 
beam, supporting a massive cylinder of 24 kilog., is 
pivoted at its one end ona horizontal axis, and 
maintained in the horizontal position by a stro 

vertical spiral spring of steel. The other en 

carries a coil and a disc of copper, which move 
within the field of a powerful electro-magnet. 
The coil is connected to a galvanometer in order to 
record the oscillations which are dam by the 
currents induced in the copper plate. The instru- 
ment records, not the absolute displacement of the 
seismograph under the movement of the ground, 
but the velocity with which this movement takes 
place ; the absolute movement of the ground is 
derived from a formula. The author emphasises 
that this seismograph is independent of tempera- 
ture variations. The instrument was, for the teste, 
mounted on a platform which moved up and down 
through a distance of 0.101 mm., the observed 
oscillations varied between 0.101 mm. and 0.111 mm. 
The calculated values were hence a little too high. 





THE INSTITUTE OF METALS. 

Screntiric societies holding their annual general 
meetings in London have generally arranged to 
combine business and pleasure on a sort of sandwich 
system, the mornings of each day being devoted to 
the reading and discussion of papers, whilst less 
strenuous attention is required of their members in 
the afternoons, which are appropriated to visits and 
other arrangements of a social c ter. The plan 
has undoubtedly worked well in the past, but, on the 
occasion of their annual general meeting in London, 
on Tuesday and Wednesday last, the Council of the 
Institute of Metals decided to adopt a different 
policy. The first day was set apart for a visit to 
the yard of the Thames Iron Works, Shipbuilding, 
and Engineering Company, Limited, where the 
Thunderer is in process of construction, whilst in 
the evening the second annual dinner of the society 
was held in the Criterion Restaurant under the 
presidency of Sir Gerard Muntz. The whole of 
the business proceedings were thus relegated to the 
Wednesday, when meetings for the reading and 
discussion of papers were held both in the morning 
and the afternoon. The innovation seems to have 
no advantages, whilst the drawbacks are obvious, 
and it is to be ho that the procedure on the 
present occasion will not be taken as establishing 
a precedent for the future. 


Tue Report or THE CoUNCIL. 


On taking the chair, Sir Gerard Muntz called 
upon the Secretary to read the report of the 
Council. This drew attention to the steady growth 
in the membership, which numbered 355 in De- 
cember, 1908, 505 a year later, and at the time of 
the issue of the report was 551. It was further 
announced that Dr. Glazebrook ‘and Sir Andrew 
Noble had been appointed honorary members, A 
local section, the report proceeded, had been estab- 
lished at Birmingham. It was further stated that 
the Council, in view of the vast importance of the 
subject, had appointed a committee to investigate 
the corrosion of the non-ferrous metals. A com- 
mencement had, moreover, been made in the 
establishment of a pathological museum of metals 
at the offices of the Institute, Caxton House, 
Westminster, to which contributions had already 
been made by the President and other members. 

A vote of thanks to the retiring Council was 
moved by Mr. E. L. Rheade, and seconded by Dr. 
Dunn, after which Professor Turner read his 
report on the financial position of the Society, 
which at the time of the audit showed a balance 
to the good of over 2641. He warned the meeting, 
however, that their present rate of expenditure 
was somewhat in excess of the income, but hoped 
that this would soon be altered by the growth in 
the membership. 


PRESIDENTIAL ADDRESS. 
The President, Sir Gerard Muntz, Bart., then 
delivered his presidential address, in which he dealt 





with the complaints that have been made, in various 
quarters, that the Institute was too much a body 
of scientists, and not sufficiently a practical asso- 
ciation, more especially in the papers that had been 
presented at the meeting. He said, with regard to 
these papers, that though it was interesting to have 
the experience of the manufacturer, and to learn 
the results of his methods, and yet more interesting 
to learn from the user his experience in the 
wear of non-ferrous metals, nevertheless it was, 
after all, to the scientific branch of the Insti- 
tute that they all should look for enlight- 
enment and information, both as to the best 
manner in which to treat metals, and as to the 
effect of certain treatments and the reasons for them. 
Among the two practical branches of the Institute, 
the makers and users, how comparatively few there 
were who had either the requisite knowledge or 
time properly to investigate the scientific reasons 
of cause and effect. It was to their scientific 
brethren that they must look for the elucidation 
of these mysteries—the working out of the cause 
and effect, the finding of the true remedy, and the 
reasons why. It was ‘‘ the reason why” that they 
needed most of all to know. It was often some 
very minute matter which was the cause of their 
trouble —sometimes something quite simple if 
they only knew it. But it had hitherto been 
the want of that little bit of scientific know- 
ledge which had left matters in such a hope- 
less muddle. What was required was such know- 
ledge as would ensure the user always getting 
the best material for his work, and would enable 
the maker to turn out consistently and regularly, 
without any unaccountable variations, such materials 
as would meet the requirements of the specification 
under which he had to work. It was therefore to 
be hoped that the mistaken idea that the Institute 
was not fulfilling its proper mission unless its 
papers were more devoted to the experience of the 
users and makers, would cease to endure, and that 
it might be understood that though papers from the 
makers might be interesting, and accounts of users’ 
experience might be nome = yet the chief basis of 
their endeavours should be, and must be, faith- 
fully to carry out the original idea of their asso- 
ciation—the obtaining of knowledge, the scientific 
exploration of everything that happened in either 
the sphere of the manufacturer or the user, and 
the reason of such happenings. He then referred 
to the Corrosion Committee (whose report we pub- 
lish in another column), and said that when that 
Committee was firmly established, there was no 
reason why other committees should not undertake 
work that was waiting to be done in other direc- 
tions. There remained many fields for exploration ; 
possibly the most obvious of all concerned the 
effect of heat treatment and work on metals. He 
thought they might all be well satisfied with the 

rogress which the Institute had already made 
in the two eventful years of its existence. It 
had fully justified its creation, and had prospects 
of advancing in new directions, increasing in 
usefulness, and doing most helpful work in the 
future. 

A vote of thanks to the President for his address 
was moved by Dr. Rosenhain, who, though he 
spoke as a laboratory worker, felt convinced that 
Sir Gerard Muntz was right in emphasising, as 
he had done, the importance of the scientific side 
of metallurgy. He wished at the same time to 
put in a word of excuse for those who felt obliged 
to describe their researches in a somewhat tech- 
nical language. The fact was that the problems 
of the practical man were excessively complex, and 
this could not be avoided. In the laboratory, on 
the other hand, they made the problem con- 
sidered at any one time as simple as was practi- 
cable, but strove at the same time to make the 
research as complete as possible. The result of this 
had been to introduce complexity, and had made 
it necessary to invent a special nomenclature, and 
to burden their reports with equilibrium diagrams. 
It was, however, he thought, on the complete 
solution of these simpler laboratory problems that 
successful tice in the future would turn. It 
was impossible to solve in one research the com- 

lex problems arising in epg. and hence it had 

m necessary to fall back on empirical methods ; 

but the hope of the future lay in replacement of 
these by others based on scientific theory. 


Tue May Lecture anp Autumn MEgETING. 


The Chairman announced that the May lecture 
this year would be delivered by Dr. Beilby, of 





Glasgow, and the autumn meeting would be held 
at Newcastle on September 19 and 20. 


REPoRT TO THE CoRROSION COMMITTEE. 

Before calling on Mr. Bengough to read his 
report on corrosion, Sir Gerard Muntz said that 
he wished to inform the meeting that the Committee 
had reported to the Council that money would be 
required for the nn. ge proposed. As a 
young institute they could not supply this from 
their ordinary funds, nor did they feel it right to 
raise the sum needed by increasing the subscrip- 
tion. He hoped, however, that volunteers would 
come forward and help, As a manufacturer, he 
could say that the subject was one of vital im- 

rtance, and he felt confident, therefore, that mem- 
= who could help would do so. In the first 
instance 1501. was needed. 

Mr. G. D. Bengough then read his report, the 
publication of which we commence in this issue, on 
page 96. The speaker directed particular atten- 
tion to a statement quoted from Isherwood, to the 
effect that the larger the mass of metal concerned, 
the less was the corrosion, not only relatively, but 
absolutely. This, he found, was an opinion common 
amongst practical men, but he could not under- 
stand it himself, and more-light on the matter was 
wanted. He also desired to add a reference to 
some work of Messrs. Parker and Macnamara, 
described in a recent issue of the Journal of the 
Society of Chemical Industry. These experi- 
menters had investigated Cumberland’s method of 
protecting boilers from corrosion by suspending in 
the boiler a bar of wrought iron, through which a 
current was ed into the water, and thence to 
the shell. They had tried to find whether the pro- 
tection was due to the iron ions in the solution or 
to the direct effect of the current. They found 
that if, instead of an iron bar, they used a platinum 
anode, making the steel shell the cathode, the latter 
would waste, unless a much larger current was 
than when the anode was iron. With the platinum 
anode the current required was indeed so great as 
to be commercially impracticable, but with iron avery 
small current was needed. He thought that these 
researches might find an application to the protection 
of condensers. When iron was used to protect the 
latter there was still some corrosion. If, however, 
the iron were replaced by 50 : 50 brass, he thought 
that a very pes | current through the latter might 
suffice to yield complete proteetion. No doubt this 
brass anode would be less effective than zinc, but 
the latter wasted very rapidly, and the plan he 
suggested seemed, therefore, well worth trying. 

Mr. Bengough further added to the list of matters 
requiring investigation an inquiry into the influence 
on the rate of corrosion of the annealing tempera- 
ture, which was a subject he should like to discuss 
with manufacturers. In conclusion, he desired to 
express his. thanks to the Carnegie library at Pitts- 
burg for a copy of their bibliography on the subject 
of corrosion, which was completed up to the year 
1908, and had been a great help. 

The discussion was opened by Sir W. Tilden, who 
said that twenty-five years ago he had published 
in the Journal of the Society of Chemical Industry 
an account of his own investigations on the subject 
of corrosion. As published this paper contained 
some absurd misprints, but he did not think that 
the conclusions he had arrived at were affected by 
subsequent work, though were he writing the paper 
to-day he would in many cases alter his phraseo- 
logy. He had determined his facts with the greatest 
care, and they all pointed in the same direction, 
and he was at one with Mr. Bengough in believing 
corrosion to be an electrolytic effect. As to methods 
of protection, Utheman had proposed to protect 
tubes by coils of iron. This might be effective so 
long as the iron remained metallic, but the result- 
ing oxide, if deposited locally in brass tubes, 
would be a potent cause of corrosion. He had 
circulated water over rusty iron in contact with 
brass, and then got corrosion of the latter. There 
might be a doubt as to the electrical properties of 
the oxides and oxychlorides of copper, but iron and 
ferric oxide formed a couple in which the oxide was 
the negative element. All porous oxides, more- 
over, would absorb air, and might thus act as 
depolarisers, and give rise to local defects. He 
would suggest that, so far as possible in their 
experiments, the Committee should imitate the 
conditions of practice. For instance, cold and hot 
sea-water had different effects, the salts being 
hydrolysed in the latter. Hence in hot condensers 
the action was different than if the tubes were 
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tested with cold sea-water.. Much of the injury to 
condensers, he might add, arose, in his opinion, 
when the vessels were in port, and the condenser 
filled with moist air. 

Dr. Rosenhain, who spoke next, suggested that 
the connection between the microstructure of the 
metal and the rate of corrosion should be investi- 
gated. There was evidence that the coarser the 
structure the more liable it was to pitting. A 70 : 30 
brass with a coarse structure was certainly more 
liable to pit than finer-grained metal. The size of 
the crystals depended both on the mechanical work 
put on the metal and on its thermal treatment. MM. 
Cohen and Charpy had found that the rate of crystal 
growth on annealing depended on the amount of cold 
mechanical working to which the metal had been 
previously subjected. A severely-strained speci- 
men got, they found, a coarser structure on anneal- 
ing. In drawing tubes the mechanical work done 
on the metal was very severe, and the question 
arose, Was it uniform? He was not referring here to 
skin effects, but to deeper-seated ones. Perhaps the 
tube might not be of equal thickness all through, 
in which case one side would receive more work 
than the other, and this difference might give rise 
to pitting. Such pitting always occurred along 
definite lines. If it only arose along the bottom of 
tubes, it would be natural to attribute it to deposit, 
but this was not the case. It was found also to occur 
along lines at the sides or the top of the tubes. In 
such cases it must, he said, be due to something in 
the metal, either an impurity or, as he suggested, a 
result of mechanical working. He might state that 
a fair estimate of the liability to pitting might be 
obtained by polishing a section of brass or copper, 
and putting on it a single drop of nitric acid, 
which was then immediately wiped off. This 
etched the specimen, showing up not only the 
crystalline structure, but revealing deep pits, 
which appeared as black spots under the microscope. 
When such spots were numerous the brass was very 
liable to corrode. Such black spots were due to the 
presence of impurities, often lead, but also, perhaps, 
particles of oxide of copper. 

Mr, A. E. Seaton, who followed, said that thirty 
years ago brass tubes were commonly used in navy 
boilers. They were 10 to 11 gauge in thickness and 
were a 68:32 brass. He did not remember any 
instances of pitting with these. They wore out, of 
course, but this was from the mechanical action of 
grit, which also affected steel tubes. Condenser- 
tubes were formerly usually of 16 gauge, but now, 
for the sake of lightness, were often but 18 or 20 
gauge. Thin steel tubes, he added, such as were 
now demanded for boilers, could not be drawn from 
steel made out of British ores, but must be from 
metal smelted out of Swedish ores. Thin tubes 
drawn from Swedish steel had a good surface inside 
and out, even after an acid bath, but this was not 
the case with thin, small tubes drawn from British 
steel. In the old days tallow was used in the cylin- 
ders, but they did not get pitting as they did to-day; 
this had only become evident with the use of the 
mineral oils. He remembered a case of a condenser 
which was found to be half full of a greasy deposit, 
yet when this was cleaned away the tubes were quite 
good. He should, however, note that in this case 
the tube-plates were of iron, and the tube-plates 
suffered. He also remembered the case of a con- 
denser at a mill in Grimsby which was fed with 
stagnant sea-water. The corrosion of the tubes 
was very great. He told the proprietor that 
he thought he could stop it, and to this end 
replaced the tubes with old ones taken from a con- 
denser which had been at sea for 10 or 15 years 
without suffering. He had the tubes re-tinned before 
fixing, but the result was a failure, their life being 
little better than that of the tubes they replaced. 
He believed now that the corrosion arose from the 
use of stagnant sea-water. He was rather staggered 
by the suggestion that thicker tubes corroded less 
than thin ones. He had no evidence of this him- 
self, and would like to see it tested. 

The next speaker was Professor Turner, who 
said that the Committee were anxious for criticisms 
and suggestions with reference to the proposed re- 
search. They did not wish to embark on a long, 
tedious, and costly investigation, and then be told 
afterwards that they ought to have done something 
else. With respect to the conductivity of the 


green deposit on brass, Mr. Drew, working in the 
speaker's laboratory, had found that when dry this 
was a non-conductor, which would seem to show 


pe it could not form one element of an electric 


It might, nevertheless, play an important part 


in corrosion by absorbing gases or liquids, and 
then acting as a depolariser, assist in producing 
local corrosions when it was wet or impure. B 
itself, however, it had no bad action, a view whic 
was confirmed by the fact that the speaker 

articles 2000 years old coated with this green 
deposit, which had not in these cases led to impor- 
tant corrosion. 

Dr. Dunn, who followed, said that in his view pit- 
ting was due to impurities either in or on the metal. 
In the latter case particles might be introduced into 
the tube by the water, and, lodging there, might pro- 
mote corrosion. He had found thatin suchconditions 
small pieces of rusty iron did cause local corrosion 
of brass immersed in sea-water. As to the proposed 
scheme of experiments, he would suggest that, if 
not too expensive, they should be carried out in 
duplicate or triplicate. It was continually found 
that experiments intended to be replicas gave 
different results, owing to small differences in con- 
ditions which had subsequently to be detected. 
This did not matter much in the case of experiments 
lasting an hour or two, or even a few days, but when 
the time involved was a year, as in some of Mr. 
Bengough’s proposals, an inconclusive result would 
need another year for its elucidation. 

Mr. A. Philip said that his chief objection to the 
report was that the author looked at the matter 
from too academic a standpoint. He had himself 
to deal with very large quantities of metal, and 
needed to get results very quickly. Mr. Bengough 
had not gone sufficiently for information to manu- 
facturers and users. As to the cause of corrosion, 
he thought defects in chemical composition might 
be dismissed, since manufacturers got, with sur- 
prising exactness, the standard composition of 70 
copper, 30 zinc, and 0.1 tin. He believed that 
corrosion in tubes often arose from the contact of 

rticles of carbon or iron oxide with the brass. He 

d had condensers dismantled and the tubes marked 
so that the position of the line of corrosion could be 
determined. In 90 per cent. of the total number of 
cases the pitting was found to be along the bottom 
of the tubes. Corrosion on the steam side arose from 
the presence in the steam of hydrochloric acid or 
CO,. It was most frequent when distiller condensers 
were used. Splashes of MgCl were liable to fall 
on the top of the steam-drum, and get heated, with 
resultant formation of hydrochloric acid. Steam 
from such condensers often gave the silver chloride 
reaction. In many cases corrosion also arose from 
electromotive forces externally applied. He had 
seen many cases caused by leakage from the ship’s 
electric-lighting circuit. Much depended on the 
direction of this leakage. If it was across the con- 
denser, the corrosion was less then if the current 
passed along it. Possibly thermo-electric action 
might also be responsible for corrosion. The water 
at one end of the tube was hotter than the other, 
so that the tube had a hot and acold end, anda 
current might thus be generated. If some of this 
leaked into the sea-water, corrosion might arise, 
and the point should, he thought, be investigated. 

The next speaker, Mr. E. L. Rheade, suggested 
as an additional point for inquiry, the effect of the 
temperature difference between the inside and the 
outside of a tube. He had no doubt that the 
temperature of annealing did affect the life of a 
tube, and agreed with Dr. Rosenhain that the size 
of the crystal did affect the rate of attack. Some 
manufacturers r ised this, and had photo- 
graphs of standard crystallisations in order to make 
certain of keeping within the limits essential for 
the endurance of the tube. As to the suggestion 
that thick tubes were more resistant than 
thin, it seemed ible to him that an effect 
of this kind might arise from the fact that 
the thinner tubes transmitted heat more rapidly 
and thus gave rise to a freer liberation of and 
consequent greater corrosion. With thick tubes an 
equal disengagement of gas would be spread over a 
longer length, instead of being concentrated at 
a point. As to the effect of oxides, he had found 
that, even when there were no electrolytic effects, 
ferrous oxide rapidly increased the transfer of 
oxygen to cuprous substances, and this effect would 
be enhanced under electrical influences and in the 
presence of moisture. 

Mr. Heap asked some questions as to the con- 
stitution of the Corrosion Committee, and was 
followed by Mr. Vaughan Hughes, who suggested 
that the report would be improved by greater 
reference to the work of older experimenters, even 
if their results were not expressed in modern 





nomenclature. He suggested that in working with 


applied electromotive forces these should be gene- 
rated internally, and not applied from the extericr. 

On being called on by the Chairman for his 
reply, Mr. Bengough asked ission to send it in 
writing ; Sir Gerard Muntz then called on Rear- 
Admiral Corner to read his paper on 


Some Practica, EXPERIENCE ON THE CORROSION 


or Merats. 
This paper will be found on page 95, and after it 
was read the meeting adjourned. On the resumption 


of the proceedings, Sir Gerard Muntz, in reply to 
Mr. Heap’s inquiries at the morning sitting, said 
that the future action of the Committee on Corro- 
sion would depend upon the funds placed at their 
disposal. He hoped that contributions would be 
received from manufacturing firms as well as from 
members of the Institute. He then called upon 
Mr. Seaton to open the discussion on Admiral 
Corner’s paper. 

Mr. Seaton said that the history of corrosion in 
the navy went back to the time of Pepys, who 
stated that trouble was experienced with vessels 
sheathed with lead. The iron fastenings corroded, 
and the sheathing had to be abandoned. Later on 
copper sheathing was introduced, but with copper 
fastenings. In this connection he might mention 
that at times the metal was injured without external 
effects. His ‘‘ stores” people in one case bought 
the coppersheathing and the Muntz-metal bolts from 
a stranded composite vessel. The copper proved to 
be all right, but the foundryman declared that the 
Muntz-metal bolts would not melt. An examination 
showed them to be, in fact, more like chalk than 
metal. He might say that the West African Station, 
particularly near the mouth of the Niger, was 
notorious for cases of copper corrosion, Again, the 
stagnant sea-water at Alexandria seemed to give rise 
to corrosion in condensers. As to the effect of stray 
electric currents, he remembered a case in which a 
ship belonging to the Mediterranean squadron 
suffered severely from the corrosion of the inlet aad 
discharge-pipes. A sister ship was free from trouble, 
and when some time afterwards this boat was laid 
up for overhaul, her pipes were transferred to the 
other boat, and then immediately began to waste. 
It turned out finally that one boat was fitted with 
the electric light and the other not. At that time 
the hull was used as the return circuit. As to the 
corrosion of propeller-blades, this was very intense 
in the case of cast-iron and steel blades, and he 
thought the action was intensified by the presence 
of air. Moreover, corrosion at the stern of the 
ship was often very severe, and might be due to the 
frothy nature of the water there, though it used to 
be attributed solely to the near neighbourhood of 
the bronze propeller. 

Professor Turner, who spoke next, said he could 
confirm what Admiral Corner had said as to the 
way in which at times pipes were eaten into holes 
as sharp and as clean as if punched. He believed 
this was due to leakage of an electric current 
through a non-conducting coat at one met gpd 
point. The holes were usually lozenge-shaped or 
elliptical rather than circular. 

r. A. Philip, who followed, called attention 
to the efficiency of iron in age yom brass con- 
denser tubes as certified by Admiral Corner. 
Referring to his remarks that morning as to the 
importance of getting facts from users and manu- 
facturers, he was authorised by Admiral Oram to 
promise his assistance in getting data as to instances 
of corrosion in Admiralty practice. He suggested 
that application should also be made to other large 
steamship owners, and that a schedule of direc- 
tions to engineers should be drawn up setting forth 
exactly the points to be particularly observed in 
collecting data. For instance, before withdrawing 
a corroded tube the bottom should be marked, so 
that it could afterwards be ised again. The 
report should further state whether the water was 
inside or outside the tubes, and whether the latter 
were vertical or horizontal, and also the location in 
the condenser of the injured tube. What was 
wanted, in fact, was a careful natural history of 
each case. 

The next speaker, Mr. Vaughan Williams, said 
that he had himself been concerned in the installa- 
tion of electric lighting on shipboard in the early 
days, when the hull was used as the return circuit, 
and had noted cases of consequent corrosion. In 
another instance thick lead piping in the neigh- 
bourhood of a generating station suffered wholesale 
corrosion. This was extra stout pipe, and the 





corrosion occurred exactly as described in Admiral 
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Corner’s r. The pi were covered with 
hollows aneeat less dexden in shape, and having 
sharp outlines as if punched. An examination 
showed many strong currents about. 

In reply, Admiral Corner said he had not been 
able to put forward views as to what caused corro- 
sion, but could only state what stopped it. This 
was in itself most important, but the Committee, 
he hoped, would be able to go astep further, and 
from the cure proceed to the cause. As to what 
Mr. Seaton had said, he thought that the brass 
tubes in boilers would be in a similar condition to 
brass tubes in iron condensers, in which case 
they did not get corrosion save from external 
causes, such as air - pockets and the like. As 
to the production of the apparently punched holes, 
he onal suggest local differences of composition as 
a possible cause ; a leakage current would seize on 
such spots first. He believed the use of iron to be 
the best cure, as with it better metallic contact 
could be maintained than with zinc. 

Sir Gerard Muntz, before calling on Professor 
Carpenter to read the next paper, promised to send 
to the museum of the society a length of old piping, 
which afforded an excellent example of the Rind of 
corrosion to which Admiral Corner had referred. 


A New Critica Point In THE CopPpEeR-Zinc 
ALLOYS. 
A paper describing ‘‘A New Critical Point in 
the Copper-Zinc Alloys; its Interpretation and 


Influence on their Properties,” had been prepared 
by Professor H C. of Chapeeten and Mr. C. A. 
Edwards, and was read by the former. The 


authors have proved that the critical point found by 
Roberts- Austen in 1897, at a temperature of about 
470 deg. C. with alloys containing from 76 to 
46 per cent. of copper, has a real existence, 
although careful experiments by Shepherd and by 
Tafel had failed to confirm its presence, and led to 
the conclusion that the original observations were 
vitiated by some experimental error. It was 
necessary, the authors proceeded, to amend Shep- 
herd’s equilibrium diagram. Further experiment 
proved that the change arose in connection 
with the 8 constituent of the alloy, and was not due 
to a change in the a or yconstituents. This change 
might consist in a transformation, at 470 deg. Cent. 
of the 8 constituent in an allotropic form, which 
might be denoted by 8'. Were this so, it would be 
natural to expect that the temperature of the trans- 
formation would be different in an a 8 alloy than in 
a 8 y alloy, since the crystallisation in the two cases 
was different. This, however, did not appear to be 
the case, and the authors, accordingly, believed that 
the transformation really consisted in a break-up 
of Sintoaandy. The y constituent was known to 
give rise to brittleness ; but the authors thought 
that, although the thermal change was marked, 
time might be needed to develop this effect on the 
mechanical properties of the metal. In looking for 
evidence of such a mechanical change they had 
come across samples of brass wire from the col- 
lection of the late Mr. D. Forbes. These were 
labelled 1850 and 1854, and a note attached to them 
said that they had developed an extraordinary 
degree of brittleness after being kept for a few 
ears in a loft. On trial the specimens broke when 
nt through an angle of 16deg. only. An analysis 
showed the metal to contain 63.92 per cent. of 
copper, and it was thus almost exactly a saturated 
a solution containing no 8. On annealing at 
600 deg. to 700 deg. for five minutes the wire had 
its ductility restored. As the wire contained no £, 
it might appear that the brittleness was in no way 
related to the suggested break-up of 8 in a + y. 
The authors, however, advanced a theory that so- 
called solid solutions were really misnamed, and 
that the a constituent really consisted of pure 
copper, having distributed through it the f con- 
stituent so finely divided as to be beyond the 
possibility of detection by the microscope. In 
support of this view it was urged that inter-metallic 
compounds in solution maintained the same pro- 
— as when separated in the mass. Shep- 
erd, the speaker proceeded, had very caref 

examined the 8 constituent after long poe. f 
ing at 300 deg., and was unable to detect any 
change of structure. He used, however, a magni- 
fying power of 80 diameters only, and the authors 
in using powers of 2000 diameters had arrived at a 
contrary conclusion, and believed that mi hs 
taken under this power showed distinctly a p= ex 


in the size of the crystallisation, even after anneal- 
ing for as long as three weeks. The speaker 
thought that the hypothesis advanced would explain 
the crystallisation of brass and also many cases of 
corrosion, and suggested that, by the addition of a 
third constituent, the change of 8 into a + y might 


be prevented, and that here would be found a 
aaed of suppressing the corrosion of condenser 
tubes. 


New Critica Pornt. 


Muntz said that, whether wrong or right, the authors 
had certainly performed a very useful service in 
startling their scientific members and putting them 
on their defence. 

The first speaker was Dr. Rosenhain, who 
expressed his pleasure at the authors’ successful 
vindication of the original work of Roberts-Austen. 
The re-discovery of the latter’s critical temperature 
undoubtedly showed that Shepherd’s equilibrium 
diagram required revision. This specially interested 
the speaker, as he was himself engaged in revising 
another of that investigator’s diagrams. As to the 
interpretation of the transformation found by the 
authors, he was unable to accept the views expressed 
in the paper. The reasons given for rejecting the 
transformation of 8 into an rr form jp! 
seemed to him insufticiently supported by the facts. 
Again, he had examined the 8 constituent under very 
high powers, and found no signsof a duplexstructure. 
The authors’ micrographs seemed to him inconclu- 
sive on this point, the apparent structure striking 
him as merely the lines always obtained in etching 
a crystalline solid. Again, the fact that the sup- 
posed crystals showed no growth, after annealing 
the specimen for three weeks, was in itself a 
barrier to accepting the views put forward. Such 
a failure to grow would be a unique exception to a 
universal rule. The mechanical evidence advanced 
in favour of the view was based on the behaviour 
of a specimen of the a constituent, and to bring it 
into line the authors had to adopt a new view as to 
the nature of a solid solution, which they held to 
be an intimate mixture of minute crystals of the 
two constituents. This, however, was inconsistent 
with the ‘‘ phase rule.” Such a mixture would, in 
short, constitute two solid phases, and hence could 
only be in equilibrium with a liquidus at one tem- 
perature. He admitted, however, that a metallic 
compound in solid solution retained its properties. 
This, however, merely indicated that it was not 
split up into ions, as was the case when salt was 
dissolved in water. Aqueous solutions were, how- 
ever, known in which no decomposition of the 
solute into ions was experienced, a solution of sugar 
being a well-known example. Hence, although a 
compound in solid solution retained its properties, 
it did not follow that it existed as a crystal in the 
latter, but merely that its molecules were unbroken. 
A crystal was built up of molecules, and each 
crystal of a solid solution contained, he thought, 
molecules of both constituents. 

Mr. G. D. Bengough said that, for his own part, 
he was inclined to accept the views as to the nature 
of a solution put forward by the authors, as he 
believed that this hypothesis agreed better with the 
facts observed in corrosion than any other. 

Mr. Hudson and himself had been led to suspect 
the existence of the new transformation point some 
time ago, but though they discussed it privately, 
they had felt it necessary to reject it because both 
Shepherd and Tafel had failed to detect it, although 
using more delicate methods of temperature mea- 
surement than were at the speaker’s disposal. In 
Pr agen e on the mechanical properties of 
delta metal at high temperatures he had found the 
following remarkable differences in the elongation 
at different temperatures :— 


Temperature. Elongation. 

Deg. C. Per Cent. 
350 60 

420 60 

440 5 

500 44 

515 68 

525 106 


He thought these figures went to confirm the 
existence of the new critical point. The tempera- 
ture, of course, was higher than 470 deg., but 
8 metal did not consist of copper and zinc only, 
but contained small quantities of aluminium, iron, 


In declaring the discussion open Sir Gerard | P® 


periments he had made went to confirm the view 
that the 8 constituent might transform into a + y. 
Two years he had been investigating the rate 
of change of Muntz metal, which was a metastable 
body. At high temperatures some of the a, there- 
fore, changed to 8, and he had tried to measure 
the rate at which this was effected. At 730 deg. the 
metal contained 16 per cent. a and 84 per cent. 8. 
He also determined the proportions at 630 deg. and 
at 530 deg. On drawing a curve through these 
ints, and extrapolating, it seemed as if the 8 
should entirely disappear at 445 deg. He had 
been so discouraged at this result that he had 
abandoned the investigation, but the facts seemed 
in good agreement with the results established by 
Professor Carpenter and Mr. Edwards. At the 
time he made the experiments, moreover, he had 
annealed a piece of the metal at 440 deg. for two 
weeks, but had not examined it until he received 
an advance copy of the authors’ paper. Having 
now done so, however, he detected distinct 
signs of the breaking down of the 8 constituent, 
even under comparatively low magnifications. He 
used, however, a different etching agent from the 
authors. As to the question of corrosion, he thought 
Mr. Edwards’s new view as to the nature of a solid 
solution afforded the best explanation of the duplex 
structure observed on the disintegration of brass by 
the action of sea-water. 

Professor Huntingdon, who followed, said he had 
no doubt as to the existence of the new critical 
point, but questioned the interpretation. On the 
theory advanced, all brass alloys should become 
brittle with lapse of time, but this was not the case. 
The authors had apparently been influenced by their 
researches on the copper-tin and the copper-lead 
alloys. These differed, however, from the copper- 
zinc alloys in having eutectics. He agreed with Mr. 
Rosenhain that the apparent duplex structure shown 
in the authors’ micrographs was simply the effect of 
etching and rey As to Mr. Hudson’s argument 
in favour of the transformation of 8 into a + y, 
which was based on the facts observed in corro- 
sion, he could not agree that a duplex structure 
was necessary to the development of an electro- 
motive force, since, unless the metal was annealed 
a very long time indeed, it was never perfectly 
homogeneous. 

Mr. Law, who spoke next, thought that the critical 
point established in the paper should not be con- 
sidered new, but a daaorey. Inter-metallic 
compounds in solution did not, he considered, 
always retain their properties, but resembled 
double salts, some of which did and some did not. 

Mr. O. F. Hudson said that the authors’ explana- 
tion of the transformation discovered was very 
ingenious, but did not think it would meet with 
complete acceptance for the present. He would 
ask whether the brittleness observed was really due 
to the y constituent. If the brittleness observed 
at 450 deg. with 70:30 brass was due to the y this 
brittleness should remain on cooling the metal to 
ordinary temperatures. Such a metal was perfectly 
ductile when hot, and always when cold, but 
was brittle at 470deg. If this arose from the 
separation of a y constituent, it was inconceivable 
that this should change back again on further 
cooling. He thought that a structure similar to 
that shown in the micrographs could be got with 
almost anything. 

Mr. E. L. Rheade said that he had recently 
come across in practice two cases in which 
the new transformation point appeared to be 
the probable cause of a fracture. Calender rolls 
used in embossing cloth were subject to heavy pres- 
sure, and kept at a temperature of about 350 deg. 
Cent. or higher. They would work for long 
without trouble, and then fail by a longitudinal 
crack, which showed a remarkable change in the 
crystalline structure. Again, he had known picture 
wire not exposed to heat or gas become brittle in 
the course of twelve months. Like Dr. Rosenhain, 
he could not accept the new view as to the nature 
of solid solutions, not being able to conceive of 
a solute existing in the solvent in the form of sepa- 
rate crystals. this were the case with solid solu- 
tions, the different rates of expansion by heat of 
the two sets of crystals should in time destroy the 
strength of the metal quite independently of the 
constitution of the alloy. 

Professor Turner said that he thought the exist- 
ence of the new critical point was established. 
Indeed, practical men knew that in rolling alloys 





and manganese, which might well raise the point of 





structure on annealing the 8 alloy for a long time 
at 300 deg. They hed, however, found no Soowths 


transformation. He thought that some other ex- 


they could easily be broken at the temperature in 
question. The fact that the brittleness was in 
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evidence only within narrow limits of temperature 
was against the idea that 8 broke up into a and y, 
and he was himself inclined to believe that the 
transformation was one of 8 into §!. 

When called on by the President, Professor 
Carpenter said he would send in his reply in 
writing. 


Some Tests on Wuite AntI-FRicTION BEARING 
METALS. 

The next paper had the above title ; it was 
read in abstract by both its authors, Mr. C. 
Alfred M. Smith, M.Sc., East London College, 
and Mr. H. J. Humphries, M.Inst. M.M., metal- 
lurgist to the Atlas Metal and Alloys Company, 
Limited. It dealt with the comparison of various 
alloys, the mechanical tests made with them, 
comprising tensile and compression tests, tests for 
hardness, bending tests, tests by impact, and the 
micrographical inspection of specimens. We pro- 
pose to reproduce this paper in an early issue. 
Dealing with the tests, Mr. Smith stated that steel- 
makers appeared to be generally agreed as to the 
best tests for steel; there was still, however, 
much uncertainty concerning what were the best 
tests for bearing metals. The latter, in some tests, 
would show brittleness, while the same metal tested 
under compression would prove to be perfectly 
ductile. In the compression tests the time effect 
played a very large part, and this should be taken 
carefully into consideration. The fact, also, should 
not be lost sight of that bearings worked under 
a large number of varying conditions, those for a 
tunnel shaft and for a gas-engine having to meet, 
for example, widely different requirements. He 
would have liked to add to the paper indications con- 
cerning the prices of the various alloys compared, 
because prices formed, after all, an important item, 
but he was unable to do so, the manufacturers 
preferring not to state any figures. Mr. Hum- 
phries, who followed, said he thought it better not 
to have given figures of cost ; these fluctuated con- 
stantly, owing, among other reasons, to the varia- 
tions which took place in the price of tin. He also 
referred to the tests carried out, and in regard to 
the impact tests given in the paper, he found that 
the results stated were not consistent, and sug- 
gested that the lack of regularity might be due to 
a different distribution of the crystals in the brass. 
There had hitherto been but little information pub- 
lished as to research work on bearing metals, com- 
pared with what was available in regard to other 
alloys, and he suggested that metallographists 
would do well to devote time to the subject. 

Mr. Watson, whoalone spoke in the discussion, re- 
ferred to the statement made by the authors to the 
effect that, in some of the tests, the most expensive 
alloy—i.e., that containing no lead, did not show 
the best results. He, the speaker, had found that 
in his experience shipbuilders asked for metals 
with a lead basis for use for tunnel - shaft bear- 
ings, and this would seem to confirm the state- 
ment made in the paper. He had obtained a 
practical proof of this, for he had once gone 
with the chief engineer on board a steamer to 
inspect the tunnel-shaft ; he had felt the pedestals, 
and asked the chief engineer what bearing metal 
was used. This was tin alloy of the most expen- 
sive quality, having no lead. The pedestals in this 
case were distinctly warm. Where lead bearing- 
metal alloys were used for tunnel-bearings the 
pedestals always remained quitecool. The subject 
of anti-friction metals was one that had been but 
very little dealt with by scientific institutions, and 
it would seem to be very generally believed that 
this subject was surrounded with some kind of 
magic. The manufacture of anti-friction metals was 
one which was worth studying. He instanced the 
desirability of using in some cases metal containing 
lead, this leading not only to cheaper bearings, but 
at the same time to more satisfactory ones. 

After a hearty vote of thanks to the authors, 
the last paper on the list was taken— 


Tue ApHEston or Etecrro-Depostrep SILVER 
IN RELATION TO THE NATURE OF THE GERMAN- 
Strver Basis Merat. 


This paper was written by Mr. Andrew 
McWilliam, A.R.S.M., M. Met., and Mr. W. R. 
Barclay, A.M.I.E.E., tively Assistant-Pro- 
fessor of Metall and Lecturer in LKlectro- 
Metallurgy in the University of Sheffield ; it was 
read in abstract by the former. In it the authors 
stated they had experimented with a number of 
copper-zine-nickel alloys, having deposits of silver 


of varying weight per square inch of surface. The 
described the tests made, in the course of whic 
they found that there were considerable differences 
in the adhesion of deposited silver to the various 
grades of German-silver alloys, even when all were 
treated under the same conditions of practice. 
They were not prepared to say finally that any 
one particular alloy was the best, but they con- 
sidered that ordinary commercial alloys of copper, 
zinc, and nickel containing more than 14 per cent. 
of the latter metal was of doubtful utility for articles 
destined to receive the thickest silver deposits, and 
also required to withstand rough usage. 

Mr. Mason found that the question dealt with 
was one of very great importance to manufacturers 
of electro-plate. The Government and many ship- 
builders gave the formule on which the electro- 
plate they used was to be made; that was to say, 
they prescribed the analysis of the basis metal, and 
asked also for a very thick coating of silver on 
it. It was quite clear, as was said by the authors, 
that some metals were quite unsuited to receive 
a thick coating of silver. A thin coating would, 
perhaps, adhere to them, but there had never been 
much research work made to establish the point 
with any degree of accuracy. He asked whether 
the authors had considered the degree of adhesion 
as dependent on the current density used, parti- 
cularly at the commencement of the depositing 
process. 

Mr. Vaughan Hughes asked whether the authors 
had found it difficult to obtain the nickel alloys 
sufficiently solid, as this point might explain some 
of the adhesion troubles referred to in the paper. 

Mr. Phillips said the Admiralty had their own 
rigs rH for silver-plated goods, and found 
them satisfactory. They had not experienced 
these cases of as referred to, nor had they 
received any complaints, although the goods were 
subjected to fairly rough service. He would, how- 
ever, inquire into the matter. 

Mr. McWilliam, who replied, said that, in regard 
to varying current density, they had considered the 
point, but had not tried it, and he left Mr. Barclay to 
add a few words concerning this point. With refer- 
ence to Mr. Vaughan Hughes’s query, the metal 
was cast in ingots and was then worked in the usual 
way ; there were no blow-holes, and the metal was 
thoroughly deoxidised. He would be glad to hear 
further from Mr. Phillips concerning the experi- 
ence of the Admiralty on the subject. He was of 
opinion, however, that the electro-plated ware 
received much more severe treatment in hotels 
than it did in naval ships. 


rent density had a great deal to do in the matter 
of adhesion ; but in talking this over with Mr. 
McWilliam they had come to the conclusion that 
it was better to work on definite lines—i.e., to 
take all the alloys and to treat them alike—using 
the same current density. They had found no 
difficulty in casting the nickel alloys they used. 

The authors were awarded a hearty vote of 
thanks for their contribution. 

After a vote of thanks to the Institution of 
Mechanical Engineers for kindly lending their hall, 
to the Thames Iron Works for allowing the visit 
to their yard, and to the Chairman, the business 
proceedings came to a close. 


InstiruTE Dinner. 


The Institute dinner was held on Tuesday, the 
17th inst., at the Criterion Restaurant, Sir Gerard 
Muntz, Bart., the President, being in the chair. 
The members and guests numbered about 170. 
After the loyal toasts Mr. J. A. F. Aspinall, Presi- 
dent of the Institution of Mechanical Engineers, 
pro the health of the chairman, and referred 
to the growing strength of the Institute, which, by 
dealing with the problems connected with the 
manufacture and use of non-ferrous metals, filled 
a long-felt want. Copper dominated their studies 
and researches, and this would probably continue 
to be so, but investigations in regard to aluminium 
would also be greatly serviceable, especially in refer- 
ence to the manufacture of large-area aluminium 

lates for the construction of railway carriages ; 
the speaker, did not see why these should not 
compete with iron and steel for that p . The 
Institution of Mechanical Engineers would only be 
too pleased to ask their aid, and were happy to place 
their hall at their disposal. They were going to 
extend their premises, and he might s that 
the Institute should make their home later on with 
the older Institution. 








Mr. Barclay, who followed, added that the cur- | P® 


Sir Gerard Muntz thanked Mr. Aspinall. The 
manufacture of large aluminium plates in lengths 
of over 60 ft. was a large order, but this was not 
impossible. The Institute would only be too 
pleased to live under the same roof with the Mecha- 
nical manee, but there was a little matter to 
be considered in this respect, and that was the 
rent. They had a small home in Caxton House, 
for which they had a lease, but they might, per- 
haps, when the time came, terminate this by a 

fitable transaction. He would like to add, 

owever, that it was sometimes risky to take a 
little bird into a ready-made nest, but they were, 
nevertheless, very grateful to the Mechanical Engi- 
neers for their kind offer. He also referred to the 
strength of the Institute, and remarked that it 
was growing steadily ; the work they had already 
done since they started, 24 years ago, tended to 
show that the formation of their Institute had been 
justified. 

Professor T. Turner, M.Sc., Honorary Treasurer 
of the Institute, proposed the health of kindred 
societies, and Mr. Walter F. Reid, Mr. J. Swin- 
burne, F.R.S., and Mr. E. Worthington, replied 
for the Society of Chemical Industry, the Faraday 
Society, and the Institution of Mechanical Engi- 
neers. The health of the guests was proposed by 
Mr. G. A. Boeddicker, Member of Council, and was 
responded to by Mr. W. G. Butler, Sir John 
Forsey, and Sir Alfred Keogh. 





THE WORLD’S NAVAL AND MERCHANT 
SHIPBUILDING. 

WHEN carefully examined, Lloyd's Returns of Ship- 
building in 1910, including foreign as well as home 

roduction, yield agg ge ee egg regarding (1) 

ritish supremacy in shipbuilding, mercantile and 
naval ; (2) the relative extent of warship building for 
the various fleets ; and (3) the surplus of tonnage built 
during the year, when the wastage of shipping is 
deducted from the production. 

Regarding our position as the builders of merchant 
fleets relative to that of other nations, there is, first, 
the interesting fact that, of the total merchant ship- 


ping launched throughout the world in 1910—1277 
vessels, of 1,957,853 tons (excluding warships and 
all vessels less than 100 tons)—the United Kingdom 


was responsible for 584 per cent. ; the United States 
for 17 per cent., a large part | for Lake and 
inland navigation; Germany for 8.15 per cent., 
France for 4.13 per cent., Holland for 3.63 per 
cent., while the other countries are credited with 
smaller proportions. There is the further fact that 
last year’s figures for the United Kingdom show an 
increase as regards merchant tonnage equal to 15.13 
r cent., whereas in the case of France the increase 
is 914 per cent.; Germany, nearly 24 r cent.; 
Holland, 20 per cent. ; and the United States, exclud- 
ing harbour and river tonnage, 39 per cent. The 
totals for the various countries, excluding vessels 
of less than 100 tons, are set out in Table I. overleaf. As 
it may be objected that one year is not a fair criterion, 
we take the figures for quinquennial periods, thus 
eliminating in some degree fluctuations in trade. The 
returns for the five years ending 1900 show that the 
British proportion of the total output of merchant 
ships in all five years is over 684 per cent. ; for the 
ears 1901-1905 our proportion was 647 ~ cent., and 
be the past five years 584 per cent. In these three 
successive peri Germany’s ‘contribution to the 
world’s total has been equal to 8.8 per cent., 9.38 per 
cent., and 9.1 per cent. res tively. It will be 
accepted that so far as merchant shipping work is 
concerned, our position is still sufficiently strong to 
disarm the pessimist, and to justify forei hi - 
owners in continuing to look to this country for guid- 
ance in maritime industries. 

When similar consideration is given to the extent 
of naval shipbuilding, our position is, perhaps, not 
quite so satisfactory. It must ever be remembered, 
however, that the naval votes of the first - class 
Powers are ear-marked for expenditure within the 
country. This is due, not so much to economical con- 
siderations as to the necessity to maintain repairing 
establishments for the tive fleets. There are, 
however, periodical indications by foreign Powers of 
the appreciation of the fact that our shipbuilders 
lead progress in design and construction, and several 
Powers continue to look to British firms for the de- 
signs of their latest fighting ships. The total 

roduction of warships throughout the world in the 
five years ending 1900, as may be gathered from 
Table II., averaged 306,000 tons per annum ; in 
the five years ending 1905, 387,000 tons ; and in the 
past five years, nearly 350,000 tons. The p ion 
of the average contributed by the British builders has 
decreased ; the a contributed by Britain in 
the five years ending 1 was 44? per cent., in the 
next five years 37 per cent., and in the past five years 





34 per cent. Thus, while the warship tonnage built 
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in Britain for His Majesty’s and other navies has been | 
decreasing, that constructed in foreign countries hes | 
been inereasing. This is clearly shown in Table III. 
In this table, of course, the tonnage attributed to) 
Britain includes such foreign work as is carried out 
by our builders, but, unfortunately, during the past 
year no large ship has been built for a foreign navy. 
From Table ll, which shows the displacement of 
warships of 100 tons and upwards launched for the 
various navies during the past fifteen years, it will be 
seen that the additions to the British war fleet have | 
not continued at the same rate as those of all forei; 
navies. Thus the tonnage added to the British fleet in | 
the years 1896-1900 was 480,495 tons, or 31} per cent. | 
of the tonnage added to all fleets; in the next 
quinquennial ~— (1901-5) 673,307 tons were added | 
to the British fleet, the ratio to the total being 


tons, excluding vessels under 100 tons. Foreign fleets 
have been growing at a rapid rate. Thus, taking 
into consideration wastage, it is found that the world’s 


| fleet is greater to the extent of 1,000,000 tons than 


at the end of 1909. In 1909 the net addition was less 
than 650,000 tons, and in 1908 1,000,000 tons. These 
three years provided a less increase than in anv year 
since 1898, the augmentation per annum ranging in 
the interval from over 1,200, tons in 1904 to over 
2,000,000 tons in 1906. 

Taking the results as they appear on the surface of 
Lloyds’ Returns, we note that the total output for the 
world, including warships, is 1399 ships, of 2,268,707 
tons. This, as shown in Table IV., is 262,000 tons 
more than in the previous year, and 126,000 tons more 
than in 1908, but falls very far short of the figures of 
preceding years. Thus, in 1907 the total was 831,000 


TABLE I1.—TABLE SHOWING THE TONNAGE OF VESSELS OF 100 Tons GROss AND UPWARDS (EXCLUDING 


WarsuHips) LAUNCHED IN THE UniTrep KInGpoM AND ABROAD DURING THE YEARS 1894-1910. 
































, United Austria- | British | Den- i) <Ger- ‘ | ‘ay, United Other 
Year. Kingdom. Hungary. Colonies. | mark. France. many. Holland) Italy. Japan) Norway States. |\Countries. Totals. 
tons tone | tons tons tons tons tons | tons tons | tons tons tons No.| tons 
1894 | 1,046,508 1,703 | 6,803 7,300 19,636 119,702 15,360 | 5,396 3,173) 17,169 | 66,894 13,894 932) 1,323,538 
1895 950,967 7,371 | 10,381 10,982 | 28,851 7,786 8,292 | 5,603) 2,296) 12,873 84,877 | 7,881 880) 1,218,160 
1896 1,159,751 6,246 | 11,124 11,814 | 44,565 103,295 12,406 | 6,779 7,849) 12,059 | 184,175) 7,820 1113) 1,567,882 
1897 | 952,486 6,601 | 12,431 | 49,341 | 139,728 20,351 {12,910 6,740) 17,248 86,838 13,711 990, 1,331,924 
1898 | 1,367,570 5,432 | 26,021 12,708 | 67,160 153,147 9,468 |26,530 11,424| 22,670 | 173,250 8,968 (1290) 1,893.343 
1899 1,416,791 9,248 8,464 26,613 89,794 211,684 34,384 |49,472 6,775| 27,853 | 224,278 16,382 (1269) 2,121,738 
1900 } 1,442,471 14,889 | 9,563 11,060 116,858 204,731 45,074 |67,522 4,543| 32,751 | 333,527 | 21,174 1364) 2,304,163 
1901 | 1,524,739 20,013 | 28,134 22,856 177,543 217,593 29,927 (60,526 37,208| 36,875 | 433,235 28, 1588 2,617,539 
1902 | 1,427,558 15,192 | 28,819 27,148 | 192,196 213,961 69,101 |46,270 27,181) 37,878 | 379,174 38,27 1650, 2,502,755 
1903 | 1,190,618 11,328 34,690 28,609 | 92,768 184,494 59,174 |50,089 34,514!) 41,599 | 381,820 35,928 1650) 2,145,631 
1904 | 1,205, 16,645 30,965 15,859 | 81,245 202,197 55,636 |30,016 32,969; 50,469 | 238,518 28,254 1643) 1,987,935 
1905 | 1,623,168 16,402 10,798 17,557 | 78,124 255,423 44,135 (61,629 31,725| 52,580 | 302,827 25,554 (1576) 2,514,922 
1906 | 1,828,343 18,590 26,042 24,712 | 35,214 318,230 66,809 |30,560 42,489! 60,774 | 441,087 26,913 1836, 2,919,763 
1907 1,607,890 8,717 46,443 28,819 | 61,6385 275,008 68,623 |44,666 66,254) 57,556 | 474,675 37,807 1788 2,778,088 
1908 929,669 23,502 34,181 19,172 | 83,429 207,777 58,604 |26,864 59,725| 52,839 | 304,543 32,981 1405 1,833,286 
1909 991,066 25,006 | 7,461 7, 42,197 128,696 59,106 |31,217 52,319 28,601 | 209, 19,276 1063) 1,602,057 
, 14,304 26,343 12,154 | 80,751 169,308 70,945 |23,019 30,215, 36,931 | 331,318 29,401 1277, 1,957,853 


TABLE SHOWING THE NUMBER AND DISPLACEMENT OF WARSHIPS OF 100 Tons AND Upwarps 
LAUNCHED FOR THE VARIOUS NAVIES DURING THE YEARS 1894 TO 1910. 





























American | aU 
Year. British. (United French, German. Italian. Japanese. __ Russian. Fl Total. 
States) age. 
tons tons | tons tons tons tons tons tons No. tons 
1894 32,088 he | 28,690 5,070 3,290 868 34,850 15,150 57 120,006 
1895 139,145 12,034 | 42,071 5,490 6,500 2,800 4,114 36,571 82 248,725 
1896 117,445 16,302 57,110 11,100 6,500 24,780 30,281 68,273 92 331,791 
1897 66,740 3,000 | 15,185 44,214 35,906 | 18,070 2,200 43,585 90 228,900 
1898 140,120 57,900 25,096 10,648 2,836 | 46,275 28,650 56,348 91 366,87: 
1899 121,140 =| 6,400 | 52,912 29,240 18,120 61,656 37,230 | 18,062 91 | 344,760 
1900 35,050 | 12,330 40,730 45,330 1,280 | 26,210 61,840 | 37,604 99 260,464 
1901 200,774 47,903 40,663 59,400 27,833 1,125 54,680 | 26,169 123 467,547 
1902 92,840 20,449 44,139 $2,324 | 8,724 8,350 48,485 22,795 102 278,106 
1903 147,813 66,140 | = 30,7 60,590 | «s 13,917 38,430 33,450 119 | 391,100 
1904 126,375 170,185 | 438,600 44,970 25,932 608 1,750 21,586 102 | 435,006 
1905 96,505 | 98,200 28,611 36,487 14,490 50,633 15,721 22,564 118 | 363,211 
1906 | 85,700 45,443 15,183 62,678 3,039 41,277 82,204 27,448 148 | 362,972 
1907 | 133,405 | 11,590 33,594 14,800 25,154 57,200 | 35,317 10,151 142 321,211 
1908 | 49,560 | 52,850 21,600 7,660 29,400 2,245 8,800 47,574 127 309, 
1909 | 98.790 | 48,639 95,740 99,116 2,088 375 1,246 | 58,481 } 151 404,475 
1910 | 133,525 | 30,287 24,063 49,024 19,374 23,100 | a | 81,481 122 310,854 
| 








TABLE III.—Number and Tonnage of Warships 
Launched, 1894-1910. 








| British. | Foreign. 
Year. ia | —— eS 

No. | Tons. No. Tons. 
1894 .. A ive $2,956 | 27 87,050 
1895 .. 59 So i ie 100,614 
1806 .. 55 163,958 | 37 167,833 
1897 48 95,465 | 42 133,435 
1898 .. 41 191,555 | 50 175,318 
1899 . 35 168,590 56 176,170 
1900 . 29 68,364 70 192,100 
1901 41 211,969 82 255,578 
1902 . 23 94,140 7 183,966 
1908 .. 41 151,890 78 239,210 
1904 .. 87 127,175 65 307,831 
1905 .. 28 129,801 90 233,410 
1006 .. 29 108,450 19 254,522 
1907 .. 36 184,475 106 186,736 
—.. - st 74,186 191 235,508 
1909... ..| a2 230 109 278,245 
ae 45 134,645 77 176,207 














nearly 35 per cent., and in the past five years, 
with a total of 500,980 tons, the proportion is 
294 per cent. This can scarcely be considered satis- 
factory in view of the steady maintenance of our pre- 
dominance as a pron tance nation. Regard- 
ing this point, it is possibie to make the deduction 
from Lloyd’s figures that Britain and the Colonies 
owned about 950,000 tons of the world’s output of 
merchant ships in 1910, leaving 1,007,000 tons owned 
by foreign nations. 

The third point brought out by Lloyd’s Returns is 
the relation of the tonnage built to the wastage of 
shipping. In the case of the British fleet, it is pointed 
out that the vessels lost, broken up, &c., during the 
past twelve months totalled 361,000 tons, while the 
sales to foreign and colonial owners reached a record 
total of 513,618 tons. ing allowance for every con- 


sideration, it is found that the British fleet is greater, | th 
~~ a year’s y to the extent of 
296,000 tons of steamshi ut is less by 190,000 tons 
of sailing ships, so that the net increase is only 106,000 





TaBLeE IV.—Tonnage of Ships Launched (including 
Warships) in each Maritime Country. 





1910. 

















| 
Seip | 1907. | 1908. 1909. | 
Austria-Hungary 10,311 | 39,115 47,223 | 29,297 
ium . 16,542 | 16,300 6,316 6,226 
Britiah Colonies 46,603 | 34,181 7,941 | 26,343 
ii 40 is ti — | ae 
Denmark 28,819 | 22,764 7,508 | 12,871 
France .. 96,924 | 105,455 | 187,087 | 105,114 
Germany 291,208 | 305'977 | 228/089 | 210,367 
reece .. — 1,385 -- 
Holland 68,724 | 59,156 | 65,522 | 71,761 
OF ss 69,820 | 56,264 | 33,405} 52,073 
Japan .. 127,354 | 62,085 | 52,694 53,315 
a. 57,756 | 53,389 | 28,601} 37,481 
‘ort 306 302 400 | 3,350 
Russia .. 37,340 9,720 4,331 4,395 
My ins mad 3,966 | 5,210 2,174 3,234 
Sweden es .-| 12,206 | 10,804 7,487 9,869 
United States. |_| 486,265 | 357,308 | 258,243 | 361,605 
Other countries “| 670 846 — 150 
Total foreign and 
colonial .. sa] 1,356,934 | 1,139,120 | 889,236 | 990,893 
Total for the United) 
Kingdom .. | 1,742,365 1,008,855 | 1,117,296 1,277,814 





tons more, and in 1906, the year of maximum output, 
over a million tons more. Of this latter 962,000 tons 
is due to merchant tonnage, and 52,000 tons to warship 
tonnage. As a matter of fact, the output of warships 
in 1909 was, as shown in Table II., considerably greater 


Total for world .., 3,009,200 | 142,076 | 2,006,582 | 2,268,707 





than in 1910, and 1908 had practically the same total | Th 


as the past year; so that the recent decrease is 
entirely due to merchant-ship work. The total of 
merchant vessels of over 100 tons launched in all 
countries was 1277, the tonnage being 1,957,853, or 
355,000 tons more than in the previous year, and 
124,000 tons more than in 1908. 

Lloyd’s fi for the United Kingdom with 
ubli in ENGINEERING (page 27 ante) when 
consideration is given to the fact that Lloyd’s do not 
include vessels under 100 tons. Thus, we accoun 


for 612 vessels of 63,628 tons more than in the returns ! 





ted | turbines. The 


now issued, while the increase in the British total was 
at the rate of 11.5 per cent. for 1909 and 24.6 per cent. 
for 1908, as compared with 15.8 per cent. and 27 per 
cent. respectively in the case of Lloyd's figures. The 
assumption is that there has been a less number of 
barges and other miscellaneous small craft constructed 
during the past year. Lloyd’s give the proportion 
of British tonnage built for foreign countries as 19} 
per cent., while we bave recorded it as 18.3 per cent. 
or 1910, and 24.4 per cent. for 1909, as compared with 
25.3 per cent. in Encernerrtnc. The difference, of 
course, is due to the small vessels built for river traffic 
in foreign countries. 

As regards the work done in foreign countries, the 
totals for 15 years are given in the tables. It will be 
seen from Table IV. that the foreign and colonial ton- 
nage, ineluding warships, makes 990,893 tons, which is 
over 100,000 tons more than in the previous year, the 
increase being at the rate of 11.8 per cent. , as compared 
with 154 per cent. for the United Kingdom on the 
same basis ; but, as compared with 1908, the foreign 
and colonial tonnage shows a decrease of 149,000 tons. 
The decrease on the figures for 1907 (which marked 
the highest total for recent years) is 356,000 tons, so 
that the course of trade in foreign countries generally 
has followed the same trend as in the United Kingdom. 

The returns from the respective countries, accord- 
ing to Lloyd’s, show that the merchant tonnage for 
the Uni States (331,318 tons) is 122,000 tons more 
than in the previous year, but falls short by 143,000 
tons of the total in 1 The increase in the tonnage 
built on the. coast, however, is only 97,000 tons when 
compared with the work done in 1909. The figures 
include nearly 40,000 tons of vessels intended for river 
and harbour purposes. As regards shipbuilding on the 
Great Lakes, the total is only 24,000 tons more than 
in 1909, and includes twenty steamers of over 5000 tons 
each—the largest being of 7602 tons, a vessel named 
the William B. Palmer, built on the longitudinal 
framing system, at Detroit. The largest sea-going 
steamer built in the United States was the Cyclops, of 
10,644 tons, which was built for the United States 
Navy, and is intended to act asa collier to the fleet. In 
addition there were launched nine sea-going merchant 
ships of over 5000tons. One of the three sailing ships 
of over 1000 tons built in the world during the year 
was floated in the United States. The warships built 
for the United States Navy make up 37,287 tons, which 
is considerably below the average, as shown in Table II. 

The total merchant output in Germany during the 
past year was 159,303 tons—an increase of about 
31,000 tons as com with the previous year, but 
at the same time the total is only half what it was 
in 1906. Liloyd’s figures, however, do not take into 
account the vessels launched on the inland rivers, the 
total of which is about 17,000 tons. The largest ship 
completed by Germany in the past year was of 8000 
tons, and there were eight others exceeding 5000 tons. 
No large sailing ship was built. The warship work 
was only about half what it was in the two preceding 
years, as indicated in Table II. 

The year has been remarkable, so far as France is 
concerned, in the construction of the largest ship yet 
built in that country, the trans-Atlantic oo. France, 
of about 23,000 tons, launched at St. Nazaire, and to be 
fitted with Parsons turbines, while from the La Seine 

ard there was launched the Sant’ Anna, of 9350 tons. 

e other vessels were of less than 5000 tons, and the 
total makes up 80,751 tons, which is nearly double 
the total in the previous year, but 2700 tons less than 
in 1908. As rds the warships, there was only a 
total of 24,036 tons, which is only one-fourth of the 
toi of the previous year, but compares favourably 
with the earlier years of the century. 

As regards the other countries, the figures are given 
in Table IV., annexed. The total tonnage credited to 
Holland (70,945 tons) exceeds by nearly 12,000 tons 
the figures for 1909. This total does not include 
vessels known to be exclusively intended for river 
navigation. The tonnage of barges, lighters, and 
other river Vessels launched during 1910 amounts to 
about 15,000 tons. Three steamers of 5000 tons 
and upwards were launched, the largest being the 
Prinses Juliana, 8055 tons, built at Amsterdam. 
The output for 1910 in Norway amounted to 36,931 
tons. This is an increase of about 8000 tons on 
the 1909 figures, but is a much smaller total 
than that returned for several previous years. The 
figures include only two vessels of over 1500 tons, 
the largest being of 1701 tons. The figures for Japan 
(30,215 tons) continue to show a decreasing output. 
are 22,000 tons less than those of 1909. In- 
cluded are two steamers of about 6000 tons each. 
The warship output has, however, been much higher 
than in the two preceding years. The only other 
countries with an output of over 20,000 tons are the 
British Colonies (26,343 tons) and Italy (23,019 tons). 
The total for the British Colonies includes one steamer 
of about 6500 tons, built at Collingwood, Ont. Among 
the vessels launched in Italy are four steamers capable 
of a speed of 22 knots, two of which are fitted with 
of Italian warships launched 
—19,374 tons—is above the average. 
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THE BENNIS BALANCED DOUBLE-SHOVEL ARM FOR MECHANICAL STOKERS. 
CONSTRUCTED BY MESSRS. ED. BENNIS AND CO., LIMITED, ENGINEERS, BOLTON. 





Fie. 1, 


Tue efficient work done by mechanical stokers 
during recent years is certainly an advance in boiler- 
house economics, and has contributed greatly to the 
abatement of the smoke nuisance. One type, which 
is now well known, and which is able to show a 
good record, is the Bennis sprinkler and compressed- 
air furnace, manufactured by Messrs. Ed. Bennis and 
Co., Limited, Little Hulton, Bolton. It has already 
been described by us, but the apparatus has recently 
been improved by the addition of a self-balanced 
double-shovel arm. On the shovel-arm previously in 
use with this type of stoker the makers had spent a 
great deal of time in experimenting, in order to find 
out the best way of overcoming certain defects which 
they knew to exist in their existing stoker, with 
results which they consider highly satisfactory. 

In the shovel-arm previously in use, one end held 
the Y-shaped shovel or striker, and the other end 
was connected, through a piston-rod and piston, with 
a spring. This served the purpose fairly well, but 
left room for improvement, and many difficulties had 
to be overcome before the present arrangement was 
adopted. It was found that great accuracy in certain 
portions of the work was essential, for a » Somat of 
even 7 in. in the position of the key way on the actuating 
shaft made a difference in the throwing of the coal. 
Such an effect has accuracy in this respect on the 
working that, in one case, the’ distribution would be 
perfect, and in another it would be almost im ible 
to get the apparatus to spread the coal evenly over 
the grate. Another difficulty attending the use of a 
shaft with arms or bosses holding some moving part 
fixed to the shaft by set-screws or keyed on, is the 
necessity of taking out the shaft in order to remove 
the bosses. In order to appreciate what this means it 
must be remembered that repairs have often to be 
undertaken while the stoker is working, and it is 
therefore hot and tedious work. In order to dispense 
with this necessity many devices were tried, one of 
which was to make the shaft of rectangular section 
turned at the ends, the ends of the shovel-arms being 
bossed so as to slip over the shaft, to which they were 
bolted. There are many ways of doing this without 
taking the shaft out, but it was found that none of 
these ways afforded sufficient lateral support, so the 
section of the shovel-arm was entirely altered. 

The arrangement finally designed is shown in Fig. 1, 
which is a reproduction from a photograph. Sine 
shovel-arm is not pivoted on a pin, but is fixed to a 
steel shaft, which rests in two replaceable outside 
bearings right away from the heat. The ends of the 
steel shaft are turned to a sliding fit. The shaft is 
provided with two projecting ears, one down each side 
of the box, on which are the seatings that carry the 
shovel-arm, the arrangement being clearly shown in 
Fig. 1. The shovel arm is made from Siemens-Martin 
open-hearth steel, and is bent round and carried 
up both sides of the box. The upper ends are fitted 
into the seatings or ears on the shovel-shaft, and are 
securely fastened by bolts, nuts, and ‘‘Fastnut” washers. 
The shovel, the shovel-arm, and the shaft form practi- 
cally a rigid rectangle, with one side bent into the 
awe of the pointed nose of the distributing-shovel. 

y adopting this method only a few minutes are 
required to replace the shovel-arm or the shovel. 

The shovel-arm shaft-bearings are provided with 
outside gas-thread screws and lock-nuts, so that the 
position of the shaft may be adjusted side-ways, 





allowing a little license in the fitting of the shovel 
to the arm. The bearings are each retained in position 
by means of two set-screws. The tappet which works 
the shovel-arm is of such a shape that it carries the 
shovel right out of the way of the feed, so that the 
coal does not get on the top of the shovel, as it was 
apt to do in the old machine. The shovel or throwing 
portion can thus be detached from the shaft without 
necessitating the removal of the shaft. The pneumatic 
ear, which cannot be seen in the illustration, has also 
en improved in detail. It is now cr at its 
outer end, instead of underneath, which is a distinct 
gain. The spring has also been lengthened and has an 
increased number of coils. 

A detail view of the gear is shown in Fig. 2, the air 
cylinder being shown in section. In this the shovel- 
arm is shown at A, and the shovel at B, the tripper, by 
which the shovel is held till it has to be released, 


of a pin to the crossh of the pneumatic piston-rod 
D, which works in the cylinder K, the tension spring 
holding the trip-gear in the position being shown in 
the engraving. The force of the spring can be regu- 
lated by the nut F, the compression of the spring bein 
the motive power for propelling the shovel forwa 

when the arm C is released by the tappet-wheel G and 
scattering the coal over the furnace. The tappet- 
wheel has four different lifts. If the coal is dropped 
too near the furnace-door, by means of the adjusting- 
screw F more compression is put on the spring, a 
half turn of the screw making quite an appreciable 
difference on the throw. Should the anal Ge thrown 
too far, the reverse operation is, of course, necessary. 
The shaft which actuates the shovel-arm is lubricated 
by means of Stauffer’s lubricators, as shown in Fig. 1. 








SOME PRACTICAL EXPERIENCE WITH 
CORROSION OF METALS.* 


By Engineer Rear-Admiral Joun T. Corner, C.B. (late 
Chief Engineer of Portsmouth Dockyard). 


Ir should be pointed out at the outset that in this paper 
the writer purposes to limit himself chiefly to giving 
instances of corrosion which have come under his notice 
whilst actively engaged as a marine engineer, and to 
detail some of the practical methods found to be efficacious 
in dealing with the same. 

Some of the causes of corrosion of metals on shipboard 
are so obscure, and the origin so difficult to trace, that no 
satisfactory explanation is so far forthcoming. On the 
other hand, cases have occurred in which the causes opera- 
ting to produce the effects are clearly recognised and 
easily dealt with. 

The writer has had no personal experience of the trouble 
which took place through the corrosion of copper and 
its alloys in the old wooden ships, but that such corrosion 
did exist is within the knowledge of most of those who 
have studied the record of such shi Cases are men- 
tioned of copper sheathing having become corroded in 
mysterious ways and at unexpected times, and there are 
reports of the heads of the nails having corroded entirely 
off, allowing the sheathing to become detached. 

There were doubtless at times troubles through corro- 
sion in the bilge and other copper pipes of the old wooden 
steamships of war, but as a rule these oon to have 
been of minor importance ; and in many ships the chief 
anxiety the engineers had concerning the pipes was to 





* Paper read before the Institute of Metals, January 18, 
1911. 
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keep them in a bright and burnished condition so as to 
pass the captain’s weekly inspection, at which the array 
of copper piping in the bilges was often one of the show 
sights of the ship. 

With the introduction of iron for shipbuilding purpores 
the conditions were different, for it was soon foun@ neces- 
sary to insulate as well as protect the copper pipes in or 
near the bilges—not, however, for their own welfare so 
much as for the sake of the adjacent plates and angles, 
which, when the pipes were not so treated, were found 
to be adversely affected by contact, owing to the galvanic 
action set up between the metal pipes and the iron plating 
by the bilge-water. 

There were many instances in which very considerable 
trouble was caused. Among them may be mentioned the 
case of the troopship Megaera, which vessel had to be 
beached at St. Paul’s Island, about 1869, to prevent her 
sinking. It came out in the subsequent inquiry thst 
among other defects in this ship, there was a serious one 
due to a copper strainer fitted to a bilge suction-pipe in a 
remote part of the ship. The action set up by it was 
sufficient to eat right through the plates, and so admit 
water to such an extent that the ship had to be run 
ashore to save the crew. 

As far as can be ascertained, the pipes themselves ia 
iron ships were no more affected than those in wooden 
ships, probably not so much ; and it was not until at or 
about the time of a great change in the internal economy 
of men-of-war that serious and persistent trouble through 
the corrosion of copper pipes began to be manifest and 
felt. This change was the introduction of the electric 
light on shipboard. 

The writer’s first experience of the insidious corrosion 
of copper pipes occurred in a ship which had recently 
m fitted with an electrical installation for working 
searchlights. 

During a commission of over three years, there were, 
as far as can be remembered, only two pipes which 
seriously suffered from corrosion ; both were water-pi 
and both were eaten right through in small holes which 
had the appearance of having been punched, and it is 
noteworthy that each of these pipes was in the immediate 
vicinity of an electric lead to a searchlight—the one 
forward and the other aft. The whole business was, after 
all, but a minor affair, and consequently very little notice 
was taken of it ; it was only years afterwards when trying 
to assign a cause for similar trouble in various other shi 
that the previous experience was recalled to throw light 
on an obscure question. 

There is no doubt whatever that the time of the intro- 
duction of the electric light in naval ships synchronised 
with a considerable increase in the corrosion of the 
copper and metal pipes and fittings; and as the parts 

ected were chiefly water-fittings, the increased steam 
pressures which came at or near this period, and which 
might have been suspected as one of the causes, can 
be now quite absolved from any share or part of the 
trouble. 

Sometimes pi would be found eaten nearly, and 
in some quite, through in a very short period ; moreover, 
the replaced parts often me similarly affected even 
when different brands or qualities of copper or brass were 
used. Sometimes the pipes were eaten in holes having 
sharp, clean-cut edges, as went. =F emmy sometimes 
parts were pitted and honeycom over a considerable 
area of surface ; while in other examples the metal was 
nibbled out in such a way as almost to suggest the 
presence of rodents or micro 

As regards the source of this trouble, some engineers, 
for the reasons above stated, were inclined to attribute 
it to electrical action due to the leakage from the mains, 
which was often so great as to allow electricity to per- 
meate the whole ship. It must be admitted now that 
some of the earlier electrical installations on shipboard 
were a long way from perfect, inasmuch as leakage in 
some cases was sufficient to turn the ships themselves 
into storage batteries. Others attributed these defects 
in the copper pipes to induced currents set up in different 
ny of the 4 by the currents in the electrical mains. 

ut nothing definite could be proved, and those then 
dealing with the electrical plant disclaimed all responsi- 
bility for the trouble, and, in fact, sometimes expressed 
the opinion that the currents they used could hurt nothing 
and cause trouble to nobody. 

It was also further suggested that the action might be 
due to mere chemical causes; but here again the responsi- 
bility for this was disclaimed by those concerned, the 
corrosion being put down by them to mechanical rather 
than chemical action; and there was certainly some 
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ground for the contention, anteg Ot corrosion in pipes 
generally occurred at or near bends or branches; also very 
extensive corrosion often occurred on the bronze pro- 
peller blades, especially at the forward side, where there 
was little likelihood of extensive action, electrical or 
chemical, but abundance of the mechanical kind. 

It is — probable that a certain amount of chemical 
action was first induced by galvanic action, and the erosion 
caused by the friction of the water, which washed away 
the results of the chemical action, left the clean surface 
exposed to further and similaraction. This explanation, 
however, would not fully apply to cases where clean-cut 
holes were found in the pipes, condenser tubes, &c.; 
these results were probably due to want of homogeneity 
in the composition of the metal, the galvanic and chemical 
action finding out the weakest places. It would also 
appear that the presence of air and moisture together 
largely influences the extent of the corrosion of these 
metals, as of iron, and in a measure helps to explain the 
pitting on the forward sides of the gp Ser blades, 
where the partial vacuum formed by the motion of the 
screws causes air to drawn from the surrounding sea- 
water, which assists the corrosive action. 

It was also suggested that the corrosion might be due 
to the use of copper of too pure a quality ; and in this 
connection it may be noted that some locomotive engi- 
neers specify for about 4 per cent. of arsenic in the copper 
fire-box plates, as a preventive against corrosion. So 
there really may have n something in this suggestion, 
seeing that pure electrolytic copper was begging to be 
used at or about the time referred to. 

But whatever mvy have been the causes, the pressing 
business of the day was to discover the cure of the com- 
plaint ; the prevention of the corrosion which affected 
most of the water-pipes, including the condenser tubes of 
many ship», was what all aimed at. As regards the 
latter, it is understood there was not much general cor- 
rosion of the tubes in iron condensers. No doubt there 
have been, as there still are, some instances in which the 
tubes of iron condensers have given considerable trouble 
through various causes, some of which were foul circulat- 
ing water, defective materials, excessive vibration through 
indirect local pressure, such as the direct impinging of 
the steam or circulating water on the tubes, &c.; but as 
regards the corrosion under consideration, it may be 
stated generally that it is certainly much less in con- 
densers with iron shells than in those with brass shells. 

One special case of an iron condenser which came under 
the writer’s notice was ye emg | and unique, and may 
be mentioned here :—A ship with a cast-iron condenser, 
with circulating water outside the tubes, had been run- 
ning for several years with a set of tubes which had given 
no trouble whatever. The ship, unfortunately, got ashore 
on a sandbank, and in the getting off stirred up the sand 
so much as to get a large quantity deposited in the con- 
denser on the circulating side. On returning to port 
for overhaul and repairs, the tubes were taken out to get 
rid of the sand. This afforded the opportunity for 
examining and attending to the inside of the condenser 
shells. They were cleaned by being chipped and scraped, 
and finally given a good coating of red-lead paint. Short 
after the ship resumed service, the condenser tubes, whic 
up to then had given no trouble, began to go to such an 
extent that the -— had to be again laid up for the com- 
plete re-tubing of the condensers. hen this was done, 
the red-lead paint was all removed, after which no further 
trouble with the tubes was experienced. This result 
clearly showed that the brass tubes were being protected 
when the iron shells were bare, but when covered with 
ra Sua a corrosive action on the tubes manifested 
itself. 

Another case of the protection afforded by iron may be 
mentioned :—In a certain ship one og are pipe con- 
veying circulating water was repeatedly in trouble through 
corrosion. This pipe would be found badly eaten away 
at a bend. It was taken down, patched, and replaced 
time after time, but the corrosion still went on and con- 
tinued. The chief engineer then resorted to the following 
expedient :—He sweated a lump of copper on the outside 
of the pipe, so as to provide material for a screwed: hole, 
through which a large iron bolt, about 14 in. in diameter, 
was fitted, so that the point protruded ; and no further 
trouble was experienced with this pipe, the bolt bein 
screwed further in as the point me eaten away, an 
being entirely renewed when a. 

These two examples appear to indicate that the pre- 
sence of sufficient bare or unprotected iron in perfect 
metallic contact with the system strongly counteracts 
the corrosion of the copper or brass ; the chemical or 
electrical or mechanical action, whichever it may be, 
solely or jointly, being entirely expended on the iron. 
It is therefore considered that by the free use of iron 
or steel the best protection of the copper or alloy pipes is 
provided. 

Before resorting, however, to such free use of iron, 
various other means were triei in different shi One 
method was to coat the insides of the pipes with marine 
glue, another to use plumber’s solder or tinman’s solder 
as an internal coating. Special alloys containing alumi- 
nium were tried. Zinc slabs and blocks were used, as 
also zinc bars let in amongst the condenser tubes; and 
though some of these expedients effected a certain 
amount of good, it is considered that the present practice 
has more to recommend it than any of them, and that 
is, the insertion of short iron leagtiee of pipe in runs of 
water pipes which can be easily removed and replaced ; 
and, further, the use of iron or steel doors for brass con- 
densers, and iron rods and plates in and about the tubes 
is very effective as a protection to the tubes and plates. 

In some warships of late years the condenser barrels are 
made of steel. Of course, in this latter case there is the 

bility of a certain amount of corrosion in the con- 
ensers themselves, but as this is only to be expected 


on the waterside, it should not be difficult to deal with— 
the design of the condenser being such as to admit of the 
easy replacement of parts likely to be affected, and pro- 
vision being made for zinc protectors as in boilers. 

It is considered more than probable that the reason 
why iron is found on the whole to be more efficient as a 
protective than zinc is that with the former better 
metallic contact is assured and maintained, and perfect 
metallic contact is undoubtedly an absolute necessity. 

Respecting the corrosion on propeller blades, it is not 
known to the writer whether iron has been tried as a pro- 
tection against corrosion ; but he would suggest for con- 
sideration that if easily renewable plugs of iron could be 
put at the parts of the propeller blades where corrosion 
1s likely to occur, they might lead to a marked difference 
in the extent of the pitting, for it may possibly be found 
that so long as there is iron in the immediate we ge | 
sufficient to absorb the corrosive action the bronze will 
be entirely protected. 





REPORT TO THE CORROSION COMMITTEE 
OF THE INSTITUTE OF METALS.* 


By Guy D. Bencoucnu, M.A., Lecturer in Metallurgy 
in the University of Liverpool. 
Section I. 
Introduction. 

THE pitting and corrosion of metals and alloys is 
probably one of the most serious troubles with which the 
modern engineer has to contend. In the case of iron and 
steel, as used in boiler construction, for instance, these 
arse gp may be attended with dangerous and even 
atal consequences, as the history of the subject too 
amply testifies. Past experience clearly shows that all 
the forms in which iron and steel come on the market 
are ay liable to corrosion, and the classical re- 
searches into its causes, which have been carried out in 
America by Cushman, Gardner, Walker, and Whitney, 

int clearly to the fact that only palliative and not pro- 

ibitive measures are likely to be available in the near 
future. 

The ey ee of non-ferrous metals in place of 
iron was, in the past, adopted for the express purpose of 
lessening the trouble due to corrosion, for it was long ago 
recognised that these metals were less corrodible than any 
form of iron or steel. They were also used to prevent the 
adhesion of barnacles and other forms of marine life to 
wooden ships, and to resist the attacks of Tcredo navalis. 
As far back as1761 the British Admiralty used copper on 
the hulls of sea-going vessels for the submer, parts. 
Muntz metal was introduced to replace copper for this 
purpose in 1832, and soon after the introduction of steam 
machinery, copper and its alloys superseded cast iron for 
piping and other subsidiary purposes. In addition to the 
longer life of the copper and alloy fittings, they afford 
the advantage of smaller weight and bulk. 

In the early days of the use of copper and its alloys 
little trouble was met with from corrosion or pitting, 
which last is merely intense and localised corrosion. It is 
frequently stated that trouble has only arisen in the last 
few years. An examination of the literature of the 
subject, however, shows that this is not altogether correct. 
For instance, in 1823, Robert Mushet took out a patent 
for the manufacture of a corrosion-resisting alloy suitable 
for sheathing, which consisted of copper containing 4 per 
cent. of tin, or zinc ; and as early as 1824 Sir Humphry 
Davy+ carried out a series of experiments on the 
best means of protecting the copper sheathing of ships 
from the corrosive action of sea-water. The records 
of the American Society of Naval Engineers show 
that serious and frequent trouble was met with in 
the case of copper sheathing on wooden vessels between 
the years 1847 and 1850. After this the trouble 
seems to have become rather less frequent. It broke out 
again about the year 1876, when the Admiralty first met 
with the difficulty in the case of some propeller bolts used 
in the construction of a wooden ship named the Frederick 
William, and was continued into the ’eighties. A re- 
newed attack, of a still greater degree of virulence, broke 
out about the year 1900, since which time it seems to have 
become endemic. 

Like the plague, then, the trouble has, in the past, been 
periodical, and this has led to the idea that it is in some 
way connected with the predominating sources of the 
copper ore used in each period. The data and records 
available, however, are too scanty to allow of a thorough 
examination of this theory. It is now mentioned on 
account of its possible connection with another suggested 
cause of corrosion. . 

Unfortunately we are, at the present moment, in the 
midst of a period of singular activity on the part of the 
corrosion demon, or perhaps we should say, of his modern 
equivalent, the corrosion bacillus. At any rate, we seem 
to be now, more than ever before, susceptible to his 
attacks, and it is therefore peculiarly fitting that a deter- 
mined and organised attempt should be made to resist his 
onslaughts. 

The Corrosion Committee of the Institute of Metals has 
been formed ‘“‘ for the purpose of furthering the study of 
the cause or causes and prevention of the corrosion of 
metals and alloys coming within the purview of the 
Institute.” The field of work here indicated is obviously 
of very wide extent ; so wide, in fact, that there is little 
hope of its being completely ot gp in less than a 
decade or two. This being well understood by the 
members of the Committee, it e necessary to select 
some one small portion of the field upon which to make a 


* Report submitted at the meeting of the Institute of 
Metals, held January 18, 1911. 
+ Philosophical Transactions, 1824. 








start. In the first instance, therefore, it has been de- 
cided to make a special study of the corrosion of 70 : 30 
brass. This alloy comes into commerce in the form of 
such important products as condenser tubes for marine 
and stationary > —y and of cartridge cases of all sizes. 
It has generally n considered to be a stable, homo- 
meous, solid solution, though some considerable doubt 
as been thrown upon this view by recent work.* Prob- 
ably it is not a chemically stable body, even at the ordi- 
nary temperature, and at the higher temperatures at 
which it is used in condensers, any change which it may 
undergo will proceed at an enhanced rate ; in consequence, 
its bred towards corrosive agents will probably be 
affected. In addition to this it does not, as a rule, dis- 
solve or corrodé as a whole, but exhibits the phenomenon 
of a preferential solution of zinc. Hence we are dealing 
with an alloy whose surface is of a progressively changing 
composition. The question immediately arises, In what 
manner does this action take place, and what is the state 
of aggregation of the metals in the solid alloy? Unfor- 
tunately, at the present time these questions cannot be 
fully answered. The electrcde potential and solution 
ressure of an alloy such as 70 : 30 brass cannot be calcu- 
ted, and the experimental determination of the data is 
attended with serious difficulties. As will be seen later, 
the data in question are of considerable importance in the 
study of corrosion problems. 

In the case of copper, on the other hand, the data have 
been ascertained with a fair degree of accuracy, and it 
might therefore seem better to begin investigation with 
that metal ; but the importance of the practical problem 
is so much greater in the case of brass that it has 
seemed best to the Committee to endeavour to_throw 
some light on it at as early a date as possible. It will, 
however, probably be found necessary to conduct a series 
of experiments simultaneously on the two materials, and 
suggestions to this effect are put forward in the latter 

rt of this report. Strictly scientific experiments, as a 
aed for future work, are proposed in the case of copper. 
In the case of brass, the experimental scheme is of a 
more empirical nature. It is hoped that the first series 
will assist in interpreting the results obtained by the 
second. 

It may not be out of place to remark here that the 
empirical method has frequently proved its value in 
attacking industrial problems. For instance, much of 
the work carried out in America by Cushman, Gardner, 
and others, on the corrosion and preservation of steel and 
iron, may fairly be descri as enlightened empiricism, 
guided in its general direction by the electrolytic theory 
of corrosion. It has already produced interesting and 
highly important results, and is likely to add to them in 
the near future, as the results of experiments now running 
come to hand. 

Before actually starting any extended course of experi- 
mental work, it been considered desirable to present 
in convenient form a comprehensive statement and review 
of our knowledge of the corrosion problem both in its 
theoretical and in its practical aspects. The present 
report has, therefore, been oe to meet this require- 
ment. Ina summary at the end of the report, the per- 
sonal views of the author, derived from a study of the 
available literature and from his own experiments, are 
presented, together with suggestions for a course of 
experimental investigation, which might, with advantage, 
be immediately taken in hand. 

The present author believes that it is only by means of 
the active co-operation of all concerned in the handling 
of metals—makers, surveyors, and users alike—that a 
complete knowledge of the causes and means of preven- 
tion of corrosion is ever likely to be attained. A study 
of the present report will probably astonish many readers 
by the contradictory nature of the views expressed in the 
literature of the subject. Undoubtedly this may be 
accounted for, in part, by the too restricted view of the 
subject obtained by some of the authors as a result of the 
lack of the co-operation that is now being advocated. 
Chemists, manufacturers, and engineers all view the 
subject from rather different standpoints, and with diffe- 
rent mental equipments. It is surely not unreasonable 
to hope that a committee composed of all these elements, 
and gathering information from every available outside 
source, will be more successful in directing an attack on 
the intricate problems of corrosion than any of the indi- 
vidual authors who have hitherto worked upon the 
subject. 

Section II. 
Review of the More Important Technical Papers. 

[In many cases it is almost impossible to give an 
adequate idea of the substance of a paper in the small 
amount of —— that is necessarily allotted to each. 
Where possible the conclusions reached by each author 
are presented in his own words; for more detailed 
information readers are referred to the original papers. 

Subsequent to what we may call the Renaissance of the 
corrosion problem in the late seventies of the last century, 
the first paper, as far as I have been able to ascertain, 
which deals more particularly with the technical problem 
is one by Tilden,+ who in 1886 carried out a considerable 
number of experiments upon the action of acids and sea- 
water on copper and brass, The principal conclusions 
which he drew from the results of these experiments were 
as follow :— 

**1, Copper, and brasses containing more than about 
60 per cent. of copper, are attacked by sea-water, and 
chlorides generally more rapidly than brasses containing 
about that proportion of copper 

**2. One cause of unequal corrosion, leading to pitting, 





* Journal of the Institute of Metals, vol. iv., page 115 ; 
Carpenter in discussion on Bengough and Hudson’s paper. 

+ Journal of the Society of Chemical Industry, 1886, 
vol. v., page 84. 
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is the voltaic action which is set up in consequence of 
contact with particles of other less positive metals or 
metallic oxides. Oxide of copper appears to be, in the 
presence of salt water, one of the most active of these 
substances. 

“3. Another, and probably the most destructive agent 
of all, is the green crust of basic chloride which is formed ” 
as described elsewhere. It is formed most abundantly 
when the surface is ‘‘alternately wetted with salt water 
and dried in the air.” The action of this substance may 
be ‘‘partly due to its electro-negative character,” .. . 
but “‘ the greater part of its action seems to be a chemical 
one, aided by its porous texture, in consequence of which 
it rapidly absorbs moisture and air, . The holes in 
sheathing and condenser tubes supplied by sea-water are 
formed, generally, in consequence of the formation of 

tches of this substance. The process is easy to imagine. 
Suppose the flow of water through the condenser-tubes be 
interrupted for any reason. The tubes lie in a horizontal 
position, and do not drain completely ; a small quantit 
of sea-water is left which speedily dries up in spots, which 
necessarily lie along one side of the tube in the position 
in which the holes are most commonly found. ‘Then the 
moist salt with the oxygen of the air acts on the surface of 
the metal, producing a spot of oxi-chloride, which remains 
attached to that part and continues to act electro-chemi- 
cally when under the influence of the water, chemically 
by absorption of oxygen when dried up. 

‘‘4. There are several practical lessons of importance 
which may be learnt from this inquiry ; the chief of these 
is the means of moaning. the surfaces of copper and allo 
as clean as possible. In the case of condenser-tubes, 
should imagine there would be no serious difficulty about 
clearing them out, every time the vessel comes into port, 
and before they have time to dry inside, by brushing out 
with a stiff brush. Another point is the desira- 
bility of avoiding distortion of the metal by bending, 
boring, or otherwise. . Lastly, contact with other 
metals should never be permitted in structures which 
are to be used in connection with sea-water or well- 
water containing large quantities of chlorides and other 
salts.” 

A report upon the causes of the explosion of a copper 
pipe which occurred in the s.s. Prodano, was made b 
Arnold, in 1898, on behalf of Lloyd’s Register of Britis 
and Foreign Shipping.* As far as the present author has 
been able to ascertain, this has been the first case of 
corrosion in non-ferrous metallurgy to be investigated by 
the aid of the microscope, and a special interest is attached 
to the report on this account. e conclusions arrived at 
by its author are important, and they have exercised con- 
siderable influence on many subsequent investigations. 

The cause of the explosion was found to be a deteriora- 
tion of the brazing metal used in the manufacture of the 
pipe, and it had become quite porous and brittle. The 
report deals mainly with the causes of this deterioration. 
Ordinary brazing metal as supplied by manufacturers 
was found to consist of equal parts of copper and zinc ; 
in a laboratory experiment, similar material | a 
composition of 56 percent. of copper was made. This 
was melted with borax with the object of treating it 
similarly with the treatment of brazing solder on the 
practical scale. A subsequent analysis showed that the 
percentage of copper had risen to 62. The deduction is 
drawn that the original brazing of the pipe would have 
had approximately this composition. An analysis of the 
deteriorated brazing gave :— 


Per Cent. 
Metallic copper 76.8 
Zinc oxide 22.5 
Fatty acids 1.4 


showing that the deterioration is due to dezincification. 

Arnold states his conclusions as follows :— 

“1. That the brazing metal was originally sound and 
of good workmanship, and consisted of a suitable alloy. 

**2. Explosion was due to a gradual removal from the 
greater part of the brazing of about half its zinc, the 
remainder being converted to oxide, and thus leaving a 
spongy, and hence brittle, mass of metallic copper pos- 
sessing little cohesion. 

_“*3. That the disintegration described in the last para- 
graph was electrolytically brought about by the presence 
in the pipe of water containing small quantities of fatty 
acids which formed organic salts of zinc, either fusible at 
the re omy of the pipe or soluble in hot water. 

“4. That the fatty organic acids must have reached 
the main steam-pipe via the piston-rods, cylinders, con- 
densers, and boilers, and that fatty oils must have been 
employed either inadvertently as adulterations in mineral 
oil, or deliberately in the form of lubricants, such as 
tallow and castor-oil.” 

_Cohen,} in 1902, presented an interesting summary of 
his researches on corrosion problems to the Institution of 
Naval Architects. He states that the companies and 
engineers who have supplied him with information give 
very contradictory accounts, even of the facts of corro- 
sion, and that consequently the conclusions they have 
come to are equally conflicting. This statement, in the 
opinion of the author, might well be extended to include 
the literature of the subject, one of the features of which 
1s its confusing and contradictory character. Cohen’s 
soanite and conclusions may be briefly summed up as 
OLlOW :— 

1. Chemically pure copper is attacked by sea-water 
only in the presence of air. If carbon dioxide is removed, 
no action takes place. 

2. This statement applies also to ordinary electrolytic 
copper, sheet copper, hammered copper, and cast copper. 

3. In the case of brass containing :— 


* The Engineer, vol. 1xxxv., 1898. 
+ Journal of the Institution of Naval Architects, vol. 
xliv., 1902 ; also de Ingenieur, 1901 
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the presence of carbon dioxide was equally necessary to 
any attack by sea-water. Both copper and zinc pass into 
solution, but in what proportion is not stated. 

4. Metallic tin is seen when attacked by sea-water 
and air. Ordinary tin-plated condenser tubes are pro- 
tected by a layer of tin only ,4 mm. thick. (Average of 
tubes of several different manufacturers.) Even in new 
tubes this layer is not always uniform, but exhibits cir- 
cular spots where the brass is bare. 

5. Metallic nickel and cupric oxide resist even a pro- 
age attack by air and sea-water. 

e following methods of preventing corrosion are sug- 
gested at the end of the paper :- 

‘*(a) A thick coating of tin on copper or brass tubes. 

*(b) A coating of oxide of copper. (It is not certain, 
however, that this remedy is of practical application. ) 

“*(c) A coating of nickel, or, preferably, tubes entirely 
made of nickel. 

‘*(d) An electric connection between copper and brass 
tubes, and zinc or iron plates suspended in the sea. 

**e) A continuous electric current, accurately con- 
trolled, passing through the condenser tubes or through 
the parts of the tubes which have to be protected against 
corrosion. 

**(f) Insulation of the tubes from all parts of the in- 
stallation in which current flows.” 

During the discussion on this paper Mr. A. F. Yarrow 
presented a table of results obtained by Messrs. Yarrow 
and Co. This table is of considerable interest, and is 
reproduced below. : 

A W. Stewart* gives an interesting account of investi- 
— made on behalf of the authorities of the Russian 

olunteer fleet. The trouble occurred in nine different 
ships, and was met with principally in the bilge suction 
and discharge pipes, and occasionally in the salt-water 
service- pipes. he pipes were of lead, copper, or iron ; 
little trouble was met with in the brass condenser-tubes. 
The engineers of the fleet were of opinion that the trouble 
was caused through leakage from the electric-light system, 
and this point was investigated by Mr. Stewart. He 
arrives at the conclusion that stray currents had nothing 
whatever to do with the corrosion in any of the cases 
examined. His final conclusion is that the corrosion was 


Experiments with Condenser Tubes by Messrs. Yarrow 








and Co. 
Loss per . 
Kind of Square Inc 
How Tested. r 10 Days 
Tube. Pin Milli 
grammes. 
Sealed with boiled sea-water and hy- 
d De: .. os -_ ee so se 0.06 
; , | Sealed with boiled sea-water and air .. 0.14 
Remy d Sea-water open to air - os - 1.54 
denser Sea-water with air bubbling through .. 1.82 
tube Sea-water at 100 deg. F., and open to air 1.54 
Sea-water at 10 lb. pressure - . 1.27 
Plain water at 101b. pressure 0.20 
Distilled water at 10 fe. pressure 0.16 
Tinned Sealed with boiled sea-water and air 0.11 
brass con- J Sea-water open to air 5s ee * 0.54 
denser Sea-water with air bubbling through .. 0.66 
tube Sea-water at 100deg. F., and open to air 0.88 
Nickel Sealed with boiled sea-water and hy- 
plated d n o ee on se - 0.04 
brass con- ; Sea-water open to air oe oe a 0.45* 
denser Sea-water with air bubbling through .. 0.36 
tube Sea-water at 100 deg. F., and open to air 0.55 





aa This one had pits due to defective nickel-plating. 


due to attack by acids contained in the bilge-water and 
the oils used in the engine-room. 

He advises that the following precautions be taken to 
minimise corrosion :— 

**(a) Avoid my J ships in foul harbours or docks or 
near sewage-pipe discharges. 

**(b) Avoid leaving the condenser full of circulating 
water when not in use, and when using dock or harbour 
circulating water. 

**(c) Avoid the use of iron or steel in any of the sea- 
connections or pipes leading from the inlet end of con- 
denser, and thus avoid oxide of iron being carried into 
the tubes. 

**(d@) When washing out boilers, bilges, &c., in dock, 
precautions should be taken against drawing all the im- 
purities through the condenser. 

**(e) Avoid, as much as possible, in the design of the 
condenser, the admitted steam striking directly against 
the tubes.” 

His general conclusions on the subject of corrosion in 
the case of the steamers of the Russian fleet were as 
follows :— 

**(a) Electricity, as supplied for lighting, fans, and 
bells, not been responsible for corrosion. 

**(b) The 2a of wiring, double or single, has not 

e. 


nm ibl 

** (c) The corrosion of pipes, &c., is principally due to 
the quality of engine-room oils in use. 

**(d) Olive oil should not be used for lubricating 


purposes. ; ; 
**(e) No vegetable or animal oil should be used for 
lubricating purposes on board ship, and as little tallow 
as possible should be used. 
“(f) A good quality of mineral oil should only be 


used. 
**(g) Engine-room, bilge, and discharge-pipes should 





* Journal of the Institution of Naval Architects, vol. 
xlv., 1903. 





be taken out and thoroughly cleaned by removing the 


greasy deposit, and washed out with caustic soda. 

**(h) Engine-room bilges should be thoroughly cleaned 
out and washed with caustic soda. 

“* (¢) Unless conditions (g) and (h) are thoroughly carried 


out, corrosion will not be immediately stop; by the use 
of mineral oil.” 
he above conclusions have been given precisel 


stated by Mr. Stewart. rimental evidence which 


ce ex 
he has marshalled to support them will, perhaps, not be 
considered quite conclusive by every er of his paper, 


even in the cases of the ships examined by him. In any 
case, caution should be exercised in applying these con- 
clusions generally to other cases. In particular, it should 
be noted that the conditions which determined corrosion 
in these ships were somewhat exceptional, since the con- 
denser tubes, which are the main sources of trouble in 
most cases, were not attacked. 

Granting, too, that the fact has been proved that, in the 
case of the ships of this fleet, the electric-lighting circuits 
had no effect in hastening corrosive action, the account 
given of the nature of the attack by acid on the metals 
does not appear to be strictly accurate. The true mecha- 
nism of such attacks is dealt with in a later section of 
this report. 

One of the fullest and most important papers, both 
from a theoretical and practical point of view, is that 
pueiaed by Milton and Larke* in 1903. The authors 
vegin by referring to the erratic action of corrosion : 
**Considerable trouble arises in certain cases; while in 
others, in similar cases, no such results occur.” This 
apparently erratic nature of the corrosive action is the 
most important feature of the whole problem, and upon 
it attention should be concentrated in all future investi- 
gations. It would perhaps be better to take the view 
that it is the conditions which are only apparently 
similar, and not the action which is erratic, and to start 
investigations on this assumption. Milton and Larke 

ive details of numerous cases of corrosion of brass, 
untz metal, and cast iron, and also analyses of the new 
and corroded metal. The following table, taken from 
the paper, is reproduced here to show the selective action 
of the corrosion, zinc being dissolved by preference :— 


Analysis of Sound and Unsouwnd Portions taken from 
tg Diaphragm Plates 0° a Condenser using 
Sea- Water. 

















\Zincand| 
Description. Copper.| Zine | Iron.| Tin. | Lead. 
| Oxide. 
Tube - plate — sound por- 
tion.. ee oe --| 59.07 39.07 | 1.01 | 0.22 | 0,63 
Tube-plate—unsound por-| | 
tion.. os oe -.| 82.17 17.26 0.22 | 0.31 | 0.04 
Diaphragm plate — sound | 
portion .. - --| 61.48 | 38.28 | 0.08 | trace 0.16 
Diaphragm plate — un- | 
sound portion .. ..| 69.87 | 29.85 | 0.12 - 0.16 


The alloys were duplex in structure, and consisted of a 
and § crystals. In the earlier stages of corrosion the 
attack was found to be practically confined to the zinc 
rich or 8 constituent, which formed local couples with the 
a crystals. 

The authors examine at some length the question of 
the corrosion of condenser tubes, which usually con- 
sist of a ~—_ constituent, such as 70; 30 brass. They 
point out that deterioration usually occurs on the water 
side, but does occur occasionally on the outer side; 
and these cases may probably be due to erosion by the 
steam. When corrosion takes place on the water side 
it may be localised, forming a pit ; or it may occur chiefly 
in grooves, or it may proceed practically uniformly over 
the whole surface. In all cases dezincification is evident. 
Pitting is accounted for by the authors by the erratic 
distribution of impurities in the : longitudinally 
corroded grooves by the drawing out of such impurities 
during the process of manufacture; and uniform corrosion 
is as an unavoidable characteristic of the alloy. 
Particular attention is paid to the impurities which sepa- 
rate out from the odd cabdilens of copper and zinc, and 
are visible under the microscope as separate phases, 
is held to increase corrosion materially ; iron to a less 
degree ; tin is considered to have a distinctly protective 
action, even when present in quite small quantities. The 
authors summarised their results as follows :— 

**1, ‘Decay’ is more frequent in metals which have 
duplex or more complex structures than in those which 
are homogeneous. 

**2. ‘Decay’ is due to slower or lees energetic action 
than that causing ‘corrosion’; moreover, it requires an 
action which removes part only of the constituents of the 
metal, whereas ‘ corrosion’ removes all the metal attacked. 

**3. Both ‘decay’ and ‘corrosion’ may result from 
chemical action alone, or from chemical and electrolytic 
action combined. 

“4, * Pitting,’ or intense local corrosion, is probably 
often due to local segregation of impurities in the metal ; 
it may also, in some places, be due to favourable conditions 
furnished by local irregularities of surface or structure 
producing local irregularities in the distribution of 
galvanic currents. 

“5. For brass exposed to sea-water, tin is distinctly 
preservative, while lead and iron are both injurious, 
rendering the alloy more readily corrodible. The per- 
centage of the two latter metals should, therefore, be 
kept as low as possible in all brass intended for purposes 
where attack by sea-water is unavoidable. 

“6. With a view to obtain a minimum of corrosion, 
the internal surfaces of condenser tubes should be as 


* Journal of the Institution of Civil Engineers, vol. 
cliv., 1903. 
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smooth and uniform as possible ; and in order to ensure 
this condition the cast pipe from which they are drawn 
should be my bored —- either — the draw- 
ing is commenced, or in an early stage of the process, as 
is done in the manufacture of brass boiler-tubes. 

‘7, Experiments with an applied electric current show 
that electrolytic action alone, even where exceedingly 
minute currents are employed, may result in severe 
corrosion or attack. Every effort, therefore, should be 
made to prevent such action by careful insulation of all 
electric cables; where vanic action is unavoidable, 
through the proximity of different metals ex to the 
same electrolyte, the currents resulting should be neutral- 
ised by the application of zinc plates in the circuit so 
arranged that they will be negative to both of the other 
ee ‘4 

Jery interesting appendices are given with this paper, 
which should be care ws ctutlied i the original by all 
interested in corrosion. This paper, with its appendices, 
will, in the present author’s opinion, give the best general 
view of the problem of corrosion to readers who have 
as a very limited time for study at their disposal. 

iegel* has published three papers on the corrosion of 
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VI. Low percentage brasses 


. Copper of good quality. 
rich in F 


. Bronze (90 per cent. Cu, 
10 per cent. Sn). 

. Admiralty gun-metal. 

. Muntz metal. 

. Brass (70 per cent. Cu). 
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ing incompatible mate- 
rials, 


metals in sea-water. The first deals mainly with the 
effect of nickel and phosphorus on the rate of corrosion 
of mild steel. The plates were suspended in the harbour 
at Kiel, both singly and in pairs, the members of which 
were of different composition. The results obtained 
pointed to the conclusion that both phosphorus and 
nickel had a protective action on the steel. The experi- 
ment of adding phosphorus to a copper-zinc alloy was 
also tried, and in this case the effect of the phosphorus 
was in to slow down corrosion. Dicgel, therefore, 
concludes that impure metals and alloys do not corrode 
faster in sea-water than pure ones. This generalisation 
appears to be too preening. In his second paper he 
reaches the conclusion that in the high-zinc brasses the 
addition of nickel has a retarding effect on corrosion. 
Rhodin, on the other hand, has arrived at an exactly 
opposite conclusion—namely, that nickel is one of the 
worst metals in accelerating corrosion. In many respects 
Diegel’s results appear to be at variance with those 
obtained by the majority of other workers. 

Sexton has contributed an interesting paper on the 
corrosion of condenser tubes to the Engincering Maga- 
zine.t He gives the following analysis of the deposit 
found in corroded brass condenser tubes :—- 


Per Cent. 
Copper oxide 30.85 
» Chloride 3.20 
Zinc oxide 30.80 
Iron oxide... AR : 11.40 
Insoluble matter... he 3.08 
Organic matter, CO,, H,O 20.67 


ints out that the analysis shows the deposit to 


He 
be a ic chloride and carbonate of copper and zinc. 
The copper and zinc are present in it in nearly equal 


quantities, though in the original tubes they were present 
in the ratioof 7:3; hence dezincification has evidently 
taken place. The iron oxide, insoluble matter, and 
organic matter must evidently have been derived from 
some source other than the tube itself. 

Sexton states that in numerous experiments carried out 





* Zeitschriftdes Vereins Deutscher Ingenieure, vol. xlvii., 
pree 1122; Stahl und Eisen, 1904; Marine Rundschau, 
ovember, 1 


ing Magazine, 1906, vol. xxx. 








by him on the action of sea-water on 70 : 30 brass, zinc 
was dissolved preferentially to the copper in every case ; 
usually five or six times as much zinc was dissolved as 
copper. The action is rapid at first ; thereafter the green 
deposit, especially if it . strongly adherent, seems to 
protect the alloy from further action (cf. Tilden’s results). 

When the alloy contains less than 66 per cent. of copper, 
Sexton finds the action to be very different, and the 
deposit to be white, consisting almost entirely of zinc 
salts ; in tubes consisting of copper 66 per cent. and zinc 
34 per cent. the ratio of zinc dissolved to copper was as 
146: 1 in one case, and 214: 1 in another (cf. Lincoln’s 
results). 

Sexton considers that the use of specially pure metals 
in the preparation is not a disadvan (of. untz), and 
that stray currents may be an occasional, but not frequent, 
cause of corrosion. 

Sexton’s final conclusion is that irregular and rapid 
corrosion is due to electrolytic action set up by contact 
between the brass and substances electronegative to it. 
Such substances are frequently introduced into the tubes 
from outside, and may consist of cinders, fragments of 
cast iron giving rise to graphite deposits, charcoal, &c. 





Where 
W Cuz? Cl = molecular heat of formation of Cu Cl, 
Cu = conductivity, d Cu density of Cu 
W, SS Cl, = molecular heat of formation of Zn Cl, 
Zn = conductivity, d Zn density of Zn. 
This worked out gives 
zx = 62.29 
100 — x = 37.70 
If copper dissolves as cupric ion we get 
x = 59.3 
100 - x = 40.7 
The mean is: copper = 60.8 and zinc = 39.2.” 


He deduces that alloys with a larger  sonpeetion of 
copper will loose ore preferentially—alloys richer in 
zine will loose zinc. This conclusion, however, though 
several times repeated in his papers, is quite contrary to 
experience, at least as far as the industrially important 
alloys of brass are concerned. In addition to this, his 
argument appears to be based on faulty premises, for the 
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ARRANGEMENTS ADOPTED formula, given above, has little bearing on the question 
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He considers that corrosion may be prevented to a great 
extent in the following ways :— 

1. By high speed of circulating water. This will pre- 
vent the —— on the tube of the electronegative par- 
ticles mentioned above (cf. Isherwood). 

2. By frequent cleaning of the tubes. ; 

3. By always emptying the tubes when the steamer is 
at rest in port. 

Rhodin* has published two papers and carried out a 
considerable series of laboratory experiments, especially 
on copper-zinc alloys. In his first paper he attempts to 
find a formula giving the rates of corrosion of the two 
constituents in any alloy. Thus he states :—‘* We may 
suppose that the electrolytic dissolution rates of brass 
are directly proportional to the heat of the formation of 
the ultimate compounds, and to the electrical conduc- 
tivities of the metals which dissolve. As the specific 
conductivities are given per volume, these factors have to 
be divided by the densities of the metals. . . . The elec- 
trolyte, principally sodium chloride, being highly disso- 
ciated, a is no vital objection to employing the thermo- 
chemical reasoning on total work, without introducing 
Nernst’s theory of partial dissolution pressures. We may 
proceed to calculate as follows :— 


Percentage of copper dissolved = x 
oa zinc “s =100-2 
Then 
_x _ 2(WOuSSO) KOn Wan 2 OK Zn 
100-2 dCu dZn 


* Journal of the Faraday Society, 1905, page 27; The 
Engineer, vol. civ., page 53. 








of relative corrodibility, and, in consequence, the value of 
the furmula is destroyed. Nevertheless, some of his 
experimental results on dissolution rates are of consider- 
able interest, as showing whether or not preferential 
solution of one of the constituents of the alloy takes place. 
Some of his curves are exhibited in Fig. 1. Flat curves, 
such as No. I. and II. in the figures, which correspond 
respectively to copper and bronze with 10 per cent. of tin, 
show that these alloys go into solution uniformly—that is, 
that the two metals constituting the alloy pass into solu- 
tion in amounts proportionate to the quantity of each 
metal present. Steep curves, on the other hand, show 
that one of the me is preferentially attacked at an 
early stage of the process, for the amount of the hydrogen 
given off in unit time does not me constant till some 
considerable time after the alloy has been plunged into 
acid. The statement that the shapes of these curves, 
which merely show the variation in the evolution velocity 
of hydrogen when acted upon by ten times normal hydro- 
chloric acid at 80 deg. Cent., will also indicate the rela- 
tive corrodibility of alloys under service conditions, does 
not seem to necessarily true, and certainly cannot be 
accepted without much further evidence. In fact, this 
test proposed by Rhodin is virtually an ‘‘ acceleration” 
test ; the general question of such tests is dealt with at a 
later stage in this report. 

An interesting correspondence on the subject of the 
corrosion of Muntz metal appears in The Engineer for 
1907, and though this report is not primarily concerned 
with the alloy, yet this correspondence is so important 
as ing on the pa question of the corrosion of 
copper-zinc alloys that a reference to it here is deemed 
advisable. 

In Australian waters Muntz metal sheathing is largely 
used for puending Caner piles, &c., immersed in sea- 
water, from attack by the teredo. Such sheathing should 
have a very long life, and in actual practice it has been 
known to last from twenty to fifty years. In such cases 
the alloy is dissolved away quite uniformly, the copper 
and zinc appearing to pass into solution in the exact 
proportions in which they exist in the metal. As a result 
the alloy will wear down to a sheet almost as thin as 
brown paper before actual perforation of the sheet occurs. 

In recent years, however, considerable trouble has 
arisen owing to the fact that the effective life of the alloy 
has been very much shortened. Instead of dissolvin 
uniformly, the zinc has passed into solution alone, or wit: 
but little copper. The result is that the alloy becomes 
quite brittle and useless. Hamlet states that a sample 
of Muntz metal (approximately 60 per cent. copper and 
40 per cent. zinc) after a comparatively short period of 
immersion had the following composition :— 


Per Cent. 
Copper... .. 92.06 
Zinc... = 7.42 
Other metals ... 0.52 


In a report to the Government of New South Wales 
on the deterioration of modern sheathing, Hamlet states 
his conclusions as to the causes of failure as follows:— 

1. The presence in the alloy of masses of material differ- 
ing in chemical composition from the rest of the sheet. In 
consequence, voltaic couples are set up when the com- 
posite material is in sea-water. 

2. The lack of sufficient metallic tin, which lack 
seriously interferes with the resisting power of the alloy 
against corrosion. 
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3. The use of too pure a copper, such as electrolytic 
copper, instead of that made by the old poling-smelting 


process, 
In a letter addressed to the editor of The Engineer, Sir 


2. The rate of corrosion falls off quite gradually with 
increase of zinc till about 36 per cent. of zinc is reached. 

3. When rather more zinc than this is present the corro- 
sion falls off rapidly, till about 50 per cent. of zinc is 


Gerard Muntz discusses at length these conclusions, and | reached 


his letter forms an important contribution to the study of 
corrosion, as it is the most detailed of the few available 
statements of the views held by actual manufacturers of 
this and similar alloys. 

Sir Gerard Muntz states that the trouble of dezincifica- 
tions first arose about the year 1898, and that, in con- 
sequence, an elaborate series of experiments has been 
carried out at his works to determine the cause. These 
experiments were superintended by Bertram Blount, who 
investigated the matter on behalf of the authorities in 
Australia, and subsequently continued his work on behalf 
of the Muntz Metal Company. These investigations 
showed :— 

‘1, That there was no alteration in the works prac- 
tice, which was identical with that pursued during the 
past half-century, during which the sheathing had given 
entire satisfaction. 

“2. That the copper and zinc were present in the sheath- 
ing in the same proportions as formerly. 

**3. That the composition of the nails used in fixing the 
sheets was not responsible for the corrosion, since there 
was no apparent difference in various sheets with which 
nails of divergent alloys had been u 

“4. That it did not appear that the deterioration was 
caused by earth currents resultant from electric lighting 
or — lants, as cases occasionally occurred far from 
such possibility. 

**5, That one cause of corrosion was the contact of the 
Muntz metal sheets with a backing of brown paper and 
varnish, which had been substituted for felt and Stockholm 
tar in recent years. 

‘*6. That another possible cause of corrosion was the 
absence from the copper used in recent years of certain 
small quantities of impurities, which, it was thought, 
might retard corrosion. 

“7, That electrolytic copper should not be used in the 
manufacture of Muntz metal.” 

Muntz concludes by repudiating entirely Hamlet’s 
theory that corrosion can be due in any way to bad mixing 
of the copper and zinc in the course of manufacture. 
Mevesthalann there is no doubt that Hamlet’s view has 
obtained credence amongst engineers, and even chemists. 
At first sight it appears a highly probable theory, and 
seems to gain support from the actual appearance of the 
tubes. he present author, as an entirely unbiassed 
observer, wishes to state that, in his opinion, as far as 
Muntz metal and 70:30 brass are concerned, imperfect 
mixing of the copper and zinc is not a cause of the corro- 
sion of alloys. No one who is familiar with the properties 
and methods of manufacture of these alloys will contradict 
this statement, and any doubts may be easily set at rest by 
an attempt to make an imperfectly mixed alloy by any 
eam method of preparation. In the case of con- 
denser tubes the present author has carried out an 
extended series of experiments on the variation of the 
percentage of zinc along 16-ft. lengths purchased on the 
open market, and has come to the conclusion that the 
minute variations met with come within the experimental 
errors of the zinc determination. 

With re to Hamlet’s other conclusions, Muntz 
states that he considers (2) may have some influence on 
corrosion, and that he accepts (3) as one cause of the 
trouble. 

Lincoln* and his associates have published accounts of 
an interesting series of laboratory experiments on the 
corrosion of copper-zinc alloys. irteen specimens, to 
represent the whole series of brasses, were pre and 
carefully annealed with the object of securing perfect 
uniformity of structure and condition of complete equi- 
librium. They were then submitted to the action of 
various salt solutions, including common salt and syn- 
thetic sea-water. The alloys were revolved at a speed of 
800 revolutions per minute during the experiments, and 
the corrosion was hastened by the application of an 
external electromotive force, which — a current of 
0.03 ampere through the solution. The cathodes were 
of platinum, and the experiments were carried on for six 
or seven hours. The corrosion products, consisting of 
any insoluble salts formed, and any material partially 
adherent to the corroding electrode, were analysed, and 
the total loss of weight of the electrode was also deter- 
mined. The results obtained are given in Figs. 2 and 3. 
The sea-water used was made up artificially in the labo- 
mba nearly according to Dittmar’s formula, which is as 

OLLOWS :— 


Total Solids 3.5 per Cent., Made up as follows :— 


Per Cent. 
NaCl ... 77.79 
MgCl, ... 10 87 
MgSO, ... - wa it es « CF 
CuSO, ... ree tl ‘ak — .. 260 
KSO, ... = was ae .. 2.46 
MgBry ... 0.21 
CuCO, . es hen 0.34 


Lincoln modified this by putting in the whole of the car- 
nate as potassium carbonate, and the calcium as calcium 
sulphate. In any case the combination of acids and 
ases is an arbitrary one. The upper curve of the figure 
gives the total loss of weight in brass electrodes ; the lower 
curve the percentage of copper in the corrosion products. 
The following general consequences may be deduced :— 
Under the given conditions copper is more corrodible 
than any of the brasses. 


Physical Chemistry, 1907, vol. xi., and 


* Journal of 
1909, vol. xiii, 








4. A further increase in zinc does not alter the rate of 
corrosion. 

5. With less than 36 per cent. of zinc the corrosion pro- 
ducts have the same composition as the test-piece ; with 
more than about 50 percent. of zinc the corrosion product 
is pure zinc. 

his series of experiments is interesting and important. 
If we take the case of 70 : 30 brass—+.e., the condenser- 
tube alloy, we find that, under the conditions of Lincoln’s 
experiments, it appears to corrode without undergoing 
any change of composition. In practice it is a fact 
familiar to most who have studied the matter that de- 
zincification occurs to such an extent that in ~ ! cases 
it is obvious to the eye. This difference between the two 
sets of results is, in the author’s opinion, to be attributed 
to several causes, and the following observations may 
perhaps serve to elucidate them :— 

hen corrosion is rapid and penetrates deeply, as in 
Lincoln’s experiments, and also in many practical cases of 
corrosion, the zinc probably passes into solution, and the 
copper is left behind as a comparatively loose deposit, 
which can, with little trouble, be scraped off from the 
corroding brass. We may suppose that in Lincoln’s ex- 
periment the zinc went into solution preferentially 
accompanied by little of the copper, and ar 
eres as a basic salt, copper would left 

hind as a loosely adhering deposit ; some of this would 

probably drop off into solution, and thus form part of the 
corrosion product. In addition to this, and especially in 
the case of Muntz metal and similar alloys, actual exfolia- 
tion, or falling out of comparatively unattacked crystals, 
owing to excessive corrosion of the metal which sur- 
rounded them, would probably take place. Lincoln also 
scraped all the loosely adhering material off his electrodes 
and added it to the corrosion products, and then analysed 
the whole material thus obtained. It is not remarkable, 
therefore, that his results should show practically the 
same ratio of copper to zinc in the corrosion product as 
occurred in the original metal. 

Moreover, even if we admit that copper-rich brasses 
really corrode without change of composition when an 
external electromotive force is applied, it by no means 
follows that they willdo so when it is not present. It is 
well known in the inverse problem, the deposition of 
brass from solution, that an increase in electromotive 
force tends to deposit the more electro-positive zinc 
in relatively greater proportion than electro-negative 
copper. Hence it is reasonable to assume t an in- 
crease of electromotive force will have the effect of 
pushing the less electro-positive copper into solution to 
assist in carrying the current. Hence, with an external 
electromotive force the relative corrosion will not 
the same as without that electromotive force. Also, in 
Lincoln’s experiments, which were carried out in small 

ers containing only 200 cubic centimetres of solution, 
a considerable increase of zinc ions would occur during 
the experiment. Hence the osmotic pressure of zinc ions 
would increase, and oppose the entrance of more zinc ions. 
The effect would be to increase relatively the number of 
copper ions passing into solution. For all these reasons, 
therefore, Lincoln’s results must be used with caution. 
He also carried out a few tests on purely chemical cor- 
rosion, with subsequent microscopic examination on a and 
brasses. He showed that the f constituent only was 
attacked at first, leaving areas rich in copper, and not 
until this change had penetrated for some distance was 
the a attacked, undergoing’a similar change. It is a sig- 
nificant fact that in all the cases where no external 
electromotive force was used there was less copper in the 
corrosion product than in the test-piece. It would seem, 
therefore, that Lincoln’s main series of experiments have 
only an indirect bearing on the product problem, since 
here the practical danger is zincification. 

Rhead* has published a paper on some probable causes 
of the corrosion of copper and brass, but it has been so 
recently and fully discussed by members of the Institute 
that no detailed consideration of it is necessary here. 

Reference may also be made to a 5 oe in the Mechani- 
cal Engineer,+ and to one by C. J. -t ; 7 

There are very few papers dealing primarily with the 
methods of preventing corrosion. ) 
workers Sir sengey vy, in 1824-5, paid some atten- 
tion to the subject, and pro to protect copper 
sheathing by means of a more electro-positive metal, such 
as zinc or iron. The final result of his researches was to 
show that the —. was perfectly protected when 
the ratio of its area to that of the protecting metal was 
as great as a thousand to one. This method was tried for 
some time, but was abandoned owing to the rapid disso- 
lution of the protecting metal, and to the fact that the 
sheathing, when protected, became still more loaded with 
sea-weeds and barnacles than when unprotected. 

Diegel,§ in 1898, again demonstrated experimentally 
the protective action of sme and iron on copper and 
brass, and more recently Cohen has worked along similar 
lines, and reference has already been made to his work. 

The practical difficulties of protection by means of a 
more electro-positive metal has been found to be very 
great, even in the case of sheathing, as has been stated 
above. They are equally great in the case of surface 
condensers using water flowing through the tubes, and 


* Rhead, E. L., Journal of the Institute of Metals, 
1909, vol. ii., No. 2. 

+ Mechanical Engineer, October 22, 1909. " 

+ Electro-Chemical and Metallurgical Industry, vol. vii., 








316. 
§ Marine Rundschau, November, 1898, 
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they have in consequence not been universally adopted 
for this purpose. 

Many attempts have been made to find a suitable 
coating to protect tubes and metallic fittings from con- 
tact with sea-water. On the one hand, non-metallic 
materials, such as varnishes, lacquer, asphalt, and special 
forms of cement, have been proposed. On the other hand, 
coatings of metals less susceptible to attack have been 
tried, and especially tin, lead, and tin-lead alloys. The 
drawback to all the coatings mentioned is that they 
either crack or scale off easily, or else they cannot be 
applied as continuous and unbroken surfaces, absolutel 
free from pin-holes and other small defects. If suc 
defects exist, they will, in many cases, have the effect of 
increasing the rate of corrosion. 

Some interesting and novel experiments have been 
carried out by Utheman, a member of the Engineering 
Council of the German Navy, and were described by him 
in Le Genie Ciril.* He recognises the fact that contact 
with a more electro-positive metal will protect copper and 
brass from corrosion, but that this protective influence 
does not extend far from the metal pas it. He pro- 

therefore, to protect tubes by means of a spiral of 
iron wire wrapped round or placed inside the tube. 

When such a combination is placed in sea-water the 
iron rapidly passes into solution, and is oxidised, with 
formation of some form of basic ferric oxide. The mops 
or brass does not dissolve, and at first remains bright, but 
subsequently becomes covered between the spirals of iron 
with a coating of the oxide mentioned. is coating 
soon becomes sufficiently adherent to resist the mecha- 
nical action of a rapid current of water, and completely 
protects the brass or copper tube from corrosion. The 
coating is formed uniformly all over the tube, even under 
the iron spiral itself. 

The attack on the iron appears to cease as soon as 
the coating is complete, and the iron spiral may then 
be removed. Utheman claims that only the particular 
variety of iron oxide formed by the process deseribed is 
protective. The oxide formed from metallic iron de- 
posited electrolytically on the interior of the tube was 
dissolved off by sea-water, and consequently afforded no 
protection. Utheman, referring to his process, states : 
“This mode of protection is just as properly applicable 
to the piping of bilge pumps, as the water pumped by 
them is generally acid and strongly corrosive, and to the 
channels of refrigerating apparatus, using a highly con- 
centrated brine as the uncongealable liquid.” 

The apparatus used by Utheman in conducting his 
experiments is shown in Fig. 4. A, B are two tubes being 
tested. Water is circulated through them by an elec- 
trically-driven pump, which draws the sea-water from a 
reservoir situated beneath the tubes, and delivers it into 
the same reservoir after its passage through them. In 
the experiments the circulation was carried on for ten 
hours per and the water was allowed to remain 
tubes for the rest of the day. The tubes 
were cleaned, polished, and weighed before each experi- 
ment, and tests on protected and unprotected tubes were 
made simultaneously, so as to be strictly comparable. 
After the experiments the iron spiral was removed from 
the protected tube and then both were washed with 
water, alcohol, and benzine, and weighed. An increase 
in weight, due to deposition of oxide of iron, indicated 
protection. A decrease Of weight indicated an attack 
on the copper, and therefore lack of protection. 

Experiments were also made on cylinders of copper or 
brass placed in still water, as shown in Fig. 5. 

A separate series of experiments were carried out on 
condenser tubes with sea-water taken from the Gulf of 
Danzig and evaporated until it contained 34 per cent. of 
salt. The experiments were conducted at a tempera- 
ture of 68 deg. Fahr. 

Chief Engineer Isherwood, United States Navy, com- 
menting on Utheman’s work, says: “ As all the other 
processes which have been tried for this purpose (the 

rotection of condenser tubes from corrosion) have been 
ailures, more or less signal, an entirely new one, sup- 
ported by extensive experimental results, has t 
interest in steam engineering, and even if it should not 
prove to be practicable itself on a commercial scale, it 
may be valuable as a stepping-stone to something that 
will be commercially successful in a very important engi- 
neering subject. The process in question, and its results 
under the experimental conditions, of course, could not 
accepted as a finality until tested for a considerable 
length of time on the large scale and under the conditions 
of actual practice.” He adds, as the results of his own 
experiments, the following general conclusions on the 
subject of corrosion :— 

‘*1. Brass is more corroded when there is relative 
motion between the metal and liquid than when there is 
no such motion.” Cf. Sexton, above. 

**2. The larger the mass of metal exposed to corrosion, 
other things equal, the smaller will be the rate of its cor- 
rosion ; that is to say, a less absolute weight of metal 
would be destroyed the ter its mass. In the case of 
condenser tubes, or of the metal sheathing of wooden 
ships, the thicker the metal the slower will be the rate of 
its corrosion, and not eae but absolutely. As 
regards the condenser tubes, the thickening of their metal 
involves not only increased money cost at first, but in- 
creased weight to be permanently carried afterwards, and 
somewhat increased dimensions of the condenser. This 
money, lost at first, however, is recou at la~t by the 
greater durability of the tubes above the proportionality 
of the increased weight, leaving out of consideration the 
valuable convenience of their longer endurance, which is 
a merit of importance, especially for naval steamers. The 


* Le Genie Civil, 1905 ; also Journal of the American 
Society of Naval Engineers, vol. xix., page 3, and 7'he 
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pmecey now used for the metal of the tubes should be 
oubled. 

‘*3. Coating the tubes with tin delays their corrosion 
as long as the tin lasts, but its durability is not great, 
and its very slight thickness on the tubes cannot be in- 
creased beyond what is obtained from the first dip... . 
Nevertheless, this ‘tinning’ should never be omitted, 
although it involves additional surface of tubes for equal 
heat conduction in equal time. 

**4, The corrosion of condenser tubes is principally on 
the sea-water side, but the distilled water side also suffers 
much, the corroding agents being the atmospheric 
mingled with the steam. This corrosion is quite uniform 
compa with the corrosion on the sea-water side, and 
the resulting oxides and salts are often carried into the 
boiler with the feed-water and produce injurious effects 
upon the iron. 

‘*5. The surface condenser should be opened at intervals 
—say of six months; its tubes drawn out, cleaned, and 
examined, with the particular view of ascertaining if any 
holes have been corroded through them by means of 
which the sea-water could find entrance into the distilled 
water place.” 

As regards the method of protection advised by Uthe- 
man, the present author has not been able to find any 
description of experiments carried out on the practical 
scale. Whether this is to be attributed to insufficient 
search, or to the fact that serious difficulties have been 
encountered during preliminary trials on a larger scale, 
and that consequently publication has been withheld, or 
to a distrust of the process on the part of the ergineers, 
or to other causes, is not clear, and the author would 
welcome information on the subject from anyone who has 
had actual experience with this process, which was origi- 
nally pro in the year 1905. 


(To be continued.) 








WORKMEN’S COMPENSATION CASES. 
Scorcu Cases: Court or SEsston. 


Refusal to Submit to Medical Examination.—The im- 
rtance to an injured workman of readiness to submit 
imself to medical examination cannot be over-estimated 
in any consideration of his claim under the Workmen’s 
Compensation Act. 

In Section 4 (Sch. 1), it should be noted, the Act pro- 
vides that where a workman has given notice of an acci- 
dent, he shall, if so required by the employer, submit 
himself to examination by a duly qualified medical prac- 
titioner, provided and paid for by the employer; and if 
he refuses to submit himself to such examination, or in 
any way obstructs the same, his right to compensation, 
and to prosecute any progeny” under the Act, in rela- 
tion to compensation, shall suspended until such 
examination has taken place. 

This is common-sense, for without the advice of an 
expert the employer might not know whether he should 
agree for compensation or contest the workman’s claim. 
As the medical examination is essential, and is provided 
at the expense of the employer, the inju workman 
has no excuse for refusing to submit to such examination. 
According to the regulations for medical examination, 
a workman who has had weekly payments of compensa- 
tion for a period of one month shall not be required to 
submit himself against his will for examination by a 
medical practitioner provided by his employer, except 
at stated intervals. ——- under special circumstances, 
the workman has no right to have his own doctor in 
attendance when the employer’s doctor is making his 
examination of the hs ome The case of D. Morgan 
v. Wm. Dixon, Limited, was an appeal from the Sheriff, 
in which the Lords of the Court of Session were 
agreed unanimously that the applicant’s appeal was 
not well founded; that the employers were entitled 
to expenses. As the Court held, if the question were 
decided in favour of the workman, it would mean that a 
workman in all cases had an absolute right to refuse to 
be examined unless his own medical man were present. 
There might be cases when it was exceedingly proper 
that a workman should have his own doctor present ; 
special circumstances must be taken into account. Gene- 
rally speaking, the employer is entitled to have a medical 
examination without being interfered with by anybody. 

There were no cases quoted to show that the workman 
had an absolute right to the claim he made. His refusal 
in the circumstances was not reasonable, and amounted to 
obstruction. 

SHenrirr’s Court. 


Disease Following an Alleged Accident.—The question 
of the development of acute disease apparently as the 
result of accident often brings intoacaseconflicting medical 
evidence which is most difficult to the arbitrator. 
A case which looks dangerously near being a hard one 
for a workman was decided in the Sheriff's Court when 
a workman named Booth alleged, he had suffered injury 
to his — cord and consequent paralysis through the 
strain of carrying on his back a short metal pipe of 115 Ib. 
weight. Some thirty-six hours after laying down the 
pipe the injury, supposed to be a wrench of his back, was 
ollowed by paralysis of the lower part of the applicant’s 


body. 

The Sheriff had the medical evidence that the all 
strain or wrench was not the cause of the trouble. The 
shifting of the heavy weight was safely performed, but 
the medical evidence was that since the day after the 
alleged accident the applicant had been suffering from 
myelitis, and that the malady was due to natural causes, 
and not to the carrying of the heavy weight. The appli- 
cant was really suffering from myelitis, or inflammation of 
the spinal cord, as a consequence of infective blood 
poisoning acquired some years before, and the appear- 
ance in the workman’s system was only manifest after the 








strain, which did not contribute to the disease. 
The medical evidence decided this case. It may be 
that paralysis would have appeared as a result of the 
blood poisoning in past years, but it is for the medical 
men to say that the strain of carrying the heavy weight 
did not accelerate the disease. Regarded in the light of 
some decisions in the Court of Appeal, this decision in the 
Sheriff’s Court is not wholly in oe with the prin- 
ciple that is held by the English Court of Appeal. 


County Courts. 


D .—The claim of the father and sister of a 
young workman who was killed in the employment of the 

redegar Coal and Iron Company was disputed — 
because the deceased had left home because of disagree- 
ment with his sister, and that he left no dependants. 

The father and sister proved that the workman had 
te them sums of money and had visited them before 

is death, and had bought boots for a younger brother. 
The Judge held that the applicants’ dependency was 
proved, and granted an award of 40/. 

Application to Vary Award.—The Lilleshall Colliery 
Company applied to the Shrewsbury County Court Judge 
to vary his award made to a workman named Davies for 
injuries received in December, 1909. The company ha 
paid the compensation from date of the accident till the 
end of J uly, 1910, when they stopped payment, because 
they thought the workman should by that time be able for 
suitable work. The employers’ contention was that the 
condition of the applicant was not due to accident, but 
arose from a disease not included in the Workmen’s Com- 
pensation Act. The medical men, including the medical 
referee, agreed that the workman’s incapacity was due to 
the work of holing, which brought on ascending neutritis, 
and his left arm was still useless for any light manual 
work. The County Court Judge ordered payment of the 
arrears stopped, and continuance of the payment of 
15s. 4d. a week, with costs to the workman. The employers’ 
mistake seemed to have been the reliance on one medical 
opinion without examining the views of the other medical 
men, who demonstrated the bona fides of the applicant’s 


case. 

Death of Stonedresser from Over-Exertion.—At Tredegar 
County Court the widow of a stonemason applied for 
compensation from a builder in whose employment her 
husband died as a result of over-strain. The man had been 
on the job for a fortnight, and coughed all the time. The 
employer, although he did give notice of his workman’s 
death to the insurance company, thought there had been 
no accident, and that the man was suffering from pul- 
monary trouble. The medical evidence showed that the 
ovens of the heavy hammer he used might have caused 
a sudden rupture of a blood-vessel. The workman died 
half an hour after having made a sudden exclamation 
‘*Something has gone wrong,” and the appearances 
favoured the theory that the man, though troubled with 
a cough, met with his death by accident, the strain being 
too much for him; the widow was awarded 234/. com- 
pensation. Cases of this kind are hard on the employer, 
and no doubt justify the selection of workmen only who 
pass the doctor and are good lives for the ordinary risks 
of heavy work. 

Com; ton by Lump-Sum Payment.—In a case at 
Lambeth, on January 5, application was made to sanction 
the settlement of compensation by a lump-sum payment 
under an agreement. 

We have frequently shown that such payments to 
redeem employers’ liability may be sanctioned in certain 
cases under the Act (Sch. 1, par. 17), but, as the Lambeth 
County Court Judge remarked in refusing the above 
application, the practice is ming so frequent as 
to suggest that it is undermining the beneficent pur- 
poses of the Act. It will be noted that the Act 
only countenances lump-sum payments in certain 
cases, and after the weekly payments have been 
running for six months, and, as a rule, the weekly 
— is the only fair method of compensation. 

Where a lump-sum payment is prematurely rushed by 
the employer, there is the suspicion that he is seeking to 
tempt the workman with a sum which, though alluring, 
is inadequate compensation. 








More CumBerRtaAnpd Coat.—Developments are con- 
sidered imminent in the north-east of the Cumberland 
coal-field. The Oughterside Colliery Company has found 
an extension of the present seam to the north, which is 
expected to prove a valuable addition. Following the 
example of other Cumberland collieries, the Oughterside 
Company ~ ee oy putting down coking and by- 
product plant. e sinking of a new coal-pit near 
Aspatria for Mr. J. Harris, owner of the Brayton Domain 
Collieries, has been completed to the yard band. 





Russian MetTauuurGy.—The production of pig iron 
has very appreciably increased in Russia during the last 
twenty years, but the population of the Czar’s Empire is 
so great and has grown so rapidly, that the output 
averaged in 1909 only 0.02 ton per head ; in 1890 the cor- 


responding proportion was 0.01 ton per head. The output 

has moved on as follows during the twenty years :— 
Year, Tons. Year. Tons. 
1890... 886,000 1900.. 2,848,000 
1891.. 965,000 1901.. 2,783,000 
1892.. 1,029,000 1902... 2,521,000 
1893... 1,107,000 1903... 2,405,000 
1894.. 1,287,000 1904... 2,930,000 
1895. . 1,402,000 1905... 2,660,000 
1896 . 1,567,000 1906. . 2,619,000 
1897.. 1,814,000 1907... 2,723,000 
1898... 2,175,000 1908. . 2,749,000 
1899... 2,631,000 1909 2,817,000 


Production, accordingly, multiplied about threefold dur- 
ing the two decades, 


d| Spezia Gulf, the British 





FOREIGN ENGINEERING PROJECTS. 


WE report below a series of colonia] and foreign 4 
neering projects. Further data concerning them can 
obtained from the Commercial Intelligence Branch, Board 
of Trade, 73, Basinghall-street, E.C. 

Queensland: The Queensland Government Gazette pub- 
lishes an Order of the Governor in Council authorising 
the City Council of Brisbane to borrow a sum of 115,0000., 
to be expended on the following works :—Construction of 
a wharf, and dredging of the frontage to a low-water 
depth of 26 ft., 24,000/. ; — and additions to 
Kennedy Wharf, including dredging, 15,500/.; construc- 
tion of a wharf 176 ft. long, and dredging, 9000/. ; 
provision of a new steam-punt for the Charlotte-Bright 
Streets Ferry, and of a new passenger-steamer for the 
Edward Street Ferry, 11,000/.; construction of a block of 
brick warehouses and offices, with the necessary fittings, 
20,0007.; construction of cement-concrete reservoir, and 
laying of a rising main and distributing mains and 
hydrants, 13,000/.; construction of granite, stone, and 
cement-concrete water channels, 22,500/ 

Italy: With reference to the construction of a pier at 
the Government Coal Dépét at Marola (Cadimare) in 
ice-Consul at Spezia reports 
that the work has now been taken over by the Italian 
marine engineers. 

Austria-Hungary : With reference to a call for tenders 
for gas works, &c., by the city authorities of Budapest, 
H.M. Consul-General at that place reports that the final 
date for the receipt of tenders for the construction of the 
gas works has now been changed to February 28. 

Bulgaria : With reference to tenders for street-paving 
at Sofia, H.M. Legation at Sofia have forwarded to the 
Board of Trade a copy of the specification in this connec- 
tion. The contractor will be required to guarantee the 

ving for a period of five years, executing any repairs at 

is own expense, and also to maintain it for a further 
five years at the cost of the municipality. If he is a 
foreigner, the contractor must have an agent at Sofia. 
Tenders will be opened at La Mairie de Sofia, Sofia, on 
February 2. 

United States of America: H.M. Consul at St. Louis 
reports that an international exhibition of inventions is 
to be held at that city from April 10 to 15 next. The 
object of the exhibition is to bring into contact inventors 
and investors and manufacturers. Applications for space 
should be addressed to Mr. W. K. Small, manager, Inter- 
national Exhibition of Inventions, 511, New Bank of 
Commerce Building, St. Louis, Mo. The British Vice- 
Consul at Portland, Maine, has furnished particulars of a 
large dam now under construction in the north-western 
lake region of Maine. The object of the work is to make 
a reservoir for supplying water power for the factories of 
the town of Lewiston and the surrounding district. The 
new Aziscohos dam will make a lake with a content, when 
full, of 8000 million cubic feet, increasing the available 
supply in the district by one-half. The dam, which, 
owing to the difficulty of transportation of materials to 
the site, is being built on the cellular system, will have a 
length, from end to end of the core walls, of 881 ft., and 
a maximum height of 78 ft. ; the surface of the lake, when 
full, will be 60 ft. above the level of the river surface. 








ConsuMPTION’ OF INVERTED INCANDESCENT Gas- 
Burners.—Messrs. Mansfield and Sons, Limited, Derby- 
road, James-street, Liverpool, have lately published a 
chart giving the consumption of inver incandescent 
gas-burners. The chart is arranged with nipple sizes, 
which represent circular holes one-thousandth of an inch 
in diameter, plotted against cubic feet consumption per 
hour of coal-gas of 0.5 sp. gr. The curves are drawn for 
pressures ranging between 14 in. and 8in. A table of 
constants is inserted for conversion in the case of gas 
of other specific gravity, and an example worked out. 


** WILLING’s Press Guipk, 1911.”—London: James 
Willing, Jun., Limited, 125, Strand, W.C. [Price 1s. }—This 
ide to the Press now appears in its 38th annual issue. 
ivery endeavour is made to reproduce in it authoritative 
information only, and where particulars have not been 
procurable direct from the “a 47 the reference is 
eee by an asterisk. The book is divided into 
a number of sections, the first and most important being 
an alphabetical list of newspapers and periodicals. Then 
follows a list according to interests, professions, &c. The 
metropolitan and provincial papers are also classified, 
and a list given of the London offices of foreign and 
colonial papers. The principal American and Continental 
newspapers are also given separate lists. 





CaLenpars, &.— We have received 
almanacks, calen &c., from the following firms :— 
Messrs Ferranti, Limited, MHollinwood, Lancashire ; 
Messrs. J. and P. Hill, Ordnance Works, Sheffield ; the 
Harvey ineering Company, Limited, 224, West-street, 
Glasgow ; Messrs. Trechmanu, Weekes, and Co., Limited, 
Halling, Kent; Messrs. W. H. Willcox, and Co., Limited, 
23, Southwark-street, S.E.; Messrs. Mavor and Coulson, 
47, Broad-street, Mile End, Glasgow; Messrs. Head, 
Wrightson and Co., Limited, 5, Victoria-street, West- 
minster, S.W.; the Welin Davit and Engineering Com- 
pany, Limited, Hopetoun House, Lloyd’s Avenue, E.C.; 
and Messrs. Ashwell and Nesbit, Limited, 12, Great 
James-street, W.C.; The Electric Power Sto Com- 

ny, Limited, of 4, Great Winchester-street, London, 
£.C., send us a combined blotting-pad and diary of the 

ttern which pons have issued for several years past. 
he pad is of a useful size, and the diary is well arranged, 


ALMANACKS, 


containing ample room for notes besides particulars of 
the great variety of storage batteries, &c., made by the 
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**ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE ACT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned, the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, éc., 
of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sale 
Branch, 25, Southampton Buildings, Chancery-lane, W C., at 
the uniform price of 8d. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


13,015/10. Siemens Brothers Dynamo Works, 
London. a Schuckertwerke G.m.b.H., Berlin, 
Germany.) Constant-Current Transformers. [4 Figs.) 
May 28, 1910.—This invention relates to constant-current trans- 
formers, in which one or more coils, either of the high or of the 
low-pressure side, move in the field of the fixed coils. It is 
intended to make such transformers available for quite small 
loads, in particular for installations of single alternating-current 
arc-lamps. In such small installations difficulties arise from the 
constant and cr ow | pend mov: ts of the moving 
parts, so that merely balancing these ts is not sufficient as it 
is with transformers dealing with large loads. Mechanical devices 
such as springs and opposing springs, which act against one 
another in either direction, air-dampers and the like are known 
for overcoming inertia effects. In the present invention the 
particularly simple plan is adopted of making the coils of a light 
metal, such as aluminium. In this case a special damping device 


Fig 
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3 
is not required ; all that is necessary is that the coils shall be well 
balanced. The transformers may be either auto-transformers or 
provided with two separate windings. Auto-transformation is to 
be preferred, when the lamp voltage is smaller than the main 
voltage ; separate windings are better when the lamp vol is 
greater than that of the mains. The direction of motion of the 
movable coils is immaterial. From practical considerations it is 
better to make the coils move at right angles to the plane of their 
windings, as, for example, shown in the diagrams, which repre- 
sent a front and side view of a transformer. The windings OC, 
which may be the primary windings, are fixed on the iron core E 
and the windings D, which may be the secondary windings, are 
connected to a lever-arm A pivoted at F to the support B. The 
weight G balances the weight of D, and the latter takes up 
different positions according to the current flowing in it, and 
thus the mutual induction between C and D is altered in the 
manner desired. (Accepted November 9, 1910.) 


25,785/09. C. A. Parsons and A. H. Law, Newcastle- 
on-Tyne. Dynamo - Electric Machines. [2 Figs.) 
November 8, 1909.—This invention relates to alternating-current 
dynamo machines, and has for its object to provide means for 
regulating the voltage of such machines. The invention consists 
in the use of a small auxiliary exciter provided with a leakage 
path or paths and windings supplied with current proportional to 
the main current of the alternator, such exciter operating on or 
in conjunction with the main exciter, to regulate the current in 
the windings of the alternator. In the form of the invention 
illustrated, the exciter magnet a is wound with four ordinary 
shunt-coils b, and, in addition, two coils c, which are energised by 
the armature d of the auxiliary exciter, whose field magnets / are 
wound with a shunt winding, and which carries a leakage path g 
having a winding / supplied with alternating current proportional 
tothe main current of the alternator. The field of the alternator 
is connected to the leads k, k from the armature / of the exciter. 
It will be seen that if the load or voltage on the alternator 
tends to alter in any way, the voltage of the auxiliary exciter will 
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be effected by the leakage path. This, assuming an increase in 
the load on the alternator, will increase the current in the coils 
© energised by the auxiliary exciter, and will cause the 
voltage of the exciter to rise; this, in turn, will increase 
the current in the coils b, b of the exciter and further increase 
its voltage. In this system, where the exciter magnets are 
Partially excited by the auxiliary exciter, the exciter magnets 
can be so designed that the exciter has a practically straight 
characteristic curve, and therefore greater advantage can be 
taken of the building-up action, the auxiliary exciter increasing 
the field directly, and the increase of field inducing an increased 
voltage which further increases the field. In this manner an 
exciter nay be designed, having a very straight characteristic such 
as cannot be obtained in ordinary working on account of the insta- 
bility of magnetisation produced by such a design. It will be seen 
that all the coils of theexciter may be energised from the auxiliary 
exciter, but in the arrangement illustrated the auxiliary exciter 
can be made exceedingly small and at the same time a wide range 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 

13,901/10. Firm Robert Bosch, Stuttgart, Germany. 
Sparking-Pings. (5 Figs.] June 8, 1910.—This invention 
relates to electro-magnetic ee for internal-combus- 
tion engines of that type in which the armature forming the 
movable electrode is attracted in the direction of its axis by the 
electro-magnet. against the action of a spring. The sparking-plug 
comprises the actual plug body a, which is screwed into the 
cylinder, the electro-magnet coil b, and the armature c. This arma- 
ture slides in a guiding sleeve d, insulated from the plug body a, 
which carries the fixed electrodee. Within the magnet coil 0 is 
a stationary wee g, which may be in one piece with the 
magnet core h. spring ¢ is interposed between the movable 
armature cand the pole-piece g, and normally nolds the armature 
——< the electrode e. In order to prevent unnecessary friction 
when the armature c slides in the sleeve d, a ring k of some hard 
material is inserted in the lower end of the sleeve, the internal 
diameter of the ring being somewhat smaller than that of the 
sleeve. The upper end of the armature c is carried by the 
helical spring t% This method of support is especially ad- 
vantageous when the sparking - pl is arranged horizon- 
tally in the cylinder. In order to maintain a constant stroke 
of the armature, and therefore a satisfactory contact between 
it and the electrode e, notwithstanding the ti wear 








caused by the action of the sparks, annular discs of metal / are 
interposed between the upper end of the sleeve d and the pole- 
piece g, so that by removing these one by one as the armature 
wears away, the m et may be screwed further down on the 
sleeve to attain the desired end. For the purpose of forming a 
tight seal between the interior of the plug or the combustion 
chamber and the magnet, the pole-piece g has a cylindrical pro- 
jection m which extends into the sleeve d, the lower surface n of 
the pole-piece g pressing tightly against the upper end surface 
of the sleeve d or the topmost intermediate disc /, The sparking- 
plug can be taken to pieces with ease for the pu of exchang- 
ing worn parts for new ones. The sparking-plug operates as 
follows :—One pole of the source of current is connected with the 
plug-body a ; the other pole is connected with the magnet coil b. 
At a suitable moment the current therefore traverses the magnet 
coil, one end whereof is in electrical connection with the arma- 
ture c, which is insulated from the body of the plug. While the 
electro-magnet is without current the armature c is pressed 7 
oring i against the electrode e, and the circuit is closed throug’ 
the coil, armature c, and plug-body a. As soon as a current 
impulse is sent through the coil, the armature c is attracted by the 
pole-piece g against the action of the spring i and contact between 
cand eis broken,}producing a spark. (Accepted November 16, 1910.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


4028/10. A. Herbert, Kenilworth, and P. V. Vernon, 
Coventry. Radial Drills. (2 Figs.) February 18, 1910. 
—This invention relates to radial drills of the type in which the 
drill-spindle bearing is carried by a feed-sleeve ope y arack- 

inion controlled by a hand-lever moving in a vertical plane, and 
Eos for object to improve the feed mechanism thereof. In the 
present construction, to the saddle B is adjustably attached a 
tube C forming the bracket, and through this tube passes a shaft 
D, to one end of which is attached the feed-pinion E. The other 








EASES ; | 
Spm : 
Ss 
OX 


YLTOLTOLLELL DY 





ome 
NO WOONMNWO 4 Tp a OF 
——— 


DY, 
LY 





end carries asuitable gear member, such as a bevel or spiral-gear 
F, and this meshes with a correspondin rG on a short shaft 
H arranged at right angles. This shaft H is mounted in a suitable 
box J carried by the end of the tube C and the shaft H carries the 
operating-lever K. The operating-lever is consequently moved a 
suitable distance from the radial arm A and other parts, and is free 
to be rotated completely, and by means of the right-angle gearing 
its plane of rotation is at right angles to that of the feed-pinion E. 
Consequently, the operation of the lever is a natural one and easy 
to the operator. Obviously in place of the spindle and ring 
described a train of gears can be used, and the a racket 

made adjustable in any suitable manner, (Accepted 





of operation secured. (Accepted November 16, 1910.) 





| PUMPS. 
3716/10. The Pulseometer Ragineering Company, 
Limited, and J. Bhecnsmee. Re . alves 
and Strainers. [4 Figs.) February 15, 1910.—This invention 
| relates to valves and strainers fitted to the lower ends of the suc- 
tion pipes of pumps for the purpose, respectively, of retaining the 
liquid in the suction pipe, and a matter of large size 
from entering the pipe. Inthe example shown, the valve com: 
la valve-body a, to the lower side of which is fixed a circular valve- 
plate c having an annular concentrically-arranged opening d with 
annular valve-faces. Above the annular opening is the valve 
roper, in the form of a ring g, arranged to rest on the valve- 
aces, the underside being lined or covered with leather kept 
in position by a thin ring-plate. The valve-body a is provided 
internally with upwardly - extending, radially-arran; notched 
ribs m projecting above the valve-ring g to form es and stops 
therefor so as to cause it to move vertically above the valve-faces ¢, 
J, and limit the lift to that required to give the necessary area for 
the passage of the liquid. By this arrangement the valve com- 
prises only one loose working part. The underside of the valve- 
plate c is provided with vertical ribs n, provided at the periphery 
with deep bosses o that serve to support the bottom plate p of 


Fig.4 Fg 2, 
SS 





r 




















: : 









































the strainer, which is bolted permanently to them. The outer 
edge of the strainer-plate p projects beyond the bosses o and 
beyond the outer edges of the valve-plate ¢ and chambera. The 
remainder of the strainer is formed by a loose cylindrical ring q¢ of 
Sa plate or sheet-metal, without top or bottom, which can 
»e dropped over the valve till it rests on the projecting edge of 
the bottom plate p of the strainer, thus closing in completely the 
space below the valve-plate c and compelling all the liquid passing 
to the valve to flow through the holes in the strainer-plates p, q¢. 
The strainer is, or may be, so proportioned that if the bottom 
plate p rests on a solid bottom, or if ail the holes in it become 
clogged up, ample area is still left in the cylindrical part g of the 
strainer for the passing of all the liquid required. The cylindrical 
part q of the strainer is provided at its upper edge with two or 
more lugs r for the attachment of ropes or chains which are con- 
tinued up the suction-pipe j and secured above the water level. 
When it is desired to examine or clean the strainer, the cylindrical 
part ¢ thereof can be readily lifted up above the water level by 
means of these ropes or chains, and when cleaned it can be lowered 
again into the yd position to rest on the bottom plate p of the 
strainer. (Sealed January 5, 1911.) 


RAILWAYS AND TRAMWAYS. 


26,963/09. Heenan and Froude, Limited, Man- 
chester, and J. N. Scholefield, Worcester. 
Motor Suspension. (4 Figs.) November 20, 1909.—This 
invention relates to suspension apparatus for the motors of 
tramway vehicles, and comprises an arrangement of two springs 
mounted on a pillar with a sleeve, through which the pillar 
slides, carrying an abutment for one spring and the combination 
with the pillar of a ompperens bar to which it is pivoted carried 
on swinging links. e side frame A is of any ordin: con- 
struction with links B pivoted thereto to carry the swinging 
bar C, the ~~ EY" ar D being pivoted thereto. The sus- 
pension-pillar D is fitted with a washer E, secured to it by 
cotters to bear the downward thrust of the suspension-spri 
which is placed above it, and also the upward thrust of the 
recoil spring G which is placed below it. A sleeve H is placd 





over the suspension-pillar D thro which the latter is free to 
slide, a slot being cut therein to allow the cotters retaining the 
washers E to pass through. The washer E is placed upon and is 
free to slide over the sleeve whilst held stationary relative to 
the suspension-pillar by the cotters. The sleeve H at its lower 
end carries a washer K to take the downward thrust of the recoil 
spring G, and at its upper end a washer K!, which bears upon the 
upper side of the suspension-bar M. A washer K®, placed upon 
and free to slide over the sleeve H, bears against the underside 
of the suspension-bar M and rests upon the suspension-spring F. 
The end of the suspension-bar M is formed with a hole to fit over 
the sleeve H and is free to move up and down thereon, and th 
washers K! and K? with 


e 
Payne pm to allow of a swinging or 


swivelling movement of the end of the suspension-bar between 
them. e parts are held in position on the sion-pillar D 
and the tension of the recoil spring G adj by nuts on 





can be 
November 16, 1910.) 


the upper screwed end of the pillar. The central suspension- 
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pillar D is pivoted on the swin 


A of the truck is con g-bar C pivoted 


nected —— 
thereto with an universal joint, so that when the axle takes | and the lower chamber or bowl 17 
to the truck aS secured to a bridge-piece 24, and to the compass-box. 


any position which is not at right 


side frame A the motor is allowed to swing with it in all direc- | A tu 
an orifice in the bottom of the bowl 17, said sleeve being held in 


tions. The upward movement of the Se D relative 
ion-ba t sion-spring F 


-bar C, and the side frame | tion is to provide simplified means for removing and replacing the 
pivot in compasses of this type. Between the’ upper chamber 14 


is interposed a flexible dia- 


sleeve 27 is secured to the washer 23 and th h 





to the +usp 


— r e r 4 
between the washer E and the washer K2, and on the recoil the | is intern 
with the upper end of the sleeve 27, while the pivot stem 30, which 


is flanged at 31 in order to limit its movement in the sleeve 27, is 


downward movement of the suspension-pillar relative to the 


iti wy means of nuts and washers. The central washer 23 
ly screw-threaded, and is contracted where it en 


suspension-bar M compresses the recoil ng G between the 
wan opring screw-threaded to engage the washer 23, through which it projects 


er E and the washer K on the lower end of sleeve H. (Ac- 
cepted November 9, 1910). 


29,567/09. G. Barson and Cammell Laird 
Limited, Sheffield. Buffers. (6 Figs.) December 17, 
1909.—This invention relates to buffers for railway vehicles, the | 
object being to provide improvements in the means for enabling | 
an enlarged rear end of the buffer new to be placed throug’ 
the base of the casing when assembling the parts and for pre- 
venting it from being withdrawn when in use. In carrying out 
the present invention, a se te bush (Figs. 2 and 8) is provided, 
having a flange A. The divided bush fits, internally, the buffer- 

lunger B, and, externally, a hole C! in the buffer -plate C. 

his hole C! is made of sufficient size for the paesage of an 
enlarged end B! at the rear of the plunger B. The flange A on 
the divided bush prevents it from ng completely into or 
through this holeC!, The plunger may be square to prevent 
relative rotation with the bush at that part which passes thro 
the bush. The hole C! in the base-plate C eae nyt circu! 
to allow the plate to be turned round the bush. In assembling 
the parts, the enl rear end B! of the plunger is 
through the hole C! in the base-plate C and the bush, which is 


divided longitudinally, is placed thereon, the flange A being in | into the upper chamber 14, the 
contact with the base-plate and the remainder of the bush extend- | being prolon 


ing into the hole C! therein. It will be seen that thus the flanged | & 


bush will prevent the enlarged rear end B! of the plunger B from | natively, the pivot 3) may have a ga 
To retain the bush in | the sleeve 27. To remove and replace the pivot 30, it is only neces- 


sary to invert the compass-bowl 17 and box 14, and to rotate the 


being withdrawn through the base-plate. 


SS 
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of the stem below the flange 
to or near the lower end of the sleeve, the lower 


xtremity being notched for a 4 —— driver ; — 
yonet-joint engagement wit! 


place with its flange A in contact with the base-plate C it is L 
pivot 30 within the sleeve 27 ; there being no occasion to interfere 


with the packing for the box 14 and the bowl 17, or to undo any 
connections ; the sleeve 27 is so constructed and fitted that it is 
impossible, during the operation described, for the liquid in the 
lower chamber to enter the upper chamber, or vice versd. (Sealed 
January 5, 1911.) 


20,272/009. H. Brown, Felstead. Mariners’ Com- 
2 Figs.) March 4, 1916.—This invention relates to the 


Passes. [ 
azimuth and steering-rings of spirit or liquid mariners’ com 


passes, 
1 is the compass-bowl, and 2 is the compass-card, which is 
secured to the float 3 by means of wires ; 4 is the compass centre, 
and 5 are the magnets attached to the float 3. According to 
this invention, the azimuth or steering-ring 6 of a spirit or liquid 
mariner’s compass is secuted to the inner surface of the bowl 1 on 
a level, or an approximate level, with the compass-card 2, and 
with its inner edge in close proximity to the outer edge of the 
said card 2. The ring would also preferably be provided with 





provided, at a distance from the flange A equivalent to the thick- 
ness of the base-plate C, with one or more projections A®, There 
are preferably two of these projecti AS, situated diametrically 
opposite one another, and the hole C! in the base-plate is extended 
at opposite ends of a diameter to allow them to pass through. 
When the parts are assembled a partial turn of the base-plate in 
relation to the bush and plunger will cause the bush to be re- 
tained or locked in position by these projections A® extending 
along the plate on the inner side, and yom flange A on the outer 
side, In order to prevent the bush being turned to bring the 
rojections A® again in register with the extensions of the hole Cl 
n the base-plate = which they have been pe: a second 
plate D is provided having a hole shaped to fit these projections 
A® and the external part A? of the bush adjacent thereto. When 
assembling the parts, the two plates C and D are put together 
with the sha hole in one istering with that in the other. 
After the enlarged rear end of the buffer-plunger has been 
through both holes U! and D!, the divided bush is placed in 
position with its projections A® fitting in the sh extensions of 
the hole D1 in the inner plate D; A relative turn between 
the outer plate C and the inner one D (with which latter the bush 
moves), will bring the parts into the proper position for locking the 
bush to the outer plate ; subsequent turning between the plates 











is 
prevented by bolting the plates together. (Accepted Nov. 16, 1910.) markings indicating port or start i as ste 


SHIPS AND NAUTICAL APPLIANCES. 


of the com 


°. Ww. 's 
{2 Figs.) November 23, 1909.—This invention relates coh are on a level, or approximately ona level, the reading of bearings, 
whether by day or night, is greatly facilitated. Further, the 


invention are as follows :—The improved ring serves as a means 
for filling up the pep which usually obtains in the case of a com- 


27,181 Kelvin and James White, Limi and vided wit 
5 be a te, | ited, pass prov wi 


a card of reduced diameter, between the bowl 
and the compass-card ; and as the ring and card 


proved suspension for mariners’ pr mae There is fitted at 
nts of the gimbal-ring 1 a | improved ring, in conjunction with the card, causes the spirit or 


each of two diametrically opposite po 


otal 


teadi of the com -card. Further, as 





box-like structure 2, hav 4 io either side of the box a compart- | other liquid used to move in two circuits or as two bodies, and 
a h 


ment 3, which contains 
formed on a pin which is surrounded 
through an orifice at the bottom of the said compart 


elical ring pressing on a 
y 


thus ter 
y the spring, and passes | the ring is oo the level of the spirit or liquid, it is always kept 
ment. The/| clean. (Accepted November 16, 1910.) 


pin has a milled nut at its upper end, which nut bears on the 
STEAM ENGINES, BOILERS, EVAPORATORS, &c. 
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movable cover 8 of the box. To tire bottom of the box 2 is or are 
fitted a pin or pins9 serving to guide a helical compression spring 
or springs 10 dis between the bottom of the box 2 and the 
lower side of a small casing 11 slidable vertically within the box 2, 
and carrying rollers 12 which support a journal 13 projecting 
ra‘lially from the compass-bowl 14. With this arrangement, upon 
upward movement of the binnacle relatively to the compass- 
bowl, the springs 10 will be compressed, the strain which would 
otherwise come on the gimbal-ring 1 being relieved. (Sealed 
January 5, 1911.) 


725j718/08., Kelvin and James White, Limited, and 
Hil 


Clark, Glasgow, and L. W. P. che Mill 
Magnetic [2 Figs.} November 8, 1909. 
—This invention relates to magnetic compasses of the liquid type, 


in which the card rests on a jewelled pivot projecting inwardly 
rom the bottom, and, or the top of the compass box, and more 
particularly to com of the kind comprising an upper chamber 
containing liquid, in which the card is immersed, and a lower 
chamber or bow! attached to the under side of the upper chamber 





and containing viscous liquid. One object of the present inven- | ¢ which is ted on the prop 


651/09. C. A. Parsons, Nowenstio-ca-Zyne. Steam- 
- [14 Figs.] November 6, 1909.—This invention oa 


sists in providing a marine-propulsion system of differently 

turbines driving a common shaft in which the main ahead and 
astern turbines are arran 
geared thereto through a single or double 
the cruising turbines ‘are similarly singly or doubly geared to the 


direct on the propeller-shafts or 
uction-gear, while 


Fig.2 
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(73651) 


lier-shaft. The pressure drop of the working fluid is dis- 








prope 
tributed in known over a ber of turbines, over one 
high-pressure turbine A, one intermediat e turbine B, and 


one low-pressure turbine C, the arrangement in the figures showing 
two such sets of turbines. Each turbine is mounted on a separate 
shaft a, each of which carries a pinion “en with a large wheel 

li td. <A condenser ¢ is 





also provided for each set. of turbines, and an astern turbine D is 
shown incorporated in the same casing with the low-pressure 
turbine C. It will be seen that, whereas in previous arrangements 
the se te turbines had to be designed according to the speed 
at which they were required to run, and the best form of blading 
suitably modified for the speed. By this invention it is possible 
to design a turbine with reference only to the most efficient form 
of blading, and to run them at their most economical speed 
independent of the speed of the common shafts which they drive. 
The three turbines A, B, and O may be grou to drive the 
wheels c in any desired manner. It will be seen that the two high- 
pressure turbines are arran side by side with the low-pressure 
turbines C on either side, beyond which is placed a condenser e. 
The intermediate turbines B are arranged forward of the 
other turbines in a position intermediate between them. The 
turbines can, however, be uped in any other suitable manner. 
November 9, 1910, 

21,966/10. J. Howden and J. Hollo , Glasgow. 
Steam- bines. {1 Fig.) July 15, 1910.—This invention 
has for its object to provide a construction of shrouding which 
shall not interfere with the removability of the blades. The 
shrouding may be formed by riveting, as at a, a separate piece b 
to the end of each blade c, said pieces being made to interlock, as 
shown, so as to support each other laterally as well as cireum- 








ferentially, without interfering with the removability of individual 
lades ; or segmental shrouding-pieces may be provided, each 
segment having riveted thereto a number of blades, while the 
ends of adjacent segments are. adapted to interlock so that the 
segments support each other in the same manner as that described 
with reference to pieces b. The shrouding formed as above 
described may be arranged to afford a rim projecting laterally 
into a groove in the face of the stator. (Sealed January 5, 1911.) 


MISCELLANEOUS. 


T. J. Rorke and E. Rorke, 

Thermostats. (2 Figs.) November 2, 1909.—This invention 
relates to thermostats, the object being to render the device 
adjustable for maintaining the space or body to be heated at any 
desired constant temperature. According to this invention, the 
mass or weight of us or liquid medium of high thermal 
expansive power to be heated is capable of variation, so as to enable 
the body of mercury to act in conjunction with maximum and 
minimum contacts pertaining to the electrical switches which 
control the heater, and thereby maintain, without fluctuation and 
variation, any desired degree of temperature. Heretofore it has 
been customary to arrange thermostats to work at one particular 
temperature, and when they have been adjusted to work at other 
temperatures they have not proved satisfactory, as the tempera- 
ture which is desired to be kept constant has fluctuated between 
wide limits. Mechanical or two-metal thermostats are open to 
the same objection, and they are, moreover, far less sensitive than 
thermostats of the fluid type. According to the embodiment 
illustrated, the device comprises a horizontally disposed tube a 
of large bore, having a vertical limb or extension al, a? of 
small bore at each extremity. One of these limbs a! is pro- 
vided with a stop-cock, and has an enlarged portion or bulb 
a‘ at its upper end, which may be open, or, if necessary, is 
provided with a protective cover, so as to exclude extraneous 
matter from the tube. The other limb or extension a? is formed 
with a double (J bend, so that the three portions of the limb will 
be arran lel to each other in the same vertical plane. The 
one portion of the limb is provided with a bulb b. The open end 
of the limb a2 is formed with a bulb b® in the same manner as the 
limb al, At the middle — of the bend an electrical contact is 
arranged which is intended to act in conjunction with similar 
contacts situated in the adjacent parallel portions of the limb, and 
which are respectively the maximum and minimum contacts. 
The bend contains a mass of mercury which extends up to the 








two adjacent portions of the limb, and connects the mid-contact 
with one or other of the outer contacts, according as the tem- 
perature rises above or falls below the desired degree. In this 
manner the current actuating the switches pertaining to the 
heater is controlled, and the degree of heat given out by the 
heater regulated. The remaining portion of the limb above and 
below the mercury may contain any suitable fluid having a high 
thermal expansive power, the said fluid not filling all the s 
above the mercury, but allowing sufficient space for the displace- 
ment of the mercury. The h ntally-di: limb a, of large 
bore, and the other vertical limb a! provided with the stop-cock, 
also contain the fluid of high thermal expansive power, sufficient 
space being allowed for the displacement of the fluid. When the 
stop-cock in the limb a! isopen for the passage of the fluidany varia- 
tions in the volume of the high thermal expansive fluid due to 
hanges in temperature will not displace the body of mercury in 
the bent limb a2 as the expansion and consequent rise in level of the 
fluid will take place in the limb a}. Should, however, the cock be 
shut, the expansion or contraction of the fluid will fafluence the 
body of mercury and displace the same in the one or the other 
direction, ding as to whether the temperature rises or falls. 
In — set on Sos poate work =s i competes = 
— is set in the tion to allow of the passage of the 
uid, the fluid being heated up to the required temperature by 
heat generated by the heater ; so soon as this is effected the cock 
is turned off to restrict the flow of fluid, and any subsequent 
variations in volume of the mass of fluid due to changes of tem- 
perature will displace the body of mercury in the bent limb a* 
and control the current to the switches pertaining to the heater, 
as before described. In this manner the mass of fluid corre- 
sponding to each particular temperature is obtained before an) 
movement is imparted to the contact-making body of mercury, 
and any subsequent variations in the volume of the mass of fluid 
mercury and effect the desired control. (Accepted 
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FOUNDRY PLANT AND MACHINERY. 
No. XXI. 


By JoserH Horner. 


MotrTen metal is drawn into ladles and thence 
poured into the moulds : exceptions occur in brass- 
founding, in which, in the lighter casts at least, the 
metal is poured directly from the crucibles. Also 
in light crucible steel casts, in aluminium, and the 
more expensive alloys, pouring is done from the 
crucible. Types of ladles occur in a wide range, 
from the nidttaak shank-ladles, holding only from 
about 56 lb. to about 4 ewt., to the barrow-ladles, 
crane-ladles, and carriage-ladles used for iron and 
steel, and holding up to 60 tons or more weight. 

Ladles may also be divided into two great groups 
—the tipping and the non-tipping. The first are 
universally employed in iron-founding, the second 
are — to the work of steel-casting. But tip- 
ping-ladles are used also for charging Bessemer 
converters or metal-mixers, the metal being taken 
in these ladles from the cupolas to the converters. 
They are termed ‘‘ direct” or ‘‘hot-metal” ladles, 
and they are carriage-ladles. In several important 
details they differ from the ordinary tipping-ladles 
of the iron foundry. We take the iron-foundry 
ladles first in order. 

Hand shank-ladles are limited in capacity to the 
carrying power of one, two, three, or sometimes four 
men. Ladles up to 56 lb. capacity, Figs. 304 and 
395, page 104, are carried by one man. They are 
used for very light casts and for feeding runner- 
heads, The double-hand shank-ladles, Fig. 306, are 
carried by two men or three men ; 3 cwt. is enough 
for these, though 4cwt. is sometimes loaded. Then 
four men may carry, two at the double shank and 
two at the front, supporting the single shank on a 
cross-bar. The man or men at the double-shank tip 
the ladle to pour.’ In all these the ladles are sepa- 
rate from their shanks. Being tapered, they drop 
into the ring formed in the handle forging. A catch, 
seen at the right hand, Fig. 306, of the ladle, and 
embracing the bail, is thrown over when the metal 
is being transported, in order to prevent risk of the 
ladle from turning over accidentally. 

All ladles of over from 3 cwt. to 4 cwt. capacity 
are either carried by a crane or they are run along 
on carriages. 

The crane-ladles are either simple ungeared, or 
geared, the first ranging from about 5 cwt. to 
25 cwt. or 30 cwt.; the second includes those 
beyond, ranging up to 10 tons or 12 tons. The 
ungeared ladles are fitted with trunnions suspended 
in arched arms or bails. The trunnions are turned 
on palms, or on belts riveted to the outside of the 
lidle. The tipping is done by a double-shank 
handle, or by a cross-handle at one end. When 
pouring is not being done, accidental tipping is 
prevented by a catch on the side of the ladle, to be 
thrown over to embrace the bail adjacent. 

There is not much variety in design in the fore- 
going types of ladles, as there is in the geared and 
the carriage types. The smallest hand shank- 
ladles are sometimes castings, but they are more 
often of wrought iron or steel sheet, formerly 
riveted ; but now large numbers of stamped or 
pressed-steel ladles are made, as in Figs. 304 to 
3%. The capacity of ladles is reckoned inside the 
fire-clay lining with which they are daubed afresh 
on each day of casting. Each cubic foot of ladle 
cipacity is equivalent to 3 cwt. of metal. 

The geared crane-ladles are either single worm- 
geared or double. The latter are preferable, as 
the tipping is under much better control, and the 
attendant, standing usually farther away from the 
ladles, does not suffer so greatly from the heat as 
when the shorter shank is used for actuating the 
worm only. In a good many American ladles spur- 
gears are used for tipping, double gears for the 
larger sizes. This is not so compact as worm- 
gears, the hand-wheel being located near the top 

edge of the ladle, and gy & is used to prevent 
“ipping, while worm-gear is self-sustaining. The 

ge ladles are usually surrounded ‘with two belts 
—one at the trunnion zone, the other round the 
top edge, which it stiffens. There are either one 
ortwo pouring-lips. The bent bail of the lighter 
ladles is not usually fitted, but a stiff cross-beam 
carries rods which are formed into eyes to receive 
the trunnions. Examples of geared crane-ladles 
are shown by Figs. 307 to 311, page 104. 

In the standard 12-ton agg geared ladles, 
by Messrs. Thwaites Brothers, Limited, of Brad- 
ford, shown by Figs. 307 to 310, on page 104, the 





body is made of ;;-in. plate, bent and riveted. A 
pressed-steel dished bottom is riveted into this, and 
a belt round the outside at the top. The bottom is 
strengthened with a stiap. A belt encircles the 
trunnion zone. The trunnions are forged with 
straps, which are riveted down the sides of the ladle. 
The tilting-gear includes mitre and worm gears. 
The riveting and other details are seen in the 
re uction of a photograph, Fig. 310. 

n Fig. 311, which represents a design made by 
Messrs. Barr, Thomson, and Co., Limited, of Kil- 
marnock, the capacities range from 8 to 18 tons. 
The ladle can be tilted bya man standing either at the 
side or the front, by changing the cross-handle from 
one bevel-gear shaft to the other, as indicated by 
the full and dotted lines in the drawing. Loose 
bar-handles are fitted to assist in adjusting the posi- 
tion. The bottom straps come up and embrace the 
trunnions and trunnion belt. The capacities are 
given in the table below :— 


Capacity. A. B. C. 
Tons. In. In. In. 
bes = DA dt 48 

aca BAS 58 43 52 
=_ ne 69 44 ii4 

12 62 54 56 

14 62 55 58 

15 64 55 58 

18 72 56 66 


A self-skimming ladle for iron—the Goodwin and 
How—manufactured by Messrs. Thwaites Brothers, 
Limited, is illustrated in Figs. 312 to 318. The 
body of the ladle is pear-shaped in plan, Fig. 314, 
stamped from a solid plate of steel, Figs. 312 and 
313, or, alternatively, the bottom is fitted separately, 
Fig. 318. The neck of the -shape forms the 
pouring-spout, Figs. 313 al 314, up which the 
metal passes from the bottom, coming from under- 
neath the skimmer or dividing-plate A, which 
is separately fitted as a sheet of steel bent to fit 
within the body of the ladle. Numerous }-in. holes 
are drilled in the plate to. assist in retaining the 
fire-clay with which it is daubed (indicated by dotted 
lines in Fig. 313). Strips of steel a, a, a, of 12-in. 
by # in cross-section, are riveted on each face of A 
to stiffen the plate and retain the fire-clay. At the 
bottom, strips b, 3 in. wide, are attached, having 
holes to retain the clay, and spreading outwards. 
The dividing plate is secured with cottared pins 
above, as seen by the detail, Fig. 316, and at the 
bottom it is retained with narrow plates B, Figs. 313 
and 317. The details of the bail and the tipping- 
gears are seen clearly in Figs. 312, 314, and 315, 
and require no explanation. 

The heavy crane-ladles are awkward to handle 
in foundries where overhead cranes are not in- 
stalled, or where they are of insufficient power. 
Sometimes also travellers are held up with the 
work of moulding. Two courses are then open, 
one being to locate the heavy moulds under the 
control of a jib-crane of sufficient power and ad- 
jacent to the cupolas, or to transport ladles down 
the shop from crane to crane by means of changing 
hooks. A better system than any, apart from 
ample electric traveller service, is that provided by 
the carriage ladles running along on floor tracks, 
as used chiefly in the steel foundries. 

A carriage ladle is improvised when a hand 
shank-ladle is supported on Y’s or trunnions in 
trestles on a truck or carriage—a common practice. 
A self-contained design is the barrow ladle, in 
which a hand shank-ladle is supported and tipped 
by trunnion bearings, but run along on two he 
on the floor, and steadied at the other side on legs 
which terminate in the trurnion bearing there. 
These can be used for pouring, but their principal 
function is to supply metal to small hand-ladles 
about the shop, and so economise the time of the 
men. Figs. 319 and 320 show one design among 
several in which this kind of ladle is built. It is 
made by Messrs. Barr, Thomson, and Co., Limited, 
in capacities ranging from 6 cwt. to 12 cwt. The 
light wheels with wrought-iron arms will be noticed, 
and the bent handles on each side for tipping. The 
cross-handle is used for pushing the ladle about, and 
is removable when pouring is being done from the 
spout adjacent to it. 

A 10-cwt. trolley-ladle by Messrs. Thwaites 
Brothers, Limited, is shown by Figs. 321 to 323, 
page 105. It has the usual two lips to pour on either 
side of the carriage, and is tipped by the cross- 
handle lever seen. The wheels run on tram-plates 
between rails, the gauge being 1ft.7 in. Theaxles 


are fixed, and the wheels run loosely on them on 
cast-iron bushes (Fig. 322), which are easily renewed. 








Oil-holes are provided, plugged with a set-screw to 
exclude sand and dust. The carriage is formed of 
two castings of box section, the axle-bearings being 
cast with them. The trunnion supports are of g-in. 
plate, each bent to form a foot, to which a bar of 
2-in. by 1-in. section is riveted to stiffen the plate, 
and to form the bearing for the trunnion. A catch 
is fitted on one end to maintain the ladle in the 
horizontal position. 

Figs. 324 to 326 illustrate a double-bogie ladle, 
by the same firm, of 4 tons capacity, to run on a 
narrow gauge—34 in. in this case. Its function is 
to carry the metal to moulds at any part of the 
shop. It is then lifted off the bogie by the cranc, 
and tipped by the gear. In shops from which over- 
head traveller power is absent, or where it is in- 
sufficient to deal with the rush at casting time, this 
type of ladle is valuable. 

The construction calls for little comment. Tho 
ladle is formed of boiler-plate, bent to the frustum 
of a cone and riveted with a butt-strap. Into the 
small diameter of the cone a dished bottom is 
riveted, the rivets being flush inside. A belt is 
riveted outside round the large diameter, and 
another round the zone of the trunnions. The 
latter are forged, with straps riveted up and down 
the sides, and partly embracing the bottom. The 
weight of the ladle is taken by angle-brackets A A, 
riveted to the trunnion-belt. The beam and the 
gearing are of usual patterns. The main truck, 
built of channel sections, has the two bogie-trucks 
fitted each with a central pin and circular facings, 
with ball-races. Two plates are cut out to clear 
the ladle, and are riveted to the channels. Narrow 
a also connect the channels near their ends. 

e regular steel casting-ladle for Bessemer ingots 
is supported on a carriage, which is traversed along 
the Dosloontal jib of an hydraulic casting-crane. 
The ladle is supported in its traversing carriage by 
trunnions, and io not tip, as the metal is teemed 
from the nozzle at the bottom. It is therefore 
secured vertically with a stay-rod. Besides the 
horizontal racking along the jib to adjust the ladle 
over the ingot-moulds, the crane swings with the 
ladle in a large radius, and has vertical adjustments. 

The large carriage casting-ladles used on the 
floors of steel foundries are built in a good many 
types, ranging from 5 tons to upwards of 60 tons. 
Steel plating and steel castings are employed in 
the construction of these ladles and their car- 
riages. Axle-boxes have springs, and are constructed 
similarly to those of rolling-stock in the heavier 
sizes. Spring buffers are usually fitted to the 
carriages. Worm-gear is fitted for tipping. Spouts 
are frequently provided on opposite sides. Pour- 
ing from the bottom, preferred for steel, entails 
fitting a nozzle in the bottom of the ladle, with 
a stopper-rod and goose-neck, with operating lever, 
in all of which details vary. 

The general construction of the mechanism for 
bottom pouring common to ge oe ladles, and 
seen in some of the drawings which illustrate this 
article, is as follows :— 

At the bottom of the ladle a nozzle, shaped in 
fire-brick, is fitted (duplicated in large ladles) and 
carried in a ‘‘nozzle-box”’ attached to the outside 
of the bottom. The top end of the nozzle is con- 
cave to receive the corresponding ‘ convex-ended 
‘* stopper-head ” of fire-brick, which is attached to 
an iron ‘‘ stopper-rod,” lifted and lowered by means 
of a lever or hand-wheel located outside the ladle, 
and operating through the medium of a goose-neck, 
or a cross-bar at the top of the ladle. The stopper- 
rod is protected from the molten steel by a number 
of sleeves of fire-brick, which encircle it, and which 
fit to each other by tapered regi On lifting 
the stopper-rod, the oa ead uncovers the 
opening in the nozzle and the steel flowsout. The 
sim and the nozzle are coated with a wash of 
fire-clay. 

Casting-ladles used for open-hearth work are 
either carriage or crane-ladles. They are fitted 
with the stopper and nozzle as for Bessemer 
casting, the carriage taking the place of the 
hydraulic jib-crane. The carriage is drawn by a 
locomotive. The ladle is turned over by worm- 
gear after casting, in order to disc the slag. 

A 19-ton steel-casting carriage-ladle by Messrs. 
Thwaites Brothers, Limited, is shown in Figs. 327 
to 330, on page 105. The body of this ladle 
is built of 4-in. plates, with single butt-straps 
double riveted. The dished bottom, of §-in. plate, 
is single-riveted to the body. The whole is brick- 
lined. This is an example of a group of tipping- 
ladles which are fitted removably into their trunnion- 
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belts, which are duplicated. Brackets and lugs are | by the lever A, Fig. 3 i i iage i 
) 1 g , , Fig. 328. The side carriages are of carriage is travelled by two sets of bevel-gears at 
= bP amcne s = — cottar-bolts pee | cast iron of box section, having the axle-bearings the o mponite ends, Fig. 329, gaining power at each, 
i. ie an Whe be . ugs, which are seen best /cast with them. They are united with one wide and diving thence to two sets of spur-gears on the 
mow , thie od ining requires repairs the | cross-girder of box-section, shaped to clear the ladle, hinder axle. 

removed, the ladle lifted away, and a spare | Fig. 328, leaving room for tipping. The tipping Figs. 331 to 333, page 106, show a 60-ton steel-cast- 


ready-lined ladle takes its place. is done b i imited, wi 
: _by worm-gear, operated from the end of ingladle by Messrs. Thwaites Brothers, Limited, with 
The stopper and goose-neck are lifted and lowered | the carriage with a double-ended lever-handle. The two mene emirate tg Fig. 333 being a reproduction 
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Fies. 321 to 323. 
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of a photograph. The ladle stands 10 ft. 6 in. high, 
and measures 9 ft. on the outside at the top, being 


built of {-in. steel plate. The mechanism of each | ened with 5-in. by 5-in. by §-in. angles round the | 


nay tee is provided with its own hand-wheel. 
ig. 332 shows the brick lining of the ladle, and the 
stopper-rod in section, encircled with sleeves of 
fire-clay, the joints of the sleeves not being indi- 
cated. The nozzle, nozzle-box, and stopper-head 
are seen. The place of the usual bent goure neck 
is taken by a cross-head, and direct lift by rack-rods 
is substituted for leverage. 

_ The body of the ladle is built of plates with butt- 
joints, and single butt-straps, ? in. thick by 10 in. 
wide, with four rows of {-in. rivets. A dished 
bottom is attached with a ring of angle section 
measuring 6 in. by 6 in. by ?in. The bottom is 
stiffened with T-sections, the flats of which are 
turned up as palms to embrace the ladle sides to 
about 12 in. up. The dished form of the bottom 
and the fitting of the T-stiffeners across it entails 








330. 


| the fitting of two legs. These are formed of plate 
bent round and riveted to the sides and strength- 


bottom. 

The top edge of the ladle is stiffened with an 
internal angle. A broad belt, 1 ft. 4 in. wide by 
1 in. thick, riveted with four rows of rivets, 
encircles the trunnion zone. -The trunnions are 
9 in. in diameter, being steel castings, the arms of 
| which take the form of a cross, stiffened with ribs 
and riveted to the body of the ladle. The bails 


tipping. The tipping worm-gears are of steel, of 
|2-in. pitch. A worm of 64-in. pitch diameter is 
used, being right-hand, single-threaded, while the 
wheel has sixty-six teeth, and is 3 ft. 6 in. pitch 
diameter. The bottom pouring arrangement is 
| seen clearly in Figs. 332 and 333, showing a pinion 
and rack operating the bar by which the stopper-rod 
is raised and lowered over the pouring-nozzle, 





each have a Jocking-catch, to prevent accidental | 
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Fies. 331 To 333. 


THE WATER SUPPLY OF MARSEILLES, 
AND TRIALS OF FILTERING AND 
STERILISING APPARATUS. 


By Water Cremence, M.I. Mech. E. 


Durine the past seven months the municipal autho- 
rities of Marseilles have been conducting a series 
of very interesting trials of various modern methods 
of purifying water for domestic supply ; and as 
these trials have been carried out simultaneously on 
water derived from the source from which the town 
will be supplied, it is now possible for the tirst time 
to compare the merits of several different systems 
“Pp ied under identical conditions. 
he Commission appointed to carry out the 
trials, and to report and advise as to the best 
system to adopt for improving the water supply to 
the town, consists of sixteen members, four of 
whom were elected from the Municipal Council, 
while all possess engineering or other scientific 
qualifications for the important task entrusted to 
them. The list is as follows :— 
M. Domergue, Vice-President of the Council of 
Health— President. 
M. Vasseur, Professor of Geology to the Faculty 
—Vice-President. 
M. Caillol de Poncy, Vice-President of the Health 
Commission— Vice-President. 
M. Repelin, Director of Works, Marseilles Museum 


—Secretary. 
M. Sashend, D.Sc., Analyst and Bacteriologist— 
—Bacteriologist. 
M. Pavillier, Chief Engineer of Roads and Bridges. 
M. Batard-Razelli¢re, Chief Engineer of Roads and 
Bridges. 
M. Genty, Chief Engineer of Mines. 
M. Fabry, Professor of Physics to the Faculty. 
M. Perdrix, Professor of Chemistry to the Faculty. 
M. Arnaud, Surgeon-Major, First-Class. 
M. Simond, Principal Surgeon, First-Class. 
M. Periot, Doctor of Medicine enn of 
M. Morucci, Doctor of Medicine Municipal 
M. Sepet, Chemist ih . seam 
M. Jardim, Licentiate of Science F 

The conditions of the trials provided that each 
installation must deal with 200cub. m. (44,000 
gallons) per twenty-four hours, and this quantity 
was checked in each case, first, by a meter on the 
inlet side for the raw water, and, secondly, by a 
recording-float placed in the channel leading toa 
measuring-weir, over which the purified water 

es. The trials were followed with great interest 
the inhabitants of the town, who were freely 
admitted to the testing station. The systems of 
urification, which have been under observation 
by the Commissioners since June 1, 1910, are named 
in the annexed table. 

The official trials were carried out on the whole 
of the systems throughout the month of July, but 
further experiments have been made with some of 
the installations, as shown by the tabulated results 
which we now publish. 
Before describing these installations in detail and 


(For Description, see Page 103.) 
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comparing the results of the trials, reference must 
be made to the existing water supply of Marseilles, 
and to the elaborate scheme of storage reservoirs, 
the failure of which as a means of purification 
led the town to seek a more modern method of 
treatment as a safeguard to the health of the 
inhabitants. 

Rather more than seventy years ago the River 
Durance was selected as the source of supply for 
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the town. This river rises near Briancon, in the 
Upper Alps, and after absorbing the waters of a 
large number of smaller mountain streams in its 
course of 150 miles, it discharges into the Rhéne 
near Avignon. The water of the Durance is at 
all seasons heavily charged with suspended mud 
and lime, and from the first its clarification by 
decantation has proved extremely difficult, in spite 
of the enormous sums of money spent on the 
works. The intake from the Durance is at Pertuis, 





about 25 miles to the north of Marseilles, from | 
which point the water is brought te the city by the | 
well-known Durance-Marseilles Canal ; but owing to | 
the mountainous country through which it passes, | 





the length of this canal from the river to Marseilles | 











is 58 miles, a considerable proportion of the length 
consisting of tunnel. 


Filtcring and Sterilising Apparatus Used in the 
Marseilles Trials. 


_ | 
Preliminary | 
Treatment. 


Final Treat- 


Name of Chemicals 
dd. ment. 


~ | System. 
(a) Slow sand 
filters sub- 
merged 
(6) Slow sand 
filters non-sub- 
merged 
(ce) Sterilisation 
by ultra-viole 
rays 
Forced decan-) ) 
tation and 
Halvor-Breda 
mechanical 
filter | 
Forced decan-| 
tation and! 
rapid sand 
filter 
Sulphate of | Forced eon} . Mechanical 
umina tation filtration 
Woae Rapid rough| \ Sterilisation by 





Multiple filtra- 
tion by Puech 
* Dégr ossis- 
seurs” and 
pre-filters 


Sulphate of \ 
alumina, 


_ by 
ozone 


| Siemens- 
Ferric oxide | 


| 


Desru- 
maux 


| 
! 


filtration ozone 
Chloride of | 


Chemical ) 
lime, sul- sterilisation| | Mechanical 
phate of , filtration 
| 


and forced| 
alumina. J 


decantation 

The canal occupied several years in construction, 
from 1839 to 1847, and during this period the ques- 
tion of the method to be adopted for clarifying the 
water was carefully considered. At that time 
Simpson, in England, had recently introduced his 
system of sand filtration, and the authorities at 
Marseilles were divided in opinion between the 
new system and the older method of decantation in 
large storage reservoirs. Finally, both plans were 
adopted, the water first passing by a system of 
circulation through four storage reservoirs, forming 
a chain on the line of the canal, and afterwards 
through two sand filters in series. 

The first of the reservoirs is at Ponserot (see 
plan, Fig. 1), in the valley of the Durance, about 
7 miles from the intake. It is formed by a gorge 
with steep sides and an earthwork embankment, 
along which the main canal is carried. The reser- 
voir has an area of 12,000 sq. m., and has a capa- 
city of 120,000 cub. m. (26,400,000 gals.) (Fig. 2). 
The water is diverted from the main canal by a 
weir, and is carried by a branch canal to a gallery 
leading to the bottom of the reservoir at the point 
farthest from the outlet, which is situated at the 
end of the dam nearest to Marseilles. The outlet 
canal is carried back along the whole length of the 
dam, and the flow of the water back into the canal 
is controlled by suitable sluices. 

Smaller canals are constructed along both sides 
of the reservoir, and these are used for flushing 
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their banks being pierced at intervals by | from uefavour the canal crosses two small | 


Roskinpeigen controlled by sluice-valves 18 in. in| ravines about 300 yards from each other, and 
diameter. | advantage was taken of the situation of these for the 


The operation of cleaning is carried out twice a/ construction of a double decanting reservoir on a 
year, and occupies from ten to fifteen days, during large scale. 
which time 1800 cub. m. (396,000 gals.) per hour arrangement. 


The plan, Fig. 3, shows the general 
In both cases the main canal is | 
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provided with flushing canals, but the operation of 
cleaning the Garenne Reservoir occupies several 
months, and can only be performed by digging out 
the mud by hand labour, and afterwards flushing 
by means of the tunnel connecting the two reser- 
voirs. For this reason these two reservoirs have 


Fug. 4. PLAN OF REALTORT RESERVOIR. 


















been allowed to silt up. A similar reservoir, havin 

an area of 45,000 sq. m., and a total capacity o 

150,000" cub. m. (33 million lons), was con- 
structed at Saint Marthe, within a few miles of 
| Marseilles ; this reservoir was filled in during the 
mad 1862, but in 1884 it was again excavated, and 
rought into service as a reserve. 

| The large sand filter at Longchamps was aban- 
,doned in 1863, its capacity for dealing with the 
vast quantities of matters in suspension in the 
water of the Durance having been greatly over- 
estimated, or it would be perhaps better to say that 
the designer of the canal fad placed too great faith 
|in the capacity of storage reservoirs for dealing with 
the waters of the Durance, as it was found in 
| practice that, even after triple decantation, the 
filters at Longchamps were called upon to deal with 
| no less than 100,000 cub. m. of suspended mud per 
annum. The filter has been transformed into an 
| additional storage reservoir, with a capacity of 
| 40,000 cub. m. (8,800,000 gallons). 

| The large reservoir at Réaltort (Fig. 4), 43 miles 
from the intake, was completed in 1869 ; it has an 
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carried along the dam forming the reservoir, and 
a gallery under the dam to a small ravine leading between the two dams it passes through a tunnel 
to the Durance. |100 yards in length. e water enters the 

It is estimated that the volume of suspended smaller basin, the Valloubier Reservoir, direct 
matters passinginto the Ponserot Reservoiramounts from the Marseilles Canal, and after passing 
to no less than 300,000 cub. m. (392,400 cub. yds.) through the reservoir, it is led by a tunnel 300 yards 
per annum, of which 120,000 cub. m. (156,960 cub. |in length to the larger Garenne Reservoir, and 
yds.) are removed by decantation. At about 4 miles |thence to the eanal; The Valloubier Reservoir is 


are used for flushing, the mud being carried through 
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eee to contain 
4,258,885 cub. m. (937 million gallons), but in the 
course of fourteen years its capacity had been 


| reduced to 2,000,000 cub. m. through the accumula- 


tion of sediment. Sections of the reservoir at this 
period are shown in Figs. 5 and 6. 

The construction of a reservoir with special 
facilities for flushing, and situated between the 
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intake and Réaltort, was decided upon later, and 
the work was completed in 1884. The new reser- 
voir was constructed at St. Christophé, close to the 
River Durance (into which the separated mud is 
discharged during the operation of cleaning), and 
near the old reservoir of Ponserot, and, after the 
experience of the former reservoirs, special atten- | 
tion was directed towards providing facilities for | 
rapidly removing the accumulated sediment. The | 
whole of the floor of the reservoir has been paved 
with masonry, forming inverted channels, all | 
directed to a central collecting canal, which follows 
the course of the stream flowing through the. 
valley in which the reservoir has been constructed. | 

The general arrangement will be understood from | 
the plan, Fig. 7, and the elevation and section of | 
the p axag Figs. 8 and 9. It will be seen that the 
reservoir is entirely surrounded by a canal, by 


means ‘of which, when the reservoir is empty, the |} 


masonry channels in the floor are flushed in turn, 
so that the reservoir can be completely cleaned. 
The operation of cleaning —— 20 days, and is 
carried out annually at a cost of 2801. During this 


period the raw water is, of course, passed in an| ! 


unclarified state to Réaltort and the town. 

The capital already expended on the canal and 
storage reservoirs exceeds 2,000,0001., but the 
water still reaches the town heavily charged with 
matters in suspension, while its bacteriological con- 
dition will be understood from a reference to the 
tables relating to the trials recently carried out. 
But if further evidence is required of the com- 
plete failure of decantation to render a polluted 
water fit for the supply of a large city without 
filtration, a reference may with advantage be made 
to the ‘‘human test,” as applied to four large 
European ports, and shown by the following table. 

Hamburg, Bremen, and Antwerp are all supplied 
with water from polluted rivers, but in the case of 
these cities the system of slow sand filtration has 
been in use during the years covered by the table, 
while at Marseilles decantation alone has been 
resorted to in dealing with water brought at enor- 
mous expense from a distant mountain stream. 


General Death-Rate per Death-Rate from Typhoid 























Years. | “1000 Inhabitants. per 100,000 Inhabitants. 
| | le. ‘D . 
Popula- LE | 53 | es | Sc: Es 5 & 4 
tionin, Z=/ 48) 85) 3S 3 S im $ 
ww. Bs S8\/s2ieei3)/2\si¢ 
a m™ | a |< a | 8 oi 
1895 26.7 | 18.9 | 17.9 | 17.6 | 62.0 10.68) 4.95 1991 
1896 | 249) 17.1 | 14.7 | 166 | 420) 5.64) 8.32) 18.01 
1807 | 24.6 14.9) 16.6 | 17.5) 1130! 7.74) 3.87 | 16.26 
1898 | 227 17.8 uae | 17.0 | 400 4.58 4.59 | 12.17 
1399 «| 97.2 «17.8 | 15.7] 184 || 440, 417) 2.55 | 1637 
1900 2.2 17-5 | 18.1 | 16S | 35.0 %30 10.54 | 27.05 
1901 | 236 17.1 | 17.0 | 16.1) 480 420 601| 23:80 
1902 | 221 16.4 | 16.6 | 15.8 | 43.0) 6.10 3.62 | 11.67 
1903 | 4.0 167/ 16.0| 148 | 37.0 420 2.48) 13.57 
1904 | 21.2 15.8/| 17.0] 16.3 )| 380) 4.00) 3.91. 17.56 
Average of| | 
last ten) } | 
yeare ..| 24.5 17.1 168| 164 || 482 5.35 5.03 1758 
—_- —— 
Mean } | 
figures..| 24.5 16.7 48.2 9.30 
| 





Norr.—In the case of Marseilles the above figures have been 
obtained from statistics prepared by Professor Domergue ; for 
Hamburg, Bremen, and Antwerp they have been supplied by the 
sanitary authorities of the citiee, ; 


The above table may be objected to on the 
ground that the death-rate of a city is affected by 
many causes totally unconnected with the water 
supply, and that typhoid fever may be disseminated 
otherwise than by this means; it is, however, 
generally recognised that typhoid is so frequently 
traced toa polluted water supply that the death- 
rate from this disease, when tabulated over a series 
of years, is a general indication of the purity or 
otherwise of the supply. In almost all cases where 
sand filtration has been adopted as a safeguard, the 
figures of the death-rate from all causes, and from 
typhoid, show an improvement) which cannot be 
ignored, and the tables whick are printed at the 
head of the next column, showing these figures for 
the city of Hamburg for the years immediately 
preceding and following the adoption of sand filters, 
are fairly conclusive. 

During the past ten years 2270 deaths from 
typhoid fever have occurred at Marseilles, against 
386 at Hamburg. The above comparisons are still 
more instructive when it is borne in mind that in 
the case of three of the cities the only available 
source of supply is a polluted and tidal river : the 
Elbe at Hamburg, the Weser at Bremen, and the 





Health Statistics of the City of Hamburg, Before and 
After the Adoption of Sand Filtration. 
nis : tea 7 
| Death-Rate from 
General — Typhoid per a eee 
Tnhabi 


100,000 
tants. | Inhabitants, |f°™ | Typhoid. 


Before the Adoption of Sand Filtration. 








Years. 




















ee 25.8 54.26 | = 295 
1889 on ool 23.9 42.84 } 243 
1890 oot 22.3 27.04 160 
1891 an 23.6 23.61 151 
1892 ..| 39.8 (cholera) 38.70 216 
The sand filters were first used in June, 1893. 
1893 | 20.4 | 18.11 | 115 
After the Adoption of Slow Sand Filtration. 
1894 os oe) 17.9 7.14 47 
1895 18.9 | 10.68 72 
1896 17.1 5.64 39 
897 16.9 7.74 55 
1898 17.3 4.53 33 
1899 17.3 4.17 31 
1900 17.5 3.30 23 
1901 17.1 4.20 30 
1902 16.4 5.10 38 
1903 16.7 | 4.20 $2 
904 15.8 | 4.00 30 
Averages. 

Before filtration | 26.9 37.29 213 
| 17.1 5.51 39 


After filtration | 
| 


Nethe at Antwerp. These rivers are all extremely 
polluted and cannot be compared with the water of 
the Durance, which has been brought to Marseilles 
at such enormous expense. Therefore the difficulty 
of providing a pure water supply would seem at 
first sight to be much greater at Hamburg, Bremen, 
and Antwerp than it is at Marseilles. Yet by 
means of scientific filtration, carried out under 
careful bacteriological control, the three former 
cities are supplied with water of great purity. In 
them the sanitary effects of sand filtration are imme- 
diate and are attended by a reduction not only of 
the death-rate from typhoid, but also (a fact of the 
utmost importance) by a reduction in the total 
death-rate. 
(Zo be continued.) 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

AN ordinary general meeting of the Institution 
of Mechanical Engineers was held on Friday last, 
the 20th inst., at Storey’s Gate, Westminster, the 
President, Mr. J. A. F. Aspinall, occupying the 
chair. The minutes of proceedings at the last 
meeting, together with the names of retiring 
Members of Council and the nomination list for the 
ensuing year, were first read. 


NOMINATIONS. 


The list of Members of Council retiring at the 
annual general meeting was as follows :—Presi- 
dent : Mr. J. A. F. Aspinall; Vice-Presidents : 
Messrs. H. F. Donaldson, C.B., and Mr. Michael 
Longridge (nominated during the year); Members 
of Council : Captain H. Riall Sankey, Mr. William 
H. Patchell (nominated during the year), Sir Robert 
A. Hadfield, Dr. Edward Hopkinson, Mr. H. A. 
Ivatt, the Right Hon. Lord Pirrie, and Sir John I. 
Thornycroft. The following were the names of the 
gentlemen nominated by the Council for election at 
the annual — meeting, with their consent :— 
President : Mr. E. B. Ellington ; Vice-Presidents : 
Mr. H. F. Donaldson, C.B., and Mr. Michael Long- 
ridge ; Members of Council: Sir Robert A. Had- 
field, Dr. Edward Hopkinson, Mr. H. A. Ivatt, 
Mr. W. H. Patchell, and Captain H. Kiall Sankey. 
The Council had also made the following nomina- 
tions :—Members of Council: Mr. Dugald Clerk, 
F.R.S., Mr. Charles Hawksley, Mr. George Hughes, 
Engineer-Vice-Admiral Sir H. J. Oram, and Mr. 
A. il Wilson. 


Mopern Exectrricat Dock EqurPrMeENt. 


After the conclusion of other formal business, the 
paper set down for discussion was read. This paper 
was entitled ‘‘Modern Electrical Dock Equipment, 
with Special Reference to Electrically -Operated 
Coal-Hoists,” by Mr. Walter Dixon and Mr. George 
H. Baxter, Members, of G w. We reproduce 
this paper in another part of the current issue, and 
by a roceed r ag discussion. 

t the conclusion of the reading of the r b 
Mr. Baxter, joint author, Mr. Aspinall, inameaian 
the discussion, said that he could not help being 





reminded of the fact that in 1895 his friend, Mr. 


Ellington, when reading a es at Glasgow, had 


inted out the convenience of hydraulic power for 
oing work, because 2 gallons of water per minute 
at 750 lb. per square inch equalled 1 horse-power. 
Mr. R. H. Tweddell, who was in the room at the time, 
said that he quite agreed with Mr. Ellington, but he 
thought his system was much better, because a gallon 
of water at 15001b. per sq. in. equalled 1 horse-power. 
The speaker Sou scutes to add a third arrange- 
ment. In the North of England they had pressure 
water at 1000 lb. per sq. in., and 2 gallons of water at 
10001b. per sq. in. equalled 1.333 horse-power. Used 
for 60 minutes rather than for one, the result was 
a horse-power hour—Board of Trade unit was 1.34 
horse-power for one hour. Therefore this third 
arrangement practically gave a B.T.U. If 2 gallons 
of water per minute were required at 1000 lb. per 
sq. in., 120 gallons would be used in 60 minutes ; 
and asin the North they could purchase that water, 
when used in quantity, at about 1s. 6d. per 1000 
gallons, the cost would work out to 2.16d. per B.T.U. 
Under these conditions, if electric current could be 
purchased at 1d., the water cost twice as much as 
electricity. That, of course, did not deal with the 
whole of the case. Different speakers would prob- 
ably each have their own views as to wear red tear 
and first cost of ap tus. 

He would like to draw attention to the 
fact that the authors had put in at Rothesay 
new hoists rather than coaling-cranes. There 
were, however, conditions in which the crane 
was better than the hoist. By way of illustration, 
he would refer to what happened in a port with 
which he was familiar, where over 1,000,000 tons 
of rail-borne coal were shipped per annum. Divid- 
ing up the twenty-four hours of the day, careful 
observation during a period of three or four months 
showed that a large proportion of the time was 
occupied in doing other things than actual tipping 
in the case of both sets of appliances. In the case 
of the hoist, it would be found that 15.75 per cent. 
of the time was occupied with meal hours, which, 
so far as the appliance was concerned, was not 
remunerative. en waiting for ships was respon- 
sible for 8.24 per cent. of the total; waiting for 
coal—manipulation of the wagons backwards and 
forwards—1.14 per cent.; adjusting the shoot, 3.07 
me! cent. ajar of the shoot was a thiny that 

ad always to bé-done with a coaling-hoist. It 
had to be adjusted as the ship went down into the 
water and the load was added. The swinging and 
the change of the ships from end to end, so as to 
bring the hatchway immediately under the hoist, 
absorbed 4.89 per cent. of the time. The worst 
thing of all was the trimming, which occupied 
12.25 per cent. Other miscellaneous causes, trivial 
as they might be, took up 1.17 per cent. These, 
with the balance of 53.49 per cent. occupied in 
coaling, represented the total 100 per cent. for the 
coal-hoist. The measure of the amount of work 
that could be done at any port by any coal-hoist 
was the rate of speed at which the coal could be 
trimmed in the vessel. The corresponding figures 
for the crane were as follow :—Waiting for ships 
(in the particular case he had under review) was 
5.04 per cent.; waiting for coal, 0.88 per cent.; 
swinging and changing, 3.88 per cent.; trimming in 
hulls, 8.74 per cent. ; meal-hours, 15.28 per cent. ; 
other causes, 1.99 cent. There was, of course, 
no shoot to adjust.in this case. In comparing the 
two appliances on the basis of time actually occu- 
pied in tipping and coaling—doing the work of 
putting the coal on to the boat—it would be seen 
that in the case of the hoist it was 53.49 per cent. 
of the time, and in the case of the crane 64.19 per 
cent.—a clear gain of about 11 per cent. in favour of 
the crane as against the hoist. One reason for this 
was that in lifting up the wagon with the crane it 
formed its own shoot ; the wagon was lifted at an 
angle. With the wagon swung round, the coal could 
be tipped towards either side of the vessel, or else- 
where. Thus the crane proved the more rapid 
working appliance. 

Colonel F. W. Tannett Walker followed with 
an excellent speech, observing that the authors 
had thrown down a challenge. He trusted that 
in accepting it he should be able to handle his 
argument with due restraint, which he admitted 
he sometimes found difficulty in imposing upon 
himself when he got on his feet to discuss a 
matter of that-sort. To commence with, in the 
paper the authors had, in effect, stated that an 
electric crane had been specially provided, with a 
view of testing it in opposition to, and parallel 
with, an hydraulic crane. Doubtless the crane was 
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the best that could be bought, and he would be 
glad to learn if one of the best makers of hydraulic 
cranes had been afforded an opportunity of sup- 
plying the Clyde Navigation Trustees with an 
equally modern and equally capable hydraulic 
crane of the same size. His general impression, 
from the paper, was that this modern electric 
crane had been compared with a very old hydraulic 
crane. The chief challenge thrown down to 
the hydraulic engineer related, as it seemed 
to him, to the coal-hoists; but before dealing 
with them, he would touch upon the question of 
capstans. He would ask Mr. Baxter whether he 
had bought the marvellous capstan referred to in 
the paper for the priee of something less than 701. 
He chose that figure because he had himself quoted 
70l. for that item, and had lost the contract. Was 
the price 70l., or was it something between 2001. 
and 2201.’ For 2201. he would undertake to make 
a capstan that could accomplish marvels. 

From the paper it appeared that the electric hoist 
had accomplished,.-in round numbers, the ship- 
ping of 30 wagons in 30 minutes, but there was no 
record of the hoist doing a wagon a minute for more 
than 30 minutes. He would like to know if the hoist 
had beenable to maintain this rate of coaling. The 
authors implied that there was no advantage in ex- 
aggerating the speed of lifting, and that the speeds 
of 150 ft. to 180 ft. or 200 ft. per minute, at which 
hydraulic hoists now worked, -were useless, an 
average of 100 ft. being all that was required, since 
other operations of the cycle could not ‘‘ mark 
time” with greater speeds. Would any of the 
railwaymen who were working the great lines, with 
trains covering certain long distances in specified 
times, dream of settling that a reasonable maxi- 
mum speed to adopt for the whole journey 
would be that at which it was found safe to 
go over crossings or through stations. Surely 
the speeds at which they ran were not the same as 
the average, but were speeds which made the 
average, the train travelling for all it was worth 
when it could. Now, if thousands of tons of coal 
were on a siding, and it was-desired to get the coal 
into the empty hold of a ship, it was evidently as 
well to get it in as quickly as possible. 

The working of the electric tip had been described 
in the paper, and, apparently, it had worked very 
smoothly. The speaker, however, saw in the brake 
and in the tipping—which the authors acknowledged 
to be a problem—the greatest difficulty. It might be 
possible with the brake to stop the cradle as it rose, 
exactly where desired, with the greatest smoothness 
and precision, so that it could be ti accurately. 
But it was undesirable to stop in this way. The 
cradle should be lifted, and after a certain point 
was reached, lifting and tipping should continue at 
the same time. It was not desirable to lift hori- 
zontally, stop, and then begin to tip, as was done 
in the electric hoist. It was in doing that that 
15 or 18 seconds were lost in the tipping, whereas 
2 or 3 seconds should suffice ; the difference was 
considerable. With all respect, he would submit 
that the tipping was not well accomplished by the 
tips at Rothesay Dock. Tipping could most pro- 
perly be accomplished when the truck was given the 
bump which gave the tipping-gear the name of 
‘*the kicker.” With ‘‘kicking” the coal would 
go out at 40 deg. If sent up against the stop, at 
40 deg., and given a kick, the coal would go out 
better, and at a lower angle, than if the wagon 
were taken up gently and then tilted: 

In the paper comparison had been made with the 
Newport hydraulic tips. The comparison seemed 
to suggest that hydraulic engineers were pre 
to back the Newport tips as the best of their kind, 
but they were not ; they did not consider they were 
the quick ones. One circumstance, however, 
vitiating comparisons with the Newport Docks was 
that the Rothesay Docks were not docks in the 
sense that they were equipped with sluice-gates, 
requiring rams and other large machines, but were 
riverside quays, which did not get the same heavy 
demands upon the pumping plant. 

Turning to the question of the fly-wheel, he 
believed there was no better apparatus in the world 
than the fly-wheel in its proper place. This con- 
viction of his had received practical confirmation in 
the results obtained with applications he had made 
of fly-wheels to shafts subject to sudden increase of 
loads, such as were, for instance, occasioned by 
plate-bending rolls. He wished, however, to point 
out what would have to be put in in the way of fly- 
wheels if it were desired to obtain sufficient storage 
of energy to work a coaling dock. In the case of 





the Barry Dock, equipped with modern machinery 
and many accumulators, the stored energy of the 
latter was equivalent to 4000 horse-power (minutes). 
He would ask what fly-wheel would give this? At 
Barry there were 30 tips. The ships did not come 
when asked for ; they came when the weather and 
tide permitted, and as all came against the quay, 
and all wanted to be loaded, it was necessary to 
have these 30 tips. There were 17 accumulators, 
each holding 100 tons of water, 26 ft. up in the air, 
waiting to aid in coaling a ship. In busy times 
other engines would be started, until there were nine 
engines going ; meanwhile the accumulators could 
be drawn upon. The cost entailed by this accumu- 
lator installation was limited to the 10001. for the 
original outlay on each accumulator and the cost of 
packing the glands once every ten years. 

The speaker saw no particular objection to mul- 
tiple rams if reasonably designed. In modern tips 
there were arrangements whereby multiple rams 
did not introduce any complication into the lever 
system. With regard to the work done at Rothe- 
say—278,000 tons per tip in twelve months—the 
speaker had found that all tips did at least as much 
as this, even the old wooden balance tips, without 
hydraulic or electrical machinery. aking the 
whole year through, the work amounted only to 
32 tons an hour. Of course, the problem was a 
great one, ships coming in at one tide and wanting 
to go out loaded at the next. It appeared to the 
speaker, however, that 278,000 tons was too small 
a result. He could cite instances of railway com- 
panies tipping coal at their docks at the rate of 
400,000 tons per tip per annum ; possibly the docks 
in these cases were easier. 

He had obtained certain examples from the rail- 
ways. He had learned that the Barry Dock put 
into one ship 4000 tons in 6$ hours with two tips ; 
the tipping could be done as quickly as this, 
because the trimmers were quite prepared to take 
the coal at this rate. The same company stated that 
they had repeatedly put in 4000 tons of coal in 
less than twelve hours with one tip ; the trimmers 
did not object. With a plain old water hoist the 
North-Eastern Railway Company (at Hull) had 
put in 2886 tons into quite a small ship, which came 
in at one tide and went out at the next. The 
dockage, mooring up, hauling to the quay-side, 
setting the shoot in place and gers | it, were 
operations incidental to the coaling, which was over 
in 10 hours, the ship going out with 3000 tons of 
coal. From Mr. Stirling, of the Hull and Barnsley 
Railway, he had learnt that two hoists accom- 
plished 840 tons in an hour. This seemed to 
suggest that the Yorkshire trimmers were superior 
to those with which the authors had to deal at 
Rothesay. In the case of the last ship there was 
no big hatchway, but the result had been achieved 
by altering the rake and shovel underneath in the 

t way ible. 

With regard to the cost of water the authors had 
taken the figure of 9d. per 1000 gallons on which 
to base their comparisons. He thought that if 
water cost so much as this it would be too valuable 
even to drown'a mad dog in. All his experience 
went to show that under average conditions it 
should certainly not cost more than half «the 
amount taken by the authors, and it was then only 
a matter of simple arithmetic to find out what 
happened to the authors’.final figures for the two 
systems. He wished to enter a protest against the 
idea of splitting up the profession into small classes, 
and calling one an hydraulic engineer and another an 
electrical engineer. He had no prejudices—he re- 
garded it as desirable that all should be mechanical 
engineers, instead of divided into hydraulic engineers 
and electrical engineers. An hydraulic engineer, in 
his opinion, was merely a man who heated green- 
houses, blew organs, and fitted up lavatories. 
Mechanical engineers dealt with all classes of work. 
His company was doing a large job in which the 
entire motive power was to be electrical, the motors 
driving from helical wheels ; but for simplicity all 
the cranes and capstans were hydraulic. 

He would also like to ask why it was not usually 
possible to give the hydraulic system the same 
advantage of the highly expansive, bonutifully-mede 
triple engine to drive the plant, as was enjoyed by 
the motor-men. Mr. Ellington had for years been 
making an economical engine, and the speaker’s 
father had, forty years ago, made a surface-condens- 
ing highly expansive compound engine. Hydraulic- 
machinery people had erred, if they had erred at 
all, on the side of cheapness. The aim should be to 
make the machinery better by using every possible 





appliance in the boiler-house, in the engine, in 
laying the mains, and the very best methods in 
packing the glands and turning the rams, &c. The 
electrical engineer could thus be met on an equal 
footing. 

Power was produced by the triple engine at 
the rate of 2d. or 3d. a 1000 gallons, Mr. 
Macaulay’s figure of 2d. being quite reasonable, 
although not adding quite enough for capital 
expenditure, &c. There was not the least difficulty 
in producing power at 3d. to 44d. per 1000 gallons. 
If, instead of taking hydraulic power at 9d., it were 
taken at 3d., the saving of 8s. per 1000 tons of coal 
ship claimed for electricity disappeared. The 
speaker would gladly admit that for both hydraulic 
and electrical engineers the ple who were their 
best friends were those who allowed a good job to be 
made of their machinery—such people, for instance, 
as the Taff Vale Company, the Great Western Com- 

ny, the North-Eastern —— and others. He 
elisved that the type of hydraulic hoists his firm 
were now making, and which other firms were 
making—in use at Swansea, Immingham, Port 
Talbot, &c.—would receive every recommendation 
from a jury of maintenance engineers. He was also 
convinced that such a jury would, upon considera- 
tion of the electric hoists at the docks, with their 
increased mechanism, indicate figures which would 
persuade the advocates of such hoists to postpone 
their jubilation for a few years longer. There was, 
the speaker thought, something straightforward 
about the hydraulic plant, the water always went 
exactly where it was wanted to go; if it leaked, 
the leakage was manifest. The claim made for the 
hydraulic tip was this, that it would do whatever 
was demanded of it, with any size of wagon. 

Mr. W. H. Patchell, who spoke next, agreed 
with Colonel Walker’s view that, whether he had 
to do with electricity or hydraulics, a man should 
be a mechanical engineer first. He was glad to 
see that, in settling the size, the authors had 
adopted a 32-ton hoist. Much of his work had, 
during the last few years, been in South Wales, and 
it was only within the last few months that the 
8-ton wagon had been stopped there. Such wagons 
were really ridiculous from the point of view of 
the amount of room on the siding required and the 
comparatively small amount of coal which was got 
on a siding owing to the waste of buffer space. In 
some of the old docks it was impossible to alter 
existing tips except by capital expenditure ; but, for 
new work, he was glad to see that 32 tons was taken 
as the unit. He was not sure that the authors had 
made out their case with regard to putting down 
their own power plant. Not enough had been said 
about the character of the outside supply which was 
available. In most districts electricity was now 
practically given away ; but, possibly, at Rothesay 
it was still charged for for the benefit of the share- 
holders or ratepayers. In the South of England, 
and, he believed, in the North, it was supplied at 
rates with which a power-station, for intermittent 
use, could not compete. 

The authors had not said much about their plant, 
stopping short at most of the interesting points. He 
calinined that they had a triple-expansion engine, 
but, with such varying work, he would have thought 
a low-pressure cylinder would have been a passenger ; 
quchsitly a compound engine would have given 
equal economy and have been cheaper. The authors 
had explained nothing with regard to the fly-wheel, 
although claiming that it was the equivalent of the 
accumulator. It could not bea very big fly-wheel, 
inasmuch as it was stated to be in a cast-iron case. 
The particulars Colonel Walker had given with 
re to fly-wheels were interesting. There was 

t difficulty in finding out what others had done 
in regard to the application of fly-wheels, and it 
might be useful if he gave figures relating to a fly- 
wheel he had lately installed. This was a 30-ton 
fly-wheel, running at 500 revolutions per minute, 
and the energy stored in the wheel was 78} million 
foot-pounds. The fly-wheel was used in connec- 
tion with colliery winding. The useful energy 
stored in that fly-wheel would give four winds, 
so that there was little probability of being stuck 
with the coal in the shaft. The fly-wheel was on a 
shaft with motor and generator, the load on the 
motor varying from 400 to 800 horse-power during 
ordinary ae hae hours. The load on the generator 
—the load given by the fly-wheel and ‘motor com- 
bined—varied from nothing to 1600 horse-power. 
With regard to working conditions, he would ask 
the authors what was meant by that expression. 

A voltage diagram was given in the paper, but 
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no information was given as to the machines from 
which it was taken ; apparently there were three 
machines on one shaft. One machine was specially 
for voltage regulation, and was driven by a belt. 
The authors did not, however, say exactly whether 
the auxiliary machine was a little exciter or 
whether it regulated a resistance, or what it did. 
On the end of the shaft they had a oa two 
machines, used for working the rds, oists. The 
coal-hoist test stated the pressure to be 440 volts. 
The pressure on the capstan was 240 volts, while 
the pressure on the voltage diagram was given as 
440 volts. That would seem to indicate that the 
pressure was taken off a machine which was not 
regulated. The ve could not, therefore, quite 
see how it worked out. There appeared to be no 


arrangement of balancing, otherwise they might| po 


be getting their capstans in series across the outers, 
so to speak. Perhaps the authors would make that 
point clear. With regard to coal-tipping, he had, 
some years previously, to put up an hydraulic 
coal-tip for tipping trucks in an electrical power- 
station. He ol used this because he had found 
it to be cheaper, and the best for general pur- 
poses. With regard to the angle of tip, Colonel 
Walker had made a great point of getting a 
kick at the end of the o ¢ There was a pany, Bh 
in that, and if employed when tipping a full truck 
of large coal, the work could be done at a compara- 
tively low angle—probably 38 deg. When dealing 
with particularly small coal, which had just been 
washed, there was great difficulty in tipping it at 
45 deg, In cases where a quarter or a half truck 
had to be tipped it had practically to be raked out. 

He Aas 5 ™ glad if the authors would give a 
little more information about the ‘* Clyde ” capstan, 
which scarcely seemed to compare with the ordinary 
capstan. If he understood it rightly, it was more 
like a vertical-drum haulage engine. Were the two 
speeds arranged electrically or mechanically? It 
was called gearing, but some people described 
electrical arrangements as gearing. As to the 
mains from the power station to the various points 
of usage, the authors compared bare strip and 
insulated mains in favour of bare strip. In the 
particular instance bare strip may have come out 
cheaply, but then the culvert had already been 
made forthem. Even so, the authors appeared not 
to have been whole-hearted, as the photograph 
seemed to indicate strip mains and insulated mains. 
After all, the cost of a main did not depend on the 
cost of copper or cost of insulation entirely, but in 
great measure on the cost of laying the main when 
bought. 

It was claimed in the paper that the plant at 
Rothesay Dock consisted of an entirely new combi- 
nation arranged by the authors for the first time. 
Ignoring their particular figures of 450 horse-power 
and 936 horse-power, the speaker could not see 
wherein the entirely new combination consisted. It 
was not a new thing to apply a fly-wheel to an 
engine, or toa motor. Cases were known where a 
motor and fly-wheel, and even a gas-engine, had 
been run quite happily on the same shaft for years. 

Mr. E. $. Ellington, who spoke next, desired to 
compliment the authors on the originality of the 
work they had had to accomplish, and he would be 
a of further enlightenment as to how it was they 

had to deal with so difficult a problem. In the 
paper the authors had stated that they did not 
expect to realise economy. He could not conceive 
that such installations could have been put in 
without some expectation of economy, for to do 
otherwise was contrary to all ideals of good 
engineering practice. Perhaps the authors were 
a little modest in their statement. He felt, 
with Colonel Walker, that any engineer con- 
fronted with a problem of the kind under dis- 
cussion would like to be in a position to do the 
best that could be done with any system without 
regard to cost. The question of cost was the bug- 
bear of all engineers 

He found it difficult to discuss the 4 without 
some information on points on which it was quite 
silent. No word was said, jor instance, as to 
the cost of the installation. The paper bristled 
with controversial points, which, on account of 
this lack of information, it was not possible to 
discuss in detail. There were, however, one or two 
matters arising out of the authors’ conclusions that 
he could touch upon. Firstly, the authors con- 
cluded that the electric and hydraulic systems were 
equally reliable. The assertion struck the speaker 
as a very bold one to make after the experience of 
a year or two with new machinery. It was well 


known that, largely through the genius of Lord 
Armstrong, there had been some sixty years’ expe- 
rience of hydraulic plant, and many plants were 
working to-day which had been put down 50 or 60 
years ago, poms these, when improvements made in 
the past were eliminated, were now practically as effec- 
tive as they were when originally put down. Until 
there existed a much more extended experience of 
electrical machines applied to purposes for which 
hydraulic uuiiienay ted so far been used, it was 
impossible to say that electrical machinery was 
equally reliable. 

Next, turning to the question of relative cost 
of working, it had been stated that at full load 
electric and hydraulic working were equal, but 
that with variable loads, or at low load, the electric 
wer was cheaper. He agreed with the authors 
that at full load the two power-generating plants 
were equally economical, but he entirely disagreed 
that with variable loads, and at low load, electri- 
city was cheaper—at all events, in the absence of 
figures on which the assertion was based, and which 
he asked the authors to submit. It was, he believed, 
in fact, the reverse of this. Mr. Ellington proceeded 
to illustrate on the blackboard, by means of the 
figure reproduced herewith, the principles which, in 
his view, governed the matter. Assuming that a 
certain amount of horse-power was put down at the 
central station (the figure was of no consequence), 
the quantity would be represented by a straight 
line «1, the verticals in the diagram, B1, D4, &c., 
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representing cost of working at maximum load, 
apart from capital charges The coal consumption, 
practically the boiler plant and the costs of run- 
ning the station, were admittedly equal for both 
systems of working. When running a central 
station it would be found that that station could 
not be worked equally economically with any 
output, but could be run at a certain minimum 
cost, as, for instance, given by. the height B 1. 
Doubling the power, it would be found, by experi- 
ence, that the line AB, representing costs, con- 
tinued practically straight. Continuing from the 

int at which power had doubled to three and 
lone times the amount, the line would continue to, 
say, D. The point D represented costs of working 
at full load—the same for both systems. What 
happened when the plant was worked at low load ? 
Costs did not then fall at the same rate as they 
rose when increasing the capacity of the plant. 
They did not fall back along the same line 
DA, but along another line, such as DE, in the 
case of a station containing plant represented by 
x 4, When load had diminished to one-quarter 
the full power the cost was represented by the 
length of the vertical through B and 1, up to the 
line D E, and so on. DE represented the only 
line along which it would be possible to go back for 
an hydraulic station of the size x4. The working 
cost was reduced in proportion to the reduction of 
output, but the reduction was comparatively small. 

A peculiarity with hydraulic plant was that effi- 
ciency at low loads was greeter with hydraulic pumps 
than with electric dynamos. Assuming with hy- 
draulic power that D E was the line on which the 
different load-factors could be obtained, it would be 
found that, in the case of electric power, the falling 
cost line would be represented by DF, which was 
always above D E. e area D E F was the differ- 
ence in cost, at different load-factors, between work- 
ing electrically and working ——- That 
was not the whole question. It was quite under- 
stood by the authors of the paper that, in dealing 


with the problem in a dock, an equality at the. 


point of maximum load could not be arrived at for 
the twosystems. If the dock were to be worke: vlec- 
trically, it would be found that additional plant must 
be provided which he would represent by «5 on the 
figure, for the horse-power needed at the central 
station was larger with electrical working than with 





hydraulic. Working with different load-factors with 


the plant «5 would give falling costs along a line 


'HG, and the difference in costs between the two 
systems would, therefore, be represented by the 


total area EDHG, the difference at any point 
being the vertical distance apart of the lines HG 
and ED or DF, according to the load-factor. 
The authors knew that, and they had introduced 
the equivalent of the accumulator in order to cut 
down, if they possibly could, the inequality with the 
horse- power at the central station. It was in connec- 
tion with that part of the — that the speaker 
most desired to have full particulars, because as 
a contribution to the controversy concerning the 
relative cost of hydraulic and electrical power, the 
paper, as it stood, was useless. 

e paper contained a great deal more than 
results. ere was a statement of comparison of 
cost in pounds, shillings, and pence, as in Table IV. 
of the paper. The proportions there taken were 
ld. per unit for electric power used at the docks, 
and 9d. a 1000 gallons for hydraulic power. His 


knowledge convinced him that 9d. per 1000 gallons 
given for hydraulic power was considerably too 


high. 

Tiresstantion of the paper would show the figure 
taken to be not really a statement of fact, but an 
estimate of what would be the case under parti- 
cular conditions. The figures were apparently 
taken from Mr. Macaulay’s Newport paper, in which 
that author had stated that the cost of his hydraulic 
power was 2d. per 1000 gallons. Replying in the 
discussion to a question, Mr. Macaulay had further 
stated that that 2d. per 1000 gallons did not include 
capital charges. The authors of the present paper, 
while taking 1d. per unit for electrical power as the 
basis of working costs, implied that this figure did 
not include capital charges, because, later, they 
stated that such ‘=~ brought the cost up to 
about 2d. per unit. embers had just listened to 
Mr. Patchell’s remarks on the cost of generating 
electricity. He, Mr. Ellington, wished to emphasize 
the fact that with the conditions under which 
hydraulic power was used in docks—at low load- 
factors of something like 20 or 25 per cent.—electric 
power was never produced at 1d. per unit, includ- 
ing capital charges. The figure taken for elec- 
tricity was therefore low. If, on the other hand, 
capital charges were added to Mr. Macaulay’s figure 
for hydraulic power—he did not know whether they 
were to be found in his paper or not—it was 
hardly to be expected that they would more 
than double the cost. There was, as a matter of 
fact, every reason to believethat such charges would 
be relatively greater in the case of electrical work- 
ing than for hydraulic plant. It came to this, 
therefore, that the estimated figure of 18s. 11d. per 
1000 tons of coal shipped for hydraulic working, 
against 103. 11d. for electrical working, could only 
be justified on the assumption that the electrical 
cost had been halved and the hydraulic cost doubled. 

The authors observed that ‘‘ whereas the supply 
of electricity to any given quantity of work is the 
direct measure of the work done, the supply of 
water in the case of hydraulics is always more than 
the quantity required, and therefore some of it is 
was This waste may vary from 5 per cent. to 
50 per cent.” He wished to ask what was con- 
sidered waste? All things being in order, the 
hydraulic machine was, in his opinion, the most 
perfect power-meter available, and therefore waste 
in hydraulic machines should be extremely small. 
In London 170 miles of hydraulic power pipes were 
laid in the streets, the pressure in most of them 
being from 7501b. to 8001b. per sq. in., and the 
actual quantity of water registered in the meters had 
for years past exceeded 95 per cent. of the actual 
quantity pumped into the mains. And since, as 
would be known to water engineers, meters generally 
registered less than they consumed, it was evident 
that the percentage of loss was extremely small. 

He felt sympathy with the opinion expressed 
relating to the mechanical engineer; no mecha- 
nical engineer should desire to be dubbed as being 
any particular kind of engineer, in the sense that 
he was not open to conviction or was not prepared 
to use all the powers of Nature coming under 
the control of the engineer. If electrical power 
were intended to do everything, probably no water 
“ara would have been pentied. Water power, 

owever, was the power of the future, and the 
creation of electric current in the cheapest way 
possible depended upon water power. There 
existed a choice of systems for certain work, and 





all the different systems were simply meang,of trans- 
mitting the power of Nature—whether in the form 
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of water or combustion of coal—and taking that 
wer somewhere else, and converting it for use. 
requently it happened that certain conversions 
were better done electrically, others hydraulically, 
and others by compressed air. There was no royal 
road, and he agreed with the authors that every 
problem must be dealt with on its own merits. 

Mr. Clarence O. Ridley, as a manufacturer, most 
completely endorsed everything said by Colonel 
Walker, particularly his denunciation of the 
craving for cheapness which was so prevalent. An 
electrical engineer appeared to have unlimited cash 
at his disposal for experimental work, and got 
credit for doing it. Little was heard, however, 
of any money being spent otherwise than on 
what might be termed ‘‘ commercial hydraulics.” 
Hydraulic engineers could not afford experiment. 
They built in competition, and seldom had a chance 
of spending any great amount of money on show- 
ing what they could do. It was, perhaps, a far 
cry from coal-hoists to gun machinery, but he 
could make a certain comparison. Gun-training 
machinery (of course, hydraulic) had been used 
for many years, when the electrician arrived and 
asserted that he could do all the work if only he 
were given a chance. A chance was given him. 
When he received the specification for a gun-turret 
weighing about 509 tons he began to think he had 
got something more to do than he could accom- 
plish. However, he set to work. There were 
two main conditions to be fulfilled. The first was 
the quick speed, the turret having to complete one 
revolution in 14 minutes ; that he performed quite 
easily. Then there was the slow speed, when the 
turret must continue to rotate without any stops, 
but must not perform the complete revolution in 
less than nine hours. That difficulty made him 
think, but he did not lose heart; he intro 
duced into his train of gear an arrangement 
known as the Janney-Williams device, and claimed 
that he had accomplished his task. He had for- 
gotten, however, that the Janney- Williams device 
was an hydraulic one. 

The authors had suggested that frost and moving 
ground formed objections to hydraulic machinery 
which would be likely to influence purchasers. Too 
much was frequently made, the speaker thought, of 
both these points. To begin with, in a dock or 
riverside quay of the description under discussion 
there was always a shelf behind the wall, which 
was the proper place for the pipes. If the pipes 
were on the shelf in their proper place, they were 
covered up, and neither frost nor sinking ground 
could affect them. He would ask in how many 
winters during the last twenty years had there 
been suflicient frost to do any material damage / 
Probably there had been three such frosts, and, 
speaking with a knowledge of replace orders for 
burst cylinders, &c., the damage, he could safely 
say, was negligible. With proper precautions there 
need be no trouble. On the other hand, the elec- 
trical engineer always had to take precautions 
against damp, which, to our discomfort, was always 
with us. If damp were not a matter of serious 
consideration, why did the authors put their con- 
trolling-gear in a control-house up above the ground 
away from the motor of their pier-head capstans, as 
illustrated in Fig. 18 of the paper? Also, why did 
the Admiralty specifications enforce the application 
of the hose on the capstan after it was finished, 
to see that no drop of water could get inside ? 

There was no necessity to be frightened of moving 
ground, even if cast-iron pipes were used, provided 
a proper number. of distance-pieces between the 
flanges were inserted. The speaker could point to 
miles of cast-iron pipes laid in mud, and none had 
failed. If, however, engineers, were afraid of cast 
iron, there was the Mannesmann steel tube which 
was employed now to a greater extent than ever 
before. At Immingham all the pipes were being 
made of solid-drawn steel. At Methil, where there 
was great danger of sinking ground, the pits being 
within a very few fathoms of the surface, nothing 
but steel tubes were used, and there was no question 
of having to support them. In the matter of control 
& great point been made of the single lever. A 
man had, however, two hands, and in a coal-hoist, 
at any rate, two levers were not more than he 
could manage. Still, if a single-lever gear was 
wanted in hydraulic machinery, it could be had. 
For many years it had been used on board ship, 
and had only been given up because it was - 
nised that one man could not think vestiodiy 
and at the same time think horizontally. So far as 
capstans were concerned, there was nothing new 


in the wire-rope reel capstan. Mr. Ridley referred 
to a drawing exhibited on the wall of the room, 
which showed a turn -over hydraulic capstan. 
He thought such a capstan could not be beaten. It 
had an advantage not possessed by the ‘‘ Clyde” 
capstan ; it would turn over, and the underside 
could be got at. Mr. Ellington had pointed out 
that hydraulic machinery lasted a long time ; it 
lasted too long from the maker’s point of view. A 
few days previously the engineer of a big railway 
company had asked the speaker to send him a 
drawing of a certain crane ; this drawing turned 
out to be No. 3 on his firm’s list, which was 
ceitainly ancient. They thought that it must 
have been consigned many years ago to the bats 
and moles. The drawing was sent, and in a few 
days his firm inquired what the engineer wanted it 
for, and they received the reply that it was pro- 
to take the crane down and re-erect it in 
another place. That was no good to the firm ! 
The President then announced that the discussion 
would be adjourned until the next meeting, which 
would take place on Friday, February 17. It was 
also announced that on Monday, February 13, 
Captain H. Riall Sankey would deliver to the gra- 
duates a lecture on wireless telegraphy, illustrated 
by lantern-slides and apparatus. To this lecture all 
classes of members were cordially invited. 
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Handbuch der Ingenieurwissenschaften in fiinf Teilen. 

Fiinfter Teil : der Eisenbahnbau-‘echster Band. Betrichs 

einrichtungen. Dritte Licferwng-Mittel zur Sicherung 

des Betricbes. By OBERBAURAT 8. ScuErBNeR. Leipzig : 

Wilhelm Engelmann. [Price 28 marks. ] 
We have several times noticed parts of the 
‘* Manual of Engineering,” which is edited by Pro- 
fessor F. Loewe, of Munich, and Dr.-Ing. H. 
Zimmermann, of the Prussian Ministry of Public 
Works. The manual appears in five divisions, the 
different sections are published when finished, not 
in any strict sequence ; the fifth division deals with 
Railway Construction, and the sixth volume of this 
division with Railway Service Appliances. The 
volume before us, a large octavo book of 600 pages, 
illustrated by 523 text figures, is devoted to Means 
for Securing Safe Working, and discusses points 
and switches and their signals. 

It is, nodoubt, an excellent book, giving detailed 
descriptions and varied information of real practical 
value. The large number of good illustrations, 
characteristic of most of the volumes of this series, 
will particularly be appreciated. It is, however, 
necessary to point out that the book has its 
limitations, and is strictly German. The prominent 
names are those of Jiidel and Co., J. Gast, Ma- 
schinenfabrik Bruchsal, Zimmermann and Buchloh, 
C. Stahmer, Hauptwerkstiitte Witten, Siemens 
and Halske, Allgemeine Elektritats-Gesellschaft, 
Willman and Co.; Hein, Lehmann, and Co., 
Miiller and May, C. Fiebrandt and Co., J. Vogele, 
and Scheidt and Bachmann. If the author ex- 
plained that he would confine himself to the 
approved constructions of German railways, and 
particularly of the railways of Prussia and Hessen, 
which are under common administration, we should 
not wonder at the absolute absence of foreign 
names. So far as we have seen, foreign names 
occur only in the historical notes. The limited 
character of the compilation should have been 
pointed out in a preface ; but there is no preface. 











How to Build an Aeroplane. By Ropert Petit. Trans- 
lated from the French by z. OB. Husparp and J. H. 
Lepsorr. London: Williams and Norgate. 
2s. 6d. net. } 

Wuite there is a good deal of useful information in 


[Price 


this book, the contents hardly come up to the very | 


ambitious title. The knowledge of how to actually 
build an aeroplane, or, at all events, one which will 
fly, is possessed by very few people, and they could 
not put it into a volume of some 120 pages of large 
print, and would not if they could, 

Nevertheless, there is a good deal of information 
in the volume under notice as to the general con- 
struction of an aeroplane, and a fair amount of 
detail—as much as perhaps can be expected in a | 
book of the size and price. It would have been | 
more interesting and useful if the complete dimen- | 
sions of the various parts of some aeroplane which 
has actually flown had been given, for the success of 
any machine depends mainly on the proportions of 
the various parts being right, as the failure of any 





detail, however small, may endanger the whole, 


while the dimensions of each part must be kept 
as small as possible, in order to reduce the weight. 
This is especially the case in an aeroplane, where 
every strut, tie, and spar must be just the right 
size. As faras it goes, the information contained in 
the book appears to be generally accurate, though 
opinions are occasionally expressed with a decision 
which present experience does not seem to justify. 





‘* Hiitte.” Des Ingenieurs Taschenbuch Herausgegeben vom 
Akademischen Verein Hiitte. Twentieth edition. Part 
III. Berlin: Wilhelm Ernst and Sohn. [Price, bound 
in cloth, 17 marks ; in leather, 20 marks. ] 

In our issue of March 5, 1909, we noticed the first 

two parts of the well-known engineers’ pocket-book 

‘** Hutte.” The third part has meanwhile been 

added, and the twentieth edition of this standard 

publication thus been completed. This third 
volume, of 830 pages, illustrated by a very large 
number of text figures, we should state, is only 
obtainable as a supplement to the other two 
volumes that preceded it. The volume contains 
several new sections, on works design in general, 
ferro-concrete, rack railways, and hydraulic engi- 
neering, subjects with which the ‘‘ Hiitte ’’ had, so 
far, not dealt. The following are the authors of the 
different sections, in alphabetical order :—S. Abt, 
of Winterthur (Wire Rope and Rack Railways) ; 

C. Bernhard, of Charlottenburg (Bridge-Building) ; 

O. Erlinghagen, of Hanover (Statics of Building 

Construction); P. Forchheimer, of Graz (Water 

Supply) ; K. Hossbach, of Frankfort-a-M. (Street- 

Making) ; W. Jiger, of Berlin (Gas Manufacture) ; 

C. Kersten, of Karlsruhe (Ferro-Concrete) ; R. 

Koch, of Berlin (Building Construction); E. 

Kraefft, of Magdeburg (Railway Construction) ; 

A. Marx, of Berlin (Heating and Ventilating) ; K. 

Meier, of Halensee-Berlin (Town Drainage); L. 

Troske, of Hanover (Design of Works); W. Werner, 

of Charlottenburg (Surveying). Mr. M. Seyffert is 

the chairman of the publixhing committee of the 

** Hiitte,” which has its domicile in Berlin. 
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British FOUNDRYMEN’S ASSOCIATION: BIRMINGHAM 
Brancn.—The next meeting of the Association will be 
held at the Technical School, Suffolk-street, Birmingham, 
on Saturday next, the 28th inst., at 7 p.m., when Mr. H. 
I. Coe, M.Sc., will a paper on “ Manganese in 
Cast Iron.” Arrangements have been made to visit the 
works of the Wolseley Tool and Motor-Car Company, 





Limited, at Adderley Park, on Saturday afternoon, 
February 11. 
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10-BRAKE-HORSE-POWER OIL-ENGINE. 
CONSTRUCTED BY THE WESTINGHOUSE BRAKE COMPANY, LIMITED, ENGINEERS, LONDON. 
(For Description, see opposite Page.) 
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12-14-H.-P. PETROL-DRIVEN 


RAILWAY INSPECTION-CAR. 


CONSTRUCTED BY MESSRS. CHARLES PRICE AND SON, ENGINEERS, BROADHEATH. 











Fic. 8. 


ABovE and on our two-page engraving, Plate XI., 
with this week’s issue, we present illustrations and 
drawings of a 12-14-horse-power petrol-driven motor 
inspection-car, constructed to carry nine persons, 
by Messrs. Charles Price and Son, Broadheath, near 
Manchester, for a colonial railway of 2-ft. gauge. 

The car, of which a general view is shown aR is 
arran to run equally well in either direction, re- 
versible seats being fitted, as shown in Fig. 2, Plate 
XI., so that the passengers may always face in the 
direction of travel. The chassis is shown in Figs. 1, 
2, and 3, from which it will be seen that the motor 
is situated about the middle of the frame. The 
engine, of which four illustrations are given in Figs. 4 
to 7, has two cylinders, cast together, of 4-in. ‘com 
and 5-in. stroke. It runs normally at a o—_ of 1000 
revolutions per minute. Ignition is by high-tension 
magneto. orced lubrication is provided by means 
of a reciprocating pump, shown in Fig. 6, within the 
engine casing. A centrifugal pump secures satisfactory 
water circulation through the system, which includes 
radiators placed at either end of the chassis (Fig. 3). 
The radiators are hung on trunnions, and are thus re- 
lieved of stresses transmitted from the frame. A reserve 
supply of water is carried, and is kept automaticly 
in circuit. The engine crank-case is provided with a 
large inspection-door, and the lower half of the case is 
removable without disturbing the remainder of the 
engine, thus enabling interngl adjustments to be made 
without dismantling. All main bearings are white- 
metal lined, and are of large dimensions and adjust- 
able. The cam-shaft is driven by spiral gears, ensuring 
quiet running. The cams are solid with the shaft, the 
shaft and valve-tappet, rollers, &c., being case- 
hardened. The valves and valve-tappet gear are 
interchangeable. The clutch is of the internal cone 
type, leather faced, with adjustment for the spring 
load. It is arranged so that when in action the thrusts 
are balanced. e gear-box provides two speeds, in 
either direction, of if and 27 miles per hour at normal 
engine speed, Speeds up to 35 miles per hour can, 
however, be maintained on the level. he shafts are 
provided with ball-bearings, and those taking the 
sliding gears are provided with castellations cut from 
the solid. The gears are entirely enclosed, and run in 
grease, a large inspection-door being provided for the 
pear-bor, —— which the gears can, if necessary, 
» removed without taking down the box itself. 

The axles are machined forgings of 40-ton tensile 

strength steel. White-metal bearings are provided, 
lubrication being by slip-rings which lift the oil from the 
reservoir at the bottom of the axle-box. The wheels 
are 24 in. in diameter, of cast steel. The final drive 
is by a Renold silent chain. 
_ The body is timber, the framing being of ash. The 
finish is dark blue with gold and black lining. The 
seats, upholstered in blue leather, are well sprung. 
A collapsible Cape-cart hood, which can be closed 
down on either end to suit the direction of motion, is 
fitted above the body, as shown in Fig. 8. Luggage 
Space is provided under the front and rear seats. 

The control of the car is as follows :—There is one 
hand-brake lever, and one forward and one reverse 


change-speed lever; of the latter, the one not in 
use is automatically locked in neutral gear. Hand 
throttle-control is also fitted, as well as an advance 
lever for the ignition. Three pedals are provided— 
viz., one brake-pedal, one for the clutch, and one 
engine accelerator pedal. 

he fuel used is petrol, the carburettor being sup- 
plied from a tank, pressure-fed from the exhaust. The 
tank has a capacity sufficient for 300 miles. The 
exhaust may be discha rearwards, in whichever 
direction the car is travelling. The weight of the car 
in working order is 35 cwt. e centre of gravity has 
been kept as low as possible, consistent with adequate 
clearance above the rail and ground-levels. The car 
has proved a very quite-running one and economical. 








THE WESTINGHOUSE OIL-ENGINE. 
Tuer acknowledged convenience of the oil-engine for 
small isolated installations always assures an interest 
in any promising development in this direction. We 
therefore illustrate on the opposite page a new type 
of oil-engine which we recently had the opportunity 
of inspecting at the works of the Westinghouse Brake 
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Company, Limited, 82, York-road, King’s Cross, N., 
and which, for range and ease of control and general 
efficiency, seems likely to give a very good account of 
itself. The engine, of which a general view is given 
in Fig. 1, is of the high-speed vertical type. A part 
sectional elevation of the engine is shown in Fig. 2. 
Part of the upper end of the cylinder casting, with 
the valves, is given to an enlarged scale in Fig, 3. The 
engine works on the four-stroke cycle, the fuel bei 

ignited by the heat of compression, without any specia 








ignition devices. The engine works on a principle 
similar to that of the Diesel engine, in that the oil- 
supply is sprayed under pressure into the compressed 
air and ignited by the heat of compression only. The 
Diesel system is not followed further, however, for, in 
the Westinghouse engine, much lower pressures are 
= at, combined with prolonged combustion of the 
uel, 

At the top of the cylinder is a combustion-chamber a 
and a supplementary chamber b, the latter being, as will 
be observed in Fig. 2, overrun by the piston near the 
end of the upward stroke. On the first downward stroke 
of the cycle the piston draws in air. This on the return 
stroke is compressed in both chambers a and b. After 
overrunning the chamber }, the piston still further 
compresses the air in chamber a, into which the oil 
fuel is injected in the form of a finespray. Combustion 
takes place owing to the heat of compression, and the 
working stroke is commenced. When the piston has 
moved forward a small distance, the supplementary 
supply of compressed air in the chamber 6 becomes 
available, and the combustion is thus prolonged, the 
process finishing in an excess of oxygen. The ensuing 
up-stroke forces the burnt gases out through the 
exhaust-valve, which is mechanically operated. It 
will be seen from Figs. 1 and 2 that there are two air- 
inlet valves, both mechanically operated. 

The engine is started by heating a small ribbed 
bulb in the wall of the combustion-chamber by 
means of a blow-lamp placed on a bracket, shown 
in Fig. 2. This takes not more than 5 minutes, where- 
upon # small supply of oil is injected in a manner 
explained below, and the engine may be then started 
without difficulty. The oil is injected when running 
just before the end of the compression stroke. The 
position of the fuel-injection valve in the wall of the 
combustion-chamber is shown in Fig. 2. The mounting 
is partly hidden by the lubricator in Fig. 1. An 
cnlenyed section of the fuel valve is to be seen atc in 
Fig. 6, which shows the whole of the oil-supply and 
regulating gear, the engine being completely controlled 
by the amount of fuel supplied to the cylinder. 

The governor regulating the amount of oil injected, 


and the oil-pump, are driven by the half-time shaft d, 
shown in Figs. 2 and-6 to 9. On this shaft is a cam 
which rocks the hanger ¢, carrying a cam roller. The 


movement of this hanger forces the plunger of the 
little oil-pump, shown in section, towards the left, and 
this sends a supply into the cylinder. The fuel valve 
c is loaded with a spring set to 28 Ib., and the oil, in 
being forced past this loaded valve, is turned into a 
very fine spray, which is very readily inflammable, and 
is ignited by the heat of the cylinder walls and the 
comp air. The fuel pump is provided with simple 
ball non-return valves, two serving as checks, on each 
side of the pump cylinder. The plunger and han 

are returned towards their extreme right position by 
the spring shown in Fig. 6, and partly in Figs. 8 and 9. 
The governor is shown in Fig. 7. This governor is 
provided with a cone /, sliding on the shaftd. The 
movement of f is controlled by the action of the governor 
balls. Bearing against this cone is a chamfered wiper 
attached to the lever g. If the cone i is drawn in to 
the right, the finger at the end of the lever g rises, and 
comes in contact with the end of the hanger ¢, as shown 
in Fig. 9. Fig. 8 shows the position of the hanger at 
the end of the plunger stroke, and the clearance given 
between the end of the hanger and g. The cam in 
any normal position of the hanger e continues to give 
it a certain movement, though, at times, a reduced 


ne. 

The handle h forms the only regulator necessary for 

the engine. It is provided with a quadrant and may 

set in any desired position. It has an eccentric 
disc, which, when thrown over, forces ¢ towards the 
left. This restricts the movement of the plunger, 
which is limited in its return, but is still forced 
forward to complete the small portion of the stroke 
for which it remains free, each time the cam on d 
comes round. The engine is both regulated and sub- 
sequently governed, therefore, by adjustment of the 
fuel supplied. No firing-strokes are altogether missed. 
In working, the engine is set according to its load by 
means of this re tion by the handle h, when the 
governor adjusts itself to the load and will secure con- 
stant s The engine is stopped by moving the 
handle / over so as to remove the roller on e altogether 
out of the path of the cam, when, of course, the fuel 
injection ceases. The handle / serves another purpose. 
It is used to operate the fuel-pump on starting, when 
it is necessary to force some oil into the cylinder by 
hand. 

A half-compression cam is provided on the shaft d 
for starting up. It is operated by a little horizontal 
lever, to be seen in Fig 1, just above the crank-case door. 
After one or two revolutions this cam is thrown out 
and the running cam brought under the exhaust-valve 
tappet. As already mentioned, two air-inlet valves 
are provided. One of these is in the chamber 6, and 
the other in the head of the combustion-chamber a. 
When running, both these valves open, and the inoom- 
ing air sweeping in, leaves no pockets full of burnt 
gases. The engine works excellently under these con- 
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ditions, and the arrangement destroys all chance of 
the fuel being injected into an inert mixture. In 
starting, however, until the engine is thoroughly 
warmed up, it is necessary to close the air supply to 
the valve Kited in the head of the chamber a to prevent 
too great a cooling action on the walls, &c., by the 
sweeping-out action of the supply admitted at this 
point. A dise-valve is provided for this purpose, 
and can be seen at the top of Fig. 2. hen the 
engine is warmed up and running with the load on, 
this valve may be opened. When running light it is 
kept partly closed, in order to reduce the cooling 
action as above explained. 

Under normal working it is impossible for any 
pense strokes to mis-fire, and this can only occur 
rom cooling by too much mpg since ye gg or 
through leaks. It is, of course, essential that there 
should be no air in the fuel-supply pipe. 

Lubrication is by splash, a scoop on the connecting- 
rod. ensuring a supply of oil reaching the big end oil- 
ways. The oil po he upon the sides of the crank- 
case is run off by leads to the bearings, &c. An air- 
vent is fitted on the crank-case. This little fitting has 
acup and mushroom cover, The air Passing out of 
the vent usually carries with it some oil. In pass- 
ing up the vent it escapes just below the cover, from 
whence the oil collected drips down into the cup below. 
From here, through a non-return ball-valve, it passes 
back again to the crank-case. The crank-case lubri- 
cator is also fitted with a non-return ball-valve. The 
mechanical parts, valves, &c., of the engine have been 
designed with a view to secure simplicity of working 
anda minimum of attention. The shatt bearings in 
the crank-case are provided with packed glands, and 
the engine is very clean in working. 

In Figs. 10 and 11 we give two typical indicator 
diagrams from a 10-horse-power Westinghouse oil- 
engine. The first card (Fig. 10) shows the effect 
obtained with the usual cam setting, A marking the 
point where the additional air supply becomes avail- 
able. Fig. 11 shows the effect when the cam is set to 
give a still slower injection of the oil. Neither of 
these figures shows the high-pressure effect of any shar 
explosion. In the latter especially it will be notice 
that the firing of the fuel is prolonged for a very con- 
siderable portion of the stroke by the proportionment 
of fuel to air in the chamber a, and the subsequent 
addition of moreair from chamber b, with a maximum 
pressure of about 157 lb. These lower and more 
prolonged pressures make the engine a very quiet- 
running one, and enable the working parts to be made 
comparatively light. We give an illustration of the 
connecting-rod in Fig. 4, and one of the balanced cranks 
in Fig. 5. The combustion is very complete, and the 
exhaust, when running, is quite clean. The engine 
works at between 600 and 700 revolutions per minute, 
and may be regulated down to about 100 revolutions 
when light. he governor is very quick in adjusting 
itself to the load, and when the full Voad is thrown on 
or off, hardly any appreciable variation ins results. 
The oils used are of the heavy variety, while crude oils, 
residuals, and tar refuse, &c., may also be employed. 
We understand a consumption of 0.65 lb. per brake 
horse-power per hour has been attained with an oil 
of 0.88 specific gravity. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 18. 

Tuk only improvement that has taken place in the 
ig-iron market is the number of inquiries which have 

en made during the past few days. The belief 
among consumers is that prices will further decline, 
and for this reason no large orders are being placed. 
There are large stocks on hand at both northern and 
southern furnaces. A rumour is circulated this week 
that some of the southern furnace companies will 
dump considerable iron on northern pom groce?N 
markets, and this serves to delay orders that might 
otherwise come were buyers thoroughly satisfied that 
bottom prices have been reached. The last week has 
seen no improvement in inquiries, and the largest 
consumers in pig - iron buying for machinery and 
foundry interests will decline to continue buying, 
even in a hand-to-mouth way, until the question of 
next year’s ore prices are settled, which may not be 
for several weeks yet. 

The largest business done last week was in malle- 
able iron, in-which there were sales of 6000 to 8000 
tons, on a bisis of 13.50 dols. Inquiries that were 
recently made for Bessemer have \been withdrawn, 
except that an eastern furnace interest that had been 
using Swedish ore stepped in and took some pending 
Bessemer business. The larger makers of basic iron 
in this territory decline to quote prices on inquiries 
on competitive business, thongh inquiries now in the 
market call for 2500 tons. Four or five inquiries for 
foundry iron are patios, some of it for the lower 
grades for pipe mills. A sale of 1000 tons of forge iron 
was closed at 13.25 dols. The bi-monthly settlement 
of the bar-iron scale with the puddling-mill workmen 
showed the average realised price on bar iron through 
November and December to have been between 1.35 


and 1.40 cents, which leaves the wage-rate in the iron 
mill unchanged for January and February. 

In steel pipe and tubular lines there is little change 
in mill operation; jobbers’ stocks are admittedly low, 
and a good buying movement is promised for February. 
There will be a steady run of the tin-plate mills during 
the first half of the year, and the output of active hot 
mills in tin-plate and sheet, both combine and inde- 
pendent, was increased by about 33 per cent. during the 
week, and further additions are added for the coming 
week. Orders for deliveries from merchant mills are 
very slow, and some manufacturing consumers in hard- 
ware lines have felt the slackening of general trade to 
a degree that necessitated curtailment of deliveries of 
steel on their contracts. 

There are increased inquiries for rails and rolling- 
stock, but railroad buying is still holding off. 








‘“*STEAM-BOILER DESIGN.” 
To THE Eprror or ENGINEERING. 

Sir,—Mr. Casmey’s further figures of tests are still very 
incomplete ; neither the duration of the tests, nor the CO 
in the gases, nor the temperature of the gases leaving the 
boilers, nor the firing method, being stated ; but as the 
boiler efficiency was 70.3 per cent. when burning 21.7 Ib. 
of coal per square foot of grate surface hourly, and only 
59.6 per cent. when burning 49.7 lb. of coal, while the 
final temperature of leaving the economiser was 
only 35 deg. Fahr. higher in the latter case, it is quite 
clear that in the forcing test combustion was not com- 

leted in the furnaces to CO,, but was partly effected to 

O, owing to deficiency of air to combustible with the 
firing method pater nenne Under such firing conditions the 
economy of working two boilers at easy duty, rather than 
one boiler at forced rates of combustion, is undeniable. 

Dr. Nicolson’s letter entirely gives away his own case, 
which was that ‘‘ heat transmission depends more on the 
high velocity than on the high temperature of the gas,” 
and that it matters very little to what extent the gases 
are diluted, ‘‘as any lack of high furnace temperature 
accompanying such air excess can so easily be made up 
for by the additional gas s that nearly the whole 
heat value of the coal can still be d into the water.” 

He now assumes an ordinary locomotive boiler, and 
states that with a constant fire-box temperature of 
2000 deg. the smoke-box »r exit-gas temperature will 
remain practically constant at 600 deg. Fahr., both at 
easy rates of firing and at treble the rate of combustion. 
This can only mean that if the firing peepee or the 
temperature of combustion is constant, then trebling the 
weight or volume of gas has no effect whatever on boiler 
efficiency (although the gas velocity is trebled). 

This was substantially my argument, which was totally 
opposed to Dr. Nicolson’s case that ‘‘ heat transmission 
depends morc on the high velocity than on the high tem- 
ee of the gas;” see my paper on ‘‘Steam-Boiler 

ign,” in your issue of December 2, page 764 :— 

‘* Perhaps the one definite point made clear by the tests 
of the experimental boiler is that the time required for 
heat transfer is only a small fraction of the time ordinary 
boilers give ; in other words, and contrary to Dr. Nicol- 
son’s theory, it is proved that gas velocity is of extremely 
small importance—at any rate, when the combustion is as 
efficient as during these tests.” 

He also definitely admits the fact that boilers have 
“pretty much the same efficiency whether the gas move- 
ment was slow or fast,” though this destroys his claim to 
have improved boiler efficiency by artificially high gas 
speeds, involving a most complicated boiler plant. 

I am quite indifferent to the personal abuse which has 
characterised Dr. Nicolson’s letters in reply to my argu- 
ments on questions of evidence. My object was to refute 
his advocacy of defective firing methods, which was based 
on the delusion that the lack of high furnace temperature 
due to excess air admission could be made up for by 
additional gas speed. My conclusion is no longer dis- 
—_ that all that is wanted for boiler efficiency is a good 

ring method, and that ‘‘an efficient boiler can be of any 
type, and the simpler and more accessible the better.” 
Yours faithfully, 
CHARLES ERITH. 
Erith’s Engineering Co., Limited, 70, Gracechurch- 
street, London, January 23, 1911. 





To THE EpITroR OF ENGINEERING. 

Str,—Mr. Casmey has favoured us with the data of 
some very fine evaporation results obtained with a York- 
shire boiler. May I ask him how the ‘‘ weight of coal 
burned per hour” was obtained? Was it the total weight 
of the coal fed on to the furnace during the test’ or is the 
weight given after the weight of the ashes had been 
deducted? At what point in the boiler system were the 
CO, samples taken? Were they taken at the end of the 
furnace tube’? at the entrance or at the end of the econo- 
miser ? 

I ask this information because I am naturally interested 
in the very best types of steam-raising plant. 

Yours faithfully, 
CONSULTING ENGINEER. 





DEPRECIATION RATES. 
To Tare Epiror or ENGINEERING. 
_ Six,—After a period of comparative neglect, the ques- 
tion of depreciation is again taking a prominent position, 
and there is a possibility of extraneous matter being in- 





cluded with, and inccrporated in, the compound and 
complex ‘‘ depreciation rate.” 

After all is said and done, such rate can only be an 
estimate, though it can be so nearly approximated as to 





result in practical accuracy so long as questions concern. 





‘ing future inventions and discoveries are either omitted 


entirely, or shown as a d:stinct contingency rate. 

Careful analysis of the cos; of any standard article, a 
brick, a yard of wire, or a cr ink-shaft, will show that all 
legitimate provision for depreciation forms but a small 
portion cf the total cost; but if provision be included, if 
a premium be added, to cover each and every risk to 
faced until the items are successfully placed on the 
market, then such rate may easily be increased until the 
cost is prohibitive. 

Yours truly, 


January 24, 1911. A. WiLLIAMS Price. 





Re THE NEW ALLOY ‘“ ATHERIUM.” 
To THE EpitTorR oF ENGINEERING. 

St1r,—I notice that in your note on the above alloy on 
page 84 of the issue of January 20 you state that a piece 
of the metal tested by me showed an elastic limit of 
33,712 1b. per square inch. May I, however, point out 
that in this instance the clastic limit was not determined; 
it was the pout wy taken in the ordinary way by means 
of a pair of dividers, that gave the result of 33,7121b. per 
square inch. 

_As these two terms, representing distinct periods in the 
pag of a test, are so frequently misused, perhaps you 
may think fit to print this correction in your next issue. 

Yours faithfully, 
R. H. Harry STANGER. 

2, Broadway, Westminster, London, 8.W., January 21. 








‘* FITNESS IN MACHINE DESIGN.” 
To THE EDITOR OF ENGINEERING. 

Sir,—Is not the whole gist of your first leading article 
in your issue of Jan 13 completely expr in the 
four following lines, written about fifty years ago by the 
late George Augustus Sala’ 

‘*For you must never see the crime 
Of making things pretty and strong at a time ; 
Nay, you must always go the length 
And assert that beauty’s the mother of strength.” 

Should the Government not make it a penal offence 
ever to sell a box of drawing instruments without having 
this clearly printed in it? 

Yours truly, 
EUGENIST. 








‘*METROPOLITAN IMPROVEMENTS.” 
To THE KpIToR OF ENGINEERING. 

Sir,—Re article under the above heading in your issue 
of December 23, there are several very debatable points in 
the same which undoubtedly require answering on behalf 
of the architectural and allied professions in general. 

As the said article generalises to a considerable extent, 
it is therefore necessary to do the same in replying to it. 
I do not know if the vituperative spirit abroad with 
election times has proved catching ; possibly that may be 
so. The statement is made that, ‘‘ Art and Letters would 
both fare badly did not successful Commerce leave a sub- 
stantial margin for the support of its somewhataffected and 
braggart sisters.” Regarding this, allow me to point out 
a fact which has been totally overlooked —viz., that the 
majority of even commaelal businesses of to-day rely 
primarily on the designer, who also justly comes under 
the heading of artist. A large number of wealthy 
and comparatively wealthy capitalists in commercial pur- 
suits owe such success obtained entirely to designers, who 
are the backbone of many a trade. It has only been 
through employing the best artists and the greatest 
skill that they have ever been able to achieve success in 
the realm of commerce at all. Any individual of average 
intelligence would know that quite well. Many of the 
successful firms to-day, if they were to endeavour to dis- 
pense with the artist and designer, would very quickly 

o to rack and ruin. The business wou!d pass into the 
ands of those who did employ them. It is only neces- 
sary to take a walk in any commercial or shopping centre 
generally, to make an intelligent inspection of the various 
trades, to find that what 1 say is quite correct — that 
the artist in some form or another is the backbone of the 
majority of successful trades. he same as an artist, 
solely by the excellence of the work, makes successful 
trade sible to many, so also do men of letters make it 
ible for many others in totally different lines of trade, 
both art and literature employing workmen innumerable 
all the way round. I should think it is quite unnecessary 
for me to attempt enumeration—in either direction it 
would take up too much space. As we are not living 
to-day in prehistoric times, neither would the rough- 
and-ready principles or crude demgn of those times 
be applicable to the present. Although something 
approaching such principles might be accepted by a very 
small section of the public as a makeshift, the majority 
both expect and endeavour to obtain the best possible all 
the way round. The slur at men of letters, which, of 
course, include the literary calling in general, is also a 
vicious kick at a very substantial block in the foundation 
of a good engineer. During the progress of the latter's 
education, and also in active practice, he has to rely very 
largely on technical books of many descriptions—scien- 
tific literature, which is certainly one of the highest and 
most useful forms of literature. It will hardly beclaimed, 
I presume, that such would come under the heading of 
‘‘lronmongery,” ‘‘Greengrocery,” or any similar trade. 
It is certainly the custom for the purely commercial spirit 
in general to, at any rate, affect to ignore the principal step- 
ping-stones to modern trade in a modern civilisation, and 
endeavour to depreciate by every possible means the real 
influence of art and literature—in its broadest aspects— 
and to relegate such to a second-rate position if pos- 
sible. As a matter of fact, it is more often the artist 
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and designer who is the instigator of much of the most 
profitable trade—through his initiative and real leader- 
ship behind the scenes; although the commercialist 
more often stands between him and the public, to appro- 
priate the major portion in the way of direct commercial 
returns, at a rate, too, utterly out of all proportion for 
any real work they do. Knowing this quite well, it is 
ever their policy to depreciate the designer’s real posi- 
tion and his work, whilst endeavouring to use the latter 
wholly for their own ends and advancement. If artists 
do occasionally insist upon a heard from their proper 
position, it does not admit of calling them ‘‘ affected” and 
**braggart.” As a matter of fact, they do not insist upon 
being heard enough for the proper benefit of any com- 
munity and its real advancement. I was sorry to see such 
a tone admitted by a professional journal of the standing 
of ENGINEERING, partaking somewhat of an insult to 
those who, I have pointed out, are the backbone of 
many commercial pursuits. The result is, we are all 
more or less equally useful to one another in this world, 
and it certainly is for better not to throw mud ; whilst, 
directly any one starts generalising about art and com- 
merce there areall sorts of little questions come cropping 
up which require consideration. 

However, the shaft ap’ to be aimed at architects in 
particular, being specially provided with a prelude to the 
effect that architects ‘‘do not attach due weight to prac- 
tical business considerations.” As an architect myself 
of many years’ association with the profession, I have 
ever found that where there was any direct confliction 
between real utility and artistic architectural rendering, 
if it was impossible to effect anything like a satisfactory 
compromise which would save the best points of each, by 
far the larger majority of architects have been in favour 
of utility and convenience, placing them first, even in 
their own work, doing the best ible as an artist after. 
In town-planning especially, which is the direct province 
of the architect, the latter is naturally more far-sighted 
than the commercialist, such matters oes exclu- 
sively to his own profession. This has been proved 
over and over again here in London, and especially where 
schemes have m brought forward by many of the 
leading architects of the past—schemes which dealt effec- 
tively with the traffic problems of the city, combining 
both utility and fine architectural treatment. Such 
schemes have been repeatedly crushed in their initial 
stages by just those practical business persons who are 
alone sup’ to ‘* practical business considera- 
tion” with the ability ‘to attach due weight to them.” 
They have in their short-sighted cnn my ing methods 
proved themselves the most impractical in the long run. 
Schemes have afterwards had to be carried out merely in 
part—when property had risen much higher in value— 
than the whole might have been carried through for, 
comparatively speaking, a few years previous. It would 
have been better to have raised the money on loan at the 
outset. Such appears to be somewhat the case pains 
the scheme brought forward by Mr. Middleton. Judging 
from the remarks of your correspondent, there are 
several points regarding same which require a fairer 
statement, to put it mildly. 1. “Sites to be acquired, 
very valuable.” This is hardly accurate, the propo- 
sition being that the most valuable of these sites, which 
are al y in the possession of the railway com- 
panies, should be developed by them. It would un- 
doubtedly be a good commercial investment for them to 
erect new hotels, large business premises, shops, offices, 
&c., on these sites which are most valuable for these pur- 
poses—and have not to be acquired. With the large pro- 
posed new two-deck station, opening on a fine 80-ft. road 
(which, by the way, might just as well be 100 ft.), station 
expenses would be salend considerably, and cost of 
keeping these lines and bridges in repair done away 
with entirely. Taking one with the other, not only 
would it pay the companies to give this up with the slight 
extra fare to Charing Cross and over the river, but they 
would gain considerably on the eventual rentals from 
these sites. The site to be acquired for the new station 
is nothing like so valuable as those which they would 
open up as business centres—their present stations. In 
widening the railway at such points where necessary for 
the 80-ft. or 100-ft. road, there are really very few sites 
which can be regarded as valuable compared with the City 
or the other side of the river. The most expensive would 
be those occupied by various manufacturing firms (about 
seven or ten altogether); a fact worthy of note in its 
extreme moderation, embracing, as this scheme does, a 
road of about 2 miles in length, nearly in the heart of 
London. Even these firms could, if necessary, be accoim- 
modated on the new road, with increased facilities for 
business generally, transit, &. Beyond these few sites 
the pe cut through is of that exceedingly poor-class 
residential character which is such a problem to London, 
similar in type to that with which the London County 
Council is dealing a little further westwards. As the 
roadways merely cut off strips of such property—not 
what can be considered large iecho—sonidents could be 
readily accommodated in one large block of tenement 
a. Such buildings—on modern lines—with a 
large p anted square, are far healthier than their present 
es though, of course, a garden suburb, easy of 
access, would be better still. Tenements—also as com- 
mercial investments—pay for themselves ultimately, and 
with a good percen’ over, too. Somewhere in the 
area between road and river a site might be determined, 
on in conformity with a re-planning scheme for the whole 
of this area, such scheme to be carried forward gradually, 
as Circumstances permitted. The only site obtained in 
connection with the whole scheme, which can really be 
regarded as very costly and valuable, is the new road 
from Cannon-street to the Mansion House. The sugges- 
tion that it might be carried out in place of St. Paul’s 
bridge is a very sound one. That some very radical 





improvements will have to be made at this point before 
many years for the relief of congested traffic—drawing it 
off at a much quicker rate—has been a foregone conclusion 
for some time. With the widening of one, if not two, of 
the principal arteries to Moorgate and Bisho te, the 
value of such a road would be immense, providing, as it 
does, connections with all the principal roads on the south 
side, which, in working out with correct levels, could be 
provided with very easy gradients. 

The road would also provide a considerable relief to the 
Strand, Fleet-street, and Cannon-street. The value of 
having Waterloo and the new station on a direct road, off 
the same level as the Strand, &c., cannot be adequately 
estimated ; it would be immense. 

2. Regarding the extra half-hour to Cannon-street, this 
is hardly correct either. One portion of the proposed 
new London Bridge Station almost abuts on to the 
foreshore, it being merely a walk across the bridge, 
about five minutes at the outside, less with a halfpenny 
*bus or tram; whilst from the new central, with the 
rapid motor traffic of to-day, it could not, with former 
stoppages considered, be regarded as any appreciable 
lengthening of the journey. 

3. Regarding traffic over the bridges at present, the 
majority of this is at certain hours, mainly morning and 
evening ; at other times it is at considerable intervals, In 
fact, it is often possible at other hours to wait a consider- 
able period without seeing a train either go in or come 
out of Cannon-street. This applies in pretty much the 
same manner to Charing Cross, and more so to the 
Holborn bridge. It cannot be argued that these bridges 
are really in what can be termed continuous use at present 
—as compared with trams, ' , motors, and other 
traffic, including pedestrian—far from it. _ Therefore 
they certainly are not filling the useful position which 
they might do from the point of utility alone. 

The chief thing about this scheme is that the road 
really exists already, merely requiring accessory develop- 
ment, although it might cost a great deal to carry 
through in the best possible manner. Such development 
is, however, of such a nature that, instead of any loss 
being attached to it, it would be a great gain all round. 
It would not only prove a paying concern to a company — 
improvements which would bring in revenues—but would 
be eventually a veritable gold-mine from the capitalistic 
point of view. It would aid in opening up on the south 
side of the river—as nothing else would—a fresh business 
centre, easy of access to the city. Thus stopping con- 
siderably the congestion in the City itself. It would 
ultimately involve the redemption of the whole of the 
area inside the from Westminster to London Bridge, 
the formation of another embankment on the south, 
neve og | with the north, also lined with fine business 
premises. The one-sided development of the river here 
1s most marked, and much to be deplored, not atall corre- 
sponding to Continental cities which are somewhat simi- 
larly situated ; take, for instance, Paris and the Seine. 
In fact, the Thames might be vastly improved the whole 
way down so far as warehouses and quays are concerned, 
and yet be ——, as useful. 

ours faithfully, 
Wa ter GopwIn KERBY. 





STEEL CONSTRUCTION FOR RAILWAY 
PASSENGER-CARS. 
To THE Eprror OF ENGINEERING. 

Str,—The elimination of timber from the construction 
of British passenger rolling-stock appears to merit serious 
consideration. No progress in this direction is visible, 
excepting in the equipment of certain of the London tube 
railways. When one of the leading trunk lines began to 
revise its carriage and wagon practice about six years ago, 
the suggestion was made that steel construction would be 
general within a decade, and outline diagrams of some 
special steel nger vehicles were submitted for con- 
sideration. The contemplated change would necessarily 
have limited the usefulness of a proportion of the existing 
wood-working plant. The interiors of some wooden- 

ied cars were finished with hammered metal-ware in 
place of the usual wooden panel fascias, with the intention 
of demonstrating that a metallic finish need not neces- 
sarily imply an absence of artistic effect. 

On the continent of Europe the use of steel passenger 
vehicles has not been extended beyond the Paris Metro- 

litan lines, though for many years steel sheeting has 
Soon used for the exterior, excepting in a few quarters 
where the use of wooden matchboarding is not yet 
obsolete. 

In the United States the steel car has now been adopted 
as the standard by some of the more important roads, in 
addition to the Subway System of New York city. The 
Pennsylvania Rail will allow steel cars only to be 
worked into the new terminus and through the tunnels 
connecting therewith. 

In American practice the window-frames and guides, 
and occasionally a capping over internal angle-bar waist- 
stringers, are the only parts for which timber is em- 

loyed. The underframe usually. consists of a central 
fo itudinal box-girder of inverted bow-string or fish- 
bellied type, riveted at each end to a large steel casting, 
each of Thich combines in one piece the headstock, end 
longitudinals, body bolsters, centre pivot, and side bear- 
ings. The centre girder is united to the sides by means of 
cantilever cross-bearers. The openings for the lights are 
not framed around so as to deve! mde maximum amount 
of vertical rigidity, but it is probable that even in the 
existing condition the central girder and the cantilever 
floor system hang from, rather than support, the body. 
Pillars, doors, cornice mouldings, and other details are 
formed by manipulating sheet-metal of thin gauge into 
appropriate hollow shapes. 


ere is doubtless room for improvement in the tare 
i 





weight by more efficient distribution of materia], and in 
the artistic effect, by substituting for the imitation wood- 
work of the interior a scheme of design which will take 
advantage of the art of the worker in metals. The steel 
cars are immune from fire risks and they possess great 
powers of resistance to destructive impact. 

There are many reasons which render it difficult, if not 
impossible, for British railways to initiate radical changes 
in their established practice, but it may be advan us 
for them to study the precedents which are now being 
established in this connection. 

Yours truly, 


J. D. TwinBERRow. 
New York, January 12, 1911. 





Tue TEecHNicaAL Worps Commitrre.—This committee, 
which has been constituted by the Aeronautical Society, 
53, Victoria street, Westminster, for the purpose of 
standardising aeronautical terms, has issued a ——y 
report, which gives the explanation of a number of tech- 
nical words used in aeronautics. The words in the pre- 
liminary report cover general terms, principal dimen- 
sions, and principal parts. The committee hope to issue 
in due course a glossary covering the whole range of 
aeronautical terminology. 





Tae Society or Enoringers (INncorporatTep).—The 
annus! dinner of the Society of Engineers (Incorporated) 
took place at the Criterion taurant on the evening of 
the 18th inst., and was well attended. The chair was 
occupied by Mr. Di A. Symons, M. Inst. C.E., the 
retiring President, and the guests included Mr. Alexander 
Siemens, President of the Institution of Civil Engineers, 
Colonel Sir Edward Raban, K.C.B., R.E., Professor C. 
Vernon Boys, F.R.S., Mr. William Clarke, M. Inst. C.E., 
Mr. Leslie R. Vigers, President of the Surveyors’ Insti- 
tution, Mr. E. P. Frost, President of the Aeronautical 
Society, and a number of ladies. 





Contracts. —According to the Times, one of the largest 
orders for rolling-stock ever allotted by an English rail- 
way company to a single firm has cent been placed 
with the Metropolitan Amalgamated Railway Carriage 
and Wagon Company, of Birmingham. The order is to 
construct 6500 wagons for the Great Central Railway, 
and it will find regular employment for the wagon- 
building department for about two years. This order 
will cause great gratification in the district, as the rail- 
way rolling-stock industry has not been very well em- 
ployed for a considerable time, and there was keen 
competition for the contract.—Messrs. Ed. Bennis and 
Co., Limited, have recently Looked orders for fifty-four 
of their various stokers and coal-elevating plants, for this 
——_ and abroad, practically the whole being repeat 
orders. 





PreRsonaL.—We are informed that Mr. William I. 
Taylor, who has represented the firm of Messrs. Clarke, 
ae eps and Co., Limited, in London and the South of 
England at 50, Fenchurch-street, E.C., for 28 years, during 
the latter part of which time he was a member of the 

_ has now tae ony his penny vey 2  . ae on, but 
etill continues London manager for the Dar' ngin orge 
en , Limited, who have taken a suite of offices at 
70, Guha aheest, E.C. In this capacity he will be 
assisted in the representation by his sons, under the title 
of William I. Taylor and — Messrs. caster and 
Tonge, Limited, have appointed Mr. W. E. Bullick, 137, 
Royal-avenue, Belfast, their Belfast and district agent for 
their specialities.—Mr. James A.R.C.S., assistant 
lecturer in the faculty of mpwery pA University of Bristol, 
has been appointed to the post of lecturer in engineering 
in the South African College, Cape Town. 





Tue Roya Sanrrary InstitutTs.—A course of lectures 
to assist school teachers and other students entering for 
examination in hygiene in its bearing on school life, and 
for women health visitors and school nurses, will be given 
in the Royal Sanitary Institute and Parke’s Museum. 
The course will commence on Friday, March 3, this year, 
at 7 p.m., and will consist of lectures and practical demon- 
strations on Physiology, Personal Hygiene, and the Sani- 
tation of School Buildings and Dwellings, the hygiene of 
child life and educational methods. The various subjects 
to be dealt with will be treated by well-known authorities, 
and will be illustrated with diagrams, drawings, models, 
and lantern-slides, The last lecture of the course will be 
delivered on May 1. The fee for the course is 1/. 1s., but 
members and associates of the Institute will be admitted 
free. Further particulars may be obtained from the 
onset, Mr. E. White Wallis, 90, Buckingham Palace - 





InstITUTE OF Post-Orrick ExLrcorricAL ENGINEERS, — 
The Metropolitan centre of this Institute held its fourth 
ordinary meeting of the present winter session at the 
Institution of Electrical Engineers on the evening of the 
16th inst., when Mr. L. J. Sell read a contribution on 
“Testing Paper Core Underground Cables daring Con- 
struction.” Mr. Sell enumerated the tests applied during 
the process of drawing in and jointing paper-core cables, 
The usual method of taking these tests on single-wire, 
twin, multiple-twin, and quadruple-pair cables, and the 
effect of faults on working, were described, and the pre- 
paration of the ends of the cable for testing and methods 
of grouping wires were dealt with. Theauthor advocated 
the use of the ‘“‘ looped end” (one end of the cable onl 
being open) against the method of a ‘‘ free end ” (with bot 
ends open), and reviewed the advantages and defects of 
three methods of looping. The localisation and removal 
of faults were also fully dealt with. 
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CONSTRUCTED BY 
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On pages 826 and 827 of our last volume we gave 
illustrations of some of the machines exhibited at the 
recent Brussels Exhibition by Mr. Curd Nube, Mas- 
chinenbau-Anstalt, Offenbach-on-the-Main. We now 
illustrate several other machines by the same maker, 
most uf yet gg oe Peerage of the milling —_ 

Figs. 1 and 2 illustrate a universal rapid milling- 
machine. These two views show one machine fitted 
up for different classes of work. This type of machine 
has three main spindles, a vertical one above the table, 
an horizontal spindle above the table, and a vertical 
spindle driven from underneath the table. The main 
drive is from a pulley at the back of the upper 
portion of the machine. The spindles are driven 
from the head by bevels and shafting. The geared 
head provides eight different speeds for each of the 
spindles, and there are sixteen different rates of feed. 

he drive for the various feeds is shown in Fig. 1. 
The upper vertical spindle can be swung within a 
range of 60 deg., and can be set anywhere within 
this for cutting at an angle. An overhanging arm- 
support is provided for the arbor when working 
on the horizontal spindle. This support may be 
removed when not required. The bearings of the 


lower vertical — are protected by a cap from grit: 


and cuttings. The range of movement for the work 
is 800 mm. by 600 mm. by 600 mm. (32 in. by 24 in. 
by 24 in.). The machine shown in Figs. 1 and 2 is 
largely used in railway carriage and locomotive works, 
being Eevee, if necessary, with a special table, &c., 
for milling valve-gear links, and in shipbuilding yards. 
A much smaller pattern of the same machine is adapted 
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to jewellers’ work, but is only fitted with two spindles | being shaped so as to serve as those of a driven gear, | large pulley near the main driving pulley, the belt first 


—-the upper and lower vertical spindles, and. not the 
horizontal. This pattern of machine has cone pulleys 
for the belt drive, instead of a geared head. 

In Fig. 2 the machine is shown fitted up for makin 
milling-cutters, with a special dividing-plate and h 
driven through intermediate gearing from the feed 
motion. The milling-cutter is meunted in a special 
fixture and driven off the main vertical spindle by 
bevels, an overhanging arm supporting the cutter at 
the outer end of the arbor. This machine can also be 
used for cutting spur- wheels and worm - gears. 
Machines of a similar type are sometimes fitted with 
the attachment shown in Fig. 3, which is used for 
recessing semi-cylindrical hollows in blocks, such as 
are illustrated below the fixture. These hollows can 
be cut to a depth equal to the radius of the cutter, 
which is driven from the main vertical spindle through 
gearing. The cutter in this case revolves on a fixed 
spindle, being driven from a spur-wheel with which it 
meshes. It thus has a two-fold function, its teeth 


and at the same time being provided with suitable 
jutting edges for milling. 

Fig. 4 shows some examples of work done with this 
|machine, the chief eteuin shown being dies for a 
draw-hook and a die for a small connecting-rod, of 
| which finished forgings are also shown. 

In Fig. 5, page 117; is shown an automatic vertical 
| profiling-machine used for small work, as, for instance, 
| the small oval mud-hole doors for boilers, or the five- 
| pointed flanges of cycle cranks, such as are shown on 
the floor in the figure below (Fig. 6). Oa these 
|machines a large former of ring shape, such as that 
shown standing against the Pho lane ~ attached to the 
work-table., A counterweight and an arrangement of 
levers keep the table and former up against the roller- 
stop on the pillar. The machine is driven by a single 
pulley, in which is combined a clutch. The circular 
movement is given to the table by the horizontal 
spindle on the near side of the machine, which is re- 
volved by gearing and pulley with belt drive from the 








passing over jockey-pulleys above. A machine of this 
type can mill out five-pointed bicycle-crank attach- 
ments at the rate of one every two minutes. The 
next machine illustrated (Fig. 6) is one used in cycle- 
making for milling out the crank-armsthemselyes. It 
also copies from a former. The motion of the table is 
somewhat peculiar. It travels a certain distance and 
then makes part of a revolution, after which it returns 
to the starting point and completes the revolution. 
Thus for one complete cycle of its movement it has 
two semi-circular and two linear motions. In Fig. 6 
will be seen a small handle on the work-table to the 
right of the milling-cutter. This is part of a clamp 
for quickly fixing the work to the table. The lever 
immediately below the table, in a central ition 
under the slide, is for pulling the work and table away 
from the cutter after the completion of the opera- 
tion. When the table is brought forward, the finished 
oso is taken off, and a new piece cf work clamped on. 

uring this operation the spring shown between the 
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tuble and the column of the machine, which keeps the 
table and former hard up against the profiling stop, 
would be heavily strained. A releasing or relieving gear 
is therefore provided for this spring, and is operated 
by the long lever on the near side of the machine. 
When this is raised the strain on the spring is relieved. 
After a fresh piece of work has nm put on the 
machine, and the table is being set back to the sto 
and tool, the vertical lever on the column side, whic 
is connected by a link to the table, operates the belt- 
striking gear, throwing the belt over on to the fast 
pulley, and starting the machine before the work 
actually comes in contact with the cutter. 

Fig. 7 illustrates another pattern of vertical milling- 
machine for machining slots, holes in plates, &c., in 
the solid, after one hole has been drilled from which 
the cutter can begin operations. This form of machine 
has proved very popular, the present pattern being a 
development of a design introduced twenty years ago. 
The vertical spindle carrying the cutter is driven 
through mitre gearing from the main spindle cone- 
pulley. The work is held in clamps carried on an hori- 
zontal circular table which can be rotated. This agai 
is carried by a compound slide providing movement in 
two directions at right angles. The whole compound 
table can be raised or lowered, so that the height of the 
work may be adjusted with regard to the cutter; 
the table being carried by a telescopic pillar within 
the pedestal base. The cutter spindle is carefully 
protected from shavings and chippings, &c., and the 
driving and table-raising gear enclosed. en the 
work is very heavy the cutter is provided with a 
steady-arm. Oil circulation by pump is arranged so 
that the cutter may be kept flooded. The attach- 
ment to the right of the machine is for grinding cutters. 
The grinding-wheel spindle is driven by a small belt 
off the large grooved pulley, which usually drives the 
oil-pump. The cutter to be ground is carried between 
sliding centres on a bracket, the position of which is 
adjustable with regard to the grinding-wheel. With 
this machine, owing to the three motions provided, 
curved slots or openings of curved contours can be 
followed without difficulty. 

In some cases, when the nature of the work will 
not allow of the use of a milling cutter, as, for 
instance, in the case of very narrow slots or with 
thin material, the vertical filing or sawing machine 
shown in Fig. 8 may be used. In this machine the 
table is capable of circular movement, while it can 
at the same time be tilted so that either slanting 
or straight cuts can be taken. The machine is belt 
driven from a cone pulley which embodies a friction 
clutch worked by a pedal in front. The drive to the 
saw-frame is by a sliding head worked off a connect- 
ing-rod. A slot in the disc-crank on the main spindle 
enables the throw to be varied; a small balance- 
wheel is fitted to the outer end of the main spindle. 
The saw-frame slides up and down in guides, and on 
the vertical round bar shown in the centre of the 
machine. A strong helical spring within the frame 
casting is attached to the underside of the saw-frame 
so as to pull the frame downwards. The upper slidin 
head contains two springs in tension when yo an 
in compression when the machine is used for filing 
This arrangement of sliding frame and springs is 
adopted with a view to relieving the saw-blade of some 
of the strains common in other types of machine. 
The small hand-screw provided on the table is used 
for forcing the work up against the tool. The machine 
being started and stopped by the treadle above referred 
to, the operator has both hands free to attend to the 
work, 





H.M. TORPEDO-BOAT DESTROYER 
‘* HOPE.” 

Tux trials of the above vessel—one of the latest of 
the destroyers built for the British Admiralty—have 
quite recently been carried through, and the success 
attending these trials only serves to demonstrate the 
high efficiency attained in the construction of the 
machinéry, which has been supplied by the Wallsend 
Slipway and Engineering Company, Limited, acting as 
sub-contractors to the shipbuildere, Messrs. Swan, 
Hunter, and Wigham Richardson, Limited, Wallsend- 
on-Tyne. 


The Hope is the first torpedo-boat destroyer con- | jag 


structed by the builders named. She belongs to what 
is known as the ‘‘ Acorn” class, of which twenty were 


ordered under the Navy wise wag oe 0f,1909-10. These 
vessels are from the d of Sir Philip Watts, K.C.B., 
the Director of Naval truction, and vary little in 
details of construction. Their length is 240 ft., their | bee: 


beam 25 ft. 3in., and their draught 7 ft. 9in., when 
the displacement is about 780 tons. They are fitted 
with two tubes for firing torpedoes, and their srma- 
ment includes two 4-in. quick-firing guns and two 
12-pounders. _They are thus more powerfully armed 
than their predecessors, and are, moreover, much 
more 8 built, with high forecastles in order to 


maintain tail epeod in heavy seas. 
The S espe machinery, which is illustrated on 
page 120, is of the 


Parsons reaction turbine type, and 





in all there are seven turbines: a high-pressure cruis- 
ing, an intermediate cruising, a high-pressure main 
turbine, and two low-pressure turbines, these turbines 
all being for propelling the vessel ahead ; in addition, 
there are two turbines for astern-going purposes, and 
these are incorporated in the casings of the ahead- 
going low-pressure turbines. There are three lines of 
shafting, and mounted on each wing shaft are one 
cruising, one low-pressure ahead, and one astern tur- 
bine. The high-pressure turbine only is connected to 
the centre line of shafting. 

For cruising pu s, during which periods a low 
power is required, the steam is in series through 
the whole of the ahead-going turbines, commencing 
with the high-pressure cruising turbine, and it is 
under these conditions that the economical advantages 
of these cruising turbines become apparent. For full 
speed, both cruising turbines become inoperative 
units so far as propulsion is concerned. The low- 
pressure ahead and astern turbine alone are used in 
manceuvring, the centre turbine being idle. 

In the wings of the vessel are placed the condensers, 
of which there are two, connected respectively with 
the starboard and port low-pressure turbines. These 
condensers are of the Weir ‘*‘ Uniflux” type, the adop- 
tion of which, while attaining a high degree of efli- 
ciency as — vacuum, effect a considerable saving 
in space. orking in conjunction with the con- 
densers are the air-pumps supplied by Messrs. G. 
and J. Weir, Limited, Cathcart, Glasgow, and these 
are of their well-known ‘‘ Dual” type. These pumps 
already have earned for themselves a high reputation, 
and this was further enhanced by the results obtained 
during the trials. Another auxiliary which played a 
prominent part in the attainment of the high vacuum 
was the circulatin age gh these are of the special 
type used in this » ht of work, and were supplied b 
Messrs. W. H. Allen, Son, and Co., Limited, Bedfo A 
In addition to the above there are the usual other 
auxiliaries which obtain in this class of vessel, and the 
satisfactory working of which contributed in no small 
de to the success of the trials. 

he feed-pumps and some other auxiliaries in the 
machinery compartment were supplied by Messrs. G. 
and J. Weir, Limited. The fire and bilge-pump is of 
Messrs. A. G. Mumford and Co.’s make. The fans 
and engines were supplied by Messrs. M. Paul and 
Co., Limited, of Dumbarton, and the electric-light 
generating machinery was provided by Messrs. W. H. 
Allen, Son, and Co., Limited. 

For generating the steam there are four express 
water-tube boilers of the Yarrow type, entirely con- 
structed at the works of the Wallsend Slipway and 
Engineering Company, Limited. They are the design 
oa arrangement now usually adopted for this class 
of vessel, and have been so often described and illus- 
trated in our es that any description here would 
be cau the fuel used for the boilers is a 
heavy oil, and that used for the trials was of the usual 
quality as supplied to the Admiralty. 

The principal trial consisted of an eight hours’ run 
at full power, with six runs over the measured mile ; 
these latter runs were made on the St. Abb’s course. 
No attempt was made to exceed largely the designed 
8 of 27 knots, and the mean power developed was 
about 15,000 shaft horse-power, the mean revolutions 
of the turbines being 737 per minute. On the eight 
hours’ trial the results were equally satisfactory. An 
eng feature was the easy maintenance of steam, 
and the fact that the vacuum averaged 28} in. through- 
out. A high fuel economy was attained, and the results 
throughout were most favourable. 





Tue Tinstey Wire-Rop Mii: AppeNpuM.—We much 
regret that in our description of the Tinsley Steel, Iron, 
and Wire-Rope Works at Sheffield, of Messrs. William 
Cooke and Co., Limited, we failed to mention the fact 
that the design of the whole of the buildings and the 
general arrangement of the mills, gearing, and the steam- 

wer plant were carried out under the supervision of 


essrs. R. Heber Radford, Son, and Squire, of Sheffield, be 


consulting engineers to the company. In addition, we 
should say that these gentlemen, —- period of con- 
struction, were greatly assisted by Mr. Munton, the works 

neer, and in all technical points relating to the rolling 
mani; ion of wire during manufacture received the 
y assistance of the managing directors. 





THe Worsuiprut Company or SHIPWRIGHTS.—This 
Company announce that Mr. Hugh Drummond, chair- 
man of the London and South-Western Railway, has 
n elected a member of the Court, to fill the vacancy 
caused by the death of Sir Charles Scotter. The Hon. 
Charles A. Parsons, C.B.,and Mr. Charles E. Ellis, manag- 
ing director of Messrs. John Brown and Co., have been 
etected members. At the Court meeting previously men- 
tioned, oe awe business transacted, grants were 
made to the Educational Trust Fund of the Company, 
which provides scholarships and prizes to the students of 
naval architecture at various educational centres through- 
out the United Kingdom, and also to the pension fund for 
assisting the widows of freemen and liverymen of the 
company, 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
ig-iron market was quite idle, but the prices of Cleve- 
fund warrants were quo steady at 49s. 10d. cash, 
50s. 1d. one month, and 50s. 74d. three months sellers. 
Hematite was quoted at 68s. 2d. three months sellers, 
but there were no buyers. In the afternoon an easier tone 
revailed, and 1500 tons of Cleveland warrants changed 
ands at 49s. 84d. cash, and 50s. one month, with sellers 
over in each case, and at 50s. 6d. three months. On Friday 
morning the market was again idle and a further 
decline was noted in Cleveland warrants, sellers quoting 
49s. 8d. cash, 49s. 114d. one month, and 50s. 6d. three 
months. There were sellers of hematite at 66s. 104d. 
cash. Cleveland warrants became still easier in the after- 
noon, when one lot was dealt in at 50s. 44d. three months. 
Closing sellers quoted 49s. 7d. cash, 49s. 10d. one month, 
and 50s. 5d. three months. Hematite was easier at 66s. 9d. 
cash sellers. On Monday morning the market was very 
weak, and the total business in Cleveland warrants was 
1000 tons at 49s. 44d. cash, with sellers over at that 
figure, and at 49s. 8d. one month and 50s. 24d. three 
months. Hematite was also weak, and 500 tons were done 
at 66s. 14d. cash, with buyers over, and sellers at 66s. 3d. 
In the afternoon a slightly better tone prevailed, and 
1500 tons of Cleveland warrants changed hands at 
49s. 8d. one month, and at 50s. 3d. and 50s. L 
three months. Closing sellers quoted 49s. 543d. cash, 
49s. 9d. one month, and 50s. 4d. three months. Buyers of 
hematite offered 66s. 34d. cash and 67s. 34d. three months. 
Tuesday morning Cleveland warrants were strong, 
and 4000 tons were dealt in at 493. 6d. and 49s. 74d. cash, 
and from 49s. 8d. to 49s. 104d. one month. At the close 
there were sellers at 49s. 74d. cash, 49s. 11d. one month, 
and 50s. 54d. three months. Buyers of hematite offered 
66s. 9d. one month. The afternoon session was quite 
idle, and sellers’ quotations for Cleveland warrants were 
unchanged. Buyers of hematite again offered 66s. 9d. one 
month, but sellers quoted 3d. more, and 67s. 74d. three 
months. When the market opened to-day (Wednesday) 
Cleveland warrants were quietly steady, and the turn- 
over did not exceed 2500 tons at 49s. 7d. cash and 
49s. 10d. cne month. Closing sellers quoted 49s. 74d. cash, 
49s. 11d. one month, and 50s. 6d. three months. Hematite 
was firmer, with buyers at 66s. 5d. cash and 67s. 44d. 
three months, and sellers at 67s. 9d. three months. In 
the afternoon the market was quiet, and just the turn 
easier for Cleveland warrants, 2000 tons of which were 
done at 49s. 104d. one month and 50s. 5d. three months. 
At the close sellers quoted 49s. 7d. cash, 49s. 10}d. one 
month, and 50s. 54d. three months. Hematite—500 tons— 
changed hands at 66s, 74d. 15 days, and there were buyers 
over at 66s. 6d. cash and 67s. 74d. three months, and 
sellers at 67s. 8d. three months. The following are the 
market quotations for makers’ (No. 1) iron :—Clyde and 
Calder, 62s. 6d. ;. Gartsherrie, 63s.; Langloan, 64s. ; 
Summerlee, 65s. 6d.; and Coltness, 82s. 6d. (all shipped 
at Glasgow); Glengarnock (at Ardrossan), 65s. ; Shotts 
(at Leith), 63s. 6d.; and Carron (at Grangemouth), 66s. 6d. 


Sulphate of Ammonia.—There has lately been a very 
perceptible increase in the demand for sulphate of 
ammonia, with the natural result that quotations have 
advanced steadily. The current price for prompt lots 
is now 13/. 10s. per ton, Glasgow or Leith, a that figure 
marks an advance of ten shillings per ton during this 
month. The inquiry for forward parcels is very good, 
and it is expec that large regular shipments will be 
made during the next few months. The amount shipped 
from Leith Harbour last week was 1460 tons. 


Scotch Steel Trade.—Practically no change has taken 
lace in the Scotch steel trade during the past week, and 
ittle improvement is expected until the recent accumula- 

tions of material are worked off. Specifications are still 
on the small scale, not only for the home market, but als~ 
for export, the latter trade being very quiet this week. 
In light material and sections for structural work a healthy 
demand continues to be felt, and makers, especially of 
the latter, are exceedingly busy. No change has been 
made in the official list of prices, and the following are the 
current minimum selling rates :—Ship-plates, 6/. 17s. 6d. 

r ton; boiler-plates, 7/. 12s. 6d. per ton; and angles, 

: _ per ton ; all less 5 per cent. delivered Clyde or 

equal. 


Malleable-Iron Trade.—Malleable-iron makers in the 
West of Scotland are still short of specifications, but with 
a fairly large amount of material booked they expect to 
well employed at an early date. Considering the 
general trade conditions which prevailed during the latter 
part of last year, producers are really not so very badly 
off at the moment, but buyers are not placing much new 
business at the present time. Prices are unchanged. 


Scotch Pig-Iron Trade.—The No. 3 qualities of Scotch 
pig iron have lately been the subject of a fairly active 
demand, especially with local consumers, and a pon volume 
of new business has been put through. Some of the local 
buyers are rather desirous of booking forward, but makers 
generally have no wish to cover much more than actual 
requirements at present. Several fair lines have, during 
the past few days, been fixed up for shipment, and inquiries 
from buyers in the south are again satisfactory. The 
hematite position is practically unaltered, although deal- 
ing has been reported at from 70s. 6d. to 71s. perton. It 
is stated that a fair quantity of material has been booked 
round the above figures, and that producers are now 
naming 71s. 6d. per ton, but are unable to do anything at 
that price. 

Institution of Engineers and Shipbuilders in Scotland.— 
The fourth general meeting of the current session of the 
Institution of Engineers and Shipbuilders in Scotland 
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was held in the Institution headquarters, Elmbank- 
crescent, Glasgow, last night (Tuesday). The vice-presi- 
dent, Mr. E. Hall-Brown, occupied the chair. The dis- 
cussion was continued on the recent paper by Professor 
John T. Nicolson on‘ Boiler Economics and the Use 
of High Gas Speeds.” Professor A. H. Gibson after- 
wards read a paper on ‘‘ Experiments on the Efficiency of 
a Live-Steam Feed-Heater.” 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

_ Hizh-Speed Steel for Woodworking.—By means of an 
invention just placed upon the market by Messrs. Moses 

on and Sons, Limited, President Works, Sheffield, it 
is claimed that high-speed steel can be used satisfactorily 
in the woodworking industry. Up to the present manu- 
facturers have hesitated to use high-speed steel because 
of the extreme care required in planing, and also it has 
been deemed impracticable to unite steel and iron effec- 
tively in the one tool. Through their special process, 
however, Messrs. Eadon have n able to unite their 
‘* Vingo” high-speed steel to iron in such a way that the 
cutter-blank aes homogeneous, equal, and in some 
respects superior to, ordinary welded material. The 
‘*Vingo” irons can be bent and twisted without the steel 
leaving the iron. It is claimed that the life of the cutter 
can be increased threefold, and the planing-machines 
speeded up by 25 per cent. 

South Yorkshire Coal Trade.—The steam-coal trade 
has been gradually improving since the depression 
towards the end of last year. The better tone is the 
more satisfactory since it is not the season for shipment. 
The growth is due to the increased demand from manu- 
facturers. It is that this stronger position of the 
steam-coal market was what brought to a settlement the 
negotiations between the South Yorkshire coal-owners 
and the railway companies. The latter had held out 
for a big decrease on last year’s quotations, but they 
came to terms at 8s. 9d. per ton at pits, a sufficiently 

ood reduction on the 9s. 3d. obtained by the collieries 
ast year. Prices are not altered for hard coal, though 
small advances are being asked in some instances. In 
consequence of active inquiries from manufacturers 
good prices are being realised for slacks. Gas coal is 
going away in considerable quantities. There is no 
change in house-coal prices, but business in this 
class of fuel is below the average for the time of 
the year. Collieries are experiencing a decrease in 
ordering, and stocks are beginning to accumulate. 
Both London and country inquiries are smaller. The 
best qualities are in the most favourable position. Col- 
lieries are endeavouring to keep up contract rates, and 
are holding up supplies rather hon accept lower quota- 
tions. Latest "Change quotations are :—Best Barnsley, 
12s. to 13s.; silkstones, 10s. to 11s.; Derbyshire brights, 
lls. 6d. to 12s. 6d.; Yorkshire hards, 9s. to 103.; Derby- 
shire hards, 8s. to 8s. 9d.; washed nuts, 8s. to 9s.; rough 
—! to 6s. 3d.; seconds, 3s. 6d. to 4s. 9d.; smalls, 1s. 
to . 


Tron and Steel.—The iron market is in a firm position, 
and consumers are taking considerable quantities of 
material. Most of the hematite buyers are fixed up for 
the next half-year, and current quotations are held to by 


merchants. th forge and foundry iron is selling better, 
and the Lincclnshire makers are insisting upon their 
premium. The demand for billets is of such propor- 


tions that higher prices are anticipated. r iron 
meets with a fair inquiry, but there is room for much 
improvement. The Derbyshire cast-pipe trade is stated 
to be good. Rolling-mills are working well, and firms 
are making extensions of plant. The steel trades of 
the city are, generally, active. Additional armament 
work has come to Sheffield since the beginning of 
the year, including orders for armour-plate, guns, and 
projectiles. The armour-plate orders are a further instal- 
ment of the work planned out in the Government’s 
pee os mme. liveries of forgings and castings 
for shipbuilding, held up during the recent dispute, are 
being pressed forward, and the local firms engaged in this 
class of work are extremely busy. Some of the heavy 
firms, however, which make castings for ordi marine 
and general engineering =~ are being badly hit by 
Continental competition. Not only do the German and 
Belgian firms undercut, but they turn out an article prac- 
tically equal to the British product, and they have made 
great inroads into our market, both at home and abroad. 
They have also captured a good deal of the trade in mining 
machinery for South Africa. Various explanations are 
offered, that local moulders have refused to work at piece- 
rates, thus keeping down production, that foreign manu- 
facturers gain the advantage by means of the electric 
furnace, and that foreign workmen are employed longer 
hours. But the fact that the Continental steel manufac- 
turer is helped by bounties is one which should not be lost 
sight of. Notwithstanding these things, the local heavy 
trades are stated to have more work in hand than a few 
weeks ago. One of the large East End firms has in- 
creased the pay to men employed in the Siemens de- 
partment, a step which is directly due to better trade. 
Railway steel-makers are better employed. Tool-steel 
manufacturers are very busy. Many of them are working 
overtime, and a few would be glad to make extensions of 
plant if they couldsparethe time tocarry out thework. The 
American demand not revived, but whilst this is to 
be regretted, it is satisfactory to know that the cause is a 
purely national one over there, and not due to the success- 
ful inte ition of foreign rivals. The lighter industries, 
«8 & whole, are considerably busier they were a year 
ago, and one of the branches which has come to the fore 
lately is the manufacture of automobile steel. The agri- 
cultural implement trade with Russia is of extra large 





dimensions, and supplies have been sent over in increased 
quantities during the month. Special plant has been 
installed by some firms in order to meet the Russian 
demand. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The pig-iron market is 
quiet just now, but traders regard the general situa- 
tion as satisfactory, and a most cheerful view is taken of 
the outlook. At the same time up to the present the 
output of Cleveland pig has been shown to be excessive, 
with the result that for some time past stocks have been 
stewily accumulating. In addition to what is stored in 
makers’ yards the stock of Cleveland pig in the public 
warrant stores is fast approaching 550,000 tons, the 
addition this month being at the rate of 675 tons per 
working day. The general market quotation for No. 3 
g-m.b. Cleveland pig is 493. 9d. f.o.b., though some 
second hands are understood to have sold at rather 
less. No. 1 is still scarce and is in the neigh}our- 
hood of 53s. 9d. The lower qualities are steady. No. 4 
foundry is 48s. 9d.; No. 4 forge, 48s. 6d.; and mottled 
and white, each 48s. All the foregoing quotations 
are for prompt delivery, 6d. to 1s. higher being asked 
on forward account. The hematite branch of the staple 
industry may be said to be steady, though business is a 
little quieter than it has been. There is a little hematite 
scrip afloat, and it has been quoted 1s. below makers’ 
mixed numbers of East Coast brands, but the charges 
against it make little below what producers’ iron can be 
bought at, and the apparently cheap rate named for the 
scrip has had little or no influence on values of makers’ 
iron. Nos. 1, 2, and 3 hematite have been sold at 65s. 6d. 
for immediate delivery, but most producers ask 66s., and 
for forward delivery up to 67s. 6d. hes been paid. Foreign 
ore continues very strong, notwithstanding that there is 
next to no business passing just now, owing to consumers 
having good contracts made. Best Rubio is eat 22s. 6d. 
ex-ship Tees, and market rates are on that basis ; but it 
seems now to be recognised that, to induce buying, less 
will have to be named. Coke is steady, without change 
in price. 

Pig-Iron Shi ts.—Moderate shipments of pig iron 
are reported. p to to-night (Wednesday) they average, 
this month, 3161 tons per working day, the total despatches 
being officially given at 66,395 tons. To the same date 
last month the clearances of pig amounted to 70,035 tons, 
or a daily average of 3335 tons, and for the corresponding 
part of January last year the total loadings of pig 
reached 86,592 tons, or an ave of 4123 tons per work- 
ing day. Some rather heavy shipments are due in the 
near future. 


Manufactured Iron and Steel.—Though values are slow 
to advance, very satisfactory accounts continue to be given 
of the manufactured iron and steel industries. Nearly all 
departments are very busily employed, and insome branches 

roducers have contracts made which will keep them going 

or the greater part of the year. Further substantial 
orders are understood to be in the market. Common iron 
bars are 7/.; best bars, 7/. 7s. 6d.; best best bars, 7/. 15s.; 
packing iron, 5/. 15s.; iron ship-plates, 6/. 10s. to 
61. 12s, 6d.; iron ship-angles, 7/.; iron ship-rivets, 7/. 7s. 6d. ; 
iron girder-plates, 6/. 17s. 6d. ; iron boiler-plates, 7/. 7s. 6d. ; 
steel bars, 6/. 5s. ; steel ship-plates, 6/. 15s. ; steel ship-angles, 
61. 7s. 6d.; steel boiler-plates, 7/. 10s.; steel strip, 6/. 10s.; 
steel hoops, 6/. 12s. 6d.; and steel joists, 6/. 5s. to 61. 7s. 6d. 
Cast-iron railway chairs, 3/. 10s. ; light iron rails, 6/. 10s. ; 
heavy steel rails, 5/. 15s. ; steel railway sleepers, 61. 12s. 6d. ; 
and iron and steel galvanised corrugated sheets, 11/. 5s.; 
sheets less 4 per cent f.o.b., railway material net at works, 
and all other descriptions less 24 per cent. 





ALMANACKS, CALENDARS, &c.—We have received alma- 
nacks, calendars, &c., from the following firms :—Messrs. 


James Spencer and Co., Chamber Iron Works, Hollin- | G 


wood, Manchester ; Messrs. A. Ransome and Co., Limi- 
ted, Stanley Works, Newark-on-Trent. A eon em 
arran with diary, &c., has reached us from the Bowes- 
field Steel Company, Limited, 110, Cannon-street, E.C. 
The Wouldham Cement Company, Limited, 35, Great 
St. Helens, E.C., have sent us a tear-off calendar, which, 
for its magnificent proportions, is deserving of special 
notice. Other such publications have reached us from 
Messrs. Charles Churchill and Co., Limited, 9 to 15, Leo- 
nard-street, E.C.; Messrs. J. H. Sankey and Son, 
Limited, Essex Wharf, Canning Town, E.; Messrs. 
Joseph Westwood and Go., Limited, Napier Yard, Mill- 
wall, E.; the Yorkshire Post, 171, Fleet-street, E.C. 


Laxton’s Buripers’ Price-Booxk ror 1911.—The 
ninety-third annual edition of this book has recently 
been published, but denotes little change from that of 
last year. The prices of a few materials have undergone 
a slight alteration. It is mentioned in the preface that 
recent legislation which was ostensibly designed to pro- 
mote the development of land and building has certainly, 





up to the present time, not had that effect. The tabular | bee 


— ate yey — book se maes Soe — 
and corrected, and the wages ta u e thoroug 
revision, and has been considerabl ptm te section 
relating to electric lighting has revised and added 
to. In the appendices is given the form of building con- 
tract and schedule of conditions issued by the Royal 
Institute of British Architects. book is printed and 

ublished by Kelly’s Directories, Limited, 182 to 184, 
Fiigh Holborn, W.C., and is sold by Messrs. Simpkin, 
Marshall, Hamilton, Kent, and Co., 
Hall-court, price 4s, 


imited, Stationers’ 


‘about 24,000 tons. The stocks in 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has shown continued 
strength, and it has been almost impossible to place fresh 
orders with colliery owners for the supply of a fair quantity 
of coal for early loading. The a4 has made 
17s. 6d. to 17s. 9d. per ton, while secondary qualities 
have ranged between 16s. and 17s. 3d. per ton. Best 
bunker smalls have made 9s. 9d. to 10s.; and cargo 
smalls, 8s. to 8s. 6d. per ton. House coal has shown 
strength ; the best ordinary qualities have been quoted 
at 14s. 6d. to 16s. 6d. per ton. No. 3 Rhondda large has 
made 17s. to 17s. 6d.; smalls, 10s. to 10s. 6d. per ton. 
No. 2 Rhondda | has realised 13s. 3d. to 13s. 6d. ; 
smalls, 8s. to 8s. 6d. per ton. Foundry coke has made 
19s. to 22s., and furnace ditto, 16s. 6d. to 17s. 6d. per ton. 
As iron ore, Rubio has brought 21s. 6d. to 
22s. 6d. per ton, upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 
Newport. 

Barry Raitlway.—The dividend upon the ordinary stock 
of the Barry Railway for 1910 comes out at 64 per cent. 

Tr annum, as compared with 6} per cent. per annum in 
909, 6} per cent. per annum in 1908, 8 per cent. per 
annum in 1907, 94 per cent. per annum in 1906, 8 per 
cent. per annum in 1905, Bo cent. per annum in 1904, 
9 per cent. per annum in 1 8} per cent. per annum in 
1902, and 6} per cent. per annum in 1901. The amount 
allocated to reserve was reduced last half-year to 5000/., 
as compared with 10,000/. The company suffered from 
loss of traffic arising out of the Seeceian combine and 
the Powell-Duffryn and other colliery strikes, which 
affected business during the past half-year. 


The ‘‘ Nile.” —The authorities at Devonport Dockyard 
have been informed that no further estimates are to be 
pepene in connection with the upkeep of the turret 

ttleship Nile, it being the intention of the Admiralty 
to dismantle the ship during the coming financial year, 

paratory to her withdrawal from active service. The 
ile, and her sister vessel, the Trafalgar, on account of 
their low freeboard and consequent indifferent sea-keep- 
ing qualities, have not seen much sea service, and when 
not employed on the Mediterranean station they have 
done duty as portguard ships, or have been laid up in 
reserve with frequent spells of duty as gunnery-training 
ships. The Nile was built at Pembroke in 1886-8, her 
original cost being 890,283J. 


Dowlais.—There has been another busy week here, the 
Bessemer, the Goat, and the Big Mills having been all 
actively employed. Some pressing orders have been in 
course of execution for the Indian State Railways, &c. 
The Goat Mill has been engaged principally on steel 
billets, tin bar, and steel rails. 


Pembroke Dockyard.—It is expected that provision will 
be made at Pembroke for laying down two unarmoured 
cruisers this year. The precise type of the two new 
vessels has, however, not yet been decided. 





Tur Design AND CALCULATION OF AEROPLANES.—Mr. 
Archibald R. Low, M.A. (Edin.), B.A. (Cantab.), will 
deliver an advanced course of eight lectures, together 
with drawing-office work, on ‘The Design and Calcula- 
tion of Aeroplanes,” at University College, on Fridays at 
5.30 p.m., beginning February 3. The course is arranged 
to enable a technical engineer to design and calculate an 
aeroplane for actual flight and to predetermine its perfor- 
mance. It is specially suitable for officers of the Navy 
and Army who contemplate taking up aviation. A visit 
will be paid to the aviation ground at Brooklands. Further 
particulars may be obtained from the secretary of the 
college. 





Tue Garpen Citigs AND TowNn-PLANNING Associa- 
TION. —The Garden Cities and Town-Planning Association 
have arranged for a town-planning tour in Germany at 
Easter, starting on Thursday, April 13, for the purpose 
of studying some of the most interesting examples of 
erman town planning. The towns which it is hoped to 
visit include Essen, Cologne, Diisseldorf, Frankfort, 
Mannheim, Heidelberg, m, Nuremberg, Stuttgart, 
and Dresden, with excursions from these centres to 
industrial villages and other places of interest in the 
neighbourhood. All applications and inquiries should be 
addressed to Mr. Ewart G. Culpin, Secretary, 31, Birk- 
beck Bank Chambers, Holborn, W.C. 


Tue Copper Market.—There was an advance of 15s. 
per ton in the price of standard copper on the 3rd and 
4th inst. to 56/. 16s. 3d. for cash, but there was a subse- 
quent fall to 55/. 2s. 6d. per ton on the 12th. On the 
13th there was a recovery to 55/. 10s., and on the 16th 
the closing values were 55/. 8s. 9d. cash, and 56l. 6s. 3d. 
three months prompt, the total sales amounting to about 
11,000 tons. e p ale | for refined copper on the part 
of manufacturers, after being fairly active, fell off, and 
has been confined to the purchase of cheap parcels from 
second hands. There is now more competition to sell 
electrolytic, sales of which are repor' to have been 
made at 12) cents per pound or even lower. There has 
nm no show of reduction in the American returns for 
the month of December over the previous month. Stocks 
show a decrease of 3731 tons, but in these are not included 
an excess of 7806 tons in the exports over the quantity given 
in the Customs House returns—31,526 tons. This differ- 
ence is presumably in course of shipment, and is, there- 
fore, temporarily lost sight of, making the quantity at 
present en route for Europe, not included in the statistics, 
in Rotterdam are estima’ 
at 22,500 tons. American shipments from the northern 
ports for the fortnight ending January 16 are advised at 
16,233 tone, 
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Tue Junior INSTITUTION OF -ENGINEERS.—Monday, January 30, 
at 7.30 p.m., at Caxton Hall, Westminster. Sixth and concluding 
lecture on ‘‘The Law Relating to Engineering,” by Mr. L. W. J. 
Costello. 

Tus Roya Society or Arts.—Monday, January 30, at 8 p.m. 
Cantor Lecture : “ Etching,” by Mr. Frederick Wedmore. 
ture II.: Modern a Tuesday, January 31, at 4.30 p.m. 
Colonial Section : ‘‘The Tin Resources of the Empire,” by Mr. F. 
Douglas Osborne, M. Inst. M.M. Sir William Hood Treacher, 
K.C.M.G., will preside. Wednesday, February 1, at 8 Mg 1 
aminations and their Bearing on National Efficiency,” by Mr. P. 
J. Hartog, M.A., B.Sc. The Right Hon. the Earl of Cromer, 
G.C.B., O.M., G.C.M.G., K.C,8.L, will preside. 
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Section. -—Tu y, January 31, at 7.30 p.m., at the University 
Physical Laboratory), Manchester. ‘Modern Long-Distance 

smission of Electrical Energy,” by Mr. W. T. Taylor, Member, 
Mexico. The paper will be read for the author by Mr. J. F. ©. 
Snell, Member. ‘ Extra High Pressure Transmission Lines,” by 
a. R. Borlase Matthews and C. T. Wilkinson, Associate 
Member. 
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Assoc. M. Inst. C.E.; “Fremantle Harbour Works, Western Aus- 
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Mr. W. He Hunter, M. Inst. C.E. Mr. Alexander Siemens, 
President, occupy the chair on February 3. Members of all 
c’asses of the Institution are invited to attend these lectures. 

Tue Roya Instrrvtion oF Great Brirain.—Friday, February 3, 
at 9 p.m., Mr. Arthur E. Shipley, M.A., F.R.S., on ‘‘ Grouse 
Disease.” Afternoon lectures next week at 8 o'clock. Tuesday, 
January 31, Professor Frederick W. Mott, M.D., F.R.S., F.R.C.P., 
Fullerian Professor of Physiology, R.I., on “ Heredity.” (Lec- 
ture III.) Thursday, February 2, the Astronomer Royal, Mr. 
Frank Watson Dyson, M.A., F.R.S., F.R.A.S., on ‘‘ Recent Pro- 
gress in Astronomy.” (Lecture III.) Saturday, February 4, Mr. 
Arthur Hassall, M.A., on *‘ Problems in the Career of the Great 
Napoleon.” (Lecture III.) 
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NAVY PROGRAMMES. 


Tue Cabinet have under consideration the pro- 
posals of the Admiralty for strengthening the Navy 
during the financial year beginning with April next, 
and although the result of their deliberations will 
not be officially known for some time, there is 
justification for the belief that, if no reduction 
is made upon the Admiralty’s 5 ger all citizens, 
except perhaps extremists, may be satisfied. The 
Chancellor of the Exchequer has already stated 
that his Budget ‘‘ contemplates an expenditure on 
the Navy of ten millions in excess of what we spent 
some time ago,” and although this is rather cryptic, 
there is his further promise that the Liberal 
Government wants a navy which will give us un- 
challenged superiority, and that no sacrifice will be 
regarded as too great in order to ensure that 
superiority. Since the Board of Admiralty are the 
naval advisers of the Government, and since their 
views must be respected, there is hope not only 
for adequate expenditure, but also for a satisfactory 
programme of new ships to be laid down. 

This latter point is as important as the other, 
although little monetary provision is made for the 
beginning of new ships until near the close of each 
financial year. Thus, of the five large armoured 
cruisers included in this year’s programme, only 
two have so far been laid down, although the material 
is being prepared for the others. Asa consequence 
the money voted for such ships is a small part of 
the total vote for the year. For these five battle- 
ships only 320,000/. was provided in the current 
year’s estimates. The date of laying down new 
ships is dependent upon the progress made with 
ships for foreign Powers, and there is something 
to be said in favour of thus deferring’the final 
adoption of designs as long as ible, in order | 
that there may be available the latest information | 


extent, to the number of ships laid down. We do 
not propose to enter once more into a comparison 
of our strength in capital ships at any future date 
with that of possible combinations against Britain, 
but content ourselves with saying that it would 
seem that seven large armoured ships ought to be 
included in next year’s programme if our scheme 
of defence, so admirably defined recently by the 








First Sea Lord, Sir Arthur K. Wilson, is to be 





'made thoroughly efficient. We can well afford 
‘also to have a further instalment of vessels of the 
|**Town” class, a large number of torpedo-boat 
destroyers, and a further large addition to sub- 
marine boats, the potentialities of which are so 
fully recognised by other naval Powers, as instanced 
by the fact that Germany has ear-marked 750,0001. 
in next year’s vote for this purpose. 

While the financial provision made for any of 
the new ships a a be great in the year’s esti- 
mates, there will be ample need for all the money 
which the Treasury -are willing to vote in order 


*|to progress satisfactorily with ships commenced. 


There is, for instance, the first year’s instalment on 
five armoured ships recently ordered, and in each 
case one million sterling is none too great a sum for 
the year’s progress, while the second year’s instal- 
ment falls to be made for eight more ships, all 
of which are to be completed for commission 
before April, 1912. Even if the progress during 
the year ending March next has been as great 
as was anticipated — which is the most that 
can be expected, in view of recent labour diffi- 
culties—the amounts required for these respective 
ships will vary from over 300,0001. in the case of 
the first three battleships ordered, to over 750,0001. 
for the other five. e need thus, therefore, 
nearly 5,000,000/. to complete these eight armoured 
ships ordered in 1909-10. In addition there fall 
to be provided instalments for ten second-class 
cruisers, all of which are to be completed for com- 
mission, and in addition a great fleet of torpedo- 
boat destroyers and submarines. The necessity for 
this expenditure, much as it may be regretted 
on purely economical lines, as well as the need 
for the laying down of a large number of new ships 
of all the classes already named, is, however, a fact 
which should be brought home convincingly to 
the Cabinet when they consider the a pro- 
grammes formulated by other European Powers. In 
practically every case there is an increase in ex- 
penditure, and the programmes of new construc- 
tion justify the renewed exposition of our need put 
forward so succinctly by Lord Inverclyde, who, in 
referring on Tuesday last to the First Sea Lord’s 
statement regarding the importance of the naval 
defence of this country, pointed out that ‘‘ the 
command of the sea commercially must be ours, 
and we must look to the Navy to live up to that 
necessity. The limit of business of our merchant 
fleet is the limit of the protection the Government 
can give toit.”. Without our merchant fleet our trade 
must disappear. Thus a review of the proposals 
of foreign navies should form a stimulus to increased 
effort and augmented sacrifice in order to ensure 
that measure of protection which is so essential to 
the security of our trade. Germany is adding to the 
navy vote for next year, already considerably mflated 
in recent years, and continues unhesitatingly and 
uninterruptedly to build up a great rival fleet to 
ours. Austria-Hungary and Italy are formulating 
rogrammes extending overa period of years. The 
United States, France, and Japan are contemplat- 
ing a similarly well-defined scheme for replacin 
their old ships as well as for adding to the tota 
strength each year, so that there is no alternative 
for Britain but to continue to build new and larger 
units for our Fleet. 
The German Naval Budget for the year begin- 
ning on April 1 next involves a total expenditure of 
22,500,000/., being an increase of 825,000I. over 
the budget of the current year, and of 2,800,0001. 
over the total for 1909. The expenditure is divided, 
as usual, under ‘‘ ordinary permanent” and *‘ ordi- 
nary special” charges. The former amount to 
8,350,0001., and the latter to 14,150,0001. Of this 
latter sum, 12,500,000I. are for new constructions— 
ships, ordnance, and torpedoes—being an excess of 
330,0001. over the corresponding vote of the current 
year. A portion of the special ordinary charges is 





ascertainable in regard to the plans of foreign ships. | 
»7| This principle also applies, although to a less 


covered by the loan, and forms part of the extra- 
ordinary budget. The extraordinary expenditure, 
which comes under the ordinary budget, must not 
include a sum greater than 6 per cent. of the total 
value of the fleet for the corresponding year. 
This constitutes a form of sinking fund. The 
total estimates include 4,480,000l. for five ships 
to be laid down, and. 960,0001. for harbour works, 
or a total of 5,440,0001. covered by the loan. 
There remains, therefore, a total of slightly over 
17,000,000. to come from the ordinary budget 
receipts. The budget for 1911-12 was to be the 
highest according to the provisions set forth in 
1908, the further programmes including one battle 
ship and one armoured cruiser only ; a méVement, 
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however, is on foot to obtain the laying down of 
two such cruisers instead of one per annum, and 
there may be yo cy 1 in store under this head. 
The new ships to laid down in 1911-12 include 
two battleships to +. 8 the Weissenburg and the 
Kurfurst Friedrich Wilhelm ; an additional battle- 
ship S ; an armoured cruiser K ; two small cruisers 
Ersatz Seeadler and Ersatz Geier; a flotilla of 
torpedo-boats and two depth-sounding ships. A 
sum of 750,0001 is asked for submarines. The 
budget contains further a sum of 125,000. for the 
improvement of existing ships. 

The first division of the Austria-Hungary naval 
programme includes four Dreadnoughts, which have 
to be ready for service in 1913, and two vedette- 
boats. Two of the battleships are being built at 
the Stahilimento Tecnico, Trieste; the third is to 
be built at Pola, and the fourth at Bergudi, near 
Fiume. The two vedette-boats are also to be built 
at the latter yard, as a satisfaction to the Hun- 
garian financiers, who desired that the building of 
two battleships be entrusted to it. The programme 
of new construction, which is to be spread over 
five or six years, will involve an expenditure of 
13,000,0001., the instalment for 1911 being over 
2,250,0001. The four battleships, which are to be 
of about 22,000 tons displacement, 50,000 horse- 
power, of 23 knots speed, and to have twelve 
12-in. guns, will involve an expenditure of over 
10,000,000. There are to be three cruisers of the 
Admiral Spaun type, of about 3500 tons displace- 
ment, and costing altogether 1,250,000/., the 
remainder of the total vote being for twelve tor- 
pedo-boats and six submarine-boats. The total 
estimates will amount to about 5,136,0001., which 
is slightly larger than the preceding year. 

The Minister of Marine of Italy has ready the 
plans of four new Dreadnoughts, to follow the four 
already authorised. The new ships are to be 
24,000-ton units, and, it is stated, will be armed 
with twelve 13.6-in. guns. A battleship is being 
laid down at Castellamare, on the slip from which 
the Dante Alighieri was launched last August, so 
that there is every prospect of the four already 
authorised being completed by 1913 or 1914. 

As regards France, many programmes for the 
complete rehabilitation of the whole fleet over a 

eriod of years have been considered, but there 
con been several causes for delay, and the Minister 
of Marine contents himself for the present by seek- 
ing authority to lay down two units this year—the 
Courbet and the Jean Bart, and for 180,000l. for 
the year’s progress on each. Two more are likely 
to be laid down under the 1911 programme, the 
outlined programme providing for a total of seven 
such units, 

In his annual report, Mr. Meyer, Secretary for 
the United States Navy, stated that a fleet of 
twenty Dreadnoughts was the minimum which the 
United States should maintain for first line of 
battle ; he also asked that twenty ships should form 
the second line. He based his calculations on the 
theory that when it became ten years old a battle- 
ship should be put back into the second line. He 
recommended that Congress should this year follow 
the usual programme of two battleships, but pointed 
out that after 1912 it would be necessary to autho- 
rise the building of an additional ship to replace an 
older one. In 1911, this year, the fighting fleet will 
consist of six Dreadnoughts and fifteen pre-Dread- 
noughts ; in 1916, should the two-battleship pro- 
gramme not be enlarged, there will be sixteen Dread- 
noughts and four pre-Dreadnoughts ; and in 1918, 
nineteen Dreadnoughts, from which latter date 
there would be available eighteen Dreadnoughts 
only instead of twenty. 

The Japanese Navy authorities asked in their 
extension programme for a credit of 40,000,000/., 
to be divided over fifteen years. They will receive 
about 8,000,0001. divided over six years—i.e., to be 
spent between now and the completion of the present 
programme, There is to be about 4,000,000/. spent 
on new ships, 1,000,000/. for improving the arsenals 
and docks, the remainder being used for modifying 
and improving the ships in course of construction, 
and forming part of the present programme. In 
regard to the docks, they are to be deepened from 
32 ft. to 35 ft. The large 20,000-ton cruiser is 
increased to 25,000 tons, and the order has been 
placed with the Vickers pen, caf ; and a second 
one of the same type is to commenced later. 
Three other cruisers are to be of still larger type ; 
and two smaller ones are to be added to the fleet. 
This year’s total budget, which exceeds 54,000,0001., 
grants to the Navy the 8,000,000/. above stated, 





half of the latter sum being for ordinary outlays, 
the other half being for extraordinary expenditure. 

The smaller Powers are following the example of 
Spain in building up a new fleet. Spain is build- 
ing three battleships, four gun-boats—one of which 
has just been launched—three destroyers, twenty- 
four torpedo-boats, and other craft. Portugal is 
arranging for such a programme, but designs have 
not yet been pond 9 poner it is not improb- 
able that the vessels will be built in this country. 
The budget for the Holland Navy for 1911 covers 
a total of about 1,715,0001., of which about 
1,400,0001. is for purely military expenses, the 
remainder to be for docks, pilotage, &c. A second 
annual credit is demanded for a third submarine 
boat, two second annual instalments for two mine- 
laying ships, a first annual credit for a fourth 
and a fifth submarine, a sum of between 80001. and 
10,0001. for providing a mother-ship, a first annual 
credit for three gun-boats, and, for the Indian 
service, a second annual instalment for the de- 
stroyers granted in 1910, and a first annual credit 
for four more destroyers. The gun-boats are for 
service in narrow passes, to fight the enemy’s 
destroyers ; sixteen such gun-boats are to be built. 
They are to be 530-ton boats, with a 15-knot speed, 
driven by internal-combustion engines. 

The budget for the Turkish Navy for 1909-10, 
passed by Parliament, provides a total of about 
2,000,000/., the ordinary outlays entering in this 
total for about 1,500,0001., the remainder—or 
about 500,000/.—forming a first annual instalment 
on the credit of about 4,500,0001. reckoned upon for 
the construction of a ficet. The ordinary charges 
are about 350,0001. higher than last year, owing to 
an increase in the staff at the Ministry, to the 
appointment of four naval attachés, and to the 
sending of officers abroad, 





COLONIAL AND MILITARY MOTOR 
TRANSPORT. 

Tue doctrine of the value of individual effort and 
of the futility of State interference in matters 
affecting manufacturing progress has long been 
stamped deeply in the British character. It formed, 
indeed, the very basis of our statemanship for 
more than half a century. Later years, however, 
have seen a change, and although the doctrine, both 
intensively and extensively, still asserts its domi- 
nion, there are signs of a weakening of the convic- 
tion with which it is held. The recent formation of 
the Development Commission, and the subsidisation 
of the large Cunard liners, are examples which 
illustrate this. Doubtless it may be said that in 
the case of the Cunard Line the subsidy was given 
with the object of assisting in the building of, and, 
if necessary, securing the use of, large high-speed 
ships capable of undertaking naval or transport 
duties; but although this is true enough, it is 
probable that a wish to help forward the develop- 
ment of British shipbuilding also had effect in the 
considerations which finally determined that the 
subsidy should be given. 

A case in which State interference might possibly 
result in substantial progress, and which is, in some 
ways, parallel to the example furnished by the sub- 
sidisation of the Cunard liners, in that it is con- 
cerned with both manufacturing and military con- 
siderations, occurs in connection with commercial 
motor vehicles and tractors. It was admirably put 
forward by Mr. Horace M. Wyatt in a paper 
before the Royal Society of Arts on the 25th inst. 
The matter is concerned with the development, 
in this country, of motor transport vehicles 
suitable alike for colonial and military use. The 
suggestion is that encouragement should be 
given to purchasers and owners of motor vehicles 
capable of meeting military requirements, by means 
of subsidies, in order to build up an adequate fleet 
of such vehicles in the country ready for use in case 
of necessity. Further, as the duties demanded from 
motor transport wagons and lorries when engaged in 
military work do not differ greatly from those 
demanded in service in new and developing coun- 
tries, it is suggested that such subsidy would 
probably result in the construction on a greatl 
increased scale of a colonial type of vehicle, wit! 
the result that what is now, more or less, a special 
type, manufactured in small quantities, would become 
a standard manufactured on a large scale, so that 
= would be substantially reduced, which would 

ead to an increase in the colonial demand and a 
rate of development profitable alike to the Colonies 
themselves and the home manufacturer, 





Much work has been done in this country in the 
supply of motor-vans and lorries, and motor 
tractors for use in the Colonies, but the possible 
field is yet far from fully developed. The actual 
— of vehicle supplied by home builders for the 
colonial markets is at the present time fairly satis- 
factory, and adequately meets the special conditions 
encountered ; but in the early days progress was much 
hampered by the ignorance of the home manufac- 
turer as to the peculiar features demanded in vehicles 
intended for use in new countries. This question of 
the necessity of keeping in view the special conditions 
which have to be met in the design of motor-wagons 
intended for use in the Colonies has, however, an 
aspect which has no relation to ignorance, and 
which is concerned purely with trade possibilities. 
The building of commercial motor vehicles de- 
veloped, in the first instance, in relation to the 
home market, and the successful types which were 
finally evolved represented the best that could be 
done to meet home conditions. This fact hampers 
our manufacturers somewhat in meeting colonial 
requirements, owing to the fact that what have 
become standard types of vehicles in this country 
require considerable modification before they are 
suitable for use in countries where the conditions 
differ seriously from our own, so that in order 
actively to compete for business in such countries, 
and in order properly to encourage the develop- 
ment of trade by the supply of a really satisfac- 
tory article, it is necessary for the manufacturers 
either to modify their standard forms, or build 
special types. One or other of these alternatives 
is, of course, always adopted nowadays in order 
to meet colonial demands ; but a difficulty arises 
in the fact that the colonial trade is not yet 
sufficiently large to enable the special types of 
vehicle required to be built in very large quanti- 
ties. This tends to keep prices somewhat high, as 
it shuts out the possibility of manufacturing on a 
large scale, which, in turn, reacts on the market 
and prevents its extension with the rapidity which 
might otherwise be possible. As things are, the 
market is extending and will extend, but the sug- 
gestion put forward by Mr. Wyatt would assist 
in this process, and would, at the same time, serve 
the military ends of the Empire. 

It is interesting to note that subsidy systems 
for motor vehicles are already in operation 
in France and Germany. Mr. Wyatt gives 
some particulars of these. In both cases they 
are based on annual trials held under Government 
auspices and supervision. Qn the results of these 
trials certain types of vehicle are certified as satis- 
factory and suitable for military use, and owners of 
these types are granted subsidies both at the time 
of purchase and annually for a certain period. In 
France a buyer of an approved 3-ton wagon or 
lorry receives an initial subsidy of 1001. and an 
annual payment of 50. a year for three years, 
subject, naturally, to proper attention being paid 
to maintenance. Similarly the purchaser of a 
2-ton wagon receives 801. initially and 40/. for 
three years. In Germany an allowance of 2001. 
is made towards the purchase of an approved type, 
and an annual payment of 50l. for five years, 
subject to the vehicle being maintained in first- 
class condition. Schemes of this sort are also 
under consideration by the war offices of Austria 
and other countries. 

Something on the lines of the subsidy paid in 
France and Germany has been attempted in Great 
Britain, but up to the present the Treasury grant 
to the Mechanical Transport Committee has allowed 
only of a nominal annual payment to vehicle- 
owners, although this is augmented to some extent 
by payments for hire when vehicles are in actual 
service. The question of an adequate subsidy is, 
however, well worth consideration, and particularly 
in connection with Mr. Wyatt’s suggestion for the 
encouragement of the development of colonial 
types of lorry and wagon. In addition to the 
bare question of a subsidy already mentioned, his 
proposal is that the Home Government might work 
in unison with the Colonial Governments, and 
that the War Office might see its way to approve 
types of vehicle which are capable of meeting 
both colonial and military needs. If the various 
Colonial Governments were to offer subsidies for 
motor-wagons, &c., suitable for use in their par- 
ticular territories, and available for manceuvres, 
or, in case of war, it would have theeffect of en- 
couraging the development of transport in their 
respective spheres, and at the same time would enor- 
mcusly improve the facilities available for the trans- 
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port of munitions and stores in war time. Further, 
since motor vehicles built to meet these conditions 
would be suitable for military purposes in this 
country, if the War Office were to work in con- 
junction with the Colonial Governments and 
approve and subsidise similar types of vehicle 
with them, it would gradually lead to the 
amassing of a fleet in Great Britain which, 
while in every way suitable for home military 
operations, would, if necessary, be available for 
shipment and operations in other countries. At 
present there is little or no inducement for a 
user in this country to purchase a type of wagon 
having colonial or military features, but a system 
such as that suggested would in many cases lead 
to the employment of such types, as for many 
purposes in this country they would be equally satis- 
factory with existing models. The further advan- 
tage of this proposal, as mentioned before, is that 
the manufacture of colonial types on the scale 
that would follow would lead to a decrease in their 
cost, with a corresponding development of the 
colonial demand, to the advantage alike of the 
maker and the Colonies. There is no doubt that 
at one time in our history this suggestion for serving 
both military and trade ends would have been 
scouted as economically unsound ; but at the present 
day, although some will prefer to accentuate the 
military side of the question, there is little likeli- 
hood of serious objection being raised to its com- 
mercial aspect. 

In addition to the suggestion already dwelt upon 
and other matters, Mr. Wyatt’s paper contains a 
large amount of information dealing with the 
peculiar requirements which have to be met in 
vehicles intended for various parts of the Empire. 
In general, the demands do not seriously differ 
between the different countries, although local 
conditions naturally have weight, and obviously, 
for instance, a steam-car would be of little 
service in a territory where water was not ob- 
tainable with reasonable ease, or where it was 
of exceptionally bad quality. Apart, however, 
from questions of water and fuel, which must 
always be decided by local considerations, the 
special features requisite in a car for service in one 
colony will, in general, render it suitable for use 
in another. These features are mainly construc- 
tional and concern such points as the provision of 
high ground clearance, since the vehicles may have 
to work over primitive roads, in which projecting 
tree-stumps and boulders are liable to catch and 
injure the mechanism. Similarly, big driving- 
wheels with large treads are desirable in order to 
ease the working over rough or soft tracks. Other 
points demanding attention are cooling systems of 
internal-combustion motors, which must be specially 
eflicient on vehicles intended for use in the tropics, 
and water-tanks on steam-cars, which must be larger 
than is necessary in this country, as in hut few of 
our Colonies can water be obtained so readily as at 
home. 








CHEMICAL AND PHYSICAL CHANGE 
AT LOW TEMPERATURES. 

Tue lecture on ‘‘ Chemical and Physical Change 
at Low Temperatures,” with which Sir James 
Dewar, F.R.S., opened the Royal Institution series 
of Friday evening discourses on January 20, was 
a continuation of the lecture on ‘‘ Light Reactions 
at Low Temperatures,” which he delivered almost 
exactly a year ago.* The Royal Institution, he 
said, was intended for the study of the properties 
of matter, and had for some time stood almost 
alone as to low-temperature research, which 
had so much widened our views and enabled 
us to correct them. Now every laboratory was 
poe with apparatus for liquefying air. It had 

een thought that all chemical action would cease 
at extemely low temperatures. But Moissan and 
the lecturer had found that solid hydrogen and 
liquid fluorine combined with explosive energy. 
Yet in many cases the reactions did stop at low 
temperatures, anda differentiation could thus be 
made by means of extreme cold. 

‘The first experimental demonstrations of this fact 
concerned the action of ozone. In the first experi- 
ment, shown with the aid of a lantern, a glass tube 
was dipped into liquid air, and gaseous oxygen 
was bubbled through this tube. The oxygen had 
been exposed to the silent discharge in what is 
generally called an ozoniscr, though the same 


apparatus is used— and was subsequently used 
during the lecture—for other reactions in which 
oxygen and ozone are not concerned. The tube 
did not dip deeply into the liquid oxygen. After 
a while a mist formed above the liquid ; then a 
blue drop formed in the tube a little above the 
level of the liquid oxygen. This blue liquid was 
condensed ozone ; it dissolved at once in the liquid 
oxygen when the vessel containing the latter was 
lifted up to touch the drop. Ozone, other experi- 
ments demonstrated, would not attack very cold 
silver. A strip of silver was placed in liquid air 
and then pushed into a tube connected with the 
ozoniser ; the silver remained bright. But when 
that cold strip was heated (by being dipped into cold 
water), rapidly dried with blotting-paper, and then 
held in the ozone, it turned black at once. In a 
further experiment a shallow dish of silver, contain- 
ing a little liquid oxygen, was floated on liquid air, 
and exposed to ultra-violet light; this light was 
— in a quartz lamp, and filtered through a 

yer of water (contained in a quartz cup standing 
on a plate resting on the liquid-air vessel) in order 
to absorb the heat radiations. The whole apparatus 
was placed within a glass case, with yellow windows 
to spare the eyes of the audience. The light ozonised 
the oxygen ; it could be shown with the aid of a quartz 
lens, which focussed the ultra-violet rays directly 
on the liquid. Professor Dewar added that it was 
the liquid oxygen (not the gaseous oxygen ozonised 
in the former experiment) which took part in this 
reaction. The silver remained unchanged because it 
was toocold; but the formation of ozone was proved 
afterwards when the contents of the silver dish were 
evaporated in a metal vessel. Now the formation of 
ozone involved external energy, and this energy was 
taken from the ultra-violet radiations and from the 
silent electric discharge in the other case. Chemically 
the conversion of oxygen was interesting as an 
example of a self-oxidation ; for three molecules 
of oxygen changed into two molecules of ozone : 
30, = 203. 

Professor Dewar then referred again to the 
physiological method of conducting low-tempera- 
ture research with the aid of luminous bacteria 
(compare last year’s lecture). He showed several 
of ~ Henry Crookes’s plate cultures and slides. 
The microbes were luminous in the dark ; but the 
luminosity vanished when the plates were put in 
liquid air, slowly to reappear as the plates became 
warn again. But ultra-violet rays really killed 
the bacteria, even at the low temperature, and 
stop,»ed their luminosity altogether, and this 
killing by ultra-violet rays was not prevented when 
a thin sheet of aluminium was placed over the 
plate, while thick sheets of aluminium and lead-foil 
stopped the action of the light rays. This killing 
need not be a chemical effect, Professor Dewar 
thought; the dead bacteria looked broken up, as if 
they had been pounded in a mortar by being 
crushed with sand (as Buchner did in his researches 
onenzymes). Professor Dewar referred to the puri- 
fication of water by ultra-violet radiations in this 
connection, a subject we dealt with in a recent 
paragraph.* 

Passing to other phenomena, Sir James Dewar 
said that all gases had been liquefied and solidified 
except helium, and all solids had been gasitied, so that 
helium still stood apart, although the temperature 
had been reduced to nearly 3 deg. Cent. absolute. 
The case was not hopeless, however, for before 
hydrogen had been liquefied, the solidification of 
oxygen had failed. tt was peculiar that liquid 
nitrogen, and even liquid hydrogen, could be solidi- 
fied by ordinary exhaustion, while this method had 
answered with oxygen. Professor Dewar showed 
how this solidification had finally been accomplished 
by the aid of charcoal and of high isolation, such as 
could be obtained with silvered vacuum vessels. In 
the demonstrations the three liquids—nitrogen, 
hydrogen, and oxygen —were seen to boil in jacketed 
glass tubes joined to a powerful exhaust pump. The 
nitrogen and hydrogen soon turned into a snowy 
mass ; the oxygen remained liquid. But when the 
oxygen tube was placed in a special vacuum tube, 
which was all silvered except for a slit, which just 
allowed the tube to be seen, and joined to a charcoal 
tube cooled in liquid air, the oxygen also solidified. 
As soon as the charcoal vacuum was turned off, how- 
ever, the oxygen jelly melted again, to solidify once 
more on turning the vacuum on. This experiment 
was demonstrated with the aid of the lantern. The 
reason of the peculiar behaviour of the oxygen, 





** See Enarveurine, vol. Ixxxix., pago 116. 





* See ENGINEERING, vol. xc., page 316. 





Sir James remarked, would be understood from the 
following table, giving the melting-point pressures 
(in millimetres of mercury), and the corresponding 
temperatures (in deg. Cent. absolute) for the chief 


gases : 


Pressure. Temperature. 
Helium Below 2 mm. Below 2.5 
Neon 35 ae 35 
Argon 628 85 
Crypton ae . ve 104 
Xenon . = 133 
Hydrogen 50 ‘ 14 
Nitrogen .. ae 59 
Oxygen ... OD. 46 


These researches, Sir James continued, had 
induced him to try whether it would be possible 
to analyse mixed gases by the use of various 
liquids as cooling agents. When the one gas was 
condensed, the residual pressure would mainly be 
due to the other — and finally to helium, which 
was most difficult to condense. He gave figures 
which proved that this method was quite applicable. 
In 1902 he had estimated that a million parts of air 
contained 17.2 parts of rare gases—namely, 14.4 
of neon and 2.7 of helium. This estimate was 
based on Sir William Ramsay's atomic weights of 
these gases ; Ramsay’s own estimates for the pro- 
portions of the gases were 16.4, 12.3, 4. The most 
recent estimate of G. Claude, of Paris, who manu- 
factured rare gases on a very large scale, was : total 
gases 20 parts in a million, neon 15, helium 5 parts, 
hydrogen less than one part, and these figures 
agreed with Professor Dewar’s own of 1910. 

In exemplification of these features Sir James 
showed two glass tubes, each originally full of ordi- 
nary air, and joined, the one to a charcoal bulb 
een into liquid oxygen, the other to a plain 
tube cooled by liquid hydrogen. The glass tubes 
were more than 1 ft. long, and provided with 
electrodes. When the electric dideana passed, 
both.tubes showed the ruddy glow of mixtures of 
neon and helium. 

The two cooling vessels were then removed at the 
same time. The discharge in the plain tube, whose 
bulb had been cooled by liquid hydrogen, stopped 
almost instantaneously ; the discharge in the other 
tube, whose bulb had been cooled by liquid oxygen, 
continued almost unchanged for a little while. e 
reason was that the cooling effect of the liquid 
hydrogen disappeared almost instantaneously, while 
in the other tube the gases were very slowly only 
re-liberated from the charcoal after the cooling (by 
liquid oxygen) stopped. 

Such experiments, Professor Dewar proceeded, 
further suggested that there might be bodies of so 
vanishing a character that their existence could 
only be detected by fractionation. It had struck 
him when he had studied the nickel carbonyls in 
conjunction with the late Ludwig Mond that, while 
carbon monoxide, CO (melting point, — 211 deg. ; 
boiling point, — 190 deg. Cent.) was much more 
volatile than carbon dioxide, CO, (melting point, 
— 57 deg. ; boiling point, — 78deg.Cent.), therelations 
were apparently reversed in the case of the carbon 
sulphides. The ordinary carbon disulphide, CS,, 
formed a liquid (boiling at + 46 deg. Cent., colour- 
less in the pure state, and of pleasant aromatic 
smell, but very offensive when impure) ; while the 
monosulphide, apparently CS, was only known as 
a brown powder, free of smell, and soluble in con- 
centrated sulphuric acid with a violet colour. It 
occurred to him that the supposed monosulphide 
was really (CS), , a polyenetionl body, and that the 
real monosulphide might be isolated by some 
fractionation in the cold. 

The method in which he had finally succeeded 
was demonstrated by the following experiment :— 
A tube containing carbon disulphide was placed in 
a Dewar vessel filled with solid carbon dioxide ; at 
this temperature the CS, gave off vapours at a 

ressure of 0.8mm. of mercury, which pressure 
ad _—— most suitable for the decomposition of 
the disulphide into the monosulphide. This change 
was effected by means of the silent discharge ; 
many chemists have recently been studying the 
effects of the silent discharge on gas mixtures and 
on compound gases. The resulting gas was 

through an exhausted glass tube a few millimetres 
in diameter, forming a U, which was placed in 
liquid air. A little above the level of the liquid 
air a brown ring was seen to condense in the U 
tube. This was the real monosulphide. When the 
liquid-air vessel was removed so that the brown 
ring could warm up, the tube exploded at once, 
and the glass pieces were found to be partly 
covered with the brown powder of the supposed 
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monosulphide. It would appear then that this 
explosive transformation (the polymerisation) took 
place a little above the temperature of liquid air, 
and possibly also at still lower temperature, though 
more slowly ; this was something new. The real 
monosulphide could, at ordinary temperature, only 
exist for about half a minute ; under ordinary cir- 
cumstances it would at once polymerise, or its 
temporary existence could at any rate not be 
detected. In one experiment Sir James showed 
the coexistence of the brown body and of some 
condensed unchanged CS, by wetting the bulb 
outside with liquid air; but on standing for half a 
minute nothing but the CS, would be condensed. 
Mr. W. J. Green, B.Sc., and Mr. Heath had charge 
of the demonstrations. 

Before concluding, Sir James Dewar remarked 
that the evening was of special significance to him. 
The chair of Fullerian Professor of Chemistry at 
the Royal Institution, which he occupied, had 
bsen established for Faraday, who had held it for 
thirty-four years, and if spared for a few more 
months, he (Sir James) would be able to look back 
on the same long period of office, Younger men 
would have to continue the work of Davy and 
Faraday at the Royal Institution. 





THE EXTENSION OF INDIAN 
RAILWAYS. 

TuE position of the railway question in India at 
the present time is somewhat remarkable. On the 
one hand there is India badly needing further lines 
for its development. It only possesses a mile of 
line for every 10,000 inhabitants, compared with 
one for every thousand in some other Asiatic and 
American countries, a disproportion too great to 
be accounted for solely by the poverty of the 
population. At the same time the Indian Govern- 
ment is anxious to see India developed by the 
extension of railways, as well as desirous of adding 
to the three million or so of income it already 
derives from railway profits. 

On the other hand, there are the various railway 
companies enjoying good credit and anxious to build 
the needed extensions, and the British investor 
ready to provide the necessary money fur the pur- 
pose, Yet, in spite of these facts, we have, instead 
of an increase in the amount already spent upon 
railways from 10 to 124 millions, as recommended 
by the Mackay Committee, an actual reduction in 
the sum this year allocated for railway work. 

The reason for this apparent anomaly is simple. 
From 1857 onwards the Dendanunt of India has 
only tolerated private enterprise as a subsidiary 
agent—not treated it as a partner—in the work of 
developing the country. While it has assisted 
railway companies by nting land and guaran- 
teeing interest, it has bound them hand and foot 
by the contracts under which not only can it 
expropriate the lines at the end of the term, but it 
can interfere in details at every turn. When the 
Government delegated its powers to a Railway 
Board it was hoped that the latter, composed of 

ractical men, would work on broader lines, and 
eave companies and their agents a free hand in 
details. ne Board has not done this, as was 
pointed out by the Committee on Railway Finance 
and Administration, and interference in details 
has, if anything, got worse since that Committee 
issued its report. In no direction has this control 
been more strictly applied than in connection 
with the raising of capital. This was, of course, 
natural when the guarantee of the Secretary of 
State was necessary to obtain any capital at all, 
but now that the policy adopted has created large 
aud profitable undertakings, providing independent 
security for such, it would seem to be a short- 
sighted policy to decline to make use of the new 
security created in raising further capital. Various 
means have been suggested for raising more money 
for the railways, but all have split upon practically 
the same rock The four principal natiede open 
to the Government of Tndia for raising further 
funds than it can itself supply from railway surplus, 
sinking-fund deposits, profits on coinage, &c., 
are :— 

(1) Direct Government borrowing. 

(2) The issue by the companies of short-term 
debenture bonds guaranteed by Government. 

(3) The issue of debenture stock guaranteed by 
the companies. 

(4) The issue of share capital, with interest 
guiran‘teed by Government, and sharing in the 
surplus profits, 





Of these, (3) and (4) are the most useful, and, to 
a certain extent, they have the advantage of appeal- 
ing to a different class of investor from the holder 
of India stock. The Indian Government, however, 
feels that it would be unwise to increase the amount 
of its borrowings, or, indeed, of its guarantees, 
beyond a certain point, lest it should affect its own 
credit and the price of India stock. It can raise 
money at 3} per cent., while on the average the 
companies have to pay about $ per cent. more. By 
authorising the companies themselves to find addi- 
tional capital, railway extensions would take place 
much more rapidly, but at a slightly higher initial 
cost, and this additional cost would both reduce the 
share of the profits payable to the Government, and 
increase the purchase price of the railways when 
the time comes for the Government to acquire them. 
Sooner than do this the Government prefers to 
keep railway expansion back. 

A scheme, which to some extent overcomes the 
difficulty, has been proposed by Sir William Bisset, 
chairman of the Bombay, Baroda, and Central India 
and the Madras and Southern Mahratta Railways, 
and Sir Henry Kimber, chairman of the South 
Indian Railway. Under this scheme it is pro- 


posed :— 

1. That the earnings of a railway owned by the 
Government should be capitalised at twenty-five 
years’ purchase, and that this sum should be treated 
as Government capital in the undertaking. 

2. That the further capital required for exten- 
sions shall be raised by the company, on the 
security of the railway alone, without any guarantee 
from the Government. 

3. The net earnings after the formation of the 
company would be divided between the Govern- 
ment and the company in proportion to the capital 
of each. 

The rate of dividend on the Government capital 
and on the company’s capital would obviously 
always be the same. 

This scheme, with modifications in details, has been 

ut forward at various times and for various lines. 

ut, although it commended itself to the strong 
committee over which Sir James Mackay presided, 
it has hitherto only been adopted to a small extent 
and with considerable modifications. The refusal 
of the Indian Government to make more use of 
such a useful compromise points either to a bias 
on its part against private enterprise, or an exces- 
sive timidity in handling finance, either of which, 
if persisted in, cannot but seriously retard the rapid 
development of railways in India. 








NAVAL ORDNANCE AND SMOKELESS 
POWDER. 

In the earlier days of the Navy, when guns were 
manufactured of cast iron, and a fine-grain black 
powder was used, gun explosions frequently 
occurred, and it was very generally prophesied that 
when a change was made from the large grain 
prismatic powder—some of which was known as 
‘*brown powder’’—and nitro-glycerine and gun- 
cotton powders entered into us: as a propellant, 
there would be a renewal of disastrous explosions. 
As far, however, as Europe is concerned, very few 
guns have been destroyed hy smokeless powder, 
and in England practically no accidents of the kind 
are on record. Such is not the case in regard to 
America, where disastrous explosions, frequently 
accompanied by loss of life and destruction of 
property, have happened. We herewith give a list 
of guns which have been destroyed inthe American 
Navy during the last ten years, and from this it will 
be seen. that fifteen guns have been destroyed by 
smokeless powder, and three by brown prismatic 
powder :— 

List of Guns which have Exploded 
1901 to 1910. 
13-In. gun, February, 1901.* 
» April, 190%, 
12-In. ,, January, 1905. 
February, 1906. 


in the American Navy, 


12-In. ,, November, 1903. 
12-In. ,, September, 1910. 
12-In. ,, September, 1910 
8-In. ,, February, 1904. 
8-In. ,, February, 1904. 
8-In. ,, March, 1905. 
&In. ,, January, 1907. 
8-In, ,, January, 1907. 
6-In. ,, February, 1900. 
6-In. ,, November, 1908. 
5-In. ,, January, 1902.* 
5-In. ,, April, 1905. 
4-In. ,, December, 1902. 
4-In. ,, January, 1898." 


* Using browa prismatic powder. 
Among the American officers in command there 





are a number who attribute the result to the quality 
of the steel, or to the guns being too light in the 
chase ; but in one case at least a large and heavy 
mortar for the fortification service was blown 
into fragments with multi-perforated smokeless 
powder, and certainly this short and heavy gun 
could not have had a thin chase. It has been 
explained that explosions have happened owing to 
seams or cracks in the steel.and to a faulty design of 
the gun, while other explanations trace the explo- 
sions to the fact that the perforated powder occa- 
sionally breaks up into fine scales, and becomes virtu- 
ally a fine-grain —— thus producing extremely 
high pressures. On the other hand, the fault, accord- 
ing to some theories, lies in the shape of the grains, 
the multi-perforated grains being found inherently 
bad, thus stating that the real cause is that which 
we set forth in a former article.* A curious fact to 
which we may again call attention is that with 
multi-perforated powder hundreds of rounds can 
be fired with uniform results, when suddenly, 
without any rhyme or reason, the pressure will 
mount to a point which the gun is not able to 
stand. As Sir Andrew Noble said, ‘‘ The multi- 
perforated powder is a very interesting, powder, 
but it is always liable to produce extremely high 
ressures,” and Sir Andrew is not the only artil- 
erist in England who arrived at the same opinion 
from actual experiment. 

In our article above referred to we gave Sir 
Hiram Maxim the credit of having invented the 
kind of smokeless powder which is now in use 
practically all over the world. We have seen this 
denied in reports emanating from certain quarters 
in the United States, where it seems to be taken 
for granted that Sir Hiram has only invented one 
kind of powder, and that one containing nitro- 
glycerine. We are fully aware that there has been 
a great deal of discussion as to who is entitled to 
the credit of inventing smokeless powder ; and in 
order to set the matter at rest, and to prevent any 
further discussion on the subject, we give the official 
British records, notonly regarding smokeless powder, 
but also progressive — perforated grains, and 
similar products. e have these records now 
before us.t 

Sir Hiram took out on January 14, 1885, patent 
No. 552. In this specification a cartridge is shown 
having a perforated progressive charge of black or 
brown powder. Four different kinds of powder 
were used. The charge was ignited from the inside 
and burnt outwards. Perforated grains are also 
shown, which are also progressive in their action. 
Rapidity of burning was varied by the size of the 
grains of nitre in the compound. The slowest 
burning had grains about a half-hundredth of an 
inch in diameter, and in the quickest burning the 
grains were not more than a ten-thousandth part of 
an inch in diameter. 

On February 14, 1885, he took out another 
— for a progressive charge, the number being 

. In this patent a progressive powder charge 
is shown having multiple perforations. This patent 
covers black or brown prismatic powder. 

On May 30, 1885, Sir Hiram Maxim took out 
Patent No. 6591, for a very large gun for throwing 
aerial torpedoes. It was frequently said at the 
time that the Whitehead torpedo was not very 
effective, and that it was almost impossible to hit 
anything with it in a seaway, and Sir ‘Hiram was 
urged to design a very large gun for throwing 
torpedoes through the air instead of: propelling 
them through the water. In this gun a progressive 
black or brown powder charge was employed, the 

wder (contained in a strong steel tube) being 

ighly compressed and ignited at the slow-burn- 
ing end of the tube. As the charge burnt the 
powder became more and more rapid in the rate of 
burning. This gun is very interesting from the 
fact that it appears to be the very first in which a 
mechanically-delayed-action fuze was resorted to, 
the fuze being arranged in such a manner that the 
torpedo had time to pierce the ship, or go through 
a certain quantity of water, before the firing-pin 
came in contact with the detonator. This would 
seem to be the only reliable delayed-action fuze 
able to pass through a pretective covering before 
leading to explosion. Other fuzes explode on the 





* See ENGINEERING, vol. xc., page 562. J 

+ In our former article, above mentioned, we omitted 
to refer to Sir Hiram’s patent No. 16,213, of 1888, an 
abstract of which is given in the present article. This 
patent applies to tri-nitro-cellulose powder, which is now 
used in the United States, but in the shape of multi- 
perforated grains, 
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outside of the protection on impact; with this fuze, 
however, the action is delayed, and the projectile 
passes through the covering before it explodes the 
projectile charge. It applies quite as well to heavy 
artillery as to torpedoes. Although a full-size gun 
of this kind was never actually built, still, about 
ten years ago, it was exploited on a very extensive 
scale in the American newspapers as the most awful 
instrument of destruction ever constructed. It was 
described as the Maxim gun for throwing aerial 
torpedoes. The real inventor, Sir Hiram xim, 
had nothing whatever to do with the ridiculous 
claims that were made for it. 

It will be seen from the foregoing that Sir Hiram 
Maxim was working on SS powder charges, 
— charges, and delayed-action fuzes, long 
vefore he took up the subject of smokeless powder ; 
and it is an interesting fact that his experiments 
with the large gun for throwing aerial torpedoes 
led to the first cordite ever made. 

On February 19, 1887, Sir Hiram Maxim took 
out patent No. 2628. This was for a system and 
apparatus for preparing a mixture of gun-cotton of 
that variety generally known as di-nitro-celluluse 
or gelatine cotton, also called ‘‘ Collodion cotton.” 
By this process, the compound of nitrated cotton 
and nitro-glycerine, after being thoroughly mixed, 
was put into a strong cylinder and forced through 
numerous, fine holes being discharged into a vacuum. 
This was for the purpose of removing all air- bubbles, 
which were a source of danger. It was intended 
to consolidate these threads and make them into a 
solid mass, either in a vacuum or under water. As 
a matter of fact, this was never done, but Mr. 
McRoberts, who was at that time in charge of 
Nobel’s works in Scotland, made for Sir Hiram, 
and under his directions, a very stiff and hard 
compound of nitro-glycerine and nitrated cotton 
and spun it through the holes in an apparatus 
which had been made for the purpose by Sir 
Hiram Maxim, and the threads thus spun were 
of the exact diameter of the British cordite and 
had exactly the same appearance; the powder, 
of course, contained no vaseline. But as Mr. 
McRoberts has also made an affidavit that in 
the winter of 1886 and 1887 he made this cordite 
for Sir Hiram Maxim, it is safe to assert that Sir 
Hiram Maxim was the first to make cordite. 

On November 8, 1888, Sir Hiram Maxim took 
out patent No. 16,213, for a smokeless powder made 
of pure tri-nitro-cellulose of the highest degree of 
nitration, and also apparatus for manufacturing the 
powder. This appears to be the first patent ever 
applied for in which a smokeless powder was made 
of what is known as true gun-cotton—that is, 
nitrated cotton of the imperishable kind, known as 
tri-nitro-cellulose. This gun-cotton was dissolved 
or softened in ether, alcohol, and acetone, and then 
formed into grains of varying sizes, this composi- 
tion being the identical powder which is now used 
in the United States of America, and made in the 
same way; they have used it ever since they 
abandoned the nitro-glycerine compound. It is a 
very stable powder, and perhaps, everything con- 
sidered, is the best possible class of smokeless 
powder. 

It is quite true that the French Government had 
a smokeless powder previous to this, but it was not 
patented, and was made of what is known as 
collodion cotton. It was perishable, and did not 
produce good results. It is also true that Nobel, 
some months earlier, had made a compound almost 
identical with that employed by Sir Hiram Maxim 
in the winter of 1886 and 1887, and this was called 
ballistite. It will therefore be seen that Nobel's 
patent comes between two of Maxim’s ;* Nobel’s 
powder did not contain any gun-cotton at all. It 
was simply nitro-glycerine gelatinised with collodion 
cotton. 

It will be seen from the foregoing that we were 
quite right in giving Sir Hiram Maxim the credit 
of being the inventor and patentee of the first 
smokeless powder, and also of being the inventor 
of that variety which is now in common use. 

On December 20, 1888, Sir Hiram Maxim took 
out patent No. 18,663. In this patent a compound 
of tri-nitro-cellulose—that is, true gun-cotton—is 
dissolved in alcohol, ether, and acetone, mixed with 
tri-nitro-glycerine. The principal object of this 
patent was to recover the solvents used in the 


_ * Nobel’s ballistite was practically the same ; in faet, 
it only differed in the proportion of material used from 
the previous cordite made by Sir Hiram Maxim. The 
date of Nobel’s patent on ballistite is 1888, No. 1470. 





manufacture of smokeless powder, and it is the first 
patent in which heavy petroleum—i.¢., paraffin wax 
—is suggested. The suggestion was that it might 
be if necessary. 

In the autumn of 1888, Sir Hiram Maxim made 
the first perforated smokeless powder. It was of 
small size, had a single perforation, and was used 
in an automatic 1-pounder Maxim gun. 

On March 14, 1889, he took out patent No. 4477 
for a powder and the appliances for making same. 
In this powder, tri-nitro-celulose (true gun-cotton), 
nitro-glycerine, and castor oil were engaged The 
percentage of nitro-glycerine, however, was much 
smaller than had ever been used before in a nitro- 
glycerine powder, being 10 to 15 per cent., whereas 
Nobel’s powder had 40 per cent. of nitro-glycerine 
and 60 per cent. of collodion cotton. This patent 
is the one that the Government was sued on. 
Fourteen days after Sir Hiram Maxim had applied 
for this patent, a patent for practically the same 
object was applied for by Sir Frederick Abel and 
Professor Dewar. The only difference resided in 
the percentage of nitro-glycerine. It has been 
found that 60 per cent. of nitro-glycerine is alto- 
gether too much. The percentage recommended 
by Sir Hiram Maxim after careful experiment is 
within 1 per cent. of what has been found best on 
the Continent of Europe. The Government powder 
contained 60 per cent. nitro-glycerine, which was 
much larger than in Maxim’s powder, and vaseline 
was used instead of castor oil. It is interesting to 
note in this connection that when Sir Hiram Maxim 
wrote out his claims, the first one was ‘* An explo- 
sive compound consisting essentially of gun-cotton 
or pyroxyline, mixed with nitro-glycerine or similar 
material, and with oil, such as castor oil, vaseline, 
or other similar oils, for the purpose above speci- 
fied.” The patent agent objected to this claim, and 
thought he could make it stronger. It was there- 
fore written ‘‘ other suitable oil ” instead of ‘‘ vase- 
line or other similar oil,” and the ground taken in 
the cordite case was that Sir Frederick Abel and 
Professor Dewar did not use ‘‘oil at all, but a 
hydro-carbon,” and it was this quibble which de- 
feated Sir Hiram Maxim, notwithstanding that he 
had previously used a hydro-carbon in his powders. 

In the great cordite case Nobel v. Government, 
Sir Richard Webster, now Lord Alverstone, re- 
peatedly said, ‘‘Sir Hiram Maxim was the first to 
combine nitro-glycerine and true gun-cotton in a 
smokeless powder,” and this was. the decision of the 
court that defeated Nobel.* In neither cordite 
case was any reference made to any American who 
had ever done anothing in the direction of develop- 
ing smokeless powder except Sir Hiram Maxim. 

When it had been shown that perforated grains 
did better in a 1-pounder than solid grains, it was 
suggested and discussed by Sir Hiram and his 
employees as to whether it would not be better to 
use more than one perforation; but nothing was 
done for some years, and it was not until Sept- 
ember 21, 1894, that Sir Hiram took out a patent 
—No. 17,994—for making smokeless powder into 
multi-perforated grains, As it was well known at 
the time that black powder had been made with 
multi-perforations, it will be seen that the claims 
could not be very broad ; still, the taking of a patent 
would prevent others from interfering, and, as a 
matter of fact, this patent bears the earliest date of 
any showing multi-perforated smokeless powder.t 

A casual glance at the Patent Office records is 
quite sufficient to put the matter of smokeless 
powders in its true light. Sir Hiram Maxim appears 
to us unquestionably to be the inventor of the class 
of powder used in the United States at the present 
moment. This, we believe, is disputed, but since 
new powders are always patented, there should be 
no difficulty in procuring evidence as to the subject 
if it exists. If the records of the Patent Office do 
not furnish the material, we may be fairly certain 
that our opinion is correct. 





LOcoMOTIVES FOR J APAN.—The Schwartzkopre Machine 
Works (Berlin) have received an order from the Japanese 
Government for twelve locomotives. Negotiations are 
stated to be also pending with the Borsig Company for 
the conclusion of a similar contract. 


* The Court, moreover, decided that Nobel’s powder 
did not contain gun-cotton, but collodion cotton. 

+ It should not be assumed, however, that Sir Hiram 
Maxim approves of multi-perforated powder. As a 
matter of fact, he very soon found out that it was danger- 
ous, and abandoned its use. The logical reason why this 
powder is dangerous is fully set forth in our former 
article, already referred to. 











NOTES. 


Tue Perroteum Inpustry. 

Tue Russian naphtha indus is only slowly 
recovering from the disastrous effects of the year 
1905, with its strikes and general confusion. At 
that time Russian petroleum lost its hold on the 
West European market, and since then the export 
has only slowly increased, and has not been able 
to reach its former importance. In the year 1902, 
for instance, the exports from the Baku district 
amounted to 1,107,000 tons; they last year only 
amounted to 380,000tons. The exports of machine 
oils were, in 1904, 206,000 tons, and in. :1909 only 
141,000 tons The output-of raw naphtha reached 
its maximum in 1901, with close upon 11,000,000 
tons; in 1904 the figure was 10,100,000 tons, but the 
following year it receded to 6,720,000 tons. Last 
year the production of the Baku district amounted 
to 8,050,000 tons raw naphtha. The prospects 
for the future are not of the brightest, inasmuch as 
the yield within the area decreases, whilst, on the 
other hand, the cost of production is on the in- 
crease. The production in the year 1900 exceeded 
by 4,000,000 tons that of 1909, whilst on the other 
hand the number of bore-holes had risen from 1700 
in the year 1900 to 2600 for the year 1909. This 
shows how the yield per bore-hole is on the decline, 
albeit the wells are carried to a greater depth. The 
old Baku district no longer plays the same important 
part on the world’s market as formerly, but there 
are other districts in Russia which, to some extent at 
least, may take the place of the former ; this applies, 
perhaps, more especially to the Maikop district, and 
promising deposits have also been discovered in 
the Schemabinska district. White transparent 
petroleum, which has hitherto only been known in 
the Baku district, is now also being produced at 
Grosny as a condensation product from the gaseous 
discharges from the bore-holes. It differs from the 
Ssurachan petroleum by its low specific weight 
(0.724) and by its light colour. The formation of 
this petroleum is attributed to evaporation from 
the black naphtha in the lower strata on account of 
the subterranean heat, which is considerable in 
many of the Grosny bore-holes. Notwithstanding 
the decline of the price of naphtha in the Ter 
district, it is under contemplation to start new 
works on some sites formerly known to contain 
naphtha, but which have since been abandoned or 
neglected. Thus a company has been formed to 
start naphtha works at Geraguny, near the first 
station in the district from Grosny-Petrowsk, and 
in the vicinity of the Tschir-Iurt station on the 
Rostow-Wladikawkas Railway. 


GERMANY’s INDUSTRY AND COMMERCE 
DURING 1910. 

The first portion of the official report of the Berlin 
Chamber ot Commerce for 1910 shows that activity 
has greatly increased in German industrial circles 
during last year, but also that the improvement has 
been very uneven, some branches showing very 
material developments, whilst others have been 
almost stagnant. Still, gauged by the increase in 
the exports, from some 6,000,000,000 marks in 
1909, to some 6,750,000,000 marks in 1910, the 
year must mark a great stride onwards. The 
penn’ table shows the figures for the first 
eleven months of the two last years for some lead- 
ing commodities :— 


1910. 1909. 


. Marks. Marks. 

Coal and coke... 397,819,000 372,340,000 
Chemical products 619,029,000 538,151,000 
Iron and iron goods . 767,925,000 649,561,000 
Copper and copper goods 156,125,000 127,600,000 
Machines ... ie An 6,988,000 345,242,000 
Electrotechnical articles 192,885,000 160,506,000 
Railway carriages, vessels, 

&e. ie es 124,392,000 105,533,000 


With reference to the German pig-iron industry, 
it reached during last year a figure never before 
attained, the output from January 1 to October 31 
amounting to 12,200,000 tons, or 15 per cent. more 
than during the corresponding period of the previous 
ear. The home consumption for the same period 
as been calculated to amount to 11,700,000 tons, 
against 10,400,000 tons for the previous year. 
The electrotechnical industry was fully employed ; 
orders were plentiful except from the Beate, which 
rather held k. The machine industry, on the 
whole, had a larger turnover than during the pre- 
vious year, but prices were not very satisfactory ; it 
proved extremely difficult, and in. many cases im- 
eyes to obtain an advance. The metal industry 
a already improved during the latter-part of 
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1909, and this position was maintained, the turn- 
over in iron goods showing an increase. For the 
chemical industry, 1910 was a very favourable year, 
and for certain articles the orders received during 
the first half of the year were equal to the aggregate 
of the twelve months in other years. The larger 
volume of business done does not, however, represent 
a corresponding increase in profits realised, gene- 
rally speaking, inasmuch as prices for raw materials 
were high, and in many cases out of proportion to 
those for the finished product. This decrease in 
rofits was intensified by the high wages for which 

bour is holding out. The conditions on the 
labour market improved during the year, and the 
number of the unemployed was notably reduced. 
With regard to the prospects for the present year, 
it is satisfactory to note, in the first instance, that 
there is no question of over-production generally 
speaking. The buying capacity of the community 
appears to be on the increase, and a number of 
important works are waiting for further develop- 
ment. 


Tue Tokyo ImpertAL UNIVERSITY. 


The latest edition of the Calendar of the Tokyo 
Imperial University shows that that institution is 
continuing to progress, and thatit is doing excellent 
work in fitting men for the highest duties of every 
department of the nation. On previous occasions 
we have given an outline of .its history and organi- 
sation, so that it is not necessary meantime to enter 
into details. The University at present consists of 
the University Hall and the six Colleges of Law, 
Medicine, Engineering, Literature, Science, and 
Agriculture. Our readers are specially interested 
in the Colleges of Engineering and Science. The 
former includes nine courses in civil engineering, 
mechanical engineering, naval architecture, applied 
chemistry, technology of explosives, and mining 
and metallurgy. The College of Science includes 
also nine courses in mathematics, astronomy, theo- 
retical physics, chemistry, zoology, botany, geology, 
and mineralogy. The teaching staff of the colleges 
numbers 282, including 131 professors, 59 assis- 
tant professors, 77 persons specially appointed, and 
15 foreign professors. These latter include three 
Englishmen, three Americans, two Germans, two 
Frenchmen, one Austrian, one Italian, oneSwiss, one 
Russian, and one Chinese. The total number of 
students is over 5000; and of these 660 are in the 
College of Engineering, and 160 in the College of 
Science. The Calendar gives an account of the 
developments in the curricula and in respect of ap- 
pliances of the various colleges, and shows that the 
educational authorities in Japan keep their eyes 
open to all the improvements which are made in 

ucational arrangements in the different countries 
of the world, The University is well equipped 
with all the most recent appliances required for 
teaching and investigation. Some of the best 
students are sent to foreign countries to continue 
their education, and the professors are kept in touch 
with the latest developments by visits to the uni- 
versities in Europe and America. Even when in 
Japan their work is not by any means confined to 
the University, as they are frequently sent on tours 
for the purpose of scientific investigation. A glance 
at tiie occupations of the uates shows that they 
are now to be found in all the higher positions of 
national administration and those connected with 
engineering and industry, and they have been in 
great part responsible for the large developments 
which have taken place in Japan in recent years. 
At the end of the Calendar there are printed lists 
of the contents of the Journals of the Medical, 
Engineering, Science, and Agricultural Colleges, 
the Memoirs of the Literature College, and the 
Bulletins of the Engineering Colleges. They 
show a most remarkable output of papers, dealing 
not only with works which have been carried out, 
but also with investigations which have enlarged 
the bounds of knowledge, and they disprove the 
statement, which is often made, that the Japanese 
are clever imitators, but have no originality. These 
papers will bear favourable comparison with similar 
papers published in any other country in the world. 








Tue Uses or Cuemistry IN ENGINEERING.—By request 
of the council of the Institution of Civil Engineers, Mr. 
James Swinburne, F.R.S. Inst. C.E., will deliver 
two lectures at the Institution on ‘‘The Uses of Chemistry 
in ee on Friday evenings, February 17 and 24, 
at 8 o'clock. These lectures, intended in the first place 


for the instruction of students of the Institution, are open 
also to members, and all classes of the Institution are 
cordially invited to attend them. 








INDUSTRIAL NOTES. 


AccoRDING to the January report of the United 
Society of Boilermakers and Iron and Steel Ship- 
builders, the number of members signing the book 
at the end of December was 4048, against 12,354 in 
November, a decrease of 8206. There were 1129 
members on the sick-list at the end of December, 
and 1136 at the end of November, a decrease for 
December of 7 ; while on superannuation there were 
2373 at the end of December, and at the end of 
November 2323, or an increase of 50 for December. 
The expenses for December were 22,548/. 2s., against 
31,864/. 11s. for November—a decrease for December 
of 9316/. 9s. In the report there is a dishonourable 
black-list containing the names of the members who 
imposed frauds on the society during the lock-out, as 
mentioned by us last week. The punishment imposed 
by this publication must be very severe—at any rate, to 
those delinquents who have any sense of honour left ; 
but such publication has no doubt been very carefully 
conside by the executive council, and has been 
thought necessary ; indeed, the meanness of such 
frauds was deserving of very severe treatment. 





The Steam-Engine-Makers’ Society, in their monthly 
report for January, states that at the present time, 
compared with the same period a year ago, and with 
that of 1909, the position of the Society as a whole is 
eminently satisfactory, and that the prospects for the 
year are undoubtedly bright. There are now no fewer 
than sixty-three branches that show clear vacant-books, 
the total unemployed numbering 288. These are distri- 
buted among the remaining branches, but of the 288 
unemployed no less than 131 are on the North-East 
Coast—a re a of 45 of the total unemployed 
figures. A word of advice is given to branch 
officers who have unemployed (especially young men) 
on their hands, suggesting that they should do their 
utmost to encourage these workless ones to seek other 
neighbourhoods where trade may be better, rather 
than allow them to remain on the funds for months, as 
some of them unfortunately do. It is thought that in 
many cases this state of unemployment could in many 
instances be ended by the younger men if these would 
go boldly forth to those quarters where their services 
would be appreciated, and where work probably awaits 
them. Although some very good work is done in this 
direction by many of the officials, it is thought that 
many members could do far more for themselves than 
they accomplish, if they would exercise a little more 
energy and enterprise. In the Midland and Eastern 
counties trade a rs to be very fair generally, 
while in Birmingham and Coventry the motor in- 
dustry is aya good. It is good also in Man- 
chester. In Oldham, Bolton, and Blackburn, on the 
contrary, trade is slack. The unemployed members 
of the society are therefore encouraged to leave such 
= as Oldham, Bolton, and Blackburn, if they should 

appen to be located in any of these places, and to 
seek out more prosperous districts. 





Rioting took place in the Champagne district of 
France last week, and the town of Epernay was soon 
filled with troops. The disturbances are more or less 
a repetition of those that occurred at Narbonne. 
The discontent is said to have been simmering for 
some time, and on Wednesday in last week a mob of 
about 2000 men assembled in response to signals 
given by the blowing of bugles and the explosion of 
bombs. The men then marched with a red flag to the 
establishment of Achille Perrier, which they wrecked, 
destroying at the same time many thousand bottles of 
champagne. Quiet, however, now seems to reign in the 
district, and a report from Epernay states that on Friday 
last several meetings of the vine-dressers ed resolu- 
tions not to commit any more outrages. The measures 
taken by the Government to maintain order have, 
however, not been relaxed. M. Briand, when ques- 
tioned in the Chamber on Friday last by M. Péchadre, 
the deputy for the Marine, on the subject of the dis- 
turbances, stated that the Government were well dis- 
posed towards the wine-growers, who had had relief 
and exemption from taxation, and fraud had been 
repressed. They must not, however, alienate sympathy 
by acts of violence. 





The example of the South Wales strikers appears 
to have been followed by the pit-boys in North Staf- 
fordshire, for they have been practising similar out- 
rageous methods. The lads went on strike in the early 
part of last week as a protest against the new conditions 
of employment that have been instituted, and mounted 
police were sent to the district to assist the foot con- 
stables who had been on duty for a long period. On 
Wednesday in last week attempts were made to derail 
a train of wagons at the Deep Pit, Hanley, but were 
frustrated. he boys succeeded, however, in smashin 
the windows of the outbuildings of the pit. NorthW 
pit was also invaded and much damage to windows 
was done. Other boys from the Hulton Collieries, 
near Bolton, followed the example of those from Deep 
Pit, and went on strike as a protest against their scale 





of . About 350 men have been thrown out of work 
by the action of the boys. 





According to the Board of Trade Labour Gazette 
the number of paupers relieved in one day in December 
last in 35 urban districts of England and Wales, 
Scotland and Ireland, amounted to 228 per 10,000 
of the estimated population. The total number of 
paupers relieved in December, 1910, increased by 
10,260 (or 2.5 per cent.) compared with the previous 
month, and the proportion per 10,000 by 5. Thenumber 
of outdoor paupers relieved increased by 5528 (or 2.5 per 
cent.), and the number of indoor paupers by 4732 (or 
2.6 per cent.). There was an increase in all districts 
except one, the most marked being in the Stockton-on- 
Tees district (48 per 10,000). The only decrease (6 per 
1000) occurred in the Cork, Waterford. and Limerick 
district. Compared with December, 1909, the rate per 
10,000 decreased by 5. The number of outdoor paupers 
decreased by 2383 (or 1 per cent.), and the number 
of indoor paupers by 1071 (or 0.6 per cent.). In 23 
districts there were decreases, the most marked bei 
in the North Staffordshire district (19 per 10,000). In 
eleven districts there were increases, the most 
marked being 23 per 10,000 in the Stockton-on-Tees 
district, and in one district there was no change. 





In the San Martin suburb of Barcelona some 2000 
workmen went on strike last week, and reinforce- 
ments of 500 Civil Guards were sent for in anticipa- 
tion of disturbances. It is stated that the Governor 
is firmly resolved that he will not call upon the military 
authorities until he has thoroughly exhausted other 
means at his disposal for restoring order. 





Messrs. J. Brown and Co., Limited, of Sheffield, in 
consequence of brighter prospects in the steel industry, 
have advanced the wages of many of their workers. 
The pitmen and ladlemen, as well as the gas-workers 
engaged on the steel furnaces, are to be paid for six 
shifts instead of five shifts for night-work, which 
represents an extra day’s pay per week. The second 
hands amongst the steel-melters are to be paid 6d. per 
day extra all round; the third hands ls. per day extra 
on furnaces up to 30 tons capacity, and 6d. per day 
extra for furnaces above that capacity. 





The first meeting of the Advisory Committee of the 
Labour Exchange fur North and East Lancashire was 
held on Wednesday in last week, and it was resolved 
that the Board of Trade should be asked to appoint 
the chairman of the committee. The principle of 
allowing trade unions the option of keeping their 
** vacant-books” at the Labour Exchange was agreed 
to. This, it is expected, will save much inconvenience, 
for members had formerly to sign their books at one 
place, and visit the Labour Exchange, which might, 
per be a mile away? necessitating two journeys. 

f the system is adopted, the members will be able to 
register at the Labour Exchange and sign their par- 
ticular ‘‘ vacant-book ” in the same buildings. 





In consequence of the inability of their representa- 
tives to come to an agreement with the Master Printers’ 
Association on the question of the hours of labour, 
séveral thousand London compositors handed in their 
notices on Monday last to terminate their agreement, 
and they will consequently cease work on February 4. 

The Master Printers’ and Allied Trades’ Association, 
and the Federation of Printing and Kindred Trades’ 
Association, met in conference, in private, on Wednes- 
day last, to again consider the men’s demand for shorter 
hours, and both sides were fully represented. A lon 
and animated discussion followed, and it is sutieeieed 
that the chairman offered arbitration, subject to the 
notices in London being withdrawn. This, however, 
was declined by the men, who made an offer to accept 
a reduction of 24 hours, with a minimum of fifty hours 
per week. This the employers would not accept, and 
so the conference ended. 





On Friday last the acting secretary of the Parlia- 
mentary Committee of the Trades Union Congress 
wrote to the Prime Minister on behalf of the committee 
asking him to receive a deputation in order that the 
committee might lay before him the following resolu- 
tions :—This ——— cannot be considered really to 
represent the will of the people until the law has been 
altered to provide for :—(1) Payment of members of 
the House of Commons, and of the official election 
expenses ; (2) Universal suffrage and abolition of 
—__ voting ; (3) Closing of public houses during the 

ours of polling ; and (4) all elections to be held on one 
day in the case of a general election. 





The question of the disposal of the accumulated 
fund of 13,000/. raised by the South Wales Miners’ 
Federation, by the levy for political purposes, which 
was declared illegal by the Osborne judgment, has 
been solved in the following novel manner :—A Con- 
servative member of the Federation, Mr. Tom Jones, 
who obtained an injunction against the Federation 





under the Osborne judgment, together with the Fede- 








JAN. 27, 1911.) 


ENGINEERING. 


127 





ration, have agreed that the money shall be devoted to 
purposes of strike or lock-out pay, and to resistance of 
what are thought to be unjust regulations with regard 
to employment, with the exception of 1000/., which is 
to be applied to pay the salaries of the four Members 
of Parliament connected with the union. The members 
would, if the 13,000/. had been divided among them, 
have received about 2s. per head, but the expenses of 
notifying each beneficiary in a strictly legal manner 
would have been half-a-crown; therefore this decision 
has been arrived at, and it is understood that the 
decision has been approved by Mr. Justice Neville, 
sitting in the Chancery Court. 


On Friday last the Council of the Northumberland 
Miners’ Association held a meeting at Newcastle to 
consider what steps should be taken to secure a new 
agreement under the Eight-Hours Act and a minimum 
wage of 30 per cent. above the 1879 standard basis. 
A statement had been made by the coal-owners that 
they were not prepared to accept such proposals. A 
resolution was carried at the annual meeting of the 
Miners’ Association, with one dissentient, and was 
later confirmed by the men, that a committee of 
eight members, along with the agents, should meet the 
owners with the object of securing the amendment of 
the existing agreement. One of the most important 
changes proposed was the deletion of paragraph 2. 
Under the present agreement the selection of the 
scheme, and the number of shifts to be worked, are 
left to the option of the management at any time, 
without any limitation, and are aqlterable to suit the 
circumstances of different collieries. If the paragraph 
named were deleted, it would involve the abolition of 
the three-shift system now in operation at about a 
dozen collieries in the country. This method of work- 
ing has caused much dissatisfaction among the men. 
The first question to be discussed on Friday last was 
that of a minimum wage. The standard basis in 
Northumberland for hewers is 5s. 2d., as compared 
with 43. 2d. in Durham, from 4s. 9d. to 5s. 6d. in 
South Wales and the Midlands, and 4s. in Scotland. 
The Scottish miners, with the support of the Federa- 
tion, last year secured an advance of 50 per cent. on 
the standard basis, with a minimum of 6s. On the 
Northumberland basis the hewers’ wages are at present 
6s. 8d. per day. It is stated that the principle of a 
minimum wage has been generally adopted, except in 
Northumberland, Durham, and part of the Midlands. 
No decision was come to. 





The fourth Abstract of Foreign Labour Statistics, 
prepared by the Labour Department of the Board of 
Trade, appeared on Friday last, and deals with the 
numbers of workpeople engaged in the principal trades 
in various countries, the fluctuations in employment, 
wages and hours of labour, trade unions, trade disputes, 
conciliation and arbitration, workmen’s insurance, 
labour registers, &c. It appears from these statistics 
that Austria is the country in which the largest propor- 
tion of the population is engaged in occupations of all 
kinds. There it is 51.53 per cent, while France comes 
next with 51,27 per cent. Italy has 50.11 per cent. ; 
Belgium, 46 per cent.; Germany, 45.51 per cent.; and 
Hungary, 44.81 per cent.; while in the United States 
it is only 38.38 per cent. The proportion in the United 
Kingdom is 44 05 per cent. The numbers employed in 
the different industries is interesting. In Hungary agri- 
culture occupies the largest proportion of the popula- 
tion, the number being 31.43 per cent., including those 
engaged in forestry. This country is, however, fo lowed 
closely in agriculture by Austria and Italy, where 
the proportion is 31.33 per cent. and 29.59 per cent. 
respectively. In France the percentage is 21.24; in 
Germany, 15.98; in the United States, 13.68 ; and in 
Belgium, 10.09 per cent. The proportion engaged in 
agriculture in the United Kingdom is very low, being 
only 5.58 per cent. The greatest proportion of the 
population engaged in industry, manufactures, com- 
merce and transport, is in Belgium, where 29.82 per 
cent. are so occupied; in Germany it is 23.34 per cent. ; 
in France, 22.54 per cent.; in the United States, 19.56 
per cent. ; in Italy, 15.97 per cent. ; in Austria, 15.13 per 
cent. ; while the lowest proportion is in Hungary, where 
only 9.38 per cent. are engaged in these pursuits. In 
the United Kingdom it is 29.62 percent. In industry 
and manufactures alone Belgium has the highest pro- 
portion, the figures being 23.46 per cent. In the 
United Kingdom the percentages ee oe in the prin- 
cipal groups of occupations are :—Agriculture, 5.58 ; 
comataetal ouaniiies 5.02 ; conveyance of men, goods, 
ind messages, 3.62; mines and quarries, 2.2; metals, 
machines, implements, and conveyances, 3.48 ; build- 
ing and works of construction, 2.98 ; textile trades, 
3.05 ; and dress, 3.18 per cent. 

With regard to the hours of labour, inGermany women 
are restricted to 58 hours per week, in France to 60, in 
Switzerland to 64, in America to 66, in Roumania and 
Spain the same as in America, in Russia to 674, and in 
Belgium and Italy to 72 hours. In the United King- 
dom the hours for women in the textile trades are 
limited to 554, and in non-textile factories to 60. The 
hours of men are restricted to 64 per week in Switzer- 


land, in Austria to 66, in Russia to 674 by day and 60 
by night, while in France the limit is 72 hours per 
| week, although if the men work in the same building 
| with women or young persons the hours are limited to 
| 60. Where employed in State undertakings, men in 
| France work eight or nine hours daily. There is no 
| legal limitation for men in the United Kingdom, 
| except in the case of miners, where it is now eight 
hours per day. The Railway Regulation Act (1893), 
| however, gives the Board of Trade certain powers of 
| control over the hours of labour of railway servants. 
| The regulation of the hours of labour in America is a 
State matter, and the only Federal legislation on the 
subject relates to Government employees, who have 
an eight-hours day. The hours of labour for women 
are in some of the States of the American Union 
restricted to from 56 to 60 hours weekly, but there are 
no laws imposing a general maximum working day for 
men, the maximum hours in many States being fixed 
for men engaged in special occupations, among these 
being mining, railways, tramways, and on public works. 
In some of the States contracting out is allowed. 


It is reported that 800 miners have gone on 
strike at Valencia, Spain, as a protest against the 
dismissal of some of their comrades. Civil Guards 
have been sent to the district. 








THE PONTYPRIDD RAILWAY ACCIDENT. 
Once again within a very short space of time we 
have to record a serious railway accident in the United 
Kingdom. This time itis the Taff Vale Railway which 
has suffered. The accident, of the result of which we 
ive an illustration on the next page, occurred shortly 
fore 10 a.m. on Monday last, near Pontypridd, a 
passenger train running into a stationary coal train. 
The disaster unfortunately resulted in the loss of eleven 
lives. There are six through lines at the point where 
the accident happened. The line is on a bend, and the 
driver of the passenger train coming round this curve 
found the coal train on the line ahead of him. No 
explanation has at present been vouchsafed as to the 
cause of this, but doubtless all facts will be brought 
to light at the inquiry which Lieut.-Colonel Druitt 
will hold for the Board of Trade. A peculiar feature 
about the accident is the manner in which the pas- 
renger coaches telesco The front brake-van and 
the front passenger-carriage were practically destroyed, 
the frame of the former mounting over that of the 
latter. The two last vehicles were also a brake and a 
passenger-coach, and exactly the same thing happened 
to them, while in the centre of the train there remained 
@ passenger-coach virtually intact. 








HARBOURS AND HARBOUR WORKS. 

At the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, January 24, Mr. Alexander 
Siemens, President, in the chair, the papers read were :— 
‘The Bar Harbours of New South Wales,” by Mr. G. H. 
Halligan ; ‘‘Sand-Movements at Newcastle Entrance, 
N.S.W.,” by Mr. C. W. King, Assoc. M. Inst. C.E. ; and 
‘*Fremantle Harbour-Works, Western Australia,” by 
Mr. C. S. R. Palmer, M. Inst.C.E. The following are 
abstracts of these papers :— 


Tue Bar Harsours or New Sourn WALgs. 


In the first paper the movement of sand on the coast is 
first considered, and the effects upon it of permanent or 
monsoonal ocean currents, the tides, the contour of the 
shore-line, the winds and the upland water, are fully 
discussed. 

There is a permanent southerly ocean current washing 
the coast of New South Wales, having a velocity of 
about 1 to 14 knots close inshore, and of 14 to 2 knots 
in the offing. The contour of the shore causes eddy or 
return currents in places, and the author points out that 
the sand movement is always in the direction of this 
current, and not in the direction of the heaviest seas or 
the prevailing winds, as is generally supposed. There is 
no tidal current on the coast. An analysis of the winds 
for the 24-year period 1883-1906 is given, which shows the 
north-easterly to be the prevailing wind, as 
numbers, wind-mileage, ol duration of blow. Instances 
are quoted of the sand-movement being to the north at 
one river entrance and to the south at another less than 
twenty miles away, showing that the prevailing wind 
cannot be the dominant force, nor can the heaviest seas, 
for the same reason. The influence of the wind in 
accelerating or retarding the ocean current, and its effect 
on sand-movement, is described. Current observations 
show that even during the most violent gales from the 
south the current is only reversed during the period of 
the blow, and, as these storms are of rare and uncertain 
occurrence, their effect upon sand-movement cannot 
be very marked. On the other hand, the northerly 
winds increase the speed of the current and blow for the 
longest period, and so must indirectly have the largest 
effect upon the travel of sand on the hes. A list of 
twenty-one of the most important river and lake entrances 
on the coast is given, showing that in fourteen cases the 
inlets are forced to the south, and in seven cases to the 
north, by sand movement, and in every case the move- 
ment coincides with the direction of the ocean-current. 
The author further states that not one observation can 
be shown where sand or beach gravel is moved, except 








temporarily, in any other direction than that of the 
littoral current. 

Many observations show that, owing to the conforma- 
tion of the country, and the sporadic nature of the rain- 
fall, the run-off at the river mouths is useless for scouring 
purposes, except in time of heavy flood. It is rare to 
find the velocity of the ebb-tide greater than that of the 
flood-tide, and the author argues from this that, as the 
same quantity of water flows in and out at each tide, 
there can be no effective scour in one direction. The 
flood-tide, having the sand stirred up for it by waves at 
the entrance, invariably brings more sand in than the 
ebb-tide can take out, and the narrower the entrance 
the higher the velocity of the flood-tide, and conse- 
quently the larger the eee y of sand brought in. 

The velocity of the flood-tide can be decreased only by 
increasing the width of the entrance, and, when designin 
a harbour entrance on this coast, this should be done unti 
the velocity is less than that of the ocean current. The 
sand in suspension will then be carried past the entrance 
in the ocean current, instead of entering the estuary at 
each tide. 

It is, of course, possible to have the entrance so wide 
that the harbour will not be sufficiently tranquil within, 
and it then becomes a question for decision what amount 
of sand-dredging the tranquillity is worth. 

Each set of circumstances must be judged on its merits, 
the one fundamental principle being kept in mind that, 
the wider the entrance the less sand will be taken in by 
the flood-tide. 

Instances are given in the paper where narrow entrances 
on the New South Wales coast are failures, such as the 
Richmond River, Clarence River, and Newcastle en- 
trances, where continual dredging on the bar and inner 
crossing is necessary to keep a navigable channel for 
shallow-draught steamers. 

The entrances to Sydney Harbour (4900 ft. wide, with a 
depth of 90 ft.), Botany y (3467 ft. wide, with a depth 
of 60 ft.), and Jervis Bay (11,90 ft. wide and 120 ft. deep) 
are cited to show that no dredging is necessary to main- 
tain deep channels where no sand can enter in consequence 
of the low velocity of the flood-tide, as a result of a wide 
entrance. 

Observations -prove that the same quantity of sand 
passes these wide entrances in the ocean current as 
the narrow bar harbours to the north and south, and in 
the author’s opinion there cannot be any doubt of the 
cause of sand accumulation in the one case, or of the deep, 
clean, and permanent channels in the other. 

A table showing minimum, maximum, and mean 
depths on bars and inner crossings, area of watershed, 
and area of tidal compartment, for the principal bar har- 
harbours of New South Wales is given, from which is 
seen the absence of any connection between the area of 
the watershed and the depth of water on the bar. This 
is attributed to the uncertain rainfall, and the varying 
nature of the catchments. 

From a table prepared with a view to ascertain whether 
any definite connection could be traced between the area 
of the tidal compartments (the rise of spring tides bein 
54 ft.) and the width of the entrances to ensure a flood. 
tide velocity a little less than the velocity of the ocean 
current, it appears that a ratio of not more than 4 acres 
of tidal water to 1 ft. width of entrance about meets the 
case. It thus appears that the three controlling factors 
to be cusiiendt in designing harbour entrances on the 
New South Wales coast, where the ocean current is always 
flowing in one direction, are :— 

1. The speed and direction of the coastal current. 

2. The area of the tidal compartment. 

3. The rise of spring tides at the proposed entrance. 

The problem thus mes much simpler than on some 
other coasts where such favourable conditions do not exist. 


Sanp Movement at Newcastte Entrance, N.S.W. 


The author of the second paper has endeavoured toshow 
by a series of contour-plaus the effects of the different 
breakwaters and training-walls on the sand-deposits over- 
ee rock and boulder formation of the entrance to 
the Port of Newcastle, N.S. W. 

The first sur.ey showing any definite detail was made 
in 1816, before the construction of any work for the im- 
provement of the entrance, and the subsequent plans show 
the different stages of construction of the walls, and the 
relative contour-lines in fathoms. The average depth of 
the navigable channel being 34 fathoms, this contour is 
also shown. 

The littoral currents being very slack off the entrance, 
the force of the tidal currents has full effect, and the com- 
parisons show the formation of the shoal off the end of 
the extended south wall, and, on the extension of the 
north wall, the gradual diminution of this shoal, and the 
complete disappearance of the dreaded Oyster Bank, 
which has been the cause of many wrecks and of the loss 
of many lives. The positionsof these wrecks are defined 
as well as can be ascertained. 

The work of sand-dredging on the bar is touched upon, 
and the operation of sinking the hulks Elamang and 
Katoomba, and thirteen hopper-puuts, loaded with stone, 
in order to cut off the inflow of sand from the Stockton 
bight, is also described. 

An important investigation by the author proved the 
bottom of the channel to be composed of water-worn 
boulders washed off the southern foreshore and the original 
island of ‘‘ Nobby’s.” The sand ing been scoured off 
these boulders by the action of the tidal currents trained 
by the breakwaters, a careful examination of the bottom 
was possible, and, where the original boring showed solid 
rock, the boulders have been proved for various depths, 
ranging from 3ft. to9ft. The result of this investigation 
shows the feasibility of a scheme to obtain 30 ft. of water 
at low water of — tides at a reasonable cost. 

An extension of the north breakwater by 420 ft. has 
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now been proposed, and also an addition to the south 
breakwater, which it is anticipated will further assist 
the scouring action of the ebb tide, arrest a large portion 
of the sand which still flows in during flood tides, and 
still further divert the heavy south-easterly seas towards 
the north, affording greater protection for vessels entering 


the port. 
FREMANTLE HARBOUR. 

The third paper deals with the harbour works carried 
out at Fremantle during the eleven years prior to 1905. 
These works, which, with certain other works briefly 
noticed in the paper, have cost about 2,250,000/., and were 
necessitated by the great advances made by the State, 
consequent on the gold discoveries and influx of popu- 
lation, 

Although the area of Western Australia is nearly one 
million square mile3, the coast-line is about 5200 miles 
only, showing clearly the want of natural indentations 
pas ( harbours. In the south-western portion, where the 
population and trade are largest and where harbours are 
most necessary, the coast and the reapene J country is 
sandy, and the rivers are all more or less blocked by bars, 
preventing navigation. This is due to the fact that the 
small tides are inadequate to keep the river mouths 
open, even after the bars are cut through in occasional 
freshets. 

Of the three main harbours in the south-western 
portion of the State, the southernmost, at Albany, is in 
a naturally well-protected inlet; the only works of 
improvement necessary consisted, therefore, of dredging, 
ont of constructing wharves and lighthouses. 

At Bunbury, in the south-west corner of the State, 
conditions were naturally much more difficult, and a 
choice lay between two schemes. One was for opening 
up the mouth of a river which enters Koombana Bay, on 
which Bunbury is situated ; the other was for the con- 
struction of a breakwater in extension of the headland 
which slightly protected this bay, and of jetties extendin 
out from the town. The latter scheme was chosen om | 
carried out. 

Fremantle Harbour is the largest work of the class 
carried out in Western Australia, and cost about 
1,350,000/. for the harbour itself, and about 105,000/. for 
auxiliary works undertaken at various times. 

The port of Fremantle is situated on the south-west 
coast of the State, at the mouth of the Swan River, and 
about 12 miles from Perth, the chief town. The whole 
coast north and south of Fremantle to Bunbury and 





further is sandy, and fur about 50 miles north of the latter 
place —that is, as far as Mandurah—there is a succession 
of land-locked lagoons separated from the sea by sand- 
hills. Near Mandurah the Murray River enters the 
sea, occasionally cutting through the bar at its mouth. 
North of Mandurah there commence two parallel 
lines of reefs and islands, which bear north-north-west 
and terminate in Rottnest Island. In G: Roads, 
the northern portion of the deep gulf cudieeel' between 
the chain of reefs and islands, lies Fremantle, on the 
Swan River, discharging into the roads over a rock 
bar, which, except for a very narrow channel, was ona 
at low water. There is marked evidence, in the spits 
to the east of the various islands, of sand-travel or 
movement at some period or other, and, although evidence 
has not been forthcoming that such movement occurs at 
the present day, the possibility of sand-travel or move- 
ment affecting harbour works prejudicially was a source 
of great anxiety to every engineer who had to deal with 
the design of pro works in this locality, more 
especially as the vested interests of Perth and Fremantle 
rendered it necessary that any new harbour should be 
situated near the latter. As long as forty years ago 
schemes were prepared, some allowing for a sup 
sand-travel, others more boldly ignoring it; but it was 
not until the appointment, in 1891, of the late Mr. C. Y. 
O'Connor, CMG. M. Inst. C.E., as engineer-in-chief of 
the State, that matters took definite shape. 

Applying himself particularly to the question of sand- 
travel, he came, after much personal observation, to the 
conclusion that if any such travel existed, it could be 
only of small amount, easily dealt with by means of 
dredging. 

He therefore recommended that the rocky bar across 
the Swan River at its mouth should be cut through, a 
basin dredged inside the river, and wharves built. The 
scheme was sanctioned by Parliament. and the works were 
commenced in November, 1892. Including additions 
subsequently sanctioned, the harbeur works comprise 
north and south breakwaters protecting the entrance 
channel, and constructed at a cost of about 350,000/. ; an 
entrance channel, 1450 ft. wide, 30 ft. deep at low water, 
leading to a basin 1400 ft. long, and of the same depth as 
the channel. The quantity of dredging was 11,300,000 
cubic yards of rock, sand, silt, &c., accomplished at a cost 
of 700,000/. The marshy and otherwise useless land on 
the north and south of the basin m reclaimed, 
thereby affording about 76 acres of land for sheds, rail- 








way sidings, yards, &c., at a cost of 50,000/.; and 9250 
lineal feet of wharfage have been provided at a cost of 


, 0007. 

The breakwaters are of tipped stone, and the paper 
shows what the result of the action of the sea has been on 
the northern, and more important, breakwater. 

The dredging was effected by means of two suction- 
dredgers and two bucket-dredgers, the latter working 
principally on the harder portions which could not be 
removed by the suction-dredgers. The rock to be removed 
was mostly drilled and blasted before dredging, and the 
author gives details of cost of the drilling, blasting, and 
dredging. He also shows where the dredgings were 
deposited, and how they were moved about by the sea ; 
and he explains that no silting has taken place in the 
harbour, or at its entrance, owing to sand-travel. 

The wharves are all built of local timber, on piles which 
are also of local timber. The principal wharf was con- 
structed under considerable difficulties, to accommodate 
the rapidly-increasing trade of the State, about 4450 ft. of 
wharf having been built in twenty-two months, or at the 
rate of 200 ft. per month, steamers occupying each length 
of wharf immediately it was sounder 

A full complement of lights is provided to guide vessels 
to and into the harbour, and transit-sheds and railway 
facilities exist to deal with inward and outward traffic. 

In 1894 there visited Fremantle 406 vessels, of an 
average net ister of 832 tons, and in 1905 the trade 
had grown to 797 vessels, of an average of 1835 tons. 

In January, 1903, the maintenance and management 
of the harbour were placed in charge of a Trust, and in 
1905 the net revenue was 52,500/., which shows a profit of 
60002. over the interest on the cost of the works. More- 
over, the harbour could, at moderate expense, be made to 
accommodate 50 per cent. more shipping, and the present 
harbour dues, which are not heavy, could be further 
reduced. 





THE ILLUMINATING ENGINEERING SocieTy.—A meeting 
will be held, in co-operation with the Library Association, 
at the house of the Royal Society of Arts (John-street, 
Adelphi, London), on Tuesday, January 31, at 8 p.m., 
when the discussion on “ Library Lighting,” opened by 
Mr. J. Duff Brown (Islington Public Libraries) and Mr. 
8. L. Jast (Croydon Public Libraries) at the last meeting, 
will be resumed. The chair will be taken by the President, 
Professor 8. P. Thompson, D.Sc., F.R.S. 
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ELECTRICAL EQUIPMENT FOR DOCKS. 


Modern Electrical Dock Equipment, with Special Reference 
to Electrically-Operated Coal-Hoists.* 
By Water Drxon and Grorce H. Baxter, 
of Glasgow. 

_At the Summer Meeting of the Institution of Mecha- 
nical Engineers, held at Cardiff in July, 1906, three 
papers dealing with coal-shipping and dock appliances 
were read. The general impression in these papers, and 
particularly in the discussion thereon, appeared to be 
that hydraulic age was the only power sufficiently 
reliable for suc oe. and that electricity, no) 
matter what other fields it may enter, was certainly not 


" 


| is, perhaps, under favourable conditions, not inferior to 
|electric power. Where, however, in addition to relia- 
| bility, economical a ther with cleanliness and 
| great flexibility, is desirable, the inherent advantages of 
| electricity at once me apparent, although it may not 
| be possible to claim that one system is better than another 
for any particular case, as every equipment must depend 
on local and other considerations. Prior to recent elec- 
trical developments, there were undoubtedly cases in 
which hydraulics had a distinct preference over elec- 
tricity ; and, as an instance of this, reference may be 
made (as was done in the discussion on the papers 
referred to above) to the difficulty of applying electricity 
to the shipment of coal either by cranes or by tips. This 
particular difficulty, however, has now been overcome, 
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hydraulic power, with the exception of one crane at Princes 
Dock, which had been erected for the purpose of comparing 
the relative advantages of the two systems. The results 
obtained from this crane were so favourable that no doubt 
was left as to the advantage of dealing with the ordinary 
class of machines, such as cranes, capstans, &c., elec- 
trically. The proposed installation of several large ‘coal- 
hoists, however, rendered the problem one which had not 
hitherto been faced. The mechanical difficulties in con- 
nection with such hoists had already been solved, but the 
difficulty of dealing electrically with the large amount of 
horse-power required in a ben short period, together 
with the necessity of providing for rapid acceleration and 
retardation, and absolute control under all conditions, 
will be readily appreciated by those acquainted with 
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suitable ror oc equipments, particularly coaling-cranes | 


and tips. 
A seviow of the history of what had already been done | 
with electric power in docks may have justified such an | 
impression, although as far back as 1903, Mr. Walter 
Pitt, in a paper before the Institution of Civil Engineers, 
showed that electric jib-cranes compared =a favourably 
on all points with those operated by hydraulics, es 
some figures obtained by Mr. Baxter, as a result of a| 
comparison between a hydraulic crane and an electric 
crane at Princes Dock, Glasgow. British dock engineers 
have confined themselves very largely to electric jib- 
cranes and capstans, which until recently were chiefly 
modifications of the hydraulic type, very little original 
design being employed, the electrical plant being simply 
— to machines already designed. ’ 
he authors fully appreciate all the merits of hydraulics, 
and that this form of power, having been ——_ 
developed, is very safe and reliable, and, excepting where 
frost, moving ground, or other natural objections arise, 








Paper read before the Institution of Mechanical | 
Engineers, January 20, 1911, 
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and notwithstanding the vast hydraulic equipments, 


electricity will occupy at least equally as important a 
lace as h draulic power in all future developments of 
ocks. No the progress of 


doubt, in its early sagen, e 

electricity was considerably retarded by the absence of 
an entente cordiale between mechanical and electrical 
engineers. Since the electrical and mechanical parts have 
received combined consideration, the t few years’ 
experience has proved that electrical plant is quite as 
reliable as hydraulic plant. ‘ 

Rothesay Dock, situated on the Clyde, and belonging 
to the Clyde Navigation Trustees, the general construc- 
tion of which has already been descri by Mr. Alston, 
civil engineer to the Trustees,* is designed essentially for 
dealing with the shipment of coal, and the import of 
iron ore, limestone, and other minerals. pen! 

Hudraulic or Electric Power.—When considering the 
equipment of this new dock, the question naturally arose 
as to whether the ee should be worked —— 
or electric power, the appliances at the other docks of the 
Trustees at Glasgow being operated either by steam or 





* ENGINEERING, vol. lxxxiii., page 543, April 26, 1907. 


-lectric plant, and the question as to whether such hoists 
could be designed to embody all the good qualities of 
hydraulic hoists, and at the same time avoid their dis- 

vantages, both as regards the hoists themselves and the 
power-station, had yet to be answered. 

It was at this stage recognised that the problem had 
developed into one which could not be adequately dealt 
with by the mechanical engineering department without 
expert electrical advice, and Mr. Walter Dixon, joint 
author of this paper, was appointed to collaborate with Mr. 
Baxter, chief mechanical engineer to the Trustees, in the 
preparation of a scheme to embody the complete equipment 
of the dock. While two electrically-operated coal-hoists 
were at that time in existence on the Continent, these 
being duplicates of each other, and a great step forward 
in what could be accomplished electrically, they were 
eee impossible for dealing with the problem as now 
peared to the authors, however, that, while the 
culties were great, they were not insurmountable, 
and, taking advant of the latest electrical develop- 
ments, they p ed with the scheme, which hai 
resulted in the construction of two hoists, which have now 
been in operation for over three years, during which time 
they have given no trouble, and have more than fulfilled 
the duties expected from them. In fact, so satisfactory 
have the results been that the two additional hoists now 
being erected will be, in all essentials, a repeat of the 
existing ones, differing only in some minor details. The 
dock equipment, whilv it may not be the largest installa- 
tion in this country, embodies so many novel features 
and new developments that the authors consider it will 
be of interest to record what has so far been done. 

The equipment is not yet completed, but sufficient time 
has ela since the commencement of working to speak 
with assurance as to what may be expected of it, and 
while complete records over three or four years, which are 
not yet available, would undoubtedly be an advantage, it 
is — that the following particulars will not be with- 
out their value and influence on future dock-development 
schemes. From Fig. 1 it will be seen that the appliances 
already erected consist of two 32-ton coal-hoists ; eighteen 
4-ton cranes; twenty-seven 1-ton capstans; two 18-ft. 
tipping turntables; two 5-ton pier-head capstans; an 
unde und distribution system, and an electric-lighting 
installation, in addition to which two 32-ton coal-hoists 
and turntables, two 44-ton transporters, three 4-ton 
cranes, and twelve capstans are in course of construction. 

Supply of Electrical Power. — Having resolved upon 
electricity as the motive power, it was necessary to decide 
whether the requisite energy should be obtained from an 
outside source, or generated in a power-station erected for 
the purpose at the dock. It is generally ised that, 
where a reliable public power supply is available, it is 
desirable to take advantage of such a supply, and so 
obviate a considerable capital expenditure. In many 
cases, however, an objection arises to this course, as the 
supply available is usually on the three-phase ee 
current system, which, while it may be satisfactorily 
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current main enereinn, capable 4 
a constant voltage, irrespective o' I 
generator, which has a normal output of 340 e.h.-p., with 
a considerable overload capacity, is used for supplying 
power to the ordinary dock appliances. The requisite 
lation is attained by means of a small machine 
lt-driven from the main shaft, and the satis- 
ed | factory results of this system are evident from Fig. 
which is a voltage diagram, taken under ordinary working 
conditions. The end of the main generator shaft remote 
from the engine is extended to take a special flexible 
coupling, by means of which it is coupled to the fly-wheel 
shaft, on which is mounted the fly-wheel and two coal- 
erators. In designing the plant, it wasintended 
of power in the fily-wheel should be such 
with full load and to full 
demand from the engine should not 


employed, is not so suitable for dock qenaenting 

current ; s0 that, if the best results are to speed load ; th 

appreciable portion of the capital, which might otherwise 

ispensing with steam-raising and 

generating plant, might have to be utilised for providing 

converting and t 
Such a supply bei 


Rothesay Dock, the 


available in close proximity to 
visability of adopting it receiv 
due consideration, but the alternative of a separate gene- 
rating station was deemed to offer the best solution, it 
being found that power could be generated to better 
advantage, and at a lower cost, by plant specially designed 
The rates which are quoted at the pre- 
sent time by many of the public sup 
reasonable that it is quite 


¥. ly concerns are so 
possible the requisite supply 
of energy may be economically obtained in this way, 
notwithstanding the first cost of, and continual losses 
in, the converting and transformin; 
is one, however, which, in view o f 
ng for current, and the many subsidiary questions 
arise, demands individual consideration in each 


that, with both hoists worki 


plant. The matter | ex: 
varying systems of | tained that these conditions were fulfilled, and that, 
even with the main generator loaded to about 63 per cent. 
of its normal output, in addition to the hoists worki 
as above, the demand onl 
output of the engine wi 
bination of about 20 per cent. 

The fiy-wheel is entirely enclosed in a cast-iron case, 
the object of providing this being that, should the power 
required to maintain the fly-wheel and two hoist gene- 
rators at normal speed prove excessive, the former could 
be run in vacuum, but, as the power required was only 
about 20 e.h.-p. when runni i 
375 r.p.m., the installation of the necessary gear for pro- 
ducing the vacuum was considered quite unnecessary, 
iments were made to determine what the 
Of course, the above power is only con- 
when the coal hoists are in operation, and, under 

working conditions, considerable economy is 

by disconnecting the fly-wheel by means of the 
special clutch referred to above, when the engine and main 
generator run as an ordinary generating plant. 
ants as described above are at present 
installed, and foundations provided for a third, which is 
now in course of construction, and for times of light load 
and for week-ends a direct-coupled set of 120 kilowatts is 

rovided. A small direct-coupled steam-driven exciter 
urnishes the necessar 
travelling crane, capable of lifting 20 tons, runs the whole 
length of the engine-house. A neat and compact cabling 
arrangement is formed by running the cables from the 
generators in the basement under the engine-house floor 
to the main switchboard, which is fixed ona gallery, and 
consists of twenty panels of enamelled slate, on which 
are mounted all the switch-gear and measuring appa- 
ratus, with the exception of the hoist change-over switch- 
ich is erected under the switchboard gallery, 
and by means of which it will be possible to connec 
one of the four coal-hoists to any one of the six 
hoist generators. 

Coal-Hoists.—At present there are two coal-hoists, each 

e high-level and fixed type, so arranged that 
wagons are run on the tipping platform at 
the quay-level, raised to the required height and tipped, 
m is lowered to the high-level 
inclined viaduct, leaving the hoist at a height of about 
17 ft. from the ground, and gravitating to the siding, the 
cradle then being lowered to the ground-level to receive 
the on-coming loaded wagon. 

Hoist No. 1 is fixed on the East Quay of the Outer 
Basin, and No. 2 on the North Quay of the Inner Bas 
No. 1 being suitable for lifting to a height of 50 ft., 
and No. 2 to a height of 60 ft. 
Fig. 6, 133. 
view of hoist No. 1, 
Each hoist is capa 
wagons carrying 20 tons of , Wi 
32 tons, as well as those of the ordinary type at present in 
use, holding 6 tons and upwards. 
ient to decide the workin 
dock appliances in relation to the complete cycle of 
tions of which they form a part, but this is particularly 
so in the case of coal-hoists, as so many operations are 
involved in addition to the actual hoistin 
that a high speed of hoisting, which, while causing a 
considerable increase in the first cost of the machinery, 
Iso in the power required for working, does not 
high rate of coaling, unless it is 
possible to deal with the other operations—such as dis- 

of coal in the ship, getting i i 
m, and the running o 
80 expeditiously that advantage can be taken of a 


ful consideration of the cycle of operations 
the maximum quantity of coal under 
erally in vogue at docks on the 
Clyde, where end-tipping wagons are used, it was decided 
, allowing for acceleration 
t. per minute with full load, 
ding to a time of 30 seconds for the full height 
; this speed, with a full unbalan 
combined mechanical and electrical efficiency of 72 per 
cent., being equivalent to about 300 e.h.-p. in the motor. 
Perhaps the most difficult motion of a coal-hoist to 
deal with electrically is the tipping, as this has to be 
accomplished very expeditiously 
short distance, usually a maximum of 45 deg., and with a 
degree of accuracy very difficult to attain under such 
varying conditions and loads. It is always necessary 
accelerate quickly, and sometimes to stop suddenly, and 
thus give such an impetus to the materi i i 
that it will leave the wagon without stic 
this motion has to be repeated th 
travel several times 


3 htly exceeded the norm 
Generating Station.—The generating-station, a red-brick rop in speed of the com- 
, comprising boiler - house, engine - house, con- 

denser-house, and suitable store, also offices for the 
resident engineer and staff, is situated in a convenient 
central position on the north quay of the inner basin. 

The steam-raising plant, Fig. 2, consists of two water- 
tube boilers, each capable of evaporating 12,500 lb. of 
r hour at a steam pressure of 160 Ib. per 
steam being superheated about 150 deg. 
by means of integral superheaters. The boilers are fitted 
with chain-grate mechanical stokers, these being driven 
by an electric motor. At present there are no mecha- 
nical appliances for dealing with the coal, but provision 
is made for their future adoption, and also for storage of 
The feed-water is supplied by direct-acting pumps, 
and, after being partially heated 
from the feed-pumps in a feed-water heater, 
economiser of the high-pressure type, consisting of 190 
ups, erected in the main flue in 
the boiler-house, suitable dampers being provided to divert 
the gases either through the economiser or direct to the 
chimney. The steam 
on its way to the condensing plant, which, together with 
the feed-pumping and heating plant, is erected i 
condensing-house, Fig. 4, page 132, and comprises two 
complete sets of surface-condensing plant, each capable of 
dealing with 12,500 lb. of exhaust steam per hour. 
air-pumps are steam-driven by compound vertical engines, 
the circulating-pumps being of the centrifugal type, 
driven direct by variable-speed motors. 

The foregoing brief summary of the steam raising and 
condensing plant and piping arrangement will serve to 
show that this is of the most efficient and modern type, 
and a more detailed description is perha 
pe of the present paper, more especi 
lant with its auxiliaries, erected in the engine- 
ing of an interesting nature, will be described 
at greater length. 

Generating Plant.—It is well known that the intermit- 

of dock machinery causes excessive 
If the generating plant is made of sufficient 
capacity to meet these demands, it i i i 
to the average load, and, as a result, in 
expensive in first cost, it does not run under the most 
In order, therefore, to keep the 
plant within reasonable dimensions, and at the same time 
to ensure economical running conditions, it has h 
been the invariable practice to instal a buttery of accumu- 
lators, with a reversible booster plant, in connection with 
dock installations. The possibility of adopting such a 
system, which has many good points, for Rothesay Dock 
was carefully considered, but while it was recognised that 
it serves a very useful purpose under certain conditions 
of varying demands, such an installation would not 
meet the more stringent requirements of the 
ving, as it did, the special demands of the coal- 
It was therefore decided to invest 
bilities of further developing the system, where excessive 
loads have to be dealt with, of coupling a prime-mover, 
either electrically or steam-driven, to a generator in con- 
junction with a fly-wheel. It was apparent that if the 
ial coal-hoist generators, and a further generator 
plying power for ordinary dock pu 
constructed in combination with a fi 
very economical, and would enable 
battery of accumulators to be di 
wheel taking care not only of the large peaks due to the 
coal-hoist, but also of the smaller, but more frequent, de- 
mands of the other appliances. 

The principal problem to be solved in this arrangement 
was to ensure a constant voltage at the terminals of the 
main generator supplying power for ordinary purposes, 
varying loads which are usually 
dealt with by means of compound winding, some means 
had to be provided to counterac’ the results of a fall in 
speed of the combination necessary to allow the fly-wheel 
to give up its store of energy. All 
apparatus designed to counteract the effects 
and load were investigated, but 
ering in details, yet in principle 
designed to attain the results aimed at, b i 
ance in the field circuit of the main generator, might have 
ite satisfactory in ordin 
insufficient to ensure a s 
more exceptional conditions. 

The combination eventually designed can be seen in 


ig. 3, page 132, and consists of a speciall 
ve Magen. 
load when 


the maximum speed of 


y the exhaust steam 
tubes arranged in two 


excitation current. 


after which the empty w 


economical conditions. 


Both hoists appear in 
ig. 9, page 134, which is a general 
ves a better idea of the construction. 
ing, and lowering 
a gross weight of 


result in a correspondi 


into position of the 
of the empty n, 


to adopt a mean hoisting 


as, in addition to t 
and retardation, of about 1 


the known types of 


rough a comparatively 


cases, they were 
y voltage under the 


high-speed engine of the triple-expansion 
of developing about 450 wher 
at any speed between 


‘ore the whole of the material 
leaves the wagon. To tip the full wagons to a maximum 
angle of 45 deg. in 6 to 9 seconds requires power almost 





and 375 r.p.m. Direct- 
to the crank-shaft of this engine is a continuous- 


identical to that for hoisting, so that the motors for the 
two motions are duplicates. 

From Fig. 9, page 134, it will be seen that the ‘" < 
of the structural work and arrangement of shoot, jib- 
cranes, and other auxiliary apparatus is on usual lines, 
the essential difference being that all the gearing is at 
the — of the structure, which has been designed to carry 
this additional weight. It is not proposed to describe the 
eer structure of the hoist at length, but a brief 

escription of the machinery, a general view of which is 
shown in Fig. 7, page 133, and its auxiliaries, will no 
doubt be of interest. As mentioned above, separate 
1aotors are employed for the hoisting and tipping motions. 
The hoisting motor drives, by means of an elastic coupling 
and also an ordinary jaw-coupling, a i which engages 
with a spur-wheel upon the counter-shaft, this spur-wheel 
and pinion running in @ cast-iron casing. At each end of 
the counter-shaft a pinion is fixed, which en with 
the spur-wheels firmly fixed to the hoisting-drums, the 
drums being so arranged that the ropes go directly to the 
cradle without the intervention of guide-pulleys. The 
whole of the gearing, with the exception of the motors, 
is erected upon a cast-iron bed-plate to obviate errors in 
erection, and both motors are mounted upon one 
plate, which is bolted to the as base-plate. For the 
purpose of taking up the slack of the tipping-rope during 
the raising of the platform, a third drum, of barrel shape 
towards one end, is connected to one of the hoisting- 
drums. The tipping-motor is a duplicate of that for 
hoisting, and the gearing generally is similar, excepting 
that only one drum is employed. 

In view of the heavy loads to be dealt with, and the 

recision with which the cage and tipping-cradle have to 

brought toa stop at any predetermined pan, the 
brake-gear is of great importance. The brakes for both 
hoisting and tipping are of the friction-clinch type, the 
brake-bands being kept tight during the hoisting, and the 
clinches revolving freely in the hoisting direction. By this 
means the load is held in suspension immediately power 
is disconnected from the motor. In lowering the brake- 
bands are released by electro-magnets in the usual way. 
Due to the fact that the hoisting and tipping motors are 
duplicates of each other, it has been ible to provide a 
simple arrangement by means of which one motor can 
work both motions in case of breakdown to either motor, 
thus enabling coaling to be proceeded with, and avoiding 
~~ serious delay in the de ure of a vessel. 

y the special relation between the generating plant 
and the motors on the hoists, a very simple control 
arrangement is ible. The whole of the control is 
arranged from the attendant’s cabin situated near the 
top of the hoist, a oo view of which is seen in Fig. 8, 

e 133. As can seen from the illustration, there is 
only one control-lever, which works in a quadrant or 
frame, and, by moving this lever in the various positions, 
the attendant has control of the hoisting, tipping, and 
jib crane, the only other controller being a small one for 
controlling the slewing of the jib-crane. Gearing is 
arranged in connection with this control-lever frame, 
which automatically renders it impossible for any of the 
motions to exceed their predetermined efforts, and it is 
also impossible for the attendant at starting to move the 
lever at such a rate as to accelerate at too great a speed, 
and consequently throw an undue load upon the gene- 
rating station. In fact, at all points of possible danger 
the automatic adjustments come into operation, and pre- 
vent any damage from error of omission or commission on 
the part of the attendant. In actual working it has been 
found that the control is so perfect that the cradle can 
be brought to rest quite smoothly at any desired position, 
and in a similar manner the tipping platform can be quite 
smoothly oy em at any desired position. The wagons 
while on the hoist, and when being run off, are thus pro- 
tected from the rough usage to which they are frequently 
subjected during —s operations. 

Capacity.—In Table I., 131, the specified cycle of 
operations are tabulated, and these were obtained at the 
official trials. Comparing these with the results tabu- 
lated in Table [I., page 131, which were obtained in 
February, 1909, after two years’ working, it will be seen 
that the time required for coaling through the cycle of 
operations is considerably shorter. 

Efficiency.—At the official trials in May, 1907, which 
were taken when the hoists had done practically no coal- 
ing under actual working conditions, the following 
readings were taken upon Hoist No. 2 :— 


Total unbalanced load ... 82 tons Oewt. 1 qr. 
Height lifted... dy 60 ft. 
Time hoisting ... 36 sec. 
of hoisting 100 ft. per min. 
.-P. due to load 217.3 load h.-p. 
urrent ... - ves 500 amperes 
Voltage ... = 2 a 450 volts. 
Electrical horse-power ... me 301.6. 
These readi show a combined efficiency of 72 per 
cent., which figure is within that guaran by the con- 
tractors. 
During the coaling of a ship on February 10, 1909, par- 
ticulars of which are tabulated in Table III., page 131, 


several ampere and voltage diagrams were taken. Figs. 10 
and 11, page 134, give typical examples of these diagrams 
and represent a complete cycle with a wagon of gross 
weight of 16 tons 17 cwt., containing a net weight of coal 
of 10 tons 10 cwt. From the hoisting curve the efficiency 
of hoisting can be calculated. 


Gross load ... met * 16 tons 17 cwt. 

S of +> ... 92.75 ft. per minute; 
.-P. due to | — Matha 

Current... “e ... 225 amperes. 

Voltage... is ... 440 volts. 

Electrical horse-power ... 132.7. 


These readings show a combined efficiency of 80 per cent. 
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a ‘Taser I. TABLE III. 
Gross Weight. | Welcuts. 
i i ; Number Equivalent | 
Details of Specified Cycle of Operations. i. is ~ s MB nay Ps Number of Height | Tons | Time Total Units Units Units | Tons 
one. ons. ons. oo a f Lift. | Ave Coal per} per ver r r | per 
163, | 18}§ | 28% | Dealt Coaling. ““fy, Pe "| Gross Net | Weightot | Hour. | Cycle. Mite, oftle, | Hour. | Ton. | Onit. 
ee | ee ———— | With. Weight. Weight. per | 
; > sec. sec, sec. | | Wagon. | 
a ——. 2. aut and raising a = - canes } ms —_— 
_to a height o cows oof 4 : m 8 ft. in. t.cwt. qr. t. cwt. qr.|tns. ewt. qr. sec. 
Tipping loadedwagon, .. = -. = «. 7.5 7.5 9 30 | 81 37) 57 27 10 41610 2 25214 0) 8 8 19, 479.5 | 63.2 25 =: 0.883 | 47.44 | 0.098 | 10,1 
Lowerin; fee od with empty wagon . j | \ | | 
to cr e-chamber ee os oe 7.5 | 5 | 9 icant acer me oe = 5 acura _ . Bieta SS ee _ 
Lowering cradle with empty wagon to Taste IV as the “Clyde” capstan, was erected at one of the 
Usetapling ae off * . = Trustees’ Docks as an experiment, the principal features 
Lowering empty cradle froin high-level a Cost per | Of this capstan being that the head is not fixed to the 
viaduct to ground a ee ..| 3 14 14 | £ 1000 Tons__| Spindle in the ordinary way, but is revolved by a clutch 
: & Me s 8 § Shipped. | sliding on the upper end of the spindle inside the capstan 
Total time per cycle 100 | 100 103 s4iu gai & aiai* jc | head. The capstan is operated either by a single remov- 
= oh ee =. _ Peers ¢ | ~ dial ; | able handle or by one handle and a foot pedal. By evang 
TABLE II ge 2S Ri) Ris! & 2 £3 =% | the head loose on the spindle, a wire rope fixed to the 
; |= Biivel 3 i |e) mle a2. _ | head can be used and a positive pull obtained as soon as 
sens Wels 33 g 28 8 8 '=\ fe 8 3 —~ = _, the head begins to revolve, thus avoiding the heavy power 
Gross Wergms. me & @= & | & |= gS SF=G{sH losses incurred, more especially in hydraulic capstans, 
Details of Actual Cycle of Operations. —_—— - - _——_— a | when they are revolved without doing work. Moreover, 
“ T. €.Q./7. 0.Q'T. CQ 8s. tons gals. | gals. | ft. gals. | s d.|s. d. | the rope being fixed, there is no slipping and grinding 
16 6211860 98 3 0 | Newport 4090 710 |444 280 |11,200 46 25.22 away action, as in the case of capstans where hemp ropes 
Rothesay fo lang: unit | unite unit | are used ; consequently the head will last as long as the 
sec. | sec. | sec. Dock ..|+384 596.8 (pert 1.104 | 47.481 46 | 0.131 18 1110 11 rest of the capstan without repair or renewal. 
ae bee ge em and raising ‘in “ - $ After the experimental capstan had been in use for 
ei oO by we > . 5 3 e ‘ . - . i i i i > 
Tipping iidwagen :. 2. .| 8 Bs For coaling by hydraulic hoists the consumption is | que Sas, eenggence See lh capa 
Lowering platform with empty wagon shown to be 25,220 gallons of water, which at 9d. per pe capen, a want! y hy’ ps 
to cradle-chamber 6 6 6 1000 : lonl 18s. lld 000 f | ascertain their efficiencies, and the results showed that, 
Lowering cradle with empty wagon to | see Pope tinged 11d. per 1000 tons of | «ven assuming the hydraulic capstan had a positive pull 
“hi ievel viaduct saptetg ma | ow | 2% coal shipped, showing a saving of 8. per 1000 tons in | —that is, with the rope fixed on the capstan head—the 
Ueonsiing and running wagon off |. s | 8 8 favour of electricity. Some remarks are made later in | efBciency with Soodn of toum 290 te 00 tone varied 
Lowering empty cradle from high-level | the paper with reference to the comparative cost of 10.17 roy n eg and with the “ Clyde” capstan, for 
viaduct to ground =... Sw. S| S12 12 12 merating hydraulic and electric power, but it may here |)" pe a. TA m= 
meen Be that the above figure of 9d. per 1000 gallons the same loads, the efficiency py a a. 42 to 78 per 
Total time per cycle | 3 | s8 | has been assumed as a fair average of the varying figures | cent. From sixty observations it has ound that the 


The instruments used for taking the electrical readings 
were fixed in the generating station; thus the —_ 
include distribution losses. This result shows that the 
efficiency of the hoists had considerably improved ~— 
the two years working, and, as it was obtained at half- 
load, further clearly demonstrates the high efficiency of 
electricity over wide ranges of working, a condition im- 
possible of attainment with hydraulic power, although 
considerable improvement in this connection has been 
obtained by the employment of multiple rams. This, 
however, is only a partial solution, depending as it does 
upon the discretion of the attendant as to when he should 
alter the number of rams. In fact, when working with 
wagons of varying carrying snene and weights, as is the 
case on the C1; ie and other places, it is almost impossible 
to make the i.ecessary adjustments at every position for 
the most economical working, whereas electricity quite 
a usts itself to the varying conditions. 

Working Results.—Due to the above, and the other 
inherent advantages of electricity in actual working, the 
results obtained have been most satisfactory, and compare 
very favourably with hydraulic hoists, astutihatentiing 
that the conditions of working up to the present have 
not been conducive to the most economical results. 
Particularly is this so as regards the size of wagons, as, 
although the hoists are constructed to deal with the 
largest wagons which will eventually come into general 
use, only comparatively small ones, and those of widely 
differing carrying capacity, are at present available. 

The total coal and other material shipped by the two 
hoists during twelve months was 556,419 tons. The 
units consumed during this period was 80,164, and the 
number of wagons dealt with 70,604. During this period 
as much as 23 tons of coal per unit have been shipped, 
while, including all distribution losses and also the power 
necessary for the working of all auxiliary apparatus on 
the hoist, ae jib-crane, adjusting of chute and 
and chute-point, ., the current consumed over the 
whole period only averaged one unit per 6.94 tons of coal 
ship As emphasising the adverse conditions under 
which the hoists are at present working, it will be noted 
that 70,604 wagons were handled in shipping 556,419 tons 
of coal, or an average of only 7.88 tons of coal per wagon. 

Referring again to the coaling on February 10, 1909, a 
note was taken of the speed of working under ordinary 
conditions, when 30 wagons were shi into the vessel 
in 31 minutes 37 seconds, which is at the rate of 57 wagons 
per hour, the height lifted being 27 ft. 10 in., and the 
total weight of coal shipped 252 tons 14 cwt. Had the 
wagons been as as the hoists are constructed for, 
the total quantity of coal shi would have been at the 
rate of 1140 tons per hour. mentioned above, these 
results are tabulated in Table 1II., and, in order to enable 
a comparison to be made with the results obtained at 
Newport, and published in the paper by Mr. Macaulay,* 
previously referred to, these results are adjusted in Table 

V., above, to an assumed height of lift of 46 ft. From 
this table it will be noted that, while the average quantity 
of coal per lift given by Mr. Macaulay was 11 tons 2 cwt., 
for Rot say Docks it was only & tons 8 cwt. 1.9 qr., 80 
that electric hoists with wagons containing a similar 
quantity to those at Newport could have loaded an addi- 
tional 117 tons, making a total of 477 tons 6 cwt. per hour. 

Cost of Working.—Referring to Table IV., it will be seen 
that the consumption of energy for coaling by electric 
hoists, including distribution losses, is 0.131 unit per ton 
S - shipped when wetting to a height of 46 ft. This 

- per unit is equivalent to 10s. 11 1000 tons of 
coal cloned. — sy 
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obtainable. 


Maintenance.—The result of two years’ working shows | 
that the cost of upkeep has not exceeded, and is not | 


likely to exceed, that required for the upkeep of coal- 
hoist plant operated by hydraulics or steam. 

bles. —Where end-wagons are employed turn- 
tables are necessary to ensure that the wagons are run on 
to the hoist with the end doors in the correct position for 
ti ping. This being so, it was decided to make the turn- 
tables of the tipping type, so that the wagons can be run 
direct on to the hoist without the aid of a capstan. For 
operating the turntables two motors are provided, one for 
turning and one for tipping. With a maximum load of 
32 tons, the turntables revolve at the rate of 300 deg. in 
15 seconds, and a similar load can be tip the maximum 
height of 14 in. in 6 seconds, lighter loads being dealt 
with at ay eye | greater speeds. Fig. 12, 
134, shows the turntable in its tipping position, while 
Fig. 13 shows diagrammatically the current consumed 
when turning and tipping wagons of the ordinary type 
now in use. 

In the two turntables at present constructed, the 
turning motion is driven through a combination of spur- 
peering and wire-rope. The design of the turn-tables for 

oists 3 and 4 will be somewhat modified, and for various 
reasons the wire-rope and drums will be di in 
favour of spur-gearing throughout. 

Cranes.— At present there are eighteen 4-ton travelling 
jib-cranes. Of these the first ten erected are placed on 
the East and North Quays of the Outer Basin, and are of 
the free-barrel type, of practically the same design and 
make as the 3-ton crane experimented with at Princes 
Dock. A general view of one of these cranes is shown in 
Fig. 14, page 134, and the following are the leading 
dimensions :— 


Maximum working load 4 tons. 
Total range of lift - me nee 80 ft. 
Radius of lifting rope variable... ... 20 ft. to 45 ft. 
Projection of rope beyond face of quay 32 ft. 
Centre of jib-head pulley above cope at 

45 ft. radius... aa . nif 60 ft. 
Clear lift above cope of quay ... ae 50 ft. 
Extreme radius of any revolving part 

at back of crane ti a .. 9st. Gin 
Clear height from cope to lowest 

revolving part of crane nee sn 29 ft. 
Lifting speed with load of 4tons ... 120,, 
Speed of slewing at hook with maxi- 

mum radius and maximum load_.. .300 ft. per min. 


The sueniage is constructed with an archway having a 
vertical height of 15 ft., sufficiently wide for the noe 
of locomotives. The hoisting is arranged with double 
gear, and driven by a motor of 50 horse-power, the drum- 
shaft being arranged with a coil-clutch, so that the gear 
can be disconnected from the barrel, and the lowering 
effected without the motor or gearing revolving. The 
derricking is operated from the same motor by means of 
suitable clutches and a special controller. e slewing 
is arranged with worm and spur gearing, driven by 
means of a 10-horse-power motor, a motor of similar 
_on, but totally enclosed, being arranged for travelling. 

ig. 15 shows a diagram taken with one of the cranes 
when unloading iron ore, with an average total load for 
each lift of 2? tons. 

The other eight cranes are erected on the south side of 
the dock, six having free barrels and two fixed barrels. 

Capstans.—One of the most necessary, and at the same 
time inefficient, appliances in connection with dock equip- 
ments is the capstan. Before deciding upon the type to 
be erected at Rothesay Dock, the engineers Le ope y we A 
investigated the capstan question, and, as a result of their 
investigations, a capstan of their own design, now known 


| ordinary capstan with fixed head and loose rope makes 
lan ave’ of 3.63 revolutions for 1 revolution of the 
** Clyde ” type of capstan, when working under identical 
sonditions. As a further comparison a standard ordinary 
electric capstan of the best modern type was put down in 
close proximity to the ‘‘ Clyde” capstan, and records 
| taken to ascertain the current consumed in each case. 
The load-curves of both capstans are shown in Fig. 16, 
and clearly indicate that not only is there an economy 
in the consumption of current, amounting to not less than 
25 per cent., but the maximum load, and therefore the 
maximum demand on the erating station, is 50 per 
cent. less in the case of ‘‘Clyde” capstans as compared 
with other types. Briefly summarised, these com - 
tive trials show that electric capstans offer many — 
tages over hydraulic capstans in that they have much 
higher over-all efficiency, and can be overloaded to 
25 or 50 per cent. over the maximum working load, while 
the maximum load of the hydraulic capstans is limited 
by the working pressure. 

The advantages of the ‘‘ Clyde” capstans, as compared 
with those of ordinary type, are :—Economy of power as 
shown by the trials ; 50 per cent. reduction in maximum 
demand on the generating station. With the more even 
pull of this type of re there is less stress, which gives 
a better wor , ition throughout the machinery of 
the capstan. e same conditions also give easier con- 
ditions of work on the electrical installation throughout. 
Owing to the fewer revolutions run, the wear and tear of 
gearing is much reduced. The old type of capstan 
requires the use of one foot for the pedal and both hands 
for the rope ; in rainy weather the man gets soaked through 
with the drips from the wet rope. This is obviated in the 
“Clyde” capstan. A saving in cost of ropes is 
effected, this really being the principal object for which 
it was designed. From many res obtainable, it appears 
that the annual cost of hemp ropes for ordinary capstans 
is almost 15/., while that for the ‘‘ Clyde” type may be 
taken at about 1/. 

Asa result of these comparative trials, thirty ‘‘ Clyde” 
capstans were adopted at the Rothesay k, where nine 
of the ordinary type were already — The work- 
ing results of both the ordinary and the ‘‘Clyde” capstans 
have been so satisfactory that it may be claimed that the 
troubles hitherto connected with capstans have now been 
entirely eliminated. Fig. 19, page 135, shows the internal 
arrangement of the ‘‘ Clyde” capstans. 

Pier-Head Capstans.—Two capstans are erected at the 
dock entrance, one at each side. Each of these capstans 
is arranged with a head 36 in. high and about 20 in. in 
diameter at the smallest part. It is geared to run at a 
peripheral speed of 20 ft. per minute as a slow speed, a 
quick gear being employed to increase the speed (for haul- 
ing in the rope) to about 80ft. per minute. The motor 
for driving the capstan is direct-coupled to the gearing 
and erected in the capstan-pit, but the control-gear is 
fixed in a cabin in close proximity. Fig. 18, page 135, 
shows one of the capstans and control-house. 

Lighting Installation.—The dock is lighted throughout 
by means of arc-lamps arranged on wooden poles with an 
extension structure of wrought iron. A platform is 
arranged about 13 ft. up from the ground line, upon which 
is fixed the necessary raising and lowering gear, and the 
lamps are lowered to this platform for trimming. Fig. 20 
shows astandard pole fitted complete with lamp and rais- 
ing and lowering gear. The installations consist «f 
ninety-one lamps, which are arra: in suitable 
circuits controlled from the generating station. The 
lighting mains are, for the most carried under- 
ground on the solid system, although the cable tunnel is 
utilised for carrying the wires for some of the circuits to 
a point at the south-east corner of the dock, where a 
suitable box is erected, so that the cables run in the tunnel 





can be disconnected from the underground system for 
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testing purposes. The generating station is lighted by 
means of a circuit of nine arc Boe and a suitable 
number of incandescent lamps. 

Power Distribution.—A very important matter in all 
electric undertakings is the power distribution, and this 
is especially so in docks and similar places where heavy 
trafhe, subsidence of ground, wet and storms have to be 
contended with, while personal safety, protection from 
damage, and general] convenienc for making connections 
are essential provisions. The exvensively adopted system 
of running cables in wooden troughing filled in with 
bitumen or pitch has many advantages, but it is costly 
and not very adaptable for making connections, special 
boxes and fittings being necessary. In the present case, 
a tunnel or culvert originally intended for water-pi 
a on parallel with the quays and extending their 
whole length, was available, and the question resolved 
itself into one of whether the mains should consist of 
insulated cable, or bare copper strips supported on insu- 
lators. The advantages mi adopting the latter system are 
at once apparent on account of low first cost and adapta- 
bility for making connections ; but the experience with 
such systems been so disastrous that the ibility of 
its adoption was approached with considerable mis- 
givings. Having thoroughly examined the whole ques- 
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tion, however, and ascertained exactly where the trouble 
had been experienced, it was decided that there was no real 
reason why, if due precautions were taken, the system 
should not be successfully adopted. Special attention 
was given to the design of the fixtures and the insulators, 
with a view tothe prevention of any possibility of leakage 
or electrolytic action. A general view of the fixtures and 
arrangement of cables is shown in Fig. 17, page 135. The 
fixtures are suspended from shackles in the roof of the 
tunnel, and consist of two vertical tubes, on which are 
four insulators, and upon these the cross-bars for carrying 
the strips rest, the top and bottom strips being of oppo- 
site polarity. Conductors of one polarity are supported 
on a separate insulator, while those of the other polarity 
are carried in grooves on oneinsulator. This is necessary 
to prevent electrolytic action, and for the same reason the 
insulators differ in the material of which they are com- 
The insulated cables seen above the bare con. 
uctors are for the hoists; the small lighting cables can 
also be seen carried on insulators. ; 

The total length of the subway is approximately 1} 
miles, the ——_ distance from the station being three- 
quarters of a mile, and the total length of bare copper 
~— employed is equivalent to 8} miles of single strip. 

e connections to crane-boxes, capstans, &c., are made 





VOLTAGE DIAGRAM DURING TWO 
MINUTES UNDER WORKING CONDITIONS. 
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by bolting a cable lug on the distributor, from which the 
cables are laid on the solid system, these connections 
being chiefly in a straight line, and not averaging more 
than a few feet in length, so that should a fault y Ban 
it can be readily located. In addition to the ease of 
making new connections, the system itself is extremely 
flexible, as the ‘‘ feeders” can be coupled in at any 
desired point on the distributor, thus rendering it possible 
so to adjust the current in each feeder as to ensure an 
even drop in. voltage over the whole system. While not 
claiming that this system is a cure for all the evils that 
beset distribution schemes, the results of working in the 
present case have been such as to prove that, when pro- 
perly installed, it: is flexible, reliable, and comparatively 
cheap, the saving effected in this instance being several 
thousands of pounds. No fault in the tunnel, or on the 
solid system, of sufficient magnitude to cause a stoppage 
has occurred since the commencement of working, not- 
withstanding that, although it was expected that the 
tunnel would be quite dry, and every: precaution had 
been taken to render it so, water still finds its way in, and 
renders she tunnel extremely damp at some places. : 

Working Costs.—As mentioned in an earlier part of this 
paper, full working records are not yet available, but 
there is every reason to anticipate that, with the dock 
completed and working at full capacity, when the annual 
consumption will be approximately 1,500,000 units, the 
tetal cost to produce this amount of energy, iucluding 
works costs and capital charges, will be under the 
estimated figure of 0.94d. per unit, this view being con- 
firmed by taking asa basis the figures already ascertained. 
It was estimated that approximately 600,000 units per 
annum would be required to operate the first portion of 
the dock, and that the works costs, including coal, water, 
stores and oil, wages, repairs, &c., to produce this amount 
of energy would be 0.9d. per unit. The actual works costs 
are on an average, with a consumption of approximately 
560,000 units per annum, approximately 0.89d. per unit. 
Taken over periods during which the dock was busy, and 
consequently more units being generated, these costs were 
in the neighbourhood of 0.6d. per unit. The capital 
charges at present increase the above figure of 0.89d. to 
approximately 2d. per unit, but, of course in the incom- 
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pleted state of the dock these capital charges are out of 
| all proportion. 

It would be interesting to make a comparison on this 
basis with corresponding costs for hydraulic power, but, 
unfortunately, ~ pom & available are so widely diver- 
| gent that it is difficult to obtain a reliable figure. The 
| figures obtainable, varying from, say, 2d. to 1s. 9d. per 
1000 gallons at a pressure of 750 Ib., cannot obviously be 
on a common basis; but in any case the fact must 
recognised that, whereas the supply of meee yd to an 
given quantity of work is a direct measure of the work 
done, the supply of water, in the case of hydraulics, is 
always more than the quantity required, and therefore 
some of it is wasted ; this waste may vary from 5 to 50 
per cent. 

It has been shown in an earlier part of the paper that, 
under conditions particularly favourable for hydraulic 
power, the cost of shipping 1000 tons by electric power 
would be 8s. cheaper than by hydraulic power. This 
figure is eminently satisfactory, particularly in view of 
the fact that, when deciding to adopt these coal-hoists 
it was not anticipated that the cost for shipping coal 
would be below that et hydraulics, the object being to 
have available electric coal-hoists which would be as 
reliable in working as hydraulic hoists, and so secure 
the advantage of having the whole of the dock electrically 
equipped. 

General Conclusions.—This paper was commenced with 
a reference to the proceedings at a meeting of the 
Institution of Mechanical Engineers, and will be brought 
to a close with an allusion to a conference of a kindred 
institution. In an admirably compiled note Mr. Squire, 
at the conference of the Institution of Civil Engineers, 
held in June, 1907, inaugurated a discussion on *‘ Dock 
Equipment, Including the Relative Advantages of 
Electric and Hydraulic Appliances.” The discussion 
elicited the opinion of many speakers of eminence in the 
dock engineering world, whoalmost unanimously expressed 
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Fig. 10. VOLTAGE DIAGRAM OF ONE COMPLETE CYCLE OF 
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Fic. 9. Genera View at No. 1, 32-Ton Coau-Horst ; Lirt, 50 Fr. 


Fig.13. CURRENT. USED WHILE OPERATING 
TURNTABLE. 
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Fig. 11. CURRENT DIAGRAM DURING THE SAME CYCLE OF OPERATIONS. 
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Fie. 14. 4-Ton Jis-Crane; Lirt, 80 Fr.; Raprivus, 20 Fr. to 45 Fr. 


dubiety as to the satisfactory application of electricity to | principles which we may go upon. The first is this—one 
certain classes of dock machinery, which sentiment was | of those laid down by Mr. Squire in his note with regard 
well summarised by thechairman, Sir William Matthews, | to the actuating of dock-gates, sluices, capstans, coal 
when he said: ‘There are; however, certain general | appliances, and other machinery of that kind, that 
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at the present time at all events hydraulic machinery 
is pre-eminent for such work.” ese remarks were 
made three years ago, and were doubtless quite a fair 
résumé of the position at that date; but it is interesting 
to review them at the present time in light of the results 
obtained during about three years’ working of Rothesay 
Dock, where electric power has been successfully applied 
to some of the very appliances referred to by Sir William 
Matthews and other speakers as not being adaptable for 
this power, In doing so it will be more convenient to 
divide the more important points under different head- 
ings; and as reliability is the keynote of all deck 
machinery, that will be dealt with first. 

Reliability.—At Rothesay Dock, where electric power 
alone is available, and where coal-hoists, cranes, capstans, 
turntables, and other machinery are in constant opera- 
tion, no stoppage due to electrical causes has occurred to 
interrupt the lar working of the dock. The various 
docks on the Clyde being tidal, dock-gates and sluices 
are not required, but the successful application of elec- 
trical power to swing and rolling-lift (Scherzer) types of 
brid the uninterrupted working of which is essential, 
clearly demonstrates the reliability of electric power for 
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equipped with a combination of both forms of power, but 
obviously such a compromise has many objections, and it 
would appear quite unnecessary, since electric power has 
now been proved to be quite reliable and economical for 
Ne mee all dock appliances, a feature not ang meg by 
hydraulic power. This, together with the fact that the 
current for lighting is also produced by the electric plant, 
results in a better load-factor, and a consequent reduc- 
tion in generating cost. 

Storage of Energy.—It has always been charged against 
electric power that the system possesses no equivalent to 
the hydraulic accumulator, the main function of which is 
to equalise the demands upon the power station that a 
ouquey small prime mover may be employed. The 

lant at Rothesay Dock consists of an entirely new com- 

ination, arranged by the authors for the first time, in 
which an engine of 450 borse-power normal rated output 
supplies power for an aggregate of 936 horse-power in the 
generators, which power is utilised for all requirements 
of J ope and lighting. 
‘ost of Generating Station Plant.—It is difficult to form 
a comparison under this head, as the design and equip- 
ment of each station has to be arran to suit local and 
other conditions. It is F amoery owever, that there 
need be no appreciable difference in the capital cost of an 
electric and hydraulic station when fully equipped for 
the complete dock installation of power and hghting. 

Power Distribution.—The initial capital expenditure 
| for the distribution system is probably about the same. 
Whatever the life of hydraulic pi may be, that of an 
electric — Ys) — we Fee md Dock will be as 

scrap value considerably more. 
Fic. 19. InrernaL ARRANGEMENT OF THE ‘‘ CLypDE” CaPsTAN. —— e risk of fire with hydraulics is, of 
a ' course, non-existent ; with a properly-installed electric 
such work. If any additional testimony to the mechs-| systems, but as these conditions are rarely or never met | system it may also be regarded as practically so. 
nical strength and reliability of electrical plant is re-| with in actual working, the advantage is with electric| Final/y.—Summarising these conclusions, the authors 
quired, it is to be found in the many thousands of horse- | cranes. Electric coal-hoists have been shown to be more| submit that they have by this entirely electrically- 
power installed to operate rolling-mills, than the de-| economical than hydraulic hoists, and electric capstans | equipped dock shown that, apart from the admitted ad- 
mands of which nothing can be more severe. much more so. | vantages of electric power, the relative position of electric 
. Economy.—It is submitted that where cranes are work-| General Adaptation.—It has been suggested that in | and hydraulic power is now :— 
ing under ideal conditions for hydraulic power—that is, | order to secure the’advantage of * adopting the power! 1. Hlectric and hydraulic systems are equally reliable ; 
st_full load—there is nothing to choose between the| best suited to the appliance operated; a dock might be, 2 The cost of working with electric and hydreulid 
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wer is equal at full load, but under variable and low- 
Bead conditions, electric power is cheaper ; 

3. Electric power has now the equivalent of the 
hydraulic accumulator ; . 

4, Electric power can be applied toall dock appliances, 
and has greater flexibility than hydraulic power. . 

In conclusion, the authors wish to thank the officials 
of the Clyde Navigation Trustees and their assistants 
for their ready co-operation at all times; Mr. D. Fyfe, 
mechanieal engineer to Mr. Baxter, and more directly 
to Mr. Frank Anslow (who is partner with Mr. Dixon) 
for his assistance in the designing and carrying through 
of the equipment, and in the preparation of this paper. 








REPORT TO THE CORROSION COMMITTEE 
OF THE INSTITUTE OF METALS.* 


By Guy D. Bencovuan, M.A., Lecturer in Metallurgy 
in the University of Liverpool. 
(Continued from page 100.) 
Szorion ITI. 
Synopsis of the Views of the Authors of the Foregoing 
Papers. 

A DETAILED study of the papers that have just been 
considered will show that, almost without exception, the 
authors attribute the corrosive action of sea-water to 
electrolytic action. They are, however, not unanimous 
in their selection of the electro-negative member of the 
voltaic couple. Further, their views are in some other 

ts mutually contradictory, or are irreconcilable 
with the conclusions of authors not hitherto mentioned. 
For instance, Tilden considers that deposits of basic 
chloride will enhance corrosion, and recommends tha 
precautions be taken to prevent its accumulation ; Sexton, 
on the other hand, considers that this material is, if any- 
thing, slightly protective. Cohen states that CuO is an 
excellent protector, owing to its insolubility in sea-water ; 
Charpyt considers that it is the primary product formed 
in the action of sea-water on copper. The — author, 
on this point, is entirely in accord with Cohen. Diegel 
considers that nickel retards the corrosion of brasses ; 
Rhodin, that it accelerates the attack. Other mutually 
contradictory statements may be found in the papers 
already noticed, as well as in others on the subject. 

On the other hand, there is a general ment between 
Tilden, Milton and Larke, Hamlet and others, that the 
presence of Cu,O is harmful, Sexton, Muntz, and others 
suggest that carbon particles, ashes, and other im- 
purities, not necessarily derived from the tubes them- 
selves, are serious and frequent causes of trouble. Since 
Arnold first employed the microscope in the study of cor- 
rosion it has been much used for the purpose of detecting 
such impurities in the alloys, and a good deal of work has 
been done to discover ible external sources of electro- 
negative material which might be introduced into corroded 
tubes or pipes. 

Nevertheless, it enpeems to the present author that even 
this aspect of the subject—the aspect which has received 
most attention—has been but incompletely studied. In 
some cases the authors have omitted to ascertain whether 
the impurity impugned does or does not conduct electri- 
city. Vt it does not it cannot form an electro-negative 
node—1.e., it cannot set up electrolytic action. The dis- 
puted question of the effect of basic chloride can be settled 
by a determination of its electric conductivity. If this be 
very slight, the resistance of the circuit will be too great 
for the small electromotive force set up between the posi- 
tive and negative nodes to send round it a current suffi- 
ciently intense to be practically harmful. The same 
remarks apply to the action of Cu,O and ashes. Non- 
conductors may, however, act as “‘depolarisers,” and 
this aspect of the question is dealt with further on in 
this report. . 7 

With regard to the means of preventing corrosion, 
there seems to be a fair degree of agreement on certain 
points amongst the authors. The means generally 
approved are the two following :— ’ y 

1. The tubes should be kept free from any solid deposit 
by cleaning at frequent intervals (Tilden, Stewart, and 
Sexton). . : ‘ 

2. A protective coating of tin or other suitable sub- 
stances should be used (Cohen, Utheman, and Isher- 
wood). 

=, means less generally considered to be effective 

re :— 
vs 3. The access of wey, Neng om to the tubes should be 
prevented (Milton and ke, Sinclair). 

4. The use of olive oil should be abandoned (Stewart). 

The exceedingly laborious nature of the of clean- 
ing out the hundreds or even thousands of tubes that 
form a battery of condensers has prevented the wide 
adoption of precaution (1). In the case of the last three 
precautions opinion is not quite unanimous. It may be 
pointed out that Sexton doubts the value of tin used 
either in the alloy or as a surface coating; also that 
Stewart does not think stray currents can be the cause of 
corrosion ; and that Milton did not believe that olive oil 
caused the corrosion of copper ir the steamers examined 
by Stewart. : : 

An examination of the literature of corrosion has thus 
served to show that the ideas prevailing in the minds of 
many of the investigators and writers on the subject have 
been very contradictory ; also that there is a prevalent 
idea that the term “‘ corrosion ” includes under one head- 


* Report submitted at o- meeting of the Institute of 
Me' held January 18, 1911. : tage 

rey vee Minerale, Moissan ; article ‘‘ Cuivre,” by G. 
Charpy, 1906. .: 

xs > Alle of the Institute of Metals, 1909, vol. ii., 
discussion on Rhead’s paper, 
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ing several quite distinct classes of phenomena which are 
not y re to one another at all closely. 

A common classification is as follows :— 

(a) Chemical Action.—This is supposed to be the pro- 
cess by which a simple metal, such as zinc, dissolves in 
an acid. 

(b) A combined attack by a corrosive liquid and the 
atmosphere, such as occurs when brass is attacked 
at the water-level by sea-water. The oxygen of the 
atmosphere is supposed to be responsible for a primary 


attaek on the metal. Thus — gives the following 
series of reaction as representing the action of sea-water 
on copper :— 

4Cu+20, =4Cu 


‘ = 4Cuv0 
4 CuO +2 NaCl+CO, +3 HO = Na, CO, +(3CuO, 
CuCl, 3 H,0) 
3 CuO, CuCl, 3 H,0+4 Cu 


= Cu,Cl,+3 Cu,0 
+ 3 H,O 
3 CuCl, +30+3 H,0 = (30u0, CuCl, 3 H,0) 

(c), Electro-Chemical Corrosion.—In nearly all cases 
this is considered to be a phenomenon quite distinct from 
the other two. 

The author has no hesitation in stating that the balance 
of evidence clearly shows that the primary process of the 
corrosion of any metal or alloy is in all three cases iden- 
tical, and consists of the entrance of the metals into the 
solution as ions. In the last two cases it is true'that the 
speed of the action is affected in various ways, but the 
difference between these and the first case is quantita- 
tive rather than qualitative. Thus, in Class B, the 
presence of carbon dioxide in the water will not only 
increase the rate at which zinc will pass into solution, 
owing to the presence of an increased number of H ions, 
e presence of carbon dioxide and oxygen will also 
enable copper to cere hydrogen from solution and 
afterwards to be itself removed from solution as insoluble 
basic chloride. The whole corrosive action is thus speeded 
up (by catalytic action or otherwise), and at the same time 

ie more evident to the eye, owing to the formation of 
the salts mentioned ; but it does not differ essentially from 
the phenomena included under Class A. 

In the case of Class C, the effect of the application of an 
external electromotive force is merely to push both metals 
rapidly into solution at the anode ; in fact, the electro- 
motive force reinforces the solution pressure of the metal. 
These statements will be more clearly understood after a 
study of Section IV. of this report. 

The present author considers that enough has been said 
to show that modern knowledge of the corrosion of 
copper and brass is in a somewhat confused and tangled 
state, and that very few positive experimental results 


can be considered as thoroughly established. He believes | f, 


this to be due to the fact that the mechanism of the 
solution of the metal or alloy has not been sufficiently 
taken intoaccount. He considers it necessary, therefore, 
that the whole case should be restated from the point of 
view of the ionic theory of solutions. It is not here 
claimed that this theory will for all time remain un- 
chan; As new facts are from time to time discovered, 
some modifications will probably have to be made—our 
standpoint will have to . shifted slightly ; but at the 
present time there is little doubt but that this theory 
presents the vane core view of all the facts now known, 
and it has been adopted through the rest of this report. 

A somewhat detailed statement of the theory will now 
be made. 

Sgrction IV. 
The Electrolytic Theory of Corrosion. 

It may safely be assumed that all metals and alloys 
when plunged into dilute acids or into water, either pure 
or containing salts in solution, tend to pass into solution. 
This tendency is known as the solution pressure of the 
metal, and for any particular solvent is a constant which 
depends only on the temperature. When a metal passes 
into solution in a solvent, certain molecules or atoms tend 
tose te themselves from the body of the metal and 
distribute themselves, in the form of ions, uniformly 
throughout the solvent. Ions are atoms or groups of 
atoms carrying — large charges of static electricity.+ 
The solvent, as well as the substance passing into solu- 
tion, may be more or less dissociated into ions. Thus 
ordinary water is dissociated to a limited extent into 
hydrogen ions and (O H) ions, the latter being known as 
hydroxyl ions. Many acids in solution are ight dis- 
sociated, and are characterised by the presence 0: Hi i 
bases in solution are also dissociated, and are characterised 
by hydroxylions. The metallic and hydrogen ions carry 

tive charges, and are called cations ; hydroxy] ions, 

1, Br, and the acid radicles carry negative charges, and 
are called anions. 

Acids and solutions of metallic salts conduct electric 
currents electrically, that is, by the movement of ions. 
When eo electrodes are — ywenpre to 
positive and negative sources of electricity, and are 

lunged into an electrolyte, the positively -charged i 
an mer which have hitherto been pursuing haphazard 
paths between the molecules of solvent, begin at once to 
move in the direction of the current, and sooner or later 
arrive at the cathode—that is, the positive electrode ; 

the name cations, or down-streamers. Arrived at 
the cathode they give up their positive — to the 
electrode, and return to the molecular condition, in 
which we are ordinarily acquainted with them. The 
anions negative charges, and travel toward the 
negative pole, and there give up their negative charges, 
hence their name anions, or up-streamers. The passage 


* Charpy, loc. cit. 

+ Many concepts of the ionic theory of solutions are 
here stated dogmatically. heir justification, experi- 
mental and theoretical, can be found in modern text-books 
of physical chemistry. 





of the current is thus effected by the simultaneous 
sages of positive and negative charges to the electrodes. 
Cations are generally denominated by their chemical 
8 ey Renee a dot over them; anions have instead a 
; thus:— 
Zn->Zn" or Zn + 2Q -—> Zn” 
means that zinc is passing into the ionic condition, and 
Cl.->2 Cl’ 
means that a molecule of chlorine is being broken up into 
two chlorine ions. It should be noticed that chlorine, 
which is monovalent, forms ions carrying unit negative 
ch denominated by one dash. Zinc, which is 
divalent, carries two positive charges, and this is denoted 
by twodots. The general rule is that monovalent ele- 
ments or froups carry unit c on each ion—e.g., 
Na’, H:(NO;)’; divalent elements two charges, and 
trivalent elements three charges. 

Now consider the case of common salt placed in pure 
water at the ordinary temperature. Owing to its solu- 
tion pressure, which salts exhibit in common with 
metals and alloys, it will tend to pass into solution, for 
the most part breaking up as it does so into Na ions or 
Clions.* The process of solution will continue till a 
certain concentration has been reached—7.e., until unit 
volume of solution contains a certain definite number of 
Naions. The solution is then termed saturated, and the 
process of solution apparently stops. The explanation of 
this is as follows:—As soon as there are any ions at all 
in solution they assume a certain tendency to pass out of 
solution, and deposit themselves on the undissolved salt. 
As long as there are but a few of them in solution, this 
action will be overcome by the solution pressure—that is, 
by the tendency for undissolved salt to pass into solution 
in the ionic form. But as the concentration of Na ions in 
solution inci the tendency of dissolved ions to pass 
out of solution will gradually increase. Finally, the two 
tendencies will exactly balance one another, and a con- 
dition of equilibrium will result. The tendency which 
opposes solution pressure, and finally balances it, is termed 
osmotic pressure. It is areal pressure of very consider- 
able magnitude exerted by the ions already in solution, 
and opposing the entry into the solution of more ions. 
It is — an to the pressure exerted by a gas on the 
walls of the containing vessel. 

The osmotic pressure of a solution, then, depends on 
the concentration of the ions in solution. It opposes 
solution pressure and finally balances it when a certain 
definite ionic concentration been reached. Osmotic 
pressure is only felt in the interior of liquids, and not at 
all at their free surfaces. This arises from the fact that it is 
there opposed by a still greater pressure, known as sur- 
‘ace tension, which acts towards the interior of a liquid, 
and consequently in opposition to osmotic pressure. 

Now in the case of a salt in contact with its solution, if 
the ionic concentration is low, salt will into solution ; 
if, on the other hand, the concentration is higher than the 
normal value, salt will separate out. In either case a 
state of equilibrium will be reached—i.e., the solution pres- 
sure and the osmotic pressure will exactly balance one 
another. 

Solution pressure <_ —> osmotic pressure. 


Take, now, the case of a metal, such as zinc, plunged 
into a solution of one of its salts. As in the case of 
common salt, zine will tend to pass into solution ; but 
instead of sending out both itive and negative ions— 
e.g., Na* and Cl’ ions, ake suena keep the solution 
electrically neutral—it can only send out positive Zn ions. 
The result of this will be that the solution will not remain 
electrically neutral, but will become positively charged, 
owing to the presence of excess of positive zinc ions. 

The zine electrode, since it is sending out ions carrying 
— charges, will become negatively charged. A 

ifference of — will thus be set up between the 
electrode and solution. The result will be an electro- 
static tension between electrode and solution which will 
hold the ions in solution in the neighbourhood of the 
electrode. The tension, in conjunction with the osmotic 
pressure, will very soon balance the solution pressure of 
the zinc. This will occur when a very few ions have 
a into solution, and consequently no more zinc will 

issolve. The difference of potential between the metal 
and solution is known as the electrode potential of the 
metal. It gives rise to what is known as an electrical 
double layer. This consists of negative c on the 


; | electrode and a number of positively charged ions which 


are held by the tension in the immediate neighbourhood 

of theelectrode. It is formed when an extremely minute 

quantity of metal has passed into solution, and there is, 

consequently, no apparent change when a metal is —s 

in a of one of its salts. The result may be ex- 
thus :— 


Solution pressure <=> electrostatic tension 
+ osmotic pressure. 


The electrode potential, which is the measure of the 
electrostatic tension of a metal plunged into a solution of 
one of its salts, is seen to be an electromotive force set 
up at the surface of contact of metal and solution. Its 
value is different for different metals. It is dependent 
on the concentration of ions in solution and also on the 
temperature. The relative values have been measured 
for a large number of metals in normal solutions of their 
salts, and absolute values have also been obtained by 
comparison with an electrode of supposed zero potential. 


Solution eg sag a may be calculated from the electrode 
potential by the formula 
E = 0.058 log F 
P 


° But some whole ‘molecules, undissociated, will also 
pass into solution, 
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at 17 deg. Cent., where E is the electrode potential, P the 
solution tension of the metal in question, and p the 
osmotic pressure of its ions in solution. he © 

It has been already stated that a zinc atom passing into 
solution acquires a positive charge, and becomes an ion. 
The question then arises— Whence does this charge come? 
Ordinarily it comes from the mass of the electrode, and 
leaves it negatively charged, as has been already indicated. 
Now imagine a piece of zinc placed in a solution contain- 
ing copper ions. Owing to its solution pressure, the zinc 
will at once begin to send off ions into the solution, which 
will become positively charged. The mass of zinc will 
then be negatively charged. A double layer would soon 
be formed, and stop further solution of the zinc, but 
for the presence of copper ions in the solution. Since 
the latter contains an excess of positive ions, and since 
the copper ions have a low solution pressure, these will 
readily one up their charges to the negatively-charged 
zinc and plate out as metallic copper.* Thus zinc will 
displace copper from solution; the experimental result 
is familiar to all, its mechanism is not so well known. 

Now by a series of similar displacement experiments 
metals may be arranged in a series which will indicate 
the order in which they will turn each other out of a given 
solution. This series will also, with some exceptions, 
reprasent the order of the electrode potentials and the 
solution pressures of the metals. Hydrogen may be re- 

ed as a metal and included in the series. Such a 
series of the common metals is given below. It refers to 
the electromotive force developed at a metallic electrode 
when placed in a normal solution of one of its salts at 
0 deg. Cent. Any member of the series is said to be 
electro-positive to any other occurring below it in the 
list ; similarly, any substance is said to be electro-negative 
to any other occurring above it. 
Table of Electrode Potentials (at 0° C.).+ 


Zn** + 0.493 H° — 0.277 
Fe ** + 0.063 Cu‘ *— 0.606 
Ni ** + 0.049 O” — 1.396 
Pb — 0.129 Cl’ — 1.694 


The values given refer to normal solutions. If, now, 
a more dilute solution than this be substituted, the osmotic 
pressure of ions in solution will be lowered ; and since 


Solution pressure ¢_ —> electrode potential 
+ osmotic pressure, 
it is evident that the electrode potential must be raised. 


To take an actual case, the electrode potential of copper 
in normal solution is 0.606 volt ; in decinormal] solution 


0.606 + aes 


n 
Now the electrode potential developed at the surface of 
emntact of a corrodible metallic electrode with a solution 
of one of its salts is the driving power of the current in 
most primary cells. Taking the case of a Daniell cell, we 
have a copper electrode in the solution of copper sul- 
phate separated by a porous division from a zinc electrode 
in a solution of zinc sulphate. The porous pot is merely 
to prevent too rapid diffusion of the two solutions into 
one another. The electrode potentials of zinc and copper 
in a normal solution of their salts will be seen to be +0.5 
and —0.6, or a difference of 1.1 volts. If the two elec- 
trodes be connected ther by a conductor, the follow- 
ing series of reactions will take place :— ‘ : 

1. Zine, being strongly electro-positive, will pass into 
solution in the ionic form, carrying positive charges with 
it—t.¢., a current will tend to flow from zinc to solution. 
The zine electrode will be negatively charged, and very 
soon a double layer will be set up. . 

2. Copper, being electro-negative, and placed in a satu- 
rated solution of its salt, its ions will tend to pass out of 
solution and become deposited on the cathode. They will 
there give up their positive charges to the electrode—i.e., 
a current will tend to from solution to electrode. 

3. This electrode will be the positive electrode of the cell. 
The charges given up to it will be carried along the con- 
ductor to the zinc, or negative ) 0 
negative charges arising from the loss of positively ch 
zinc ions. Hence the double layer formed on the surface 
of the zinc will be destroyed and more zinc will pass into 
solution. 

The action will proceed as long as an external conductor 
connects the two poles. When they are disconnected the 
action will be discontinued by reason of the formation of 
electrolytic double layers at the two poles; thus at the 
copper electrode the positive charge will repel positively- 
charged copper ions, which will now no longer pass out 
of solution. 

We are now in a position to gather a few fundamental 
ideas on the subject of corrosion. First of all, it is most 
important to notice that the corrosion of a metal, usually 
zinc, is the essential feature of most primary cells. lu- 
tion of the zinc does not take place because of the galvanic 
current set up between, say, the copper and zinc of a 
Daniell cell. It is more nearly correct to put the matter 
the other way round and to say that the solution or corro- 
sion of the zinc is the cause of the current. A primary 
cell is simply an arrangement for transforming the 
chemical energy of the zinc into the electrical energy of 
a current. Similarly, a dynamo driven by a steam-engine 
is merely a cumbrous arrangement for converting the 
chemical energy of the coal into the electrical energy of a 
current. The source of this energy is the combustion— 
i.¢., the rapid corrosion of the coal. Similarly, in the 
first case, if no zinc corrosion passes in solution, no current 
results. 

Now the possibility of a metal corroding or passing 


where n is the valency. 





* In a normal solution, copper ions leave the solution 
and deposit copper even on metallic copper. 

+ Wilmore and Ostwald, Zeitschrift Fir Physikalische 
Chemie, 1901, vol. xxxvi., page 92. 


le, there to neutralise the | P. 





into solution to any considerable extent when placed in a 
given liquid, is dependent upon whether it can take 
positive chai from that liquid in any way. If it 
cannot, any ions passing into the solution must abstract 
them from the metal itself, and an electrolytic double 
layer will be formed, which will stop further solution, as 
has already been indicated. Now there are the following 
— methods of obtaining positive charges from a 
solvent :— 

1. The removal of positive ions from solution. 

2. The destruction of positive ions in solution. 

3. The production of negative ions in solution. 

For the present we need only concern ourselves with the 
first of these sources, since it is the most important. 
From what has been already stated, it is clear that if 
there are present in the liquid positive ions of a less 
electro-positive nature the metal we are dealin 
with, then these will be replaced by ions of that metal. 
Hence, in general, the solution or corrosion of a metal by 
a liquid is conditioned by the presence in that liquid of 
ions of a less electro-positive nature. If there be man 
such ions, corrosion will be rapid ; if few, corrosion will 
be slow. This may be said to be the general rule ; excep- 
tions may occur, and these will be dealt with later. 

The question now arises, How will an applied external 
electromotive force affect the rate of corrosion? Obvi- 
ously it will act mainly by hastening the removal of 
positively-charged ions from solution, and so enabling 
more electro-positive ions to replace them. If this be 
borne clearly in mind, it will clear up much of the confu- 
sion of thought in connection with the corrosion problem 
which is apparent in much of the literature on the sub- 
ject. It may be here noted that the direction of the 
applied electromotive force is of great importance. Due 
to it, a current will flow through the electrolyte, and at 
the place where the current enters the electrolyte solu- 
tion or corrosion will take place, since positive charges 
are enteri aa The area from which it leaves 
the electrolyte will be to some extent protected from 
corrosion, since here positive charges are leaving the 
electrolyte. The practical pes of these state- 
ments will be dealt with shortly. 

It has already been stated that the electrode potential 
of a metal in a given solution is a constant of the metal, 
depending only on the temperature and concentration. 
If the concentration be increased, the potential will 
decrease ; if the concentration be Somenanlt the potential 
will increase. In the light of these facts let us consider 
the conditions favourable for the replacement of a metal 
A from solution by metal B. 

Suppose the concentration of B be very low—i.c., its 
osmotic pressure be very low. Then since 


Solution pressure — electrostatic tension 
+ osmotic pressure, 


a considerable number of ions will pass into solution 
carryin| itive charges, and will form a double layer. 
Now, if the concentration of the A ions is high in the 
solution, which now contains an excess of positive ions, 
some A ions will be certain to approach metal B and give 
up to it their positive charges, thus neutralising part of 
its negative charge. When this happens a correspondin; 
number of B ions will be freed from the double layer, an 
will act as ions do no y in a solution. ow the 
more A ions there are in solution to start with the more 
rapidly this action will proceed. Hence the conditions 
sought for are that the initial concentration of A should 
be high, and of B low, in the original solution. Now, if 
the concentration of B be sufficiently low, and the con- 
centration of A sufficiently high, considered relatively to 
that of B, then B may replace A even if in normal solu- 
tions A is more electro-positive than B. The deduction 
to be drawn is that the replacement of one metal by 
another may sometimes be determined by the ratios of 
ionic concentrations. 
Let us now consider the case of pure metal plunged into 
ure water, and purity for our present purpose is to be 
ideal chemical purity—a purity altogether unattainable 
by any methods of preparation at present available. 
The metal, moreover, is to be considered as absolutely 
free from physical strain. It is to be perfectly homo- 
geneous, chemically and Vy nagnee Such a metal, unless 
it decom water, as does ium, for instance, must 
necessarily be insoluble, and this will be true, no matter 
what the solution tension of the metal may be. In each 
case the solution tension, however high its value, will be 
counterbalanced by the electro-static tension of the 
double layer which will be formed all over the nfetal. 
Chemical tests on the water for the metal will give blank 
results, for the number of ions carrying positive charges 
which have passed into solution to form the double layer 
are generally too few in number to be detected by any 
method at present known to chemistry. If the water be 
replaced by pure acids, the same result will be obtained. 
ow such a metal as that described does not exist.* 

It is well known that iron and steel readily pass into 
solution in any ordinarysample of water, and quite rapidly 
in dilute aci Copper and zinc are also acted on by 
dilute acids, sea-water, and many other solvents. How is 
it, then, that the formation of a double layer does not 
protect them in ordi cases? The answer is obviously 
that metals, as ordinarily , are not homogeneous, 
either chemically or physi }; and the consequence is 
that the double layers are not formed. 

We will first consider the case of chemical impurities. 


* Lambert and Thomson (Proceedings of the Chemical 
peers 1910, vol. xxvi., page 377) have shown quite 
recently that iron can be prepared in a state of such 
purity that when exposed to water and inary air no 
= took place—i.c., no free iron passed into 
solution. 








If a small quantity of a second element be added to our 
pure metal, it will not, in general, be distributed perfectly 
uniformly in the resulting solid alloy. As examples, the 
irregular distribution of lead, copper oxide, and arsenide 
in metallic wy may Le cited. In the case of steel 
much work has been done to ascertain the exact distribu- 
tion of the impurities, and it has been shown that the 
distribution is far from uniform. In the case of the allo 
which consist of a single solid solution, and which might 
be expected to be exceptionally uniform, we may get the 
cast structure, so well known in the case of. brass or 
bronze, and which a microscope of even moderate power 
will show to be far from uniform. In these cases a drastic 
annealing is required to secure anything like uniformity 
of chemical composition. In view, too, of the fact that 
zinc is preferentially dissolved out of 70:30 brass by 
certain solvents, it 1s doubtful whether even annealing 
renders such a solid solution homogeneous to corrosive 
reagents. It has been already suggested in a paper read 
before this Institute* that chemical compounds preserve 
their identity in solid solution, at least to some extent, 
and if this be so, the solution cannot be minutely homo- 
am. In the case of castings made commercially on a 

rge scale, such as those used for the production of con- 
denser tubes, the metal may contain inclusions which will 
be mechanically driven in during the drawing ; 
such inclusions may, for instance, derived from the 
core of the mould, and consist of carbon.+ In these, and 
many other ways, a commercial metallic product is certain 
to differ considerably from perfect homogeneity. 

It is almost equally certain to depart from perfect 
physical uniformity. Some parts may be worked or 
strained slightly more than others, either by hammering, 
drawing, or even by unequal distribution of contraction 
strains resulting from the shape of the casting ; unequal 
= 8 of cooling and local chilling will have similar 
results.} 

All these cases of lack of uniformity, and many others 
that will readily occur to all who have to handle large 
Se of metal on the commercial scale, are pre- 

isposing causes of corrosion. For the present purpose, 
however, it will be sufficient to select one, and consider 
how it functions in this way. A very simple case will be 
that of zinc with a minute inclusion of carbon, and we 
will suppose the metal to be placed in a very dilute acid. 
Carbon has a very low solution pressure and electrode 
potential, and on this account forms the positive pole of 
most primary cells. Relatively to it zinc will be strongly 
electro-positive. A difference of potential will con- 
sequently be set up between the zinc and the carbon when 
they are placed together in theliquid. The zinc will 
into solution at points surrounding the carbon particle. 
The zinc will thus be negatively charged, and the solution 
positively. The solution will then contain an excess of 
— ions, and a double layer will be formed round it. 

0 uently the hydrogen ions already in solution will 
be pushed out of solution at the cathode—that is, at the 
carbon particle—and will there give up their positive 
charges, and assume the 8 form. The carbon 
particle will thus be Prom poms ~The a Now, when so 
charged, it would give rise to a double layer, in which the 
solution will be negatively chi , owing to the presence 
of excess of negatively-cha Clions. Solution of the 
zine would then cease but for the fact that the positive 
charge on the carbon particle and the negative charge on 
the zinc are in electrical communication through a con- 
ductor. Hence a current will flow from the carbon to the 
locality where the zinc is dissolving through the mass of 
the zinc itself. The charges at the electrodes will thus 
neutralise each other, the double layers will be broken 
down, and solution will proceed. 

While fully recognising the importance of merel 
apparent uniformity of chemical state, which has, ind 
been pointed out by many writers, the author is inclined 
to think that the recognition which this phase of the 
subject has received has concentrated attention upon it 
too exclusively. That other and hitherto unidentified 
causes are at work, and may be even more important, is 
evident. Otherwise Muntz metal—a two-phase system— 
would always be much more rapidly corroded than, say, 
70 : 30 brass, whereas Tilden on others have shown that 
this is not by any means always the case. 

Turning now to the case of a metal which is not 
aw uniform, it will be sufficient to state that the 
valance of evidence now available appears to indicate 
that strained areas in a metal or alloy are electro-positive 
to unstrained areas. These strained areas will dissolve 
or corrode preferentially in exactly the same way as in 
our a example given above. A valuable paper 
by Burgess§ gives an admirable review of the experi- 
mental work carried out on the difference of potentials 
existing between strained and unstrained portions of 
— ~~ those who are ey ~ in this matter should 
refer to his paper, since space does not permit of an 
detailed account of work which has ally won on this 
subject to be given here. 

e shall henceforward assume that any portion of a 
metal or alloy which has been strained beyond its elastic 
limit is electro-positive to areas on the same specimens 
that have not been sostrained. Now it is necessary to point 
out here that a number of speakers and writers on this 
subject seem to have scarcely appreciated the delicacy of 
the phenomena now under consideration. Some of the 


* Bengough and Hill, J ournal of the Institute of Metals, 
1910, vol. iii., No. 1, page 63. 
+ y Sir Gerard Muntz on Rhead’s 








See_discussion ; 
peper, Journal of the Institute of Metals, 1909, vol. ii., 
0 


‘at Especially in the case of 70 : 30 brass, See Carpenter, 
. Cit. 

§ Transactions of the American Electro - Chemical 
Society, 1908, vol. xiii., page 17, 
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earlier workers on corrosion of steel have made elaborate 
investigations directed to ascertain quantitatively the 
differénce of potential between the strained and unstrained 
parts of specimens of steel. On the other hand, there 
appear in the literature of the subject accounts of — 
ments, from the results of which deductions have been 
drawn in a diréctly opposite sense, and doubts have been 
expressed as to whether any such differences of potentials 
exist at all. In some cases quiteinsufficient care had been 
taken to remove the slight traces of grease resulting from 
handling the specimens experimented with, and to sécure 
that the surface of the specimen received precisely 
identical treatment 1n all respects before comparisons 
were made. Even with the most detailed precautions, 
however, it is not likely that any useful quantitative 
results would have been obtained. In the case of iron 
and steel this matter has been summed up by Cushman 
and Gardver as follows :— : 

‘The apparently. contradictory results arrived at by 
different experimenters may be best explained by the 
extreme delicacy of the equilibrium which governs the 
polarity. That iron has a definite solution pressure has 
alread n shown. If for any reason, however obscure, 
the pe tension is to any extent greater at one = 
ona given surface than at another, that point will be to 
some extent electro-positive to the other. Whether these 
points retain the polarity, or whether it is actually 
reversed, depends on the nature of the given case, in 
which determinative influences may be at work, which it 
is impossible to predicate.” 

The author entirely concurs in this statement. Any 
difference in the physical state between two points 
on a metal or alloy will probably be associated with 
a difference in electrode potential and solution pres- 
sure between those points. It is of secondary import- 
ance which point is positive and which negative. It must 
be carefully borne in mind that the difference may be 
merely a surface condition, and that when a few molecules 
have gone into solution from the surface of the more 
electro-positive points, the difference may cease, or may 
exist in the ot ite sense. This part of the corrosion 
problem probably cannot be usefully attacked in a quan- 
titative manner with our present experimental resources. 

This portion of the report may briefly summarised 
as follows :— 

1. Every metal and alloy has a definite and charac- 
teristic solution pressure in a given solvent ; this pressure 
depends only on the temperature and the concentration 
of its own metallic ion or ions in'solution. 

2. Perfectly pure homogeneous metals are, notwith- 
standing this statement, practicably insoluble owing to 
the formation of the electrolytic double layers. 7 

3. Ordinary metals dissolve, or are corroded, owing to 
the fact that they are not chemically and physically 
homogeneous, 5 : 

4. Metals and alloys may be arranged in a definite 
order in which they will displace each other from normal 
solutions to their salts. This order is also that of the 
electrode potentials of the metals. 

5. Metal ions in solution exert a definite osmotic pres- 
sure, which opposes solution pressure, and so tends to 
prevent the entrance of more ions into solution. 

6. In general a metal or alloy will be corroded by a 
solution which contains ions of a less electro-positive 
nature than that of the metal or alloy in question. _ 

7. Sometimes the ratios of the concentration of the ions 
in solution—that is, ratios of the osmotic pressures—will 
determine whether or not a metal A will displace a metal 
B from solution. 

We may deduce from the above :—_ . 

8. When the corroding metal is displacing hydrogen 
from solution, the action will be accelerated by the 
presence of a “‘ depolariser ”—1.¢., some substance which 
will rapidly remove, by oxidation or other means, the 
displaced hydrogen. Such a depolariser may be present in 
the corroding liquid, or in the corroded metal. _ 

9. The nature of the surface of the metal may influence 
the speed of corrosion. If the surface be of such a nature 
as to facilitate the formation and removal of hydrogen 
gas, it will also facilitate corrosion. 


(To be continued.) 





FOREIGN ENGINEERING PROJECTS. 

WE give below a series of colonial and foreign engi- 
neering projects, for several of which tenders are asked. 
Further data concerning them can be obtained from the 
Commercial Intelligence Branch, Board of Trade, 73, 
Basinghall-street, F.C. 

Canada; H.M. Trade Commissioner for Canada reports 
that tenders are invited by the Canadian Department 
of Marine and Fisheries for the construction of a twin- 
screw steel steamer for survey and inspection work on 
the St. Lawrence ship channel. The vessel is to be of 
the following dimensions :—Le between perpendi- 
culars, 130 ft.; moulded breadth, 27 ft.; moulded depth, 
13 ft. 6 in. ; mean draught, 9 ‘t. 6 in. Tenders ,will 
be received by the Deputy Minister of Marine and 
Fisheries, Ottawa, up to noon on February 15. A deposit 
of i Pisa cent. of the value of the offer must accompany 
eac! er. 

Ruisia: The Russian Official Messenger notifies that at 
a meeting held by the Department of Railways on Decem- 
ber 27, a recommendation was made in favour of granting 
to Mr. P. N. Predonovi a concession for the construction 
of a line from Araks, on the Trans-Caucasian Railway, 
to the River Araks, with the object of connecting the Kul- 
pinski salt fields with the Trans-Caucasian Railway. The 
vost of the undertaking must not exceed 300,000 roubles 
on 32,000/.), and it is anticipated that the expense will 

recovered from revenue in —— to the carriage of salt. 


Spain: The Gaceta de Madrid contains a notice, issued 





by the Ministerio de Fomento, inviting tenders for the 
construction of a railway from Madrid to Utiel. ‘Tenders, 
which will be opened on March 16, should be addressed 
to the Direccién General de Obras Publicas, Ministerio 
de Fomento, Madrid. A deposit of 522,523 pesetas (about 
19,3001.) will be required to qualify tenders. Local repre- 
sentation is necessary. 

Australia: The Imperial Trade Correspondent at 
Adelaide reports that a Bill is now before the South 
Australian Parliament for the expenditure of 6,807,000. 
for the carrying out of various works in South Australia, 
as follows :— 


Railways— £ 
Rolling-stock, locomotives, machinery and 
appliances for | tive worksh KC. ; 





ps, &c.; 
uipping locomotives and rolling-stock 


th Westinghouse brakes 989,000 


Railway construction .. ny an .. 1,930,000 
Railway stations and buildings . ee 450,000 
Harbours— 
Deepening and improvement of harbours at 
Port Adelaide, Port Pirie, and at outports ; 
construction of wharf, ving dock, &c... 695,000 
Purchase and reconstruction of wharves .. 1,000,000 


Water-supply works in d'stricts of Adelaide, 
Country, Beetaloo, Bundaleer, and Barossa. . 390,000 
Drainage works— 
Drai works in South-Eastern District .. 50,000 
Adelaide sewers, including Port Adelaide and 


Semaphore District 200,000 
Jetties and lighthouses... ‘< ‘ ‘ 103,000 
Buildings—erection of school-houses_ .. me 60,000 
Miscellaneous works— 

Vermin-proof fencing .. as ‘e “a 70,000 
Irrigation and reclamation of swamp land .. 90,000 
Land repurchase, &c. .. we ‘ile a 780,000 


The Imperial Trade Correspondent adds that most of the 

work will be carried on Sy eae Australian firms, but 

large quantities of materials will have to be imported. 

The item under harbours for the purchase and reconstruc- 

tion of wharves (see Board of Trade Journal of Novem- 

ber 26, page 382) has been struck out by the Legislative 
ouncil, 

Italy: The Gazzetta Ufficiale contains two notices, issued 
by the Italian State Railways Department, Rome, inviting 
tenders, which will be opened on February 18, for the 
construction of two portions of the Minturno-Naples 
section of the express line which is ep laid between 
Rome and Naples. The total length of line under the 
contracts is about 9 miles, and the total upset price is 
11,270,000 lire (450,800/.). Part of the line will run 
through the Massico Tunnel. Although the above con- 
tracts will in all probability be awarded to Italian firms, 
nevertheless the carrying out of the works may involve 
the purchase of some materials out of Italy. 

Italian Somaliland: The Sole notifies that Giacomo 
Buonomo (an engineer) has drawn up plans for the con- 
struction of a railway from Mokdishu to Lugh. The 
three en stations through which the line will 
have been named Cecchi, Crispi, and Bottego. The 
length of line involved is 250 miles, and the cost is esti- 
mated at 20,000,000 lire (800,0007.). 

Tunis : The Bulletin Commercial (Brussels) notifies, on 
the authority of the Belgian Consul at Tunis, that the 
Government of the Protectorate proposes to contract a 
new loan for the purpose of completing various projected 
railways in Tunis. It is estimated that altogether 
90,500,000 francs (3,620,000/.) will be required. About 
half of this amount will be provided for at the outset. 

Argentine Republic: The Bolctin Oficial publishes a 
decree approving the plans submitted by the Central 
Argentine Railway for the construction of 31 miles of the 
section between Cruz and Cordoba ; also a furthur decree 
approving the plans and estimate of 63,000 gold 
(about 12,6002.) submitted by the Central Northern Rail- 
way for the construction of a section, nearly 5 miles long, 
of the Naré-San Javier Railway. 

Brazil; The Diario Official publishes Decree No. 8417, 
ear-marking a credit of 25,000 milreis (about 1700/.) for 
the purpose of drawing - lans with a view to the im- 
provement of Aracaji Harbour; Decree No. 8433, ear- 
marking, in favour of the Ministerio da Viacao e Obras 
Publicas, a credit of 1,100,000 milreis (about 74,000/.) for 
the construction of a section of the Central Railway of 
Brazil, from SabarA to Ferros; and Decree No. 8450, 

nting a credit of 1,200,000 milreis (about 81,000/.) in 
avour of the Ministerio da Viacio e Obras Publicas, to 
defray expenses for the construction of the Itacurussea 
branch of the Central Railway of Brazil. 

Mexico: The Diario Oficial contains a notice granting 
to the Mexican Tramways Company, Limited, a conces- 
sion for the construction of a railway from Colonia Roma, 
in the municipal district of Mexico, to Mixcoac, ang 
by way of Tacubaya. Three years are allowed for the 
completion of the line. 

Japan ; With reference to the water-power schemes in 
Japan, the British Acting Commercial Attache at Yoko- 
hama reports that a Government Commission has been 
established to make inquiry in this connection. The 
objects of the investigation are to promote the develop- 
ment of hydro-electric enterprises, to draw up a register 
of water-utilisation rights, and generally to prevent the 
water-power resources of the country from ny loited 
by unsound individuals or corporations. The British 
Acting Commercial Attaché at Yokohama has also fur- 
nish rticulars of the Japanese Budget for 1911-12, 
from which the following items are extracted :—Railway 
special account :—Extension works, 23,400,000 yen: im- 
provement works, 28,400,000 yen. Department of Com- 
munications :—Extension of telephone system, 2,000,000 
yen. De t of Agriculture and Commerce :—Exten- 
tion of Wakamatsu iron and steel works, 1,800,000 yen. 
Department of Finance :—Construction of new Parlia- 
mentary buildings, 400,000 yen ; construction of customs 
piers at Kobe, 200,000 yen ; warship and torpedo-boat con- 
struction, 1,310,000 yen. War Department :—Reconstruc- 





tion of military schools and other institutions, 520,000 yen. 
Naval Department :—Warship construction, 2,850,000 yen; 
naval implement, 14,869,723 yen. - Home Office :—Im- 
provement of Shimonoseki Straits, 500,000 yen ; construc- 
tion of explosives warehouse, 250,000 yen ; river improve- 
ment, 750,000 yen (an additional expenditure of 5,000,000 
yen on this work is stated to be probable, to be defrayed 


out of existing funds). Department of Justice :—Con- 
struction of four new law courts, about 500,000 yen. 
(Yen = 2s. 04d. 


) 

China; According to the Nachrichten fiir Handel und 
Industrie (Berlin), the Chinese Government have decided 
to throw open the harbour of Hulutan to international 
trade, but the necessary regulations will not be drawn up 
until the requisite improvements have been carried out. 
Work will be begun without delay. It appears that the 
adjacent land is owned by the Government. 





CATALOGUES. 

Rolled Iron and Steel Sections.—Messrs. William Firth, 
Limited, of Water-lane, Leeds, have sent us a copy of 
their stock-list of iron and steel sections. A very complete 
range of sizes of rounds, squares, flats, angles, tees, 
channels, joists, and other sections, is included in the 
list, which also gives the weight per foot run of each 
shape. At the end of the several pages of useful 
tables for constructional engineers are given. 


Electric Wires and Cables.—We have received from the 
Edison and Swan United Electric Light Company, 
Limited, Ediswan Buildings, Queen-street, E.C., an ad- 
vance price-list, supplementary to their catalogue sec- 
tion V., of wires and cables. e list deals with different 
grades of ‘‘ Association” cables up to 1 square inch in 
cross-section, and also gives particulars of a ‘* Non-Associa- 
tion” quality. Prices of twin flexible wires are also 
stated. 

Surveying Instruments, Miners’ Safety-Lamps, &c.— 
Messrs. John Davis and Son (Derby), Limited, All Saints’ 
Works, Derby, have issued a pamphlet giving a selection 
of specialities taken from their various sectional cata- 
logues. The pamphlet deals with surveying instruments 
for mine and surface work, drawing instruments, meteoro- 
logical instruments, different types of miners’ safety- 
lamps, including those used for gas-testing, and a variety 
of electrical apparatus for use in mines, such as magneto 
exploders, be switches, telephones, electric light 
fittings, coal-heading machines, drilling-machines, &c. 

Arc-Lamps.—The Gilbert Arc-Lamp Company, Limi- 
ted, of Chingford, Essex, have issued a catalogue illus- 
trating and giving full particulars, with prices, of arc- 
lamps and accessories manufactured by them. The 
catalogue describes the ‘‘ Flamme” and ‘ Beacon” flame 
arc-lamps and several different patterns of enclosed and 
open-type lamps for street and interior lighting; special 
lamps for photo-printing and colour-matching are also 
dealt with. Prices are stated for spare parts for each 
type of lamp, and particulars of accessories, such as 
resistances, transformers, switches, automatic cut-outs, 
raising and lowering gears, &c., are also given. 


Oil-Engines.—We have received from Messrs. William 
Beardmore and Co., Limited, of Dalmuir, N.B., a 
pamphlet illustrating and describing their two-cycle slow- 
om | oil-engines, one of which was dealt with in our 
issue of July 8 last, on 50. These engines are suit- 
able for marine and stationary work, and are made in 
sizes ranging from 12 to 180 horse-power. The paniphlet 
gives a general description and specification of the 
engines, and calls-attention to their special features, 
among which may be mentioned the fact that the larger 
sizes are directly reversible—an important desideratum 
in marine work. [Illustrations of several fishing-vessels 
and other craft fitted with these engines, are inchaded in 
the pamphlet. 


Water-Turbine Plant.—A_ large cloth-bound book, by 
Mr. Jens ane of Messrs. Jens Orten-Biving and 
Co., 94, Union-court, Old Broad-street, E.C., has reached 
us from ? Messrs. Raithby, Lawrence, and 
Co., Limited, of Thanet House, 231-232, Strand, W.C. 
The book, which contains nearly 200 pages, and is pro- 
fusely illustrated, is partly a text-book and partly a 
catalogue. It is intended to assist engineers responsible 
for the design of water-power installations, and will cer- 
tainly achieve this object, much information relating to 
the mechanical part of the work being given in a con- 
cise and practical manner. The book is divided into 
three sections, the first of which is devoted to the theory 
of the subject, and to methods of testing and test results. 
In the second part, tables of outputs and speeds for 
Francis turbines at heads ranging from 3 ft. to 450 ft. are 
given, together with drawings showing the arrangements 
of the various types of these turbines, tables of dimen- 
sions being included for different sizes ; impulse turbines 
are treated in a similar manner. This section next illus- 
trates and gives particulars of accessory apparatus such 
as governors, pressure relief devices, throttle-valves, 
sluice-gates, strainers, &c., and then deals with Pipe- 
lines illustrating and describing joints, anchorages, dis- 
tribution pipes, and other details. Several examples are 
illustrated by reproductions of photographs and drawings. 
The book concludes with a section illustrating numerous 
important power plants, with all of which the author is 
intimately connected. 








Tae Geruan Navy.—Of ships laid down for the 
German Navy in 1909, the Oldenburg is now well ad- 
vanced, but the Hildebrand and the Heimdaal, and 
cruiser known at present as the ‘‘ H,” will not be ready 
for launching for some months. 
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THE WATER SUPPLY OF MARSEILLES, 
AND TRIALS OF FILTERING AND 
STERILISING APPARATUS. 

By Watrer Cremence, M.I. Mech. E. 
(Concluded from page 108.) 
Tae Tatats oF WaTER-PORIFYING APPARATUS AT 
MarseEiLxes, 1910. 

Purifying Plant by Messrs. Puech and Chabal.— 
The system of multiple filtration known as the 
Puech-Chabal system is essentially a system of 
clarifying water before its final purification by 
filtration or sterilisation, and with a view of com- 
paring various methods of final treatment under 
equal conditions, Messrs. Puech and Chabal have 
erected a series of multiple filters, capable of deal- 
ing with 600 cubic metres (132,000 gallons) per 
24 hours, the whole of which quantity is 
through three series of gravel filters, followed by a 
coarse-sand pre-filter. Cascades are introduced 
after each successive filtration for the purpose of 
maintaining and increasing the amount of dissolved 
oxygen in the water. This plant is, similar-in 
general design to the large installations at Magde- 
burg, Derwent Valley, and other places, and a 
general description of the system has already 
appeared in ENGINEERING.* 

After clarification by means of this process the 
effluent from the pre-filters is divided into three 
equal portions for final treatment. 

In order to settle the vexed question as to 
whether the best bacteriological results are to be 
obtained by submerged or non-submerged sand 
filters, Messrs. Puech and Chabal have had both 
systems under trial, and the results, as shown by 
the tables ina later part of this article, are distinctly 
in favour of the old form of open sand filter, in 
which the sand is continually submerged. 

The method of sprinkling the water on to the 
bed, as in sewage filters, has been given careful 
trial, and the filter was erected in a roofed-in 
building, in order that the surface of the sand might 
be protected from the influence of sun and wind. 
Two systems of sprinkler have been under trial 
—one designed by M. Baudet, consisting of a 
‘‘ grid” of 1-in. pipes, placed 1 ft. apart, and drilled 
on the upper side with holes ;y in..in diameter and 
1 ft. from centre to centre, the whole grid being 
supported about 6 in. above the surface of the sand. 
This sprinkler covers one-half the area of the sand- 
bed, the other half being fed by means of a novel 
apparatus by M. Brocq, known as the ‘‘ Epicycle ” 
(Fig. 10). This consists of two revolving arms A, A! 
carried on vertical shafts B, B' fitted with pulleys 
L, L', and supported by footstep bearings C, C! on 
the main revolving arm D. The upper ends of 
these vertical shafts are fitted with perforated 
guides E, E' working in the supply-pipe F. This 
tube is fitted to the main vertical shaft G, sup- 
ported by a footstep bearing H, which carries the 
weight of the whole apparatus on a small cast-iron 
column on the floor of the filter. The upper end 
of the shaft G is fitted with a guide J turning in 
the main supply-pipe K. The two pulleys L, L! 
are keyed to the vertical shafts of the sprinkler- 
arms, A fixed pulley with two grooves is fitted to 
the head of the supporting column, and two wire 
cords N and N! pass respectively round the pulleys 
L, L' and round the grooves of the fixed pulley. 

The working of the apparatus is as follows :— 
Water entering by the supply-pipe K flows into the 
sprinkler-arms and through the orifices O, O! and 
P, P! placed on opposite sides of the extremities 
of the sprinklers, which thus commence to revolve. 
This rotary movement is then transmitted by means 
of the pulleys and cords to the revolving arm D, so 
that the sprinklers describe epicycloids, of which 
the original lines are not crossed until after a 
certain number of turns of the arm G. In this way 
an even distribution of the liquid over the whole 
surface of the filter-bed is assured. 

The slow sand filter is of the proportions usually 
adopted in conjunction with the Puech-Chabal 
system, and is fitted with a Didelon automatic 
regulator. The general arrangement of the Puech- 
Chabal trial installation is shown in Fig. 11, on the 
next page. 

Sterilisation by Means of Ultra-Violet Rays.— 
The question of the action of light on microbes 








* “The Bamford Filters of the ‘Derwent Valley Water 
Board ”—Williamson, July 24, 1908. ‘*The Magdeburg 
Water Works,” February 26, 1909. ‘‘The Treatment 


of Water Antecedent to Filtration.”—W. Clemen 
January 28, and February 4 and 11, 1910, on 








has been studied by a great number of scientists 
during the past fifteen years, and from time to 
time the results of their studies have been pub- 
lished, the principal reports being those of 
Duclaux (1885), Arloing (1885), Roux (1887), 
Buchner (1892), Marshall Warez (1893), Ledouz- 
Lebard (1893), Richardson (1893), Wiendonne 
(1894), Finsen and his pupils, Bang and Weyer 
Jansen (1889 to 1907), Tappeiner, Jadbauer, and 
their pupils (1905 to 1909). 

For many years, however, the difficulty of pro- 
ducing and applying the rays prevented the utili- 
sation of their power until an American engineer, 
Mr. Cooper Hewitt, introduced the lamp bearing 
his name, which is so well-known in connection 
with photography by artificial light. In this lamp 
an electric arc is produced in vapour of mercury by 
utilising electrodes of that metal, a small bath of 
mercury, into which one pole is introduced, being 
placed at either end of a vacuum tube. 

But the glass forming the tube of the lamps 
used for illuminating purposes was found to inter- 
cept the ultra-violet rays to such an extent as to 
interfere with the bactericidal action of the lamp 
until Messrs. V. Henri and Max de Reckling- 
hausen, in collaboration with the Westinghouse 
Cooper-Hewitt Company, of Paris, modified the 
lamp by forming the vacuum tube of silica instead 
of glass. 
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During the year 1909 numerous experiments 
were made in Paris, with a view to the discovery 
of the best means of applying the system for the 
purification of water on a large scale. Reports of 
these experiments were published in Comptes 
Rendus de l’ Academie des Sciences, January 3 and 
April 11, 1910, and refer chiefly to trials made at 
the Sorbonne Laboratory, Paris, and by Dr. Roux, 
Directeur of the Pasteur Institute. The reports of 
the various laboratory experiments are extremely 
interesting, and the general result leaves certain 
problems to be dealt with by the engineer; but 
these have in a great measure been solved by the 
practical application of the system to the purifi- 
cation of water in large quantities by Messrs. Puech 
and Chabal, at Marseilles. 

The ——— of this system on a large scale is 
a decided novelty, and the results of the trials 
have been remarkably successful from the first, 
although the apparatus by means of which the 
tabulated results were obtained during the first 
two months of the trials was of a temporary nature, 
and consisted of a zinc trough, through which the 
effluent from the pre-filters was , the sterilis- 
ing-lamp being supported just above the surface of 
the water by means of floats. The depth of the 
water in its passage under the lamp was 12 in. 
The lamp is of the V. Henri - Helbronner - Reck- 
linghausen type by the Westinghouse Cooper- Hewitt 
Company, of P is—220 volts, 3 amperes. 

The daily results show practically complete 
sterilisation, and throughout the trials the tests for 
the B. Coli in water sterilised by this process have 
given negative results in all cases, while, so far as 
can be judged, there is no general physical or 
chemical change in the treated water which has 
been previously clarified and aerated by the 
multiple-filtration process, 

But experiments have shown that the action of 
the rays varies with the depth of the water to which 
they are applied, and it is essential in this and 
other methods of sterilisation that the water shall 
be previously clarified. It has been found that a 
more complete sterilisation is obtained with a depth 
of from 10 in. to 12 in. than with only 1 in. or 2in., 
and the result is naturally affected by the speed of 
the water. In order to provide against variations 
in the flow and that the water should be acted 
upon by the rays through varying depths, 





M. Chabal designed, in collaboration with the 
Westinghouse Cooper-Hewitt Company, the appa- 
ratus illustrated in Figs. 12 and 13, on the next 
ge, and this was installed at Marseilles at the 
eginning of October, in place of the temporary 
a eee described above. 

e steriliser consists of a cast-iron receiver E, 
fitted with flanged outlets of the diameter of the 
outlet-pipe from the filter. The lamp L is sus- 
ean in a small chamber Q formed of quartz 
plates, and the receiver is divided by baffle-plates 
in such a way that the water in its passage through 
the soe approaches and recedes from the 
rays three times. 

xperiments had shown that the lamp should be 
placed, if possible, below the surface of the water, 
but difficulties arose from two causes. First, the 
heat of the lamp caused a calcareous deposit to 
form on the outside of the tube which interrupted 
the passage of the rays ; and, secondly, the lower- 
ing of the temperature of the vapour of mercury 
by immersion of the lamp in flowing water caused 
a decrease in the intensity of the arc. It is neces- 
sary that the lamp should be maintained at a 
high temperature, and, by paving it within a 
separate chamber formed of quartz plates,* the 
temperature of the lamp may be maintained, and 
there is no possibility of the formation of a deposit 
on the tube, as it is not brought in contact with the 
water, while, from the position of the lamp, the 
rays are transmitted to the best advantage. 

In the case of the accidental extinguishing of 
the lamp, it would be possible for untreated water 
to pass into the supply mains, and a safety appa- 
ratus has therefore been designed and patented for 
use in connection with the steriliser. The safety 
device consists of a cast-iron column S placed 
between the filter and the steriliser. This column 
is closed at the lower end by a disc-valve, which 
is of such diameter that when opened it will dis- 
charge the whole of the effluent from the filter 
into the drain V, thus checking the flow to the 
steriliser. The valve is normally kept closed by an 
electro-magnet placed over the column and in circuit 
with the sterilising-lamp. The valve-rod is fitted 
with an adjustable balance-weight, so arranged that 
in case of the circuit being broken and the lamp 
extinguished the magnet is instantaneously released 
and the valve opened. The apparatus is so designed 
that it can be fitted to the effluent pipe from any 
existing sand filter. 

During October this apparatus was used for 
treating 600 cubic metres (132,000 gallons) per 
24 hours, and it was only limited to this quantity 
for local reasons. The sterilising power of the 
apparatus was undiminished by the extra demands 
put upon it, and it was found during this period 
that the consumption of current & the lamp 
amounted to 26 watt-hours per cubic metre (0,118 
Board of Trade unit per 1000 gallons). 

Ozone Treatment (Siemens-De Frise System).— 
L’Ozone Compagnie Francaise have erected a steri- 
lising plant on the Siemens-De Frise system, and 
this is supplied with water clarified by forced decan- 
tation followed bya mechanical filter, or a rapid sand 
filter constructed of ferro-concrete, the two installa- 
tions we pr wc | treatment of the water having 
been used alternately during the trials. 

The first. of these is illustrated in Fig, 14, page 
141, and consists of an apparatus for mixing the 
coagulant (sulphate of alumina) with the raw water 
previous to forced decantation in a steel decanting- 
tower, 3.60 m. in diameter by 4.63 m. high. The 
general arrangement of the apparatus will be under- 
stood from the drawing. The bottom of the decant- 
ing-tower is in the form of an inyerted cone, and ‘is 
fitted with a valve for the removal of the sediment. 
After decantation, the water is passed through a 
mechanical filter on the Halvor-Breda system, 
which is of the usual American type, and is cleaned 
by reversing the flow of the water, and stirring the 
filtering materials by means of a rake worked with 
gearing on the top of the enclosed filter-tank. 

The alternative apparatus consists of a decanting- 
tower and rapid sand filter (Fig. 15), both of ferro- 
concrete. The decanting-tower is 7.50 m. high, with 
a maximum diameter of 3.60 m. ; it is tapered towards 
the bottom, and the raw water is introduced by a 
vertical pipe carried downwards to within 3 ft. of 
the bottom of the tower, and fitted with an 
inverted trumpet mouth. On rising to the top of 
the tower the water passes through a layer of scrap 
iron supported on a grating. is is a variation of 
the method, first introduced at the Antwerp Water 
Works many years ago, of adding to the water a 
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small quantity of ferrous carbonate, to be after- 
wards transformed into ferric oxide, and used in 
this form as a precipitant. In the apparatus at 
Marseilles the water passes from the decanting- 
tower into a small precipitating-tank, where it is 
aerated by means of compressed air introduced 
into the tank from a small compressing-pump. 
The effect of this aeration is to transform the 
ferrous oxide into ferric oxide, and this is carried 
with the water to the rapid sand filter, which 
is 6.60 m. high by 3.75 m. in diameter. The 
filtering layer, 2 ft. in thickness, consists of fine 
sand resting on a perforated false bottom placed 
2 ft. above the bottom of the filter. The lime 





Siemens-De Frise ozonisers are grouped in batteries 
of eight elements, enclosed in a cast-iron box with 
one face of plate glass, the box forming a water- 
circulating tank. Lach element consists of a glass 
tube passing through the water-tank and forming 
one electrode ; the second electrode is a tube of 
aluminium placed inside the glass tube and leaving 
an annular space of about 15 mm., in which the 
air is ozonised. The air enters at the bottom of 
the tubes and is submitted to the action of the 


| electricity in passing through the annular space. 


The steriliser consists of a column 9 m. in height 
and 35 cm. in diameter inside. Towards the lower 
end this column is divided into separate chambers 


present in the water of the Durance precipitates | by six flanged joints, in each of which a disc of 
the ferric oxide, which forms a layer on the surface | celluloid is inserted. These celluloid discs are per- 


of the sand and assists in clarifying the water, but 


forated with small holes 450 to the square inch. 


at the same time would appear to necessitate more |The water enters at the bottom by a pipe 3} in. 


frequent cleaning of the: filter, which operation is | 
| pressed, is introduced into the bottom chamber of 


carried out by closing the outlet and opening a 


Fig iG &NERAL ARRANGEMENT OF PURIFICATION PLANT 
° INLET VALVE 


in diameter, and the ozonised air, after being com- 





worked by a motor. In the case of the treatment 
of large volumes of water, the amount of electricity 
consumed by the sterilising plant becomes of the 
utmost importance, and it is a matter for regret 
that at Marseilles the opportunity of collecting 
valuable information on this point has been lost. 
Mechanical Filtration.—-The mechanical filter 
erected by M. Desrumaux, of Paris, is of the 
enclosed pressure type, and is provided with an 
apparatus for mixing a coagulant (sulphate of 
alumina) with the raw water. The sulphate of 
alumina is applied by first mixing a 3 per cent. 
solution and adding this, by means of a regulating 
apparatus, in the proportion of 50 grammes per 
cubic metre of water filtered. The water so treated 
is then passed through an elaborate decanting-tower 
and is clarified before being passed through the filter. 
The filtering materials consist of crushed quartz 
resting on a false bottom of perforated iron plates. 
The filtering layer requires cleaning every few 
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the tower bya 1-in. pipe. 
The water and ozonised 
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wash-out valve on the vertical tube passing through 
the centre of the floor of the filter-tank. This 
tube is fitted above the surface of the sand to two 
hollow tubes, perforated with holes on the under- 
side, and capable of being revolved over the surface 
of the sand by means of gearing placed on top of 
the tank. The revolving arms are capable of being 
raised and lowered, and it is claimed that when 
adjusted so that they just sweep the surface of 
the bed, the pressure due to the head of water in 
the filter is suflicient to carry away the sediment 
collected in the sand, through the perforations in 
the arms, to the wash-out valve. The sterilising 
= is somewhat elaborate, and consists of the 
ollowing apparatus :— 

Two ozonisers, of which ore is a stand-by. 

A compressor for the ozonised air. 

A sterilising-tower. 

_A desiccator for treating the recovered ozonised 
air. 

A single-phase generator. 

A high-tension transformer for the ozonisers. 

A switchboard. 

The current is supplied by the town of Marseilles, 
in triple-phase, 190 volts, 80 periods, and is trans- 
formed by a generator to single-phase, 150 periods. 
The potential is then raised to between 7000 and 
10,000 volts by a high-tension transformer. The 












air, rising together, are 
thoroughly intermingled 
in passing through the 
fine perforations in the 
celluloid discs. 

The water is drawn off about 3 ft. below the top 
of the column, the remainder of which forms a 
collector for the ozonised air escaping from the 
water, and this is led through a ae pipe to the 
desiccator, which consists of a cylinder 80 cm. in 
diameter and containing four layers of calcium 
chloride carried on iron trays. After being dried 
by passing through this apparatus, the recovered 
ozone is led back again to the compressor. It is 
claimed that about 20 per cent. of the ozone may be 
recovered in this way. 

The treated water has a slight greenish tint, and 
on issuing from the apparatus has a very decided 
odour and taste, which, however, are said to disap- 

r entirely after storing in a service reservoir. 

e general arrangement of the plant exhibited 
at Marseilles is shown in Fig. 16. 

The amount of current consumed in the actual 
production of the ozone has not been ascertained 
during the trials, and it is unfortunate that the 


to record only the total quantity used by each 
exhibitor. In the case of the Seimens-De Frise 
plant the compressing pump and other auxiliaries 
are worked by the current passing this meter, and 
when the Halvor-Breda mechanical filter is used it 
is necessary to pump the water through the sterilis- 


meters provided by the town are so placed as | 
} 








ing-tower after clarification, and this pump is also 


hours, and the operation is performed by reversing 
the flow and stirring the bed by means of a rake 
worked by gearing. ; 

Ozone Treatment (Otto System ).—The Compagnie 
Générale d’Ozone, of Paris, show an installation 
consisting of a series of roughing-filters, in which 
very fine sand is used for the filtering layer, and 
an apparatus on the Otto system for sterilising the 
clarified water by means of ozone. 

The ozonisers consist of a series of glass plates in 
pairs, placed so that there is a space of about 1 mm. 
between their faces. On the outside of the plates 
flat metallic chambers are fitted, and cooling is 
effected by circulation of water within these metal 
chambers. The current is transformed to 12,000 
volts for the higher potential. 

The sterilising apparatus consists of a tank of 
ferro-concrete (Fig. 17), on the top of which the 
inlet-pipes for the clarified water are placed and 
connected to two injectors or emulsers (Fig. 18), in 
which the ozonised air is mixed with the water, 
which is then carried to the bottom of the tank by 
two pipes connected to the emulsers. The water 
issues from these pipes thoroughly mixed with 
ozonised air, which is, however, gradually separated 
as the water rises to the top of the tank. This is 
enclosed so as to form a collector for a certain pro- 
portion of the ozone, which is recovered and again 
used. Further separation of the ozone is effected by 
means of cascades placed in a special chamber, from 
which the sterilised water passes to the supply 
mains. There is a very marked difference in the 
taste and odour of the water before and after 
cascading, but the effluent from the apparatus 
must be stored for some time before the some- 











— _ 


a enrve a 


sate re Al 











FEB. 3, 1911.] 


ENGINEERING. 141 








what nauseating odour of the ozone can be elimi- 
na x! . . 

Chlorine Process. —The Duyk apparatus, exhibited 
by the Société d’Assainissement des Eaux, of Paris, 
is designed to effect the sterilisation of a pre- 
viously clarified water by means of the addition of 





Fig.i4. 
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and an a tus for regulating its application. Aj For separating the chlorine two small mechanical 
4 per re ge = of the oe Se is =o and this | filters working in parallel are used; the speed 
is added to the raw water in the proportion of 450 adopted is equal to the passage of a column of 
|eub. cm. to 1 cub. m. The raw water is carried to | water 658 ft. in height in 24 hours, or thirty times 
|the bottom of the decanting-tank by means of a that usually adopted in slow sand filters. The 
| Pipe with an inverted trumpet mouth. filtering material used is crushed quartz. The 
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| filters require frequent cleaning, which is accom- 
‘plished by reversing the flow, and raking the bed 
' with a mechanical rake. 

The exhibitors state that with waters containing 
an excessive amount of organic matters in solution, 
perchloride of iron is used in the decanting pro- 
cess as a precipitant, but at Marseilles it was not 
used, 

| The tables on the next page have been compiled 
|from the official bacteriological reports issued to 
‘each exhibitor at the end of July. Comparing these 
results it will be noted that in imaltiplo filtration, 
without the use of chemicals, the effluent from 
the rough sand pre-filters of moderate speed has 
reached a higher bacterial standard than that from 
high-speed mechanical filters using chemicals as a 
coagulant. Ordinary roughing filters of the open 
type appear to be less efficient than multiple filters 
in series ; but at the same time, owing to the more 
moderate speed adopted, they show to advantage 
when compared with treatment by coagulants and 
high-speed filtration. 

e interesting experiment of running submerged 
slow sand filters of the time-honoured ‘type against 
| sprinkler filters, working under the same conditions 
las regards the raw water,- has demonstrated the 
 eaventingee of the former type, which, as regards 
bacterial efficiency, has held its own during the trials 

against more modern methods, although the condi- 
| tions were not favourable to the working of the 
\ | experimental slow sand filter, owing to the small 

size of the bed and to the well-ascertained fact 
that the bacterial results from a new sand-bed are 
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chlorine in the form of chloride of lime, which is 
afterwards removed by mechanical filtration. 

In the plant at Marseilles clarification is effected 
by forced decantation in a decanting-tower about 
30 ft. in height, on the top of which is a platform 
carrying a tank for mixing the sulphate of alumina, 


never so good as those obtained from a bed which 
has been in use for some time. 

After the water has risen to the top of thetank| With regard to sterilisation, this is practically 
in a clarified condition, the chlorine is added by complete so far as bacteria of all kinds are con- 
means of a special regulating apparatus, which ' cerned, and both with the ozone process.and the 
delivers 100 cub. cm. per cubic metre of a 2 per ultra-violet rays the percentage of reduction is well 
cent. solution of chloride of lime and water, pre-| over 99 per cent., while the absence of Bacillus 
viously prepared in special tanks, Coli in one litre of water in every test proves the 
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TABLE I.—Crry or MARSEILLES. TRIALS OF WaTER-PuRIFYING APPARATUS. OFFICIAL BACTERIOLOGICAL 


Tests. NumbBer or Arrosic Cotonies Per Cusic CENTIMETRE. 


Norg.—The official figures are obtained after an incubation of 15 days according 
reduce them to an cgpuuiante equivalent on the more usual system of counting the colonies after 72 hours the figures should be 





























to the French (Miquel) system. 
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* Colonies in excess of the number given, totals not counted ; these figures are not included in averages. 


+ Ferric oxide and rapid sand filter used for clarification before ozone treatment, July 9 to July 22. 
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absolute safety of the water when subjected to this 
treatment. 
It remains to be proved whether the ozone can 
be so entirely eliminated as to remove the un- 
pleasant odour and taste of the water, and also/| of 





whether the well-known corrosive effects of ozone 
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After Slow | After Sterili- 


ina and mechanical filter used for clarification before ozone treatment, July 1 to 8, 


TaBLE III.—Showing Progress of Bacteriological Puri- 
fication by Multiple Filtration, with Speed of Sdnd Filter 
Increased to Four Times the Usual Standard Rate, and 
Followed by Sterilisation with Ultra-Violet Rays. 











letely 
° It must also be remembered that the remarkable 
results of sterilisation shown by the above tables 
can only be obtained when the water has been pre- 
viously rendered physically clear and the number 
bacteria largely reduced in number by efficient 
filtration. 


Figures reduced to English equivalent of French method by 
dividing by 7. 

Nore.—The temporary a 
rays was used until Octo! 
receiver illustrated in Figs. 12 and 13 was used. 


overcome. 


tus for applying the ultra-violet 
r 9. After that date the cast-iron 


on Pipes and other water-works plant can be com- 





Clarification must also precede sterilisation by 
chloride of lime, or the subsequent filtration neces- 
sary when this treatment is applied will be inter- 
fered with, and the risks, already considerable, of 
passing water charged with a chemical into the 
supply mains will be greatly increased. 

hat sterilisation in any form can entirely super- 
sede efficient filtration as a means of purifying 
water on alarge scale seems very unlikely, but in 
view of the results achieved at Marseilles it would 
seem that there are now reliable methods of 
sterilisation available which may be applied to 
existing filtration works, the output from which 
may be very largely augmented by increasing the 
rate of filtration and relying on an efficient sterilis- 
ing apparatus to deal with the bacteria which may 
pass the filter owing to the increased speed. 

In order to put this question to a practical test, 
the Commissioners at Marseilles carried out some 
further trials in October, the results of which are 
set forth in Table III. 

For the purpose of these trials the Puech-Chabal 
plant, shown in Fig. 11, was modified so that the 
whole of the water passing the pre-filter was deli- 
vered on to the slow sand filter, the speed of which 
was then increased to 40 cm. vertical fall per hour 
(200, gallons per square foot per 24 hours), or four 
times the usual rate with open filters. The effluent 
was then passed through the apparatus for applying 
the ultra-violet rays. 

The results at first showed a somewhat high 
figure for aerobic bacteria after sand filtration, as 
the filter had not been worked during August and 
September, and under these circumstances ordi- 
nary bacteria are known to increase very rapidly 
in the under-drains, &c. But the number rapidly 
and continuously diminished throughout the month, 
although the speed of the filter was maintained 
at 40 cm., and the bed was not cleaned during 
the whole of the trial, the increase in the loss of 
head being very slight, owing to the fact that the 
suspended matters had been previously removed 
by the multiple filtration plant. Tests after the 
application of the ultra-violet rays to the water 
previously filtered under these conditions always 
showed that B. Coli was absent in 1 litre. 

The writer desires to acknowledge the courtesy 
of the various exhibitors in explaining to him the 
details of their apparatus during his visits to the 
trial-ground at Marseilles, and for the drawings 
from which the accompanying diagrams have been 
ere He is also indebted to M. Henri de 

ontricher, Civil Engineer of Marseilles, for plans 
and other information relating to the Durance- 
Marseilles Canal and storage reservoirs, designed 
and constructed by his late father. 








_ Last Year’s Gotp.—The value of the gold produced 
in the world last year was 90,974,800/., as compared with 
90,884,400. in 1909. Africa figured in these totals for 
35,000,000/. and 34,200,0007. respectively, the United 
States for 19,211,040/. and 19,934, 6000. respectively, Aus- 
tralasia for 13,000,400/. and 14,201,400/. respectively, 
and other countries for 23,763,360/. and 22,548,320/. 
respectively. The production of gold from sands or 
gravels has increased of late years. 





Our Rats ABRoAD.—December witnessed some im- 
provement in our rail exports, but the recovery noted 
was not sufficient to affect the general shipments of 
1910 materially. The value of the exports for the month 
was 288,637/., as compared with 262,466. in December, 
1909, and 243,729/. in December, 1908. The recovery 
occurred in the deliveries made to Australasia, which 
were valued for the month at 85,799/., as compared with 
35,609/. and 52,8847. Argentina took rails for the month 
to the value of 90,297/., as compared with 114,413/. and 
85,9147. The aggregate shipments last year were, how- 
ever, only valued at 2,744,931/., as compared with 
3,226,855. in 1909 and 2,635,490/. in 1908. Argentina 
took British rails to the value of 586,866/. last year, as 
compared with 987,394/. and 622,496/., and this decline in 
the Argentine demand very nearly accounted for the 
falling off observable in last year’s exports. The colonial 
demand has been as follows :— 


Colonial Group. 1910. 1909. 1908. 

£ £ £ 
British South Africa 117,372 133,936 36,959 
British India = 603,339 742,968 630,554 
Australasia .. 510,200 394,978 457,685 
Canada w 23,579 59,540 61,269 


The improvement in the South African demand was 
scarcely maintained last year, and the same must be said 
of deliveries to India. On the other hand, there was a 

tifying increase of business with Australia and New 

land. The movement of British rails to Canada has 
again become comparatively unimportant ; of course, our 
ironmasters are at a disadvantage in dealing with trans- 
Atlantic American competition, while they have also to 
face the fact that Canada’s own iron and steel industries 


| are growing in importance 
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FEED-WATER HEATING ON 
LOCOMOTIVES.—.No. I. 

Tue reduction of operating expenses is now 
recognised as the only available means, in many 
countries, of increasing the return on capital in- 
vested in railways, and every endeavour is there- 
fore made on well-managed lines to take advantage of 
such possible economies as modern knowledge points 
out. On account of the interests at stake, and the 
obligations of railway companies, the adoption of 
new systems needs, however, to be attended by 
seemingly excessive caution, and so much is this 
the case that, on the mechanical side, the locomo- 
tive engineer not infrequently incurs the displea- 
sure of his confréres in the — as. being 
laggardly, though few, actually, so ill-merit this 

‘oach. 

rhe chief mechanical engineer is often faced 
with the regrettable fact that methods, of proven 
economical value in other branches of engineering, 
cannot well be adapted to railway conditions. 
Some, when applied to this special class of work, 
have been found to be of such doubtful advan- 
tage as not to warrant their general adoption, 
while, it must be frankly admitted, others are 
impracticable in any of the modified forms in- 
genuity has so far devised. In some cases, again, 
the advantages have been more than off-set by con- 
venience and simplicity in well-established practice, 
so that a change is not warranted, while a dis- 
inclination to still further complicate an already 
cramped machine has also tended to prevent loco- 
motive engineers from following up economies 
in some directions with the diligence with which 
efforts in others have been prosecuted. Such may 
be said to have been, until lately, the position 
with regard to feed-water heating, for it is rather 
to extraneous circumstances, than to failure of 
principles, that neglect in this direction has been 
due, in spite of the fact that the process has long 
been an accepted auxiliary in certain branches of 
steam engineering. ; 

Until comparatively recently the subject of 
feed-water heating has, as a matter of fact, only 
been attacked by locomotive engineers in a fitful 
manner, ever since the introduction of the in- 
jector, which, from its simplicity and reliability, 
has come to be regarded as an almost indispensable 
adjunct to the modern locomotive. Easily managed, 
and comparatively cheap for repairs, the injector 
can, of course, be worked equally well when the 
engine is either travelling or stationary ; and as it 
was introduced when pumps worked off the cross- 
head were in general use for feeding the boiler, 
the advantages presented by the apparatus soon led 
to its general adoption. Some companies, how- 
ever, retained, and still retain to this day, a com- 
promise system of one pump and one ~ ee, the 
latter for use when standing, and the former for 
use on the road, and there is, if anything, at the 
present time, a tendency to revert to pumps. Inde- 
pendent steam-driven feed-pumps are also being 
adopted now, and this movement will quite - 
sibly extend, if feed-water heating becomes widely 
adopted, for reasons that will be obvious to those 
acquainted with the characteristics of the injector. 

That feed-water heating has been brought within 
the range of practical application is proved by the 
fact that workable systems, all offering more or 
less economy, have been devised both here and 
abroad. Though a smaller economy is only possible 
with some than with others, several systems have 
"yo well into the practical stage. On the 

ondon and South-Western Railway, at home, 
the principle is adopted. Several devices are in 
use on railways in America, some of them crude, 
no doubt, but at least one of which is being suc- 
cessfully operated, while on the Egyptian State 
Railways experimental work, extending over some 
ten years, has enabled Mr. F. H. Trevithick, 
M. Inst. C.E., the Chief Mechanical Engineer, to 
produce an efficient feed-water heating system, and, 
carrying the work a stage further, to evolve a combi- 
nation system of feed-heating and moderate super- 
heating or steam-drying. Through the courtesy of 
Mc. F. H. Trevithick we have had placed at our dis- 
posal the complete data respecting the experimental 
work conducted during the gradual evolution of 
these systenis, and we propose dealing, in this and 
subsequent articles, with the important steps in 
their development and with their final forms, as 
well as with the results obtained in working. Before 
proceeding to this, however, it will be convenient 
to review briefly the situation, on which improve- 


ment has to be shown before any radical change is 
warranted. 

Although of exceptional convenience, the injector 
has certain disadvantages, among them being its 
characteristic of refusing to ‘‘ pick up ” the water 
if the supply be above a certain temperature. Even 
with so-called ‘‘ hot-water ” injectors, this limit- 
ing temperature is comparatively low, so that, with 
an injector, full advantage cannot be taken of the 
simple tender-tank warming systems used here 
for many years, though drivers, who in course 
of time become familiar with this system, under- 
stand how far they may indulge in its use. In ordi- 
nary engines it has been the practice to warm the 
tank with live steam, but under these conditions 
any advantages are of a rather indirect character. 
In side-tank locomotives fitted with condensing 
arrangements, however, considerable direct saving 
is possible, but in this case also the above-mentioned 
characteristic of the injector sets in practice a limit 
to the advantages obtainable, as the water in the 
tanks must not be allowed to become so hot that the 
injectors will ‘‘kick off.” Recently in the United 
States, on some roads, the exhaust of the Westing- 
house pump has been turned into the tank, but the 
same trouble is present, and it is found that the 
men are afraid of the water becoming too hot, and 
will not make any great use of the system. 

The limiting supply temperature for an ordinary 
injector is about 108 deg., at the pressures common 
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in locomotive boilers. Mr. Strickland L. Kneasspub- 
lished in the Journal of the Franklin Institute 
(vol. clxii.) some charts relating to one of the best- 
known forms of American injectors, which showed 
that this temperature was about the limit for 
automatic picking up at 180 lb. per square inch 
boiler pressure, while, if started, that particular type 
of injector would work with water of a temperature 
up to 125 deg. Fahr. An English make of hot-water 
injector is stated to take water up to 120 deg. or 
125 deg. Fahr. when working with steam at 200 lb. 
pressure ; while according to Mr. Kneass, one 
recent American pattern will continue to work 
with water up to 147 deg. Fahr. with 200 lb. 
pressure, or 148 deg. Fahr. with a boiler pressure 
of 180 lb. per square inch. All these temperatures, 
however, are low when it becomes a question of 
seeking economy by the use of a feed-water heating 
system ; and it is evident therefore, that the common 
arrangement of injectors on a locomotive is un- 
nel to development along these lines. With the 
ordinary injector it is only possible to obtain high 
feed temperatures by heating the water after it has 
passed through the appliance. This, of course, 
cannot be done conveniently in any tender-tank 
system. 

Another characteristic of the injector is that, 
though it will work over a comparatively wide 
range of temperatures and pressures, it is not by 
any means eyually efficient under all conditions. 
With a water temperature of 65 deg. Fahr., the 
type of injector with which Mr. Kneass dealt in 
the paper above referred to might be expected to 
deliver about 27 lb. of water per 1 lb. of steam, at 
5 lb. pressure. With boiler pressure at 25 lb. per 
square inch, 28 lb. of water would be delivered 
for 1 lb. of steam, but above these pressures the 
amount delivered falls off very rapidly. At 50 lb. 
boiler pressure the delivery is 20 1b. of water per 





1 lb. of steam ; at 100 lb. per square inch it is 





15 lb. of water, while at 180 lb. pressure it is only 
11 lb. of water per 1 lb. of steam, and so on. The 
foregoing figures are all for water at 65 deg. Fahr.; 
but if the temperature of the water supply be 
raised, the maximum capacity of the injector is 
lowered, the water delivered per pound of steam 
decreasing, while its minimum limit is raised, the 
working range being thus curtailed. 

The injector is itself virtually a feed-water heater 
of the class using live steam. Whether this class 
of feed-heater results in direct economy, or only in 
indirect benefit, is a point without the scope of 
this article ; but it may be pointed out that even 
the indirect advantages, usually obtained with the 
use of live-steam feed-heaters, are practically nulli- 
fied in the case of the injector, owing to the limited 
range of temperatures possible, the water not reach- 
ing a temperature high enough to result in precipi- 
tation of most of the salts until after it has entered 
the boiler, and the formation of scale there is thus 
in no way reduced. If we take the figures given by 
Mr. Kneass, according to which, at 184 lb. boiler 
pressure, 1 lb. of steam will carry into the boiler 
about 11 lb. of water, the temperature of the in- 
flowing stream, neglecting the small amount of heat 
transformed into energy, would be = x, 
+ 32 = 166.6 deg. Fahr., with supply-water at 70 
deg. Fahr. Under such conditions, therefore, for 
each 1 lb. of steam used in the cylinders, 1.091 lb. 
of water must be evaporated from 166.6 deg. Fahr., 
this figure for temperature being in fair agreement 
with actual records for the temperature of delivery 
at about 180 lb. pressure. To convert the 1.091 Ib. 
of water at 166.6 deg. Fahr. into steam at 180 lb. 
pressure, 1160 B.T.U. are needed. 

The exhaust-steam injector carries matters a stage 
further than the ordinary injector. The feed-water 
is heated to about 180 deg. Fahr., by exhaust or 
waste steam, in its e through the exhaust- 
steam injector; and if it could be delivered into the 
boiler by the exhaust steam alone, the system would 
be a distinctly economical one. Unfortunately, the 
exhaust-steam injector has to be supplemented by 
a live-steam injector, and, while further raising the 
temperature of the delivery, this auxiliary injector 
uses a considerable amount of steam. It is claimed 
that the delivery from this combined apparatus 
reaches a temperature of 280 deg. Fahr. If this 
temperature be attained, at 180 lb. per square inch 
boiler pressure, the amount of water (W) delivered 
by 1 lb. of live steam would be given by the expres- 


sion 1497-6 + (148 x W) 

1+W 
value for W of 9.496. The amount of water to 
be evaporated in this case for every 1 lb. of steam 
used in the cylinders would thus be 1.105 lb. from 
a temperature of 280 deg. Fahr., and for this 1049 
B.T. UL would be needed. This system shows, 
therefore, a saving of 111 B.T.U., or 9.56 per cent. 
over the ordinary injector. It may be noted that 
in another form of exhaust injector the amount of 
live steam used is much smaller than that in the 
type taken above. The temperatures obtained are 
such, however, that the over-all saving remains the 
same, 

In a third class of feed-water heating appliances 
only waste products, such as exhaust steam and 
flue gases, are utilised for raising the temperature 
of the water, and this system carries with it a clear 
gain, provided the method adopted of subsequently 
getting the water into the boiler does not more 
than off-set the advantage. The maximum benefit 
possible from heating the feed by waste products 
cannot be secured with any tender-tank heating 
arrangement, nor can the full advantage of feed- 
heating with exhaust steam be realised with tank- 
heating combined with the injector for delivery, 
and it, therefore, becomes necessary either to 
abandon the idea of heating the water in the tank, 
or to find a substitute for the injector. Both these 
ways out of the difficulty have been tried. If the 
injector is to be retained, the heater must be 
arranged between it and the clack, and not on the 
supply side, for reasons already pointed out. This 
system has been worked in a small way in the 
United States. The attempt has also been made 
to raise the temperature of delivery before allowin 
the water to enter the boiler, by passing it through 
a feed-pipe, coiled three-quarters of the way round 
the inside of the smoke-box ; but this arrangement 
cannot ibly be very effective, and its eleption 
is probably not warranted by results. 

On the Leadon and South-Western Railway Mr. 


+ 32 = 280, which gives a 
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Drummond has retained the tank-heating system, 
and discarded the injector, replacing it by an inde- 
pendent pump. With this arrangement of exhaust- 
steam feed-heating water is delivered to the boiler 
at 180 deg. Fahr., and a saving of 13 per cent. in 
coal is claimed. If the heaters are suitably designed, 
however, the pump may, with advantage, be arranged 
to work with them placed between its delivery end 
and the clack, when the pump will only have to 
deal with practically cold water. This plan has 
been adopted in two systems which are undoubtedly 
giving the most satisfactory results of any in present 
use, both having been advanced well beyond the 
experimental stage. The two\systems to which we 
now refer are that recently introduced by Mr. F. F. 
Gaines, on the Central of Georgia Railway, in the 
United States of America, and that produced by 
Mr. Trevithick, on the Egyptian State Railways. 
The Gaines system comprises the use of ex- 
haust-steam heaters and smoke-box heaters. The 
two exhaust-steam heaters, consisting of drums 
5 ft. long, containing twenty-nine 1}-in. tubes, are 
supplied with steam from the exhaust in 
the cylinder castings, and also with the exhaust 
from the feed-pump and the air-brake pump. The 
feed passes successively through these two heaters, 
and then through two smoke-box heaters. The 








Fig. 3. 




















latter are each formed of seventy-five tubes, 1} in. 
in diameter, fixed, at the top and bottom, in headers 
measuring 36 in. by 13 in. The tubes are bent to 
an arc of a circle, and are arranged close up to the 
smoke-box side, the flue gases being deflected to 
pass over andamong them. The feed passes up and 
down the tubes, first in one heater, and then on 
through the other in similar manner, the tempera- 
ture at delivery to the boiler being about 200 deg. 
Fahr. We have only briefly described this system, 
because it is rather less effective than that intro- 
duced by Mr. Trevithick, and on which he com- 
menced experimental work in 1900. 

In Mr. Trevithick’s system feed temperatures of 
260 deg. Fahr. to 272 deg. Fahr. are easily main- 
tained, and the economies, as we shall show later, are 
very substantial. The pump employed takes about 
2.2 lb. of steam for every 100 lb. of water de- 
livered to the boiler, so that for each 1 lb. of steam 
used in the cylinders, 1.022 lb. of water must be 
evaporated, the feed being at a temperature not 
below 260 deg. Fahr. This would ‘require 991 
B.T.U., which compares with 1160 B.T.U. in the 
case of the ordinary injector-fitted engine and 1049 
B.T.U. for the exhaust-steam injector system, or 
an economy of 14.6 percent. over the former, and of 
5.5 per cent. over the latter, system. If the higher 
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our illustration. The heating surface provided by 
the exhaust-steam pipe was 35 square feet, and by 
the ninety-one tubes through which the flue-gases 
passed, 624 square feet. The aggreyate flue area 
of the tubes was 182 square inches, equivalent to a 
15}-in. pipe, while the diameter of the chimney 
was 138 in. Engine No. 209 had cylinders 17} in. 
by 24 in., and driving-wheels 5 ft. in diameter. 
The working pressure was 140 1b. per square inch, 
and its weight in working order, but without heater 
and tender, was 32.92 tons. Its performance on 
the road was distinctly good, and feed temperatures 
averaging 270 deg. Fahr. were recorded. On one 
occasion this engine took a train of twenty six- 
wheeled coaches, averaging 15 tons apiece, and 
forty-five 10-ton loaded trucks, the total weight 
behind the tender being over 1000 tons, from 
Benha to Cairo, 29 miles, in 67 minutes. A con- 
siderable proportion of the exhaust steam was con- 
densed with this arrangement, a continual flow of 
water coming from the drip-pipes, while at the 
same time a good deal of dirty water was thrown 
out of the chimney mouth, unfortunately doing 
damage to goods loaded in the trucks following. 
Some minor modifications were introduced with the 
idea of minimising this nuisance, but with compara- 
tively small effect, so that, in the next arrangement 
tried, the exhaust-pipe was not used for heating 
the feed-water at all. 

The second engine to be used for the experi- 
ments was a light six-wheeled express engine with 
single drivers. The position for the heater over 
the boiler was retained, but it was brought much 
lower down, being placed just above the boiler 
barrel. In this case the exhaust was carried through 
the heater in an 8-in. pipe which passed through 
the original 9-in. pipe, the exhaust pipe thus being 
protected by a 4-in. jacket-space, through which 
smoke-box gases could pass. The heater and boiler 
were fed, for the first time in the course of the 
experiments, by an independent reciprocating 
steam-pump. This engine fully justified expecta- 
tions in service, handling trains of greater weight 
than was prescribed for her class. The jacketing 
of the exhaust-pipe materially lessened the trouble 
from water thrown from the stack, but at the same 
time resulted in a reduction of the feed-water tem- 
peratures, no more than 238 deg. Fahr. being regis- 
tered. The next step, therefore, was to devise a 
separate heater for utilising the exhaust steam, 
and to arrange it in a position where the water 
of condensation would not prove an inconvenience. 

Figs. 3and4 show the next important development. 
At this stage the exhaust steam was dealt with in 
the small heater placed above the driving-wheel 
splasher of the four-coupled passenger engine No. 41, 
which was the next to be used for the experimental 
work. The exhaust-steam heater eonsisted of a 
cylinder, 5 ft. long by 7% in. in diameter, contain- 
ing thirty-seven }-in. tubes. A heating surface of 
36 square feet was thus provided. The heater was 
connected bya pipe from the front end to the blast- 
pipe near the nozzle. At its other end it was pro- 
vided with a drip-pipe. The feed entered at the 
back end, and passed out to the smoke-box heater 
at the front, flowing in a direction contrary to the 
steam. The flue-gas heater was also radically altered 
and. arranged within a specially-designed smoke- 
box, as shown in Fig. 4. ‘This heater now consisted 
of six cylinders in series, each 3 ft. long by 134 in. in 
diameter, and each containing thirty-one 1{-in. tubes, 
The total heating surface provided by the 186 tubes 
was 273 square feet, in addition to which useful sur- 
face, mounting to some 63 square feet, was provided 
by the exterior of the drums. The egate flue 
area was 372 square inches. From the illustration* 
it will be seen that the smoke-box heater cylinders 
were fixed horizontally to a vertical diaphragin plate. 
The blast-pipe was carried through this partition- 
plate, into what was, virtually, the uptake beyond, 
where the exhaust was directed up an inclined 
chimney. The only passage for the flue gases on their 
way from the smoke-box proper to the chimney 
was by way of the heater tubes. The feed passed 
through all the heater drums in succession. Feed 
temperatures of 230 deg. Fahr. were obtained with 
this arrangement of exhaust and smoke-box heaters. 

Like engine No. 23, engine No. 41 was able to 
work trains above the weight prescribed for her 





* [Figs. 3 and 4, and some others that will be given 
in the course of these articles, are reproduced from photo- 
graphs of models constructed at the Boulac works of 
the Egyptian State Railways, which show in an admir- 
able manner the interesting features of the several arrange- 
ments of which trials were made.—Ep. E.] 





class, and for which a more powerful type of loco- 
motive had been introduced some time before. Her 
capacity, in fact, compared favourably with that of 
engines of the type of No. 620, but without heaters. 
Particulars of both these classes are given in Table I. 
in the next column. A series of experiments was 
made with engine No. 41, in which the tubes of 
the smoke-box heater were gradually plugged up. 
As a result of these trials it was found that all but 
two heater-drums could be thus put out of service, 
without any reduction of the feed temperature. The 
heating surface and flue area under these conditions 
were brought down to 154 square feet and 124 square 
inches respectively. Work with this engine showed 
that more heat might safely be derived from the 
exhaust steam, while the next step as regards the 
flue-gas heater practically completed the metamor- 
phosis from the original form shown in Fig. 2 toa 
design in which the smoke-box resumed its normal 


a ony 
ngine No. 620, shown in Figs. 5 and 6, was the 
next to be fitted up, these illustrations also being of 
a model. The exhaust-steam heater on this engine 
was considerably enlarged, and consisted of a long 
barrel made up of three 8-ft. lengths of 64-in. piping 
joined together by means of flange em as 
shown in Fig. 5, page 145. Each section or length 
of the heater contained thirty-one ?-in. tubes. A 
3-in. pipe was carried from the front end to the 
exhaust space in the cylinder casting, the back end 
being blocked by a plate, in which there was a ?-in. 
hole, to allow of the escape of the water of conden- 
sation. The exhaust from the pump was also 
turned into this heater. The feed-water was pumped 
in at the back end, and flowing forward, left at 
the front end, and was carried up to the smoke-box 
heater. The exhaust-heater afforded heating surface 
amounting to 146 square feet, or about four times 
the amount provided on engine No. 41. This 
heater was, of course, covered with lagging and 
cleading. 

In the smoke-box heater an altogether fresh 
departure was made. This heater consisted of 
two cylindrical hollow shells placed one within 
the other, all the flue gases being passed between 
the two on their passage to the chimney. Each 
shell consisted of two plates riveted together, with 
a }-in. annular space between them. The outside 
diameter of the smaller shell was 5$ in. less than 
the inside diameter of the larger, so that, when 
arranged concentrically, there was a 2?-in. annular 
flue space between the two. The innermost shell 
plate, of 4 ft. internal diameter, was prolonged back 
and fixed up against the smoke-box tube-plate, so 
that it enclosed the whole of the tube area. The 
blast-pipe was extended and carried through the 
inner shell, as shown in the illustration, the blast 
thus having the effect of drawing the flue gases 
forward through the central flue towards the smoke- 
box door, and then back through the 2?-in. annular 
flue into the outer chamber and to the chimney. 
The front end of the central flue was blocked, when 
the door was closed, by wire netting, which prevented 
sparks, &c., from passing into the return flue and out 
by way of the chimney. It may be said incidentally 
in this connection that the prevention of the ejection 
of live cinders from the chimney is a matter of 
very considerable importance on systems such as the 
Egyptian State Railways, where large quantities of 
highly-inflammable freight are carried uncovered in 
open wagons. In this smoke-box heater there were 
some 159 square feet of surface exposed to the hot 
gases, while the area of the annular return-flue 
amounted to 464 square inches, or rather more 
than the aggregate flue area of the boiler-tubes. 
The feed-water from the exhaust-steam heater 
entered the outer shell of the smoke-box heater at 
the bottom and passed up tothe top. Here con- 
nection was made with the inner shell, where, by 
means of a partition piece, it was made to flow 
round the whole chamber before being carried off to 
the clack-box. 

Engine No. 620 worked the regular express trains 
between Cairo and Alexandria in turn with other 
engines of the same class, but without heaters, and 
these locomotives were thus the first for which 
truly com ble data became available. Between 
August, 1904, and April, 1905, engine No. 620 ran 
22,670 miles on an average coal consumption of 
29.81b. per mile. The remaining nine engines of 
the class totalled 214,756 miles on 36.9 lb. per mile. 
Thus, without recourse to elaborate tests in which 
every item was watched, the records showed a 
saving of 7.1 lb. per mile, or 19.2 per cent. in 





favour of the feed-heater engine. As further im- 


provements suggested themselves the matter was 
not allowed to rest at this stage, and the arrange- 
ment was reduced to a more practical and efficient 
state, as will be seen later. 

Before passing on to the subsequent work it 
may be stated that, in engine No. 620, there was 
no trouble whatever from deposit of scale, either 
in the exhaust steam or the smoke - box heaters. 
After running some 30,000 miles the heaters were 
examined, and only a very slight coating was 
found in the outer shell of the smoke-box heater. 
The volume and sectional area of the outer shell of 
the smoke-box heater were considerably greater 
than for the inner, so that the velocity of the water 
in the latter was higher than inthe former. There 
appeared to be reason for the conclusion that little 
or no incrustation formed where the circulation 
was sufficiently rapid, the precipitation probably 
taking the form of fine particles which remained in 
suspension in the water, and were carried right 
through the heaters. This point will be reverted 
to when dealing with the results obtained in subse- 
quent work. 

During the course of the experiments made on 
engine No. 620, a second exhaust-steam heater, an 
exact duplicate of that described above, was fitted 
on the other side of the engine in a corresponding 
position, and the water was passed through both 
before entering the smoke-box heater. The addi- 
tional heater was found, however, to result in no 
material gain, and it was concluded that the one 
heater provided sufticient surface for all the steam 
it was safe to draw off from the exhaust in this way. 


TaBLeE I. 





EngineNo... .. ..  ... 209 | 93 | 41 | 620 


oe =). 








..| 0-6-0 | 2-2-2 | 24.0 4-40 
in. 174 x 24/17} x 24/17} x 24718 x 24 
5 ft. 


Driving-wheel diameter .. * 7 ft. (6 ft. 3 in. 6ft 3in 
Total heating surface sq. ft. 1294 1128 | 1128 | 1235 
Grate area .. aa a 16.2 18.75 18.75 = 21.33 
Working pressure Ib.persq.in. 140 140 | 140 160 
Weight on driving-wheels tons 32.92 14.7 27.09 31.69 
Exhaust-Steam Heaters : 

Heating surface .. .. 8q. ft. 35 } 36 146 

Capacity .. si -. gals, ne | 6 29 


Flue-Gas Heaters : | 
Heating surface .. .. 8q. ft.) 624 624 | 336+ 159 





Flue area .. os --Sq. in.) 182 182 372+ = 464 

Capacity .. = -» gals. os +. 2 we 42 
Temperature of feed entering 

boiler - .. deg. Fahr. 270 238 230 255 


* In this engine the exhaust-steam pipe was jacketed, and there 
was, therefore, no useful exhaust-steam-heater surface available. 

t In the course of the experiments with engine No. 41 the flue- 
yas heater tubes were gradually uced in number by being 
plugged up, until the available heating surface was brought down 
to 154 square feet, and the aggregate flue area to 124 square inches, 
without any marked effect on the feed temperature or steaming 
of the engine. 

In Table I. (above) we give, for comparison, the 
chief particulars of the types of heaters tried up to 
this point, and of the engines on which the appa- 
ratus was fitted. Mention has necessarily been 
omitted of many of the constructional and other 
details of the earlier heaters tried, but none of the 
salient features which had a bearing on subsequent 
work have been overlooked. With this réswmé of 
the lengthy preliminary work this part of the sub- 
ject may fitly be concluded, and in the next article 
we shall describe and illustrate the system sub- 
stantially as it was during the course of extensive 
trials made with sister engines fitted, and not fitted, 
with the feed-water heating system. 








THE WIDENING OF THE PASSAGE 
BETWEEN DOCKS AT BARROW-IN- 
FURNESS. 

(Continued from page 75.) 

Havine in our previous article described the 
interesting work connected with the formation of 
the new wall and the foundatiovs for the new 
Scherzer rolling lift-bridge, we now turn to the 
structural details of the bridge and to the method 
of erection, This new structure takes the place 
of the former double-leaf bridge, with a clear open- 
ing of 80 ft. The new bridge has, however, only 
one leaf, with a span of 110 ft. between bearings, 
the width of the passage being now 100 ft. between 
the faces of the two abutment walls. As shown 
on the sections and oo Figs. 30 to 32, the whole 
of the operating mechanism is on the western side 
of the passage, while on the other side the bridge 
bearings are built one on the old entrance wall and 
the other upon a cylinder sunk into the dock 
bottom, with a sill girder supported on the old wall 








and on the cylinder, and with a flanking girder to 
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carry the joists supporting the approach roadway 
to the bridge. The opening machinery is placed in 
an elevated cabin (Fig. 30) to the rear of the bridge, 
and actuates the operating strut extending from the 
gearing in the cabin to the centres of rotation on 
each side of the bridge. The pull on these struts 
rolls back and tilts the leaf on the track girders 
of the rear foundations. The operating struts, 
hydraulic machinery, and the cabin in which it is 
placed, will be illustrated and described in our next, 
article. 

The width of the bridge is 24 ft. clear, of which 
13 ft. on the Buccleuch Dock side are occupied by 
the railway to the dock station and harbour, and 
11 ft. on the Ramsden Dock side are devoted to the 
public roadway, as shown on the plan and section, 
Figs. 31 and 32. 

The drawings reproduced on Plate XII., pub- 
lished this week, show the main span so com- 

letely that it is not necessary to enter into details. 
he opening leaf complete weighs about 674 tons, 
and is built up in six bays of 17 ft. 11 in., the 
depth varying from 33 ft. 2 in. at the rear end to 





16 ft. 2 in. at the front end. The cross-girders 


The bracing of the structure is an important con- 
sideration, not only because of the strain set up in 
rolling the bridge from the horizontal to the open 
and returning it to the closed position, but because 
the bridge occupies an exposed site. In Figs. 49 
and 50 there is shown the sway bracing of two 
typical bays; in Figs. 51 to 54 there is a half- 
cross-section, with details, of the bridge showing 
the pag: bracing at the rolling segment ; in 
Fig. 56 is illustrated the portal bracing of the front 
end of the bridge, and in Fig. 55 the details of 
the bottom laterals of the bridge. 

There are also reproduced on Plate XII. views 
of a number of details in connection with the air- 
buffer, breaks in the tracks, &c., and the bearings. 
Taking these in the order in which they are shown 
on Plate XII., there is first the arrangement 
at the breaks in the floors of the bridge. It 
will be understood that at the point of junction 
between the lifting-bridge and the east and west 
walls special arrangements had to be made in 
order to obviate any discontinuance of the road 
and railway. The detail of the break in the rail- 
way floor at the rear—that is to say, at the roll- 























of the new bridge were put together on opposite 
sides of the entrance, on the longitudinal centre 
line of the bridge. The bridge was built in this 
way at the special request of the bridge-erectors, 
instead of the whole of the bridge being erected 
in an upright position on the track-girders, so as 
not to obstruct the traffic through the passage. 
This method of erecting the span in the vertical or 
open position, as is walk known, is one of the com- 
mendable features of the Scherzer design, but in this 
instance it was not adopted by the contractors, who, 
as an alternative, obtained permission to close the 
passage for a few days. 

As soon as the track-girders carrying the rolling 
segments of the bridge were in position in the 
western abutment, the rolling segments, and the 
remainder of the bri pron dee as well as the 
steel-work for the machinery cabin, were proceeded 
with and completed as shown in Fig. 64. The 
hydraulic engines were put in position, and by 
September 28, 1908, all was ready to connect the 
two portions of the bridge—at that time completed 
on opposite sides of the passage-way. The portion 
of the bridge built on the eastern side of the 
sane atin was then jacked up and placed upon 
our bogies fitted with hydraulic rams, as shown in 
Fig. 65. A steel barge was then prepared, with 
suitable packings, to receive the forward bogies, 
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i the railway and roadway are riveted to 
the bottom members of the main girders, as shown 
in Figs. 33 and 34, under the vertical posts, and 
are therefore at intervals of 17 ft. 1lin. These 
cross-girders, which are shown in Fig. 39, are 28 ft. 
long, and between them are placed riveted girders 
under the railway, and rolled beams under the 
roadway, as shown in the section just mentioned. 
The method of attaching the rails is shown in the 
detail, Fig. 40. 

The construction of the rolling segments of the 
bridge, which is rolled and raised, is clearly shown 
in Fig. 33, on Plate XII. The surfaces of all 
parts of the segment girders that are in contact 
are machined, and finally the rolling faces of the 
segment plates were milled to the exact radius re- 
quired, The segment has a length of 31 ft. 4 in. 
on its rolling surface, with a radius of 21 ft. 6 in.; 
it 1s very strongly built and the webs thoroughly 
stiffened. On the segment plates there are slotted 
holes at intervals of 2 ft. 6} in., which engage with 
projections on the roller-track, as shall presently be 
described. Fig. 37 shows the transverse and longi- 
tudinal sections respectively on the centre line of 
the projections, to show the arrangement for the 
engagement of these with the slotted holes in the 
rolling segment of the bridge. 

A weight of about 420 tons is carried in the 
counterbalance box above the rolling segment, as 
shown in the general view, Fig. 30, and in the 
details, Figs. 41 to 48, on Plate XII. This weight 


ia position, with cement. 


consists of cast-iron blocks of various sizes grouted | work of the bridge is illustrated by the views, Figs. 
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814° Ordinary Dock Level 112.75 


ing segmental end of the structure—is shown by 
Figs. 57 and 58, and that in the front end of 
the bridge by Figs. 57 and 59. At each end, and 
attached to the bridge, are chequered plates, which 
cover the spaces between the ends of the bridge and 
the abutments when the bridge is closed. The 
arrangements for the roadway at the rear and front 
are shown in Figs. 60 and 61. The end bearings on 
the cylinder ie on the old east entrance wall are 
shown in Fig. 62. These bearings consisted of 
H-iron grillages embedded in the concrete, with two 
wing guides, as shown, to bring the front end of the 
bridge in alignment with the railway and into its 
right position when being lowered on to the bear- 
ings. Fig. 63 illustrates the air-buffer attached to 
the bridge at its front end in order to prevent the 
bridge from coming down too violently on its 
seating. It will be seen that this consists of a 
cylinder having a piston; when the bridge is raised 
the weight of the piston causes it to drop to the 
bottom of the cylinder, which is thus filled with 
air ; but when the bridge is nearly closed—in other 


and was moored broadside on to the east abut- 
ment wall in the required position, as shown in 
Fig. 67. Wire ropes having been attached to 
the junction-ends of the bridge on the eastern 
abutment and to winches on the western abutment, 
the bridge was moved forward until the front 
bogies were well on the packings on the barge, and 
the junction end of the bridge overhung the side 
of the barge. These front bogies were then removed 
and replaced by rolled-steel joists on the packings 
of the barge, as shown in Fig. 66. The barge was 
then pulled broadside on across the -way, 
carrying the structure with it, the shore end bogies 
travelling along on rails. 


Ragen. the reached the western side of 
the passage-way —against the temporary coffer- 
dam—the end of the bri was jacked up 


from off the old wall, and packings resting on the 
old abutment were’ placed under it. The barge 
was then taken away, and the rolling or rear end 
of the bridge, which had been built on the track- 
plates, was rolled forward until the two portions of 





words, when it is nearly down—the end of the 
projecting piston-rod bears upon the abutment, | 
and the air within the cylinder is compressed as 
the bridge is lowered; the compression of the | 
air acts as a cushion to the end of the leaf, until 
the air has escaped through a small port in the 
cylinder, and the front end of the bridge takes its | 
bearings. 

The method of erecting the constructional steel 


64 to 67, on page 148. The rear and front portions | 


the bridge were in contact. The ends of the bridge 
now rested on both sides of the passage-way, which 
was closed for traffic for one week. During this 
= the joints connecting the two portions of the 

ridge were riveted together, and the remaining 
work completed. 

On October 7, 1908, the new bridge was first 
raised and lowered by the ing in the cabin, and 
the passage- way was free for shipping to pass through 
as usual, 

(To be continued.) 
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understood that this present opportunity has been 
taken of considering the whole subject in as com- 
prehensive a manner as it will allow, and for this 
reason the report draws attention to the many pos- 
sible improvements at all the docks on the north side 
of the river. Having dealt with these in a way 
which provides for the future, and for extensions in 
the future, the Chief Engineer has selected those 
which he considers of the greatest urgency. In 
Figs. 1 and 2 we give maps showing the areas to 
be dealt with. Fig. 1 shows the complete stretch 
of the river from the St. Katherine Docks to a 
point below the Albert Docks. Fig. 2 shows to the 
same scale the Tilbury Docks. A small key is given 
on Fig. 1 distinguishing the proposed new water 
areas, warehouses, dry docks, and entrances, and 
the land owned and to be acquired. 

In the case of the St. Katherine Dock no pro- 
posals are made, as the docks and basins are sur- 
rounded by high warehouses, and work would be 
expensive. These will always, therefore, remain 
available for the smaller vessels, lighters, &c. At 
the London Docks alterations estimated at 602,000). 
are proposed. Of these the more important are the 
conversion of the present Wapping Basin south of 
the Western Dock into a part itself. In its new form 
this basin, now able to accommodate only one vessel, 
would have 1400 ft. of quayage, with a width of 
water of 200 ft. Warehouses would be provided 
on either side of this. A jetty running into the 
Western Dock can be widened and provided with 
warehouses. These two improvements alone would 
pew additional berths for seven vessels 350 ft. 
ong. Other proposals at the London Docks con- 
sist in the widening of passages, the construction 
of three more berths, new warehousing accommo- 
dation, and the deepening of the dock by pumping 
and impounding. A river berth is also suggested 
near the Shadwell end. The quayage of the London 
Docks would thus be increased from 6120 ft. to 
8810 ft., and with the exception of the reconstruc- 
tion of the Wapping Basin, and the provision of 
the river berths and warehouses, it is all recom- 
mended as being urgently needed. 

The next docks down the river are the West India 
Docks, where the full scheme of improvements is 
estimated to cost 1,105,0001., of which the more 
urgent requirements stand for 960,000. These 
docks, though half as large again as those at 
Tilbury, are, according to the report, practically 
deserted, only one being in use to any extent. 
The reason for this unfortunate state of affairs, at 
docks so close to the city, is to be found in the inade- 
quate entrances at present provided. There are here 
three docks in addition to basins, but the entrance- 
locks are only 480 ft. long, and passages from the 
basins to the docks by no means adequate. A 
new entrance-lock, 575 ft. long, could be provided 
here, opening into a new basin, whence improved 
access might be arranged to the Import and the 
South Docks. These are the outer docks of the 
three, and these it is thought most feasible to 
improve as regards warehousing, &c., while the 
depth with impounded water might be made 28 ft. 
and 31 ft. respectively. The central dock of the 
three cannot be efficiently dealt with except at 
great expense, and it is therefore pro to 
reserve it for barges. Excluding this dock, the 
available quayage amounts to 13,000 ft., while the 
remaining area provides a convenient place for a 
dry dock 575 ft. long, so that vessels could be 
repaired without having to leave for this purpose. 
The whole of this work is recommended as urgent, 
though the complete expenditure in connection 
with the warehousing accommodation, &c., need 
not be incurred at first. Situated close to the 
West India Docks are the Millwall Docks, where 
the proposals fall nearly all within the deferred 
programme. It is suggested in the future to 
construct here a new dock of 18 acres of water, 
and a new entrance-lock 600 ft, long, the present 
one being only 450 ft. in lengih. The cost of this 
work is put at 735,000/. The only urgent matter 
at the Millwall Docks is the lengthening of the dry 
dock, which, at a cost of 12,7001., it is suggested, 
should be undertaken without delay. 

The East India Docks it is proposed to improve 
so that larger vessels than can do so at present may 
make use of the Import Dock. In addition to the 
work this would entail, considerable improvements 
are recommended in the way of warehousing 
accommodation, and the total usable quayage pro- 
vided at these docks would ultimately be 6570 ft. 
The cost of these works is estimated at 268,0001., 
all of which comes within the urgent programme. 





Next below the East India Docks come the Royal 
Victoria and Royal Albert Docks. With regard to 
these docks, some of the most important of all the 
proposals are made. This is the only available 
— near the city where much in the way of deve- 
opment is possible. There is already excellent 
railway communication with the docks, which are 
also within the London cartage area. In view of 
port developments elsewhere, where the docks 
are close to or in cities, it is considered highly 
desirable to get better accommodation as near to 
London as possible, and this seems to be the best 
place that can be chosen for the purpose. The 
present Victoria Dock will at first be reserved for 
vessels up to 450 ft. in length, but it is ultimately 
proposed to rebuild it completely with a quayage 
of 9000 ft. for 74 acres of water, which would be 
impounded, and give a depth of 38 ft. 6 in. To 
enable such a dock to be put to good use, a new 
entrance would be provided on the site of the 
present one. This is planned to give a lock 700 ft. 
long by 100 ft. wide and 42 ft. in depth below 
high water, instead of the present lock, 325 ft. by 
80 ft. by 28 ft. It is suggested that this particular 
dock should not be dealt with immediately, and the 
expenditure of 920,000/. for the rebuilding, and 
385,0001. for the new entrance, is reserved for the 
later construction programmes. With the Albert 





Dock proper the case is much the same. Both 
Victoria and Albert Docks are fully occupied at 


would, it is estimated, cost nearly 44 millions. 
These undertakings, when completed, would pro- 
vide at this point docks having a water area of 
345 acres, and quayage amounting to 47,900 ft. 
The depths available would range from 34 ft. to 
45 ft., compared with the 254 ft. and 27 ft. at 
resent, and the entrance-locks would range between 
00 ft. and 1000 ft., compared with 325 ft. and 
550 ft., the lengths of those now available. As the 
channel would give a depth of 30 ft. at low water 
to a point above the Albert Docks entrances, and 
20 ft. at low water to a point some way above the 
Victoria Dock entrance, very large vessels would be 
able to utilise this accommodation. 

About 16} miles further down the river there are 
the Tilbury Docks, shown in Fig 2. These at 
present alone furnish adequate accommodation for 
the big vessels coming to the port, and here all 
the berths are occupied. In view, however, of the 
greater desirability of getting the vessels to come 
as far up the river as possible, and as near, there- 
fore, to the city as practicable, the proposals for 
improving the accommodation in the Albert Dock 
district will probably have the preference of 
schemes relating to Tilbury. None of the latter, 
in fact, comes within the urgent programme. With 
the present land and other land procurable, there 
is, however, room at Tilbury for the provision 
at some future date of a large new dock of 138 
acres of water, and quayage of 15,400 ft. as shown 
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present, and the work in connection with them! 
must therefore stand postponed until other accom- 
modation becomes available. The sum of 615,000. 
is set down among the estimates for deferred im- 
provements at the Albert Dock, of which the greater 
part is allotted to widening the quay on both sides 
of the dock, the provision of a dry dock, and 
improvements to the entrance -lock. The most 
important proposals of the whole scheme are, 
perhaps, those relating to two suggested new docks, 
of areas of 126 and 65 acres. The former, on the 
north side of the present Albert Dock, would involve | 
the purchase of a considerable amouut of land. The 
scheme for this dock embodies a dock with quayage 
amounting to 15,600 ft., a depth of water of 45 ft., 
two dry docks, of which one would be 800 ft. by 
100 ft. by 36 ft., and the other 1000 ft. by 120 ft. 
by 40 ft., and an entrance having a lock 1000 ft. 
by 120 ft. by 52 ft. below high water. 

The proposed South Albert Dock, for which but 
little new land is needed, would have a depth, im- 
pounded, of 44 ft. 6 in., anda usable quayage of 
9200 ft. A dry dock could be easily accommodated 
at its upper end, and could be built 1000 ft. by 
110 ft. by 38 ft. The entrance to this dock would 
consist of a lock 850 ft. by 110 ft. by 48 ft., or 
giving, with a caisson, a length of 1000 ft. The 
prospects of success of such a dock are considered 
to be assured. Already, it is understood, one-third 
of the accommodation is being negotiated for, and 
of the 2,586,000/. allotted in the estimate for the 
complete work, no less than 2,339,000/. are recom- 
mended for urgent work, so as to provide a dock 
capable of giving eight berths at first, with a depth 
of 35 ft., the remaining work being undertaken 
later. In connection with the North Albert Dock, 
above described, only 250,0001. is at present recom- 


‘traffic at this port. 
|a proposal to provide at Tilbury a deep-water 





mended for preliminary work. The whole dock 


in Fig. 2. The proposals du not even contemplate 
more than the construction of half this in the near 
future, and none at all for the present. There 
would, in the proposed new dock, be two dry docks, 
one of which could conveniently be 1300 ft. long, 
while the entrance-lock would have a length of 
1050 ft., or, with caisson, 1300 ft., which would 
probably be ariple for many years to come. A 
sum of 2,618,0001. is put down in the deferred 
programme for Tilbury improvements. This sum 
does not include 230,000/. for a scheme which 
would form an entirely- new feature as regards the 
is last scheme consists of 


riverside landing-stage 1500 ft. long, with waiting- 
rooms, &c. All who have experienced the weary 
waiting for the tide and the exasperation of such 
delays at Tilbury at the end of a voyage, would 
gladly welcome such means of disembarking and 
quickly taking the train up to London. It is a 
matter of no great difficulty for a ship to come 
alongside such a landing-stage in order to disem- 
bark or embark her passengers. The call would be 
but little inconvenience even if the ship finally went 
into the Tilbury Docks. If she went on to the 
new accommodation further up the river, the con- 
venience of a Tilbury landing-stage would be all the 
more welcome. With co-operation on the part of 
the railway companies and trains arranged to suit 
the boats, and with landing-stage facilities for em- 
barking or disembarking, the trials of passengers 
by ocean-going vessels to and from London would 
be reduced considerably, with the probability that 
such traffic would increase. 

This lengthy programme, or series of programmes, 
may be summed up in the following manner :—At 
the London Docks the principal work consists of 
the rearrangement of existing accommodation and 
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ilities, by which some ten new berths will be 
me rn ible. At the West India, East India, 
and Millwall Docks warehousing and other accom- 
modation is to be improved and a new basin and 
dock to be constructed, the latter, however, not 
in the immediate future. At the Royal Victoria 
and Albert Docks reconstruction will be ultimately 
undertaken, while two — La docks ¥ —_ 
capacity are proposed. At Tilbury a new dock is 
oe mt a landing-stage. The greatest avail- 
able depths of water within the principal docks will 
be increased as follows :—London Docks, from 20ft. 
to 24 ft. (Western Dock), and from 21 ft. to 254 ft 
(Eastern Dock); West India, South Dock, from 
29 ft. to 31 ft.; Import Dock, 26 ft. to 28 ft.; East 
India Dock, from 26ft. to 28ft.; Victoria 
Dock, 25 ft. 6in. to 38ft. 6in.; Royal Albert 
Dock, 27 ft. to 34ft. The new large docks would 
have ultimate depths as follows :—North Albert, 
45 ft.; South Albert, 44} ft.; New Tilbury, 48 ft. 
With these greater depths new entrance-locks 
would be made, such as at the West India Docks, 
where the largest entrance-lock would be 575 ft. by 
80 ft. by 40ft., compared with the largest there at 
present of 480ft. by 60ft. by 30ft. The new 
entrance-lock to the Victoria Dock would be 700 ft. 
by 100 ft. by 42 ft., against the 325 ft. by 80 ft. by 
28 ft. of the present one. At the Albert Docks the 
largest entrance-lock proposed is 1000 ft. by 120 ft. 
by 52 ft. deep, compared with the largest at present 
of 550 ft. by 80 ft. by 36ft., while at Tilbury the 
largest entrance will be 1050 ft., or 1300ft. with 
caisson, by 130 ft. by 55 ft., against 700 ft. by 80 ft. 
by 44ft., as at present. From the Millwall Docks 
seawards there will be a 600-ft. channel, giving 
20 ft. at low tide and 41 ft. depth at high tide. 
Just above the Albert Docks this will change to a 
channel of corresponding width, but of 10 ft. greater 
depth, while a little lower it opens out to 1000 ft. 
width. 

It will thus be seen that the programme is a 
very large one. The report covers approximately 
in its estimates the construction and equipment 
considered necessary. It will be noticed that care 
has been taken to allow for several new dry docks 
at various points, so that vessels will not need 
to go elsewhere to be attended to. Seven such 
docks, or possibly eight, are distributed among the 
new or reconstructed docks, in each case of a length 
suitable for the largest vessels passing through 
the entrance-locks. The estimates also cover as 
far as possible roads, railways, &c., and in several 
cases pumping plant, which will be needed in 
order to secure the additional depth in some of the 
docks. With the new order of things it is to be 
— that the tonnage making use of the port 
will continue to grow at the rate it has done in 
the past. With all the best docks available, fully 
occupied now as they are at Tilbury and at the Vic- 
toria and Albert Docks, little additional tonnage 
can be attracted, except by new or improved 
facilities. There seems but little doubt, therefore, 
that many of the improvements suggested will soon 
be put in hand, as the Port Authority has already 
shown its earnestness in the manner in which it 
is dealing with the enlargement of the channel. 





DEPRECIATION OF PLANT. 

To THR EpitTor or ENGINEERING. 
_Sir,=Your article on this subject, which appeared in 
ENGINEERING of the 20th ult., is well timed, for the t 
changes in manufacturing plant and processes that have 
taken place during recent years, and which are now going 
on, are many and serious. As I have for some years past 
given special attention to this subject, I venture to trouble 
you with a few remarks now. The mere decay of machi- 
nery and plant—summarised sometimes as ‘‘ wear and 
tear —is more generally dealt with in modern account- 
keeping as “depreciation ;” and in regard to the need 
for writing down to meet the loss by obsoleteness, you 
could not choose better examples than those you cite of 
quick-running tools, anees steel with heavy cuts, 
and turbine generators replacing reciprocating engines. 
Another radical — found expedient for saving fuel 
is the substitution of gas-engines utilising sometimes 
gas produced for the purpose, and at other times, 
the waste gases from furnaces in metallurgical works. 
All these have rendered useless steam-engines of the 
very best kind, and which are on sale to-day, sound and 
in splendid condition, at very cheap prices. The re- 
arrangement of lifting and carrying plant, the removal— 
in effect generally the apnea jib-cranes, especially 
in foundries and erecting —_ pod the substitution of 
quick-running electric travelling cranes, together afford 
another ¢ ieuous exam and the removal of the 
line-shafting, pulleys, and tooth-wheels, to make room for 
electric <a isanother. While it is true that these 
alterations wil effect great economies in the cost of pro- 
duction, convenience of running, saving of space, and so 





allow lower competitive prices in tendering, none the less 
must the scrapping noted in the accounts, either 
by direct entries or by treating much of the new 
expenditure as a revenue charge. In other words, 
although the saving in fuel that is to be obtained from 
these c may well repay the ‘‘ scrapping,” neverthe- 
less a fresh capital expenditure is required, and, in the 
case of public bodies, fresh borrowing powers, not always 
easily obtained. All these incidents call for a reserve in 
municipal as well as private concerns. 

The difficulty in providing in advance for such very 
different risks may be approached—at any rate, as a first 
step to solution—by instituting a reserve fund as distinct 
from the writing down for depreciation. The unhappy 
proprietor of an engineering works or steel works may 
exclaim :—‘‘ How many more funds must I establish to 
come between me and the profit [ have earned ?’—and it 
is even more difficult for a board of directors who seek 
to safeguard the interests of their shareholders, and can 
only do so by restricting a too easy distribution of divi- 
dend. But in this regard a reserve stands in a very 
different position to a depreciation fund ; it is sometimes 
formed out of the profits of a particularly good year, and 
the omission of any contribution to pas | are-erve from 
the accounts of a particular year is more justifiable than 
the omission of a depreciation ch and for that year 
relieves the stress and en on the proprietors. For 
their further comfort it may be pointed out that a reserve 
is more flexible than a depreciation fund. The latter, it 
is true, may be suspended in very trying times, but it is 
all but inaccessible for division. On the other hand, the 
reserve fund may well be established to cover a variety of 
risks—may, indeed, provide for bad debts, radical changes 
in trade or processes, catastrophes or disasters, or even 
provide for the equalisation of dividends. If it be diffi- 
cult to liquefy or encash some of the reserve, then with 
the reserve as a justification the depreciation fund may 
be suspended. 

Not only are private firms and large joint-stock com- 
panies concerned in the establishment of a reserve, but in 
municipal undertakings also these questions are growing 
in importance. Asan example, when borrowing powers 
are sought for large municipal electric stations, the Board 
of Trade inspectors analyse the estimates presented to 
them, and while granting long sinking-fund periods of 
40 or 50 years for buildings of solid brickwork or masonry, 
allow only much shorter periods for moving machinery, 
and then, for convenience, equate the whole into one 
period of 20 to 40 years, during which the sinking fund is 
an obligatory first charge. But even then a reserve is 
necessary to meet the risk of obsoleteness. ere are 
recent a of this. The high-speed revi ting 
engines which, as referred to in your article, are discarded 
to make room for turbo-generators, are not easy to sell 
— at — reduced _ prices. = ae poem 
or powerful reciprocating engines have had an easy peri 
of sinking fund ciooel atbee they are long-enduring, 
but they me useless when well-balanced turbines are 
substituted. Nay, worse than useless, as such founda- 
tions will be cos 4 demolish if ever the time comes for 
removing the works further out of town. As the earning 
power of the concern will not be increased by the substi- 
tution, an auditor is not inclined to allow the fresh 
expenditure as a capital charge unless the original outlay 
be cancelled. 

While engineers and experienced works managers can 
point out the need for such provisions, it is well to be 
guided in their adjustment by accountants and auditors 
accustomed to the trades in question, because they have 
necessarily a wider experience than those who, in the 
management of the works, have had only one concern to 
deal with. In other words, the accountants can apply 
advantageously their varied knowledge to the peculiar 
problems that may be presented to them in new cases. 

Yours truly, 


Ewinc MATHESON. 
Bedford, February 1, 1911. 


‘*STEAM-BOILER DESIGN.’ 
To THE Eprtor or ENGINEERING. 

Str,—In compliance with Mr. Erith’s request for.addi- 
tional particularsanent the Yorkshire boiler test referred 
to in my letter of the 20th inst., I may state that the 
boiler was fed with one of Messrs. Proctor’s latest type 
of stokers, that the test was over a period of six hours, 
and that the percentage of CO in the products of combus- 
tion was so slight as to be negligible. 

My object in writing you, however, in the first place 
was not to discuss details, but to give steam-users the 
benefit of knowing that a 20-ft. Yorkshire boiler, with 
flues expanding from front to rear, will give an hourly 
evaporation of 7000 Ib. of water with an efficiency of 
70 per cent., and that when worked up to its full capacity 
the same boiler will give an evaporation of 13,730 Ib. of 
water per hour, with a fall of practically only 10 per cent. 
in efficiency, results which I have never yet seen equalled 
by any 30-ft. Lancashire boiler of equal shell diameter. 

If “‘ Consulting Engineer” will kindly refer to your 
issue of the 20th inst., he will find that in the evaporation 
test there were 315 lb. of ashes per hour, and such were 
included in the weight of coal burned per hour, so that the 
over-all evaporation per pound of combustible from and 
at 212 deg. was 10.67 Ib. of water, and in the efficiency 
a ighed i bags the bei 

e was weig’ into prior to test bei 
made, and each was again weighed prior to belies 
— into the stoker hoppers. 

Samples of gas for analysis were taken at the rear end 
of the side flues about 3 ft. from the main flue, 

It will interest your readers pa to know that the 
Yorkshire boiler tested b essrs. Richardsons, West- 
garth, and Co., Limited, been under steam for over 








three years, during which period it has been tested by 
four separate authorities, and, when giving 7000 Ib. 
evaporation per hour, the efficiency only varied 1.3 per 
cent., and, further, that equally satisfactory results are 
being secured with every boiler we have installed. 

In my letter which appeared in ENGINEERING on the 
20th inst. a clerical error was made. The evaporation 

r lb. of coal from the 20-ft. by 7-ft. 6-in. Yorkshire 

‘ler referred to was 12.2 lb. of water from and at 
212 deg., not 11.5, as stated. 


Yours faithfully, 
January 28, 1911. W. H. Casmey. 





To THE EpiTor OF ENGINEERING. 

Sm,—In Dr. Nicolson’s letter in your issue of 
January 20, in the h ‘*‘ Assume a fire-box tem- 

rature of 2000deg. Fahr.,” I think Dr. Nicolson would 

ave a clearer idea of what occurs if he write after 
“Simply that 3 tons weight of gases” these words: ‘‘have 
t erred three times the amount of heat to three times 
the weight of water in the same time.” 

On regarding this branch of thermo-dynamics by the 
light of the dynamic law p= mz, it is clear that any 
extra emphasis and reliance placed on v may lead to 
unpleasant surprises. In any boiler the speed of 
the gases at any point depends on their weight and 
temperature, and on those of the water and metal. These 
are the dominant factors of the transference of heat action, 
the rate of exchange, though I prefer to call it the 
** response,” the response of the water to the offer of the 
gases ; and the speed of the gases is only a factor of their 
weight. As the temperature of the gases goes down, a 
constant response can obtained by simultaneously 
reducing the speed of the gases and the weight of the 
water. 

Heating surface and gas speed seem to be the most 
misleading and beguiling points in boiler design ; and the 
relat.ve weights of coal to water seem to be the least 
regarded. Two-flued boilers of various sizes are sent out 
with grates 6 ft. long. which length is seldom reduced to 
that needed for the best proportion of grate to the weight 
of steam needed in an hour. We 1 do better when, 
instead of ratio of grate area to heating surface, we 
state the ratio of grate to weight of water at working 


level. ' 
am, yours truly, 
0. Wasetas. 


2, Polam-road, Darlington, January 30, 1911. 





RAILWAY ACCIDENTS. 
To THe Eprror or ENGINEERING. 

Srr,—In view of the difficulty in extricating passengers 
from carriages in case of serious railway accidents, I wish 
to draw the attention of all concerned to the construction 
of some recently-built corridor coaches on one of our 
main lines. 

In these coaches the only way of quitting a compartment 
is via the corridor, the usual doors giving ingress to 
and — from the 71 direct, not having been 
provided. Moreover, the doors from the compartments 
into the corridor, and from the corridor to the open, are 
not opposite each other, and to reach some compartments 
a long stretch of poaege must be traversed, and, as if to 
prevent the possibility of escape of victims, the windows 
are barred, leaving an unobstructed opening of only about 
15 in. by 7 in. 

Can anything worse be imagined than the plight of 
maimed and wounded passengers imprisoned in one of 
these coaches that had been thrown on its side in an 
accident ? 

IT am, yours faithfully, 
C. THompson, 
Penhill Close, near Cardiff, January 26, 1911. 








5000-KiLowatr RaTEau STREAM-TURBINE AT THE GREEN- 
wicH Power-Station.—Our attention has been called to 
certain introductory remarks in our description of the 
above plant in our issue of January 13, which, it appears, 
were not perfectly accurate. This description, it should 
be ancl was not supplied to us by the manufac- 
turers, but was written from observations made during a 
visit to the shops of the Westinghouse Company, and as 
the result of an examination of the drawings and of the 
eneral specifications pre’ by the London County 
uncil. No visit was paid to the Greenwich station, as 
we understood that the London County Council was 
opposed to affording facilities of this kind, save under 
exceptional circumstances. As a consequence, we were 
misled into the belief that the old-fashioned reciprocating 
engines were being replaced by turbines. is, we now 
learn, has not yet been done; although the Committee 
which reported on the subject in view of the difficulties 
experienced at Greenwich Observa from the vibration 
set up by the engines recommended that they should not 
be run during the hours in which certain observations are 
—, We _ learn that thes rong = not ome 
up to favour the impulse typeof turbine, In this case, 
statement objected to was the conclusion drawn from a 
careful study of the general specifications, but we, of 
course, accept the official statement that the provisions in 
uestion were not inserted with the object in question. 
inally, it appears that we made a more serious error in 
concluding that the turbines, of which the Westinghouse 
Company so boldly took up the manufacture, were the 
largest ‘oy built on the system in question. is mistake 
we much regret, as doing injustice to the en ise and 
ability with which Professor Rateau has developed his 
system, but, in defence, we can only say that the statement 
in question was not corrected on a proof submitted before 
publication to that gentleman’s licensees, 
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16-HORSE-POWER MOTOR-CAR WITH SELF-STARTING GEAR. 


CONSTRUCTED BY THE ADAMS MANUFACTURING COMPANY, LIMITED, ENGINEERS, LONDON AND BEDFORD. 


209! 


ALTHOUGH it is now some years since motor-car 
designers produced the machine which, in its essential 
features, his endured until the present time, none the 
less each succeeding year has seen the introduction of 
improvements or additions whose cumulative effect 
has been to render the car of to-day a very different 
article from that of but a few years ago. An example 
of such an addition is furnished by the self-starting 
gear which is being fitted to their 16 and 30-horse- 
ten cars by the Adams Manufacturing Company, 

simited, of 106, New Bond-street, W., and Bedford. 

The self-starting device is in itself of a simple nature, 
and has been familiar in connection with internal- 
combustion engines of large size for some time, but its 
application to a motor-car engine is novel, and we 
believe the Adams Company are the first firm to fit it 
in this country. It forms an admirable example of 
the valuable improvements that are still possible in 
motor-car work. We propose to describe this self- 
starting arrangement in connection with the Adams 
Company’s latest model of 16-horse-power four-cylinder 
car, which is illustrated on this page and on pages 153, 
154, and 156; but as the car possesses many points of 
novelty and interest in addition to its self-starting 
mechanism, it will be well to deal with this latter as it 
arises in its proper order in a general description of 
the detail arrangements of the machine. 

The general arrangement of the car will be seen 
from, Figs. 1 and 2, on this page. The frame is of 
pressed steel of deep section, and is strengthened at 
the in-sweep between the car-body and the engine by 
widening the bottom flanges, as will be seen in Fig. 2. 
The wider flanges are carried to about the centre of 
the chassis, giving extra support to the centre cross- 
member. The engine is of the four-cylinder type, and 
will be referred to in more detail below, but it should 
be said here that the aluminium casting forming the 
crank-case is carried out to the frame on 
sides, forming its own under-bonnet, and at the 























Fic. 


same time acting as a rigid strut from one side of 
the car to the other, and assisting in the main- 
tenance of the crank-case alignment. The change- 
speed gear is of the Adams Company's planetary 
type, which is described below, and is connected to 
the engine through a leather-faced cone-clutch of the 
usual type. From the many r transmission is 
effected to the back axle bya an shaft, and thence 
by bevel- gear to the driving-axles. Between the 
engine and the back axle there are four universal 
joints. Two of these are situated between the clutch | 
ahd the gear-box, while the third is placed directly 
behind the gear-box and the fourth at the rear end of 
the Cardan shaft. Throughout the car much attention 
has been paid to lubrication, and the third of these 
universal joints, which is much the most important, is 


th yrees preyed enclosed in a spherical aluminium case 


fixed to the centre cross member of the frame, This 


3. 


case is fitted with glands and contains oil, in which 


‘the revolving joint constantly splashes. A pipe is 


fitted leading to the outside of the chassis through 
which the supply of oil isintroduced. It is found that 
one charge is sufficient to carry the car several thousand 
miles without further attention. The other three 
universal joints have self-contained lubrication by oil 
and grease. - 
The back axle, which is illustrated in Fig. 3, 
above, is of strong design, and although not split 
across the centre as is sometimes done, is yet arranged 
with an inspection-door through which the differential 
can be easily removed after withdrawing the axle- 
shafts from either end. The axle-shafte act as drivers 
only, the weight, in accordance with modern practice, 
being carried on the axle- sleeves. The back axle is 
fitted throughout with Timkin roller- The 
front axle is a steel drop forging of the well-known 
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reduce expense in case of damage, while the exhaust 


and inlet pipes are clamped in position by two dogs, steel, accurately balanced, the flange which fits into|and 18 on 


The engine crank-shaft is made of nickel-chrome | 


is illustrated in Figs. 5 and 6 on page 153, and Figs. 17 
156. The advantages which are 


as will be seen in Fig. 16, in such a way that the the register of the fly-wheel being forged solid with | claimed for this device are that the gears can be made 


unserewing of two nuts allows of their complete 
removal. The valves are placed all on one side of the 
cylinders, but the carburettor is arranged so as to give 
ready access to them. The valves are easily removed 
by means of a ridge cast in the outside of the cylin- 
ders. They are constructed of nickel steel. The 
valve-tappets are made adjustable, while the cam- 
shaft is of large diameter and is carried in three bear- 
ings. The carburettor is of the Adams Company’s own 


the rest of the shaft. The main bearings are lined | 
with anti-friction metal, and are fitted with separate | 
caps hung by bolts from the upper portion of the 
crank-case. The big-end bearings are also lined, 
while the small ends are phosphor-bronze working on 
hardened-steel gudgeon-pins. A large cover is fitted 
to the side of the crank-case, allowing inspection 
of the bearings. The cooling is by thermo-syphon, 
the engine jackets having been specially designed 





make, and has its automatic air-valve placed at the top 
where it is immediately accessible for adjustment. The | 


to suit this system. The water-ducts leading to the 
radiator are of large size, and all sharp bends have 


carburettor control is of interest. It can be followed | been avoided, in order to allow of a very free circula- 
from Figs. 1 and 2. The arrangement adopted gets | tion. The elimination of the water-pump is a consider- 
over the trouble which is frequently suffered owing to | able simplification in the engine, but arrangements are 
back-lash in the joints of the small rods connecting | made so that one can be fitted if it is desired to use the 


to the hand-lever of the steering column. From Fig. 1 | 
it will be seen that the throttle is operated by a link | 
attached to one arm of a bell-crank lever, the other | 
arm of which is connected to the outer end of a crank | given in Figs. 7 to 14, below. 
_ which is shown diagrammatically in Fig. 7, consists of 


fixed to a rocking-shaft which runs in front of the 
dashboard. This rocking-shaft is operated by means 
of a small finger pressed, by means of a spring, on to a 
cam at the bottom of the steering column. This cam 
is attached to, and can be rota by, the hand-lever 
underneath the steering-wheel, which has a travel 
around the greater part of a circle, so that a very 




























































radual and easy opening of the throttle is obtained. 

he finger is normally kept up to the cam by its spring, 
so that there is no back-lash between the hand-lever and 
the rocking-shaft, but the finger may independently 
be operated by means of a pedal to allow of 
rapid control when driving in traffic. The magneto, 
as will be seen from Figs. 4 and 16, is placed in an 
accessible position, with its commutating end to the 
outside and in full view. It is connected up to the 
driving mechanism by means of an Oldham coupling, 
and can be removed in about a minute. The wires to 
the sparking-plugs are carried in an insulated copper 
tube, which can be seen in the figures. 

The lubricating arrangements of the engine are very 
complete. A sump is formed at the bottom of the 
crank-case, from which a displacement pump feeds the 
oil to the various parts. This pump, which is driven 
by spiral gears from the cam-shaft, is mounted outside 
the case, and can be seen at the right-hand side of 
Fig. 4 and in Fig. 16. The pump supplies oil to all the 
main bearings, and also to shallow troughs fixed across 
the crank-case, one under each of the big ends. These 
troughs constantly overflow, while scoops fixed to 
the ends of the connecting-rocs dip into them, pick- 
ing up the oil and conveying it to the big -end 
bearings. In addition to all main bearings, the gear- 
wheels at the forward end of the engine are also 
lubricated by ducts leading direct from the pump. 
There are no loose pipes in the arrangement, ait o1 
ducts consisting of copper tubes cast in the crank-case. 
A filter, easily removable from outside, is placed at 
the bottom of the sump, through which all oil is drawn 
by the pump, while a small three-way gauge-cock is 
fitted which serves to indicate the level of oil in the 
sump. This cock can be seen at the left-hand side of 
Fig. 4 and in Fig. 15. All oil is pumped through a 
small mechanical indicator fitted to the dashboard in 
front of the driver, 


| engine, and which is permanently connec 


- | cylinders. 


car in the tropics. The engine is fitted with a bafile 
type of silencer, whose position can be seen from Fig. 2. 
me details of the oe mechanism are 

he arrangement, 


rt of the 
up to the 
| steel reservoir. From the pipe connecting these two 
\& branch is taken off to the controller, which is fixed 
/on the dashboard, and which is opened when it is 


_ desired to admit air to the engine cylinders. From 


a small air-pump, which forms an integral 
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this controller a connection is taken to a distributing 
valve which is mounted at the top of the cylinders, | 
and is driven by a worm-gearing from the cam-shaft of | 


the engine. The operation of the system will be | 
obvious, but attention may be directed more closely to | 
some of its details. The air-pump, which is driven by | 
an eccentric from the main shaft, is fixed at the | 
forward end of the engine, above the crank-case, and 
is shown in section in Fig. 4. Its driving eccentric is | 
carried on a ball-bearing. The pump itself consists of | 
a single cylinder with spring-controlled inlet and | 
outlet valves. There is no external manipulation of 
these valves, and when the maximum pressure of 
300 lb. per square inch is reached in the reser- 
voir, the pump simply runs idle, the air in its 
cylinder alternately being compressed and expanding. 
After starting the engine, and using up some of the | 
stored air in the reservoir, the pump, of course, | 
immediately begins to build up the pressure again. | 
It is stated that if the reservoir pressure falls to | 
80 lb., it is still sufficient to start the engine. The 
controller is simply a spring-controlled valve with a 
hand-lever, mounted in a fitting, which carries a pres- 
sure-gauge. Details of it are given in Figs. 8 to 10. 
The oe of the distributing-valve drive is | 
shown in Fig. 11. The valve itself consists merely of 
a disc with a port, which, as the valve rotates, comes 
in turn opposite passages leading to the various | 








These passa terminate in valves, of | 
which one is shown in Fig. 13, which are kept nor- | 
mally closed by springs, but which open and admit | 
the compressed air to the cylinders as it is supplied to | 
them in turn by the rotation of the distribution valve. | 


After a revolution or two explosion will take place in 


the — in the normal way, and the air supply 

cut off. | 
e final feature of the car to which attention may | 

be directed is the planetary change-speed gear, whieh 





much larger for the work they have to do than in the 
ordinary type of sliding gear, without increasing the 
outside dimensions of the gear-box. Further, since 
the gears are always in mesh, it is impossible to injure 
them by unskilful manipulation when changing speed, 
and there is absolute smoothness when passing from 
one speed to another, since the change is made by the 
ressure of steel shoes on rotating drums, and the load 
is taken up progressively, and not suddenly. In addi- 
tion there is complete interlocking of the various 
speeds, so that no mistake can be made when changing 
over, and it is impossible for gears to be missed when 
ascending hills. On top speed no gears are running 
idle, all wheels being locked together, and the whole 
mechanism revolving, and thus adding fly-wheel capa- 
city to the car. 
he gear is shown in cross-section in Fig. 5, and 
although it looks complicated in this figure, it is simple 
in its essential parts. The right-hand side of the gear, 
as shown in Fig. 5, is connected up to the clutch, and 
it will be seen that the driven shaft carries a small 
pinion a which is keyed to it andrevolves with it always. 
This pinion gears with the larger diameters of two- 
stepped pinions } and c, which are carried on spindles 
secured into drum g. It will be seen this drum con- 
sists of two parts—a casing and a cover ; but these are 
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bolted together and may be considered as a single 
part. The smaller diameter of pinion } gears with a 
pinion d, which is keyed to the driven shaft, which 
projects from the left-hand end of the gear-box, while 
pinion c has two smaller diameters which gear respec- 
tively with pinion e, which is keyed to drum g, and 
pinion i, which is keyed to drum h. On the outside 
of each of the three drums g, /, and / a pair of brake- 
blocks lies, which are of rib cross-section, as will 
be seen from the figure. Each of these pairs of brake- 
blocks is pin-jointed at one end on to the outer casing 
containing the gear, while the other ends of each pair 
are arranged so that they may be brought together 
so that the pair of blocks will clamp and hold their 
respective drum, or be opened apart to free it. The 
method in which the three forward speeds and 
the reverse are obtained is as follows :—For the 
first forward speed the brake-blocks are tightened on 
drum g, so that it is prevented from rotating. The 
result of this is that as pinion a is driving pinions 
b and c, and c is gearirg with ¢, which is held, drum /, 
which is carrying pinions } and c, begins to rotate, and 
the revolutions of pinion a, which is on the driven shaft 
and gears with c, relative to the driver a, is equivalent 
to the ratio between a, b, and d, minus the revolutions 
made by the drum. For the second forward speed 
drum / is clamped, and the revolutions of d depend 
directly on the numbers of teeth in a, ), and d, 4s the 
arrangement then drives as a simple reduction gearing. 
It will be understood that, when running on the first 
speed, drum h is rotating idly, while when running on 
the second both drums g and / are running idly. For 
the third, and top, speed drums / and / are locked 


ew and the whole arrangement revolves, forming 
a 


irect transmission. The locking of drums g and / 
is obtained by means of the coil-clutch j, one end of 
which is secured to the upper part of 1, as shown in 
the figure, and the other end of which is carried at 
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the outer end of a crank k, which is _— in the 
drum h. The rotation of the crank draws the coil- 
clutch tightly on to drum f and locks it to h. The 
rotation of the crank k is brought about by means of 
its outer arm, which lies on the surface of a cone / in 
such a way that the travel of the cone along the shaft 
causes the adjusting-pin at the end of the crank to be 
pushed outwards as a larger diameter of the cone 
comes below it. The cone is operated from outside 
the casing through the medium of the lever m. When 
the gear is being used for reverse the brake-blocks are 
tightened on to, and hold, drum h. This causes an 
epicycloidal drive from a to d, in which d is driven in 
a reverse direction owing to the forced direction of 
revolution of the drum consequent on i being fixed and 
gearing always with c. It should be understood that 
the two pinions ) and c could be replaced by one, the 
advantage of the two, however, being that a better 
balance is obtained. Similarly, each of the stepped 
pinions might be made to gear with the four pinions 
e, d, a, and i, but as long as two stepped pinions are 
fitted it is sufficient to make each gear only with 
pinions with which the other does not gear. 

Two methods of control are fitted to these cars 
by the Adams Company, in connection with this 
planetary gear, one being by pedal and the other by 
hand-lever. The pedal arrangement is shown in Fig. 17, 
and consists of a gate containing three sliding plates, 
two of which are connected up to the brake-blocks for 
the first and second speeds, and the third of which 
is connected to the lever controlling the cone which 
throws in top speed. The pedal lever is arranged so 
that it may either remain in its centre — as 
shown in the figure, or may be moved slightly to the 
right or left with a pressure of the foot. It carries a pro- 
jecting tongue inside the gate, which, as the pedal is 
loa into either of its three positions and depressed, 
enters one of three guides in the gate, which can be 
seen in the figure, and so pulls one of the three slides 
connected to the gear-box. The operation of either of 
the first two sets of brake-blocks is obtained by a pair 
of small links, which can be seen in Fig. 17, and which 
are shaped eccentrically at their lower end, so that 
when they are pulled over by the rods attached 


ROYAL METEOROLOGICAL SOCIETY. 


THE annual general meeting of this Society was held 
on Wednesday evening, the 18th ult., at the Institution 
of Civil Engineers, Westminster, Mr. H. Mellish, Presi- 
dent, in the chair. 

The Council, in their report for the t year, ex- 
ressed their great pleasure that His Majesty the Kin 
ad graciously consented to continue the patro whic 

he had accorded to the yeey | when Prince of Wales. 

The experiment was tried for the first time of holding 
a meeting out of London, and on February 23 the Society 
met at Manchester, where so much interest has recently 
been taken in the investigation of the upper air. The 
meeting was well attended, and led toa discussion 
on the papers read, some of which were communicated by 
local Fellows. The Council state that the increased 
number of applications for lectures on meteorological 
subjects shows that greater interest is now being taken 
by the general public in meteorological matters. The 
researches into the meteorological conditions of the upper 
atmosphere have been continued under the auspices of 
the joint committee appointed by the Society and the 
British Association. The work of the Society in all its 
branches has been actively carried on, and there has been 
= a of twenty-one in the number of Fellows on 
the roll. 

The President (Mr. H. Mellish) said that the comple- 
tion of the third decade since the Society undertook the 
collection of climatological observations suggested that 
the moment was opportune for taking stock of the data 
which had been collected in the British Isles, and of the 
progress which had been made in reducing and discussing 
them, so he devoted his address to a consideration of the 
present position of British climatology. : 

The following were elected the officers and Council for 
the ensuing year :— 

President :—Henry Newton Dickson, M.A., D.Sc., 
F.R.S.E., F.R.G.S. 

Vice-Presidents:—Francis Druce, M.A., F.R.G.S.; 
Henry Mellish, D.L., J.P., F.R.G.S.; Rudolf Gustav 
Karl Lempfert, M.A.; Colonel Herbert Edward Rawson, 
R.E., C.B., F.R.G.S. a 

Treasurer :—Charles Theodore Williams, M.A., M.D., 
F.R.C.P., M.V.O. 

Secretaries :—Francis Campbell Bayard, LL.M.: Com- 
7. Warren Frederick Caborne, C.B., F.R.G.S., 

Foreign Secretary :—Robert Henry Scott, M.A., D.Sc., 


~ 


to the gate slides, they depress a sleeve which| pg 


surrounds the rod on which they are pivoted. 
The rod is attached to one of the brake-blocks and the 
sleeve to the other, so that the movement of the links 
brings the blocks together. The reverse brake-blocks 
are operated by the reverse-lever, which can be seen in 
the foreground of Fig. 17. The alternative method of 
control of the gear by means of a hand-lever is shown 
in Figs. 6and 18. In general, the method is similar 
to that just described, but the gate contains only two 
slides, and the first and second speeds are obtained by 
moving one of these slides in the forward or reverse 
direction. 

We have had the pleasure of examining and riding 
ina car of the type described above, and would sa 
that the ease and lack of jerk with which the s - 
changes are made is very marked. Similarly, the con- 
venience and simplicity in operation of the starting- 
gear is quite remarkable, and rather makes one wonder 
why the old method of starting by hand has been put 
up with so long. The construction and finish of the 
car is excellent, and the whole machine appears to be 
a thorough engineering job. 





Wastep Coats.—A lecture was given on Saturday 
evening, the 28th ult., by Mr. W. fi. Casmey, of the 
Yorkshire Boiler Company, Limited, before the Bradford 
Branchof the Yorkshire Engineers’ and Firemen’s Associa- 
tion, at the Engineers’ Hall, Bradford, in which the 
speaker entered minutely into the question of perfect 
fuel combustion. 





SreED TRIALS OF THE FRENCH DreapNouGuT ‘‘Con- 
poRcET.”—The speed trials of the French battleship 
Condorcet were carried out on January 13. This vessel 
has a displacement of 18,000 tons, and a shaft horse-power 
of 22,500. She is fitted with twenty-six Niclausse boilers 
of the latest improved type, made by Messrs. J. and A. 
Niclausse, of Paris, and eight turbines built in a French 
dockyard. This vessel is the first French Dreadnought 
to carry out 8 trials. The full-power trial, as pro- 
vided for in the contract, consisted of a run of 10 hours 
with all boilers in use, and burning per hour 264 Ib. of 
coal per square foot of grate surface. The result of the 
trial gave an average speed under the above conditions of 
19.257 knots, as against 19.25 knots provided for. The 
Naval Ministry further asked Messrs. J. and A. Niclausse 
if they would consent to a full-power trial with a com- 
bustion of 331b. to 34 Ib. of coal per square foot of grate, 
which was agreed to. The trial under these conditions 
was carried out on January 16, and the average 
attained over a 10 hours’ run was 19.80 knots, more than 
half a knot over the contract speed. The Condorcet 
further carried out her endurance trials on January 20 
and 21. The trial consisted of a run of twenty-four 


hours with normal rate of combustion, and the average 
speed attained was 18.2 knots, with oa consumption 
te than was allowed for in the contract. The per- 
wants of the turbines and boilers was perfectly satis- 
actory throughout all the trials, the desired steam 
pressure Leing easily maintained under all conditions. 








Councillors :—Walter William Bryant, B.A., F.R.A.S.; 
Charles John Philip Cave, M.A.; Frank Watson Dyson, 
M.A., F.R.S., F.R.A.S.; Ernest Gold, M.A.; Reginald 
Hawthorn Hooker, M.A.; Richard Inwards, F.R.A.S.; 
Captain Cuthbert ag Me ley. F.R.G.S.; Reginald 
Empson Middleton, M. Inst. C.E.; Commander Melville 
Willis Campbell Hepworth, C.B., F.R.A.S.; Mortyn de 
Carle Sowerby Salter; John Wrench Towse; Captain 
Robert Campbell Warden. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was easier, and 3000 tons of Cleveland 
warrants were done at 49s. 5hd., 49s. 5d., and 49s. 5}d. 
cash, and 49s. 9d. one month. Closing sellers quoted 
49s. 54d. cash, 49s. 94d. one month, and 50s, 4d. three 
months. Hematite was steady at 66s, 6d. cash buyersand 
67s. 8d. three months sellers. In the afternoon Cleveland 
warrants were weaker, and changed hands at 49s. 4d. cash, 
4¥s. 44d. eight days, and 50s. 2d. three months. The turn- 
over was 4500 tons, and at the close sellers quoted 49s. 44d. 
cash, 49s. 8d. one month, and 50s. 2d. three months. 
Sellers of hematite quoted 67s. 7d. three months. 
Friday morning Cleveland warrants were again dull and 
quiet, and the business consisted of 2000 tons at 49s. 34d. 
cash and seven days, and 50s. 14d. three months. Closin 
quotations were 49s. 4d. 49s. 7d. one month, an 
50s. 2d. three months. Hematite was nominally easier, 
with cash buyers at 66s. 3d., and three months’ sellers 
at 67s. 6d. At the afternoon session the dull tone 
was again prevalent, and 3500 tons of Cleveland war- 
rants were done at 49s. 24d. and 49s. 34d. seven days, 
and 50s. 04d. and 50s. three months, and ne 
uoted 49s. 34d. cash, 49s. 7d. one month, and 14d. 
three months. Sellers of hematite quoted 66s. 6d. cash, 
and 67s. 6d. three months. On Monday morning the 
market was active, but Cleveland warrants were weak. 
The dealings amounted to 5000 tons at 49s. 14d. cash, 
49s. 2}d. and 49s, 2d. eight days, 49s. 24d. eleven days, 
and 49s. 34d. sixteen days, and the closing — 
were 49s. 2d. cash, 49s. 54d. one month, and three 
months sellers. In the afternoon the tone was again easier, 
but only one lot of Cleveland warrants os hands 
at 49s. 1d. cash, and at the close sellers quoted 49s. 14d. 
cash, 49s. 44d. one month, and 50s, three months. Hema- 
tite was unchanged, with sellers at 67s. 6d. three months, 
and buyers offered 66s. 3d. cash Tuesday morning 
the market was firmer inclined, but only 3500 tone of 
Cleveland warrants were dealt in at 49s. cash, 49s, 4d., 
49s. 34d., and 49s. 4d. one month, and 49s. 114d. threemonths. 
Closing prices were 49s. 2d. cash, 49s. 5d. one month, and 
50s. three months sellers. Hematite was quoted with- 
out change. The afternoon session was quite idle, but 
sellersof Cleveland warrants quoted 49s. 24d. cash, 49s. 54d. 
one month, and 50s. three months, and buyers of hematite 
offered 66s. 3d. cash, and 67s. 3d. three months, and there 
were sellers at 67s. 6d. three months. When the market 
opened to-day (Wednesday) business was quiet, but a 
firm tone prevailed. Dealin, of two lots of 
Cleveland warrants at 49s. 3d. cash and 49s. 6d. one 
month, and closing sellers quoted 49s, 3d. cash. 49s. 64d. 








one month, and 50s. 1d. three months. In the afternoon 
Cleveland warrants were the turn easier, but only 
1000 tons were dealt in at 50s. three months, with sellers 
over. For the other positions sellers quoted 49s. 24d. 
cash, and 49s. 54d. one month. Hematite was nominally 
unchanged at . cash buyers, and 67s. 6d. three 
months sellers. yee, | are the market quotations 
for makers’ (No. 1) iron:—Clyde and Calder, 62s. 6d.; 

errie, 63s.; Langloan, 64s. ; Summerlee, 65s. 6d.; 
and Coltness, 82s. 6d. (all — at Glasgow); Glen- 
garnock (at Ardrossan), 65s. ; Shotts (at Leith), 63s. 6d.; 
and Carron (at Grangemouth), 66s. 6d. 

Sulphate of Ammonia.—The demand for sulphate of 
ammonia continues to be very good, and another slight 
advance in price falls to be recorded. To-day there were 
Sapese in the market offering 13/. 12s. 6d. per ton, but no 
sellers. The Jatter report business at 13/. 15s. ton, 
and they name that as the figure for prompt delivery, 
Glasgow or Leith. The amount shipped from Leith 
Harbour last week was 634 tons. 


Scotch Steel Trade.—The conditions in the Scotch steel 
trade are practically unchanged, and the sho of 
specifications is causing producers some little trouble in 
keeping their rolling-plant fully employed. Deliveries 
are, on the whole, very good, and some orders for boiler- 

lates for the Continent have just been secu locally. 

nquiries are in the market for a fair quantity of light 
material, India, Australia, and Canada all being reported 
buyers, and makers are well employed at present. The 
demand for structural sections is again on the increase, 
and besides a healthy inquiry both for the home market 
and forexport, some fair lots have been fixed up this week 
for shipment to the Colonies. In the latter connection 
Indian buyers have purchased 300 tons of roofing mate- 
rial, while other sections reported sold are 300 tons for 
Australia and 600 tons for Ceylon. Prices all round are 
firm and without change. 


Scotch Pig-Iron Trade.—The local buyers of Scotch 
pig iron have only been purchasing on a very moderate 
scale during the past week, but deliveries have been 

ing to consumers in the south. The export trade is 

airly satisfactory. Hematite is rather quiet, with sellers 
still naming 71s. 6d. per ton for near delivery, but at that 
figure buyers are holding back. 


Wages in the Iron Trade.—Messrs. James C. Bishop 
and James Gavin, joint secretaries of the Scottish Manu- 
factured Iron Trade Conciliation and Arbitration Board, 
have received the following intimation -from Mr. John 
M. MacLeod, C.A., Glasgow :—‘‘In terms of the remit 
I have examined the ever books for November 
and December, 1910, and I certify the average realised 
net selling price at works brought out is 6/. 5s. 0.19d. per 
ton.” This means no increase in the wages of the workmen. 


Malicable-Iron Trade.—The state of the malleable-iron 
trade in the West of Scotland has not altered, and 
although signs of improvement are not wanting, they are 
taking a longer time to mature than was expected, and 
broken time is fairly general. Continental competition is 
being felt by producers at the present time. 


Shipbuilding.—The Scotch shipbuilding returns for the 
past month are very satisfactory, and compare favour- 
ably with the corresponding month in recent years. The 
total output was fifteen vessels, of 23,540 tons, from Clyde 
yards, and five vessels, of 771 tons, from yards on the Dee 
and Moray Firth. The Clyde tonnage is the largest for 
the month of January since 1907, and with that exception 
and three others it has not been bettered. New orders 
have been oo with a number of firms, and, on the 
whole, the shipbuilding industry must be considered as in 
a fairly satisfactory condition at the present time. 





*“*Moror Traction.”—This journal, whose offices are 
20, Tudor-street, E.C., and Coventry, has issued, at the 
price of 1d., a special Annual Progress and Colonial 
number. It deals with motor-vehicles for business pur- 
poses, and describes a large number of different types for 
all kinds of uses. Interesting data are also given on 
component parts, accessories, and fittings. 





Contracts.— Messrs. A. and P. Steven, 181, St. James’s- 
road, Glasgow, have secured the order for twenty-four 
yds aulic passenger and goods lifts for the new buildings 
of the Calico Printers’ Association, Limited, Manchester. 
The buildings will also be ae 5 with eight of Messrs. 
Steven’s high-pressure ‘‘ Silent tman ” vacuum clean- 
ing machines.—The Diesel a? Company, Limited, 
179, Queen Victoria-street, E.C., have recently booked 
orders for the following plants for this country and the 
Colonies :—One engine, of 330 brake horse-power, with 
220-kilowatt generator, this being a duplicate of a set 
already supplied; one 240-brake - horse-power engine ; 
three 270-brake-horse- power engines, each with a 180-kilo- 
watt generator ; one 500-brake-horse-power engine, with 
400-kilowatt generator ; two 200-brake-horse-power en- 

ines, each with a 135-kilowatt generator ; one 525-brake- 
Scoranner engine for driving a 375-kilowatt generator ; 
one 200-brake-horse-power engine, with 135-kilowatt gene- 
rator ; and one 120-brake-horse-power engine, with an 80- 
kilowatt generator. — Messrs. Jens Orten-Béving and Co., 
94 Union-court, Old Broad-street, E.C., state that they 
have just received an order from the Hiroshima Electric- 
Light Company, Japan, for three Francis water-turbines of 
1300 brake horse-power and one exciter of 100 brake horse- 
power to work under a head of 44.8 ft.; and one turbine, 
of 340 horse-power, at 54 metres head, for the Companhia 
Fiacao = Tecidos pe ol ae one A/s i mom 
dene, who are completing their power plant at Tysse, 
Norway, have just chant a contract for the delivery of 
four 13,500-horse- power high-pressure turbines with 
Messrs, Escher Wyss and Co., Zurich, Switzerland, 
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NOTICES OF MEETINGS. 


Tae InstirvTe OF MARINE yy ey February 6, at 
8 ay ** Marine Boiler Repairs,” by Mr. James Innes (Member). 

E InstiTuTE or SANITARY goa February 6, 
at 8p.m., in the Caxton Hall, Westminster, 8.W. Mr. Arthur 
J. Martin, M. Inst. C.E., F.G.S., F.R. San. L, will deliver his 
Presidential Address. 

Tue Roya Society or Arts.—Monday, February 6, at 8 p.m. 
Cantor Lecture: “‘ Brewing and Modern Sci ,” by Profi 
Adrian J. Brown, M.Sc., F.C. Wednesday, February 8, at 
8 p.m. Ninth ordinary meeting : ‘‘ Some Nigerian Head- 
Hunters,” by Captain A. J. N. Tremearne, B.A., D. Anth. 
Colonel Sir John Smith Young, C.V.0., will preside. Thursday, 
February 9, at 4.30 p.m. Indian Section : ‘ Indian Superstitions,” 
by Mr. R A. Leslie Moore, 1.C.S. (Retired). The Right Hon. Lord 
Lamington, G.OC.M.G., G.C.1 E., late Governor of Bombay, will 
preside. 

Tue Roya Instrrurion OF GREAT Brirain.—Monday, February 6, 
general meeting, at 5p.m. Friday, February 10, at 9p.m. Sir 
Sidney Colvin, M.A., D. Litt., on “Robert Louis Stevenson.” 
Afternoon lectures next week at 3 o’clock. Tuesday, February 7. 
Professor Frederick W. Mott, M.D., F.2.8., F.R.C-P., Yullerian 
Professor of Physiology, R.1., on ‘* Heredity” (Lecture IV.). 
Thursday, February 9. Mr. P. Chalmers Mitchell, M.A., D.8c., 
LL.D., F.R.8., Secretary of the Zoological Society of London, on 
“Problems of Animals in pee ” (Lecture I.). Saturday, 
February 11. Mr. Thomas G. Jackson, R.A., M.A., LL.D., F.S.A., 
on ‘Architecture: The Byzantine and Ro 
(Lecture L.). 

Tue Society or Enoingers.—Monday, February 6, at 7.30 p.m., 
at the Institution of Electrical Engineers, Victoria Embankment, 
W.C. (South end of Savoy-street, near Waterloo Bridge). The 
retiring President will introduce to the meeting Mr. F. G. Bloyd, 
the President for 1911, who will deliver his ential Address, 

Tue Surveyors’ Instrrvtion.—Monday, February 6, at sms 
A paper will be read on ‘“‘The Evolution of Fire-Resisting Con- 
struction,” by Mr. William Woodward, F.R.1.B.A., Fellow. 

Tue InstirvTion oF Civ, ENGingeas.—Tuesday, February 7, at 
8 p.m. Paper to be read :—‘‘ The Detroit River Tunnel, between 
Detroit, Michigan, and Windsor, Canada,” by Mr. William John 
Wilgus, M. Inst. C.E. ; and ballot for new members. Students’ 
visit, Wednesday, February 8, to the Victoria and Albert Museum 
(Heating and Ventilation System) and the Power-Station, Imperial 
Institute. Students’ meetings, Fridays, February 3 and 10, at 
8p.m. The Vernon-Harcourt lectures on ‘* Rivers and Estuaries,” 
by Mr. W. Henry Hunter, M. Inst. C.E. Mr. Alexander Siemens 
President, will occupy the chair on February 3. Members of all 
c’asses of the Institution are invited to attend these lectures. 

Tae Institution or ELecrricaL Enemneers : Birwinenam Locau 
Sxcrion.—Wednesday, February 8, at 7.30 p.m., in the English 
Theatre, The University, Edmund-street. A paper will be read 
on “The Electrical Undertaking of the Birmingham Tame and 
Rea District Drainage Board,” by Mr. L. F. Mountfort, A.M. Inst. 
C.E., Associate Member. 

THe ASSOCIATION OF ENGINEERS - IN - CHARGE. — Wednesday, 
February 8, at 8 p.m., at St. Bride’s Institute, Bride-lane, Fleet- 
street, E.C. A paper will be read on “‘Overtype Superheated 
Steam-Engines,” by Mr. W. J. Marshall, A.M.1. Mech. E. 

Tue Liverpoot Eneineerine Society.—Wednesday, February 8, 
at 8 p m., at the Royal Institution, Colquitt-street, when a paper 
will be read by Mr. H. James Yates, M.I. Mech. E., F.C.38, 
entitled ‘* Coal-Gas as Fuel.” 

Tue Instirorion or ELecrrica. Eno mwerrs. — Thursday, 
February 9, at 8p.m. ‘‘Long-listance Transmission of Elec- 
trical — by Mr. W. T. Taylor (Member), Mexico; and 
“Extra High-Pressure Transmission Lines,” by Mr. R. Borlase 
Matthews and Mr. C. T. Wilkinson, A.M. (Adjourned discussion.) 

& PuysicaL Society or Lonpox.— y, February 10, at 
8 p.m., at the Imperial College of Science, Imperial Institute 
Road, South Kensington, annuai general meeting. Presidential 
Address on ‘‘ The Caloric Theory of Heat and Carnot’s Principle,” 
by Professor H. L. Callendar, M.A., LL.D., F.R.S. 
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LONDON AND THE NAVY. 

Tue launch of His Majesty’s battleship Thun- 
derer from the Thames Iron Works on Wednesday 
was a civic rather than a naval function, and was 
attended by the Lord Mayor and the Sheriffs of 
the City in semi-state. The great importance with 
which the event was vested by this and by senti- 
ment on the part of the citizens is to be com- 
mended, because it brought the people of the 
Metropolis into closer contact with the Navy than 





manesque Period” 


'! could almost any other circumstance. There is 


need for such quickening influence, since the 
average Londoner has not the same opportunities 
for direct living realisation of the need of a navy 
as have the inhabitants of our great manufacturing 
cities and ports. London is a great port, as is 
demonstrated by an article in another part of this 
issue; but the proportion of the population 
concerned with over-sea commerce is small, so 
that the idea that the seas require to be policed even 
more than does the river is not so fully realised as 
in industrial communities more or less dependent 
upon import and export trade. There is in pro- 
vincial centres also the stimulus begotten by direct 
association with the provision of the matériel of the 
Fleet, and with the study of the designs and methods 
of manufacture of the units of equipment for a fleet, 
as well as by the frequently recurring proofs of the 
fact that expenditure on the Navy provides employ- 
ment and circulates money. To the purist in one 
economy such expenditure is grievous, use 
unremunerative ; but so long as we have national 
jealousies and ambitions, insurance against possible 
contingencies by naval expenditure is imperative. 
The truism that battleships cost immeasurably less 





than battles must be enforced against the specious 
argument that naval expenditure is money wasted. 
The Thunderer, the launch of which we illustrate 
on page 160, will be the means of setting in circula- 
tion, in the East End of London, nearly half-a- 
million sterling in wages before she is completed, 
and constitutes an object-lesson regarding the imme- 
diate effect of warship-building expenditure. We 
thus hope that the naval event of the week will 
have an important influence in enforcing the view 
that a strong Navy is vital to that security against 
war which is so essential*to a maritime nation. 

London has reason also to be proud of the enter- 
prise which has enabled the Thunderer to be built, 
and that, too, at a rapid rate. We do not pro 
to enter into comparisons of the performance of the 
Thames Iron Works with that of the other firms 
from whom sister-ships were ordered about the 
same time. The lock-out of iron-ship workers in 
the Northern yards delayed their work, and, 
perhaps, liberated workers for the London estab- 
lishment. The Thunderer, in a launching condi- 
tion, represents the fitting together of over 8000 tons 
of constructional steel ; that is a great achievement 
in 9} months. But the work of all contractors must 
be measured at the period of completion, and we 
must wait to see whether each succeeds in sending 
their respective ships into commission within two 
years of the date of commencing the construction, 
as is provided for in the contracts. As it is, how- 
ever, the undertaking of the Thames Iron Works 
represents — because the Thunderer is the 
largest ship so far floated for the British Navy. 
The displacement tonnage is 22,500 tons on a 
draught of 274 ft., and it is indicative of the 
demand made by the ordnance officers of the 
Navy that this displacement is 4600 tons and 
the draught 1 ft. greater than in the Dreadnought ; 
practically the whole of the increase in size is due 
to additions to the provision for attack and defence. 
The speed is to be the same—21 knots—and the 
power for this speed has had to be increased because 
of the greater displacement tonnage, although not 
in the same ratio as the weight. The highest 
efficiency has been sought for in the design of the 
Parsons turbines and of the propellers, and at 
the same time the lengthening of the ship from 
490 ft. in the case of the Dreadnought to 545 ft. in 
the case of the Thunderer, with an increase in 
beam from 82 ft. to 88 ft. 6 in., has conduced to give 
a more easily-driven ship 

This increased length, however, is a direct cpn- 
sequence of the change in the disposition of the 
primary armament. To no subject associated 
with the design of warships has greater considera- 
tion been given recently than to the emplacement 
of the big guns. The question is largely asso- 
ciated with tactics, and when the Dreadnought 
was designed many alternative schemes were pro- 
posed. Several of these have been embodied in 
successive ships, and the alternatives have not yet 
been exhausted. The general aim, of course, is to 
achieve the greatest fire possible at every angle at 
which the ship may be steaming relative to the 
enemy. Obviously the arrangement that will 
best suit end-on fire conflicts with that for broad- 
side fire, and when the Dreadnought was designed 
the subject of placing the amidship guns in 
échelon was considered. Indeed, such a oon was 
adopted in the case of two gun-houses amidships in 
the three large armoured cruisers laid down at the 
sametime. In the Dreadnought, however, the two 
beam guns were placed on the same ‘thwartship 
line. The échelon system was adopted later, 
to enable the four midship guns to be fired ahead 
and astern as well as on either broadside; but a 
difference of opinion prevails as to whether this 
arrangement gives the best results. The gun-houses 
thus placed in échelon must be well separated in 
the fore and aft line, and this adds to the length 
of the ship. At the same time there was considered 
the question of having a pair of barbettes forward 
and a pair aft, the inboard pair in each case being at 
a greater height in order that they might fire over the 
guns immediately in front of them. This arrange- 
ment was deferred because it was not certain whether 
the blast from the firing of the rear guns might not 
have a disturbing effect on the working of the guns 
in front. How long this view was entertained at the 
Admiralty we know not, but the tests to this end 
of the guns of the Minas Geraes,* which had such an 
arrangement, convinced the Ordnance Department 
at the Admiralty that such a fear was unfounded, 





* See ENGINEERING, vol. lxxxix., page 67. 
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and, consequently, in the Thunderer and the other 
ships of the class, four 13.5-in. guns have been 
placed forward in pairs in two barbettes in the 
centre line of the ship, the inboard pair firing over 
the guns in front. Aft there is a corresponding 
arrangement. The remaining two guns are located 
amidships in the centre line, in order that they 
may be fired on either beam, with a considerable 
arc of training before and abaft the beam. Thus 
all the ten guns may be fired on either beam, but 
only four can be fired ahead and four aft, whereas 
in the earlier Dreadnoughts the bow and stern fire 
comprises six guns. It is possible, however, by 
manuvring or *‘ yawing ” the ship when chasing an 
enemy to bring the arn 2 broadside to bear. This, 
as we have said, isa question of tactics, and has, we 
assume, had careful consideration from the strate- 
gists and tacticians of the Navy. The remaining 
uns of the Thunderer include sixteen 4-in. guns, 
or repelling torpedo attack, and there are two 
submerged tubes for discharging the latest 21-in. 
torpedoes. One other point in which the Thunderer 
marks an improvement is in reference to pro- 
tection. Not only is the armour increased in thick- 
ness and extended in area, but its efficiency has 
been improved by additions to the constituent 
metals, which, with further developments in the 
heat treatment, have materially increased the 
resisting power. But it is not prudent at this 
stage to say more on this important question. 

It will be recognised that the placing of the order 
for such a powerful ship with the Thames Iron 
Works was indicative of Admiralty confidence in the 
capability of the establishment to carry out the 
work. It is true that the price was lower than 
that quoted by the Northern builders, and that 
the painlie required certain additions to be made 
to the plant which formerly existed in the estab- 
lishment. Mr. Arnold F. Hills, the Chairman of 
the Thames Iron Works Company, and his col- 
leagues, displayed courage, from the technical 
standpoint, in undertaking the work, and commer- 
cial enterprise in the developments in equipment 
and their consequent capital cost. Thus, for 
instance, the berth on which the ship had to be 
laid down required lengthening and widening, and 
600 pitch-pine piles, varying in length from 25 ft. 
to 70 ft., with suitable stays and walings at the 
surface level, were necessary in order to ensure a 
sound foundation. But the launching weight was 
well under 2 tons per square foot on the ways. At 
the same time several heavy machine-tools had to 
be added, especially at the engine works of the 
company, where the turbines are being completed. 
The greatest expense, however, was involved in the 
preparation of a berth for the completion of the 
ship after launching. The berth formerly used for 
warships was unsuited for a ship of the t 
draught of the Thunderer, and the mimes tats 
therefore constructed at Dagenham, some 7 miles 
further down the Thames, a jetty of ferro-concrete, 
projecting into the river for a distance of 352 ft., 
and having a width of 22 ft. At the head there is 
a pier parallel with the river, 145 it. in length, 
along which the ship now lies. Workshops in con- 
nection with the fitting-out of the ship have also 
been constructed, and equipped with the necessary 
machinery. For the placing in position of the 
armour-plates, and for lifting the turbines, boilers, 
and other weights on board, the firm have added to 
their equipment a floating crane capable of lifting 
150 tons at a maximum overhang of 565 ft. 9 in., 
with the amy inclined to an angle of 5 deg., or 
of 45 ft. 3 in. with the pontoon level. The pontoon 
was built by the company, but the crane is of 
German construction, of a type with which our 
readers are familiar. The tower rises 36 ft. above 
the deck, and the jib is 151 ft. long. 

These additions to plant necessarily involved a 
very considerable capital outlay, and, as we have 
already suggested, showed much enterprise on the 
part of Mr. Hills and the management. Senti- 
ment supports the maintenance of shipbuilding on 
the Thames. There may be advantages, too, ben 
the point of view of patriotism. But, as in all 
industries, economic considerations must be domi- 
nant. ‘Tactical requirements may be a factor in 
this case if the Navy needs extensive repairing 
facilities on the River Thames. Such facilities are 
desirable at all points along the coast. But if finan- 
cial responsibility be involved in the provision and 
maintenance of such facilities, the suitability of the 
location becomes an important question, and expedi- 
ency may overrule desire. The measure, of necessity, 
of course, involves consideration of the possible 





venue of war. Even were our enemy a Continental 
Power, it does not follow that the decisive action 
would be either in the North Sea or in the English 
Channel. The progress of manceuvring prior to 
the final engagement might carry fleets very far 
from the preconceived field of operations, and, in 
any case, the distance through which the crippled 
ships would require to pass in order to reach the 
repairing establishments ought to be as limited as 
possible, and yet as far away as is tenable from the 
scene of conflict and of possible reprisals. The 
repairing port ought to be fairly well protected, 
as there will ever be an incentive to attack the 
repairing establishment. Apart altogether from 
the question as to whether London is, from these 
tactical considerations, a desirable location for a 
repairing establishment for our damaged ships in 
war time, there is something to be said against 
adding to the inducement of the enemy to attack 
such a large populated centre. 

The purely economical consideration which was 
referred to in the speeches which followed the 
launch is a serious one. No one can contemplate 
with equanimity the steady decay of manufactures 
in London; but it follows as a consequence of those 
economic laws which are inexorable. Aggregation 
of population depreciates the purchasing power of 
wage, use the land becomes more valuable owing 
to the operation of supply and demand ; rents are 
increased ; the cost of food products, owing to these 
conditions and to the cost of distribution, is arti- 
ficially enhanced ; and as a result the value of the 
wage is much less than in smaller industrial centres. 
At the same time there isa larger burden cast upon 
the community because of the flotsam and jetsam 
of society, which find lurking places in the densely 

pulated area. This, again, adds to the rates. 

he trade unionist has thus no alternative but to 
insist upon a higher wage for the same work done 
in the Metropolis than is paid in the Northern ship- 
yards. Moreover, London is far removed from 
the sources of supply of coal and iron. We have 
no sympathy with the view that the conditions 
in the Northern shipyards are less satisfactory 
than in the East of London. Not only do 
the trade unionists see to it that a satisfactory 
wage is always paid, but the conditions of living 
are more beneficial to the workmen as well as 
less expensive, so that the economy of labour is 
much higher even than the difference in wage 
suggests. There must, therefore, be a serious 
burden cast upon all industrial establishments 
located in London, and in the case of a battle- 
ship the addition to the wage cost of 10 to 15 per 
cent. is a very serious handicap. The Navy must 
be run on sound commercial and economic lines; it 
can never be regarded as a relief for unemployment, 
although we have time and again contended that 
periods of depression may justify the acceleration of 
the required shipbuilding programme. Nor can 
sentiment enter into the question of the distribu- 
tion of naval work to the various districts. Efficiency 
must also be associated with economy, and London 
firms, therefore, can only hope to secure work on 
the basis of public competition while satisfying 
the conditions of the Admiralty, who are only 
conservators of the public purse and the Navy’s 
efficiency. The difticulty of the London firms, too, 
is increased when one remembers the number of 
firms in the North who themselves make the 
armour, guns, gun-mountings, and all auxiliaries, 
or have special connection with firms who undertake 
this work. All these considerations, while they 
leave little hope for any great development of 
warship-building in the Metropolis, afford gratify- 
ing evidence of the commercial enterprise still 
displayed by one of the oldest ironclad-building 
firms in the world. 








DEMURRAGE AND RAILWAY SIDING 
RENT. 

Tue effects of competition and combination have 
been very clearly demonstrated in the dispute, in 
which the arbiters have now given their + oor Hg 
between the three leading Scottish railway com- 

nies and the traders, over the questions of 

emurrage, siding-rent, and traders’ wagons. 

The questions at issue were simple. In loading 
and unloading trucks of coal and other merchandise, 
especially for shipment, delay occurs ; it may be 
owing to the inability of the colliery to supply the 





special class of coal required, or it may be the ship 
chartered to take delivery is delayed by storms or | 
other causes ; but delays occur, and the wagons, 


representing so much capital, are locked up, and 
have to be paid for. Are the railway companies 
as carriers of the goods responsible? or, Should the 
cost be borne by the traders at whose orders the 
goods are sent or received ? or, Should each party 
pay a proportion of the expense? And if the rail- 
way companies are entitled to charge for detention 
or demurrage, is it within the power of the trader 
to ask the railway companies to convey goods in 
their own private wagons irrespective of wagons 
offered by the railway companies and thus meet 
the charges for demurrage ? 

The railway companies have always maintained 
that traders should pay part of the cost of delay, 
but the traders declined to admit responsibility ; 
and when in the days of keen competition between 
rival railway companies the charges known as 
demurrage were asked for, the response that the 
traflic (keenly canvassed for) would be withdrawn 
resulted in the claims never being pressed. Not 
only so, but any demand by traders for additional 
wagons was not overlooked, even though the wagons 
in many cases were used more for warehouse pur- 
poses than for actual transport. 

But when the railway companies came to a work- 
ing agreement, and gave notice of their intention 
to enforce these charges for detention, which had 
before been made in name only, they found them- 
selves in the extraordinary position that, far from 
there being an inadequate supply of wagons to meet 
the traders’ demands, they had considerable difficulty 
in finding storage accommodation for the surplus 
wagons thrown upon their hands. In the first fort- 
night of February, 1909, the North British Railway 
had a surplus of 12,000 wagons, the Caledonian 
Railway 15,000 wagons, and the Glasgow and South- 
Western Railway 5000 wagons ; and even to-day 
miles of sidings and lines are to be seen with empty 
wagons lying idle. This result was partly due to 
the speeding up of the traffic and to the traders 
utilising their own private wagons as far as pos- 
sible, the traftic in Scotland being carried partly by 
traders’ wagons and partly by railway companies’ 
wagons. In the case of coal on the North British 
and Caledonian systems about 50 per cent. by 
each class of wagon. 

The points in dispute were referred to the 
arbiters appointed by the Board of Trade under 
the Rates and Charges Act, 1892, as to the demur- 
rage and siding-rent, and under the Railway and 
Canal Traftic Acts, 1854-1894, as to traders’ wagons, 
the Commissioners appointed being Lord Mackenzie, 
Sir James Woodhouse, and the Hon. A. E. Gathorne 
Hardy. 

Evidence was led at considerable length last 
year, and the Commissioners, in their decision, have 
sustained the right of the railway companies to 
impose wagon-charges for demurrage, and siding- 
rents at rates fixed by the railway companies’ 
circular, issued on August 1, 1908, with two minor 
exceptions. The free time allowed by the circular 
is increased by two days, and the traders’ applica- 
tion for an order to compel the railway companies 
to accept traffic in traders’ wagons is refused, but 
with the observation that if the refusal of such 
traffic should amount toa withholding of reasonable 
facilities, resort could be had by the traders to the 
Commissioners for a remedy. 

As the main business of railway companies is to 
promote traffic and foster trade by keeping their 
rates and charges consistent with efficient working 
and a senile return on share capital, no doubt 
both parties will see their way to deal reasonably 
with each other, as the interests of both are closely 
connected. If the old conditions encouraged slack- 
ness and lack of organisation in dealing with traffic 
by the traders, and if, as argued by the railway 
companies, the charges were not for monetary 
benefit, but for more expeditious handling of traffic, 
then such results should prove not only security 
against waste to shareholders and traders alike, but 
should lead, if mutual consideration prevail, to a 
response that should best serve the interests of 
traders, railway companies, and communities. 

Lord Mackenzie, in giving the leading opinion, 
stated that charges in respect of undue detention of 
railway wagons and sheets, and for siding-rent in 
respect of traders’ wagons, had been made by the 
railway companies, and the question before them 
as arbiters was whether these particular accounts, 
charged in accordance with the railway companies’ 
circular, should be paid. The railway companies 
asked the Commissioners to lay down as matters of 
general principle substantially the charges, times, 
and conditions stated in the circular. The traders 
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maintained that: (1) under the Railways Rates and 
Charges Acts, 1892, the railway companies were not 
authorised to make the proposed charges ; (2) that the 
circumstances of the various traders were so different 
that no general rule could be adopted ; (3) that the 
free time and charges were unreasonable. There 
was, Lord Mackenzie said, no doubt that the Statute 
gave the railway companies the right to make the 
charge as regards siding-rent, and he held the prin- 
ciple was also applicable to demurrage. The Statutes 
having authorised the railway companies to make 
charges of the character proposed, the question was 
whether in the circumstances they could exercise 
this right. The traders admitted they were not 
entitled to detain indefinitely the railway companies’ 
wagons. Attempts to enforce these charges in the 
past resulted, owing to the competition, in divert- 
ing traffic on to a rival system, but these charges 
had now been made possible by the co-operation of 
the railway companies. 

On the merits, therefore, the questions were : (1) 
whether sufficient free time had been allowed, and 
(2) whether the charges proposed were reasonable. 
Prior to the issue of the circular it was proved that 
there had been much detention of railway wagons 
by traders, especially in the coal trade, and, upon 
the issue of the circular, the object of the railway 
companies being not so much the recovery of money 
as to ensure prompt handling of wagons, there had 
followed a subsequent speeding up of traffic. If 
detention was due to fog, snow, or bad weather, 
this concerned the railway companies only ; and if 
delays were caused by errors of railway servants, 
the railway companies were not entitled to charge 
the full time, and throw the onus upon the traders 
of proving that detention was due to these errors, 
but were bound to charge only what they were 
entitled to recover, and no more. 

Detention occasioned in consequence of a trader’s 
works not being well laid out, or of his appliances 
being insufficient, delays that were incidental to 
the production and tender of the goods, as in the 
sorting and consequent necessity for accumulation 
of coal, and delays caused by short shipment, must 
be paid for by the trader. His Lordship rejected 
as fallacious the argument by the traders that credit 
should be given for free time saved. His conclusion 
was that the free time allowed should be increased 
in the case of coal shipment traffic from a total of 
four days before and after conveyance to two days 
before conveyance and four days after arrival at 
port, the same time to apply to other shipment 
and siding traffic, except that one day only be 
allowed before conveyance. For station traffic, the 
time to be increased from one day before and two 
days after conveyance to one day before convey- 
ance and four days after notice of arrival at station. 

As to charges, his opinion was that that the siding- 
rent should be 6d. per wagon, as fixed in the cir- 
cular, except in two specified cases; and that the 
charge for demurrage should stand as stated in the 
circular—viz. :— 

Per Day. 
s. d. 
Each wagon, not exceeding 16 tons capacity 1 6 
Pa 16 to 20 tons capacity... 2S SA 
” 20 to 30 tons capacity... “ae Gh, . 
” exceeding 30 tons capacity .. 5 0 


The charge for detention of sheets should be 

reduced from 6d. to 3d. As regards the contention 
by the traders that the demurrage charges proposed 
by the railway companies were really an increase of 
the rates for carriage fixed by Statute, his opinion 
was that it failed. The case of Manchester and 
Northern Counties Federation of Coal Traders’ 
Association r. Midland Railway Company, which 
was binding upon them, was a direct authority on 
the matter. The other arbiters expressed con- 
currence with the opinion of Lord Mackenzie. 
_ The order of the Court was therefore for an 
inquiry before the Registrar as to what sums, if 
any, were due upon the accounts, and for payment 
of such as might be certified to be due. 

In regard to traders’ wagons, Lord Mackenzie 
again gave the leading opinion, and stated that as 
to the application by the traders that the railway 
companies were bound to accept for conveyance 
goods tendered to them in ers’ wagons, irre- 
spective altogether of what number of wagons the 
railway companies tendered for that purpose, it 
appeared the Commissioners could not lay down 
any hard and fast rule. The only order which 
they could make and enforce was one which arose 
under Section 2 of the 1854 Act—namely, whether 
reasonable facilities were being afforded. 





The application did not raise any complaint of 
want of reasonable facilities ; the truth was, the 
traders claimed the right to put their wagons on 
the railways so as to enable them to meet the 
changed conditions in regard to demurrage charges. 
His Lordship could not entertain the traders’ de- 
mand, but, at the same time, expressed his view 
as adverse to the desire of the railway companies to 
abolish traders’ wagons altogether, and indicated 
that the practice of allowing the use of traders’ 
wagons, which in the t had been encouraged, 
and had assisted in developing the coal traffic, 
should be continued. A refusal to accept traders’ 
wagons might, in particular cases, amount to a 
refusal of Seomnentiie facilities, in which case an 
application to the Commissioners for redress would 
be dealt with on its merits. No such application 
had been presented, and, in his opinion, the appli- 
cation should be dismissed. 

The other Commissioners expressed agreement 
with Lord Mackenzie on these points also. 





THE DISTRIBUTION OF ELECTRIC 
POWER. 

Some thirty years have elapsed since the inven- 
tions of Gramme and Edison rendered the use o 
electricity for lighting and traction purposes a com- 
mercial possibility.* Since then the number of uses 
to which it has been applied have increased in a 
remarkable manner. ides providing the best 
means for house and street lighting and becoming 
one of the most important agents in locomotion, it 
has proved to be the most efficient means of power 
transmission, the electric motor being now applied 
to endless mechanical purposes. Finally, as the 
result of its cheaper spodediion, electricity is being 
increasingly adopted for domestic heating and cook- 
ing, and is already used on a large scale for electro- 
chemical and metallurgical work. 

The area which can be supplied from one central 
station, which was at first limited to single build- 
ings, has continually grown, so that it is now com- 
mercially practicable to supply several hundreds of 
square miles from one central system, and even 
from one central station. This increase in the 
area of supply has produced a corresponding in- 
crease in the size of the generating stations and of 
the machinery used therein, besides affording a 
greater choice of sites, all of which points result in 
reducing both initial and annual costs. A still more 
important economy results from the greater variety 
of consumers found in a wider area, the diversity 
of whose requirements gives the system a better 
** load-factor,” i.e., enables the plant to be em- 
ployed for a longer period during each day or week, 
and hence to earn a larger return with the same 
capital outlay and administrative charges. 

e advantages which electricity possesses in these 
fields, and especially in power transmission, are such 
that it is steadily ousting other forms of power there- 
from. The question before the power-user of to-day 
is not the desirability of using electricity, but rather 
the source from which it shall be obtained. The 
usual alternatives will be between installing gene- 
rating plant for himself, or purchasing power from the 
public mains. Where the latter are supplied by a 
comparatively small company or municipality, he 
may, if his requirements are large enough, possibly 
find it preferable to install plant for himself. But 
in the case of users situate within the area of one 
of the large Parliamentary power companies, a care- 
ful and unbiassed comparison of the two cases, 
taking all the conditions into account, usually 
shows that in this, as in other branches of modern 
life, it is economically more sound to deal with the 
large central producer—the specialist in power 
production—with all his advantages for producing 
cheaply, than to build a small and, by comparison 
with these great central stations, inefficient separate 
station. 

The advantage which a mill-owner or colliery 
manager or shipbuilder derives from co-operatin 
with a power company is, moreover, not confin 
to a saving in the cost of power. When himself 
setting up as a producer of electyic power, he must, 
to do the job properly, spend both money and time 
(which could often be more profitably — upon 
his own work) upon a business of which he and his 
manager can hardly have special knowledge—a 
highly specialised business, which is yearly becoming 


* The first electric locomotive was shown at Berlin 
in 1879; the Paris Electrical Exhibition, where the great 
Edison dynamo was shown, was held in 1881. 








more technical and complex. He may call in an 
expert, but the experts who are unconnected with 
manufacturing companies, quite impartial, and 
with an experience equal to that of the power com- 
nies, are few and difficult to find. In fact, it has 
m demonstrated over and over again here, in 
Germany, and in America, that from every point 
of view the co-operation of the two parties is 
economically desirable and scientifically sound. 
This saving in initial and annual costs resulting 
from co-operation equally applies, mutatis mutandis, 
in the case of the largest consumers, such as rail- 
way companies, tramways, and municipal lightin 
undertakings, all which are nowadays to be foun 
taking their supplies from central power companies. 
It is only a question of the central system being 
sufficiently larger than the consumer; and it not 
infrequently happens that by co-operating with 
the central system the large power-user gains even 
more than the small ones. This particularly 
applies, paradoxically enough, to those cases where 
the power-user already has an independent source 
of power, such as coke-oven or blast-furnace gas, 
or exhaust steam from blowing or winding-engines, 
In all these cases, and under almost all conditions, 


as Sir Hugh Bell, himself a large power-user, 


¢ | Showed the Iron and Steel Institute, the maximum 


profit in the long run can be obtained by co-opera- 
tion between the two parties. By himself, the 
owner of the waste energy can never find a con- 
sumer whose demands exactly coincide both as to 
time and place with the production of waste power. 
Hence there must be waste. 

While a portion of the surplus power can gene- 
rally be utilised on the spot, anaes always times 
when no use can be made of it locally, and for the 
owner to store it or transmit it to neighbouring 
towns is, of course, impracticable. A power com- 
pany, on the other hand, has a sufficient variety of 
consumers connected to its mains to make use of 
the power produced night and day, and a system 
of mains by which the power can be transmitted to 
whatever point in its area power is needed at the 
moment. In addition, the power-user working in 
co-operation with the power company is indepen- 
dent of the shutting down of his power plant due 
to accidents, strikes, or variations in the output of 
coal, coke, or iron, or whatever he is producing due 
to trade conditions. By forming pe of the general 
power system of the district he available at all 
times of the day or night a supply of power for all 
his pu and as a stand-by to his own installa- 
tion, while any surplus of power which he produces 
the power company is willing enough to purchase. 
For the waste-heat owner needing a reliable suppl 
the only practicable alternative to joining up with 
& power company’s mains is the erecting of a 
complete installation of ‘stand-by’ plant, an 
arrangement more costly than purchasing power 
from outside. 

While the principles outlined above are of general 
application, they are specially so in England. The 
density of population and the proximity of indus- 
trial centres to each other give this country advan- 

es in the production of cheap power such as no 
other country possesses, not excluding those with 
water power, a fact of the greatest importance in 
our struggle for industrial supremacy. 

From 1880 to 1900 the supply of electricity in 
this country was mainly in the hands of companies 
and local authorities covering comparatively small 
areas. A realisation by Parliament of the economic 
advantages of er areas led to the establishment 
between 1900 and 1906, in most of our industrial 
centres, of a number of statutory electric power 
companies to whom perpetual concessions were 
granted, covering, in some cases, several hundreds of 
square miles. hile a number of these are now at 
work, those on the North-East Coast have developed 
most rapidly. We propose to describe in a series 
of articles, beginning next week, some of the latest 
developments which have taken place in the use 
and distribution of electric power in that district. 








AMERICAN MOTOR-CAR MASTER 
PATENTS. 

A pecision of extraordinary interest has just 
been given in the United States Circuit Court of 
Appeals, reversing a judgment of the Circuit Court, 

iven in 1909, which upheld the validity of the 
elden automobile patents. These, it was claimed, 
covered practically all modern motor-cars made 
in the United States, using internal - combustion 
engines. At the time of the decision of the Circuit 
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Court we reviewed the case,* and pomted out how 
far-reaching the judgment was. On appeal this 
judgment has not been upheld, thus bringing 
about, in the United States, a very peculiar situa- 
tion, since the majority of the manufacturers of 
motor-cars in that country have for some time been 
licensed under the Selden patents. As the case is 
one of an especially interesting nature, we may. 
briefly review the history of the patents involved. 
In 1879 Mr. G. B. Selden filed a patent to which 
technical objection was taken at the Patent Office. 
The specification was therefore returned to him to 
be put in order. Two years are allowed to accom- 
ery this under the United States laws, and Mr. 
elden delayed filing his amended patent for the 
full period, except fora few days. This process was 
repeated eight times, until, in 1895, the patent was 
completed, and finally accepted. It then, of course, 
embodied several modifications, which the patentee 
e was quite at liberty to make, as he was also acting 
within his legal rights in taking advantage of the 
delays allowable by the regula:ions. In its final 
form the patent, briefly, claimed the invention of 
a combination of a road locomotive of light weight, 
with steering and propelling mechanism, a liquid 
hydro-carbon gas-engine of the compression type, 
of one or more cylinders, a power suaft, reduction 
gear, and clutch. Broadly, all these are features of 
the modern ear. It may be stated that, after the 
patent had been allowed, a petition was filed by the 
a mane to the effect that a revised patent should 
issued, omitting certain words concerning ‘‘com- 
pression mechanism.” This petition was granted, 


* See ENGINEERING, vol. lxxxviii., page 584, 








and the patent was finally issued making reference 
only to a ‘‘ liquid hydro-carbon engine of the com- 
pression type.” The significance of the omission 
will be recognised later. 

The Circuit Court, as already stated, considered 
the Selden patent to be a valid combination, as the 
inventor had succeeded in some degree in produc- 
ing a combination embodying an engine of lighter 
weight than others, and so more adaptable to light 
vehicles. The Court of Appeals, however, holds the 
Selden patent to be so limited as to be of little prac- 
tical value at the present day. In the judgment just 
given it is remarked that at the date of granting 
the patent—-1895—it disclosed nothing not then 
known. The applicant is expressly stated to have 
been within his rights in intentionally prolonging 
the delay, and the Court could not take any notice 
of alleged abuse, for the applicant infringed no regu- 
lations. 

The Court, in dealing with the patent itself, first 
detailed in its judgment the Selden claims. They 
relate to a combination of six elements—viz., a 
road locomotive provided with suitable running- 
gear, steering mechanism, &c. ; a liquid hydro- 
carbon gas-engine of the compression type, compris- 
ing one or more cylinders ; a receptacle for the 
liquid ; a power-shaft running faster than the pro- 

ling-wheel ; a clutch ; and a carriage suitable 
for the conveyance of passengers or goods. These 
several features are taken up, and it is shown in 
the judgment that a gears were no 
novelty at the time of the application, and that the | 
same could be said of clutches or disengaging gear. | 
In fact, most of the elements described only in a | 
general way in the specification were old. As 








regards the engine the specification mentioned speci« 
fically one of the compression type. 

There are many earlier patents embodying some 
or other of these features. Lenoir in 1860 sug- 
gested the use of - gas-engines, and his patent 
covered liquid hydro-carbon engines. Mackenzie 
(1865) secured a patent in which steam or ‘‘ com- 
pressed air, or other motive power, instead of 
steam,” was used for driving a vehicle in which 
reduction gearing and a clutch were embodied. 
Savalle (1867) described in a French patent how a 
Lenoir engine could be adapted to a vehicle. Kirk- 
wood (1874) patented a vehicle propelled by an 
engine worked by an explosive mixture of gas and 
air. Rossenwald (1877) patented an invention for 
a vehicle worked by a non-compression gas-engine 
and provided with a clutch. Brayton in 1878 
applied his engine to an omnibus with a certain 
amount of success. The patentee’s claim that ‘‘any 
form of liquid hydro-carbon engine of the compres- 
sion type may be employed in my improved loco- 
motive ” is now held to be not good, for there was 
in 1879 no invention needed to produce such a 
combination. In view of these facts it is decided 
that the Selden patent was invalid unless the 
combination embodied some particular type of com- 
pression engine, for there was in 1879 nothing 
novel in using any form of this type of engine. — 

It is, however, evident that the applicant realised 
that a light vehicle was necessary, and for this it 
would be an improvement to produce a lighter 
engine than those commonly used. The patent, if 
there was one at all, rested with the engine, and 
the improvements made to it by Mr. Selden. If 
Mr. Selden understood that the engine must be 
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light, it stands to reason, as the Court pointed out, 
that ‘‘any” liquid hydro-carbon engine would not 
do, for in 1879 most of these were too heavy 
for practical application to vehicles. The claim 
mentioned above is, therefore, inconsistent, for 
Mr. Selden, while making the claim, at the same 
time took steps to adapt the then best-known form 
of engine to his special purposes. The engine he 
used was a modified Brayton engine, using several 
cylinders and an enclosed crank-case as means of 
rendering it less bulky and of lighter weight. His 
drawings show a modified engine of this type, 
embodying the air-pump, air-reservoir, and other 
distinct features of the Brayton slow-combustion 
engine. Mr. Selden, moreover, stated in his 
patent that ‘‘as the general construction and mode 
of operation of liquid hydro-carbon engines of this 
class are well known, it is considered unnecessary 
to further describe them here.” There were 
already at that time both the Brayton and the 
Otto engines; but Mr. Selden’s inventions were 
confined to the development of the Brayton type. 
He did not obtain a separate patent for his im- 
provements, but made them part of the combination 
embodied in his carriage. It is held that since 
nothing at all was said about the adaptation neces- 
sary in the case of other engines, such as the Otto, 
or of such engines in general, and no idea is given 
as to how the required changes should be carried 
out, that the adaptations made concern the Brayton 
engine in particular, The patent therefore, in so 
far as it concerns the combination of an improved 
Brayton engine with clutch, reduction-gear, d&c., in 
a vehicle is sound, but the patent does not cover 
a pioneer invention. 

On the ruling that an infringement of a combina- 
tion must embody all the elements in the combina- 
tion, the recent case turned on the point. whether 
the Brayton and Otto engines are so similar as 
to result in infringement of the Selden patent, 
since modern cars use the Otto engine only. The 
Brayton engine is commonly known as a constant- 
pressure engine. It was described in ENGINEER- 
ING, vol. xxili., page 127, as ‘‘an engine in which 
an explosive mixture could be gradually consumed 
without the ordinary explosive action.” The 
engine used a separate air-compression cylinder 
and worked on the two-stroke cycle. The Otto 
engine, of course, works on the four-stroke cycle 
and uses no separate cylinder for compression. The 
mention of the words “‘suitable compression mecha- 
nism” in the Selden patent first allowed referred 
so definitely to a type of engine limited to the 
Brayton class that these words were, on petition, 
removed. Since the Court has, however, limited 
the patent to the Brayton type engine, their 
removal does not affect the case. The decision is 
come to, of course, that the Otto and Brayton 
engines work on altogether different principles. 
One is an explosive and one a slow-combustion 
engine, and the inventors of each had these different 
aims when they introduced them. For these and 
other differences well known to engineers, it is de- 
cided that the Selden patent does not cover the use of 
the Otto engine, and, therefore, there is no infringe- 
ment by the makers of modern cars concerned. 

This decision, of course, leaves Mr. Selden with 
a patent of little value, which has yet about 
eighteen months or soto run. The Court points 
out that Mr. Selden appreciated the possibilities of 
the motor vehicle and many of its requirements 
long before the subject was seriously taken up. 
He, however, with the knowledge of two distinct 
types of engines, pinned his faith to what was then 
the leading one; but this has since disappeared, 
while its rival, then undeveloped, is now the undis- 
puted occupant of the field. The latter engine was 
developed in Europe quite independently of the 
buried Selden specification, from which the im- 
a on this side of the Atlantic, of course, learnt 
nothing. 

The firms directly concerned in bringing the 
«ppeal were the Ford Motor Company, the Panhard 
and Levassor Company, and others. The adverse 
decision affects the Association of Licensed Auto- 
mobile Manufacturers, a body probably unique in 
its way, which was formed to look after the patent 
rights thought to be secured by the Selden patents, 
and now bereft of the very asset which brought 
it into being. The extent of the interests of this 
Association may be gauged by the fact that no 
less than eighty-nine firms are members of this 
body, and have been manufacturing cars under 
its licenses. The output of these firms is stated 
to amount to no less than 85 per cent. of the total 





motor-car output in the United States. The prin- 
cipal mover in the ap) was Mr. Henry Ford, of 
the Ford Motor Company, Detroit, Mich. What 
effect this will have on the Association it is difficult 
to gather, but the opinion is that though it will not 
be held together by the royalty question as here- 
tofore, yet, as it possesses many motor-car patents 
of value dealing with details of modern cars, &c., 
it may still continue to be an influential factor in 
the American motor-car industry. It is stated 
that an endeavour will be made to carry the case 
up to the Supreme Court. 





VICKERS’ VANADIUM HIGH-POWER 
TWISTED DRILLS. 

Tue drill which we illustrate below is a new 
form of tool which is now being placed upon the 
English market by Messrs. Vickers Sons and Maxim, 
Limited, Caxton House, Westminster, 8.W., who, by 
special arrangement with the Pratt and Whitney 

mpany, Hertford, Conn., U.S.A., have recently 
installed at their Erith works a complete modern 
plant for the manufacture of these drills, and the two 
companies are co-operating in exploiting the tool. The 
plant installed in this country is a duplicate of the 
one employed by the American firm, and the drills are 
manufactured under the most eflicient conditions. 

The steel used in the manufacture of these drills 
contains a very high percentage of tungsten, with the 
addition of vanadium and chromium. It is specially 
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manufactured by Messrs. Vickers Sons and Maxim 
at their Sheffield works, and is identical in analysis 
with the steel used by the Pratt and Whitney Com- 

ny, who have already introduced the twisted drill 
in America and on the Continent. The special features 
of the drill may be summarised as follows :—(1) The 
‘‘increased” twist in the shank gives a form of ex- 
ceptional holding power, and makes it impossible to 
distort it under any drilling conditions or to fracture 
the tang. (2) The twisted shank is supplied one size 
larger is usual, and the harder the conditions of 
service the firmer is the grip between the socket and 
spindle. (3) Because of its increased strength in sec- 
tion, the drill can be driven with a greater feed and at 
a higher speed than an milled drill. (4) The clearance 
for chips is ponds toon liberal, without affecting the 
rigidity of the tool. (5) The use of vanadium steel in 
the manufacture of the drills is adopted in place of 
ordinary high-speed steel. : 

Although the manufacture at Erith has only recently 
been commenced, the results of a few preliminary tests 
which we publish, tend to show the great ibilities 
of the drill as Prepey oom, - althou, ; o 
special quality of the steel is no doubt responsible for 
on of ‘the high efficiency, yet the design of the tool 
would appear to be the principal factor in providing 
the necessary strength and resistance to fracture when 


under torsion. The results of these tests are repro- | practi 


duced in the next column. 


Drills Operating on Mild Steel. 
j ~ © or 1 * " 
Size of Cutting Speed Revolutions) Feed per Penetration 
Drill. | per Minute. per Minute.| Revolution. | per Minute. 





in. | ft. | in. in. 

& 85 520 | 0.019 | 9.88 

i 95 520 0.029 | 14.56 
120 520 0.019 | 9.88 


It is well-known that the sockets found on the drill 
presses of many works and factories, both here and 
abroad, are not true in taper, and, although the drill 
may have a shank of standard Morse pattern, yet, 
when fitting it into the socket, it is impossible to secure 
true contact between the two, the result being that 
the tang comes into hard service, and is often fractured 
in consequence. This trouble has been overcome in 
a very simple manner by the Pratt and Whitney 
Company, who provide a special socket, an illustra- 
tion of which is given in section in Figs. 1, 2, and 3, 
Fig. 1 being an external view of the socket with a 
drill in place, Fig. 2 a longitudinal section through 
the socket, and Fig. 3 a transverse section through the 
socket. The socket, which is also manufactured by 
Messrs. Vickérs Sons and Maxim, is of strong design, 
and has a shank of Morse taper, with an interior Morse 
taper for the drill shank of the usual form. At the 
mouth of the interior of the socket, however, there is 
a circular steel boss or pin, which fits into the spiral 
—— of the twisted drill shank and engages in 

irect contact with the drill. The arrangement is 
clearly shown in Figs. 2 and 3. 

After placing the socket into the machine and the drill 
into the socket, when the spindle turns, the boss pin 
takes the drive, and therefore at once relieves the tang 
of any service ; moreover, owing to the boss driving 

inst the angle of the spiral, the tendency is to 
thrust the drill shank up more firmly into the socket, 
making the contact between metal and metal more 
thorough, and thereby relieving the boss of continuous 
service. The action will be clearly understood on 
reference to our illustrations. Owing to the first cost 
of drills, the use of such a socket tends to economy. 

These sockets can be used not only for twisted 
drills, but for ordinary milled drills. For drills of 
smaller diameter than § in. which are of the ordi- 
nary milled type, the groove is milled upon a taper 
shank, and the boss in the interior of the — 
socket eng in it in a similar way to that already 
described. In this case, again, the tang does no work 
under any circumstances, and the danger of fracture 
is removed. 

Apart from the fracture of the tang a drill often 
brakes when under test torsion, owing to its shank 
slipping slightly in the socket, followed by a sudden 
“binding.” This trouble is entirely removed by the 
use of the special socket we have described, as no 
sudden strains are set up in the drill. 

We understand that Messrs. Vickers Sons and 
Maxim are specialising at their Erith Works in the 
production of drills and adjustable reamers; it is 

robable, therefore, that further particulars of manu- 
acture, with the results of tests, will be forthcoming 
at a future date. 








INDUSTRIAL NOTES. 

THE application made by the secretary of the 
Tramway and Vehicle Workers’ Association for an 
eight - hours’ working day for certain workmen 
again came before the Manchester Tramways Com- 
mittee last week. The Tramways Committee in 
its reply to this application poin out that a clear 
statement as to the classes of men to which the 
py reduction of hours is intended to apply 

ad not yet been made, and called attention to the 
fact that the application was made on behalf not 
only of the men employed upon the road as the traffic 
staff, but also of those employed at the dépéts as 
shedmen, and this term ‘‘ shedmen ” is very indefinite, 
for some or all of the following classes may be included 
in it, namely :—car-washers, greasers, controller- 
cleaners, brakesmen, electrical wiremen, car-body 
makers, fitters, &c. Under these conditions similar 
classes of men employed at the car works, distinct 
from the car-sheds, would wish to be included. 
If granted to them, it was very probable that the 
permanent-way staff, as well as the men in all the 
other branches, would claim an equal right to the 
concession. The committee, therefore, took the view 
that if they granted the application it would ulti- 
mately mean the extension of the concession to all 
branches of the de ent, and that the ratepayers 
would be put to the additional cost of 17,000/. per 
annum, ryoy My total sum of 40,000/. per annum 
instead of 23, -, a8 at present. The committee also 
pointed out that in consideration of the fact that, 
as regards the above-named classes of men, a joint 
application through various trade unions had recently 
been made to the City Council for a 48-hour week for 
_ the whole of the workmen in every d 
ment o 





e Corporation, the cost of which, if the appli- 
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cation were granted, would burden the ratepayers with 
over 100,000/. per annum ; the committee therefore, 
in consideration of all the circumstances, did not think 
they would be acting in the interests of the ratepayers 
in acceding to the application. It appears that the 
men are not willing to submit the whole case to arbi- 
tration, but only a part, and a part in which the 
men would stand to gain all they ask for, and lose 
nothing, which would, of course, be manifestly unfair. 
At present the number of hours per week is 54, and 
the basis of 48 hours asked for would mean a very 
considerable increase in tle rate of wages per hour. 





The threatened strike on Saturday last of the 
members of two of the trade unions employed by 
London printers, on the question of hours of work, did 
not take place without the occurrence of a preliminary 
strike and a lock-out, the former at the works of 
Messrs. Spottiswoode and Co., and the latter at the 
works of Messrs. Waterlow and Sons. There does not 
seem much prospect of an early settlement of the 
strike, as the workers appear determined to adhere to 
their demand for a 48-hours week. The platen- 
machine minders came out on strike on Saturday 
morning, leaving only the compositors at work, the 
warehousemen, cutters, labourers, machine-minders, 
folders, &c., having already left work. At Messrs. 
Waterlow and Sons, Limited, Paul-street, E.C., the 
men handed in their fortnight’s notices last week, but 
on Friday night they were paid off. In addition to 
their pay they received a week’s w in advance in 
lieu of notice. About 180 compositors are affected. 
There have been some slight disturbances, and some 
of the non-strikers have had to be escorted home by 
the police. 

The result of the ballot taken on the proposed levy 
of 5s. ~ week from all those in employment was 
made known on Saturday last. It resulted in 9274 
being in favour and 303 against, or a majority of 
8971 in favour. It has been among the news- 
paper compositors to contribute 10s. per week towards 
the strike fund, and it is reported that a large number 
were in favour of evena larger amount. 

The Newcastle and Gateshead Master Printers’ 
Association held a meeting at Newcastle on Saturday 
— last, and the following resolution :— 
‘*That the members of this Association lock-out all 
union labour employed, in support of the London 
master printers, if and when cated upon to do so by 
the council of the Federation of Master Printers, pro- 
vided that the provincial support from other centres 
proves strong enough to render valuable assistance to 
the London masters.” 

On Monday last a similar resolution was passed at a 
meeting of the executive committee of the Leeds and 
District Master Printers’ Association, and, at a meet- 
ing of the Manchester master printers, also held last 
Monday, a similar resolution was passed to the effect 
that ‘‘This meeting of Manchester master printers 
instruct their delegates to the Federation council to 
take what steps the council may deem desirable to 
assist the London master printers during the present 
strike.” 

It is understood that the help of the Labour Depart- 
ment of the Board of Trade has been offered as a 
means of ending the dispute, but the details have not 
been made public. 

The question of arbitration was again discussed by 
all parties on Tuesday last, but the idea was not 
favoured by the men, for the opinion appears to pre- 
vail amongst them that they have already half won 
the battle. The masters maintain that there is nothing 
to arbitrate about. The men do not — to be 
unanimously in favour of a strike, nor of a levy to 
maintain a strike, but it is possible that the strength 
of the trade unions may be too great for this party. 
Picketing by the unions has been going on in Shoe-lane 
and elsewhere, and it is stated that the Labour Pro- 
tection Association is counterpicketing the works at 
which the strike is at present proceeding, and is pro- 
tecting the non-union workmen against the attention 
of the union pickets. 

The Master Printers’ Association met in London on 
Wednesday, there being an attendance by representa- 
tives of 41 country centres, affecting nearly 10,000 
workpeople, and the following resolution was carried 
by a large majority :—‘‘That the members of the 
branch associations called upon to act upon the 
resolutions passed by the Association in support of 
the London masters, and that a fortnight’s notice be 

iven uniformly on Friday and Saturday, the 10th and 

ith inst.” A proposed amendment that the whole 
matter should be referred to arbitration was rejected. 
There was also a second resolution, which was carried 
by a large majority, to the effect that :—‘‘As the 
movement for the reduction of working hours in the 
printing trade is a national one, this meeting of repre- 
sentatives of the trade in the United Kingdom cannot 
accept any settlement applied to London only.” At 
the time of going to press we understand that Messrs. 
Spottiswoode and Co., Limited, have made a state- 
ment that the house would in future be a non-society 





house, and that they were obtaining plenty of non- 
union labour. 





A request for financial support for the 12,000 
miners now on strike at the Mid- Rhondda pits of the 
Cambrian Combine came before the Miners’ Federa- 
tion of Great Britain last week from the South 
Wales Miners’ Federation. The result was that the 
following resolution was unanimously carried :—‘‘ That 
having heard the report of the South Wales represen- 
tatives, this Federation agrees to give the Cambrian 
workmen financial assistance, and relegates to the 
executive committee of the Federation to recommend 
the lines on which such assistance shall be given. 
Such recommendations and reports to be tendered to 
the conference meeting at ten o’clock to-morrow” 
(Wednesday last). The meeting was then adjourned. 





At the national conference convened by the Miners’ 
Federation of Great Britain, which met in London on 
Thursday morning of last week, it was decided to defer, 
for a period of three months, taking any national action 
regarding the recognition of the standard wage for 
work done in abnormal places. In the meantime it was 
resolved to instruct all districts in the Miners’ Federa- 
tion at once to press for the average or minimum rate of 
remuneration, whichever was in operation, to apply to 
all workmen engaged in abnormal places, or under 
abnormal conditions. In case, at the end of three 
months, any district should fail to obtain this, the 
advisability of taking national action to enforce it 
would be considered. The conference will meet agai 
in three months to decide what action shall be taken. 
Information will also be gathered from each district 
on the question of rates of wages that are at present 
paid to day-wage men, including surface men. When 
ee information is obtained on these points, the 
conference will meet to consider the matter. The 
question of day-wage and surface men is one of con- 
siderable importance. The required information will 
most probably be to hand for the adjourned confer- 
ence, to be held three months hence. 





It appears from figures given at a meeting of the 
Leeds Distress Committee, held at Leeds last week, 
that, according to the return of the unemployed 
registered with the committee from September 12, 
1910, to January 24 of this year, the number of 
persons registering during that period was 2235, of 
whom 1208 were new applicants, and 1027 were on 
the last register. The committee had provided work 
for 321 . 172 of whom were working on 
January 23, 173 had returned to their ordinary 
occupations, and 70 had failed to attend work offered 
by the committee. From September 29 to Decem- 
ber 31 the amount paid in unemployed wages was 
925/., and the estimated number of registered persons 
out of work on January 23, not reckoning those un- 
— for assistance, was 1370. At the meeting re- 
erred to a letter was read by the chairman stating 
that about 1500 men who were registering at the 
Labour Exchange, being in need of employment, 
had failed to obtain it through the exchange agency, 
and these men wished to bring their case to the notice 
of the committee, with the object of having some- 
thing done for them in their distress. It was stated 
that they had been renewing their cards week by 
week for months, and in some cases from the time 
when the Exchange was first opened. They had, how- 
ever, failed to obtain work through it, and the com- 
— was that the Exchange was totally inadequate to 

elpthesemen. Sincethe Exchange opened in Februar 

last year the number of persons engaged sremnged, 
it was said, only about ten per day for the days the 
Exchange had been open. In addition, however, to 
the men rn ou the Exchange, there are, 
according to official figures, about 3000 men register- 
ing as unemployed at the labour bureau in the town, 
and there are also about 500 unemployed members of 
trade unions who do not register in either of the 
places named. It is therefore thought that at the 
present time there are about 5000 men in Leeds who 
are unable to find employment. This was the case for 
the unemployed, but doubts were expressed at the 
meeting that there were really as many unemployed 
in the town as was stated. 





The certificate of the accountants to the Midland 
Iron and Steel Wages Board, which controls iron- 
workers’ in North and South Staffordshire, 
Shropshire, Lancashire, and Yorkshire, shows that the 
average net selling price of all classes of iron of seven- 
teen selected firms during November and December 
was 6/. 7s. 10d. per ton, compared with 6/. 7s. 2d. per 
ton in the two previous months. In accordance with 
the sliding scale, ironworkers’ wages remain unaltered 
at 8s. 9d. per ton and 24 per cent. on all forge and 
millmen’s wages. The total output of the different 
classes of iron sold by the selected firms was 37,308 
tons, against 38,637 tons in September and October. 


On Monday night last it was decided by the colliers 
of the Merthyr district to suspend for another month 





the notices they had given to cease work. The 
employment of non-unionists was the cause of the dis- 
pute, and it is now authoritatively stated that arrange- 
ments are in progress for the settlement of the dispute 
over the employment of non-union labour in the North 
Wales coalfield. Indeed, at several collieries the 
disputes are already settled. 





According to the monthly journal of the Amalga- 
mated Society of Engineers for February, the mem- 
bership in the society increased during last year by 
3315, and now wrens J at 110,814, which shows an 
increase over the month of December of 344. The 
number of members on donation benefit increased by 
100, owing largely to the holiday suspensions. The 
increase was from 4860 to 4960. On the other hand, 
there was a decrease of 157 on sick benefit, or from 
2728 to 2571. The superannuated members of the 
society increased by 21, and the number at the end of 
1910 stood at 6049. When comparison is made with 
the state of affairs a year ago, it is found that, while 
the membership has increased by 3315, the number on 
donation and sick benefit has decreased by 3426 and 
222 respectively ; but the number of members on 
superannuation allowance is now greater by 125. The 
condition, so far as the benevolent funds are concerned, 
is thus generally more satisfactory. 





Figures relating to the boot and shoe trade, as 
published in the January report of the National Union 
of Boot and Shoe Operatives, show that employment 
in December was on the whole about the same as in 
November. Returns from firms employing 62,570 
workpeople in the week ending December 17 showed 
an increase of 0.1 per cent. in the number of employed, 
and of 0.9 per cent. in the amount of wages paid, com- 
pared with a month ago. Compared with a year ago 
there was an increase of 3.3 per cent. in the number 
employed, and of 2.3 per cent. in the amount of wages 
paid. At Leicester employment was reported as 
moderate, with some short time. At Northampton 
employment showed the usual seasonal slackness, but 
was better than a year ago. At Kettering there was a 
decline compared with a month ago and a year ago. 
There was a decline in employment where trade was 
bad. At Kingswood it was not so good as a month 
ago, but much better than a year ago. Employment 
at Leeds was moderate, and in Scotland there was a 
slight decline compared with a month ago and a year 


ago. 


On Tuesday last a thousand colliers working at the 
Aberpergwm and Bwllfa Rose Collieries, Glyn Neath, 
Glamorgan, came out on strike. The dispute, as in 
the case of the Cambrian Coal Trust workmen, is on 
the question of payment for work in abnormal places. 
In addition to this there is a dispute among the 
haulers. Notice of an intention of the South Wales 
Miners’ Federation to apply for an increase of 24 per 
cent. in wages at the next meeting of the Conciliation 
Board has been sent by the executive committee of 
that body to the secretary of the Coal-Owners’ Associa- 
tion. At present the rate of wages in South Wales 
stands at 51} per cent. above the standard rates of 
1879. 








The public are now able to have some correct idea 
as to the result of the first year’s working of the 
Labour Exchanges, as the second year commenced on 
Wednesday last, the first exchanges being opened on 
February | last year. Operations were then begun in 
sixty-three centres; the number of exchanges now 
at work is 160, and it is expected that nearly as 
many more will eventually be opened. The exchanges 
now to come will, however, be smaller ones than those 
established, and will be opened in smaller towns and 
suburbs, the principal towns having already been 
dealt with. The extent to which the operations have 
already been carried is indicated by the fact that 
the Exchanges have had on the live register as appli- 
cants for employment at any one time from 70,000 to 
100,000 persons, about three-quarters of these being 
men. omen and also boys and girls under seventeen 
have been dealt with. The total number of vacancies 
notified to the exchanges during the eleven months 
ending December 31, 1910, was over 450,000, and the 
number of vacancies filled was 370,000. It is, of 
course, probable that the places remaining unfilled by 
the exchanges would be filled in other ways. A pro- 
portion would no doubt, however, be found practically 
unfit for any kind of employment. It was thought 
by many people when the exchanges were first opened 
that they would not be of much use where skilled 
labour was concerned. This opinion does not, how- 
ever, appear to have been supported by facts, for the 
number of vacancies advertised for skilled work- 
men is greater than the number of those certified 
for the unskilled, and it is thought that the 
Exchanges have really been of the greatest service in 
connection with skilled labour. At the beginning 
few women registered, as they seem to have had the 
idea that the exchanges were meant only for men. 
Later, however, this was not so, and the large pro- 
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rtion of women’s vacancies which formerly remained 
unfilled has-now been considerably reduced. Out of 
370,000 vacancies filled over 60,000 were vacancies for 
women, in addition to which something like 20,000 
were vacancies for girls under seventeen. An ——- 
ment that has been found very useful is that in the 
textile district the exchange is-open from 5.30 a.m. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Chamber of Commerce.—There are many matters 
of paramount importance and interest to manufacturers 
dealt with in the annual report, just published,’ of the 
Sheffield Chamber of Commerce. The brief review of 
the city’s trade does not contain any new information, 
but much space is devoted to the question of false marking 
of foreign goods. A regular campaign is carried on against 
this practice, which is a very rane one, though more 
oa be done to check it i i 
at disposal. The most impudent cases of fraud have been 
reported, and in many cases the laxity and peculiar 
nature of foreign laws in regard to the subject make it 
extremely difficult to obtain redress, to say nothing of 
effectually checking fraudulent practices. The report 
also includes particulars of a deputation which waited 
upon the Financial Secretary to the Treasury, as a 
result of which a Government measure was introdu 
and is expected shortly to become law. The Bill em- 
powers the customs authorities, after seizure of goods 
under the Merchandise Marks Act, to supply full infor- 
mation to any person whose name or trade mark is 
alleged to have been used or infringed. 


South Yorkshire Coal Trade.—-The attendance on the 
Sheffield Exchange last week-end was a record one. The 
whole progress of this exchange seems to suggest that, 
with the opening up of the new collieries in the Don- 
caster area, the centre of the South Yorkshire coal trade 
is shifting from Barnsley to Sheffield. There is not much 
change in hard coal. The pits are working well, and manu- 
facturers’ demands are good. The export trade is quiet, but 
thera are good prospects. Contract renewals for shipment 
are being discussed, and it is stated that, in some cases, 
reductions have been obtained. It is believed, how- 
ever, that advances will be made when the season 
commences. Slacks are in good uest, and the best 
qualities very scarce. Gas-coal is olling well, and coke 
is satisfactory. 


iron and Stcel.—After operations on a pretty extensive 
scale during the past few weeks, the iron market is now 
quiet. There is still, of course, a good deal of buying, but 
it is of less weight. Hematites have been doing well, 
though few contracts have been fixed up for beyond June. 
This is due to the firm attitude of the makers. 
basic and high-carbon billets are in big demand, con- 
sumers keeping inquiries up to the level of recent weeks. 
On the other hand, bar iron has not improved. In 
the general steel trades there are two very notable 
features. The one is the huge quantity of work in 
hand and in prospect for the armament firms. The 
phenomenal order for the Purtuzuese navy, reputed 
to be worth 20,000,000/., and the whole of it received 
by Messrs. Vickers Sons and Maxim, has not received 
absolute official confirmation; but the only question 
appears to be whether it will actually total such a figure 
and what period the work will be spread over. Standing 
alone this would - a ype boon to a — 
tries, as necessarily a very la rtion of the wor 
would have to bs aati o the firm’s head- 
quarters in Sheffield. It does not stand alone, however. 
It has recently been stated that the three Sheffield arma- 
ment houses have on their books altogether 18,400,000/. 
worth of orders. This includes a Cunarder, for which 
much of the work will be done in Shoffield, Messrs. Vickers’ 
Japanese battleship, the 80002. Spanish order, a Dread- 
nought, a battleship and cruisers for the British Govern- 
ment. The other important factor influencing Sheffield 
trade is the position of the railway steel-makers. This de- 
partment has been looking up pare and spring-makers are 
very busy. It is extremely probable that Sheffield will 
supply the springs for the big consignment of ns 
which the Great Central Railway has ordered from 
Birmingham. In this connection there is some feeling 
locally that this district has not sharcd directly in such a 
considerable contract. Additional orders are expec 
from other companies, and some of these will probably 
come into the city. Ordinary trade remains at about the 
same level of activity. High-speed steel is in as great 
request as ever, though the American trade is somewhat 
disappointing. . More extensive orders for tools and tool- 
steel are being placed by engineers. The general imple- 
ment trade, rticularly for agricultural markets, is 
flourishing, and many works are working overtime. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Quietness pao sae to 
characterise the pig-iron trade. Buyers are very back- 
ward, and the excessive output is causing stocks to in- 
€ — —_ rapidly. ‘ Under these conditions values are 
“sy, Dut there are still many sanguine traders who speak 
very hopefully of the Seteonvianl redict that much brisk- 
ness will be experienced over the ing and summer 
months. The continued addition Cleveland pig to 
the public warrant stores is making holders of war- 
rants rather disquieted, and some of them are selling 
at and this assists materially to depress the market. 
Chane the first month of the year over 20,000 tons of 
eteland pig were sent into the public warrant stores, 


there were a bigner fund be 





and the stock held there is now well over 550,000 tons. 
No. 3 g.m.b. Cleveland big is obtainable at 49s. 44d. f.o.b., 
though some makers hold out for a higher figure. No. 1 
is 53s. 44d. and is still scarce. The lower qualities are 
quiet. o. 4 foundry is 48s. 6d.; No. 4 forge, 48s. 3d. ; 
and mottled and white iron each 47s. 9d. East Coast 
hematite pig is put at 65s. 6d. for mixed numbers, but 
no age are understood to be possible from second 
ands at a little below that price. All the foregoing 
quotations are for early delivery, higher rates bein 
named on forward account. Foreign ore values are we 
maintained notwithstanding an absence of business due 
to consumers being well bought. Market rates are still 
nominally based on 22s. 6d. ex-ship Tees for Rubio of 
50 per cent. quality. Coke is rather easier. Medium 
furnace kinds are reported to be obtainable at 15s. 9d. 
delivered here, but some sellers ask rather more. 


Manufactured Iron and Steel.—Little new of moment 
can be reported of the manufactured iron and steel indus- 
tries, but what slight changes are noticeable are for the 
tter. Some improvement in demand for shipbuilding 
material is be gree and prices, though not quotably 
changed, tend upward. Manufacturers of sheets are 
well booked. Common iron bars are 7l.; best bars, 
7l. 7s. 6d. ; best best bars, 7/. 15s. ; packing iron, 5/. 15s. ; 
iron ship-plates, 6/. 12s. 6d. ; iron —— 71. ; iron 
ship-rivets, 7/. 7s. 6d.; iron boiler-plates, 7/. 7s. 6d.; 
steel ship-plates, 6/. 15s.; steel ship-angles, 6/. 7s. 6d.; 
steel boiler-plates, 7/. 10s.; steel strip, 6/. 10s. ; steel 
hoops, 6/. 12s. 6d.; steel joists, 6/. 5s. to 61. 7s. 6d.; cast-iron 
railway chairs, 3/. 10s.; light iron rails, 6/. 10s, ; heavy 
steel rails, 5. 15s.; steel railway sleepers, 6/. 12s. 6d. ; 
and iron and steel galvanised corrugated sheets, 24 gauge, 
in bundles, 11/. 5s.—sheets less 4 per cent f.o.b., railway 
material net, and all other descriptions less 24 per cent. 


Shipments of Iron and Stcel.—January shipments, as 
was expected, are only small. Those of pig-iron average 
3255 tons per working day, the total despatches being 
returned at 83,630 tons, 74,514 tons of which have gone 
from Middlesbrough and 9116 tons from Skinningrove. 
For the previous month the total loadings of pig amounted 
to 98,029 tons, or a daily average of 3793 tons, and during 
January last year the clearances reached 103,112 tons, or 
an average of 3966 tons per working day. All the pig iron 
loaded at Skinningrove during the month just ended was 
for Scotland. Of the 74,514 tons of pig iron cleared 
at Middlesbrough during January, 34,825 tons went to 
foreign parts and 39,689 tons coastwise. Scotland was 
once more the largest customer, receiving 26,501 tons ; 
whilst Wales took 8585 tons, France 8345 tons, ae | 
6633 tons, Belgium 4450 tons, Jone 2900 tons, Denmar 
2658 tons, Sweden 2137 tons, and Germany—at one time 
the largest customer of a, 1960 tons. Manu- 
factu iron cleared during January is given at 


th | 13,280 tons ; 5332 tons having gone abroad and fois tons 


coastwise. India was as usual the largest buyer, receiv- 
ing 4261 tons. Shipments of steel for the first month of 
the year ore ~ to 48,016 tons, 38,816 tons of which 
went to foreign countries, and tons to coastwise 
customers. e Argentine, with an import of 9102 tons, 
was again the largest customer. India received 6544 tons 
of steel; Exypt, 6364 tons; Mexico, 5200 tons; Cape 
Lolony, 2143 tons ; and Canada, 2042 tons. 


Ironstone Miners’ Wages Reduced.—At an adjourned 
meeting of Cleveland ironstone mine-owners this week, 
at which representatives of the miners attended, a reduc- 
tion of 0.75 (three-quarters of one) percent. was agreed to. 
The reduction is the same as that recently effected at the 
blast-furnaces. 


Extensions at the Walker Shipyard.—Some important 
extensions have recently taken place in the supply of 
electric power at the Walker shipyard of Messrs. Swan, 
Hunter, and Wigham Richardson and Co., Limited. 
The existing sub-station, from which the power is are 
to these works by the Newcastle-upon-Tyne Electric 
Supply Company, Limited, contained three 250-horse- 

wer single-phase Berry transformers, and one 650- 
lose power transformer of the Sopaeane type, by the 
Electrical Company. These are controlled by two Brown- 
Boveri transformer panels at 6000 volts, while the low- 

ressure circuits are controlled by two Reyrolle trans- 
Laue panels of the flat-slate type at 440 volts. The 
existing three-phase transformers are being replaced by 
three single-phase transformers of 250 horse-power each, 


ted | With a ratio of 5500/440 volts, constructed by the 


British Electric Transformer wom gy The high- 
tension switch-gear is being replaced by ‘“ Ironclad” 
switch-gear of the Reyrolle type, consisting of two feeder 
panels and two transformer panels, suitable for 6000 volts. 
One of the existing low-tension panels is also being replaced 
by a flat slate-Reyrolle board. Protective gear of the 
balanced type is now erpecing ordinary overload a. 
Another important installation is that at the site of the 
new shipyard of Armst , Whitworth, and Co., at 
Walker. The contractors for the excavation, Messrs. 
Nutall, have installed four large electric cranes, each of 
which has 215 horse-power and one 10 horse-power motor. 
These are used for dumping the earth from the excava- 
tion into bai es. Electric power is also used to drive the 
contractor’s saop. An extension has also been made to 
the installation at the St. Lawrance ya where 350 
horse-power of electric motors are now i ed 








Lista Navae ITaLiana.—We have received a copy of 
the Italian Navy list for the last half-year of 1910, which 
is published by the Officina Poligrafica Italiana, Rome. 
It gives the names of the officers in the Italian Navy, in 
the various Admiralty Departments, and at the harbours 
round the coast ; also abstracts of recent laws and regu- 
lations on naval matters and on the merchant marine. 
Information is also given concerning emigration. 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has shown strength ; 
new business has, however, been limited, as colliery 
owners are fully stemmed for loading during the next 
fortnight. The best Admiralty | has been quoted 
at 183. 3d. per ton, but some sellers have demanded 


| 18s, 6d. per ton. Ordinary steam coal has ranged from 


16s. 6d. to 17s. 9d. per ton ; best bunker smalls have 
made 9s. to 10s. 3d. ; oon cou anem, SSS. Se 
per ton. House coal has also shown strength; the best 
ordinary qualities have made 14s. 6d. to 16s. 6d. per 
ton. No. 3 Rhondda large bas been quoted at 17s. to 
17s. 6d. ; and smalls, at 10s. to 10s. 6d. per ton. No. 2 
Rhondda large has realised 13s. 3d. to 13s. 6d. ; smalls, 
8s. to 8s. 6d. per ton. Foundry coke has brought 19s. to 
22s., and furnace ditto, 16s. 6d. to 17s. 6d. perton. As 
regards iron ore, Rubio has made 21s. 6d. to 22s. 6d. per 
ton, upon a basis of 50 per cent. of iron, and charges, in- 
cluding freight, insurance, &c., to Cardiff or Newport. 


Taff Vale Ruilway.—In the second half of last year 
24,232/. was expended by the Taff Vale Railway Com. 
pany for new works on open lines. The heaviest outla: 
was for additional accommudation at Pontypridd (78060. 
At the close of last year the company owned 198 steam 
locomotives and 18 steam motor-car engines. The cost 
of locomotive power in the past half-year was 94,169/.; 
the aggregate distance run by trains, piloting, shunting, 
&c., was 2,140,275 miles. 


New Rail-Milis.—A B nowy for the erection of steel 
works and rail-millsat Barry Dock is stated to be making 
_ progress. The undertaking will be known as the 

Dock Rail Works, Limited, and the capital pro- 
cual is 350,000/. It iscontemplated, in the first instance, 
to take up 30 acres of land, with the option of taking a 
further 20 acres. Upon the land to be thus euyuled it 
is intended to erect open-hearth steel furnaces and rail 
mills with a productive capacity of 100,000 tons per 
annum. The proximity of the works to the dock will 
give the new company a great advantage with respect to 
the importation of pig and ee iron, while the under- 
taking will also have a similar advantage with regard to 
the exportation of its finished products. 

The Bute Docks.—The exports from the Bute Docks 
last year attained an aggregate of 10,327,765 tons, or 
208, TF tons less than the corresponding total for 1909. 
There was a decline of 112,990 tons in the shipments of 
coal and coke, and of 78,893 tons in those of patent fuel, 
while the exports of iron and steel were also reduced. On 
the other hand, general merchandise showed an increase. 
The imports into the docks last year were 1,854,430 tons, 
as compared with 1,820,219 tons in 1909. Iron ore was 
imported, last year, to the extent of 661,482 tons, as com- 
pared with 651,409 tons. The business of the Bute Docks 
commenced with the opening of the Bute West Dock, in 
1839. In 1840 the tonnage movement was 46,042 tons ; 
in 1850, 873,413 tons; in 1860, 2,225,980 tons; in 1870, 
2,804,798 tons ; in 1880, 6,291,137 tons ; in 1890, 9,217,960 
tons ; in 1900, 10,300,935 tons ; and in 1910, 12,182,195 tons. 


Great Western Ratlway.—Estimates have been pre- 
pared by the chief engineer of the Great Western Rail- 
way Company, showing the outlay which will have to be 
incurred in the event of the —__7> Bill for next 
Session receiving the sanction of Parliament. The works 
proposed comprise the construction of thirteen sections 
of new railway in Carmarthenshire and Glamorganshire, 
in connection with extensions of the Swansea District 
Railways, sanctioned in 1904. The aggregate length of 
the contemplated new railways is rather more t 
15 miles, and it is proposed to construct nearly the whole 
of the extensions as single lines. The expenditure is 
estimated at 385, 402/., which includes 3586/. for widening 
a bridge at Felin-fran. 





ConcrETE AND RetnForcED ConcreTe.—We have re- 
ceived from Messrs. Robert W. Hunt and Co., Chi 
New York, and Pittsburg, a pamphlet which gives the 
report of the joint committee on concrete and reinforced 
concrete of the American Society for Testing Materials. 
The report embodies the decision of the committee con- 
cerning the proper use of the materials in question ; it 
deals with the preparation of the materials, the design 
of structures, working stresses, and so forth. 





MANCHESTER gue Rd Sean ae 
resting paper on ‘‘ Paper-Making Machinery” was 
on Saturday a, January 28, before the above associa- 
tion, by its author, Mr. T. W. Sharpe, Glossop. It 
dealt with the preparation of the fibres from raw materials 
to half-stuff; from the half-stuff to the finished paper 
stock ready for running over the paper-making machine ; 
and with the making on the machine, calendering, 
cutting, nae and so forth. All the processes were 
gone into in detail, and the machinery carefully de- 
scribed. The paper was accompanied by a large number 
of illustrations. 





Mr. E. Mackay Epear’s Txuornyorort Racer.— ‘the 
new 40-ft. og which is being constructed for Mr. 
E. Mackay Edgar, is being built upon lines supplied by 
Sir John Thornycroft after numerous tank experiments. 
They are similar to those of the famous Miranda IV. The 
boat is being built at Woolston, by Messrs. Dixon Brothers 
and Hutchinson, and the construction of the hull and 
details have been worked out by Mr. Hutchinson. From 
data gained with Miranda IV., and from Sir John Thorny- 
croft’s tank experiments, a omenal is hoped 
for. The whole of the i lation and alteration of the 
motors has been under Mr. Astoll’s supervision, on behalf 
of Mr. E. Mackay Edgar. 
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THE LATE MR, F. A. KJELLIN. 


Tue news of the death of Fredrik Adolf Kjellin, 
one of the pioneers of the electric steel industry, 
has caused much regret. The ‘‘Kjellin furnace” 
has become a nised term for an induction furnace. 
That the electric smelting of iron ores would sooner 
or later be tried, once the electric furnace had been 
made a success, was only to be expected. But the 
direct ——s of iron ores was not likely to prove so 
ag 9 as the making of high-class steel and alloys. 
‘or their preparation the contact between the metal 
and carbon, difficult to avoid in the two types of 
furnaces then applied—the arc and the resistance 
furnace—was undesirable, and the prospects of the 
new industry were,threatened almost at the beginning. 

Then came Kjelfin with his acid or basic-lined cir- 
cular trough, the iron charge of which formed the 
secondary of a primary alternating circuit ; there was 
no possibility of contamination with the material of 
the electrodes, as there were no electrodes. The idea 
did not originate with Kjellin. Welding had been 
done by induced currents for years, and induction 
furnaces for iron-melting had been suggested by Mr. 
8. Z. de Ferranti in the first instance. But Kjellin 
built and tried the first furnace of this kind, and per- 
fected the type afterwards, so that there is justification 
for couplin his name with the induction furnace. 

Fredrik Adolf Kjellin was born at Vardinge, in the 
Stockholm district, in April, 1872. He went to school 
tirst at Orebro and then at Stockholm, where he after- 
wards studied at the Technical High School under 
Klason. Chemistry was his chief subject, and he 
assisted Wiborgh in his pyrometer researches. Sub- 
sequently he became metallurgical chemist at the 
Gysinge works of the Aktiebolaget G. Benedicks. On 
the instigation of his chief, G. Benedicks, he inves- 
tigated electric steel-smelting, and in 1899 he con- 
structed the first induetion furnace, which at once 
made his name knowh everywhere. He remained 
at the steel works till 1904, when he joined the 
Metallurgiska Aktiebolaget ; the Gréndal-Kjellin 
Company, we may mention, holds the rights of this 
company for the United Kingdom and dependencies. 
Two years ago Kjellin entered into partnership 
with Mr. P. Hirdén in the Aktiebolaget Ingeniirs- 
bureau Allians, of Stockholm. Kjellin presented 
papers to learned societies, but delicate health of late 
ae his attending the meetings. When the 

niversity of Upsala celebrated the Linné festival 
in 1907, the honorary degree of Doctor of Philosophy 
was conferred upon K jellin for his electro-metallurgical 
work. The wade came suddenly on December 30, 1910. 
Kjellin was of a quiet, genial disposition ; he leaves 
a widow and many friends. 








THE LATE ENGINEER-CAPTAIN PHILIP 
MARRACK, R.N. 

THERE is widespread regret, not only in the Navy, 
but in naval construction circles, at the death of Engi- 
neer-Captain Philip Marrack, R.N., Assistant Engi- 
neer-in-Chief of the Navy, at his residence at Brockley, 
on Saturday last, in his 51st year, his worth having 
been highly appreciated by his colleagues and by 
the contractors with whom he had been brought 
in contact in his official capacity. This regret is 
keener by reason of the suddenness of his death, 
and of his comparatively early age, when there were 
bright prospects before him. He had been laid aside 
for about three weeks with an attack of influenza, and 
on Saturday the end came, as we have said, rather 
suddenly, owing-to cardia¢ failure. 

Engineer-Captain Marrack had the engineering 
instinct in a marked de; , and this, added to a 
— practical as well as theoretical training and 
@ varied experience, with an innate kindly disposition, 
made him peculiarly suited for the important work of 
supervising design and construction, with which he 
had been specially identified during the last twenty 
years. He was early associated with the stean- 
turbine, having been engaged on the construction and 
design of the machinery for the Dreadnought, and since 
then had had under his particular care similar work for 
the later battleships and the large armoured cruisers 
Lion and Princess Royal. Of great energy, he spared 
no trouble in co-operating with contractors to ensure 
reliability and efficiency. Thus his many suggestions 
for modifications of plans and of details in desi 
submitted by contractors were ever welcomed. e 
was clear in the Sr of Admiralty requirements 
in all cases, and firm in exacting their fulfilment— 
qualities of great assistance to contractors, since there 
is nothing so conducive to delay in manufacture 
dubiety with regard to the conditions to be i 
Obviously these outstanding traits of his character 
made his work of great value to the Service, the final 
result being efficiency as well as that rapidity of con- 
struction so much desiderated at the present time. 

The subject of our memoir was born on October 21, 
1860, at Newlyn, near Penzance, and, when fifteen 
years of age, he entered the dockyard at Keyham as an 


engineer-student, and served the full period of six |i 


realised. | January, 1908, when he returned to the Admiralty as 





years. During that time—and for some years subse- 
quently, as assistant to the chief engineer for Devon- 
port Yard, as referred to later—he was associated with 
the engineering factory, where new machinery was con- 
structed for some of the smaller ships, so that there 
tenses ideal conditions for the development of know- 
edge of theory and experience in practice. Engineer- 
Captain Marrack from Keyham to the Green- 
wich Naval College, where he took the three years’ 
advance course in engineering, and it is a testimony to 
his application to study, and to his earnestness in the 
pursuit of knowledge, that he was appointed later— 
in succession to the present Engineer-in-Chief of the 
Navy, Sir Henry J. Geum, K.C.B,—the instructor in 
marine engineering at Greenwich, a position he held 
for some years. 

To return to our chronological narrative, Mr. 
Marrack, on leaving Greenwich, in 1884, went to sea on 
the engineering staff of the Indian troopship Himalaya, 
and continued in this vessel for 15 months. he 
troopships formed an excellent school for the training 
of young engineers of that period, as there was more 
continuous steaming than in the warships then com- 
missioned, so that there were greater opportunities for 
the development of the faculty of resource in meeting 
contingencies. Engineer -Captain Marrack’s first 
commission in a warship was as assistant engineer in 
the battleship Alexandra, the flagship of the Mediter- 
ranean, and he continued there for about a year. Sub- 





Eyorneer-Captain Puitwe Marrack, R.N. 


sequently he was employed in engineering appointments 
on shore at Devonport Dockyard and at the Admiralty. 
For three years, between 1890 and 1893, he had charge 
of the engineering drawing-office at the dockyard, 
and whilst there was associated with the design and 
manufacture of the machinery of H.M.S. Phcebe and 
Astrea. He then served at sea, to comply with the 
conditions for promotion. Thus he was, for a second 
time, in the Sane Himalaya, and afterwards in 
the Euphrates. Following upon this he went to 
the Admiralty in 1894, when he was promoted to be 
Chief Engineer; four years later he became Staff 
Engineer, andin 1902 Fleet Engineer. During this period 
he was associated with the design of the machinery of 
the Rosario, Highflyer, Formidable, and Drake classes. 
His next sea commission was as Fleet Engineerand Engi- 
neer-Commander in the Ocean, on the China station, 
from July, 1902, to July, 1904, when he again returned 
to the Admiralty as an engineer inspector, continuin 

in this capacity from August, 1904, to March, 1907. 
It was during this period that he was engaged in 
carrying out the designs of the machinery for the 
Dreadnought, and on the completion of this historical 
ship a special expression of the high appreciation 
of the Lords Commissioners of the Admiralty was 
communicated to him. In the success of the Dread- 
nought, alike as regards the results attained on trial 
and in the rapid construction of the machinery, 
Captain Marrack did splendid service. In 1907 he 
went to sea as Engineer-Commander of the Duncan, in 
the Atlantic Fleet, and continued for ten months, until 


Engineer-Inspector, resuming the work of supervis- 
ing design and construction of the turbine inery 
of the vessels of the Dreadnought class. On January 1, 
1909, he was appointed Assistant Engineer-in-Chief, 
and in Septem of the same year was specially 
promoted to the rank of Engineer-Captain. In this 





capacity he proved a most efficient officer, being 
epee with pect ail progressive spirit which has 


in recent years characterised the engineering branch 
of the Navy. 

Engineer-Captain Marrack was a member of the 
Institute of Naval Architects and of the Institute of 
Metals. He was a useful member of the Engineering 
Standards Committee, and was deputed to serve on the 
steel-castings sub-committee. He was also doing very 
useful ne on @ committee appointed to draw up 
standards of the trial results of ships, and on a sub- 
committee on methods of beiler-testing. 





NOTES FROM THE UNITED STATES. 
m3 PHILADELPHIA, January 27. 

Tue effort more fully to utilise the navigable streams 
of the United States is quite apparent in the placing 
of an order for ten massive steel barges for the 
American. Steel: Wire Company, to carry freight 
between Pittsburg and New Orleans, a distance of 
2000 miles by water. This order will be soon fol- 
lowed by an additional order by the same company for 
fifteen similar vessels for a like purpose. Efforts of 
a like character ate being made to utilise the upper 
Mississippi and the Missouririvers. The rapid growth 
of industries throughout the broad valleys of these 
rivers is demanding cheaper transportation than is 
furnished by railroads. ithin a week or two there 
has been a more general adherence to prices for steel 
roducts, accompanied by an increase in orders. A 
ew rail orders have been placed, but as a rule the 
railroad companies are still awaiting some develop- 
ments which are only surmised by the public. The 
actual reasons for prolonged delay are not understood. 
Export orders are increasing, and much railroad 
construction is in contemplation, for which financial 
arrangements are satisfactorily progressing. Some 
idle steel plant is being started up, and more idle 
machinery, especially in the Pittsburg district, will 
soon be in operation. Ordering of steel has for 
months past been below the normal requirements. 
The pending Supreme Court decisions will have much 
to do, when made, with the attitudes of railroads. 
Notwithstanding the oft-repeated predictions that 
pig iron had reached its lowest level, a number of 
recent transactions show that shadings have been 
made, resulting in some important sales. Four or 
five furnaces have been blown in, which is regarded 
as the turning point in the trade. Yet the deeply- 
seated conservatism will not disappear until active 
railroad buying sets in. The influences heretofore 
mentioned are still active. The matter of ship subsidy 
to increase foreign trade has brought together the 
National Merchant Marine Congress at Washington, 
with the special purpose of — whatever can be 
done to promote more commercial intercourse with 
the Latin-American countries. 








NATIONAL CONFERENCE ON INDUSTRIAL TRAINING.—On 
Tuesday, February 28th,-at 3.30 p.m., a Conference will 
be opened at the Guildhall Ly the Right Hon. the Lord 
Mayor, Sir T, Vezey Strong, for the purpose of estab- 
lishing a system of national industrial education. The 
object aimed at is to urge the Government to supple- 
ment our present system of elementary education by 
providing by Loe a complete system of industrial, 
professional, and commercial training. The resolutions 
to be submitted to the Conference, and the necessary 
details, have been finally settled at a series of meetings 
held = ¥ _ es by — committees 
appoin purpose. Intending supporters can 
nin further intention on & fication to the hon. 
oan, Craig’s-court House, Charing Cross, London, 





PERSONAL,—The offices of the Horsfall Destructor 
Company, Limited, have been removed from No. 15 to 
more commodious premises at No. 17, Victoria-street, 
Westminster, 8.W.—The Pearlite Steel Company (1910), 
Limited, have-removed to the Pearlite Steel Works. 
Royds Mill-street, Sheffield. The new premises are 
situated in the centre of Sheffield and are fully adapted, 
with modern py to their increasing trade and 
requirements.—Messrs. Monks, Hall, and Co., Limited, 
Warrington, state that they have made arrangements 
with Messrs. J. B. Guthrie and Son to give up the agency, 
which the latter have held for upwards of twent —_ 
years, in order that they may open an office in London 
under their own name and management. Mr, Frank Cox 
has been appointed their London representative, and has 
commenced his duties at St. Benet Chambers, Fen- 
church-street, E.C.—Mr. C. A. Park, M. Inst. C.E., 
M. Inst. M.E., who was for twenty-five years associ- 
ated with the London and North Western Railway 
Company, and since 1886 as superintendent of its 
carriage department, has been appointed the managing 
director of the British Westinghouse Electric and Manu- 
facturing Company, Limited. He succeeds Mr. New- 
comb Carlton, who recently retired, to take up the position 
of vice-president of the Western Union Telegraph Com- 

yin New York.—Messrs. J. Dampney and Co., Limited, 
Cardiff state that in consequence of the inclusion of 
Bishopsgate-street Within with Bishopsgate-street With- 
out, the address of their London office is now 87, Bishops- 
te, E.C.—Messrs. Willis, Stewart, and Co., 65, New 
road-street,. E.C., have been ——— by Messrs. 
Samuel Osborn and Co., Limited, Clyde Steel Works, 
Sheffield, and Messrs. George Turton, Platts, and Co., 
Limited, Sheffield, their representatives in London. 

















a A yi 








Sea en 





A meneame 








Fes. 3, 1911. ] ENGINEERING. 


165 








DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 


(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
NovemsBeEr, 1910. 


DrcEMBER, 1910. 


JANUARY, 1911. 








13 79 N66 7H 2229165 7 9982145792723 27272246 10 2 % % 2 2 26 30 
NOVEMBER 410 DECEMBER ‘10 JANUARY 711 

In the accompanying diagrams each vertical line represents a market day, and each horizontal line 

represents 1s. in the case of tin-plates, hematite, Scotch and Cleveland iron, and 1I. in all other cases. 

lhe price of quicksilver is per bottle, the contents of which vary in weight from 70 1b. to801b. The metal 

prices are per ton. Heavy steel rails are to Middlesbrough quotations. “Win-plates are per box of I.C. cokes. 





, SoaPr-ConcreTE.—Soap-water, instead of ordinary water, | fine river sand. The water is replaced by a solution of 
has successfully been used for the purpose of making ferro- | common soft soap pe soap), about 4 kg. of soap 
concrete water-tight. The case is reported in Beton wnd | being added to 1 cub. m. of concrete. The building has 
Eisen, of January 3, and concerns a grain-elevator built | ncn | one inundation well, while another building of the 
on the Danube, exposed to inundations. The concrete same material, without the soap, did not quite keep the 
was provided with two coatings, also of concrete. The | water out ; subsequent tests were also favourable. The 
outer coating, 34 in. in thickness, consists of fine-grained | soap concrete is very cheap com to other means 
concrete containing 400 kg. of cement and 120 litres of | me to render the concrete impermeable to water. The 
water per cubic metre of mass, and the inner layer, 4 in. action of the soap seems to be that the lime of the cement 
in thickness, consists of cement mortar prepared with | is bound by the fatty acids of the soap. 





MELVILL STADIA AND LEVELLING 
STAFF. 


Tue stadia and levelling staff which we illustrate 
below has been designed by Mr. Edward H. V. 
Melvill, A.M. Inst. C.E., to meet the objections to 
the Sopwith pattern and to facilitate the reading of a 
staff in hot climates, when the flickering effect of the 
mirage makes accurate reading difficult, especially for 
stadia work. Two types of the instrument.A and B are 
shown, one in Fig. 1, and the other in Fig. 2, a section 
common to both staffs being given in Fig. 3. An 
enlarged view of the scale on Fig. | may be seen in 
Fig. 4, and an enlarged view of the scale on Fig. 2 in 


Fig. 5. 

The advantages claimed for the instrument are the 
following :—(1) The solid stepped tenth divisions are 
clearly recognisable as far as it is practicable to read 
distances by the stadia method. (2) Each figure 
intersected by a horizontal wire in the telescope is the 
one noted in the field-book, and not the one less, as in 
the Sopwith pattern. More errors have, it is said, 
been traced to the latter method of numbering 
than to any other cause. (3) When the distance 
is so great that the figures are no longer visible, the 
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foot divisions can be clearly distinguished, and the 
feet are readily counted by noting that the odd feet 
slope to the left and the even feet to the right. The 
foot numbers are also larger than those of the Sopwith 
staff. Too uniform a design makes reading difficult 
for long distances. The division of the foot into half 
also facilitates the finding of the tenths. The “8” 
and the “‘9” figures of the tenths being almost in- 
distinguishable from each other at a distance, an ‘‘N” 
is substituted for the latter, as may be seen in Figs. 1 
and 2. The Roman IX. would be equally suitable. 
(4) In model A the tenths are subdivided into 
hundredths, each division being distinct from those 
adjoining. The lower edge of the black divisions 
represents odd, and the upper edge even, hundredths. 
(5) In model B the tenths are subdivided, so that the 
horizontal edges of the black divisions denote the even 
hundredths (2, 4, 6, and 8), and the points denote the 
odd hundredths (1, 3, 5, 7, and 9). The subdivisions 
are easily read at a distance of 1000 ft. by a telescope 
of 20 magnifying power. (6) The face of the staff 
being broad, the top section is as wide as the middle 
section of the Sopwith, thereby allowing a broader de- 
sign to be used. The divisions of the lower and middle 
sections are uniform ; the same stencil can therefore 
be used for both. (7) The length of the staff is 15 ft. ; 
it may, however, be made any convenient length. The 
15 ft. is a serviceable average convenient length, not 
unwieldy, and enables it to be used as a fixed rod 
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10 ft. long by reading the 0.5 and 10.5 divisions with- 
out drawing out the top section. 

The design can be applied to any kind of staff, which 
is an advantage. The foot numbers are painted red, 
though they may be made black and red alternately, 
or black only. The staff should, when used, be fitted 
with a circular level for holding it perpendicular, 
especially for stadia work when the inclination of the 
line of sight is steep. A canvas cover, with leather 
ends, protects the face when travelling. 

In order to ascertain the effect of distance and atmo- 
spheric vibration nearly all the well-known designs of 
rods shown in the different text-books and catalogues 
have been tested, and it has been found that the 
clearest divisions are those which have their edges 
parallel and horizontal. In wedge-shaped divisions the 

int soon becomes invisible, owing to the halation 
of the white ground of the face against the black 
divisions, and to the inability of the eye to detect any 
part of an object which subtends at the eye an angle 
smaller than 30”. 

The makers of this instrument are Messrs. John 
ates and Son (Derby), Limited, All Saints’ Works, 

Jerby. 





OUR TRON-ORE SUPPLIES. 

Tue question of our iron-ore supplies appears to 
present considerable gravity. We have fallen into the 
third rank among the iron-producing countries of the 
world, and we do noteven maintain this comparatively 
unsatisfactory position out of our own ore resources, 
but we have to rely very largely upon foreign supplies 
—foreign supplies which, it is feared, are, in the case 
of Spain, showing signs of exhaustion. Our total im- 
ports of iron-ore in 1910 were 7,020,543 tons, as com- 
pared with 6,328,623 tons in 1909 and 6,057,510 tons 
in 1908. To this total Spain contributed 4,854,606 
tons, 4,725,914 tons, and 4,479,129 tons respectively. 
It would certainly appear, primd facie, that there are 
no outward and visible signs of exhaustion for the 
present; on the contrary, production has been in- 
creasing during the last two years. Our general iron- 
ore imports—that is, our ore imports from various other 
countries, were also larger last year, having amounted to 
2,165,937 tons, as compared with 1,602,709 tons in 1909. 
and 1,578,381 tons in 1908. It is encouraging to see 
that, although our Spanish ore supplies may be 
threatened, the deliveries from other countries are 
increasing, a fact which would appear to show that 
the purchasing power of the English sovereign is by 
no means at anend. The United Kingdom, France, 
and Germany are all iron-ore importing countries. 
The first derives about one-third of the ore which 
it requires from abroad, the exports being only 
trifling. France has increased its iron-ore exports 
considerably of late years, but one-eighth of the ore 
which she smelted in 1909 was derived from abroad. 
The iron-ore exports of Germany (which are sent 
chiefly to Belgium and France) are more considerable, 
but they are still —— exceeded by the imports. 
The United States of America are nearly independent 
of foreign sources of supply, and this must be regarded 
as an element of strength in American aatdiongy. 
The total production of iron in the principal metal- 
lurgical countries of the world in 1909 and 1908 was as 
annexed :— 


Country. 1909. 1908, 

tons tons 
United States .... 25,795,000 15,936,000 
Germany .. “ oe 12,442,000 11,615,000 
United Kingdom .. —.. 9,532,000 9,057,000 
France a at aa 3,574,000 3,346,000 
Russia * a _ 2,817,000 2,749,000. 
Belgium ns es 1,590,000 1,250,000 
Austriaand Hungary... 1,442,000 1,958,000 
Canada aie ee - 676,000 563,000 
Sweden au -_ 435,000 559,000 


It will be observed that there was a very great appa- 
rent progress in the a of pig in the United 
States last year. This was attributable—as is often 
the case with things American—to temporary depres- 
sion, the Great Republic having turned out 25,781,000 
tons of pig in 1907. We have observed that the 
United States are nearly independent of foreign sup- 
plies ; but the full importance of this can only be gauged 
when we take account of the fact that their available 
supplies of iron ore in 1909 were 53,034,000 tons, the cor- 
responding available supplies in Germany having been 
25,095,000 tons ; those of the Uni»ed Kingdom, 14,980,000 
tons; those of France, 12,254,000 tons ; and those of 


Spain, 9,056,000 tons. The production of iron ore in d 


Russia now ranges between 5,000,000 and 6,000,000 
tons annually, that of Sweden between 4,000,000 and 
5,000,000 tons annually, that of Austria and Hungary 
being of nearly equal importance. The awkward 
facts remain that we are now turning out little more 
than one-third as much pig iron as is being made 
annually in the United States, while our production 
of iron ore only stands at about 15,000,000 tons, as 
compared with an American 53,000,000 tons. 

It has been widely assumed of late that Spanish 
iron-ore supplies are likely to give out. At present 
these supplies are drawn from the three northern 
provinces of Vizcaya, Santander, and Oviedo ; but some 





ore is also mined in the South of Spain—that is, about 
Seville, Murcia, and Almeria. It is possible that if 
Spanish mining is pushed forward with enterprise and 
vigour, supplies from Southern Spain may increase. 

similar observation applies to the United Kingdom, 
as a great deal of new iron-working has been developed 
during the last fifty or sixty years in North Yorkshire, 
Lincolnshire, Northamptonshire, and Leicestershire. 
The progress made in turning the ore resources of 
Lincolnshire to account has been slow, but it has been 
attended with but little or no disappointment ; and it 
is considered that a large extent of ore-producing 
country in the north of the county has still to be dealt 
with. A striking announcement has been made during 
the last few weeks that iron ore exists in the Hebrides. 
As regards Spain, it would appear probable that if the 
ores of the Peninsula are to oa turned to the utmost 
possible account, more British or French money must 
be employed for their development, the Spanish cha- 
racter being naturally indolent, while Spain has none too 
much floating capital. The present impression, based 
upon deposits which have been more or less developed, is 
that Spain possesses about’700,000,000 tons of unworked 
minerals. Estimates of this kind are of somewhat 
doubtful value. The only observation which can be 
made at present upon the subject appears to be that 
Spanish iron ores are not so near actual exhaustion as 
they are sometimes supposed to be. The United States 
are estimated to possess 4,258,000,000 tons of iron ore ; 
Germany, 3,877,000,000 tons ; the United Kingdom, 
1,300,000,000 tons ; and France, 3,300,000,000 tons. 


Germany would, accordingly, appear to be the strongest | Po 


European country in the matter of future ae 
France the second, and the United Kingdom the third. 
When we come to deal with the potentialities of the 
future, iron ore estimates grow vaguer and vaguer ; 
but theorists upon the subject have arrived at 
123,377,000,000 tons as the probable aggregate of the 
iron-ore wealth of the world. There is accordingly 
practically no prospect of any future shortage of iron ; 
the only matter which need be considered or discussed 
is the probable future position of England. 








FOREIGN ENGINEERING PROJECTS. 

WE give below a list of colonial and foreign engi- 
neering projects, also several recommendations with 
reference to tenders for various works. Further data 
concerning them can be obtained from the Commerci 
Intelligence Branch, Board of Trade, 73, Basinghall- 
street, E.C. 

Canada: With reference to the projected construction 
of a 15,000-ton dry dock and a shipbuilding yard at 
Roche Point, some 8 miles from Vancouver, HM. Trade 
Commissioner for Canada reports that the construction 
of the dock, which is to be completed by December, 1912, 
isshortly to be begun. The cost of the work is estimated 
at 1,214,154 dols. (about 250,000/. ). 

Australia: H.M. Trade Commissioner for Australia 
reports that a Bill has been read a second time in the 
Victorian Legislative Assembly providing for the expen- 
diture of 2,475,593/. on the State railways, including 
1,012,902/. for railway station and yard works, duplica- 
tion of existing lines, &c., 697,344/. for rolling-stock and 
equipment, and 646,338/. for the construction of new 
lines. Some of the works have already been begun. 

Straits Settlements: Writing with reference to the pro- 
posed sewage improvement works at Singapore, the Board 
of Trade Correspondent at that place states that there 
has so far been no practical outcome from the engineer’s 
report, and that it is doubtful how much of the scheme 
will be carried out. Meanwhile the municipal engineer 
has been asked by the Municipal Commissioners to pre- 
pare a modified scheme, the execution of which would 
cost considerably less, probably showing a large saving 
on sewers. 

France: H.M. Consul-General at Havre reports that 
the execution of the second and third sections of the new 
port works at Havre has been entrusted to Messrs. Vigner, 
Schneider, and Co., Quai des Remorqueurs, Havre, who, 
in September last, obtained the contract for the first 
section. The total cost of the works is estimated at 
86,600,000 francs (3,464,000/.). The second and third 
sections include the following works :—(1) Construction 
of the largest part of the north quay of the tida] basin, of 
a length of 827 metres, and of the entrance channel to the 
basin ; (2) construction of the graving-dock, and of its 
cradle, stocks, sluice-gates, and emptying arrangements ; 
and construction of the neighbouring quay-walls over a 
length of 216 metres. 

Russia: The British Vice-Consul at Rostov-on-Don 
reports that the town of Nahitchevan has obtained per- 
mission to raise a loan of 1,000,000 roubles (about 
105,000/.), of which 400,000 roubles are to be expended on 
rainage works, 100,000 roubles on water supply works, 
240,000 roubles on paving, and 60,000 roubles on the con- 
struction of a bend. [It should be noted that, accord- 
ing to a Government circular, municipal public works 
performed by means of loans must be carried out, save in 
very exceptional cases, by means of home industry. 
Rouble = Bs. 13d.) H.M. Consul at Helsingfors reports 
that application has been made ot that inves 
tion should be ordered by the Finnish Senate into the 
question of joining Lakes Keitele, Konnevesi, and Iisvesi, 
in central Fin , by canals, and also a similar investi- 

tion as the fairway between Haukivesi and 
Ranovess. e canals, if it were decided to construct 
them, would be made at the expense of the Fin 
Government. . 


ia] | Works, 100,000 pesos 


_ Italy: The Gazzetta Ufficiale (Rome) contains notices 
inviting — will be opened_on February 22, by 
the Direzione Generale delle Ferrovie dello Stato, Rome, 
for the construction in Sicily of : (1) two sections of line 
from Palma to Torre di Gaffe, and from Camastra to 
Palma, both forming part of the Naro-Licata Railway ; 
total upset price, 1,384,000 lire (63,3602.); length of line 
about 13 miles; (2) a section of line, about 5 miles long, 
from Alessandria to Cianviana, forming part of the 
Lercara-Bivona-Cianciana-Bivio Greci Railway; upset 
price, 1,552,000 lire (62,080/.). Although the above con- 
tracts will in all probability be awarded to Italian firms, 
nevertheless the carrying out of the works may involve 
the purchase of some materials out of Italy. 

Spain: Adverting to the concession for the construc- 
tion and working of a secondary railway from Palma to 
the port of Soller, the Gaceta notifies that this contract 
is now open to foreign competition, and that the adjudi- 
cation will take place at the offices of the Direccidén 
General de Obras Piblicas, Ministerio de Fomento, 
Madrid, in twenty days from the date (January 21) of 
the publication of this notice in the Gaceta. The cost of 
construction is estimated at 4,654,000 tas (about 
172,0002.), and a —_ of 1 per cent. of this amount will 
be required to qualify tenders. Local representation is 


necessary. 

Brazil: With reference to the rules laid down by the 
Budget Law of 1910 regarding competitions for Brazilian 
Government contracts, and in particular to Rule 3, con- 
cerning the presence of tenderers at the opening of pro- 

His Majesty’s Minister in Brazil reports that if 
the tenderers are not present at the opening personally, 
they must be . 7 proxy. 

Chili: His Majesty’s Minister at Santiago writes 
inting out the necessity, in tendering for public works 
in Chili, of adhering strictly in every minute detail to 
the conditions laid down by the Government for the 
contract. Tenders in which this is not done are merely 
ruled out of order, however the offers they con- 
tain may be. If tenderers wish to make a better offer 
involving some difference in the conditions, it would 
appear to be wise for them to do so, but in any case to 
send in one tender in absolutely exact accordance with 
the conditions required by the Government. The Diario 
Oficial publishes particulars of the debate on the Chilian 
budget. Among other things, 8,235,000 pesos were voted 
for extraordinary expenses, new work on the Central 
Railway and on other railways ; 9,001,330 pesos for the 
purchase of railway material, 200,000 pesos to commence 
the work of extending the line from Valdivia to Canelos, 
50,000 pesos to draw up plans for taking water from the 
Rivers Huasco and Coquimbo, 300,000 for sewage 
to purchase two drills for boring for 
artesian wells, and another drill required for petroleum or 
coal deposits ; 27,930,000 pesos for construction work on 
thirty-five sections of railway during 1911; 1,000,000 pesos 
for rolling-stock for new lines, and 300,000 pesos to com- 
mence work on the line from Cauquénes to Chanco and 
Curanipe. (Peso = about 11d. at present exchange.) 

Mexico: The Diario Oficial publishes the text of a law 
respecting the utilisation of waters which come under 
Federal jurisdiction. The law prescribes the conditions 
under which concessions will be granted by the Federal 
authorities for the purpose of water supply works, irriga- 
tion, hydro-electric undertakings, reclaiming lands, and 
other industrial purposes. 








Spon’s ARCHITECTS’ AND BurtpERs’ Pocket PRrice- 
Book For 1911.—Owing to the increase in size, by nearly 
a hundred since 1909, *‘Spon’s Architects’ and 
Builders’ Price-Book ” is now issued, for the first time, in 
two sections, each of which forms a separate book—one, 
Prices and Diary; and the other, Memorandaand Tables. 
As before, the memoranda are arranged in alphabetical 
order, with extensive cross references, with the addition 
of some useful notes on levelling and other matters, while 
in the price-book section the prices have been corrected 
up to date. The cost of lighting by acetylene and air 
gas has also been added. The alteration will be much 
appreciated, because the two books are now of a very 
handy size. It is not necessary for us to say more on the 
subject of the information given, for it has assisted so 
many architects and builders in the past that its value is 
now well known. The books are both published by 
Messrs. E. and F. N. Spon, Limited, 57, Haymarket, 
London, the price of each book being 2s. 6d. net. 





Exxcrriciry WoRKS IN THE ARGENTINE REPUBLIC.— 
Ina report contributed to the Electrotechnishe Zeitschrift, 
Dr. Berndt credits the Argentine Republic with electricity 
works aggregating 75,300 kw. Of these, 47,000 kw. are 
installed in the Metropolis of Buenos Aires, 21,900 kw. 
in the State of the same name, and 6400 kw. in the State 
of Mendoza ; thus the remarkable, and often criticised, 
concentration of all industrial enterprise in the metro- 
polis is strikingly noticeable. Buenos Aires proper has 
now 1} million inhabitants, the population of the metro- 
politan district approaches 3 millions ; the population of 
the country is only 6 millions. The prime movers of the 
Republic aggregate 99,000 kw.; the auxiliary machinery 
is not counted in the first-mentioned 75,300 kw. Steam- 
turbines (53,500 kw. in the country, 49,750 kw. in the 
metropolis) predominate ; then follow reciprocating 
engines (total 39,760 kw.), water-turbines (5100 kw. s0 
far, but rapidly increasing), and -engines (510 kw.). 
These engines came chiefly from Italy, Germany, and 
England, the electric generators (total capacity 112,500 kw. ) 
were imported from Germany (77 per cent.), England (22 
per cent.), and the United States. Most of the boilers 


nish | were supplied by England (85 per cent.) and the United 
States. 
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REPORT TO THE CORROSION COMMITTEE 
OF THE INSTITUTE OF METALS.* 


By Guy D. Bencouen, M.A., Lecturer in Metallurgy 
in the University of Liverpool. 


(Concluded from page 138.) 
Section V. 


Re-Statement of the Problem of Corrosion—Author’s 
Views of the Problems Involved 


Ir now becomes necessary to consider more in detail 
the action of water, acids, and salt solutions on metallic 
copper. Carnellyt has shown that copper is soluble, to a 
minute extent, even in distilled water, if oxygen be 
present. Now distilled water is dissociated into (H) 
and (OH) only to a very slight extent; yet Carnelly’s 
result shows that copper can replace some of the H ions 
it contains. Copper and hydrogen are next one another 
in the electrode potential series, but —— is the less 
electro-positive; Carnelly’s result, therefore, is unex- 
pected. It is, however, supported indirectly by other 
experimental evidence. Thus Tilden} has shown that 
both dilute and strong HCl will react with copper with 
evolution of hydrogen. Dilute nitric and sulphuric acids 
also attack copper. The action of sea-water is quite 
rapid, and only too well known. (In this connection it 
may be mentioned that Tilden has shown that magnesium 
chloride, which is frequently regarded as very active in 
promoting the attack on copper, is much less harmful 
than sodium chloride.) Cohen and others have shown, 
however, that es is only attacked by sea-water in the 
presence of air. The present author and others have 
found that air is also necessary to the action of acids on 
copper. Carnelly has examined the action of a large 
number of salt solutions, and has shown that solutions 
of sodium and potassium chloride, which readily absorb 
oxygen, are more active in dissolving ee than other 
chloride solutions. Much work has been done to explain 
the mechanism of these reactions, and the matter is 
summed up by Donnan§ as follows :—When an atom of 
copper passes into solution it must obtain one or two 
positive charges, according as it passes into solution as 
cuprous or cupric ion. Alternatively, one or two nega- 
tive charges may appear, which comes to the same thing. 
Now in salt solutions, such as sea-water, the cations with 
the least solution pressure are the hydrogen ions ; hence, 
if copper is to pass into solution, it must displace oa. 
From quite pure salt solutions copper cannot disp 
hydrogen ; but if there be present in the solution some 
depolariser which will remove the hydrogen by oxida- 
tion sufficiently quickly at the moment it is about to be 
discharged, then the copper can replace hydrogen. The 
depolariser in the case of sea-water is oxygen, and the 
reactions, according to Traube,|| are as follow :— 


Cu + 2Q@°-—> Cu” 
HO | — —>H-+ (OH) 
2H: >2H+29 
2H + 0, —-> H,0, 


—i.¢c., two hydrogen ions have given up their charges to 
two copper ions. If it be considered untenable to sup- 
pose that any hydrogen could separate out, even momen- 
tarily, as is required by the above reactions, then the 
series given below may be preferred, as better repre- 
senting the mechanism of the solution of copper. In 
these the catalytic action of the metal is supposed to 
bring about the oxidation of H.O to H.O, in the pre- 
sence of copper. 


Cu+2Q ———=> On 
O+H,O +26-— —>2(OHY 
2(OH) + 2H’ —> H,O,. 


The net result of which is that two hydrogen ions have 
given up their charges to the two copper ions, as before. 

The primary process of solution of copper in acids or 
sea-water being accounted for in one or other of these 
ways, it remains to trace the reactions which take place 
subsequently. Owing to the peculiar conditions of very 
slight alkalinity which exist in the sea-water in the neigh- 
bourhood of the copper, a basic salt of the composition 
Cu,OH,Cl,H,O (in which two chlorine atoms have re- 
placed two of the (OH) groups of the normal copper 
hydroxide) is formed. his salt is practically insoluble, 
and will separate out on the copper, and may me 
rather firmly attached to it if the conditions be favour- 
able. .A deposit of this sort may ibly act as an 
electro-negative area, thereby promoting the solution of 
electro-positive copper in its neighbourhood, as has been 
suggested by Tilden. The result may, possibly, be a pit. 
It must be reiterated here, however, that the basic salt 
can only act in this way if it is a conductor of electricity, 
and the present author has not been able to discover any 
evidences either for or inst its behaviour in this 
respect. This point, therefore, should be cleared up at 
once. If it be proved that this material can function as 
an electro-negative node, then it will be worth while, 
when dealing with the corrosion of copper pipes, to take 
such precautions as are ible to destroy the conditions 
under which this salt is formed; but pending further 
evidence on this point, these conditions n not be 
further discussed. 

The next point of interest in connection with copper to 
which, in the present author’s opinion, particular atten- 


* Report submitted at the meeting of the Institute of 
Metals, held Jan 18, 1911. 

+ Journal of the Chemical Society, 1876, vol. ii., page 1. 

t Tilden, loc. cit. 


SA 8 Handbuch der Anorganische Chemie, 1908, 
article ** Kupfer.” 


—— Berichte Chemischen Gesellschaft, xviii., 1877- 





tion should be paid, is the fact that pure electrolytic 
copper, as it comes on to the market in the form of pipes 
and tubes, is not a more readily corroded than 
pipes of ordinary good-quality copper which has been 
merely furnace-refined. 

In several shipyards known to the author the engineers 
and managers have found corrosion to be so frequent in 
electro-refined copper pipes that they prefer the fire- 
refined and drawn tu he author has seen several 
examples of badly-corroded tubes of electro-deposited 
copper, and in one or two cases where junctions between 
electro-copper and furnace-refined copper tubes had been 
made, the latter has been completely free from corrosion, 
and the electro-copper tube has been severely corroded. 

Hamlet* and Muntzt} both express the opinion that 
electrolytic copper is more corrodible than ordinary ‘‘ best 
select,” and even carries this property with it into brass 
alloys prepared from it. There can no doubt, too, 
that this opinion is shared by many practical men who 
have to deal with alloys which come into contact with 
sea-water. 

Now at first sight one would expect electro-deposited 
copper to be almost an ideal material for resisting cor- 
rosion. It is one of the purest of all commercial products. 
Cowper Colest gives the following analysis of copper 
deposited in his centrifugal process of pipe smaihe 
ture :— 


Per cent. 
Iron 0.0189 
Arsenic 0.0015 
Lead ... 0.0013 
Antimony 0.0010 
Bismuth 0.0008 
Silver ... me 4 ree ea ... Absent 
Nickel ... i ao ee ie = ‘ 
Sulphur es kes : ae a 
Copper (by difference) ... 99.9763 


It will be noticed that all the ordinary metallic im- 
purities have been carefully estimated, and are present 
only in very small amounts. Probably the copper 
deposited by the Elmore process is of approximately equal 
purity. Under the microscope copper of this type would 
appear to consist of polygonal homogeneous crystals. It 
is to be expected, too, that the metal will be very uniform 
physically. In the Elmore process the only “ work” put 
on the metal is done by an agate burnisher, which passes 
at regular intervals over the newly-deposited copper, and 
the action of this burnisher might certainly be expected 
to be very uniform. The object of the burnisher is to 
give as dense and homogeneous a metal as possible. In 
the Cowper Coles centrifugal process the cathode is rotated 
at a high s to secure the same end, and to avoid 
laminations in the metal. In both cases the tubes may 
be ‘‘drawn ” after deposition. That both processes are 
successful in producing uniform material is shown by the 
fact that the tensile strength and other physical pro- 
sg og of the electro tubes are fully equal to those made 
»y the verge Dp For instance, Cowper Coles§ 
states that tu made by the centrifugal process have 
given a maximum stress of 17 tons per square inch, and 
after drawing have withstood a pressure of 3000 lb. per 
square inch. 

These facts evidently point to some factor which in- 
fluences very seriously the whole problem of corrosion, 
and which, curiously enough, seems to have been almost 
entirely omitted from consideration by previous writers 
on thesubject. The extraordinary nature of this omission 
is well shown by the following considerations :— 

(a) There is much evidence to show that Muntz metal 
is less readily corroded than ordinary best select copper. 

(b) Best select copper is frequently less readily corroded 
than electrolytic copper. 

(c) Hence we may conclude that electro-copper is much 
more readily corroded than Muntz metal. 

Nowin Muntz metal, so far as our knowledge has taken 
us up to this point, we have apparently excellent con- 
ditions for rapid corrosion—namely, two conducti 
materials (the a and § phases) in intimate contact wit 
each other, one of which has a greater solution tension 
than the other. In electro-copper, on the other hand, we 
have an apparently ideal material for resisting corrosion. 
Yet, in practice, the latter is more easily corroded than 
the former. 

It is evident, then, that there is a factor influencing 
corrosion that may, in certain cases, me even more 
important than the mere pies of two phases, a 
factor which has been overlooked, partly, perhaps, owing 
to the fact that the attention of the investigators has been 
too exclusively concentrated on another well-ascertained 


F emo of the problem, and partly because too great a 


pendence has been placed upon the indications of the 
microscope for the determination of differences in chemical 
composition. 

There soueer to be two possible factors influencing cor- 
rosion which have not hitherto received sufficient investi- 

tion :— 

1. The type of crystalline structure and texture of the 
metal or alloy. For instance, fine or coarse crystallisa- 
tion, porosity, laminations, &c. 

2. The fact that the presence of small quantities of 
inpenity in solid solution may very well have consider- 
able influence on the solution pressure, and the depolaris- 
—oee of the metal. 

actor (1) above appears to the present author to 
deserve more attention than it has hitherto received, but 
probably if it had been of any great importance it could 





* Loc. cit. 

+ Loc. cit. See also discussion on Rhead’s paper, 
Journal of the Institute of Metals, 1909, vol. ii. 

+ Journal of the Faraday Society, 1903, vol. i., page 3. 

§ Journal of the Faraday Society, 1903, vol. i., page 3. 


- | increase its resisting power. 





not have escaped the detailed investigation of micro- 
scopists. 

actor (2) appears to be the one to which attention 
should be particularly paid in the immediate future. A 
considerable amount of evidence pointing to the import- 
ance of this matter may be gathered from this report, 
and the recognition of the importance of this factor goes 
some way towards explaining some of the conflicting 
conclusions arrived at by previous workers. 

Impurities existing in solid solution in an alloy may 
affect the corrosion problem in several ways :— 

1. They may alter the solution pressure of the metal. 

2. They may function as depolarisers—i.c., they may 
facilitate the removal of H ions from solution. 

3. If they are irregularly distributed, they may produce 
negative and positive areas in the metal or alloy. 

Alteration in the Solution Pressure of the Metal,— 
There are very few data showing how the solution pres- 
sure of an iadustrial or nearly pure metal varies with the 
contained impurity, but it is interesting to consider under 
this heading the effect of tin on Muntz metal and brass. 
Muntz metal, if quite pure, should always show rapid 
corrosion and dezincification for reasons already noticed. 
In practice it frequently shows great resistance to the 
attack of sea-water, and the presence of tin appears to 
Now when the total amount 
of tin present does not exceed about 1.5 per cent. the 
whole of the tin will exist in the Muntz metal in a state 
of solid solution. The quantitative distribution of the 
tin between the two phases does not seem to have been 
accurately ascertained. It appears to be present in both 
a and § crystals, but in somewhat greater Fae rtion in 
the 8 crystals. Now any substance in solid solution in a 
metal or alloy will affect in some degree its solution | 
pressure. If we consider that the tin lowers the solution 
pressure of the crystals in proportion to its concentra- 
tion, it may very well gees that it will lower that of the 8 
phase down to that of the a, so that the two will be very 
nearly equal. It follows that there will be very little 
tendency towards the formation of positive and negative 
areas in the alloy, and the preferential attack on the 8 
crystals which gives rise to dezincitication will be greatly 
checked, if not entirely stopped; in other words, the 
corrosion will affect the two p indifferently, and the 
areas at which the attack will occur will mainly 
determined by slight and chance variations in the state 
of the metal at different localities. Such slight varia- 
tions may be due to strain, slight oxidation, the presence 
of traces of grease, &c., and the polarity due to them 
will probably be frequently reversed ; also the amount 
of corrosion due to such causes will be very small and 
fairly uniformly distributed, and in such circumstances 
the life of a Muntz metal plate may be greatly prolonged. 
The protective influence of tin on 70 : 30 brass may be 
accounted for along similar lines if we suppose that the 
8 phase is present in solid solution in the a, and that 
dezincification is started by an attack on the 8; the 

larity will, of course, be reversed when much of the zinc 
- been removed. 

The exact proportion of tin which should produce the 
effect described cannot be definitely stated, and it is not 
even certain that it will actually function in the way out- 
lined above. The present author thinks that there are 
many indications which point to its doing so, and if it 
does not, other metals may. At any rate, the matter 
appears to deserve careful experimental investigation in 
the immediate future. 

Alternatively the action of the tin may be regarded as 
a depolarising one, and that it increases the corrodibility 
of a. Asa consequence the total corrosion might be 
greater, but more uniform. 

The principle suggested as the action of tin may, of 
course, be applied to any other metals which exist in solid 
solution in industrial alloys. Some of these metals will 
lower, and others will raise, the solution pressure and 
depolarising properties of the phases present in the alloy, 
and consequently they will affect beneficially or otherwise 
the behaviour of the alloy towards corrosive solutions. 

The cause of the rapid corrosion of electrolytic copper 
may be usefully considered from the same point of view. 
Such copper almost invariably contains a certain quan- 
tity of Todeagen gas, absorbed, or in solid solution, or 
present in a definite compound, and the presence of this 
gas may, perhaps, be the cause of a greater tendency to 
corrosion than that shown by ordinary B.S. copper, On 
the other hand, the difference may be due to the presence 
of small quantities of a protecting metal in the less pure 
material. 

It is obvious that a wide and hitherto unexplored field 
for investigation is opened by these suggestions. , 

The Function of Impurities as Depolarisers.—Any im- 
purity, whether present in solid solution or not, may act 
as a depolariser—i.¢., it may assist in the rapid removal of 
hydrogen ions from solution. For instance, cuprous 
oxide may react with nascent hydrogen to form water 
and metallic copper, and thus promote the rapid removal 
of hydrogen from solution. The present author believes 
that the oxide functions in this way, Milton and Larke 
and others consider that it promotes corrosion by forming 
electro-negative nodes, and F. Johnson" believes that in 
smal] quantities it actually hinders corrosion. The ~« 
larising action may also be a purely physical one. Hardly 
anything definite can be said under this heading till more 
experimental results are available. 

Ft'should also be borne in mind that small quantities 
of certain substances present in the corroding liquid may 
function as depolarisers and assist corrosion, or they may 
act in the opposite sense, and retard corrosion.t 





* F. Johnson, Electrochemical and Metallurgical Indus- 
try, vol. viii., No. 10. q 
Burgess, Electrochemical and Metallurgical Industry, 
vol. iv., page 384. e 
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The Distribution of Impurities in Solid Solution.—Very 
little work has been done upon the exact distribution of 
the small quantities of impurities which are always pre- 
sent in solid solution in non-ferrous metals and alloys. It 
is usually tacitly assumed that the distribution is uniform. 
This is by no means certain to be the case unless the 
alloy has undergone long annealing. It would be interest- 
ing to make a series of analyses of samples taken from 
different points on a large casting—such a casting as is 
used for the manufacture of condenser tubes. If any 
irregularity were shown to exist, it would have an im- 

rtant bearing on the corrosion problem, for it is not 

ikely that such segregation would be removed entirely 
by the subsequent annealing for short periods as ordinarily 
carried out. Probably many manufacturers are in posses- 
sion of data which would throw much light on this 
uestion, and it is much to be hoped that they will bring 
them before the Institute at its forthcoming meeting. 
Section VI. 
Discussion of “‘ Acceleration Tests” —Outlines of a 
Research Scheme. 

The task of drawing up a series of proposals embodying 
a research scheme is, at present, one of unusual difficulty. 
A study of the discussions which have taken place upon 
the papers on corrosion shows clearly that decided 
opinions have been formed by some speakers upon certain 
phases of the corrosion problem. But the details of the 
experiments upon which these opinions have been formed 
have not been published in many cases ; in consequence 
the present author has no means of comparing and cor- 
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in America. Nevertheless, certain authorities | be examined at intervals, and are to be regarded as 


Stpolutely 

absolutely deny its utility, and Committee U of the 
American Society for Testing Materials has reported that 
the acid test should not be used to decide the relative 
resistance to corrosion of different types of iron and steel. 
Notwithstanding this expression of opinion, they have 
laid down careful regulations for the carrying out of the 


t. 

Cushman and Gardner sum up this matter in the fol- 
lowing words :— 3 

‘* Owing to the nature of corrosion it is probably true | 
that no perfectly reliable test for corrosion resistance can 
be devised. Corrosion in the natural process of rust | 
formation—that is to say, in very slightly acid media— | 
is a question of comparatively slow growth under special | 
conditions, and any effort to hasten the action changes all | 
the conditions of equilibrium, ante an entirely | 
different order of phenomena. Nevertheless, evidence | 
has been brought out... to show that stresses and 
strains as the result of cold-rolling or imperfect anneali 
of steel will affect not only the degree of solubility in acid, 
but also the tendency to maintain differences of surface 
potential affecting the rapidity of corrosion. In view of 
this, it is probable that when its limitations are under- 
stood, and its results properly interpreted, the acid test 
will be useful in the hands of competent investigators.” 

The present author’s views are in accord with this 
statement, and he believes it to be well worth while to 
study experimentally the several ty of acceleration 





test mentioned below. In the first instance, the work 
should be confined to one kind of material only, say any 
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relating them with the published work ; also the opinions 

expressed by different speakers are, in some cases, mutu- | 
ally contradictory, and there are no means of distinguish- 
ing the true from the false. | 

In arranging the research scheme presented below, no | 
factor in the problem of corrosion has been considered as | 
proved unless it has been satisfactorily investigated by | 
published experimental work. In the present author's 
opinions few such factors have been so established. In | 
the meantime it is not possible to interpret many of the | 
results met with in practical work. A broader scientific 
foundation must be laid for the whole subject, and it is 
hoped that this report, and the results of work proposed 
in it, may in some small measure assist in laying such a 
foundation. 

It is proposed to carry out, side by side, two series of 
experiments ; the object of one series is to accumulate 
scientific data for the more minute study of the problem 
(Series II.) ; that of the other to secure results that may 
be of immediate practical interest (Series I.). In this 
series of experiments only one or two of the simpler 
a yer out of the great number involved can be use- 
ully attacked at present—t.c., until some results have 
been obtained from experiments in Series IT. 


Succrstep ExpeRiMEnts. 


Series I.—In studying the problem of corrosion, several 
authors have found it convenient to use some form of 
acceleration test—i.¢e., some test in which the speed of 
the process of solution of the metal is increased artificially. 
The principal methods available for this purpose are :— 

1. To increase the temperature of the corroding 
solution. 

2. To increase the concentration of hydrogen ions in 
the solution—e.g., to use acids instead of salt solutions. 

3. To use an external electromotive force. 

The establishment of a recognised standard acceleration 
test would be a great boon to manufacturers and users of 
metals alike, but as far as the present author is aware no 
systematic attempts have hitherto been made to ascertain 
whether or not such a test can be devised, so far as non- 
ferrous materials are concerned. 








one standard type of 70:30 brass. The scheme of work 
suggested is as follows :— 
set of a condenser tubes in 3-ft. lengths to 
r - 


A 
be submitted to the action of natural sea-water in the 
apparatus illustrated in Fig. 6, which is self-explanatory. 

is apparatus has been designed to represent average 
service conditions as far as is possible on a small experi- 
mental scale. The present author believes that service 
conditions are so variable amongst themselves that it is 
useless to attempt a very close approximation to any one 

rticular set, and he believes that very useful data can 

obtained from the plant figured. © attempt has 
been made to arrange for the study of erosion on the 
steam side. 

Arrangements have been made for varying the speed of 
the water in the tubes. The speeds used might be in 
the ratio of 1:2:4:8. The effect of stagnant water 
—— also be studied by sealing the ends of one or two 
tubes. 

The important question of the way in which the chok- 
ing of a tube affects corrosion might also be usefully 
studied. For instance, when such materials as ashes, 
shells, seaweed, &c., choke the tubes they may affect it 
in any of the ye ways ae P 

1. merely stopping the flow of water; stagnant 
water & been Bos. we as a cause of corrosion. 

2. By allowing the tube to become overheated, and so 
accelerating the speed of the corrosive action. 

3. By acting as electro-negative areas. 

If it could be definitely ascertained in which of these 
three ways (if in any of them) such materials spoilt the 
tubes, a definite advance in our knowledge of the subject 
would have been made, even if no remedy at once sug- 
gested itself. 

Several other subjects might usefully be studied in this 
ap tus—e.g., the effect (if any) of the presence in the 
tubes of deposits of ferric oxide and basic chloride, since 
considerable differences of opinion exist as to the effect 
of both these substances. : 

In all cases the tubes would be weighed before and 
after the experiments, and the interior surfaces of the 





In the case of iron and steel an acid acceleration test 


, has been proposed, and haz een adccpted to some extent, 


tubes examined microscopically at the end of the test. 
Certain tubes would be anal by glass tubes containi 
short lengths of half sections of the tubes; these woul 


** guide-tubes,” used for the purpose of following the 
course of the corrosion in the other tubes. This test 
would be carried on uninterruptedly for a year at least, 
and some of the tubes would ‘ie to be corroded for a 
very much longer time. 

Simultaneously with the main test portions cut off the 
same tubes would be tested under three sets of condi- 
tions, in each of which the rate of corrosion could be 
accelerated in one of the following ways :— 

1. By increasing the temperature of the corroding 
liquid (sea-water). 

2. By using acids instead of sea-water : 

(a) With air bubbled through the acid. 
(b) Without air bubbled through the acid. 
3. By using a small external electromotive force. 


The results obtained by these tests to be compared with 
those of the main test. 

Series II.—A_ series of electrode potential or ‘‘over- 
voltage” experiments would be made on copper and 
brass, both pure and with definite quantities of added 
impurities, the particular object being to ascertain their 
effect on solution pressure, and also their depolarising 
action. 

In submitting this scheme of experimental work the 
present author wishes to point out that it is directed 
toward elucidating only one or two of the factors in the 
very complicated problem of corrosion. The author believes 
that there is no other line of research which uires a 
slower and more cautious advance than this one. No step 
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should be taken until the und covered has been tho- 
roughly explored by repeated observation and experiment. 
If some members believe that they are already in posses- 
sion of information which enables them to answer some 
of the problems proposed to be investigated, the 
present author would point out that experiments with 
the same object in view, but carried out in a different 
way, frequently bring new and unexpected light to bear 
on a subject, and even if this cam oy not happen, the 
cumulative weight of separate sets of experiments which 
confirm each other is an important asset, especially in 
such a subject as corrosion. 





NAPHTHA PitcH FOR BriqUETTE MANUFACTURE.—AS 
the time during which coal-tar pitch for the manufacture 
of briquettes can be imported into Russia free of duty 
expires in the year 1914, the Russian manufacturers of 
briquettes are looking out for a substitute for the English 

itch. A number of briquette manufacturers in various 

overnments have therefore applied to the large naphtha- 
handling concerns in Grosny for the delivery of 400,000 
poods of yy pitch annually for four years. Whilst the 
residue of the Baku naphtha (masut) does not contain any 
material suitable for briquette manufacture, the Kuban 
and the Grosny naphtha yields in the course of its handling 
about 20 per cent. pitch-like residue, which is admirably 
suited for briquette manufacture, and can therefore re- 
place English coal-tar pitch. As the latter, however, 
owing to its being free of any duty, can be delivered in 
Southern Russia at 424 kopeks per pood at the briquette 
works, whilst the Grosny naphtha-pitch with the present 
railway rates will cost from 57 to 58 kopeks per pood at 
the factories, or some 15 kopeks more, the committee of 
the Per naphtha industries, in order to compete against 
the English coal-tar pitch, has applied to the department 
in question for a reduction in rates, with the right to 
transport the pitch direct in wagons. Reckoning the 
quantity of tar produced at the coke furnaces of the 
Donetz district equal to some 400,000 poods of pitch, and 
that the briquette manufacture requires about 5 per cent. 
of pitch, the two quantities of pitch mentioned above as 
being required point to an aggregate of some 260,000 tons 





of Russian briquettes per annum. 
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WE illustrate above some delivery and suction 
valve-boxes for pumping plant, which have been 
designed with a view of increasing the efficiency and 
output of such plant, by minimising the resistance of 
the water passing through the pipe system, a particu- 
larly important matter in these days of high-speed 
pumps. This is done by making the suction and delivery 
valves with full and equal area of flow, and with as 
straight a line of flow as ible. Fig. 1 illustrates in 
perspective two large delivery-valves of this type, 
while Figs. 2 and 3 show a section of a 5-in. foot-valve 
and a 14-in. foot-valve respectively. ¥ 

The valves are of simple form and construction, con- 
taining each only one working part, which is the valve 
proper. The valve proper may be seen (in case of the 
suction-valve)in the pear-shaped portion in Fig. 2, which 
is free to rise and fall on the guiding-stud which is 
shown in section. In Fig. 3 a portion of the valve may 
be seen, and in this the construction is rather different. 
The delivery-valves are formed in the same way as the 
suction valves, being varied slightly according to the 
size and weight of the valve. There are neither springs 
nor hinges to get out of order, and all sharp angles, 
corners, and pockets have been avoided, in order that 
the streamline resistance may be as low as possible, 
the annular passage round the valve being formed by 
gentle curves. In this way the adherence of solid 
matter to any part of the box or valve is prevented. 
When in action the valve is raised by the passing liquid 
until it is arrested by the stops forming part of the 
body of the box, while it drops on the seat formed by 
the lower part of the box when the flow ceases. 
These valves-boxes are being put on the market by the 
proprietors of the patent—Messrs. Thos. Thompson 
and Co., of 35, New Broad-street, E.C., for whom they 
are manufactured by Messrs. Davey, Paxman, and Co., 
Limited, of Colchester. 








German Coat Detvertrs.—The deliveries of coal from 
the five principal German coal-producing districts—the 
Ruhr, Upper Silesia, Lower Silesia, the Sarre, and Aix- 
la-Chapelle—last year were 118,489,620 tons, as compared 
with 111,798,760 tons in 1909. In last year’s deliveries 
the Ruhr figured for 75,340,470 tons ; Upper Silesia for 
26,063,020 tons; Lower Silesia for 4,004,130 tons; the Sarre 
for 10,823,250 tons; and Aix-la-Chapelle for 2,258,750 tons. 
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WORKMEN’S COMPENSATION CASES. 
County Court. 


Neurasthenia and Fraudulent Claims—At Maidstone, 
on January 15, the County Court Judge had a workman’s 
compensation case before him in which it was alleged 
that the man was suffering from neurasthenia, as the 
result of an accident. The workman failed to establish 
his claim. His doctor, who examined him, said the appli; 
cant really showed no signs of shock that might have 
caused neurasthenia. The Judge remarked that work- 
men knew nothing of such a disease until the passing 
of the Workmen’s Compensation Act, but it was now 
rapidly increasing, and the tendency to dishonesty, and 
the absence of manly independence and self-respect in 
working men, were extraordinary amongst a very con- 
siderable number. The worst effect of the operation of 
the Workmen’s Compensation Act was the destruction of 
the nice feeling between master and workmen which 
formerly prevailed. / 

What is Average Weekly Earnings ’—It is now a matter 
of common knowledge that compensation under the 
Workmen’s Compensation Act is estimated according to 
the injured workman’s average weekly earnings during 
the previous twelve months. 

An interesting case came before the Longton County 
Court, when a labourer on a farm was injured by a thorn 
in his eye, which resulted in loss of sight of that eye. 
During his employment the Irish harvester was paid 1/. 
a week, but this could not be taken as his average weekly 
earnings, because, as the employer said, it only applied to 
one short period of the year, and that for the whole year 
the average weekly earnings could not exceed 14s. a week. 
The employer’s defence was plausible, for Schedule 1, Sec- 
tion 2, says ‘“‘average weekly earnings shall be computed 
in such a manner as is calculated to give the rate per week 
at which the workman is being remunerated . . . regard 
may be had to the average weekly amount which during 
the twelve months previous to the accident was bein 
earned by a person in the same grade of the same class o 
employment and in the same district.” : 

A subtle point is here raised, and there is no Agen 
Court decision as yet to settle it. The County Court 
Judge (Ruegg) was distinctly of opinion that the em- 
ployer’s contention aimed at upsetting the Act, which is 
generally understood to mean that if a man worked in an 
employment for a period long enough to enable the 
parties to estimate what his average weekly aw 
were during the period in which the accident ‘appre 
the compensation will be based accordingly. This case 
is of interest, not alone to Irish labourers, but to English 
also, as so many are affected in ae and other 
trades, which fluctuate as the seasons change. The 
wages of a builder’s labourer may have a high average at 
one season and, perhaps, lower at another. The average 
weekly earnings is the mean between the two rates in the 
same employment. 

The Inswrance Companies and Lump-Sum Settlements. 
A question which arose in the foregoing case drew 
from the Judge a strong protest against the unfair and 
Illegal practice on the part of the insurers of forcing 
a lump-sum settlement to get rid of responsibility for 
weekly compensation. ‘The farm labourer his family 
dependent on him when he was disabled, away from home. 
The offer, therefore, of a lump sum for the loss of his eye 
might be a serious wrong to the poor and strongly tempted 
labourer to give up much of his legal right. A serious 
hardship may be done in cases like the above, when a 
small lump sum is of necessity accepted to settle the 
workman’s claim for permanent incapacity; and the 





insurance meu, having settled the workman’s claim, 
write him down for the future as ineligible for further 
insurance. 

A Wife's Dependency.—The claim of a wife to have 
been solely or only partly dependent on her husband 
who meets his death by accident must, in every case, be 
according to circumstances at the time of his death. 

At the South Shields County Court a woman named 
poop Robinson claimed compensation for the death of 
her husband, George Robinson, a ship’s engine-driver, 
who lost his life at sea. She had been married forty-five 
years before to a travelling engineer named Johnson, but 
she never lived with him, and he was supposed to have 
died abroad. Her second husband = Nablanen — oes 
separated from her, but she had 10s. a week according to 
her statement. It was shown by a witness that the 
deceased paid 15s. a week for his lodging for fourteen 

ears, and had not anything to send his wife. The wife, 
iving as a boarding-house keeper, could not be said to be 
a dependant on the earnings of the deceased, from whom 
she had been separated. Technically she was a dependant, 
but her claim was recognised by the award of 10/. only, 
and without costs, for though in law a wife, she was, 
in fact, no more than a partial dependant, and that only 
to a nominal extent. 

Incapacity Returning after Agreement to Settle. —A 
novel point of law, which has never yet been considered 
by the Courts, came before the Manchester County Court 
on January 18, when an application (Brierley v. Bain- 
bridge) to set aside an agreement under the Workmen's 
Compensation Act, was decided in faveur of the work- 
man. Shortly, the lesson it conveys is that no agreement 
should be made between employer and workmen without 
a solicitor acting in the interests of the woikman, lest the 
workman, unaided, may, in ignorance, mahe an illegal 
and unju-t agreement. 

In this case the applicant had suffered from rupture, as 
the effect of lifting oe weights. He received compen- 
sation, which continued till the medical referee decided 
he was fit to resum3 work. The employers then brought 
him to their solicitors, where, without consulting his own 
solicitor, the workman — an agreement already 
drafted, absolving his employers from further liability 
in respect of his accident. He subsequently suffered a 
secon mao, which an ae. set right, we hang 
original rupture again appeared and incapacitated him. 
He had had 12s. 6d. >. oa in atone 9 of the first 
rupture, but after signing the agreement he found the 
employers would not renew compensation because they 
were absolved by the agreement in respect of compensa- 
tion. 

There is a Scotch case to the effect that the Court had 
no power to expunge an agreement between employer 
and workmen, but only to correct any mistake. In the 
English Courts there is no decision applicable to the 

int. But it is obviously irregular for the agreement to 

made without any consideration, as when the work- 
man got nothing for signing the agreement to release his 
employer. The agreement was therefore bad. 

he proper legal course for the employers was to apply 
fora review by the Judge, for it is the purpose of the 
Act to protect the workman. The defence was that the 
promise to give the applicant “light work” was itself 
sufficient consideration to support the agreement. In 
this case there was no benefit, and the Judge concluded 
that the workman had not understood the effect of the 
agreement. The agreement must be cancelled, he said, 
or, if not, the clause should be eliminated thatreferred to 
applicant’s “recovery,” and to the employers being under 
no further liability to the workman. The effect of this 
decision is, of course, to protect the ignorant workman, 
who will now get either a lump sum or continue to receive 
his original weekly payment. 

How Workmen are Protected against Themselves by the 
County Court.—It frequently happens that a workman 
who is seriously incapacitated for future manual labour, 
seeks an easy means of living, and prepares an alluring 
compensation scheme based on the payment of a lump- 
sum, which is the common settlement of employers’ 
liability when the workman’s incapacity is permanent. 

Blackburn workman had proposed to invest his lump- 
sum in a lodging-house to cost 220/. The Registrar of 
the County Court was not satisfied that it would be a safe 
investment, and advised the applicant to withdraw from 
the proposed purchase, and so the workman was possibly 
saved from loss. It is provided by the Act that the Court 
should investigate every scheme for the investment of 
money paid as workmen's compensation. 

When Compensation Money goes to Executors.—A novel 
— of law was decided by the emg | Court Judge of 

sughborough on January 17, when the apportionment 
of compensation money was decided under unusual 
circumstances. 

The compensation money had been originally appor- 
tioned between the widow and two sons, dependants of a 
workman killed by an accident. One of the sons had all 
his share of the compensation, and the widow afterwards 
died, leaving 84/. to her credit in the Post Office Savings 

She left a will geen! executors, and in her 
will left the money in the bank to be divided between 
two sons, one of whom was never a dependant under the 
Compensation Act, while the other had had his money as 
a dependant, and the third son, who was still a depen- 
dant, was excluded. The rie was that the money 
under the widow’s will should be paid over to the exe- 
cutors for distribution according to the will. The question 
in this case was a novel one and very important. 

A House of Lords decision has settled the law that 
after the death of a dependant to whom an award has 
been made, the money or the claim goes to the deceased 
dependant’s estate. By the Workmen’s Compensation 
Act it was provided that if a ‘‘ variation of the circum- 
stances ” took place, the Court could make a reapportion- 
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ment of the money. The Judge was of opinion—and 
doubtless he was right—that the death of a dependant in 
nowise altered the circumstances of the dependants, and 
that, primd facie, the portion of compensation having 
been awarded to the dependant d , the amount 

to her estate at her death, and therefore the 
executors of her will might claim it. No “ alteration of 
circumstances ” which the Act contemplated had divested 
the widow of the money, and it seemed, although the 
point is a difficult and doubtful one, that by her will the 
a must pass to her executors. An order was made 
accordingly. Here is no reference to reapportionment, 
but simply to the passing of the widow’s compensation to 
her estate, and therefore, under her will, to the executors. 


Scotcu Casrs.—Court or SESSION. 


Changes in Grades of Employment may Vary Compensa- 
tion.—In section 2 of the first schedule of the Workmen’s 
Compensation Act it is provided that employment by the 
same employer shall be taken to mean employment in the 
same grade in which the workman, under the same em- 
ployer, was employed at the time of the accident. This 

int was clearly stated, in an appeal case, when the 
Master of the Rolls said, ‘‘ I understand that any step up 
or down, from one grade to another, is to be regarded as 
commencing a fresh employment.” This view of the law 
was upheld in the Second Division of the Court of 
Session in an appeal from the Sheriff Substitute of 
Paisley, in the application to review an award to 
W. Young, a boilermaker, who for nineteen weeks was 
employed by Babcock and Wilcox, Limited, engineers. 
The workman was by trade a boilermaker, but for fifteen 
out of the nineteen weeks he descended to the grade of a 
labourer for the appellants. 

He worked for fifteen weeks as a labourer at 20s. 3d. 
a week prior to February 1, 1910, and for the subsequent 
four weeks he was again a boilermaker working on piece- 
work, thus increasing his w to 25s. a week on the 
average for the whole period. On February 1, while 
working as a labourer, he received an injury which inca- 

itated him from work as a boilermaker, but did not 
incapacitate him as a labourer. By agreement the em- 
ployers paid him compensation at the rate of 12s, 6d. a 
week from February 14 to June 4. Since June 4 he has 
been partially incapacitated; the Sheriff reduced the 
compensation to 5s. weekly, being the difference between 
the average wages he was earning before the accident 
and the weekly average he was able to earn after the 
accident. The question was, Was the Sheriff right in 
computing the workman’s average weekly earnings as 
boilermaker, or should he have refused to include the 
earnings as boilermaker during four weeks of his period 
of service ? 

Their Lordshi reed with the judgment of the Master 
of the Rolls, ai held that it was clear the statute says 
compensation must be paid to the workman in the pam 
in which he was employed at the time of the accident. 
The Sheriff had taken the average of his wages as a 
labourer, and added it to the average as a boilermaker, 
and struck an average over the whole period of his weekly 
earnings with his employers. The Court allowed the 
appeal, and sent the case back tothe Sheriff. The work- 
man was by trade a boilermaker, and from being for a 
time a labourer in a lower e he = into his own 
proper grade; but when the accident happened he was 
actually in the lower grade, and that, according to the 
Act above quoted, fixed the scale of compensation. 

The Sheriff was clearly in error in striking an average 
over the whole period, although had there been no change 
in the grade of the employment it was literally the 
correct weekly earnings on the average for the whole 
period of service. 








Tue Society or Encingers.—This society informs us 
that the Status Prize may be awarded by the council each 
year for the next three years ending 1913 (if papers of 
sufficient merit are received) for the best paper written by 
any person on the subject of ‘‘ How to Improve the Status 
of Engineers and Engineering, with Special Reference to 
Constitieg Engineers.” In 1911 the prize will consist 
of books and/or instruments, selected by the author of 
the premiated essay, to the value of six guineas. The 
essay is to be written in the third person ; it should con- 
tain not fewer than 4000 nor more than 6000 words, and 
be typed on one side only of foolscap paper, the distance 
between the lines being 2 in. or more. ys sent in for 
competition must be received by the secretary on or before 
May 31 in each year. 





Tae Institution or Civit ENGINEERS: STUDENTS’ 
Meetincs.—At the Students’ Meeting, held at the Insti- 
tution on Friday, January 20, at 8 p.m., Mr. Thomas 
Sims, C.B., M. Inst. C.E., in the chair, Mr. G. F. 
Walton, Stud. Inst. C.E., read a paper on ‘‘ The Design 
and Construction of Reinfo' - Concrete Arches.” 
The author described, with the aid of diagrams, the 
elastic theory for the computations of stresses in arches, 
and a comparative table showed that the strongest 
form of arch was continuous from abutments to crown, 
and further that the strength of the arch decreased 
with the introduction of hinges at the crown or spring- 
ings, each additional hinge decreasing the carrying 
capacity of the bridge. The paper concluded with a 
description of some recently constructed arches of large 
span. The meeting was well attended, and the paper 
evoked a good discussion, in which Messrs. A. Meade, 
C. E. Farrar, H. V. Hutt, G. H. Hodgson, and G. A. 
Clark took part. The chairman, in the course of his 
remarks, urged upon all students the imporance of learn- 
ing as much as possible of the principles and methods of 
reinforced-concrete construction, 





CATALOGUES. 


Files.—Messrs. John Bedford and Sons, Limited, of 
Lion Works, Sheffield, have sent us a pamphlet drawi 
attention to their ‘‘chased tooth” round and half-roun 
files, in which the teeth on the curved part are cut after 
the manner of a screw-thread. Teeth of uniform sha) 
are produced by this method of manufacture, and the 
flats formed on the curved surface by the usual process of 
cutting are avoided. It is pnts | that these files cut 
—— last longer, and produce better work, thus 

owing a considerable economy over ordinary files. 


Accessories for Conveyors and Elevators.—A large, cloth- 
bound catalogue of chains, sprockets, buckets, and other 
accessories for elevators and conveyors, has reached us 
from Messrs. Bagshawe and Co., Limited, Dunstable 
Works, Dunstable. This catalogue deals with malleable 
iron chains of Ewart’s type in both European and Ameri- 
can patterns, “‘ Standard ” detachable chains, ‘‘ Sterling” 
chains, pintle chains, steel-bushed chains, and other 
patterns, illustrating and giving all particulars of each 
type ; sprocket-wheels for use with all of these chains are 
listed. Prices and particulars of seamless steel and 
malleable iron-elevator buckets, and of cotton india- 
rubber, balata and leather belting, are also given in the 
catalogue, which is a very creditable wostiastion, and 
will be found of value to users of elevating and convey- 
ing machinery of all kinds. 


Electrical Apparatus.—Two sectional] catalogues deal- 
ing respectively with electric bells and accessories, and 
electro-medical apparatus, have come to hand from the 
General Electric Coane. Limited, 67, Queen Victoria- 
street, E.C. The former — illustrations with prices 
and particulars of bells of all types for indoor and outdoor 
use, indicators, relays, pushes, burglar-alarm contacts, 
Leclanché and dry cells, galvanometers, terminals, binding 
screws, and many other accessories. Lightning-conductors 
are also dealt with in this section. The other section 
illustrates and states prices of induction coils, magneto- 
electric machines, and various electrodes for medical use, 
and also gives particulars of apparatus for electrolysis, 
epilation, and cautery, Réntgen-ray apparatus, medical 
electric-lamps, dental engines, and primary and secondary 
batteries for operating these appliances. 


Arc-Lamps.—A copy of their catalogue and descrip- 
tive booklet of arc-lamps has come to hand from the 
Jandus Arc-Lamp and Electric Company, Limited, 
Hartham-road, Holloway, N. The well-known regenera- 
tive flame-lamp is fully described, and several different 
patterns are illustrated, prices being stated in each case. 
A new type of regenerative lamp is also listed. This lamp 
is similar in design and construction to the standard lamps, 
and, while retaining all their desirable qualities, is of 
smaller dimensions, and the energy consumption is less. 
It is intended for shop-window lighting and for small 
interiors, where a less powerful lamp than the standard 
pattern is more suitable. Prices and particulars of ordi- 
nary enclosed lamps, and special lamps for photographic 
purposes and for colour-matching, are also given in the 
catalogue, and accessories, such as resistances, cut-outs, 
&c., are also dealt with. 


Large Gas-Engines.—The Maschinenfabrik my 
Nornberg A.-G., of Caxton House, Westminster, S. 
have forwarded us a copy of their gas-engine catalogue. 
This catalogue first gives statistics relating to the develop- 
ment of large gas-engines generally, and then deals with 
the question of power production from blast-furnace and 
coke-oven gases, oe comparisons between steam 
and gas-driven plants. The generation and purification 
of producer-gas is next dealt with, the various types of 
“MAN.” producers being illustrated and described. 
This section is followed by a detailed illustrated descrip- 
tion of the latest design of Nuremberg double-acting gas- 
——— with particulars of their working on blast-furnace 
and coke-oven gases, and on producer-gas from lignite. 
Numerous illustrations of plants employing these engines 
for blast-furnace blowing and for electric power pro- 
duction are included in the catalogue, which will be found 
particularly interesting to managers of iron and steel 
works and other large power users. 


Stirling Water-Tube Boilers.—We have received from 
the Stirling Boiler Company, Limited, 58, Victoria-street, 
Westminster, 8S. W., a copy of their latest catalogue. This 
catalogue illustrates, and fully describes the Stirling 
boiler, and draws particular attention to its advan 
over Lancashire and other shell-type boilers, supporting 
these claims by means of figures supplied by users who have 
replaced other boilers by Stirling boilers, and also b 
means of com tive tests. These boilers are we 
adapted for utilising waste heat from industrial furnaces, 
and for firing with blast-furnace and coke-oven gases ; 
illustrations of boilers arran for these purposes, are 
given, together with the results of tests. The catalogue 
also illustrates and briefly describes the Stirling turbine- 
tube cleaners, an independently-fired superheater, and 
the firm’s standard burning furnace. The prin- 
cipal dimensions and some general particulars, in tabular 
form, are given of 70 different standard boilers, in which 
the heating-surface ranges from 212 to 10,675 square feet. 


Oxy-Acetylene Welding.—From the Thorn and Hoddle 
Acetylene Company, Limited, 151, Victoria-street, West- 
minster, S.W., we have received a booklet relating to the 
aa cutting of metals by the oxy-acetylene blow- 
pipe. ices and particulars are given of ‘‘ Incanto” 
acetylene generating and purifying apparatus, and also 
of five sizes of i the largest of which is suitable 
for welding iron and steel plates up to = in thickness. 
An oxygen pressure-regulator, and an hydraulic safety- 
valve, are also illustrated and descri The latter 


device is a water-seal to prevent oxygen flowing back 





along the acetylene supply-pipe in the event of the blow- 
pipe nozzle being stopped up. The booklet also illus- 
trates a number of examples of autogenous welding, and 
gives general instructions for the work, as well as parti- 
culars to enable the costs to be estimated approximately. 
The subject of metal-cutting by the oxy-acetylene blow- 
pipe is also dealt with; a special blow-pipe for this 
purpose is supplied. 

Hydro-Electric Power-Plant.—We have received from 
Messrs. Escher Wyss and Co., Limited, Army and 
Navy Mansions, 109, Victoria-street, Westminster, S.W., 
a pamphlet illustrating and describing the Brusio hydro- 
electric power-station at Campocologno, Grison, Switzer- 
land. e plant, which has a total output of 45,000 
horse - power, contains two impulse turbines of the 
Pelton-wheel type, each of 4600 horse-power, eight of 
3500 horse-power, two Girard turbines, of 3500 horse- 
power—all coupled to three-phase alternators, and four 
turbines of 250 horse-power driving the exciters; two 
of these exciter turbines are of the high-pressure im- 
pulse type, and two of the Girard type. Water is 
supplied to the turbines at a head of 420 metres, being 
conveyed through a tunnel and steel-pipe line from Lake 
Poschiavino. urrent is generated at 7000 volts, 50 
cycles, and transmitted over the Swiss-Italian frontier 
to a transformer-station, where it is stepped up to 50,000 
volts, and distributed for various industrial pu es in 
Northern Italy. The pamphlet, which is very fully illus- 
trated by reproductions of drawings and photographs, 
describes in detail the pipe line, impulse turbines, and 

vernors, all of which were designed and constructed by 

Jessrs. Escher Wyss. 


** Climax” Water-Tube Boiler.—From Messrs. B. R. 
Rowland and Co., Limited, Climax Works, Reddish, 
near Manchester, we have received pamphlets dealin 
with the ‘‘Climax” water-tube boiler. The gene 
features of these well-known boilers are fully explained, 
and illustrations clearly showing their construction are 
included. The leading dimensions and other particulars 
are given of fourteen sizes ranging from 50 to 1000 horse- 
power, the outputs being on a steam moe ma 
of 30 lb. per horse-power hour. Two of the pamphlets, 
one of which is printed in Spanish, deal with boilers 
arranged for burning m bagasse, and describe the 
“* Climax” furnace for this pu . The furnace consists 
of a separate cylindrical steel chamber lined with fire- 
brick, and having at the top a special hopper for feeding 
the fuel, which is consumed on a flat circular grate near 
the bottom of the chamber. The grate may be either 
fixed or of the rotating type, the latter being preferable. 
The air supply for combustion is admitted near the top 
of the ens od and passes down vertical conduits in the 
firebrick lining into a space beneath the grate. By this 
arrangement the air is pre-heated, and a considerable 
reduction is effected in the amount of heat lost by radia- 
tion. From the furnace the hot gases are led through a 
firebrick flue to a ‘‘ Climax” boiler of usual construction. 
A number of these furnaces are in use on sugar estates in 
different parts of the world, and very satisfactory results 
have been obtained from them. 


Water Filters and Softeners.—A pamphlet on the fil- 
tration and softening of water has been published by 
Messrs. Bell Brothers, Calder Iron Works, Ravensthorpe, 
Yorks. The pamphlet, which is a very creditable pro- 
duction, first deals briefly with the general question of 
water purification and then describes the Bell mecha- 
nical pressure filters, pointing out their advantages over 
—— sand filters. The Bell filters consist of a vertical 
steel cylinder containing a bed composed of grains of silica. 
The water to be filtered, to which sulphate of alumina 
has been added, is admitted to the top of the bed and 
withdrawn through strainers which cover the whole area 
of the bottom part of the filter. The sulphate of alumina 
acts partly as a coagulant and partly by forming a gela- 
tinous film on the filter-bed, which constitutes a very 
efficient filtering medium. At intervals the bed is cleaned 
by stirring it with rotary rakes embedded in the filtering 
medium, filtered water being supplied at the same time 
through holes in the rake arms and also from the bottom 
of the bed by reversing the normal direction of flow. 
In this way the foul matter collected in the filter is 
completely removed, and the ordinary process of filtra- 
tion is then resumed. The pamphlet also deals with 
the firm’s water-softening system, which may be used 
in conjunction with the filters. A large number of 
installations of filters, some of which are combined 
with softeners, are illustrated, and particulars given 
of each. Analyses and bacteriological tests of water, 
before and after treatment. are given for several of these 
installations. 





THE GERMAN Navy.—The German cruiser Augsburg 
attained on her trial trips an average speed of 264 knots. 
This result was due to the satisfactory working of the 
Parsons turbines with which the vessel is fitted. 





Paper FROM Bivux Gum TimBer.—We understand that 
a project is on foot for the manufacture of paper from 
Australian timber, and blue gum has been tested in 
the ——— in Great Britain with this in view ; the 
result has been a product which is said to be equal to 
per made from the African esparto grass. heap, 
imsy paper was not the object of these tests, for it has 
been found that the blue gum tree is not well adapted for 
the common kinds of paper, a good class of paper being 
the object of the experiments. The factory will probably 
be in Tasmania. It is to be hoped that the reckless 
destruction of timber will be discountenanced, and that 
re-planting will be enforced. It és said that 250,000. will 
be invested in the undertaking. 
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SOME TESTS ON WHITE ANTI-FRICTION 
BEARING METALS.* 


By C. Atrrep M. Smiru, M.Sc. (Assistant Professor of 
Engineering, East London Coll University of 
London), and H. J. Humpurtss, M. Inst. M.M. (Metal- 
lurgist to the Atlas Metal and Alloys Company, 
Limited). 

AN ap) made to manufacturers by the first President 

of the Institute, Sir William White,} followed the read 

ing of a paper on “The Elastic Breakdown of Non- 

Ferrous Metals,” by one of the present authors, was one 

of the factors which induced the second author of the pre- 

sent paper to approach the writer of that paper su t- 

ing certain research work in a somewhat different 4 

tion to that which had already been pursued in testing 

white anti-friction bearing metals. 

At the outset it will be well torefer to one of the diffi- 
culties connected with the question of publishing the 
results of these experiments. The directors of the manu- 
facturing company whose metals are chiefly the subject of 
the present paper were naturally not prepared to disclose 
to the public the precise formule of the alloys under test. 
It was decided, therefore, to select as a standard of com- 
parison a published formula of undoubted value. The 
standard metal of the Italian State Railways, referred 
to under the mark F.D.S. (Ferrovie Della Stato), for 
which the manufacturers in question have executed some 
large contracts, was selec as such standard of com- 
parison. The reason was that it closely approximates to 
the formula selected by Charpy for that alloy which has 
little brittleness with high resistance to compression. t 


The formule are as follows :— 
Tin. Antimony. Copper. 
Per Cent. Per Cent. Per Cent. 
F.D.8... ‘ 83.0 11.0 6.0 
Charpy 83.33 1L11 5.55 


Four other alloys were selected for comparison with 
thestandard. The chief difference between the standard 
and the four comparative alloys is that, in a ually 
extending degree, the 83 per cent. of tin in the former is 
replaced by lead in the latter. There is, of course, such 


@.1 ACTUAL AND NOMINAL STRESS STRAIN CURVE. 
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rearrangement of the antimony and ay ood proportions 
as experience has shown to be desirable where lead enters 
into the composition. It may be said, however, thateven 
in the alloy poorest in tin a very substantial percentage 
of that metal is present, and this paper does not profess 
to deal with 1 basis alloys at all, although such alloys 
undoubtedly serve a useful purpose in engineering 
practice. t 

It will be seen from the results given, that in some of 
the tests the most expensive alloy—that containing no 
lead—does not show the best results. 

So far as could be ascertained, there seems to be no 
standard mechanical tests for bearing metals, and the 
chief object of the present paper is to promote a discus- 
sion which will give some indication of the tests which 
practical men think are most suitable. 7 a 

Steel-users insist upon certain physical tests in addition 
to chemical analysis, and it would seem to be advan- 
tageous for some standard to be set for similar tests for 
the guidance of white-metai users. . . 

The most obvious test for a bearing metal is one which 
reproduces as nearly as is possible the actual conditions 
under which the material 1s used. Unfortunately, such 
conditions are very difficult to produce in a number of 
tests so as to give comparative results, and it was there- 
fore considered better to obtain the views of the members 
of the Institute on this and other matters before under- 
taking a long and possibly expensive series of tests. 

It is essential for commercial tests to be able to repeat 
easily the condition under which the experiments are 
made. Among the variables which obtain with friction 
tests—other than the materials tested—are the quantity 
and quality of the lubricant, the temperature, and the 
‘bedding in” of the bearing. Moreover, it is considered 
that, although it may be possible to overcome some of 
these difficulties in a college laboratory, such tests are not 
suitable for commercial purposes. hey are obviously 
more expensive than static tests. It must also be stated 
that there is at present no apparatus at the disposal of the 
authors for making these tests. It is, however, probable 
that, should the members of this Institute think them 
necessary, arrangements could be made for the subject to 
to be fully investigated. It should be remembered, more- 
over, that the primary object of this paper is to obtain a 
discussion on commercial methods of testing bearing 
metals. 

It is obviously essential that a bearing metal should be 


* Paper read before the Institute of Metals, January 
18, 1911. 

_+ Journal of the Institute of Metals, vol. ii., 1909, 
No. 2, page 216 

+ “L’ Etude sur les op my 
Contribution a la Pétude des 


blancs dits Anti-Friction,” 
Alliages.” 1901, page 203. 


strong and tough in order to withstand high pressures. 
There are also the questions of its durability, ease in fixing 
and replacing, corrodibility and cost. i 

Mechanical Tests.—The results of the various tests are 
given below, and great care was taken to ensure that all 
specimens were tested under almost exactly similar con- 
ditiona. Thusthe time of loading, the method of gripping 
specimen, &c., were carefully considered. 

Ingots were supplied bearing five different marks :— 


All the ingots were found on being worked to be quite 
sound and free from blow-holes. 
Tests carried out :—The materials were tested— 


(a) In tension to destruction. 
(b) In compression. 

(c) For hardness. : 
(d) In bending to destruction. 
(e) By impact. 

(f) Micrographically. 


Tensile Tests.—The specimens were turned round, and 
were of }sq. in. cross-section. The material proved in 
each case to be brittle, showing a fine-grained fracture 
like cast iron, with no measurable elongation. 

_— following ultimate tensile stresses were mea- 
sured :— 








Paris; Chamerot et Renouard, 





Tasix I, 
Specimen. Stress. Mean Stress, 
Tons per sq. in. 
F.D,S., 1 4.60 5.00 
F.D.S., 2 5.40 
A.M.A., 1 ; 5.98 5.86 
A.M.LA., 2 a. 5.74 
7.X.8.,A.1,1. 5.60 5.04 
T.X.8., A.1,2. 5.68 
7.x, 1 ; 5.28 5.82 
T.X.8., 2 5.36 
LR, i... 4.64 4.34 
M.B., 2. 4.04 
@.2. ACTUAL AND NOMINAL STRESS STRAIN CURVE. 
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Compression Tests.—The ingots were planed up in 1-in. 
cubes, and the length, breadth, and height of each cube 
were measured accurately with micrometers. Each cube 
was loaded up 1 ton at a time, and after each ton the 
specimen was taken out, and the length, breadth, and 
— were again measured accurately. Tests were also 
made to see whether any difference occurred when the 
material was tested in one direction of the ingot, or in a 
plane at right angles to it, but apparently there was no 
alteration in the effect. The method of procedure during 
the tests entailed a very large number of measurements, 
and on the twenty-four cubes tested about 1610 measure- 
ments were taken. By taking such a large number of 
observations the behaviour of the specimen throughout 
the whole test could be observed, and stress-strain curves 
were drawn out for each cube. 

In nearly every case the specimen began to give way 
ge at a stress of between 5 and 7 tons. Curves 

igs. 1 and 2 show this clearly, At this point the time 
effect was so noticeable that it was further investigated. 
Soon after the specimen began to yield, ‘‘shear ” lines 
—— along the sides of the cube at angles of 45 deg., 
and later on large vertical cracks also appeared. When 
these cracks ap the volume increased. 

It was practically impossible to measure either the 
yield-point or the breaking load of these alloys, because 
neither is clearly defined. Signs of fracture began to 
appear in the F.D.S. specimens at a stress of about 9 tons, 
and in the M.B. specimens at a little less than 6 tons 
stress. In all of the specimens the yield-point seemed 
to be near to these same stresses; there was no definite 
fracture. As will be seen later, some of the cubes carried 
a load of 50 tons, which simply flattened them out. 

A large number of preliminary compression tests were 
made. Various shapes were tried, and in all some fifty 
a oe were tested. Finally, it was decided to use 
the inch cubes, and careful note was made of the time 
during which the load was allowed to remain on the 
materia]. The results show the average strain (per cent. ) 
for a 6-ton load—approximately 6 tons stress—obtained 
as a mean of tests on four specimens. The real com- 
parison, therefore, of the behaviour of the metals is the 
av e strain. The 6-ton load was on the specimens 
for fifteen minutes ; the percentage strain was obtained 
by micrometer measurements. Sensitive extensometers 
were considered unsuitable for commercial work. It will 
be seen that these cumparative figures vary much more 
than those obtained by other tests, 








There would have been the same relative order, but far 
less variation, if some lower load, say 2 tons, had been 
selected. Unfortunately, with the harder materials, the 
distortion at such a ] is so small that comparative 
figures would be difficult to obtain. While every endea- 
vour was made to ensure the best conditions of loading, 
neither the plates of the machine nor the sides of the 
cube were parallel within a thousandth part of an inch. 

Therefore it would seem that the strain column gives 
us a rough, but by no means rigid, method of comparison 
of the materials. It 1s, om ae g noticeable that compres- 
sion tests are not very satisfactory except for a very 
brittle material, such as castiron. It would cqeue to be 
more satisfactory to make hardness tests to obtain more 
rigid values of the relative properties of the materials for 
a compression loads. 


e results of the compression tests are as follow :— 
Taste IT. 
Mean Stress. 
Specimen. Tons Per Sq. In. ——— 
at 6-Ton Load. ns 
Per Cent. Per Cent. 
F.D.S. 5.98 1.45 
A.M. A, 5.95 0.66 
T.X.8.,A. 1 5.88 3.12 
C28. .. 6.98 4.07 
* oe 5.84 30.63 


Time Effect in Compression Tests.—One very remarkable 
characteristic of all these white metals, was that there was 
4 7 large time effect at loads of about 8 or 9 tons. The 
meta. ‘pe to yield, this yielding continuing for some 
jar _The beam of the testing-machine could be seen 

ropping. 

en this was first noticed it was considered very 
desirable to determine exactly the effect that time had 
on the material under stress. When a load of 9 tons was 
employed the time was taken, and the distance between 
the two steel plates between which the metal was com- 
was measured every two or three minutes by 

means of sliding calipers. These measurements were 
taken until the contraction in the specimen during the 
time between two consecutive readi grew very small. 
The duration of time over which these measurements 


Ftg.3.STRAIN-TIME CURVE OBTAINED 
DURING COMPRESSION TEST AT 9 TONS. 
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were taken was 20 or 30 minutes, and in this time one 
specimen contracted as much as 0.4 in., or 48 per cent. of 
depth of cube at commencement of time test. 

‘ime-strain curves were drawn from these results ; an 
example of one is given in Fig. 3. It will be seen that the 
rate of contraction of the specimen becomes less and less 
as the time increased. 

In the hardness tests also the effect of time was notice- 
able, and it is considered that in such tests the time 
during which the load is applied should be specified. 

Hardness Tests.—It is noticeable that in this country 
the study of the relative hardness of the materials used in 
engineering construction has been somewhat neglected. 
In consequence, our standards of hardness are determined 
from the Continental units of length, &c. The method 
employed in ascertaining the comparative hardness of 
these varieties of bearing metal is that known as Brinell’s. 
It consists of pressing, under a certain load, a hard steel 
ball into the polished surface of the specimen. The 
diameter of the impression made by the ball is then 
measured accurately; in these tests this was done by 
means of a microscope. Brinell’s “hardness number” is 
given as equal to 


Load (in kilogrammes) 
Area of curved surface (square millimetres) 
P 


"tr (p—a/e - _) 


P is load on ball in kil mmes. 
r is radius of ball in millimetres. 
D is diameter of impression in millimetres. 


where 


As the *‘ hardness number ” given by Brinell’s* method 
varies slightly with the diameter of ball and the amount 
of the load, he specified that a ball 10 mm. in diameter 
and a load of 500 kg. should be used. In these tests a 
ball of diameter # in. = 9.525 mm., and a load of 0.5 ton 
= 508 kg., were employed. A close approximation to 
Brinell’s conditions was thus obtained. 

On each specimen of material five or more hardness 
tests were made under different conditions. The load 
was allowed to remain on for 1 minute at 0.2 Aon, 0.5 ton, 


* Wahlberg, Journal of the Iron and Steel Institute 
1901, No. 1, page 243. 
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and 1.0 ton. The load of 1 ton was also allowed to remain 
on for 5 minutes and for 20 minutes. The effect of the 
time on the behaviour of the material under load was thus 
shown. The ‘“‘hardness numbers” obtained for the 
different varieties with a load of 0.5 ton for 1 minute 
were as follows :— 
F.D.S., 30.8; A.M.A., 30.1; T.X.S., Al, 22.3; 
T.X.S., 20.5; M.B., 17.2. 


Bending Tests.—The specimens were rectangular beams 
Zin. deep by about 1,,in. wide. They were supported 
at points 10 in. apart, and were loaded centrally. 

he skin stress at fracture was determined ; also the 
permanent dip of the beams at fracture was recorded, 
and this enabled a comparison to be made of the distor- 
tion which the materials could bear. 









































Tasie ITI. 
— r Maximum Maximum 
Specimen. Width. Depth. Load. Stress. Deflection. 
in. in. Ib. tns p. sq. in. in. 

F.D.S8. ly j at) 8.60 0.33 
A.M.A. lys 935 8 48 0.29 
T.X.8., A.l ly, 875 7.93 0.50 
T.X.S. 1g ; 825 7.13 0.57 
M.B. Lys 4 700 6.34 0.68 





Pra. 7. 


It will be noticed;that M.B. yielded more than twice as 
much as F.D.S. or A.M.A, 
Impact Tests.—Rectangular specimens were used, about 
Lin. wide, } in. thick. They had notches on each side 
Tasie IV. 
Energy per 


Sq. Inch. Mean. 


2.987 


2.417 
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1.945 


Som Ho 


about in. deep. The specimens were firmly gripped 
in a vice at the level of the notches, and fractured by a 
pendulum bob. The energy of the ball was observed 





before and after hitting the specimen. Hence the energy 
in foot-pounds per square inch of section torn was 
calculated. 
Summary OF RESULTS. 
TABLE V. 
Compres- £3 g . | 3s 
don. , $2 Bending. | #3 
gf 6 | = 
Es 58 | § 
; @ h DR ” a 2s 
Sete. | oe z ~# ‘ | fel. 57 
|e, : 2 1] @Q 5 allt 2 a = 
~ =| a on s ~ ens 
g A £e Las CEs 4 DQ 5 2 § 
Se i365 882 £58\$s 32/55 
gh) 50 gee gax Sk 25 | Fae 
F.D.S. ..| 5.978) 1.45, 5.40 30.8 8.60 | 0.33 2.99 
A.M.A. ..| 5,943 | 0.66, 5.86 30.1 8.48 | 0.29) 3.48 
T.X.S., A. 1/5.878| 3.12| 5.64 22.3 | 7.93 | 0.50} 2.42 
T.X.8. .-| 5.082) 4.07) 5.32 20.5 7.18 | 0.57 1.89 
M.B. .| 5.839 | 30.63 4.34 17.2 6.34 | 0.68 1.94 
A study of the above table reveals the fact that there 
|seems to be very little difference between the metals 
| F.D.S. and A.M.A., so far as the physical characteristics 
are concerned. In some of the tests the A.M.A. metal is 
|superior to F.D.S. It was practically impossible to 


measure the breaking loads of these metals in the com- 





pre sion tests The elongations are not recorded for th® 
tension tests, as they were too small to be measured 
accurately with ordinary workshop appliances. 

There was very much less distortion when the com- 
pression load remained on the metals for a short interval 
of time, say one minute. All of these metals would carry 
considerably higher loads for a few seconds. The fifteen 
minutes’ compression test may be considered as a severe 
trial of the metals. 

The material M.B. was the only one which was very 
much distorted after carrying for fifteen minutes a load of 
6 tons. This is explained by the fact of it being the alloy 
containing the highest percentage of lead. It is really on 
the border line between tin basis alloys and lead basis 
alloys. It may here be remarked, however, that even the 
M.B. satisfactorily withstood loads and stresses far in 
excess of any that would be used by designers of bearings 
for practical work ; while the other alloys showed a very 
large margin of safety. 

Microscopical Examination.—For the microscopic 
examination specimens were obtained from the test- bars 
before applying any tests, and also from the specimens 
after being subjected to compression. These specimens 
were polished in the usual manner on Hubert’s French 
emery paper Nos. 0, 00, 000, and 0000 successively, the 
final polishing being effected on chamois leather with 
Globe polish. The polished surface was then etched with 
concentrated hydrochloric acid, and examined on a Zeiss 
—— at a magnification of 100 diameters. 

_ The specimens taken from the test-pieces after subjec- 
tion to compressive stresses of about 6 tons, given in | 
Table II., showed so little disturbance of the original | 
structure that it was deemed desirable to secure further 
specimens from test-pieces which had been subjected to a 
compressive stress of 50 tons. From’ a number of photo- 
graphs obtained, a few only have been selected to indicate 
the general type of structure of these alloys and the effect 
of the compression on same, , 





Fig. 4 shows the structure of the original F.D.S. alloy 
in which will be observed distinct cu of SnSb, and 
star-shaped crystals of SnCu; in a ground mass consisting 
mostly of solid solution.* z 

Fig. 5 shows the same specimen after compression 
under 20 tons, in which it will be seen that the SnSb 
crystals have well maintained their shape, whereas the 
star-shaped crystals have been flattened out by the flow 
of the softer matrix. 

Figs. 6 and 7 show the original and compressed struc- 
ture of specimens A.M.A., and Figs. 8 and 9 the same of 
specimen T.X.8., A.1. . 

Owing to the limitations of space, it has been impos- 
sible to include a larger range of pectapeegte 

Conclusions.—The above results show the physical 
characteristics of the various materials, and it is for the 
members to discuss their relative importance. It is very 
much less difficult to make such tests than to run friction 
tests, and it would appear, therefore, to be an advantage 
if some definite decision could be come to concerning the 
most suitable physical tests for such metals. 

The results of the microscop:c examination show dis- 
tinctly that the SnSb crystals are not materially affected 
under very considerable pressure. The SnCu; crystals, 
although materially deflected by the flow, evidently must 
exert a considerable influence in strengthening the struc- 
ture. 

The authors wish to express their thanks to the authori- 
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| ties of the East London College for the facilities afforded 
for the tests; to Messrs. H. L. Morgan and I. D. Sky, 
senior students of the College, who assisted greatly in the 
tests and the pre ration of apparatus ; and to Mr. C. O. 
Bannister, A. ‘SM. for assistance and advice in con- 
nection with the preparation of the photo-micrographs. 
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Tuk SwepisH TELEPHONE.—The well-known Swedish 
firm of L. M. Ericsson has, during 1910, beaten its own 
record, having from the works in Stockholm turned out 
no less than 86,575 complete telephone apparatus, bringing 
the aggregate to 901,676. The works employ 1250 hands. 


* For the part played by these crystals in the utility of 
metals, see Law’s ‘ Alloys,” 
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‘‘ENGINEERING” ILLUSTRATED PATENT 
RECOR 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE ACT OF 1907. 
The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned, the Specification is not 
illustrated. 
Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 
Copies of Specifications may be obtained at the Patent Office, Sale 
Rrench, 25, Southampton Buildings, Chancery-lane, W.C., at 
the es per ates of 8d. 
The date of the advertisement of the 


Patent has been , when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the eptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
‘Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


18,591/10. A. P. capaho, G. C. Lundberg, and 
Pp. A. Lundberg, London. ectric Switches. [2 Figs.) 
August 6, 1910.—This invention has relation to electric switches of 
the tumbler type. The actuating lever is constructed in two 
parts 2, 3, and these two parts are connec’ together in such- 
wise that they are capable of a certain amount of movement the 
one independently of the other. Ia accordance with this inven- 
tion, the one part 3 of the actuating lever is hollowed or bored out 
at 7, and the other part 2 is fitted into said hollowed or bored- 
out portion, a spring 8 and plunger 9 being also arranged within 
the hollowed or bored-out portion with the plunger pressing upon 
the end of the part 2 of the lever. When the part 3 of the 
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actuating lever is moved on the pin 1, the lower edge of one side 
of the wall of the hole 7 comes into contact with the part 2. The 
latter is caused by the pressure thus exerted to turn upon the 
pin 1. When the switch movement has been moved through a 
certain distance so that the switch-spring is sufficiently stressed, 
the switch-spring causes the switch movement to complete its 
movement, and also causes the t 2 to turn on the pin 1 in 
advance of the part 3, and the breaking of the circuit is indepen- 
dent of the full movement of the part 3. Owing to the provision 
of the spring 8 and plunger 9 the small amount of lost motion 
between the parts 2 and 3 is not felt, oris scarcely felt. (4 ccepted 
November 30, 1910.) 


27,968/09. M. er, Hale. Dynamo-Electric 
Machines. [4 Figs.] November 30, 1909.—According to this 
invention, the winding of a commutator pole is provided with a 
considerably greater number of turns than would ordinarily be 
employed, and is connected between two commutator brushes of 
the saine polarity, forming parts of a sub-divided current-collect- 
ing device, which is connected to the external circuit of the 
machine. The po tion of the dynamo-electric machine illustrated 
comprises a main pole 1 and commutating poles 2.3. The arma- 
ture of the machine is indicated at 4, and is provided with the usual 
slots for the reception of the armature w nding, a single coil of 
which is indicated as having its terminals connected to two seg- 
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ments 7, 8 of the commutator. Other commutator segments are 
indicated. A single collecting device is shown in the figure, and 
comprises two distinct portions or brushes 13, 14, which are located 
close together. The direction of rotation of the armature is indi- 
cated by the arrow, and the forward brush 13 is connected in 
series with the exciting winding 15 of the commutating pole 3 to 
the conductor 17 leading to the external circuit to which the 
machine is connected, the backward brush 14 being connected in 
series with a resistance 16 to one end of the exciting winding 15, 
as shown in the figure. The main pole 1 of the machine is pro- 
vided with the usual series field winding 18 and shunt field wind- 
ing 19%. (Accepted November 30, 1910.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


27,291/09. Gibbons Brothers, Limited, R. Masters 
and M. Van Marle, Dudley. Gas-Re (6 Figs.) 
November 23, 1909.—According to the present invention, a gas- 
producer is combined in the same structure as a vertical retort 
or retorts, and is provided with a vertical up-cast shaft between 
the retorts and up which the from the producer rise, the 
secondary air meeting the gases as the latter out of the pro- 
ducer, which are thereby thorough! busted, the combusted 
gases then rising straight up the middle of the retort setting and 
ranching off at each side into and through the various horizontal 
compartments. In addition, dampers are so arranged as to con- 
trol the cases flowing out of the setting, the whole ensuring slow 
combustion and enabling the retort or retorts to be heated uni- 
formly through its or their length, and the heat to be diminished 
or Hoey egpe ip some part or parts as may be found necessary in 
’ re er to obtain the best results. In carrying out this invention, 
‘he vertical retorts are by preference, although not necessarily, 
srranged in any number of pairs in a setting, say, for instance, 
one pairas illustrated. The retorts, which are respectively marked 





tance of a Complete | 
Specification is, in each case, given after the abstract, unless the | 


comprises the gas-producer C and the regenerator D for heating the 
retorts, or the gas for heating the retorts is supplied from a separate 
source. The gas-producer O the regenerator D are arran 

underneath the retorts with the dary air-pa: 3 in the 
regenerator D arranged between and heated by the = flues. 
The pair of retorts A, B are arran back to back, the lower 
parts of the retorts curving outwardly so that the bottom outlet 
2 and the retort A is at one side of the setting, whilst the bottom 
outlet 2 and the other retort B is at the other side of the setting. 
The charging mouth 5 of the gas-producer C can be conveniently 
on the third side of the setting, that is the side which is at right 
angles to the retort outlets 2, The retorts are arranged at a con- 
venient distance apart, and the wider walls are supported by 
vertical brick piers or blocks, and by horizontal tiles forming a 
series of horizontal floors or partitions 11 and heat flues 12 
between the tiles af certain distances apart one above the other 
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between and around the retorts, and between the retoris and the 
outer walls 13 of the setting. At the centre of the setting, between 
the retorts A, B, there is an upcast passage 15, at the bottom of 
which the mixed gas and air in combustion enter from the gas- 
producer C and the regenerator D and pass up and into the heat 
spaces between the floors 11, and at the two opposite sides of the 
retorts there are two downcast passages with a divisional vertical 
wall between them, so that each of these downcast passages com- 
municates with the heat spaces 12 and leads away the spent gases 
to the regenerator D, and so on through the regenerator to the 
main spent gas flue leading to the stack. Thus between every 
pair of floors 11 formed by the tiles the heat from the central up- 
cast flue 15 passes between the retorts and round both retorts to 
the opposite sides of the same and then down the outlets to the 
spent gas flues. The outlets between each pair of floors are each 
regulated by aseparate damper. (Accepted November 30, 1910.) 


14,278/10. Societe Anonyme des Anciens Etablisse- 
ments Panhard and , Pa France. In- 
ternal-Compbustion es. (3 Figs.) June 13, 1910.— 
This invention is characterised by the concentric arrangement 
of the suction and exhaust valves of a cylinder of an explosion 
engine, the valves being controlled by a double-acting lever 
which, when moved in one direction, opens a valve, and when 
moved in the other direction, opens a second valve. The lever 
receives its movement from a controlling rod in contact with a 
cam mounted on the cam-shaft of the engine. In Fig. 1, 0 is the 
cylinder, the opening at the end of which is closed by a breech 
part 2, held in place by means of flanges and bolts. The breech 
part 2 is provided along its axis with a cylindrical orifice in 
communication with two superposed annular recesses ; the ower 
recess 3 being for exhaust, and the upper recess 4 for suction. 
These two orifices communicate with the exterior respectively 
by means of exhaust orifice 5 and suction orifice 6. Through the 
central opening of the breech part passes an exhaust valve 7 
— with a diaphragm 8 arranged at the level of the upper 
edge of the annular ti hamber 4. Openings 9 in the wall 
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of the valve, below the diaphragm 8, establish communication 
with the suction opening. e upper end of the exhaust valve 7 
is closed by a cap, against the outer edges of which rests a spring 11 
resting at the other end on the breech. Under the action of the 
spring, the edges of the valve 7 are held in contact, with a certain 
amount of pressure, with the breech 2, and thus prevent any com- 
munication between the cylinder and the exhaust conduit. 
Through the axis of the exhaust-valve passes the spindle of the 
suction-valve 12. To that end the diaphragm 8 is provided with a 
sleeve provided with a hole forming a guide for the spindle of the 
suction-valve. The enlarged portion of the suction-valve closes 
the suction conduit by resting either against the breech, as 
shown, or the edge of the exhaust-valve. The suction-valve 
is held against its seat by a ng 16. The control of the valves 


is effected by means of the double-acting lever 18. One end of 
the lever is bifurcated, and passes above the cap of the exhaust- 
valve 7. Above the ends of the said fork of the double-acting 
lever (Fig. 2) are arranged two small balance-beams 22, 22, the 
lane of oscillation of which is at a right angle to that of the 


their other end with the top of the spindle of the suction-valve 12. 
For describing the working of the device it will be assumed that 
the piston of the engine is at the beginning of the suction stroke. 
At that moment, owing to the shape of the cam, the rod 25, under 
the action of a spring, descends and oscillates the lever 18, the 
ends of the fork of which oscillate the balance-beams 22, 22, 
and open the suction-valve 12. The combustible gases enter 
the cylinder through the orifices 6, 4, 9 and through the exhaust- 
valve, the latter holding the exhaust-opening closed by the pres- 
sure of the spring 11, and the force exerci in the same direc- 
tion by the balance-beams 22, 22 on their supports. At the end 
of the suction period, the cam brings the lever 18 back to its hori- 
zontal or central position corresponding to the closing of the two 
valves. The two riods of com ion and of. combustion 
followed by expansion succeed each other afterwards, without 
any modification in the closed position of the valves. At the end 
of the expansion period, the cam by raising the rod 25, oscillates 
the lever 18, which, by pressing on the cap of the exhaust-valve, 
forces the latter to open the exhaust conduit through which the 
combustion gases can escape. The exhaust valve cariies in its 
movement the suction valve, which keeps the communication with 
the suction conduit cut off. (Accepted November 30, 1910.) 


GUNS AND EXPLOSIVES. 


12,937/10. E. Schneider, Le Creusot, France. 
Breech-Mechanism. [5 Migs.) May 27, 1910.—This inven- 
tion relates to breech-mechanism, According to this invention, 
the breech-block is so constructed and arranged that when it is 
in the closed position it presents a plane surface opposite the bore 
of the gun; for this pu , the geometrical axis of the concen- 
tric threads of the breech-block is eccentric relatively to the axis 
of the gun, the front part of the block being bounded by a cylin- 
drical surface concentric with the threads and having its forward 
portion truncated. The novel breech, like known breeches with con- 
centric threads, comprises a block bounded laterally by two planes 
b, parallel with the plane of the vertical axis of the gun, and where 
threads c in the form of arcs of circles having a common geome- 
trical axis d, d perpendicular to the said plane }, } are formed. 
The axis d, d, instead of intersecting the axis x, 2 of the gun, is 
eccentric relatively to the latter, that -is to say, it projects verti- 
ca'ly at a point ¢ separated by a certain distance / from the axis 
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of the gun. In front, the breech-block is bounded by a cylindrica 
surface a having the same axis d, d as the threads c, but for a 
portion of its extent this surface is made flat in such a manner 
as to present opposite the bore of the gun in the breech 
closed position (Figs. 1 and 3) a plane portion a'. As shown 
in the drawing, this permits of employing flat-bottomed cart- 
ridge cases. It will, of course, be understood that a housing, 
the form of which corresponds to that of the block described, is 
reserved for the latter at the rear of the gun. The eccentricity A 
of the axis d,d is selected in such a manner that when the breech 
is opened by rotation in its housing around this axis, the flat a! 
of the block immediately separates from the flat bottom of the 
cartridge-case. It will, of course, be understood that in the 
breech-block and in its housing suitable cavities are provided for 
the fitting and operation of the usual firing and cartridge-extract- 
ing parts and thelike. The block may be operated by a lever j 
either fitted to or integral with it. As shown in Figs. 1 and 2, it 
may present at its upper part a cylindrical cavity k forming a 
=e when the breech is open. (Accepted November 30, 
10. 


HYDRAULIC MACHINERY. 


27,562/09. A. G. Hopper, Leeds. Myéreutie Presses. 
{4 Figs.) November 26, 1909.—This invention has reference to 
regulating means for the pressure of the fluid in hydraulic presses 


and consists in the application to regulating means desc: in 
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specification No. 507, of 1905, of a known construction of valve 
which will enable the admission of pressure and the exhaust to be 





ever 18. The pivot-pins of the balance-beams 22, 22 are secured to 





and B, are, by preference, of large size. The retort setting also 


the cap of the exhaust-valve, and the beams come into contact at 





controlled by a single operation instead of by the manipulation of 
two separate valves. a is the valve casing, b is the low-pressure 
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admission pipe, c is the exhaust, d is the high pressure admission 
pipe, and ¢ is the pipe which leads to the press. / is the hand- 
operated throttle for the low-pressure. g is the automatic choke- 
valve controlled by the weight h. iis the combination admission 
and exhaust-valve, j is the high-pressure hand-operated adjustable 
throttle, k is the automatic high-pressure choke-valve, and 1 is the 
automatic change cock, controlled by the weight l', for changing 
the low-pressure to the high-pressure at the ay ol time. The 

bination admission and exhaust valve i, which is seen best in 
Figs. 1 and 2, consists of a screw spindle m ing through the 
chamber n of the exhaust pipe ¢ and provided with a conical sur- 
face adapted to fit aseating on the outside of the inlet to the said 
chamber. 0 is a check-valve placed in line with the spindle m in 
the course of the low-pressure fluid. The arrangement is such 
that as the spindle m is screwed down and the inlet to the 
exhaust chamber n is opened, the valve o will be fixed to its seat 
and admission of pressure thereby cut of. When the inlet to the 
exhaust is closed, the check-valve is free to rise and admit the 
low-pressure through the pipe b. It will thus be seen that the 
separate manipulation of the exhaust and admission valves is 
rendered unnecessary. (Accepted November 30, 1910.) 


MOTOR ROAD VEHICLES. 


19,741/10. K. I. Crossley and A. W. Reeves, Man- 
chester. Motor Road Vehicles. [4 Figs.) August 24, 
1910.--This invention relates to attachment for the front wheels 
of motor road-vehicles of the type in which the steering pivot has 
been placed in front of, or in the plane of, the vertical, or approxi- 
mately vertical, centre-line of the wheel, and the improvements 
consist first in placing the axle swivel-pin in front of the steering- 
wheel centre in the vertical plane of such wheel, and at such an 
angle to the vertical centre-line of the wheel that the centre-line 
of the swivel-pin, if produced, will intersect the vertical centre- 
line of the wheel at the point of contact with the ground; 
secondly, in means whereby the swivelling hub is directly linked 
to the transverse connecting-rod which couples both wheels to the 
steering mechanism ; and, thirdly, in such an arrangement of the 
parts and attachments as will permit the use of a detachable 
wheel. a is the axle having jaw-shaped ends, / the hollow swivel- 




















pin free to rotate in the axle jaws, and to which is securely 
attached the combined bearing housing and brake-shoe anchorage 
dises d, The brake drume is securely mounted on a bearing pin f 
upon which is mounted the ball bearings contained in the hous- 
ing d. The cylindrical portion of the brake drum e is formed, as 
shown, to accommodate the hub shell /! of the detachable wheel h, 
and is positively connected to the brake drum ¢ through the 
medium of driving studs. By placing the centre-line of the hollow 
awis el-pin bin front of the wheel-centre m, and at such an angle 
that this centre-line, if produced, will intersect the point of con- 
tact of the tyre with the road, the geometry of the steering gear 
is so arranged that the centre of the coupling-pin n of the trans- 
verse steering-rod q fa'le within and upon the metal forming the 
brake-shoe anchorage-disc d, bosses being formed on this disc to 
accommodate the pin n, which is insefted from the underside and 
suitably secured. (Accepted November 30, 1910.) 


PRINTING AND ALLIED MACHINERY. 


50,555 /00. J. D. Ratcliff and W. H. Ratcliff, Leeds, 
Flat-Bed Printing-Machines. (2 Figs.) December 31, 
1909.—This invention relates to flat-bed printing-machines of the 
off-set type. According to the invention, the —— cylinder 7 
is made half the diameter of the transfer cylinder 5, and the 
impression cylinder 7 is geared with the transfer cylinder 5 so as 
to run at the same surface speed and make two revolutions to one 
of the transfer cylinder 5. This half-size impression cylinder 7 is 
set at an angle to the transfer cylinder 5 over the inking-rollers 3 
between side-frames, which latter are extended, and carry ‘an 
inclined feed-board 9, down which the sheets of paper to be printed 
are fed to the grippers of the impression cylinder7. After a sheet 
of paper has been fed to the grippers, the impression-cylinder 7 is 
caused to make two revolutions to one of the transfer cylinder 5, 
and then stop ready to take up the next sheet of paper fed down 
the inclined board 9; the first revolution having the effect of 
causing the sheet to take the impression off the transfer-cylinder 5 
and the second -revolution of allowing the printed sheet to be 








(90 $53) -& beg Wes ae 

removed while passing the blank half of the transfer-cylinder 5. 
For this purpose, the grippers of the impression-cylinder 7 are 
caused to release the front edge of the printed sheet at the com- 
pletion of its first revolution, when the front edge of the sheet is 
slightly lifted by operating fingers provided within the impres- 
sion-cylinder 7, Over the transfer cylinder 5, and in close 
proximity to the grippers of the impression-cylinder 7, are pro- 
vided -delivery fingers over which the front edge of the released 
printed sheet is caused to so that during the second revolu- 
tion of the impression-cylinder 7 the printed sheet is by means of 
the ee removed printed side uppermost ; and in con- 
a with the delivery-fingers is provided an endless belt or 
»and 13 by which the printed sheet is carried away to an inclined 
delivery-board 14 situated at the opposite side of the cylinders of 
the machine to that of the feed-board 9. In this way the printed 
sheets coming from the impression-cylinder 7 are retained printed 
side uppermost throughout their travel to the delivery board 14. 
(Accepted November 30, 1910.) 





RAILWAYS AND TRAMWAYS. 


27,550/09. The Metropolitan Amalgamated Rail- 
way Garsioge ong W on Company, Limited, and 
W. H. Wigley, way Wagons. 
(7 Figs.) November 26, 1909.—This invention relates to disc! - 
ing wagons, and has more particularly [for its object to provide 
improved means for operating the discharging doors of the ty 

permitting the. material to be discharged centrally from the 
wagon or from one or other or both sides. At both ends of the 
space in which the doors a are arranged a stout end-plate 6! is 
secured, and is provided with quadrant slots c, cl and d, d!, and 
in these slots work trunnions e, e! and /, f1, which project from 
the doors. The trunnions é, e project from one door of a pair, 
and f, f1 from the other, and the trunnions, ¢, ¢! engage the slots 
e, cl, and f, f1 engage the slots d, d!, The trunnions e and / are 
on the — edges of the doors, and the trunnions e!, f1 on the 
lower edges, so that the upper edges of the doors work by their 














trunnions in the slots c and d, and the lower edges in the slots c! 
and d}, At or near each end, the rs are connected to les 
f: gi, h, h}, both the top edge and the bottom edge of each door 

aving a separate toggle, which may be separately operated to 
cause the raising or lowering of that edge of the door. By the 
operation of the toggles ag kh! the lower edges of the doors may 
be lowered by means of the quadrant slots c!, d!, so that the doors 
hinge on their upper edges, and — the bottom of the wagon at 
the centre, thus giving central discharge, or one door may be 
kept closed, and the other opened by lowering its top edge, so 
that it hinges on the bottom. This will give discharge to one 
side only, but by lowering the upper edges of each door by toggles 
g, h, and holding the lower edges at rest by toggles g!, h!, the 
discharge takes place on both sides.’ Three controls are pro- 
vided at each end of the wagon in the form of hand-wheels on 
driving shafts. (Accepted November 30, 1910.) 


SHIPS AND NAUTICAL APPLIANCES. 


27,614/09. Wm. Simons and Co., Limited, W. 
,and W. Brown, Renfrew. Dredging Vessels. 

(2 Figs.) November 27, 1909.- In the specification of Letters 
Patent, No. 15,263, of 1909, the applicants have described an 
arrangement of suction pipe-frame fitted with a ballast-chamber 
or controlled by other means which act to press the cutter hard 
on the ground. In accordance with the present invention, it 
is proposed to combine with the arrangements described in the 
said specification a system of moorings, in which the connections 
for the cables with the suction-pipe frame are brought as near to 
the ground as possible, in order that lateral strain on the suction- 
pipe may be avoided. C! denotes the cutter frame of a dredging 
vessel, a part, preferably the lower _ of the said frame, being 
formed with a ballast-chamber C*, adapted to hold heavy ballast, 











a 
kK? Ran 
SC af : SH 
: / 
. / 
or 
RA 
Fig.2 k ; SS aN 
ee 











(27 614) 


which serves to maintain the cutter in such a position that it will 
operate efficiently irrespective of the nature of the material being 
dredged. To each side of the frame C! is fitted a fair lead K or 

ide-pulley located at or near the lower end of the frame, each 

ir-lead or pulley being set so as to permit a cable k! to be carried 
around the same, and to be lead outwardly therefrom to the same 
side as that on which the fair-lead or pulley islocated. Fair-leads 
or guide-pulleys may also be provided at the upper end of the 





rovided with arrang 
ngs, to prevent undue strains from coming on the cutters when 
dredging, and for taking in the slack when the strain is relieved. 
(Accepted November 9, 1910.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


26,752/09. W. Jennings, Blackburn. C -En- 
es. (8 Figs.) November 18, 1909.—This invention relates 
to locking devices for the doors or covers of carding-engine cylin- 
ders, the object being to lock the door or cover so long as the 
driving-belt is on the fast pulley, or the cylinder is in motion, 
and to prevent the engine being re-started or set in motion, or the 
belt transferred from the loose to the fast pulley until the door 
or cover is closed. According to this invention, to one end of the 
door or cover 1 is attached a locking-bar 2 which extends towards 
the axis 3 of the cylinder, and its inner end is provided with a 
hole 4. Behind the inner end of the locking-bar 2 is fixed a spring 
or elastic bar 5, on the end of which is a locking-pin 6 which passes 
through a hole in a rigid supporting-bar 8, so that the strain is on 
the rigid bar 8, and not on the spring 5. The end of the locking- 
pin 6 is inclined, and when the door or cover 1 is closed, the end 
of the pin 6 passes through the hole 4 in the end of the locking- 
bar 2, and the door or cover 1 cannot be opened. When the 
driving-belt 9 is transferred to the loose pulley, and when the 


said frame, and the winch K2 is located in line with the suction- 
pipe frame close to the upper end thereof. The winch K? may 
t ti its for paying out the moor- 





cylinder has ceased to rotate, the locking-pin 6 can be disen 
from the locking-bar 2 by the attendant passing a pin or 
pointer through one or other of a series of holes 10 in the 
flange of the fast pulley, the pointer being — through the 
hole which is opposite to the end of the locking-pin 6 when 
the cylinder comes to a standstill. The attendant with the 
pointer overcomes the pressure of the spring or elastic bar 5, and 
the locking-pin 6 is removed from the locking-bar 2 and the door 
or cover 1 can be opened, the bar 2 passing over the pin 6 asthe 
— or pin is withdrawn, and in opening the door the locking- 
2 is drawn backwards and to the position indicated by the 
dotted lines in Fig. 1, and this movement allows the swinging- 
plate 16 to fall into a vertical position, and so covers a hole in the 


























126752 8) 





end frame of the engine and. constitutes an obstruction to a pro- 
| penn or pin on the slidable belt-fork 12, and the latter cannot 

operated to transfer the belt to the fast pulley. On the door 
or cover 1 being closed the inner end of the locking-bar 2 acts upon 
the inclined end of the locking-pin 6, the spring pressure is over- 
come and the door or cover 1 can be closed, and as soon as closed 
the spring or elastic bar 5 automatically forces or shoots the lock- 
ing-pin 6 into the hole 4 in the locking-bar 2, and the door or cover 
1 is locked and at the same time the end of the bar 2 moves the 
swinging-plate 16 into an inclined position, and the hole in the 
end frame of the engine is uncovered and the slidable belt-fork 12 
can be moved to transfer the belt to the fast pulley, the finger or 
projection 11 passing through the hole in the end frame of the 
engine only uncovered when the door or cover 1 is closed. 
(Accepted November 16, 1910.) 


TEXTILE MACHINERY. 


3553/10. J. C. Hancock, Failsworth, and G. Han- 
cock, Lancaster. Carding-Engines. [5 Figs.) February 
14, 1910.—This invention relates to devices for automatically 
new | the doors in the front casing of carding-engine cylinders 
with the object of preventing the said doors being opened while 
the cylinder is running, or, if open, to cause the door to auto- 
matically close and lock if the cylinder is restarted, thereby pre- 
venting an operative being injured by an incautious act. Accord- 
ing to this invention, to the side of the casing of a carding- 
engine cylinder is secured a plate, as a, with an eccentrically 
formed projection a! thereon in which a tooth a2 is formed on its 
edge, and a spring a4 is secured to the said edge. A ring 0 is 
placed loosely on the projection a!, and has a slotted arm 0%, the 
said ring being retained on the projection a! by a cover a, dut 
not so as to prevent the ring with the arm being moved partly 
round, A notch is formed on the interior surface of the ring ), 


Fig.t. — Fig.2 








and a notch on the periphery of the said ring. A key-hole slot 
a‘ is formed in the cover a° in which to insert a key ¢ which, 
when turned in the direction of the arrow (Fig. 2), will press the 
ring ) down and release the tooth a2 from the inner notch when 
the ring b can be moved by the arm J3 in the direction 
of the arrow (Fig. 2), and allow the door in the casing to 
be opened when the card cylinder has ceased revolving. The 
door is automatically closed and locked by the tooth a? slip- 
ping into the inner notch as soon as the card cylinder com- 
mences to rotate by the lever 1°, which is connected to a 
chain and rod cl, being pulled or drawn down by the action of a 
thrust-rod d that is connected to a device fitted on the centre 
shaft of the card cylinder, and which will rotate with the shaft 
when it is running forward, causing the end d! of the rod to 
e with the rod cl at c2, but the said device may be moved 
round in a reverse direction by hand when the shaft is at rest, 
and the door can then be opened. (Accepted November 9, 1910, 
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TRANSITION CURVES IN TRAMWAY 
TRACKS. 
By Joun A. Marn. 

As tramways are generally laid in existing streets, 
and have often to be carried round corners formed 
by streets which intersect at angles of 90 deg., or 
even less, without the tracks going at any place 
beyond the limits of the street widths, they neces- 
sarily contain a great many curves of very small 
radius. These curves are often set out as arcs of 
circles, but it will be found that, in order to ensure 
smooth running, a transition curve of some sort 
must be introduced between the circular arc and the 
straight track. 

In order to find the best form of transition 
curve, the reasons which render a transition curve 
necessary have first to be considered. The reason 
usually given for the introduction of a transition 
curve in railway work—viz., that it allows of 
the necessary superelevation of the outer rail being 
gradually introduced—does not apply here, as the 
car- speeds are not sufficiently great to require 
superelevation, and in any case the rails have 
generally to be laid to suit street-surface levels. 
The development of centrifugal force fails like- 
wise to account for the necessity for a transi- 
tion curve, because the force developed in a body, 
passing from a tangent on to a curve, is no greater 
than that andiead in the body, passing from point 
to point round a curve of the same radius. 

The necessity for a transition curve will be found 
in the fact that, when a car passes round a curve, 
in addition to being carried bodily round the curve, 
it is twisted about its own axis by the forces of a 
couple, acting through the leading and trailing- 
wheels, and at right angles to the longitudinal 
centre line of the car; and it is the inertia of the 
mass of the car, resisting twisting, which causes the 
shock experienced, if a car of short wheel-base be 
run direct from a straight track on to a circular arc 
of small radius. 

This will be seen, if the centre line of a car be 
considered as always tangent to the curve, on which 
the car rests ; because in such a case we have the 
car, when entering a curve, first moving in a straight 
line without any twisting, and, immediately it 
passes the tangent point of the curve, twisting 
about its vertical axis at a velocity depending on its 
speed and the sharpness of the curve. The car 
is forced to twist by the pressures of the rails on 
the wheel-flanges, and, theoretically, in this case, 
these pressures would be infinite. 

In actual practice, however, the centre line of the 
car is not tangent to the curve, but is a chord equal 
to the length of wheel-base, so that, when the car is 
passing the tangent point, the leading wheels will 
be on the curve, while the trailing wheels are on 
the straight ; and it will be found that, in effect, 
this is equivalent to the introduction of a transi- 
tion curve, such as would give a uniform twisting 
acceleration to the car. This transitional condition 
lasts, of course, only from the time the leading 
wheels pass the tangent point till the trailing 
wheels pass the same point, so that the time 
between no twisting of the car and maximum 
twisting is very short ; consequently the twisting 
forces are very high, and, in short-wheel-base cars, 
are higher than the centrifugal forces developed. 

To show this, let us take a typical short-wheel- 
base car, with wheel-base 6 ft. long, and body 30 ft. 


over all. Let half the weight of the car, af be in 
the truck, with radius of gyration of 3 ft., so that 
4 Let the other half of the 


weight be in the body, with radius of gyration of 
5 ft., so that the equivalent weight at 3 ft. radius, 
8s 32 


#9 


weight per axle = 


Ww 
s regards twisting, will be z x W, or 
16 
g WV per axle. 

When passing from the straight track on to the 
curve of any radius R, so that the leading wheels 
of the car are on the curve, while the trailing- 
wheels are on the straight, the acceleration of 
the leading wheels, normal to the centre line of 


; Vv 
the car, will be R (where V = velocity of car); and, 


as the acceleration of the traili 


wheels is zero, the 
acceleration of the leading whee 
2 


about the trailing 


v2 

about the vertical axis of the car is ZR: The forces 

of the couple required to give this acceleration to the 

id (= 16 =) _ 723V?W 

2R\4g 9 g/ 72Ryg’ 

while 7 centrifugal force at the leading axle 
72 72 - 


car are therefore = 


is only = R* aq “9 Ry? and the centrifugal force 


at the trailing axle is still less, owing to its being 
on a curve of larger radius. 

The pressure of the trailing wheels, while twisting 
of car is being accelerated, will thus be towards the 
inside of the curve; and this explains why, at the 
beginning and end of a curve, over which short 
wheel- cars are run, there are two distinct 
tracks worn in the rail groove, one being worn by 
the leading wheels, and the other by the trailing 
wheels. 

As the function of a transition curve is therefore 
to allow of the rate of twisting of the car being 
gradually increased from zero to the maximum 

















ml 


necessary for the particular radius of the curve 
being dealt with, probably the best form of curve 
will be that which will give the car a uniform 
angular acceleration about its axis when travelling 
at a uniform velocity. The curve should be as 
long as ible, as the longer the curve is the 
longer will be the time between no twisting of the 
car and maximum twisting, and the less will be 
the amounts of twisting acceleration and the forces 
of the twisting couple. 

The following example shows the form of such a 
curve, and the method of obtaining it. 

The radius of the principal curve being given, 
and any convenient speed taken for the car, the 
method followed is to fix the length of the transi- 
tion curve as a multiple of the wheel-base length, 
to find the rate at which the car will be twisting 
about its own axis when travelling round the prin- 
cipal curve, to calculate the uniform twisting 
acceleration required to correspond with these, 
find angular position of car at end of consecutive 
riods occupied by car in travelling the length of 
its wheel-base, and to set off the points in curve 
obtained. Thus in the diagram, let a e fg bea transi- 
tion curve joining the straight ua tothe curveg hs. 
If, for convenience, we assume that the car travels a 
distance equal to its wheel-base length per second, 
ae, ef, fg, and gh will represent the position of the 
car in successive seconds, and if gh is the principal 
curve, sh tis the angle through which the car will 
twist in one second when on the curve—that is to 
say, it is the rate of twisting to which the car must 
attain. Representing this rate byr, r = AT, where 
A is the angular acceleration of the car about its 


axis, and T is time in seconds, so that A = = 
The angles jar, kbr, ler, and tdr represent 


angles twisted through = s = At at any time T, 





may be set off, and points in the curve aefg 
and h fixed. 

When the car reaches the position gh it will lie on 
the — curve, and the position on the principal 
curve of the point g, where the transition curve ter- 
minates, is found as follows :—v p bisects the angle 
gph, so 7 —— v pg is equal to an angle whose 

w - 
sine is = 2 , and the angle vw a is equal 
to the angle hd r, which has already been found ; 
therefore the angle gpq = angle hdr — angle 
gpv; and the new tangent to the principal curve 
makes, with the original tangent, the angle x nr 
= angle hdr — angle gpv. 

As regards the curves joining the points fixed, 
they will be found to be ares of circles, each pair of 
consecutive arcs having a common tangent at the 
point between them, as will be seen from the 
following considerations. While the leading wheels 
of the car move from a to e the trailing-wheels 
will move along the straight wa; and as veloci- 
ties along ae and wa are practically constant, and 
the acceleration of the trailing wheels is zero, the 
acceleration of the leading wheels normal to 
the centre line of the car must be constant if the 
twisting acceleration of the car is to be uniform; 
and the curve must, therefore, be an arc of a circle 


giving the acceleration 


Similarly, when the leading wheels are moving 
from e to f, the trailing wheels are on the arc 


ae, and moving with a uniform acceleration Ma 


normal to the centre line of the car, so that, in 
order to have a constant acceleration of the leading 
wheels about the trailing wheels, the acceleration 
of the leading wheels must again be constant while 
on ef, and therefore e f must be an arc of a circle. 

The radii of these arcs are obtained thus :— 

If the principal curve started direct from the 
tangent, the acceleration of the leading wheels 
about the trailing wheels would be 

v2 ye 
= te $ 
but, as the acceleration extends over n stages, the 
successive radii will be obtained from the equations 


v2 «v2 
ye we EE & 
. X.~-«” n (1) 
which gives R,. 
gl 1 ——— 
: ie. a Be 
R, R, si : nn (2) 
which gives R,, and so on to 
v2 vs 
we." Wi. Be Me 
Ra R wa-y n 


which gives R,, = R. 

The curve can be set out from tangents by setting 
off the ordinates. and abscisse of the various points 
e fg with a as origin. Thus the ordinate of, say, 
fis = chord x sin jar+ chord x sin kbr, and 
abscissa of f is = chord x cos jar + chord x 
cos k br. 

The shift z is given by the difference between 
the ordinate of g, with a as origin, and the ordinate 
with g as origin ; and the advance y of the tangent 
point is given by the difference between abecisse 
of g with a as origin, and with q as origin. 

The following are the calculations for a transi- 
tion curve at the beginning of a curve of 50 ft. 
radius :— 

Radius of principal curve = 50 ft. 

Length of wheel-base of car = 6 ft. 

Assume speed of car = 6 ft. per second = V. 


Rate r at which the car twists, when on the curve, 
is equal to twice the angle, whose sine is = R 

= 8 

2x50 

r=? x 326’ = 6 52 = AT. 


Time T required to traverse the transition curve 


= 0.06 


-. 3 seconds. 
6 


6° 52’ 
3 


18 ft. long is = 
.". Acceleration A = = 2 173’ 


Angular positions of the car at ends of the 
successive seconds are : 


(First second) 








wheels is —, or of the leading and trailing wheels 





and, if these angles are calculated, successive chords 


AT? _ 2.17) x1 _ yo gy 
~ 2 88 
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(Second second) = = augx = 9. 
(Third second) a - amy x? =10° 18’. 

The car has therefore turned through an angle 
of 10° 18’ when passing off the transition curve, 
so that the angular distance of the first radius 
of the principal curve from the tangent point i: 
6° 52’ 





10° 18’ — = 6° 52’, 
TABULATING. 

Angles ; ms! 33’ | 4° 35’) 10° 18! 
Hines =... 0.0199 \0.0799, ..  |0.1788 
Cosines  .. .. 0.9998) 0.9968 .. 0.9839 
Ordinates = sin | 

x chord .. 0.1194) 0.1194! 0.4794; 0.5988 | 1.0728 1.6716 ft. 
Abscisse = cos x | | | | 

chord .. |5,9988) 5.9988 5.9808! 11.9796 |S-9086 17.8830 ,, 
Points in curve .. > ore * as J + g 


Ordinate of point g on principal curve with the 
original tangent point g on the diagram as origin 

=R - Reos/_9.p.qg.= 50 — 50 x cos 6° 52’ = 50-50 
x 0.9929 = 0.355 ft. 

Abscissa = R sin /.. g.p.qg. = 50 x sin 6° 52’ = 50 
x 0.1195 = 5.975 ft. 

.*. Shift = 1.6716 — 0.355 = 1.3166 ft., 

and advance of tangent point = 17.883 — 5.975 
= 11,908 ft. 

A form of transition curve to give other than a 
uniform twisting acceleration to the car might be 
preferred ; but the foregoing remarks are intended 
chiefly to show how the necessity for a transition 
curve arises, and the bearing the type of rolling- 
stock has on the form of the curve. 








FOUNDRY PLANT AND MACHINERY. 
No. XXII. 
By Joseph Horner. 
Fics. 334 to 336 show a 25-ton steel-casting 
carriage ladle, by Messrs. Stevensons, Limited, of 
Preston, with two goose-neck stoppers and spouts, 


co; 





Fig 334. 


























ont being used, this being effected by means of 
chains slung from the crane in the hooks seen on 
the centre line of the axis of the ladle. The 
trunnions are cast with large plates, which fit the 
sides of the ladle, and are riveted to it. A belt 
surrounds the ladle at the zone of the trunnions. 
The carriage is built up of plates and angles. The 
axles have double springs, and buffers, draw-hooks, 
and chains are fitted. 

In one design of direct side-tipping ladle the 
trunnions are moved along ie ways at each 
end of the carriage, but having turned-up ends to 
arrest the ladle as it is being tipped for pouring. 
The tipping movement is by worm-gear, the worm- 
shaft being driven from a spur-wheel gear and 
pinion. The traversing movement is produced My 
spur-gears on the trunnions, which engage wit: 
racks bolted to the end carriages. When the 
trunnion reaches the turned-up end in either direc- 
tion, the ladle is fully tipped into the horizontal 

ition. A brake is frequently fitted to the hind 
wheels of the carriage, actuated from hand-wheels, 
one on each side of the carriage. 

Figs. 339 to 341 show a “‘ direct-metal ” ladle— 
that is, one used for conveying the iron from the 
Bessemer cupola to the converter. No dimensions 
are given, the type being standardised in various 
sizes. It is a completely equipped carriage ladle, 
with springs to the axles, bearings, and buffers. The 
tipping is done on either side, and the spouts are 
large in order to direct the metal safely within 
the mouth of the converter. The ladle is tipped 
by worm-gear operated by a hand-wheel. A chateh 
connection is made between this and the locking- 
dog adjacent. The carriage is built up of side and 
end castings bolted together. 





Figs. 342 to 344 illustrate a design of ladle used for 
molten spiegeleisen, also manufactured by Messrs, 
Stevensons, Limited. The ladle has double spouts 


the morning of the day of casting, and dried. Fire 
clay or loamy sand are used for cast iron, loamy 
sand and ganister for steel. For steel the bottom 
layer is rammed hard. After drying, the interior is 
swabbed with black-wash. Ladles for bottom pour- 
ing have their nozzle-hole rammed with loam and 
swabbed with fire-clay wash. 

So essential is the due regulation of the heat for 
pots iron that the pyrometer seems now in the 
way of becoming an important adjunct in the 
foundry, as itisin thelaboratory. Different classes 
of work require iron at different temperatures. 
The practice is to melt the iron ‘‘ hot,” and lower 
the temperature to that required by leaving it to 
stand in the ladle for awhile, or hasten the cooling 
by throwing runner and riser heads in to melt. 
Good results are obtained in this way, with long 
experience to back them up. But there is a desire 
now to employ pyrometers for the purpose. 

In all types other than radiation pyrometers 
there is some part—the sensitive, or receptive 

rt—which is made to acquire the temperature to 
bs measured. In the case of electrical resistance 
thermometers and thermo-electric couples the 
thermometer has to be inserted bodily in the source 
of heat. Atthe higher furnace temperatures the 
heat-measuring part, in spite of protecting enve- 
lopes of steel and of porcelain, must eventually, 
through continual exposure to these high tempera- 
tures, together with contact with furnace gases, 
depreciate, and finally require renewal. 

he Féry radiation pyrometer, the invention of 
M. Charles Féry, Professor of Physics at the Ecole 
de Physique et de Chimie, Paris, and manufac- 
tured in England by the Cambridge Scientific 
Instrument Company, Limited, of Cambridge, over 
comes these difficulties, as the instrument is placed 
at some distance from the source of heat, whilst no 
part of it is ever raised above the air temperatures 









































Fias. 334 Tro 336. 25-Ton Sreei-Castina Carriace-Lapie ; Messrs. STEVENSONS, Lu«rrep, PRESTON. 


each being lever-operated. The ladle is built of 
steel plates, and the carriages are plated. The 
construction is as follows :— 

A single plate is used for the shell, rolled, 
and ‘riveted with a butt-strap, not indicated. The 

late is pierced with numerous vent-holes 4 in. 
in diameter, pitched at 6 in. apart, to permit of 
the escape of the Bays from the lining. The 
bottom is a dished { in. plate inserted within 
the shell. The top is stiffened with an interior 
angle, 24 in. by 24 in. by}in. Down the outsides 
of the shell large pieces of {-in. plate, A, A, are 
riveted, to which again horn-blocks B, B, 2 in. 
thick, are bolted with 1-in. turned bolts. On these 
the weight of the ladle is carried and sustained by 
cross-bars or axles C, C, at the ends of which 
journals are turned for the running wheels. Slots 
cut in the horn-blocks fit over the cross-bars, which 
are massive, measuring 3} in. wide by 8 in. deep at 
the centre, and to a distance of 1 ft. 3 in. on each 
side of it, whence they taper off to 5} in. next the 
journals. Platforms D, D at each side are made of 
late united with angles. From these the men 
oO the levers E, E, which are curved round from 
the ends to operate the stoppers for the discharge 
of the metal. Four strong hooks are riveted to the 
outsides of the ladle at the top for lifting it by. 

A ladle with two sets of trunnions, also by 
Messrs. Stevensons, Limited, is shown by Figs. 337 
and 338. Instead of the usual tipping worm-gear, 
the ladle is tipped on the trunnion nearest the 












































to pour to either side. The large spouts are fal, r 
necessary to discharge the metal safely inside ———+> i if 
the vote glad the converter. Tipping is i D 
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Fias. 337 anp 338. CarriacEe Tirprnc-LapLe witH Two Sets oF TRUNNIONS ; 
Messrs. Stevensons, Limtrep, Preston. 


ends of the trunnions. A lever fitting in a notch 
in a disc maintains the ladle upright at other times. 
The carriage is of cast iron, built up in four pieces, 
bolted together ; the two end castings carry the 
axles, and are curved upwards to form bearings to 
receive the trunnions, the bearings being — 
Ladles have to be re-lined either overnight or in 


by more than 80 deg. Cent. The leading features 
only of this instrument need be noted here, as it 
was described and illustrated in ENGINEERING so 
recently as vol. Ixxxvii., page 663. 

The complete pyrometer consists of a telescope 
and galvanometer. Fixed within the telescope, at 





a point upon its optic axis, is the junction of 








ee 














seis 


Fes. 10, 1911.] 


ENGINEERING. 





177 











FOUNDRY PLANT 








Fig. 339. 


(e077 Rd 


AND MACHINERY. 











Fics. 339 to 341. ‘‘Dirnecr Meta” Lape ror Bessemer Work ; Mrssrs. STEVENSONS, 
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Fies. 342 to 344, Sprecet Pourrne Lapis; Messrs. Stevensons, Limitep, Preston. 


a copper constantan thermo-couple arranged in the 
form of a cross. The two wires are attached to 
two brass strips, which are attached to ter- 
minals, these terminals being connected by leads 
to the galvanometer. The heat radiations from 
the molten metal in the furnace or ladle fall upon a 
concave mirror enclosed in the tube which contains 
the apparatus, and are reflected to a focus on the 
thermometric couple. Observation is made through 
an eye-piece at the rear of the instrument. The 
thermo-junction acquires the temperature of the 
image of the hot body which is sighted in the obser- 
vation-hole. The diameter of this is so adjusted 
that it shall measure as many inches as the dis- 
tance from the hot body to the telescope measures 
yards. The electromotive force thus generated is 
measured by a galvanometer containing a scale, on 
which temperatures are read directly. The gradua- 
tion is based on Stefan’s law, which expresses 
the relation between the temperature of a body 
and the amount of radiant energy which it 
emits, thus :—‘* The radiant energy emitted by a 
furnace or black body is proportional to the 
fourth power of the p B temperature of the 
body.” There are details in working these pyro- 
meters which have to be acquired by experience, 
and there are drawbacks in their use. ey are 
Suggestive of possibilities for the future rather than 
examples of great present utilities in the foundry. 
That pyrometric measurements will develop and 
supply exact tests of temperature, and ultimately 
supersede the present methods of observation, is 
Just as likely as that chemical analysis will, to a 
large extent, take the place of test by the appear- 
ances of fractured surfaces. 





Maxine Or - Enctves. — Smith’s Dock Company, 
a 


Limited, South Bank-on-Tees, have just conclu 
contract to build two steel whaling vessels to be propelled 
by Diesel motor-engines. 








VENTILATION IN COTTON-MILLS. 


THE past year witnessed marked roves in the 
efforts to deal with the problem of effectively venti- 
lating cotton-mills. The whole subjeet is admittedly 
difficult to accomplish, owing to its varied — 
ments, curious situations of machinery and belting, 
low-ceilinged rooms, and the location of exhaust 
appliances. 
entilating engineers have been compelled to 

consider all these environments before completin 
schemes ; and though energizs have been direc 
along different channels of enterprise, the common 
aim of all methods is to clarify the mills from im- 

ure air and excessive dust. It is along these two 
ines that action is now being taken, and special 
attention is given to the removal of dust from the 
point where it is generated. 

In the opening-chambers and blowing-rooms of 
cotton-mills this principle has been operative for 
half-a-century at least. The exhaust apparatus in 
opening-machines, lap-machines, and _ scutchers 
is enclosed within the machine itself; and as the 
dust, short fibres, neps, and sticks are beaten and 
drawn from the good manufacturable material, these 


waste products are conducted into a huge dust-| 


chamber. From this the marketable material is 
conveyed to the waste-dealer, who reclaims what- 
ever useful factors it may contain. Passing, then, 
the preparatory machinery up to the card-room of 
a cotton-mill as being dealt with adequately, so far 
as dust-removal is concerned, the machine which is 
now most guilty of dust-propagation is the carding- 
engine. To this no fan or exhaust is applied. The 
dusty refuse which it generates must perforce find 
its way into the general atmosphere of the room, to 
the detriment of the workers, and quite as surely 
to the detriment of clean-spun yarn. 

Dust in any form in a cotton-mill is bad, whether 
it is deposited on the employees or on the manu- 


factured material. If dust be mingled with the 
fibres in the process of spinning at the frames, it 
will be carried to the mules and result in tarnished 
cops. It is curious that this feature is often over- 
looked when clean spinning is of such vital import. 
It is well to note in this regard that in some of the 
largest mills in Lancashire the new appliances have 
been installed actually with the view of promoting 
clean yarn as well as the health of the operatives. 
And it is believed that in the matter of cleanli- 
ness alone the cost of dust-extracting appliances 
will be more than balanced by improved production 
under cleaner conditions. 

Ventilating engineers now endeavour to attack 
the dust at or near its point of origin in the carding- 
engine. The ‘‘inscrutable” barriers of the past have 
been overcome, and present methods are devoted 
to combining ordinary ventilation of the room as a 
whole with dust-extraction from any machine in the 
room. 

Fans in windows and walls are superseded. It 
cannot be denied that in some rooms these are 
efficient and useful for ventilating, notwithstanding 
the more modern plans ; but with the progress of 
the new schemes in new mills, the fan arrange- 
ments in windows and walls will be more and 
more discarded as time goes on. In any cotton-mill 
now erected, for example, full provision would doubt- 
less be made structurally for the combined method 
of general ventilation and dust-extraction in one 
system, while older factories, where for many years 
exhaust-fans have worked in the windows near 
the ene og will have the advantage of two 
systems—one for ventilating hy window-fans, and 
another for dust-removing flues. But it is reason- 
ably certain that the general demand for window- 
fans in card-rooms will be affected. The reason for 
this is not far to seek. The new method requires 
fewer exhaust-fans ; puts all their working capacit; 
into use; encloses them and connects them wit: 
self-contained flues, with openings over the carding- 
engines for dust, and over any other part of the 
room for a air. The one complete apparatus 
can accomplish the double purpose; and though 
the acme of perfection may not yet be obtained, the 
marked improvement, which is so obvious where 
extracting-plants have been installed, affords un- 
mistakable evidence that engineers are proceeding 
— right lines. 
ere dust-extractors are in operation, and kept 

in thorough working order, strippers and grinders 
—the heaviest victims of card-room dust—are not 
under the necessity of holding pads of cotton 
between their lips. These men have also relin- 
— the use of respirators, which, under con- 

itions of diffused dust, were so necessary. They 
wear no filtering appliances to the breathing 
apertures, and breathe freely as in a clear atmo- 
sphere. With the adoption of extractors a new era 
has come to the stripper. Authorities agree that his 
age in the mill at his usual occupation barely reaches 
forty-five. Clearing the air in his immediate vicinity 
is sure to lengthen his tenure of work and prevent 
depletion of his wages. Strippers and grinders as 
a class are exceedingly loth to leave the carding- 
engine for any other type of labour. Many have 
adapted themselves almost mechanically to this 
peculiar and hazardous occupation for so long a 
time that they would fain abide its inconveniences 
if the stern demands of health did not forbid. 
These men very properly welcome the new system ; 
while engineers, from a commercial as well as a 
sanitary point of view, thoroughly appreciate its 
wide-spreading importance when it is considered 
that dust-extracting plants may be tendered for 
for hundreds of cotton-mill card-rooms. 

Asalready intimated, the methods in vogue do not 
necessarily follow the same details. Some exhausts 
draw froma region immediately above the carding- 
engine ; others attack the front of the cylinder and 
stripping-brush, while yet others encase the strip- 
| ping-brush and draw the dust from the casing as 
stripping proceeds. In the example shown in Fig. 1, 

ge 178, a simple form of hopper is used, about 
Bin. wide at the base and extending the full width 
of the engine. A = shutter is seen near the 
apex of the hopper. hen any given hopper is 
not in use—i.e., when stripping is not proceéding 
at that particular machine—the shutter is closed, 
so as to concentrate the exhaust action of the fan 
upon the machine actually being dealt with. The 
bend in the vertical branch-pipe where it joins the 
flue indicates the direction of the exhaust. When 
stripping is not in progress at all, any shutter may 
be drawn forward ; then the appliance becomes an 
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VENTILATING APPLIANCES IN COTTON-MILLS. 
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Fig. 11. Brancu-Pire CONNECTED TO Hoop 


WHEN Stripping Main CyLinpEr. 
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Fig. 12. Dvust-Exrractor aPPLiep To Dorrer-CYLINDER. 





Fie. 13. Fan Operatina Dust-ExtTsactuRs. 


ordinary ventilator for the interchange of air in the 
room, 

For the purpose of increasing the suction force 
near the mouth of the hopper, its structural area is 
restricted, as in Fig. 2, a few inches from the base, 
and two division-plates are inserted at equal dis- 
tances within the slot (Fig. 3). By this means the 
hopper base collects from the same area, but the 
velocity of the air at the restricted part is rela- 
tively increased. The result of this modification is 
seen in the actual working of the extractor, when 
the dust from the stripping-brush rises perpen- 
dicularly towards the narrow slot of the hopper. 
[n Fig. 4 the strippers are seen at work with the 
shutter open and the extractor in operation. The 
whole scheme embraces a hopper similarly placed 
over each carding-engine. e vertical branch- 
pipes are all of equal length and sectional area, but 
the main trunk tapers gently from the exhaust-fan 
to the final machine in any given series. 

A reference to Fig. 5 will show a form of extractor 
applicable to the front of the card-cylinder. The 
vertical branch-pipe is sloped before and aft at its 
junction with the trunk; no obstruction therefore 
18 likely to lodge there. It will be further noted 
that the whole vertical shaft is turned inward, so as 
to collect the dust as nearly as possible at the point 
of origin, and a weighted lid is fitted to the aper- 
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ture of every collector. The balance-weights are 
shown at the extremities of the lid B. In the illus- 
tration the lid is turned up and the slot is open ; 
by lifting the balance-weight over the centre of 
equilibrium it closes the lid. In the series of ex- 
tractors illustrated in Fig. 6, the first and the 
third lids are closed and the second is open.. The 
reflection of light from these vertical shafts is such 
that the room itself cannot be said to lack light 
owing to the added fixtures. An additional feature 
is introduced into this installation. This is seen in 
Fig. 7, where a special ventilator A, with balanced 
lid, is fixed on the underside of the dust-flue, so 
that if it is desirable to interchange the air in the 
body of the room, as distinct from the immediate 
vicinity of the card-cylinder, any of these small 
ventilators may be used without reference to the 
dust - collectors. These subtending receivers are 
located at intervals along the trunk, and are opened 
or closed, at the will of the worker, by touching the 
balance-weight. In this photograph the enclosed 
fan for the whole series appears at B, the dust being 
drawn thither and pressed forward to a containing 
dust-chamber. 

The installation shown in Fig. 8 embraces a series 
of elbowed branch-pipes of about 5 in. in diameter 
depending from the main horizontal trunk, which is 
attached immediately under the ceiling of the card- 











Fig. 14. Dust-Extractror ovER EACH CARDING-ENGINE, 


room. The tubes have highly-polished surfaces. 
Light is thus reflected into the room rather than 
absorbed. The elbow A is a significant factor of 
this system. When the radial arm B is flexed, as 
shown in the photograph, the channel of the tube 
is closed by an automatic valve in the curved sector 
forming the elbow joint. The arm B is hinged at 
the point of the lh and is levered up and down 
at the will of the operator. When levered up for 
closure of the tube, a spring-catch on the curved 
surface of the elbow secures it in that position. 

A series of these tubes is introduced in Fig. 9. 
Here all tubes are closed. They are arranged near 
the centre of each carding-engine, and have the 
joints on the main trunk inclined toward the ex- 
tracting-fan. It will be noted that the terminals 
of the tubes are sufficiently elevated to be out of 
the way of ordinary working operations on the 
machine. Coiler-cans can be removed by the 
women and girls without approaching the ventilat- 
ing-tubes, and the accumulations of fluffy cotton 
can be cleared with equal facility. Besides, the 
arrangement is such as to be free from the close 
proximity of driving-belts; this item is of more 
than secondary import. 

In our next illustration, Fig. 10, two sets of card- 
ing engines are observed, facing each other, with 
the tube-terminals flexed towards the intervening 
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footway. This again demonstrates the amplitude 
of space under each ventilating-tube when closed. 
One tube at A depends vertically from the hori- 
zontal trunk. In this position the tube is open 
and performs the duty of an ordinary ventilator for 
the interchange of air in the room. When, there- 
fore, it is found desirable to cool the atmosphere, 
or to purify it by eliminating carbonic acid, any 
of the bent tubes may be released from the spring- 
catch atthe elbow and extended. At that moment 
the extracting power of the fan creates a tangible 
current at the mouth of the tube. It is seldom 
necessary to open more than four to six of the 
tubes simultaneously, as card-rooms generally do 
not suffer from excess of vitiated atmosphere. In 
the warm days of summer the temperature is prone 
to get higher than is desirable for comfortable 
work ; then the opening of several tubes will have 
an appreciable effect. 

But these depending tubes are for dust-extracting 
as well as ventilating. This characteristic is demon- 
strated in Fig. 11, where, in the process of ‘‘ strip- 

ing,” or cleaning the card-wires, the stripping- 

rush is applied to the main cylinder of the 
carding-engine. This cylindrical brush of wire 
‘* bristles” is enclosed in a hood, or casing, of 
aluminium on all sides, except where the brush 
impinges on the card-wires. The whole appliance— 
brush and casing—is, therefore, carried from one 
machine to another by the strippers. For the pur- 
pose of readily adjusting the casing, handles are 
provided at each end, A central handle is also 
fixed at A for the purpose of directing the tube B 
into the terminal C of the elbow joint. From this 
it will be obvious that the enclosed brush, while 
stripping the card-wires of dust, is in immediate 
connection with the extracting power of the fan. 
The elbow-joint is quite open, and the dust is con- 
veyed to the trunk as rapidly as it is generated. 
As the branch B moves ‘cieeenpientiy in tlie elbow- 
tube C, it is a simple matter to transfer the strip- 
—, with its casing to the doffer-cylinder. 

ig. 12 illustrates this, the photograph being taken 
from the opposite side of the machine. ith the 
tubes and casing so fully enclosed, it will be evident 
that any escape of dust is checked. The funnel- 
shaped junction at A is notable, as it enables the 
force of the draught to be more evenly distributed 
over the surface of the stripping-brush within. 

It is sometimes Ped ss that an exhaust-fan of 
large calibre is necessary to secure efficient removal 
of dust from carding-engines. Recent developments 
rather prove the reverse. A 12-in. to 15-in. fan— 
A in Fig. 13—is sufficient with a driving power of 
1 to 1.5 horse-power to control from fifty to sixty 
cards. The actual number is not material, since 
only one machine is dealt with in rotation during 
the stripping process. The fan may be seated on 
a wall-bracket, as shown in Fig. 13, or placed on 
the seating of a former fan erected in a window 
corner. In either case the dust is transferred to the 
dust-chamber or a cyclone depositor. In the system 
under consideration an inside guard is provided to 
each hood for the purpose of retaining the fibres of 
cotton on the brush and allowing only the dust par- 
ticles to be eliminated. It is essential that as much 
as possible of the fibre—whether short or long— 
should be kept from the dust-chamber. As ‘‘ fly” 
it is useful for coarse spinning, and may be manu- 
factured into rough cloth, canvas, towels, and 
candle-wick. 

In the type of ventilating and dust-extracting seen 
in Fig. 14 the vertical branch-pipes depend from the 
main horizontal trunk over the middle of each card- 
ing-engine. To each pipe a hood is permanently 
attached, which slides up and down as required, by 
means of a central connecting-tube A. On this tube 
the shutter is placed, as shown at B and O, for 
opening or closing the aperture. At B the shutter 
is closed ; at C it is open. The shutter-slide is half 
blank to close the tube, and half pierced to open it. 
All that is necessary, therefore, is to move the slide 
toand fro. By this simple means any one or more of 
a series of extractors may be used as ventilators with 
the hoods telesco into the branch-pipes. In 
Fig. 15, page 182, the stripping-brush is seen on the 
doffer cylinder, with driving-band attached crosswise 
to the loose pulley of the machine. Before fixing 
the band the h is drawn down over the brush, 
the end flanges fitting on the stripping-brush shaft. 
The shutter is open already. The moment the 
band is placed in position the brush revolves at a 
high velocity, raking the dust from the card-wires 
in the doffer. This dust is enclosed by the hood, 
and is thus prevented from diffusing, while the fan 





current acts upon it forthwith and carries it to the 
trunk. Fig. 16 shows the actual position of the 
hood when stripping the doffer is in operation. It 
will be noted that the length of the tube telescoped 
is about 2 ft.; this gives opportunity fur the 
strippers to adjust the hood on the brush-shafts 
without difficulty. 

In stripping the main cylinder (Fig. 17) the 
brush with the hood in ition is lifted to the 
main cylinder brackets. No disconnection of the 
hood is necessary. The shutter remains open, 
while a shorter band is attached for the revolution 
of the brush. In the manipulation of hoods it 
is essential that the brush should be covered as 
far as practicable on the inner side as well as 
the front; otherwise a certain amount of dust 
will be thrown out and scattered beyond the 
field of the fan current To obviate this in the 
system here described a wing-plate (Fig. 18) is 
extended at the back of the hood so as to cover the 
brush and deflect dust particles within reach of the 
induced air current. 

When card-wires are ground in situ by the appli- 
cation of emery rollers, the hoods and tubes are 
raised in the branch-pipes. The shutter is then 
opened, and any light metallic dust which is 
generated in the “enn, * or is drawn into the 
extracting apparatus. hether ‘‘stripping” or 
** grinding” is in progress, the exhaust is set in 
operation to ensure the clarity of the atmosphere; 
and from the schemes here set forth it will be 
obvious to all concerned in the economic and 
sanitary working of cotton-mills that practical 
benefits are certain to accrue from the general 
adoption and proper use of dust-extracting 
“Pp neces. 

e may add that the appliances illustrated in 
Figs. 1 to 4 are made by Charles Smethurst, 
Oldham ; Figs. 5 to 7, by Hall and Kay, Limited, 
Ashton-under-Lyne ; Figs. 8 to 13, by Henry Simon, 
Limited, Manchester; and Figs. 14 to 18, by 
Thomas Gregson, Great Harwood. 
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Waves of the Sea, and other Water Waves. By VAUGHAN 
CornisH, D.Sc. (Manchester University), F.R.G.S., 
F.G.S., F.C.S. London: T, Fisher Unwin. [Price 10s. } 

Dr. Vavueuan Cornish is fortunate in that he has 

found an object for study, and has pursued it with 

vigour and success. His reward has been to gain 

a clearer insight into the associated and complicated 

phenomena of wave motion. He now encourages 

others to follow those lines of observation which 
for him have such fascination, and he is 
well advised in this step. We all need to acquire 
the habit of quick and exact observation, to become 
more keenly alert to every phase of passing pheno- 
mena, and especially to those to which we have 
grown inattentive by reasen of their frequent repe- 
tition. Of such a kind are the waves that beat on 
the sea shore, that we watch with a pleasant list- 
lessness, just alive to the rhythm of the fall and 
the beauty of the curves that the waves assume. 
We are content to accept the music of the shifting 
shingle, or the sight of the harmoniously arranged 
sand-heaps, without puzzling ourselves about the 
mechanism by which each is accomplished. We 
make no attempt to solve the problems the varying 
phenomena present, or even to frame the questions 
their complicated motion should suggest. To most 
of us curiosity is dulled rather than stimulated, the 
wsthetic sense is charmed, the scientific, critical atti- 
tude is not assumed. At this juncture Dr. Cornish 
interposes to give us a new sense, or to make us 
ashamed of not having used those we have. He 
tells us that he has studied this pulse of the sea, 
this continually varying and ever recurrent surface, 
for fifteen years, and has not exhausted its interest 
or wearied of its study. Theinformation supplied 
in this book, the result of his researches, is con- 
siderable; but its principal value to our mind 
consists in its suggestiveness and the nicety of 
observation on which it insists. We cannot imagine 

a book better adapted to be placed in the hands of an 

intelligent lad, or one more calculated to make him 

think, observe, and, perhaps, experiment. For Dr. 

Cornish the gift of stimulating inquiry, of 

interesting others where he himself has been in- 

terested. ‘‘I have written,” he says, ‘‘to inform 
the mind, not to stir imagination.” By this he 
means that it is not his object to tickle the poetic 
sense by summoning up pictures of fierce ocean 
storms, or of the sunlit ripples of charming wavelets, 











but in another sense he does stir the imagination by 
awakening an intelligent curiosity and a determina- 
tion to understand the complicated causes by which 
weird and peculiar effects are produced. 

The book is divided into three parts. In the first 
the author treats of the amplitude and wave-length 
of ocean waves, and their relation to the velocity of 
the wind that produces them. Into few subjects 
has greater vagueness been introduced than into the 
height and length of ocean waves. Even experi- 
enced seamen would have a difficulty in assigning 
limits, within what would be considered a moderate 
probable error. This uncertainty comes from the 
difficulty of measuring, of providing a satisfactory 
standard on a pitching vessel, and also from the 
human weakness of exaggeration. The phrase 
‘*mountains high” is an indication of impressive- 
ness rather than of measurement. The author, 
however, offers a kindly excuse for the heated 
imagination of those who have ascribed to waves a 
quite impossible height. He tells us that when the 
atmosphere is thick, and details are obliterated, a 
few ridges fill all the space between the eyes and 
the horizon, and the use of such terms is then quite 
defensible. ‘‘ Being mounted on a deck, there is a 
feeling or impression that the horizon is at the 
distance which it would have on land with such an 
eye elevation. This would mean a mile or more 
from ridge to ridge, which is ten times the actual 
distance ; and the apparent height is consequently 
increased in the same ratio, making a wave of 40 ft. 
look as high as a hill of 400 ft.” If extreme cases 
produce such abnormal effects, there will be a 
similar tendency on all occasions, and a system- 
atic error will be introduced into the estimates. 
Dr. Cornish has done his best to reduce this 
error within small limits, and we may accept 
his results as trustworthy. Certainly, we believe, 
no reliable evidence exists that he has not 
consulted and digested. The conclusion at which 
he arrives is that in the North Atlantic the 
height of the waves during an ordinary storm 
is practically constant, and does not exceed 43 ft. 
At the same time, effects akin to those of inter- 
ference may cause ks of water momentarily 
to shoot up to 60 ft. Lord Kelvin has recorded 
such an instance, but these experiences are rare, 
and the author admits that he has never seen this 
height approached. Local circumstances or geogra- 
phical position can affect the height, and, for the 
same average wind velocity, the average amplitude 
is greatest in the Southern Ocean, where the sea 
is unbroken by continents, and the waves can 
follow each other round and round in a small circle 
of the globe. Wave-length is, perhaps, more difii- 
cult to determine than height. he values depend, 
as arule, upon eye estimates of the distance between 
two crests simultaneously observed, the known 
length of the vessel being the standard of measure- 
ment. Cases have been recorded in which a ship 
of 480 ft. was wholly within the trough of the 
waves, the length from crest to crest being esti- 
mated at 750 ft. The length of 600 ft. is probably 
an outside measure, only attained where several 
conditions have combined to produce the greatest 
effect. Major Darwin has, however, recorded an 
instance in which the wave-crests were separated 
by three ship’s lengths of 400 ft. In the North 
Atlantic the author is disposed to curtail the wave- 
length to some 350 ft. to 400 ft. 

ven if we adopt the smaller of these values 
and can picture the ocean surface undulating in a 
succession of gigantic furrows, 150 yards wide, with 
the water rising at either end more than 40 ft. 
above the lowest depth, the whole imposing mass 
travelling with a velocity of some 50 miles an hour, 
we can conceive but a very imperfect notion of the 
energy by such a wave or of the work 
it is capable of accomplishing. However inade- 
quate may be our estimate of the majestic progress 
of such water masses towards our shores, the very 
effort we make prepares us better for the discussion 
of the very important practical considerations the 
author raises in the second division. We hope 
that he may be tempted to enlarge this section, in 
which is traced the action of waves to form and 
alter shingle beaches by the transport of stones, sand, 
and mud from place to place along the shore. 
Here Dr. Cornish trenches on the department of 
the engineer, who finds in coast erosion one of the 
most troublesome problems he has to solve. With 
our extended coast-line due to our insular position, 
the destruction of beaches, the deposit of sand, the 
shifting of channels and fairways, are of more im- 
portance than to most nations. Very recently, 
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and in the Mersey alone, it has been found 
necessary to carry out vast works of revéte- 
ment, undertaken with the intention of pre- 
venting the underlying sand being removed by 
erosion, while a short distance away some- 
thing like 50 millions of tons of sand have been 
transported by dredging. In presence of the 
stores of energy the author has conjured up, one 
cannot but wonder whether such puny efforts. will 
prove effective, more especially as he shows how 
tides and winds and waves have operated on the 
South Coast, around Chesil Beach and the Shambles 
Sand - Bank. There these same uncontrollable 
forces, in wanton playfulness, as it were, seem 
capable of effecting results that could hardly be 
foreseen, but are not the less injurious to naviga. 
tion. 

To many the third part of the book will prove 
the most interesting, dealing as it does with such 
matters as the Severn bore and progressive waves 
in rivers. The study of the ti waters in the 
Severn will be found very complete and illuminat- 
ing; so many factors have to be considered both on 
general grounds and as modified by local circum- 
stances. It was certainly a happy notion to 
cinematograph some of the rapidly-passing pheno- 
mena. This study of the behaviour of the Severn 
was preliminary to a more thorough investigation 
of some minute peculiarities which are manifested 
in stationary waves and gushes. To see these fully 
developed under the best conditions, the author 
visited the Niagara River, and the discussion of the 
form of waves and the movement of the water 
under these unique conditions is as interesting 
as the photographs, by which this motion is illus- 
trated, are artistic. All through the book will be 
found a number of admirable reproductions of 
photographs, taken by the author, to explain 
difficulties or exhibit some peculiar feature. These 
add both to the lucidity of the explanation and 
lend a charm of their own. In describing the dual 
system of waves which originate at the bow of a 
ship, these photographs are particularly useful. 





Petrol-Air Gas: A Practical Hand-Book on the Instal- 
lation and Working of Atr-Gas Laghting Systems for 
Country Houses.. By Henry O’Connor. London: 
Crosby Lockwood and Son. [Price 1s. 6d. net. ] 

One of the drawbacks of life in the country is the 
want of ample artificial light. In spite of all the 
improvements in paraffin lamps, they still remain 
inadequate to light a fair-sized apartment in a way 
that satisfies a man used to town lighting, although 
they represent an immense advance on the colza- 
oil lamps of our youth. Fortunately, the last few 
years have seen the introduction of other systems 
of lighting which are available for the mansion, 
although generally too expensive for the cottage— 
even the week-end cottage. The invention of the 
metallic filament lamp has reduced the size of 
private electric-lighting plants to about one-fourth 
of what it was, but still such plants can only be 
classed among the rich man’s luxuries. Acetylene 
apparatus is better adapted, both in price and com- 
plexity, to the average country house, and has 
found a wide field of usefulness, which it fills very 
well. The latest illuminant is petrol-air gas, and 
from what is to be seen at exhibitions, it may be 
assumed that it is meeting with a wide acceptance. 
At any rate, a book has been written upon it, 
which makes it clear that a large number of 
apparatus, mostly differing only in detail, are upon 
the market and are being sold. Mr. O’Connor 
describes them all, explaining what are their 
advantages and defects, and affording some guid- 
ance as to the choice which should be made to 
fulfil given conditions. It is a partial drawback 
that some kind of motive power is generally 
required, either water-pressure, falling weights, 
or « hot-air motor. The last is generally adopted 
in the larger plants, and the second in smaller ones, 
to pump the air impregnated with petrol through 
the pipes. These motors have, however, been 
rendered very simple and reliable, and run without 
trouble. In the simplest case the petrol is delivered 
by gravity through pipes of } in. external diameter 
direct to the burners, and is then vaporised, a light 
of 70 candle-power being attained. This book gives 
an excellent description of the various apparatus. 





Das Trocknen und die Trockner. Anteitung zu Entwurf, 
Beschaffung wnd Betrieb. By Orto Mann. Munich 
and Berlin: R. Olden . [Price 12 marks.] 

Tae author, Mr. Otto Marr, an engineer, living 

at Leipzig, speaks very modestly in his preface 

of this first attempt at compiling a volume on 





‘* Drying and Drying Apparatus ; How to Design, 
Obtain, and Work them.” The science of dryi 

offers so large a number of varied problems, an 

concerns so many different domains, that a general 
treatment of the subject hardly appears advisable. 
The author admits that several of his sections might 
probably have been cut out, and that others should 
have been extended. This is possibly true, but 
it would be difficult to decide which should be 
sacrificed. Parts of the general introduction on 
heat, fuel, steam, &c., might certainly have been 
spared ; on the other hand, the author was obliged 
to explain specific heat and the heat capacity of 
warm air. Some of his divisions deal with drying 
chambers and conduits, vacuum apparatus, super- 
heaters, exhaust of gas-engines, measuring appa- 
ratus, and with apparatus for ing agricultural 


produce, animal food-stuffs, building materials, 
chemical products, rubber and electrical appliances, 
explosives, paper and textiles, and f for the 


household. The order which we have observed is 
that of the author, and it does not look very con- 
sistent. The apparatus noticed are almost all of 
German make. The book, of 415 pages, with 215 
illustrations, certainly contains some useful infor- 
mation. ‘‘ The future will teach in how far it 
satisfies requirements,” the author states. 





Dictionary of Inorganic Compounds (in four langu ® 
Edited 4 eat K. Horruamn, Oren the aE: 
of the Royal Saxon Ministry for Public Instruction, 
the Royal Saxon Society of Sciences, and the Royal 
Prussian Academy vf Sciences. Leipzig: Johann 
Ambrosius Barth. [Three volumes, published in parts, 
each part 4 marks. ] 

THis work is a somewhat unusual compilation. 
In view of the fact that only abbut one-tenth of 
the known inorganic compounds are described 
or referred to in chemical text-books, the State 
and the scientific institutions above mentioned 
resolved to arrange for the compilation of a 
dictionary which would briefly tabulate, with 
literature references, compounds of which analyses 
have been published. The subject-matter is given 
in four parallel columns, in German, English, 
French, and Italian. Dr. Hoffmann, of Leipzig, is 
the editor, and Professor A. Thiel, of Miinster, 
has added tables for calculations. We have some 
doubts, not about the utility, but about the advisa- 
bility, of the publication, on which great care has 
evidently been bestowed ; the type and paper are 
excellent. In view of the rapid advances of chemistry, 
the book must be almost antiquated by the date it 
will be completed. At the same time, the fixation 
of the often doubtful nomenclature is earnestly to 
be desired, and the editor appeals to chemists of all 
nationalities to assist him. 
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THE FIDDES-ALDRIDGE RETORT-STOKING 
MACHINE. 

Ar no time in the history of gas manufacture has 
there been such activity in the replacement of hand 
labour by machinery as at the present. The chief 
area for the exercise of such machines is that of which 
the retort-house is the centre, embracing the coal- 
store and the coke-store. Whilst vertical retorts are 
in some works being installed, as the more or less 
natural development of the inclined system, yet in 
many others the horizontal retort is being retained, 
with the ——— thereto of mechanical operation. 
The mode of transmission of the motive power to these 


, | various machines has something to do with determin- 


ing the collateral features in the coal-stores and the 
coke-stores. Whilst wire-rope, compressed-air, hy- 
draulic, and electrical transmission have all their 
re tatives in this field, yet in the combined 
schemes of taking in coal, stoking, and delivering coke, 
the electrical appears to have advantages worthy of 





careful consideration. Of the several types of elec- 
trically-driven stoking-machines the Fiddes-Aldridge 
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VENTILATING APPLIANCES IN COTTON-MILLS. 

















Fic. 17. Hoop over Brusu on Main CyLinpEr. 


occupies a unique position, inasmuch as it is the only 
one charging and discharging simultaneously a 20-ft. 
to 22-ft. length of horizontal retort. 

To this distinction is added another—namely, of 
taking automatically a supply of coal from the over- 
head hoppers into the foe. A as desired. The result 
is that one machine attendant performs what is often 
three distinct operations in other systems. The only 
drawback to the system of simultaneous discharge and 
charge is that the retort is not ordinarily inspected 
at each operation, as to its general condition and 
soundness. But if such inspection is desired, it may 
be arranged by the operator not taking in coal until 
the retort has been discharged. In practice, however, 
this hypothetical objection has not been found a serious 
one ; and as the economy of operating is unquestioned, 
the machine is meeting with much favour. 

The present machines are the result of several years’ 
experience, founded upon the patents of the late Mr. 
Walter William Fiddes, formerly of the Bristol Gas 
Company, and Mr. J. G. W. Aldridge, of West- 
minster. These patents have been supplemented by 
others taken out by Mr. Aldridge for improvements 
in the working details, and by Messrs. Aldridge and 
Gibson for coal-hopper doors and their operating 
mechanism. The machines are manufactured at the 
Avonbank Works of Messrs. Aldridge and Ranken at 
Bath. 

After the preliminary work at Bath and Ponty- 
pridd, there was installed at the Wavertree Works of 
the Liverpool Gas Company in October, 1905, one 
of these machines ; the company have now five at their 
various works. The machines can be made to operate 
retorts set in any number of tiers ; but the form most 
usually adopted is that for three tiers, although at 
Guildford and Stratford there are machines for four 
tiers, and at Fulham one for five tiers. At Strassburg, 
Rotterdam, and Antwerp three-tier machines have 





(For Description, see Page 177.) 





been installed, those at Rotterdam each carrying 4-ton 
coal-hoppers. South America has adopted the machine 
at Valparaiso and Buenos Aires, and at home the Gas 
Light and Coke Company have installed the system at 
the works recently taken over from the West Ham Gas 
Company, and at their Beckton Works. The towns 
in England employing the machine at their gas-works 





Fig.t.| | 





























now number fourteen, and on the Continent eight. 

The standard type, or three-tier machine, is seen in 

= photograph reproduced in Fig. 4, on our two-page 
ate. 

The Fiddes-Aldridge machine is constructed almost 
entirely of steel, and consists of an inner and outer 
framework, the latter being mounted on wheels, so that 
the machine may travel up and down the retort-house. 
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The machine can be so constructed that it will 
serve any number of tiers or retorts, for which purpose 
the inner frame can be raised or lowered by means of 
steel-wire ropes. Coal is delivered from an overhead 
hopper into the measuring-chamber on the front ot the 
machine, and from thence through a shoot, under 
which passes the push-plate conveyor (hereinafter 
called the chain) on its way into the retort. 

The chain consists of parallel plates held in a ver- 
tical position by arched stays, and hinged near their 
upper edges, so that the chain may be wound round a 
vertical wheel (see Fig. 11), which enables the machine 
to be adapted to retort-houses hitherto used for hand- 
work, where is limited. From the arched stays 
are suspended push-plates, which are usually from 
3 ft. to 4 ft. apart, and so arranged that when the 
chain is entering the retort they are held in a vertical 
position (see Figs. 8 and 9), but on the return stroke 
they are free to lift (see Fig. 10). Thus each plate 
pushes a quantity of coal into the retort, and on the 
return stroke automatically lifts and allows the coal 
to pass under it, and so assists in levelling the charge. 
The front push-plate is of heavier construction than 
the others, and during the operation of charging the 
retort with coal it pushes the coke through the retort. 
A hinged plate (called the ‘“‘ a ”) drops into 
the mouth of the retort and bridges over the space 
between the machine and the retort, the apron-plate 
and the bottom of the retort over which the coal is 
pushed forming the bottom of the chain (Fig. 1). 

As previously mentioned, the coal is delivered from 
the overhead supply into the measuring-chamber, and 
descends by a shoot into the chain. The lower part of 
the measuring-chamber is provided with a sliding door, 
which, when withdrawn, releases the coal into the 
shoot, at the bottom of which two movable plates are 
fixed, which regulate the flow of the coal into the 
chain. The back end of the chain is attached to the 
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THE FIDDES-ALDRIDGE RETORT-STOKING MACHINE; DETAILS OF MECHANISM. 


CONSTRUCTED BY MESSRS. ALDRIDGE AND RANKEN, ENGINEERS, BATH. 
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chain-wheel, which is driven by a pinion engaging in a 
spur-wheel attached to the side of a chain-wheel. 

The outer frame, which is mounted on four cast- 
steel travelling-wheels, carries the measuring-chamber 


and shoot, some of the Cia eiege and part of the | 


travelling gear, consisting of a long square shaft, upon 
which slides a hovel Stent ental ene bracket on the 
inner frame, and geared into another bevel-wheel, also 
on the inner frame. The lower end of this is geared 
to the rail-whéel by means of mitre-wheels. The 
inner frame, which is suspended from the outer 


frame by four steel-wire ropes, carries the chain and | 


wheel, lifting, charging, travelling and electrical gears. 
he electrical gear consists of a continuous-current 
motor fitted with solenoid brake, and all the motions 
are operated by an ordinary tramway-type controller, 
in conjunction with clutches. The current is obtained 
from overhead wires by means of collectors fixed to the 
= frame, and conveyed to the motor by flexible 
e. 

The driver can obtain access to the machine at any 
desired level by an outside ladder and platform, and 
he stands in such a ition that he can overlook all 
the operations of the machine—viz., charging and 
ischarging, lifting, lowering and travelling. 

To the underside of the overhead hoppers, Aldridge 
and Gibson’s — hopper-doors (see Fig. 1) are 
‘itted, which the stoking-machine opens and closes 
48 It travels from one retort to another. These doors 
are placed between the vertical rows of retorts, and 
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are attached to double-ended levers, which are worked 
pw ng of two upright pins fixed to the measuring- 
chamber in such a way that the ‘‘forward” pin 
engages with one end of the lever and opens the door, 
and the ‘‘after” pin engages with the opposite end of the 
lever, closing it, the coll having filled the measuring- 
chamber on the machine in the interval, so that the 
,machine always has sufficient coal for one charge. 
These pins are so arranged that they may be thrown 
| out of action when it is desired to travel the machine 
| without operating the doors. 
Fig. 7 shows the form of cross-section of retort 
' suited to the machine, where a charge of 10 cwt. of 
coal is desired. The weight, however, varies with the 
class of coal employed—in one instance in the provinces 
the average weight being 11f cwt. This matter, to 
| which some gas engineers attach considerable import- 
' ance, has received the attention of Mr. Aldridge, and 


all practical purposes, fill a retort. 

The doors of the retort mouthpieces when installed 
open to the right of a spectator. The cross-section 
of the retort-house, Fig. 5, shows that a building 
only 54 ft. wide can 4 — on this system, 
whilst the front elevation, Fig. 6, shows the eral 
arrangements necessary, with the s at the end 
of the retort - bench uired for the machine, and 
provided with a shelf for the full-length examination 
of the charging and discharging chain. Over the 
hoppers is shown in outline the coal-conveyor, usually 








| he is now developing an improvement which will, for | 













































supported by the roof trusses, which, in this diagram, 
are not shown. 

Fig. 1 shows a side elevation of a machine prepared 
to operate on the middle tier of retorts. The bridge, 
hinged at two places, is depicted by dotted lines in 
the position it occupies when traversing from retort 
to retort. The overhead hopper, containing coal, is 
shown with the Aldridge - Gibson door, and the 
mechanism for actuating it, which is controlled by the 
handle within reach of the attendant’s platform, is seen 
most distinctly in the plan, Fig. 2. The mode of 
receiving the electric current is illustrated at the rear 
end of the machine, at the top of Fig. 1. The eleva- 
tion of the back of the machine, Fig. 3, shows how 
the movable inner framework can be traversed verti- 
cally within the outer framework carried on the trolley, 
running within grooved tramway rails. 

The motor on the machine is a Siemens enclosed 
series wound type, of 134 horse-power at 220 volts, 
running at 480 revolutions ” minute, and is designed 
for a load-factor of one sixth, as is usual in crane work. 
For the five-tier machines the load-factor provided for 
is one-third. It is fitted with a solenoid brake, and 
actuated by an ordinary tramway type of controller. 

The patents for the original Fiddes- Aldridge machine 
are No. 10,480, of 1902, and No. 5375, of 1906; but 
details have since been improved, represented by patent 
No. 26,056, of 1908, and others recently. 

In Figs. 14, 15, and 16, above, the bed-plate a of th 
machine is shown supported on rollers b, and the front or 





184 


ENGINEERING. 


[Fex. 10, 1911. 





retort section a! ishinged at «* to the bed-plate a to swing 
vertically, and is carried on rollers b' journalled at the 
ends of pivoted levers c, whose other ends have counter- 
balancing weights c', sufficiently heavy to ensure that 
the pivoted apron-plate section a! shall incline upwards, 
whilst the whole of the bed-plate is run forward by a 
pinion working in a rack d' on its underside. The apron- 
plate is operated or adjusted by a hand-wheel ¢ pro- 
vided with a ratchet-wheel ¢! and pawl ¢* held in en- 
gagement by a weighted lever /, which prevents the 
apron-plate from moving back accidentally from the 
retort-mouthpiece ; the plate is released by a pedal /", 
Fig. 15, when it is desired to withdraw the apron-plate. 
The levers c carrying the weights have slots whose 
sides engage with stops in the form of nuts g on a 
threaded rod g', so that the line of movement can be 
altered. 

These stops prevent excessive movement of the 
apron-plate either upwards or downwards. When the 
chain passes on to the apron-plate the outer end of the 
plate is pressed down on to the floor of the retort 
mouthpiece, so that all irregularities of setting of the 
retorts are provided for in the direction of the retort 
by the longitudinal movement of the bed-plate, and 
by the vertical rise of the end of the apron-plate. 

In the modification shown in Figs. 17 and 18, the 
apron-plate a® moves independently of plate a. The 
rear end of the — a* slides under the front 
of a, and has weighted rollers /? pivoted to it runnin, 
on rails h, so that the said rear end is at a lower leve 
than the top of the fixed rollers b* on which the apron- 

late moves. When the apron-plate is advanced by 
its rack and pinion, it inclines upwards, but when the 
loaded chain passes over it, it is depressed to the 
retort mouthpiece. 

In Figs. 19, 20, 26, 27, and 28 is shown the coal-shoot, 
which is of the same cross-section as the top of the chain; 
itis fixed at its lower end to the bed-plate frame by the 
plates i}, and extended towards the rear to facilitate 
rapid flow of coal. In the interior of the shoot are 
mounted longitudinal hanging flaps j (Fig. 20), whose 
lower edges can be regulated 4 justing screws j', to 
vary the distance between them, to regulate the amount 
of coal passing into the chain. In order to prevent 
coal falling over the sides of the passing chain, external 
hanging flaps k pressed inwards by springs k', and 
provided with wearing-strips k°, bear against similar 
wearing-strips &* on the upper edges of the same plates 
/ of the chain ; and to prevent escape of coal at the 
forward end of the shoot a vertical plate m is arranged 
in the front of the shoot, with the bottom edge curved 
to arch-shape. In order to clear the arched stays /! on 
the chain as it passes, the plate is arranged to slide 
vertically in Emenee as shown in Fig. 28, and two 
double inclined plates m! are fixed to its lower edge, 
which slide over the arched stays, so that the plate is 
lifted automatically on meeting an arched stay. The 
upper part of the sliding-plate has screwed guide-rods 
n with nuts n', the nuts bearing against a plate x’, 
thus forming a ready means of adjusting the height of 
the plate m. 

The chain, for a part of its length, is shown in Figs. 
21, 22, and 23. The push-plates o have bent levers p 
pivuted to their lower edges, which trail behind on the 
charging-stroke ; but on the withdrawal of the chain, 
the bent levers fall into position underneath the raised 
push-plate, supporting it at a definite level, as shown 
in Fig. 21. The push-plates are prevented from 
coming too high Wy stops q on the side plates/. The 
leading edges of the bent levers are made thin, so as 
to facilitate their passage through the coal. 

With the object of reducing the cost of renewals of 
the side-plates /, they are fitted with renewable steel- 
wearing strips, fixed by butt strips s, riveted on as 
shown in Fig. 23. On the front-end section of the 
chain—see Figs, 24 and 25—the wearing-strip 7 is 
carried on an adjustable plate 7! mounted between the 
outside of the side-plate / and the bracket ¢ carrying 
the front roller «, and secured by a bolt v passin 
through a slot in the plate r' and by bolts v' dal 
to be inserted in holes arranged at the same level in 
the side plates, but capable of registering with holes 
w, w' arranged at different heights in the adjustable 
plate x". To lower the plate 7 and the wearing-strip r 
the bolt v is slackened, and the bolts v' are taken out 
and placed in the adjacent holes, the plate r' being 
lowered until the holes w therein are in line with holes 
in plate /. 


Tue INSTALLATION AT THE FULHAM STATION OF THE 
Gas Ligut anp Coxe Company, 

The electric generating-station which adjoins the 
retort-house is equip with two 80-brake-horse- 
power National gas-engines, each coupled by means of 
a flexible leather-fit coupling (shown in diagram, 
Figs..12 and 13, page 182) to a 6-pole generator, standard 
type of the Lancashire Dynamo Company, having an 
output of 180 amperes at 225 volts, at a speed of 
210 revolutions per minute. 

When coal-conveying is in operation, along with the 
stoking, both these generators are required, and in 


order to provide for contingencies the Gas Company, 
at the bullding of the power-house, laid down teonde. 


tions for a third unit of oo am and dynamo, | 


which they are now about to insta 
are provided with shunt resistances for the purpose 
of restoring the voltage, which tends to decrease 
with the rise of temperature that always occurs after 
generators have been running some time. The 
generators are controlled from a switchboard in the 
same room, on which are also fixed starters, &c., for 
starting the motors. The ammeters and voltmeters 
are from Messrs. Whipp and Bourne, of Rochdale. 
The whole of the electrical plant (with the exception 
of the motor on the stoking-machine already described) 
is controlled from the engine-room. The cables are 
run in tubing to the respective motors which are fixed 
=. various parts of the coal and coke distributing- 
nt. 

“4 On the occasion of the visits of our representative to 
the Fulham Gasworks, the machine was dealing with 
charges of coal weighing “!} cwts. per 8 hours in 
retorts of 23in. x 16 in. internal cross-section, and 
20 ft. long. It was doing this at the rate of 25 per 
hour, although this rate and the weight of charge 
could be increased if desired. Charges up to 10 ewt. 
can be worked by the machine, provided the usual 
scurfing of the retorts is attended to. 

Each machine can serve 220 through retorts of 20 ft. 
length, and, as an indication of the speed attainable, 
it may be mentioned that at Coventry twenty-two 
retorts were discharged and charged in 19 minutes 
from the time of opening the first mouthpiece to the 
closing of the last. 

The staff of men employed at the Fulham Gas 
Works was one lidman, two stokers, two labourers, 
one fireman, and one assistant fireman; the retort- 
house contains twenty settings, each of ten retorts, 
set in five tiers. The yield of gas per ton was 11,700 
cubic feet, of an illuminating puwer of 154 to 16 
candles in the No. 2 Metropolitan burner, or 10 
candles in the flat-flame burner, and of a heatin 
value gross of 555 and net of 496 British therma 
units. The machine has now been in use over a year, 
and the cost in repairs and maintenance has been 
very little indeed. Moreover, the wear and tear of 
retorts is quite satisfactory, and, what is of great 
importance, no perceptible groove is worn in them. 
It would appear that the absence of reciprocating 
movemeuts in the Fiddes-Aldridge machine tended to 
the avoidance of shock, the presence of which has 
been in some gas-charging machines a fruitful source 
of wear and tear. 

The concentration of power generation within one 
building must be economical when viewed as a whole, 
and must tend to reduce the charge for fuel and 
labour allotted to retort-houses working usually com- 
prised under the head of ‘‘ stoking.” 

A subsidiary use of such an electrical plant in a 
gas works is the facility it gives of providing a con- 
venient means of recharging electrical hand-safety 
lamps, such as are of service in purifying houses, and 
not only on the works, but for the meter inspectors’ 
use in the gas-distributing department. 


The generators 


ELectric Power FoR THE CoAL AND*CoKE PLANT, 
Futuam Gas Works. 

The motors used are all compound-wound, and work 
at 225 volts. They are each fitted with an automatic 
over-load release, an adjunct especially valuable in 
the case of the drive of a coal or coke - breaker 
where foreign substances, such as wood, iron, or 
steel not infrequently gain access. In the gear to the 
coal-breaker from the motor there is a double reduc- 
tion of speed by wheel and pinion. A 22-horse-power 
motor running at 500 revolutions per minute is used 
for the coal-breaker, and the inclined elevator that it 
serves. The latter is 35 ft. high, anne 40 tons per 
hour. The power absorbed to drive breaker and 
elevator is 55 amperes, equal to 12,375 watts. 

A 12-horse-power motor, running at 500 revolutions 
per minute, drives a coal-conveyor situate in the roof of 
the retort-house, 207 ft. in length, moving 40 tons per 
hour into the hoppers placed over the track of the 
Fiddes-Aldridgestoker. The power absorbed is 30 am- 
peres, equal to 6750 watts. These motors work in hot 
and dusty atmospheres, and are specially constructed to 
suit the conditions, being of the wholly enclosed type. 

A 22-horse-power motor, running at 50 revolutions 

r minute, drives a De Brower hot coke-conveyor made 

y W. J. Jenkins and Co., Limited, of Retford. The 
horizontal portion of this conveyor in the floor of the 
retort-house is 205 ft. long, the inclined continuation of 
the same, outside the retort-house, is 87 ft. measured on 
the hypothenuse, and 42 ft. high vertically. This com- 
bined conveyor and elevator oP coke in varying 
quantities per minute through the hour; but when 
one retort per minute is discharged into it, the weight 
will be about 6 cwts., equal to 18 or 20 tons per hour. 
It absorbs 40 amperes, equal to 9000 watts, including 
therein the energy used in driving a coke-breaker 
placed at the head of the inclined conveyor or chain- 
scraper elevator. A 5-horse-power motor of 500 revo- 
lutions per minute drives the horizontal cold coke- 
conveyor from the point adjoining the aforesaid coke- 





breaker for a length of 116 feet over the series of 





coke-bunkers, absorbing 8 amperes, equal to 1800 watts. 
These two motors work in the open air, and, accord- 
ingly, are constructed of the enclosed rain-proof type. 
or purposes of comparison as to the amount of power 
required under diverse circumstances, there are sub- 
joined particulars compiled from data given by Mr. 
. Allen, M. Inst. C.E., relative to the Wavertree 
Works of the Liverpool United Gas Light Company 
In this case the voltage was throughout 220. 
TaBLE I.—Power Absorbed and Spced of Shafts in the 
Coal or Coke Plant at the Wavertree Gas Works. 
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a 8-B. -H.-P. 
Conditions B.-H.-F B.-H.-P. 
way aeany | hoy ene Motor for El <r wthpaal d — for 
an of oa - 4 onveyor to 
Observation pad Breaker. Bridge- oppers 


Conveyor. | 


Maximum = amp. | watts| amp. | watts amp. watts amp. | watts 
output . 90 /|19,800) 42 | 9240 15 | 3300, 10 | 2200 
Minimum 








output .. 50 11,000 15 | 3300 12 2640 6 | 1320 
Average | | 
output ..' .. (14,750 .. | 7580 .. | 2880' .. | 1590 


Revolutions per Minute. 


Armature | 

shaft .. 480 | 590 to 600 750 830 
Counter. | | 

sha = x a 100 100 
Second shaft ¥ 100 65 70 
Third shaft ket 24 13 14 


' 


The following are observations of the powers em- 
ployed for the several operations at the Fulham five- 
tier machine when working charges of 84 cwts. per 
retort. 

For comparison similar data are given for the three- 
tier machine at Liverpool. 

TaBLE II.— Power Absorbed in the Fiddes- Aldridge 
Stoking Machine. 


Travelling Machine Simultaneous Dis- | 
— | om tort- charging and Re- | 
ouse. } charging. | 


| volts | amp. watts) volts amp. watts | volts |amp-| watts 


Withdrawing of 
Chain. 

















219 22 | 4818 219 22 | 4818 | 219! 18 3942 
212 22 | 4664 214 27 5778 | 217 16 | 3472 
210 24 | 5040 210 30 | 6300 
220 24 | 5280 |210 35 | 7350 
— |__| —_—_; —_- ——_— 2 a a oe 
gg | | 
az . mat ae Rie) ae 
= 5 r216.25 23 | 4950 [213.25 27.5 6061 218 17 | 3707 
z:) 
: 220 | 15 | 3300 220 | 24 ©5280! 220) 18 | 3966 
2 it 
ps | 
Lifting Internal | Lowering Internal 
Frame. | Frame. 
| 
| a ee | 
S 7224 | 2 | 5376 | 
& | | 
‘i | | 
| 
g |= | 20 | 4400 |220 10 2200 
eo | | 
ands Sn 
Speed of the Various Operations. 
Five-Tier Three-Tier 
— Machine, Machine, 
Fulham. Liverpool. 
Speed of travelling - .. ft. permin. 85 40 
Time of actual charging and discharging t 
retort ie . a .. secs. 20 15 
lime of withdrawing chain from re- 
tort .. te es -- Secs. 10 lz 
Speed of lifting .. {t. per min. 4 3.7 
Speed of lowering .. - ow pn 6 
Tests of voltage at no load ranged from 218 to 227 220 


For much of the information -contained herein the 
writer is indebted for facilities kindly granted to him 
by Mr. Thomas Goulden, the Chief Engineer of the Gas 
Light and Coke Company, and to his staff, especially 
Mr. J. W. Randell, Engineer of the Fulham Gasworks, 
and his assistant, Mr. McMinn. ‘To these gentlemen, 
and the representatives of the makers of the several 
plants referred to, he tenders his thanks. 





Srare Sussipres To SHrpPinc.—The Hamburg Union 
of Shipowners states in its last report—for the year 1909- 
1910—that State subsidies to shipping have, during the 
year, been increased in several countries. The new Spanish 
shipping law, which came into force on January 1, 1911, 
infhiets comparatively heavy dues upon foreign ony tn 
and contains clauses relating to subsidies to the home 
shipping and shipbuilding which almost amount to the 
acquisition of the vessels and permanently defraying part 
of the working expenses at the cost of the State. The new 
Italian policy of subsidising also means a further con- 
solidation of thissystem. In Austria a new law is before 
the Diet, which involves material State subvention to the 
South American traffic. The new ment with regard 
to subvention between the French Government and the 


Messageries Maritimes almost transforms the latter con- 
cern to a State undertaking. 
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THE PHYSICAL SOCIETY OF LONDON. 


At the meeting of the Physical Society of London, 
held on January 27, Professor C. H. Lees, F.R.S., Vice- 
President, in the chair, ‘‘4 Demonstration of the Phase 
Difference Between the Primary and Secondary Currents 
of a Transformer by Means of Simple Apparatus” was 
given by Professor F. T, Trouton, F.R.S. ae 

The apparatus is a primitive induction motor consisting 
of two horseshoe electro-magnets with their axes coinci- 
dent and vertical, and their planes at right angles. 
Above the poles a copper disc is pivoted. The primary 
current from a transformer is sent through one magnet, 
and the secondary current through the other. With a 
suitable phase difference a rotating magnetic field is thus 
obtained. The phase difference between the currents is 


= _ *F) 
2 7 (Z 


L and P being the inductance and resistance of the 
secondary circuit. By |increasing L, ¢ tends to 7, and 
consequently the torque acting on the disc becomes small. 
Increasing R makes ¢ tend to 7/2, and a larger rotation 
is obtained. Inserting an iron core into the transformer 
diminishes the speed of rotation owing to the increase of 
L, and also to the fact that the hysteresis in the iron 
causes the secondary circuit to lag still more behind the 
primary. Lags greater than 7 may be obtained when the 
rotation is in the opposite direction, and may be redu 
to nothing by increasing the resistance. A steel core will 
produce a greater negative rotation than an iron one. To 
demonstrate the hysteresis effect it is necessary that the 
core should consist of a bundle of fine wires, otherwise the 
Foucault currents set up will introduce a lag. The 
effect of Foucault currents can be shown by introducing 
another coil within the transformer in place of the iron 
core, and closing its circuit with a variable resistance, 
when lags > or < m may be obtained according to the 
resistance. 

The hysteresis is greatly modified by subjecting the 
core to a permanent etic field by means of an addi- 
tional coil on the transformer. Moderate fields increase 
the hysteresis, though large fields decrease it. This isdue 
to working on the knee of the hysteresis curve in the first 
case, while in the second case the core is permanently 
saturated, and acts as a non-magnetic substance. 

Dr. W. E. Sumpner pointed out that introducing an 
iron core produced several effects ; for instance, the mag- 
nitudes of the currents were altered as well as the self and 
mutual inductions, 

Professor 8. P. Thompson said that Mr. Baily showed 
a similar apparatus at the Physical Society 30 years ago. 

Professor G. W. O. Howe pointed out that Foucault 
currents would be induced in the closed coil used for 
magnetising the iron core. 

Mr. A. Campbell called attention to an instrument by 
means of which Lissajou figures were obtained from the 
combined oscillations of the primary and secondary 
currents. 

The author, in reply to Professor Howe, stated that a 
coil with a high resistance was employed for magnetising 
the core, to avoid the effect he mentioned. 

A paper entitled ‘* A Note on the Experimental Measure- 
ment of the High-Frequency Resistance of Wires” was 
read by Professor J. A. Fleming, F.R.S. In this paper 
the author refers to a paper read by him in December, 
1909, before the Institution of Electrical Engineers, on 
“Quantitative Measurements in Connection with Radio- 
telegraphy” (Journal of the Institution of Electrical 
Engineers, vol. xliv., page 349, 1910), in which he 
described an apparatus consisting of a differential air 
thermometer having tubular bulbs, into which similar 
wires could be placed, and by means of which a com- 
parison could be made of the high-frequency (H.F.) 
resistance R’ of a straight wire, and its steady or ohmic 
resistance R. If one of two equal wires has passed through 
it a steady current A, and through the other a H.F. 
current A, , then, if these currents are adjusted 
until the rate of heat evolution in each case is the same, 
we have A?R = A,?R’. Certain precautions are described 
in the paper for eliminating inequalities, but by means of 
correct reading H.F. ammeters as devised by the author, 
the ratio of the resistances R’/R can be determined from 
the ratio of the mean square currents A2/A,°. 

The H.F. currents used were obtained by condenser 
discharges, and the equiheating steady current deter- 
mined by means of the differential thermometer arrange- 
ment having two equal wires in the two tubular bul 
It is then shown that the results for straight wires 
very well with the formule given by Lord Kelvin and 
by Dr. A. Russell for the ratio R/R for wires of dif- 
ferent sizes and for different frequency. It is pointed 
out that the correction to be applied for damped oscilla- 
tions, as compared with persistent oscillations, is at 
most 1 per cent. in the cases measured, and that the cor- 
rection for the heating effect of the condenser charging 
current is negligible. The case of spiral wires is then 
discussed. The resistance R” of a spiral is greater than 
that of the same wire R’ stretched out straight. In the 
cases examined the ratio R”/R exceeds R'/R by about 50 
to 80 per cent. A formula given by Dr. Nicholeon for 
R’/R is then discussed, a it is shown that it does 
Ot agree with the results of observation. Experiments are 
also described on the H.F. resistance of wires of magnetic 
metals, and it is shown that in this case the observed 
value of R’/R can be used to determine the permeability 
for small H.F, etising forces. 

, Vr. A. Russell pointed out that in obtaining the 
formula for the high-frequency resistance of iron wires it 
is not justifiable to assume yu to be constant. 

Mr. Duddell remarked that he had made some experi- 
ments with insulated wires, and had found that this 
increased the resistance, possibly owing tocondenser action. 








Dr. Erskine-Murray said the instrument would certainly 
be useful to those interested in wireless telegraphy. 

Major O’Meara thought the method was well worth 
following up. 

Professor E. Wilson drew attention to the inductive 
action between the two circuits, which might not 
negligible in the case of a spiral. 

A paper on ‘“‘ The Measurements of Energy Losses in 
yreee = Traversed by High-Frequency Electric Oscilla- 
lations,” by Professor J. A. i 
Dyke was read by Professor rece In this paper an 
arrangement of apparatus is descri for the purpose 
of measuring the internal en losses in condensers 
traversed by high-frequency (H. F enema. It isshown 

+ these energy losses in condensers may be considered 
as if they were due to a resistance lossin a hypothe- 
tical resistance in series with the condenser, the con- 
denser itself being sup to have a perfect non-dissi- 

tive dielectric of the same dielectric constant, This 
pgs resistance is not constant, but is a function 
of the condenser current. The experiments were con- 
ducted by the use of a special form of impact dischargers 
comprising two flat plates immersed in oil, one stationary, 
and the other revolving at a high speed. This discharger 
was or in series with a primary circuit and condenser, 
and H.F. oscillations were set up in the primary having any 
desired frequency. A secondary circuit loosely coupled 
consisted of a wire whose H.F. resistance could be deter- 


Fleming and Mr. G. B. 


ced | mined, the condenser to be examined, and a hot-wire 


ammeter and variable resistances. The measurements 
consisted in observing the reading of the ammeter, and 
then changing the current created in the secondary 
circuit by a small amount by adding a known resistance 
which altered the decrement of the circuit, but not its 
inductance. From these readings an equation is obtained 
for the hypothetical condenser resistance. It is shown 
that the product of the square of the secondary current A® 
and the total resistance R of the secondary circuit is con- 
stant, and hence that the unknown condenser resistance p 
can be found from observations of the change in A? when 
an additional resistance 1, is interpolated in the condenser 
circuit. The energy lossin the condenser is then A% watts. 


Condensers with various dielectrics, air, oil, g and 
ebonite, were examined, and the dielectric en osses 
Dare stated in micro-watts per cubic centimetre of dielec- 


tric for given values of the electric force E. It is shown 
thus D can be expressed as a function of E in the form 
D = X E*, where X is a constant depending on the cur- 
rent density, and Y is a constant _ ee on the nature 
of the dielectric. For oil and air these power losses are 
relatively small, but for glass and ebonite large. The 
necessity for measuring these losses in the case of radio- 
telegraphic condensers is emphasised. 

A paper on “‘ Some Resonance Curves taken with Impact 
and Spark-Ball Dischargers,” by Professor J. A. Fleming 
and Mr. G. B. Dyke, was read by Professor Fleming. 
In the course of the experiments described in the previous 
paper on the measurement of energy losses in condensers, 
a large number of measurements had to be made with the 
cymometer of the frequency of oscillations in, and 
the inductance of, the secondary or condenser circuit. 
It was then an easy matter to draw compiete resonance 
curves in each case, and this has accordingly been done 
with both the impact and spark-ball dischargers in the 
primary circuit, and for various resistances in the secondary 
circuit. The results are interesting as showing exact] 
what takes place in each case in the primary circuit. If 
we are using the spark-ball a, and if the primary 
and secondary circuits are coupled with various d 
of coupling, then, for any close coupling, we find on the 
resonance curve three fn stew correspond respectively, 
as regards frequency, with the free oscillation period of 
the secondary, and with the two-period oscillations set up 
by the reaction of the secondary upon the primary cir- 
cuit. As the coupling is weakened the double-period 
oscillations die out, and only the free oscillation of the 
secondary survives. There is always a certain coupling, 
not far from 10 per cent., which gives the maximum cur- 
rent in the secondary circuit in the form of a free oscilla- 
tion. If the secondary circuit is more highly en 
then the two-period oscillations are more strongly marked, 
and the maximum free period oscillation has a lesser 
maximum value. 

If we are using an impact discharger, the double-period 
oscillations are only apparent when the coupling exceeds 
about 30 per cent., and die away with a very little 
reduction in the —— leaving the predominant free 
secondary oscillation as the survivor. These curves show 
how very quickly the primary spark is quenched when 
using the impact discharger. If the maximum secondary 
current is set up as ordinates in terms of the coupling as 
abscissa, we obtain curves which rise up quickly to a 
maximum value and fall again, and which indicate that 
the maximum value of the secondary current is deter- 
mined both by the coupling and the secondary decre- 
ments. 

The two previous papers were discussed together. 

Mr. A. Campbell observed that the curves in the second 
paper showed the superiority of the impact method, and 
remarked that since the losses at low frequencies were so 
exactly proportional to the square of the voltage, it was 
surprising the same was not true at high frequencies. 

Mr. Duddell also expressed surprise that with low 
voltages the losses were not proportional to V, and drew 
attention to the importance of knowing exactly where all 
the energy losses in the secon occurred. 

Mr. E. H. Rayner remarked that a more accurate way 
__ the results was to plot the power factor against the 
vo! 5 
Si AAdeuboche said he thought the variation of the 
losses with temperature was very great, and should be 
taken into account. ; ; 

Dr. Eccles pointed out that it was only after the primary 





spark was quenched that it was possible for the secondary 
circuit to emit its natural frequency. 

Professor G. W. O. Howe exhibited oscillographs 
showing the oscillations in the primary and second 
— before and after the primary spark had died 

own. 





THE DETROIT RIVER TUNNEL. 

At the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, February 7, Mr. Alexander 
Siemens, President, in the chair, the paper read was 
“‘The Detroit River Tunnel, between Detroit, Michigan, 
and Windsor, Canada,” by Mr. William J. Wilgus, 
M. Inst. 0.E. The following is an abstract of the 


paper :— 

The electrically-operated tunnel beneath the Detroit 
River for connecting the Michigan Central Railroad, in 
Detroit, with the Canada Southern Railway in Windsor, 
was successfully completed and opened for the passage of 
the first train on July 26,1910. This was four years after 
work had been actively commenced, and at the close of 
over half a century’sstriving for means of linking together 
the lines of railway between East and West, via the 
North Shore of Lake Erie. The tunnel contains two 
tracks, and measures about 24 miles between summits, and 
8310 ft. from portal to portal ; it has a clear headroom of 
18 ft. above rail-level. 

1 conditions led to the adoption of a novel method 
of subaqueous construction, by means of which the capital 
cost and hazard to human life and health were ty 
reduced, and economy of operation was subserved by the 
ee the vertical ascent for trains. In this method 
steel tubes in pairs were built on land, launched, towed 
into position, and sunk into a previously-excavated trench ; 
there they were suitably connected, adjusted to line and 
level, and entirely surrounded by concrete deposited under 
water by the “‘tremie” process. Later, after the con- 
crete hardened, the tubes were successively pumped 
out, and the inner ring or lining of concrete was con- 
structed in the dry, without the use of compressed air. 
This —y obviated the necessity of placing the 
tunnel some distance below the bed of the stream, as 
would have been necessary with the shield method, and 
permitted the top of the tunnel actually to project above 
the river-bed to the limiting level established by the 
United States and Canadian Governments. 

The design of the track used in the tunnel departs 
from the usual prection in that it dispenses with the use 
of ballast, and thereby lends itself to economy of main- 
tenance and to cleanliness. Especial care was taken in 
the interests of safety to secure sound rails, thorough 
drainage, suitable signalling and interlocking, and other 
protective features for emergency use. 

The desire for the safety and comfort of employees, as 
well as of the travelling public, caused the adoption of 
electricity as a motive power within a zone of 44 miles, of 
which the tunnel forms a part. The direct-current 
system with batteries, and the under-running type of 
third rail, were selected after demonstration of the 
economy of that system in both first cost and annual cost 
of operation, and also use of the promise of greater 
reliability in the working of a = service that consists 
at the present time of thirty-eight trains, ranging in 
weight from 135 to 1800 tons each. 

The completion of this improvement, costing, with 
contiguous work, between 10,000,000 dols. and 15,000,000 
dols. (2,000,000/. and 3,000,000/.), has brought to the public 
greater safety, reliability, and speed of service ; for the 
substitution of a spacious and substantial tunnel has 
removed the uncertainties and dangers incident to car- 
ferriage across a waterway encumbered in summer and 
autumn with a traffic of about 60,000,000 tons gy 
and rendered hazardous in winter by storms andice, It 
has in turn brought to the railway savings in time and 
cost of operation, and the prospective increase of traffic 
that will inevitably follow growth of public favour, and 
the , ee of a handicap to competition for trunk-line 
traffic. 





BIRMINGHAM ASSOCIATION OF MECHANICAL ENGINEERS. 
—A meeting of this Association was held on Saturday, 
February 4, when a on ‘ Draw-Benches ” was 
by Mr. Charles H. Wall, M.I. Mech. E., Member. In 
this the author gaye interesting data on the ape yd of 
draw-benches and descriptions of various types of these 
machines. 





Tue Institution oF Execrrica, Enoingrrs, — The 
annual dinner of the Institution of Electrical Engineers 
was held at the Hotel Cecil on the evening of the 2nd 
inst., under the chairmanship of Mr. 8. Z. de Ferranti, 
the President. There was an attendance of about 400 
members and guests, as com with some 300 at the 
previous saan. wt toast list was ato 7" -. 
sisting only of ‘‘ The Institution,” proposed by the Right 
Hon. pmo f Justice Fletcher Moulton, and ‘‘ The Guests,” 

roposed by Mr. Sam Mavor, chairman of the Glasgow 
ee Section, in addition to the usual loyal toasts, pro- 

sed by the President. Both Justice Fletcher 
Moulton and the President, in his reply for the Institu- 
tion, referred to the unwise legislation which in the past 
has retarded the development of the electrical industry. 
In this connection the President instanced the motor-car 
industry as another which has suffered owing to legisla- 
tive interference, and pointed out that both its develop- 
ment and that of electrical work compared unfavourably 
with the advances which took place in the early days of 
both the railway and textile industries. The toast of ‘‘ The 
Guests” was replied to by Mr. Leonard Stokes, Presi- 
dent of the Royal Institute of British Architects. At the 
conclusion of the dinner, a reunion in the Victoria Hal] 
brought a successful evening to a close. 
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THE 


“LEA” 


WATER-INTEGRATOR. 


CONSTRUCTED BY THE LEA RECORDER COMPANY, ENGINEERS, MANCHESTER. 
Fig.2. 


1 2 RUN SINE RM 08 


Fig. 1. 


In our issue of August 13, 1909, we illustrated and 
described the instrument known as the ‘‘ Lea ” re- 
corder, which is constructed by the Lea Recorder 
Company, of 28, Deansgate, Manchester. Since that 
date an addition has been made to the “‘ recorder,” 
which enables it not only to trace a graph connecting 
rate of flow with time, the area of which between an 
two times gives the total quantity of water passed, 
but at the same time to indicate the total quantity 
passed, directly on a series of dials. The new instru- 
ment, embodying the graph-drawing mechanism and 
the dials, which is illustrated in Fig. 1 on this page, 
has been named an ‘‘integrator.” It is unnecessary 
now to repeat our detail description of the recorder, 
the mechanism of which will be seen at the left-hand 
side of Fig. 1, but it may be said that it consists of a 
weir meter in which a float, which issituated either in the 
notch-tank, or in a special chamber in communication 
with this tank, is attached toa vertical rod, which is 
carried up into the recorder-case. This rod terminates 
in a rack which gears with a pinion on a horizontal 
spindle carrying a drum. The drum has a thread 
formed on its surface, which reproduces the curve of 
flow of the water, or other liquid, over the notch. 
Above the drum a light horizontal rod is carried in 
bearings, in which it can slide to and fro, and on this 
rod a small saddle is fixed, which carries a pen lying 
on the surface of an upper paper-covered drum. 
This upper drum is rotate ~ clock-work. The saddle 
itself has a lower arm which gears with the thread or 
spiral on the lower drum in such a way that as this 

rum is rotated by the rise or fall of the float, the 
saddle is moved to left or right, so that the pen traces 
a continuous graph on the paper of the upper drum. 
The ordinates of this graph at all times correspond to 
the curve of flow which is reproduced by the thread 
of the lower drum, so that the graph gives a continuous 
record of the rate of flow over the notch, and its area 
gives a record of total flow. 

The additional mechanism, which has been added to 
the meter in order to make it integrate on a series of 
dials, is of a remarkably simple nature. The arrange- 
ment consists, in the first place, of an eight-day clock 
driven by a falling weight. This stouk, as will be 
seen from Fig 1, drives a small vertical spindle, which 
in turn drives a small horizontal drum ieooush bevel- 

earing. This small drum, which lies below the count- 
ing-dials, is quite independent of the threaded drum 
of the recording part of the meter, and is driven con- 
tinuously, and always in the same direction, by the 
clock. A part of this second drum is toothed, but half 
of the teeth are cut away in a regular spiral manner, as 
shown in Fig. 2. Fig. 3 is a development of the drum, 
and in connection with Fig. 2 will make the arrange- 
ment quiteclear. The counting-gear case is attached 


to the horizontal rod, which carries the saddle of the 
recording part of the meter, and which moves to the 
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threaded drum, so that 
its horizontal position 
corresponds always to 
the rate of flow of liquid 
over the weir. The counting-gear is driven from the 
toothed drum by means of a small pinion, projecting 
from the lower side of the gear-case, as shown in 
Fig. 4, and it will be obvious that the amount which 
is recorded on the dials will depend upon the hori- 
zontal position of this pinion in reference to the 
toothed drum. If the maximum flow is passing over 
the notch, the float will rise and rotate the threaded 
drum into such a position that the horizontal rod 
carrying the pen and gear-case will move in a left- 
hand direction until the pinion will gear with a 
portion of the threaded drum in which the teeth 
cover its full circumference, so that the counting-gear 
will be driven during the complete rotation of the 
threaded drum. Similarly, if no liquid is passing the 
notch, the horizontal rod will move to the right until 
the pinion lies over a portion of the threaded drum on 
which there is no teeth, and consequently no flow 
will be recorded by the counter. In intermediate 
itions between these two the pinion will be driven 
uring a greater or less proportion of the time of 
rotation of the threaded drum, so that a greater or 
less record of flow will be added by the counting- 
gear. In all cases, of course, the actual position of 
the pinion on the toothed drum, which must always 
correspond to the rate of flow over the notch, is 
determined by the position of rotation of the threaded 
drum. The counting-gear, showing its pinion and 
worm-wheel drive, is illustrated in Figs. 5and6. The 
gear-box is attached to the horizontal bar in such a 
way that they always travel together in a horizontal 
direction, but at the same time the counting-gear can 
be disconnected by swinging the whole gear-box around 
the rod into an upper vertical position. 








TAI BY 





DISTILLING MACHINERY FOR LARGE 
WARSHIPS. 

Tue development in gun-power and armament, with 
the consequent increase in dimensions of armoured 
warships, has involved a corresponding increase in the 

wer of the main propelling machinery, and such 
increase has nectensile brought about the demand for 
auxiliary machinery of. large capacity. An important 
unit, of which little has recently been published, is 
the evaporating and distilling machinery, in the design 
and manufacture of which Messrs. G. and J. Weir, 
Limited, Cathcart, G w, have done pioneer work. 
Since the introduction of the Weir evaporator, twenty- 
three years 
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naval and merchant. It will therefore be of interest 
to give particulars of one of this firm’s largest and most 
modern equipments for the production of fresh water 
for feed make-up, drinking and domestic purposes, as 
recently completed for two vessels of a foreign Power, 
and shown in Fig. 1, on page 187 ; an illustration of 
one half of the total equipment for one vessel. For 
these vessels Messrs. Weir have had the contract not 
only for the supply of all the distilling machinery, 
but also for the main and auxiliary feed-pumps, main 
and auxiliary air-pumps, fire and bilge-pumps, water 
service, oil fuel, oil-lubricating and oil-tank pumps, 
and, in addition, the furnishing of all the auxiliary 
condensers and turbo-generator condensers, with their 
pumps and fittings, while the main condensers of the 
vessels are being built to Messrs. Weir’s design of the 
well-known ‘‘ Unifiux” type. 

On these vessels the evaporators have been designed 
to work on the closed-exhaust system so universally 
used in British warships, the auxiliary machinery 
exhausting into a system which is maintained at 25 lb. 
pressure, and accordingly the evaporators are of ex- 
tremely large dimensions, to enable them to produce 
their specified output with such low-pressure steam, 
and with a limitation on the shell pressure. 

For each vessel there are provided four evaporators 
of the vertical type, together capable of evaporating 
350 tons of salt-water per 24 hours when working on 
the closed exhaust system and against atmospheric 
pressure in the shell. There are, further, two dis- 
tilling condensers, capable of condensing all the steam 
produced by the eva rs into fresh water at a 
temperature of not over 150 deg. Fahr., with circulat- 
ing water at 80 deg. Fahr. In conjunction with the 
evaporators there are fitted four Weir direct-acting 
automatic feed and brine-pumps, and for the distillin 
condensers two Weir combination circulating an 
fresh-water pumps, while each evaporator is also 
fitted with a tubular apparatus for heating the feed- 
water by means of the coil drain. These evaporators 
have their entire base, or generating-chamber, con- 
stituted by one gun-metal casting, while the steam- 
domes are of rolled naval brass. The tubes are of 
Messrs. Weir’s usual design, having patent hollow 
couplings, which give admission at one end for the 
heating steam, and exit at the other for the water. 

The special feature of this arrangement is that all 
the nuts securing the coils are outside the evaporator, 
and not immersed in the brine space, so avoiding all 





0, this firm has held a foremost place in | coupling-up difficulties, This method of securing the 


the construction of such gear for all types of vessels, tubes is highly successful for large evaporators, as the 
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separate withdrawal of each tube of moderate weight 
is thereby permitted, and the labour involved reduced to 
aminimum. Inaddition, steam may be turned full on 
to the tubes before the main door is closed, and every- 
thing tested under the full pressure, so that no hidden 
leakage may exist. One set of coils for one of these 
large evaporators has been taken out and replaced by 
another set by two men in half-an-hour. The feedin 

of the evaporators is controlled by a special design o 
feed-controller, while the other mountings comprise 
the usual inlet and drain-valves, gauge-glass fittings, 
blow-off cocks, salinometer-cocks, and olihe-soeiie. 
The distilling condensers, being of such large capacity, 
have been built of the ‘‘ Uniflux ” pattern, and are of 
galvanised-steel plate with tinned brass tubes fixed by 
ferrules and screwed packing ; they have gun-metal 
end doors. In fact, they are small condensers, but are 
made like the original Weir vertical distillers, with a 
portion of their surface submerged for cooling the 
water. Each distiller has 300 square feet of cooling 
surface, and from the figures in the appended table it 
will be seen that these machines show a high rate of 
condensation :— 


TABLE I.—Results of Tests of Evaporating Plant 
for a Battleship. 








| Eight Hours’ 17 Hours’ Trial @ 2 
| Trial with Two withOne £5 
Evaporators. Evaporator. o 
mis Es 
secampaia gos 
S88£ 
lst 8th 1st 17th £5 $ 
Hour. Hour. | Hour. Hour. g 
Specified production in 
tons per 24 hours ..| 192.5 192.5 | 96,25 96.25 _ 
Actual rate of produc- 
on in tons per 24 
hours ; --| 201.21 | 192.85 | 96.42 104.78 225 
Steam pressure in co ls 
Ib. per sq. in.| 22.5 23.5 19 22 50 
Steam pressure in shell 
Ib. per sq. in.| 0.6 0.5 0.5 0.5 5 
Steam condensed in 
Rati gals.perhr. 2052 , 1986 1035 1104 2460 
Ratio = 
Steam condensed \ 1.092 1.103 1.15 1.128 1.17 
Fresi: water produced 
Temperature of circu 
lating waterat inlet to 
distiliing condenser 
T deg. Fahr.| 75 79 80 81 55 
emperature of evapo- 
rator feed water 
a deg. Fahr.| 77.5 85.5 74.5 91.5 91 
emperature of produc- 


on deg. Fabr. 140 | 145.5 104 109.5 150 
dually of fresh water Ex- Ex- Ex- Ex- 
produced ~ } cellent | cellent cellent cellent 
_ The feed and brine-puips are of the special t 

fitted to all large Weir distilling cin, and oe 
“esigned so that for each increment of feed sent to the 
“vaporator @ proportional amount of brine is with- 
“rawn, such brine being diluted and cooled before 





Tons per. 


Rate of Production. 





IO 32 34 36 38 40 42 44 46 48 50 52 54 5S 5B 60 
Hours. 
Fig.4. 
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pumping. In addition, the proportion of diluting water 
may be varied by a simple adjustment, and conse- 
quently the brine varied so that any desired density 
may be carried in the evaporator. The obtaining of a 
fixed and definite density has a most favourable result 
in maintaining the cleanliness of the tubes ; and, as 
an example, we reproduce herewith diagrams (Figs 2 
| to 4) showing the necessary rise in steam pressure to the 
|coils to maintain practically a vans t-line output 
| from a large evaporator for a period of 90 hours’ con- 
tinuous running. The specified output was at the rate 
of 50 tons per 24 hours, and this was more than main- 
tained over the 90 hours. A few of the hourly readings 
showed slightly less, probably due to the fluctuations 
in the steam supply, which was taken from the works’ 
steam main. he maximum steam pressure allowed 


finished at the last hour with 241b. This trial was 
made under official auspices, for the purpose of demon- 











was 25 lb., and the trial commenced with 16 lb., and | 


strating the small reduction in output for an extended | 


period, and proves the ability of the evaporators, fitted 
with automatic feed and brine-pumps, to run at their 
full specified output for a voyage across the Atlantic 
without cleaning, and with only a slight increase in the 
pressure of the Keating steam. 

The circulating and fresh-water pumps are of the 
usual type, designed efficiently to circulate through 
the distiller and to pump the fresh water to the ship’s 
tanks. 

These evaporating plants have been subjected to a 
most severe set of trials, and the results are sum- 
marised in Table I. ‘The first trial was one of eight 
hours’ duration, when two evaporators and one dis- 
tiller were run together to meet the conditions of the 
trial—i.e., at an output of 10 per cent. above the 
specified rate. The next trial was specially carried 
out, and was of 17 hours’ duration, of one evaporator, 
and we reproduce the figures for the Ist and 17th 
hour. Before the conclusion of the trials of the eighth 
evaporator, it was suggested, as being of possible 
interest, that a trial should be made with one evapo- 
rator working with high-pressure steam on the cuils, 
and with a higher shell pressure ; in other worde, to 
run one of these evaporators under the conditions that 
would obtain in an ordinary merchant steamer. It 
was, of course, obvious that such a trial would result 
in @ very great evaporation, as there would be no 
temperature limitations such as low-prersure evapo- 
rators are designed for, and, under the circumstances, 
the result is certainly gratifying. 

We are informed that the limit of this trial was 
the available steam, as the works’ boilers were work- 
ing at their full limit, and accordingly no definite 
limitation can be put on the evaporative capacity. In 
any case, the evaporation appears to exceed that of 
any published results from a single unit evaporator, 
thus indicating these evaporators to be the largest evei 
built. 


COMBINATION OF TURBO AND PISTON 
COMPRESSORS. 

As works and industrial establishments grow in size, 
it is often a very difficult matter to know what it is 
best to do in order to keep the power plant up to the 
capacity that will adequately fulfil the demands that 
are made upon it. In the early days of an establishment 
the power may have been ample, and, indeed, more 
than ample, but with the passage of time it is 2 
borne in upon the owners that something will have to 
be done if their output is not to be very seriously 
handicap There are more ways than one of doing 
this, and probably two of the ways most generally 








| adopted are to erect entirely new plant, and do away 


with the old plant when the new iis ready for work, 
or to add new plant to the old, so that, when run 
together, the latter may receive the help it re- 
quires. The cost of either of these methods is often 
much more than would have been the case had the 
additional power been installed at first, and the deci- 
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sion as to which offers the more favourable prospect 
for the future is one that frequently requires no little 
experience, because many other things than actual 
first cost may have to be considered. 

A case of the kind recently arose at an English col- 
liery, where, in order to meet the increased demand 
for air, either the existing piston-compressor plant— 
a cross-compound engine with cylinders 28 in. and 
50 in. in diameter by 60 in. stroke, driving duplex air- 
cylinders of 33 in. diameter, running up to from 30 
to 35 revolutions per minute as a maximum—could be 
augmented by a similar set, or, with a view of increased 
efficiency on the air-cylinders, by the installation of 
@ compound two-stage compressor, or finally by the 
adoption of a turbo-compressor set receiving its driving 
energy from the exhaust (at about atmospheric pres- 
sure) of the low-pressure steam-cylinder. Here the 
plan contempla was that the turbo-compressor 
should pass its discharge through an intercooler into 
the existing air-cylinders. It was found that the cost 
of the second piston compressor would very much 
exceed the first cost of the turbine-compressor instal- 
lation, and would also occupy much more floor space ; 
moreover, a gain of efficiency could be obtained only 
with the new piston compressor plant, whereas the 
turbo-compressor would improve the working efficiency 
over the whole combined capacity. For these reasons, 
therefore, it was decided to instal the turbo-com- 
pressor. The results have fully justified this decision, 
a gain of about 17 per cent. over what would have 
been secured from a second piston-compressor having 
been obtained. 

The work was carried out by Messrs. Fraser and 
Chalmers, Limited, 3, London Wall Buildings, E.C., 
the well-known mining engineers, who have been 
entirely responsible for the installation, and by whom 
the plant was manufactured. The complete arrange- 
ment is shown in Fig. 1, 190, which is a repro- 
duction from a photograph, and in it the old piston- 
compressors may be seen on each side, and the turbo- 
compressor at the end of the room. Fig. 2 shows the 
latter to a larger scale. The turbo-compressor is of the 
Rateau type, and was subjected to tests at the maker's 
works at rith, which proved that the guarantees were 
fully realised, the plant easily delivering from 6000 to 
7000 cubic feet of free air per minute at a pressure of 
12.8 lb. per square inch by gauge. The steam consump- 
tion claimed for the turbine was also established. The 
flexibility of the plant was particularly noteworthy, as 
outputs up to 12,000 cub. ft. per minute, and pressures 
up to 16 lb. per square inch, were easily realised. 
This is clearly illustrated by the table below. 








| Revolutions per rt 





Capacity, Cubic | Delivery 

Feet per Minute. Pressure, Minute. Remarks. 
6,000 12.8 3810 Normal capacity 
4,750 16 4200 
12,300 5.8 3400 


When running the existing piston-compressor at the 
normal speed of 30 revolutions per minute, taking 
in air at atmospheric pressure and temperature, the 
maximum volume discharged at 60 lb. was 3000 cub. ft. 
per minute of free air, while, with the addition of 
the turbo-blower set, and with the same number of 
revolutions of the piston-compressor, an increase in 
the free-air capacity of over 100 per cent. was ob- 
tained, and the total efficiency both of the air and of 
the steam end was greatly improved. 

The low-pressure steam-cylinder of the existing 
duplex piston-compressor now discharges into a lar, 
steam receiver—an old boiler-shell with automatic 
relief-valve arranged so as to prevent undue accumu- 
lation of pressure. From this the steam ne 
through the exhaust-steam turbine to the condenser 
arranged underneath the turbine exhaust branch. 
The turbine is absolutely under the control of the 
reciprocating compressor, as a demand for more 
work from the plant requires more steam from the 
duplex compressor, and provides the turbine with the 
necessary steam for the required air capacity or pres- 
sure. A butterfly emergency - valve is arranged 
between the turbine stop-valve and the turbine wheels, 
which is closed automatically when the turbine speed 
reaches a predetermined limit of about 4200 revolu- 
tions per minute, but opens again when the steam 
supply and the speed have become normal. The 
butterfly emergency valve is a:so automatically closed 
should the oil pressure to the bearings become insuffi- 
cient, thus preventing heating of journals. 

The Rateau turbine is of the multicellular type, the 
cylinder of which is divided into a number of com- 
partments, in each of which are fixed the distributing 
vanes. It is of the ‘‘ Action” type, the fall of pressure 
taking place in the distributors only, the expansion 
being utilised to create kinetic energy. As the pres- 
sure is the same on both sides of the moving wheels, 
balancing pistons are not required as in ‘‘ reaction” 
turbines, where the fall of pressure takes place partly 
in the moving wheels. A Sates t of centrifugal 
multi-stage blower is also used. iaphragms are 


placed between the wheels and take the air at the 





outlet of each wheel and lead it through channels 
of special shape into the eye of the next wheel 
after having transformed the velocity head into pres- 
sure head. The blower cylinders have water circulating 
round them, in order to cool the air during compres- 
sion, and no other intermediate cooling is provided on 
the turbo-blower itself. From the very satisfactory 
results given by this installation, it is believed that 
there will be a wide field for the application of turbo- 
blowers and compressors, both for increasing the out- 
put of existing — and materially augmenting the 
economy. Itis also expected that they will prove very 
suitable for separate new plants, owing to the wide 
range of capacity and pressure that they possess, in 
addition to their high efficiency. 





Errors IN SurvEyinc.—On Monday, February 6, Mr. 
Henry Bri B.Sc., A.R.S.M., of the Heriot - Watt 
College, i = read a paper entitled ‘‘ An Investi- 

tion into the Effects of Errors in Surveying” before the 

yal Society of Edinburgh. Leading up from a simple 
mode of summing vector errors, the author dealt succes- 
sively with the angular error resulting from imperfect 
centring of a theodolite, the propagation of error in com- 
pass and theodolite traverses, and in triangulation, and 
the accuracy of triangulation in transmitting distance. 
Special stress was laid on the practical conclusions drawn 
from the inquiry, and curves and di s were shown 
illustrating the effects of error in different branches of 
surveying. 





H.M.S. ‘‘ Larng.”—H.M.S. Larne, the first of the four 
destroyers built by Messrs. John I. Thornycroft and Co., 
Limited, at their Woolston Works, of the 1909 programme, 
was commissioned at Portsmouth on the Ist inst., after 
completing the pagermong Bn mage tate trial, Commander 
Tillard and the crew having joined the vessel on the 
previous day. H.M.S. Larne is the first of the English- 
built destroyers of this programme to be delivered, and 
Messrs. Thornycroft launched, on the 2nd inst. the last of 
the four vessels—viz., H.M.S. Minstrel, which vessel 
was launched complete with machinery and boilers on 
board. The second vessel of the type, H.M.S., Lyra, will 
be handed over during this month, and it is expected that 
the third vessel, H.M.S. Martin, will be completed ready 
for commissioning before the end of enh, while the 
fourth vessel, H.M.S. Minstrel, will be completed ready 
for commissioning before the end of April. These 
Seaere have a displacement of 780 tons, and are fitted 
with Parsons’ turbines of sufficient power to give a speed 
of 27 knots, and the boilers work with oil-fuel. 


Conrracts.—Mr. H. R. Marsden, Soho Foundry, 
Leeds, has secured orders for twenty-five of his stone- 
breaking machines‘and plant, for this country, the Colonies, 
and the Continent, the great majority of these being repeat 
orders.— Messrs. 8. Pearson and Sons’ Successors, Hasien, 
have placed an order for the delivery of six water- 
turbines, of 9700 horse-power each, with Messrs. Escher 
Wyss and ©o., of Zurich, Switzerland. The turbines are 
for the Santa Rosalia power plant, and are of the double 
Francis type, designed for working under a head of about 
160 ft. with a s of 360 revolutions. The order 
comprises two -horse-power exciter turbines with 
ewe gg er Andrew Barclay, Sons, and Co., 

imited, Caledonia Works, Kilmarnock, have recently 
booked several contracts, including a pair of horizontal 
winding-engines, cylinders 40 in. in diameter by 6 ft. 6 in. 
stroke, with conical winding drum, having a maximum 
diameter of 31 ft., for a colliery in Australia; also a pair 
of 30-in. winding-engines by 5 ft. stroke, with a built-u 
= drum of special design, for a colliery in the Mid- 
ands. 





PERSONAL.—We learn that Mr. Robert H. Burnett 
has been appointed the re mtative in London of 
Messrs. Beyer, Peacock, and Co., Limited, of Gorton, 
Manchester. Mr. Burnett, who, it will be remembered, 
was the first locomotive superintendent of the Metro- 
politan a was, both before and after as that 
appointment, for many years associated with Messrs. 
Beyer, Peacock, and Co.’s works at Gorton. The London 
office of the firm is at 14, Victoria-street, Westminster, 
S.W.—Messrs. G. M, Boddy and Oo., 15, Gray's Inn- 
road, W.C., inform us that their ‘ Metalik” lam 
will in future be known as the Philips lamps; the 
‘*Metalik” lamps are made by the Philips Metallic Glow. 
Lamp Works.—The Uni Brassfounders and Engi- 
neers, Limited, have removed their London offices from 
46, King William-street, E.C., to 57-8, Leadenhall-street, 
E.C. Mr. W. Edward Storey, a director of the company, 
has charge of this office. The mv. which had been in 
the hands of Messrs. Umney and Peckett, has terminated. 
—Mr. C. A. St. George-Moore, A.M. Inst. C.E., has com- 
menced business as a consulting engineer at Fenwick- 
court, Brunswick-street, Liverpool.—The Electric and 
Ordnance Accessories Company, Limited, Birmingham, 
state that, owing to their — increasing business in 
the Lancashireand Yorkshire districts, they have appointed 
an engineer, Mr. F. um (late of Messrs. J. P. 
Hall and Co., Oldham), to represent them exclusively in 
Yorkshire. Mr. J. Booker, their Manchester engineer, 
confines himself, as from the Ist inst., to the Lancashire 
district.— Messrs. J. Beardshaw and Son, Limited, Baltic 
Steel Works, Sheffield, announce the election of two new 
directors of their company, Mr. Colin Laycock, who has 
occupied the position of secretary for three years, and 
who will continue to act in that capacity, and Mr. 
Douglas Edward Beardshaw, son of Mr. Edward T. 
Beardshaw, one of the managing directors, 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with a strong tone, and 3500 tons 
of Cleveland warrants were done at 49s. 44d. cash, 49s. 8d. 
one month, and 50s. 2d. three months. Closing sellers 
uoted 49s. 5d. cash, 49s. 8}d. one month, and 50s. 3d. 
three months. Hematite was quoted at 67s. 44d. buyers, 
and 67s. 6d. sellers three months. In the afternoon the 
tone was practically unchanged, and dealing took place at 
49s. 44d. cash and 50s. 2d. three months, with sellers over 
at 49s. 5d. cash, 49s. 8d. one month, and 50s. 24d. three 
months. The turnover was 1500 tons. Buyers of hema- 
tite offered 66s. 44d. cash and 67s. 4d. three months, but 
there were no sellers. On Friday morning the market was 
a shade easier, and 5500 tons of Cleveland warrants were 
dealt in at 49s. . cash, and 49s. 74d. one month, with 
sellers over at these figures, and at 50s. 24d. three 
months. Hematite was steady, and one lot changed 
hands at 66s. 4}d. cash, with sellers over at 4d. more. 
The afternoon session was again easier, when one 
lot of Cleveland warrants was done at 49s. 34d. cash. 
Closing quotations were 49s. 34d. cash, 49s. 7d. one 
month, and 50s. three months sellers. There were sellers 
of hematite at 66s. 6d. cash, and 67s. 6d. three months. 
On Monday morning the market was weak, and no trans- 
actions were recorded. Sellers of Cleveland warrants 
quoted 49s. 2d. cash, 49s. 54d. one month, and 50s. three 
months. In the afternoon the weakness was intensified, and 
4500 tons of Cleveland warrants were dealt in at 48s. 11d. 
cash, 49s. 24d. one month, and 49s. 94d. three months. 
At the close there were sellers at 48s. 114d. cash, 49s. 3d. 
one month, and 49s. 9}d. three months. On Tuesday 
morning a steady tone prevailed, but business was quiet, 
and consisted of two lots of Cleveland warrants at 
48s. 11d. cash, and 49s. 24d. two months. Closing sellers 
uoted 48s. 114d. cash, 49s. 3d. one month, and 49s. 10d. 
ree months, and there were sellers of hematite at 
66s. 44d. cash. The afternoon session was also quiet, and 
one lot of Cleveland warrants changed hands at 49s. 10d. 
three months, with sellers over at that figure, at 49s. cash, 
and 49s. 34d. one month. One lot of hematite at 66s. 11d. 
three months was also done. When the market opened 
to-day (Wednesday) Cleveland warrants were firm, but 
the dealing consisted of only one lot at 48s. 114d. cash. 
The close was , With sellers at 49s. 1d. cash, 49s. 4d. 
one month, and 49s. 114d. three months. In the after- 
noon business was more active, and 4500 tons of Cleveland 
warrants were put through at 49s. cash, 49s. 34d. one 
month, and 49s. 10d. three months. At the close of the 
session there were sellers at 493. 04d. cash, 49s. 4d. one 
month, and 49s. 104d. three months. The following are 
the market quotations for makers’ (No. 1) iron :—Clyde 
and Calder, 62s. ; Gartsherrie, 62s. 6d.; Langloan, 64s. ; 
Summerlee, 65s. ; and Coltness, 82s. (all shipped at 
Glasgow); Glengarnock (at Ardrossan), 64s. 6d. ; Shotts 
(at Leith), 63s. ; and Carron (at Grangemouth), 66s. 6d. 


Sulphate of Ammonia.—A strong tone still prevails in 
the sulphate of ammonia market, and the demand is good. 
For prompt delivery, Glasgow or Leith, buyers are now 
offering 13. 15s. per ton, and although a fair quantity has 
changed hands at that figure, sellers are wanting more 
money for prompt lots. e amount shipped from Leith 
Harbour last week was 2707 tons. 


Scotch Steel Trade.—The Scotch steel trade has not 
shown much sign of change during the past week, and 
specifications are still scarce. The accumulations of 
heavy material which took place before the end of the 

ear have been sensibly reduced, and producers are looking 
orward to a period of increased activity in the near future. 
The export trade is fairly satisfactory. In the different 
kinds of light material and structural sections the 
demand continues good. Prices all round are firm. 


Malleable-Iron Trade.—In the malleable-iron trade of 
the West of Scotland no improvement has taken place, 
and a number of the establishments are rather quiet. 
Prices are unchanged, and are based on 7/. 2s. 6d. per ton 
for crown bars. 


Scotch Pig-Iron Trade.—The buying of Scotch pig iron 
has not been heavy lately, as consumers have only been 
covering immediate needs. Makers’ prices are firm, and 
but for that a fair amount of iron might be booked for 
forward delivery if it could be secured at the current 
rates. Deliveries have been good, while the inquiry 
from the south and for export lots is well maintained. 
Hematite iron is still firm, with sellers round 71s. 6d. per 
ton for prompt requirements. 

Shipbuilding.—Several new contracts have lately been 
reported as having been placed with Clyde shipbuilders. 
eons. A. Rodger and Co., Port Glasgow, are reported 
to have booked orders for two passenger and cargo 
steamers, and Messrs. Robert Duncan and Co., Port 
Glasgow, for one. The latter is for a vessel said to be of 
8500 tons carrying capacity, for well-known owners. 








Dutcu Torrevo-Boat Destroyer “‘ Wour.”—A suc- 
cessful official full-speed trial of the Wolf, one of the two 
destroyers ordered by the Dutch Government from 
Messrs. Yarrow and bo., of moo and constructed 
by the Koninklijke Maatschappij ‘‘ De Schelde,” of Flush- 
ing—embodying Messrs. Yarrow’s latest and most im- 
proved practice—took place on the 26th ult. at the mouth 
of the Schelde, with very satisfactory results. The 
Schelde Company has carried out the work very satisfac- 
torily, and a mean speed of 30.08 knots was obtained 
easily during the three hours’ trial, this being well in 
excess of the contract .. The other destroyer, the 
Fret, has also passed through her official speed trials with 
satisfactory results, 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Columbian Hostility.—A matter of considerable im- 
portance to English manufacturers has been reported to 
the Sheftield Chamber of Commerce. It is action by the 
Government of British Columbia which appears, on the 
face of it, to be aimed at ae trade. gislation has 
been passed prohibiting any limited company trading in 
the colony without taking out a license, which varies 
according to the capitalisation of See An 
company trading there without such a license is liable to 
a fine of 50 dols. a day, cannot recover payment of 
accounts, and any agent or solicitor acting for the com- 
pany is liable to a fine of 20dols.aday. The Sheffield 
Chamber, who consider this measure will heavily handicap 
English traders, have decided to bring the matter before 
the Associated Chambers. 


South Yorkshire Coal Trade.—The tone of the local 
Exchange at the week-end was noticeably brighter. 
There is a considerable improvement in hard coal, prices 
having been advanced 6d. per ton. A big quantity is 
being taken by manufacturers, who are fixing up 
forward contracts. The outlook is decidedly good, and a 
bigger demand is expected with the approach of the 
shipping season. Shipping contracts are being discussed. 
Orders for gas-coal are not quite so heavy, but a con- 
siderable tonnage is still going out under contracts. 
Slacks are very well placed, and collieries are experiencing 
sressure in getting out a Prices are firm. Better 
fusiness has been done in house coal as a result of sharper 
weather, and the collieries are well ——— with many 
new orders. Stocks are low at dépéts and at pits. Deli- 
veries have been somewhat delayed by fogs. Both the 
London and the country de show improvement. 
Latest "Change quotations are :—Best branch hand- 
picked, 14s. ; Barnsley best silkstones, 12s. to 13s. ; silk- 
stones, 10s. to 11s.; Derbyshire brights, 11s. 6d. to 
12s. 6d.; Yorkshire hards, 9s. to 10s. 6d. ; Derbyshire 
hards, 8s. to 9s. 3d.; washed nuts, 8s. to 9s. ; rough 
slacks, 5s. 3d. to 7s. ; second qualities, 3s. 6d. to 4s. 9d. ; 
smalls, 1s. to 2s. 3d. 


Iron and Steel.—Things are quieter in the iron market, 
and there has been considerably less buying of pig iron. 
Transactions in hematites, however, have not been quite so 
restricted, though makers are mostly well sold forward. It 
is stated that some consumers have entered into contracts 
for the second half of the year at a premium, Ruling 

srices for East Coast mixed numbers are 73s. to 75s. de- 

fivered in the district. There is a fairly active inquiry 
for West Coast hematites, for which the official quotation 
is 80s. to 82s. There is a big consumption of hematites 
by steel-makers, and deliveries of the Lincolnshire and 
Derbyshire irons are also on a large scale, under contracts 
entered into a few weeks ago. Derbyshire No. 3 foundry 
is selling at 53s, and forge at 51s.—a slight increase. 
Bar iron is in a somewhat better position, but there is 
still a good deal of dissatisfaction in regard to prices. 
The general steel trades continue to be well employed, 
and the engineering demand for forgings and castings is 
a highly satisfactory feature. The outlook for railway 
steel is a much brighter one. The Great Central Railway 
contract for wagons placed in Birmingham, which was 
referred to last week, is still the subject of comment, and 
it is believed that a good deal of the work it involves on 
axles and tyres will come to Sheffield. Local makers 
of tyres and axles are much better employed, and the 
spring manufacturers have a satisfactory weight of orders 
on hand. Rolling-mills are working well. File-makers 
are looking forward to a good year, and there is evidence 
of good trade in edge tools. 





Tue British AssociaTIon.—The following presidents 
of sections have been appointed for the meetings of the 
British Association for the advancement of science, which 
are to be held at Portsmouth, commencing on August 30, 
under the chairmanship of Professor Sir William Ramsay, 
F.R.S.:—Mathematical and Physical Science, Professor 
H. H. Turner, D.Sc. F.R.S.; Chemistry, Professor J. 
Walker, D.Sc., F.R.S.; Zoology, Professor rte; B+ 
Thompson, O.B.; Geology, Mr. A. Harker, M.A., F.R.S.; 
Geography, Colonel C. F, Close, R.E.,C.M.G.; Engi- 
neering, Professor J. H. Biles, LL.D.; Economic Science, 
the Hon. W. Pember Reeves; Anthropology, Dr. 
W. H. R. Rivers, F.R.S.; Physiol Professor J. S. 
Macdonald ; any | Professor F. E. Weiss, D.Sc., and 
Mr. W. Bateson, F.R.S.; Education, the Right Rev. 
J. E. C. Welldon, D.D. 





Tue Instrrvtion or HeaTiInc AND VENTILATING 
Encinzers.—The annual rn meeting of this Institu- 
tion will take place on Tuesday, February 14, at the 
Trocadero Restaurant (Oak Room), Piccadilly-circus, 
London, W.., at 2.30 p.m., when, after the transaction of 
current business, Mr. O. M. Row will deliver his presi- 
dential address, followed by the discussion on the two 
papers read by Mr. C. R. Honiball, at the June and 
October meetings, on the ‘‘ Humidity of the Air.” A 
paper will be read by Mr. J. H. Bli A.M. Inst. C.E., 
on “The Ventilation and Heating of Public Buildings, 
and their Relation to the Prevention of Tuberculosis ;” 
Mr. W. H. Hurtley, D.Sc., St. Bartholomew’s Hospital 
(Chemical Laboratory), London, will deliver an address on 
Dust,” and ‘ Observations on the Action of Hot Water 
on Tron ie in Connection with Hot Water Supply ;” 
. bute a 


and Mr. E. R. Dolby, M.I. Mech. F., will contri 


Peper entitled “Some Doubtful Points in Gravity and 
lot-Water Heating.” A dinner will take place after the 
meeting, at the Trocadero Restaurant (Oak Room), at 
6.30 for 7 o'clock. Further data can be obtained from 
We gereeany Mr. W. G. Hollinworth, 304, High Holborn, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—A very quiet enng pre- 
vails, and, in fact, many traders report nothing doing. 
Production of pig iron continues in excess of require- 
ments, especially so far as Cleveland iron is concerned, 
with the result that stocks are accumulating rather 
rapidly. This month Cleveland pig is going into the public 


Y | warrant stores at the rate of some 600 tons _ working 


day, and the stock held there is now 555,000 tons, just 
over half a million of which is No. 3 quality. In addition, 
makers’ stocks are also increasing, and producers do not 
appear at all inclined to take steps to restrict the output. 

e statistical situation is thus anything but satisfactory. 
Notwithstanding the present position, confidence in the 
future is still expressed. No. 3 g.m.b. Cleveland pig is 
49s. 3d. f.0.b.; No. 1, which is still scarce, 52s. 9d.; No. 4 
foundry, 48s. 6d.; No. 4 forge, 48s. 3d., and mottled and 
white iron each, 47s. 9d—all for early delivery. There 
is little or nothing passing in East Coast hematite pig 
iron. Nos. 1, 2, and 3are said to be obtainable from 
second-hands at 65s. for prompt delivery, but sellers as a 
rule quote 65s. 6d. Foreign ore keeps strong. Rubio 
of 50 per cent. quality has this week reali 22s, 
ex-ship Tees, which is the’highest figure paid for several 
years. Sellers of foreign ore continue to take a | firm 
stand, although many consumers declare values will have 
to be lowered, as the situation does not justify the pre- 
sent high rates. A fairly large demand for coke for 
local consumption is met by a very ample supply. 
Average blast-furnace soke is quoted 15s. 9d. to 16s. 
delivered at Teesside works. 


Manufactured Iron and Steel.—Little new can be re- 
ported of the various branches of the manufactured iron 
and steel industries. Nearly all departments are well 
employed, and several firms have contracts made which 
wil beep them busy throughout the year, but few new 
orders are in the market. Values are well maintained. 
Common iron bars are 7/.; best bars, 7/. 7s. 6d.; best best 
bars, 7/. 15s.; packing iron, 5/. 15s.; iron ship-plates, 
6l. 12s. 6d.; iron ship-angles, 7/.; iron ship - rivets, 
7l. 7s. 6d. to 71. 10s.; iron girder-plates, 6/. 17s. 6d.; iron 
boiler-plates, 7/. 7s. 6d.; steel 61. 5s.; steel ship- 
plates, 6/. 15s.; steel ship-angles, 6/. 7s. 6d.; steel boiler- 
plates, 7/. 10s.; steel strip, 6/. 10s.; steel hoops, 6/. 12s. 6d. ; 
and steel joists, 6/. 5s. to 61. 7s. 6d.—all less the customary 
24 per cent. discount. Cast-iron columns are 6/. 10s.; 
cast-iron railway chairs, 3/. 10s.; light iron rails, 6/. 10s.; 
heavy steel rails, 5/. 15s.; and steel railway sleepers, 
61. 12s. 6d.—all net. Iron and steel galvanised corru- 
gated sheets, 24 gauge, in bundles, stand at 11/. 5s.—less 
the usual 4 per cent f.o.b. 





THE tate Mr. F. N. Spon.—We t to have to 
announce the death, which occurred on the 3rd inst., at 
1, Dartmouth-place, Blackheath, of Mr. Francis Nicolas 
Spon, member of the scientific book-publishing firm, 
E. and F. N. Spon, Limited, of 57, Haymarket. The 
deceased was the son of Mr. E. Spon, the founder of the 
firm, and was in his eighty-ninth year. 





Tue Roya InstrTvTION.—A general monthly meeting 
of the members of the Royal Institution was held on the 
afternoon of Monday last, the 6th inst., the Duke of 
Northumberland, President, in the chair. Mr. and Mrs. 
Alfred Carpmael, Dr. W. S. Colman, Mr. Guy Ellis, 
Mrs. E. B. Fielden, Dr. A. H. Levy, Mr. Basil Mott 
Mr. A. F. C. Pollard, and Dr. N. Raw were elected 
members. The Treasurer reported that he had received 
1200/., part of the legacy to the Royal Institution of the 
late Miss Wolfe, and 62/. 10s., a portion of the legacy of 
the late Mr. C. E. Layton. The — thanks of the 
members were returned to Dr. J. Y. Buchanan for his 
donation of 1007, to the fund for the promotion of experi- 
mental research at low temperatures. The Institution 
has recently received a gift of 1000/. from Dr. Hugo 
Muller. The — thanks of the members were also 
returned to Dr. F. Blumbach and Mr. H. N. Mladentseff 
for an etched portrait of the late Professor D. Mendeleeff, 
by the Russian artist Roondaltseff. 





Tue PERMANENT- Way INsTITUTION.—At the close of its 
London meeting the annual dinner of the Permanent-Way 
Institution was held on mee ag February 4, in the 
Pillar Hall, Victoria Station, S.W., the President for the 
coming year, Mr. J. W. Jacomb-Hood, M. Inst. C.E., 
being in the chair, supported by Mr. W. Melville, M. Ins 
C.E., the retiring president, and several other past-presi- 
dents. The visitors included Mr. F. Palmer, M. Inst. 
C.E., Chief Engineer to the Port of London Authority, 


Mr. W. B. Bryan, M. Inst. C.E., of the Metropolitan | un 


Water Board, and others. The function proved to be a 
very successful one, some 170 members and visitors being 
t. After the loyal toasts “‘The Permanent-Way 
nstitution” was pro by Dr. C. A. Harrison, M. Inst. 
C.E., of the North-Eastern Railway. Dr. Harrison 
pointed out that the Institution showed a very healthy 
and vigorous growth. They had now 1200 mem an 
they had attracted into it all the best of the workmen, 
who had, as time had , risen to the status of i - 
tors. The toast of “The President” was proposed by Mr. 
C. L. Morgan, M. Inst. C.E. Other toasts were ‘‘ The 
Past - President,” ‘‘ The Executive Officers,” ‘‘ The 
Visitors,” &c., several of the hes being received 
with evident pleasure, while the musical part of the 
ogee also added considerably to the enjoyment 
of the evening. 








d|not before, 





NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has shown firmness, 
but new business for prompt delivery has been hampered 
by the fact that colliery owners are heavily stemmed for 
at least a fortnight in advance, and have little coal for 
disposal during that period. Buyers, on the other hand, 
have shown some inclination to hold back for late 
February and early March deliveries, especially as the 
adjustment of labour troubles on the North-Eastern Rail- 
way is likely to prevent any diversion of orders from the 
North of England to Wales. The best gt em coal 
has made 18s, to 18s. 6d. per ton, while secondary 
qualities have ranged between 16s. 6d. and 17s. 9d. a 
ton ; the best bunker smalls have brought 9s. to 9s. 6d. ; 
and cargo smalls, 8s. to 9s. per ton. The house-coal 
trade has shown strength; the best “eo ualities 
have brought 14s. 6d. to 16s. 6d. per ton. No. dda 
large has made 17s. to 17s. 6d.; and smalls, 10s. to 
10s. 6d. per ton. No. 2 Rhondda large has been quoted 
at 13s. 3d. to 13s. 6d. ; and smalls at 8s. to 8s. 6d. per 
ton. Foundry coke has been quoted at 19s. to 22s., and 
furnace ditto at 16s. 6d. to 17s. 6d. per ton. As 
iron ore, Rubio has realised 21s. 6d. to 22s. 6d. per ton, 
upon a basis of 50 per cent. of iron, and charges, includ- 


6d. | ing freight, jnsurance, &c., to Cardiff or Newport. 


Admiralty Appointment.—Mr. E. W. Huson, assistant 
surveyor in the works department at Devonport, has 
been appointed to the Admiralty. The change is to take 
effect on March 25. 


Devonport Dockyard.—In consequence of the heavy 
amount of work now in hand at Devonport the Leviathan 
cruiser is to be refitted at Chatham. 


Rh mey Iron Company.—The directors of the Rhym- 
ney Iron Company, Limited, state that the output of coal 
from the company’s pits for the half-year ending 
October 1 was 498,146 tons, which compares with 505,118 
tons raised in the corresponding period of 1909. During 
the six months under review the demand for bituminous 
coal fell away considerably, with the result that the 
company’s bituminous pits did not work regularly, and 
the output was thereby reduced. On the other hand, the 
output of steam coal was largely increased owing to the 
develupment of coal worked from Groesfaen, for which 
class of coal there continued a fair demand, with little 
variation in price. Towards the end of 1910, owing to an 
improvement in the general demand for coal, and also to 
a number of collieries in South Wales being idle on 
account of strikes, the price of Welsh steam-coal rose. 
The quantity of coke made was 24,234 tons, compared 
with 23,700 tons. A steady demand was experienced, 
and the whole of the output was disposed of to advantage. 


More Welsh Coal.—Representatives of Messrs. D. Davis 
and Sons, of Ferndale, who some time ago acquired a 
large area of land for the purpose of a colliery in the 
Duffryn Valley, together with some of the officials of the 
Port Talbot ilway and Docks Company, made an 
inspection of the land on Friday. It was decided to 
commence sinking operations almost immediately at a 

yint near the Duffryn farm. The land is about two miles 
rom Port Talbot docks.—A German syndicate which 
has been prospecting on the Whitworth estate for coal has 
struck a seam of thickness at Tonmawr, near Neath. 
The Ocean Coal Company has purchased the Great 
Western Colliery, in the Avon Valley. This pit has been 
idle for some considerable time, but the purchasers, it is 
understood, intend re-starting it shortly. The colliery 
is situated near Abergwynfi, and when in full working it 
is capable of providing employment for over 1000 men. 


Dowlais.—The works have continued busy, and the 

uantity of finished matériel turned out has been large 

he Goat Mill has been fully engaged - anne steel 
rails, blooms, and tin-bar ; and the Big Mill has despatched 
light sections of pit and ordinary tram-lines, angles, 
curves, props, &c. 





Tue Conorete InstrruTe.—A paper entitled ‘‘ The 
Dissociation of Competitive Designs and Tenders” was 
read by Mr. R. W. Vawdrey, B.A., Assoc. M. Inst. C.E., 
M.C.1., at the fourteenth ordinary general meeting of 
the Concrete Institute, held on Thursday, the 2nd inst., 
at Denison Honse, 296, Vauxhall Bridge-road, West- 
minster, S.W., Mr. Alexander Ross, M. Inst. C.E., Vice- 
President, being in the chair. In this the author gave a 
few typical examples of what he considered unsatisfactor 
competition. He enumerated the large amount of wor 
which all competing specialists had to undertake free of 
charge previous to tendering, and he advocated the 
following manner of proceeding :— it was decided 
that a structure should be carried out in re- 
inforced concrete, in all ordi cases one reliable 
specialist firm, and one only, hoa be asked to prepare 
aa ene | designs and an estimate of cost, on the 

derstanding that if these appeared satisfactory, the 
firm should employed to prepare complete working 
drawings for a definite fee, previously arranged, just as 
such drawings would be prepared by the engineer or 
architect himself if the material were brick or masonry or 
mass concrete, for which no specialist was necessary. 
When these drawings had been made and a ved, and 
tenders for the construction the work 
should be invited from contractors. But as on certain 
occasions it might probably be desirable to invite com- 
petitive designs for an im t masonry bridge, for 


example, so it might be in case of a concrete structure, 
and a few firms should then be invited to designs 
in competition. igns were invited in competi- 


tion a sum should be provided for hg to the un- 
successful competitors, as was frequently done in archi- 
tectural competitions. 
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COMBINATION OF TURBO AND PISTON AIR-COMPRESSORS. 


CONSTRUCTED BY MESSRS. FRASER AND CHALMERS, LIMITED, ENGINEERS, LONDON. 
(For Description, see Page 187.) 
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without question as to the possibility of attaining 
by a closer study of fundamental principles better 
results, from the commercial standpoint. The pro- 
— made during the past few years has, however, 

most marked. Much of the credit for a 
fuller understanding of the condenser problem 
must, we think, be attributed to Mr. D. B. Morison, 
who, in a paper read before the Institution of Naval 
Architects a few years ago, gave a particularly 
clear description of the effects of air in a con- 
of the conditions essential to the 
economical production of high vacua. 

Until the publication of this paper engine-builders 
in attempting to secure a high vacuum generally 
followed one or other of two courses. In the first 
place, they increased the size of the air-pump, or, 
secondly, they greatly augmented the already 
liberal allowance of cooling surface provided. The 
augmentation of the air-pump capacity proved at 
times singularly ineffective, for reasons which, 
at the time, were, to say the least, not gener- 
ally recognised. Dalton’s law as to the pressure 
exerted by a mixture of gases or vapours was, it 
is true, established about 100 years ago, but the 
bearing of this law on the effect of an increase 
in air-pump capacity was not often appreciated. 
By Dalton’s law, if a space is occupied by a 
mixture of two gases, each exerts exactly the same 
pressure on the walls as if the other were absent, 
the total pressure on the latter being thus the sum 
of the ‘* partial” pressures of the two constituents, 
In a condenser the total pressure is practically the 
same at all points, but at the top the space is 
occupied almost wholly by steam, whilst at the 
bottom there is a considerable percentage of 
air, and this has a most prejudicial effect on the 
efficiency of the tubes. fn the laboratery, with 
steam quite free from air, condensation has been 
effected at the rate of 110 lb. per hour per square 
foot of surface ex , the temperature differ- 
ence being about 35 deg. Fahr. Such a rate has 
never been even approached in commercial con- 
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THE CONDENSER. 


THE advent of the steam-turbine has greatly 
increased the importance attached to the condenser 
and its accessories, and their effect on the over-all 
efficiency of a power plant. Of course, even thirty 
years ago it was not unusual in marine-engine prac- 
98| tice to meet with specifications which ‘demanded 
the maintenance on the trial trip of a vacuum of 

a sufficient area of 
cooling surface it was found possible to secure 
quite high vacua even with condensers of what 
would now be considered very indifferent design. 
Very little attention had, however, been paid to 
Certain proportions 
were found-to give what were considered reason- 
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ably satisfactory results, and these were adopted 





s, and for this the presence of air is, at least 
rtially, responsible, since the rate of transfer of 
es from air to the tubes appears to be only about 
rows 88 great as is the rate of transfer when air-free 
steam condenses on the surfaces exposed to it. The 
presence of air causes the temperature at the bottom 
of the condenser to be less than that at the top. 
The total pressure at the top and the bottom is 
identical, but at the bottom the proportion of air 
is greater, and this air is thus responsible for a 
greater proportion of the total pressure. Hence the 
essure exerted by the vapour is less, and water 
me present, this vapour ure is dependent 
solely on the temperature, w A ory must therefore be 
less at the bottom ti than at the top of the condenser. 
The ineffectiveness of a mere increase in air-pump 
capacity as a means of improving the vacuum is 4 
direct consequence of Dalton’s law cited above. 
From this it follows that a high vacuum is in the 
main dependent on the maintenance of a low tem- 
perature in the od pe If the temperature in 
the latter is 120 deg., and 1 lb. of air leaks into the 
condenser per minute, then to maintain a vacuum of 
on in. the pump must have an effective displacement 
750 cub. ft. per minute. This large displace- 
aa is required, although a pound of air at 26-in. 
vacuum would, in the absence of water and water- 
vapour, occupy a volume of but some 110 cub. ft. 
Actually, however, the vacuum being 26 in., the 
absolute pressure is 4in. of mercury, and of this 
total it appears from the steam-tables that the 
vapour is itself responsible for a pressure of no less 
than 3.42 in. of mercury. Hence the air is with- 
drawn at a pressure of 4 — 3.42 = 0.58 in. of mer- 
cury, and the volume to be removed per minute is 
accordingly, not 110, but 750 cub. ft., as stated. 
If the temperature remains at 120 deg. -, and the 
vacuum is raised to 26} in., the air will have to be 
withdrawn at a partial pressure of 3.75 — 3.42 
= 0.33 in., at aA y pressure, and ata = 
of 120 deg., 1 Ib. of air occupies about 1320 cub. ft. 
Hence an increase in the effective air-pump dis- 
placement from 750 to 1320 cub. ft. per minute will 
in the case stated result in a gain of but }in. in the 
vacuum developed. To get a vacuum with a reason- 
able air-pump capacity it is thus essential to keep 
down the air-pump temperature. 
It is thus evident that the high vacua at times 
recorded in the log-books of ships trading in tropical 
waters must be regarded with great suspicion. Such 
entries are, in fact, merely fresh testimony to the 
inefficiency of the ordinary Bourdon type of vacuum 





gauge. In power-stations the unreliability of these 
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instruments has long been recognised, and the use 
of a mercury column to register the vacuum has 
become general. At sea, however, this course has 
not found favour, owing to the danger of mercury 
being drawn over into the condenser, with con- 
sequent ruin to the brass tubing. There is thus 
much to be said for Mr. Morison’s suggestion in his 
paper ‘‘Qn the Economical Working of Recipro- 
cating Marine Engines and their Auxiliaries,” 
recently read before the North-East Coast Insti- 
tution of Engineers and Shipbuilders, that the 
vacuum gauge should be replaced by thermo- 
meters, the vacuum, corresponding to the tem- 

rature recorded, being r from a steam-table. 

evertheless, even here there are difficulties to 
be surmounted in obtaining reliable results. In 
the first place, as the steam is never air-free, 
the temperature recorded is not, strictly speaking, 
a true measure of the pressure. Since, however, 
the proportion of air is very small at the top of 
the condenser, the temperature in this region 
must be very nearly that corresponding to the true 
vacuum, and the probable error thus arising is 
small. A more serious objection is the difficulty met 
in attempting to obtain a correct measurement of 
the temperature of a body of gas or vapour in rapid 
motion. When superheated steam, for instance, 
is wire-drawn through a stop-valve, there is some- 
times apparent a very considerable loss of heat, the 
temperature recorded beneath the valve being less 
than it should be. Possibly this apparent loss is 
partly a real one, due to conduction through the 
valve-seating. 

In certain cases which have come under our 
observation, however, the apparent loss has ap- 
peared greater than could reasonably be accounted 
for on this hypothesis, and it would seem that the 
defect of temperature, as measured by the thermo- 
meter, may be due to whirls and eddies in the steam, 
the energy of which has not yet been degraded into 
heat, but is, nevertheless, almost wholly unavailable 
for producing useful work in the engine. Similarly, 
attempts to measure the temperature of superheated 
steam from point to point of a steam-turbine have 

iven uniformly unsatisfactory results; and Mr. 

. M. Neilsen has stated that similar difficulties 
have been experienced in measuring the internal 
temperature of a condenser, and that to secure 
accuracy it is necessary to place the thermometer in 
a position where the steam is relatively quiescent. 

ith proper precautions, however, there is little 
reason to doubt that the thermometer will prove a 
much more reliable instrument for measuring vacua 
than the ordinary vacuum gauge. 

Whilst it has long been recognised that high 
vacua were profitable in the case of steam-turbines, 
there has been no such general agreement as to 
their advantage when used in connection with the 
reciprocating engine. In fact, it has been found 
repeatedly that though a reasonably high vacuum 
improved the engine economy, its effect on the coal 
bill was the reverse of favourable ; and under ordi- 
nary conditions at sea the total coal consumption, 
with a vacuum as low as 20 in., is not materially 
greater than when the vacuum is 25in. The loss 
on the engine is, in fact, made goed by the hotter 
temperature of the feed. Further, other experi- 
ments have shown that in certain cases an increase 
of vacuum to above 24 in. did not in any way im- 
prove the engine economy, the weight of steam 
required per indicated horse-power hour being 

ractically unaffected. Otaer experiments have, 
owever, shown a continuous increase in steam 
economy, even when the vacuum has been pushed 
up to 28 in. or over. The discrepancy is doubt- 
less due to the exhaust-ports and passages of 
some engines being too small to pass the steam 
when its specific volume is large. As is well 
known, the weight discharged from a_ given 
aperture in a second becomes independent of the 
external pressure when the latter falls below about 
0.6 of the internal pressure. If the ports and 
passages of an engine are only large enough to 
permit the pressure inside the cylinder to fall to 
4 in. absolute on the exhaust stroke, then a further 
lowering of the condenser pressure will give no 
increase in the power developed. 

With ample port area, however, the ordinary 
reciprocating engine will respond favourably even 
to a vacuum of 28 in. The rate of gain is, however, 
nothing like so large as it is in the case of a steam- 
turbine, since it averages but 14 to 1} per cent. per 
inch of vacuum. As a consequence, the use of a 
high vacuum becomes unprofitable unless there is 
sufficient waste heat available from auxiliaries and 





other sources to raise the temperature of the feed 
to near the limit at which it can be pumped. Mr. 
Morison contends that in ordinary marine engines, 
the waste heat available, if properly utilised, is 
ample for this purpose ; and if this view be correct 
—and itis supported by the evidence of many super- 
intendent engineers—the use of high vacua should 
lead to a considerable saving in the rate of fuel 
consumption now usual in the merchant marine. 








PETROL-ENGINE RATINGS. 

Ir has never been altogether clear why so much 
ingenuity has been expended in the invention of 
formule which will give the horse-power of a petrol- 
engine in terms of its physical dimensions. On 
the face of it, and as we have said more than once, 
the correct way to give the power of such an engine 
is to give its brake horse-power, obtained as the 
result of a bench test. This method is straight- 
forward and obvious, and should present no diffi- 
culties in practice. The whole of this question 
is concerned more particularly with motor-car 
engines than any other type, and as such engines 
are, as a rule, manufactured in some quantity, 
there is nothing to prevent the adequate testing 
of a sample engine, on the performance of which 
others of its type could be rated, with, of course, 
a reasonable allowance for individual variation. 
Indeed, at the present time it will be found that 
most motor-car builders are quite prepared to 
state the actual brake horse-power which has 
been given by one of their engines, or by one of 
a similar type, so that it seems probable that 
the information on which an actual brake-horse- 
power rating would have to be founded is already, 
in most cases, in existence. It may be that 
the peculiar conditions under which motor-car 
builders work impels them to adopt a rating 
based on cylinder dimensions, but it is in no 
way clear why this should be so. Certainly their 
customers jn general are unacquainted with engi- 
neering nomenclature, but there seems no reason 
to suppose that the rating of an engine as 20-28 
horse-power, whatever that may mean, will convey 
more to a non-technical buyer than would a state- 
ment that the engine was actually capable of giving 
a definite horse-power on test. Motor-car builders 
are not the only engineering manufacturers who 
deal with non-technical clients, and there seems, 
for instance, no difficulty in selling electric motors 
which are accurately rated on a test output, even 
though they are sometimes bought by laundry 
proprietors or dressmakers. 

There are two altogether different branches of 
the motor-car trade, in relation to each of which 
the rating question bears a somewhat different 
aspect from that it bears to the other. These two 
branches are respectively concerned with the con- 
struction of racing-cars and touring-cars. The 
second of these is much the most important, and 
it is more especially in relation to it that we would 
urge the adequacy and common-sense of a rating 
based on actual output. The question of the 
rating of racing-cars is a somewhat different one 
from this, and one on which we have more diffi- 
dence in expressing an opinion, since it is concerned 
with what is merely a branch of sport on which we 
have no desire to pose as experts. It was in 1906 
that the Royal Automobile Club settled on the 
well-known formula 

B.H.P. = 0.4 D2N. 


At that time it was doubtless desirable to specify 
some basis on which cars could be rated for 
competition purposes, and this formula, which 
is founded on an assumed mean effective pres- 
sure in the cylinder of 67.2 lb. per square 
inch, with a piston speed of 1000 ft. per minute, 
certainly formed a not unsatisfactory measure by 
which cars could be graded and divided into types 
for entry in different races. It is clear, however, 
that the specification of this or any other formula 
must have the result of fostering the design of 
engines which, while complying with the conditions, 
at the same time, if possible, so evade their inten- 
tions as to enable cars of greater horse-power 
than was contemplated to be entered for competi- 
tions. From the point of view of sport it may be 
that such a state of affairs is considered not unsatis- 
factory, or even desirable, and if the comparatively 
small number of ple who are interested in car 


em ua po are satisfied that matters should be 


regulated on a basis of that sort, it is a matter of 


comparative indifference to outsiders. None the 
less, it is well not to lose sight of the fact that no 





assistance towards the development of design can 
ultimately come from artificial conditions which 
demand that an engine of a certain horse-power 
shall be restricted to certain dimensions or propor- 
tions in its cylinders or other parts. 

Much as we desire to see the makers and users of 
motor-cars coming into line with the great mass of 
current engineering practice, and specifying the 
horse-power of their engines in terms of what it is, 
we none the less do not lose sight of the fact that, 
as things are, we must for some time yet be pre- 
pared to accept a rating based on some, more or less, 
approximate formula. This being so, it is clearly 
desirable that the approximation should as nearly 
as — approach accuracy, and we consequently 
welcome two further contributions to the old con- 
troversy concerning the shape the accepted formula 
should take. The two contributions were contained 
in a report and a paper which were presented at the 
meeting of the Incorporated Institution of Auto- 
mobile Engineers on the 8th inst. The report was 
made by the Horse-Power Formula Committee, 
which was appointed at the end of 1908, and which 
consisted of members of the Royal Automobile 
Club, representatives of the Society of Motor Manu- 
facturers and Traders, and members of the Institu- 
tion of Automobile Engineers. The paper was 
read by Mr. G. A. Burls, M. Inst. C.E., who was 
also responsible for the collection of the informa- 
tion on which the committee’s report was based. 

The main objection to the Royal Automobile 
Club formula is that it assumes values for both the 
mean pressure and the piston speed, and that its 
form admits of no such correction in its constant 
as would allow for the increase of mean pressure 
which takes place with increase in the diameter of 
cylinders, or for the increase in piston speed which 
occurs with an increase in the ratio of stroke to 
the diameter of the cylinder—the so-called stroke- 
bore ratio. Both the proposed new formulz take 
account of these factors, although the methods by 
which they have been obtained are very different 
from each other. The committce’s formula is prac- 
tically a purely empirical one, and has been 
obtained as the result of tests on 144 actual engines, 
but Mr. Burl’s formula, while based on data and 
measurements obtained during the same tests, takes 
account of inertia effect, and is in consequence 
somewhat the more complicated of the two. 

The Committee’s formula is as follows :— 


B.H.P. = 0.45 (d + s) (d — 1.18) N, 


where d is the bore of the cylinders in inches, s the 
stroke of the piston in inches, and N the number 
of cylinders. It was evolved from a consideration 
of a formula of the form 


B.H.P. = Kd (ad + s)N, 


where K anda are constants ; which is, of course, a 
modification of the Royal Automobile Club formula 
by the addition of a stroke-bore factor. The first 
part of the report is concerned with tests made on 
101 engines to determine if the supposed increase 
of piston speed with stroke-bore ratio is borne out 
by practice. As a result of these tests, the paper 
gives a plotting of stroke-bore ratio against piston 
speed at maximum brake horse-power, and while it 
may be admitted that on the whole this plotting 
does show an increase of piston speed with the 
ratio, none the less the results are singularly 
inconsistent, the points being scattered over the 
diagram like stars in an astronomical chart, and 
it is doubtful if the straight-line curve, which 
has been drawn across the diagram as a repre- 
sentation of the law to which the points may 
be considered to approximate, has any closer 
relation to their actual positions than the arrange- 
ment of the stars forming the constellation of 
Ursa Major has to the shape of a bear. This incon- 
sistency between engines of different types manu- 
factured by different firms is, however, perhaps 
only to be expected, and a treatment of the results 
in groups, the average of each group only being 
stated, shows clearly that the piston s does 
actually tend to increase with increase in the stroke- 
bore ratio. Asa result of these tests the report 
draws the conclusion that a piston speed of 1200 ft. 
per minute may be ex when the stroke-bore 
ratio is 1, and one of 2100 ft. per minute when the 
ratio is 2.5, and that a straight-line law may be 
supposed to hold between these limits. This con- 
clusion may be represented by the formula 


o = 600 (r + 1), 
where o is the piston speed in feet per minute and 
r is the stroke-bore ratio. 











Fes. 10, 1911.] 


ENGINEERING. 


193 





The second part of the report deals with tests 
which were made to determine if any increase of 
mean effective pressure with increase of cylinder 
diameter were observable, and a diagram connecting 
these two quantities, and giving the results of 88 
experiments out of a total of 124, is appended to 
the report. This diagram is, however, even more 
unsatisfactory than the other, and it is impossible 
to deduce anything from the positions of the various 
points beyond the fact that in $8 tests out of 124 
the mean effective pressure was either equal to, or 
greater than, 65 lb. per square inch, and that the 
maximum pressure reached was 954 lb. However, 
by taking the averages of the two highest pres- 
sures reached for the greatest brake horse-power 
recorded for cylinders of about 3in., 4in., and 
5 in. in diameter respectively, the report is able 
to show an increase of pressure with cylinder size of 
about 4 per cent. over this range. Combining this 
fact with results obtained by Messrs. White and 
Poppe, and allowing some weight to the general 
experience of the members of the Committee, the 
conclusion is drawn that it is necessary to allow for 
an increase of mean pressure with cylinder dia- 
meter, and the report lays down 684 lb. per square 
inch for the mean effective pressure when the 
cylinder is 24 in. in diameter, rising to 994 lb. 
when the diameter is5in. It is proposed to ex- 
press the law connecting these two limits by the 
formula 


where 7 p is the mean effective pressure in pounds 
per square inch. It should be noted in connection 
with all this work that the mean effective pressure 
is in all cases to be understood as the actual mean 
pressure in the cylinder reduced to terms of brake 
horse-power. Thus, in the above formlua, p is the 
actual mean effective pressure on the piston, and 7 
is the mechanical efficiency of the engine. 

The final expression for brake horse-power is 
established by substituting the expressions for 
piston speed, and mean effective pressure, obtained 
as above, in the exact formula for horse-power 
in terms of bore d and piston speed oc, which is as 
follows :— 


B.H.P. (per cylinder) = 


1.18 
= 199{/1- 
nied ( d 


1 
168,000 d2npo’ 
where d is in inches, np in pounds per square inch, 


and o in feet per minute. The result of the 
substitution gives 


B.H.P. (per cylinder) = 0.464d (d — 1.18) (r + 1), 


which, for working purposes, may be more conveni- 
ently expressed— 


B.H.P. (per cylinder) = 0.464 (d + s) (d — 1.18), 


while, in the interests of simplification, it is recom- 
mended that the constant be taken as 0.45 instead 
of 0.464, which gives the form already quoted. It 
will be clear from the considerations which have 
led up to the construction of this formula that it 
will give results somewhat high for ordinary engines 
and conditions. The law which was assumed for 
the increase of piston speed with stroke-bore ratio 
gives results which 50 per cent. of the engines which 
were examined failed to reach, while the assumed 
curve connecting mean effective pressure with cylin- 
der bore gives higher values than were obtained from 
100 out of the 124 engines tested. In general, the 
formula must be held to give results which may be ex- 
pected from a good engine under first-class conditions 
on the test-bench, and Mr. Dugald Clerk states that 
for an ordinary engine on the road the results given 
by the formula should be multiplied by 0.6. The 
result of this, when r = 1, is that the expression 
gives results almost identical with those obtained 
from the R.A.C. formula, which may accordingly 
still be considered approximately accurate for such 
conditions. 

The advantage of the new expression is, of 
course, that it makes allowance for the effect of 
the increase of piston speed with increase of the 
stroke-bore ratio, and for increase of mean effective 
pressure with cylinder diameter. 

The formula deduced by Mr. Burls, which we 
referred to above, gives results considerably higher 
even than those obtained from the Committee's 
formula, and is intended to fix a rating for racing- 
engines equal to the maximum possible power which 


GUNNERY IN THE NAVY. 

Ir is in no way derogatory to the great ingenuity 
and experience displayed at the Admiralty and in 
factories in the design and construction of the 
matériel for the Navy to say that the ultimate effi- 
ciency of ships, machinery, and ordnance must 
depend, in Britain’s hour of need, upon the officers 
and men of the Fleet. Three branches of the 
Service are responsible for success in war opera- 
tions : the tactician on the bridge, the engineer in 
the turbine-room and stokehold, and the man 
behind the gun. They are interdependent ; should 
any one fail in the duties of his respective office, 
the value of the work of the others is depreciated. 
The almost continuous exercises undertaken by the 
fleets, by night and by day, give confidence in the 
view that in respect of tactics our ships will be 
brought into favourable positions of attack. The 
absence of machinery failures, notwithstanding 
the extent of manceuvres now undertaken, and the 
realisation of the maximum speed possible, when- 
ever required, indicate that the engineering branch 
of the Navy is thoroughly efficient. As regards 
gun-fire it is possible to have direct testimony in 
the results published annually of ‘‘the test of 
gun-layers.” The test conditions have from time to 
time been increased in severity; yet the gunner rises 
to the demand made upon him. Thus the speed at 
which the ships steam past the target has been 
increased within recent years, and the target has 
been reduced in area. Now the target, which is 
towed at an unknown speed, course, and range, 
relative to a practising battleship, is only 90 ft. long 
by 30 ft. high—less than one-fifth of the length of 
a ship of the line, and yet, during 1910, with 10-in. 
and 12-in. guns, the ships of the fleet attained, on 
an average, 0.7 hit per minute, against 0.4 four 
years ago; the 9.2-in. guns, 2.01 hits per minute ; 
the 7.5-in. guns, 2.61 hits, against 1.58 ; and the 
smaller guns still higher rapidity. 

The details show that 117 ships engaged in 
tests of guns ranging in bore from 12in. down to 
4in., and with an aggregate of 1318 turrets or guns. 
From these guns 7645 shots were fired in practice, 
and 3520 of these hit the target, small as it was, 
while, in the case of 872 rounds more, the shot 
ricocheted on to the target. Formerly such ricochet 
shots counted a hit, and on this basis the percentage 
of hits to the total rounds fired is 54.86 per cent. for 
the past year, against 54.12 per cent. in the previous 
year, 53.57 per cent. in 1908, and 42.7 per cent. in 
the year 1907, prior to which the firing conditions 
were less onerous. Within six or seven years the 
improved efficiency of the gunner, assisted by great 
improvements in the sighting mechanism and more 
satisfactory gun-control systems, has at least doubled 
the effective utility of every gun on board ship. 
That there is room for further improvement is 
suggested by the splendid performance in some 
individual ships. Thus the Téméraire, one of the 
later battleships, with ten 12-in. 50-calibre guns, 
fired 37 rounds, and scored 29 direct and 3 ricochet 
hits, or about 81.91 per cent. of hits to rounds, 
reckoning the ricochet as a half-hit. This equalled 
3.35 hits per gun per minute. The Lord Nelson, 
with her four 12-in. guns, returned 3.23 hits per 
gun per minute, and with her 9.2-in. guns 3.64 hits 
per minute, but this latter was lower than with the 
same gun in other ships. The Bedford marks the 
attainable standard for the 6-in. quick-firing gun. 
This ship, which has, unfortunately, been lost, takes 
first place for the year. Firing 62 rounds, she made 
39 direct and 9 ricochet hits, equal to 5.46 hits ow 
gun per minute, while the best gunner in the ship 
got 10.31 hits per minute for his gun. With a 4.7-in. 
gun a gunner on the Astrea got 11 hits per minute. 
These performances should stimulate other gunners 
to greater practice and keenness, as the highest per- 
formances per gun per minute are far above the 
average per gun in the case of the best ships’ per- 
formance with each type of gun: for the 12-in. 
gun 3.35 hits, against 0.7 hit ; for the 9.2-in., 5.34, 
against 2.01 hits; for the 7.5-in., 5.32 hits, against 
2.61 hits ; for the 6-in. quick-firing gun, 6.08 hits, 
against 3.69 hits ; and for the 4.7 in. or 4 in., 8.06 
hits, against 3.84 hits. The China squadron did 
best during the year with 56.628 points. Next came 
the second division of the Home Fleet with its 
cruiser squadron with 47.567 points; then the 
Cape squadron, followed by the other divisions of 
the Home Fleet, the Atlantic Fleet, the East 





may be expected from them. We are unable to 
deal with it at present in the space at our disposal, | 
but we may revert to it later. 


India, and Mediterranean and Australian squadrons. 
As regards the smaller guns— from 12-pounder to 


| 3-pounder—it is shown that the number of hits 


per 100 rounds is 45.19. In the. case of the 12- 
pounder gun the number of hits per minute—the 
average for the whole Fleet—was 5.454; for Vickers 
3-pounder guns, 6.127 ; and for the other makes of 
6-pounder and 3-pounder guns in the Service, 
3.651 hits. 

The gun practice of the to o-boat destroyers 
is of great importance. Of this type of ship, 175, 
with 736 guns, engaged in practice, and succeeded in 
making 42.38 hits per 100 rounds fired. The 4-in. 
guns with which these vessels are fitted justified 
their adoption, as they succeeded in getting a per- 
centage of hits to shots fired of 46.07, whereas the 
12-pounder, on the later mountings, gave 45.56 per 
cent., and the 12-pounder on the earlier mount- 
ings 39.12 per cent. ; the 12-pounder 8-cwt. gun, 
28.96 per cent. ; the ees er with telescopes, 
47.84 per cent., and without telescope, 29.35 _ 
cent. As regards hits per minute, the 4-pounder 
further justified itself, as its greater striking power, 
as compared with the other guns on these vessels, 
has not been purchased at the expense of rapidity, 
since the difference is inappreciable—3.63 hits per 
minute for the 4-in. gun; 3.88 for the 12-pounder 
12-cwt. gun, and 2.73 for the 12-pounder 8-cwt. 
gun. The best results got from any 4-in. gun in 
destroyers gave 9.43 hits per minute; the 12- 
pounder 12-cwt. gun, 12.50; and the 6-pounder 
and 3-pounder with telescopic sights, 18 hits, and 
without telescopic sights, 12 hits. These figures 
indicate the possibilities of further improvement, 
although it must be admitted that, in view of the 
large number of guns fired in the tests, and the 
varying conditions as to weather, &c., which pre- 
vailed, the average in all cases is high, and justified 
the approval expressed by their Lordships of the 
Admiralty. 





THE LATE EARL CAWDOR. 

Tue late Earl Cawdor, although not an engineer, 
had for sixteen years exercised a stimulating influ- 
ence on the development of engineering practice, 
first—from 1895 to 1905—as chairman of one of our 
greatest railway companies, later as First Lord of 
the Admiralty, and more recently as President of 
the Institute of Naval Architects, so that a tribute 
to his memory may fittingly be paid in Encrnezrine. 
As was stated on Wednesday by the leaders of the 
House of Lords, of which he was a prominent 
member from 1898, ‘‘ his outstanding characteris- 
tics were straightforwardness, and invincible good 
humour :” ‘‘he had business abilities of no ordinary 
description, and at the Admiralty he showed what 
he was able to do as the administrator of one of the 
most onerous departments of the public service.” 
But to engineers he will also be remembered as one 
who ever displayed a keen interest in the problems 
of transport on sea and land, a readiness to recog- 
nise the potentialities of mechanical improvements, 
an eagerness to encourage advancement, and a 
willingness to share responsibilities. Although 
appointed President of the Institution of Naval 
Architects three years ago, he had demonstrated an 
aptitude not only in assisting the organisation, but 
in elevating debate on technical subjects to a high 
level. Thus his death, after a prolonged illness, 
on Wednesday morning, is widely regretted. 

Lord Cawdor was born on February 13, 1847 ; he 
was thus within a few days of completing his we 
fourth year. Educated at Eton and Christ Church, 
Oxford, he entered the House of Commons in 1874, 
when twenty-seven years of age, as Conservative 
member for Carmarthenshire, for which he con- 
tinued to sit until 1885. Those administrative 
qualities which he displayed so fully were thus 
early recognised, and in 1880 he became one of the 
Ecclesiastical Commissioners, and in 1886 an hono- 
rary Commissioner of Lunacy. Between 1885 and 
1898 he made two unsuccessful attemps to re-enter 
the House of Commons ; but what that representa- 
tive House lost, commerce and engineering won, 
because in 1890, when still Viscount Emlyn, he 
became a director of the Great Western Railway, 
a few months later deputy chairman, and in 1895 
the chairman. In this important position there 
was full scope for reforming genius. It is unneces- 
sary to pass in review the improvements effected. 
The line was at that time known as ‘‘ The Sleepy 
Giant,” but all was soon changed. Long detours 
were obviated by new connections. In locomotive 
power there was quick development, train speeds 
were increased, passengers’ comfort augmented, 
the long delays at Swindon were abolished by the 
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the restaurateur, and freight rates were reduced. 
During his term of office the gross annual receipts 
advanced from just over 9,000,0001. to 12,342, F 
In all these matters he exercised an encouraging 
control, while laying the bases for such develop- 
ments as have taken place at Fishguard and for the 
improved service to Ireland. In 1898 he succeeded 
his father in the earldom, but his interests in the 
House of Lords were only secondary to his inclina- 
tion towards commercial work. 

In 1895, when Lord Selborne resigned the post of 
First Lord of the Admiralty to be Spaaemdimend 
of South Africa, Mr. Balfour, who was then Prime 
Minister, to the great surprise of many, appointed 
to the high post at the Admiralty Lord Cawdor, 
who had never held oftice, and had been for nearly 
ten years entirely dissociated from party politics. 
But in this he showed most pobcoee et 4 wisdom, 
which ought to be more widely practised. The 
Admiralty is not only a great spending department, 
but naval administration demands organising ability 
of the fullest experience ; and, apart from innate 
aptitude, Lord Cawdor had a splendid training in 
one of the best commercial schools—the chairman’s 
office of a great railway company. He was not long 
at the Admiralty, but he loft his influence on the 
department, and the ‘‘ Cawdor Memorandum ” of 
1905 as to the strength of fleets is an oft-quoted 
standard. During his term of office he greatly 
assisted towards the many reforms regarding the 
distribution of the fleet which had been initiated 
and have since been completely effected. Since 
leaving the Admiralty naval defence has found in 
him a streng advocate, and all commercial pro- 
blems a capable exponent, in the House of Lords 
and on the public platform. 

The same qualities which commended his ap- 
—— justified his selection as President of the 

nstitution of Naval Architects, upon the resigna- 

tion of the Earl of Glasgow in 1908. He took a 
keen interest in all that affected the progress of 
the profession, an active part in the administrative 
wok, presiding over, and contributing from his 
wide experience to, the deliberations of the Council. 
In the arrangements for the Jubilee Meeting, 
which had to be postponed last year owing to the 
death of King Edward, and is to be held in July 
next, he took an active part, and his death is thus 
the more to be regretted, as he will not thus be 
able to carry to a successful issue the project for 
which he has worked with such characteristic 
energy and tactfulness. 








THE TESTS OF AERO-MOTORS FOR 
THE ALEXANDER PRIZE. 

In our issue of January 13 (vide page 56 ante) 
we gave the principal results of the competition for 
the Alexander Prize for aero-motors, and we now 
a to consider the lessons which may be 
earned from them. The conditions of this com- 
petition were undoubtedly very severe, for not 
only had the engines to develop a brake horse- 
power for each 7 lb. weight, including radiator and 
accessories, but they had to be. of exactly the right 
size to do this at a weight of 245 lb., and a brake 
horse-power of 35. That is to say, a maker might 
be able to produce an engine capable of developing 
30 brake horse-power on a weight of 210 lb. and 
another which would maintain 40 brake horse-power 
on a weight of 280 lb, and yet neither of these 
_— be able to fulfil the condition of developing 
35 brake horse-power on a weight of 245 lb. It 
is very important to remember this, for the fact 
that none of the engines fulfilled the conditions of 
the trial does not in the least prove that they were 
none of them capable of developing a horse-power 
for each 7 lb. weight, but only that no maker whose 
engine would do this had one of exactly the right 
size to do it at 35 brake horse-power. If in future 
competitions, therefore, it is ever desired to com- 
pare the weights of different 1:akers’ engines per 
horse-power, they should be allowed, within a 
reasonable range, to run them at the horse-power 
which suits them. In the present case the prize 
was so large that it was doubtless expected that 
makers would make a special sized engine to fulfil 
the conditions demanded ; but such prizes cannot 
always be given, and unless they are, the prize 
for an engine of some exact horse-power may simply 
go to the maker who happens to have an engine of 
an exactly suitable size. 

For instance, if in the case of the Alexander 
vec the conditions had allowed of the engines 

ing from 30 to 40 brake horse-power, the require- 





ments would have been fulfilled by the Green 
engine, which only weighed 6.96 Ib. per brake horse- 

wer at a horse-power of 31.5. It is therefore 
airly clear that the failure of this engine was 
a“ owing to its not being the right size for 
35 brake horse-power, and that if a slightly larger 
engine had been built it would have fulfilled the 
conditions. 

The most important point in the Alexander trials 
is that they give us the first real information as to 
what engines of the aero type can do ona run of 
some considerable duration. The conditions of 
test required that the engines should run for 
24 hours with not more than three stops totalling 
30 minutes. That is to say, that three runs of 
7 hours 50 minutes each, with a 10-minute interval 
between the successive runs, would have fulfilled 
them. This would not be considered anything very 
onerous for most kinds of engines, but there is no 
doubt that it is a far more severe test than these 
light engines have ever been subj :cted to before. 
We hear of makers claiming to get their weights 
down to under 3 lb. per horse-power, but we never 
have any demonstration of the maintenance of this 
power on a long run, and very seldom any state- 
ment of what is included in the weights. 

As we mentioned in our issue of December 3, 
1909,* when we reviewed the conditions of the trial, 
it has been found by experience with racing-boat 
engines that those which profess to weigh less than 
7 lb. per horse-power seldom win races, and this 
can only be because they do not actually maintain 
their horse-power, or are not reliable even for the 
short duration of a race. As the boat engine 
requires no radiator, we suggested then that 
makers would find it very hard to fulfil the 
conditions laid down in the case of the Alexander 
prize, and this has proved to be the case. 

One point brought out very strongly by the 
tests is the difference between running a short trial 
and a long one. . Many tests are only made for a 
couple of hours on the assumption that this is long 
enough to show whether an engine is capable of 
maintaining its power or not. It will, however, 
be seen that the Wolseley maintained 36.2 brake 
horse-power for three hours, and probably a trifle 
more for the first two hours. The weight per 
horse-power for this run was under 6.7 lb. In a 
subsequent trial at 34.8 brake horse-power two 
runs of six hours each were made, with a stop of 
fifty minutes between them. Again the Humber 
ran very well, doing nearly 38 horse-power for 
11} hours, with one short stop to shift sparking- 
plugs, and then failed completely. These facts show 
the necessity of actually trying engines for a long 
run in order to ascertain what it will really main- 
tain. . 

The table annexed gives some particulars of the 
engines and their performance, and allows of some 
interesting comparisons. The Green engine will 


having all channels machined out of the crank-case. 
The failure of both the engines—the Wolseley and 
the Humber—which had cast-iron cylinders from 
these cracking also suggests a doubt as to whether 
this is a suitable material for such light engines. 

A point of some interest is the economy of these 
light engines. As far as fuel goes there is nothing 
to find fault with, for the Green engine only used 
0.503 lb. of petrol per brake horse-power per hour, 
a result which would be considered good in much 
larger engines. The consumption of fuel was, how- 
ever, greater in the Humber and Wolseley. This, 
again, is probably due to the greater cylinder 
capacity per brake horse-power of the Green engine. 
Where the cylinders are small for the brake horse- 
power, the engine must be tuned up to give its 
greatest power, regardless of economy. 

The consumption of lubricating oil can, how- 
ever, hardly be said to be satisfactory, for the 
Green engine used 0.282 lb. per brake horse-power 





per hour ; that is to say, the lubricating oil used 
| was more than half the weight of the petrol. This 
| is a serious matter, which will require attention in 
the future. It is not stated what the quality of 
| the lubricating oil was, but it is well known that 
| some of the aero engines will only run with special 
kinds of lubricating oil, not easily procurable. 

It is interesting to note that all the engines were 
of the vertical four-cylinder type, and water-cooled, 
whereas the majority of the prizes for actual flights 
were won in 1910 by radial air-cooled engines. In 
our issue of December 3, 1909, we suggested that the 
conditions of the test were, in one way, very much 
more severe than those of running in an aeroplane, 
as the engines only had a current of air at 30 miles an 
hour playing on them. In most cases in actual use 
they would have a current of more than twice this, 
hence the cooling would be much more efticient. 
As this condition was published before the trial, no 
exception can, of course, be taken to it. It is, 
however, possible that in actual use on an aero- 
| plane considerably smaller radiators could be used, 
|and also that the lubrication would be better, as 
| the strong current of air cools the whole crank-case 

considerably. In racing motor-boats it is found 
that the performance is considerably improved by 
_ passing the oil through a cooling coil on its way to 
the bearings. Whether this condition was the 
cause of no air-cooled engines competing we do not 
know, but it would certainly be of interest to have 
a competition in which the conditions more nearly 
approached those of actual work. 
| Itis remarked that none of the bearings of the 
_ Green engine showed signs of wear except the ball- 
| bearing which takes the thrust of the propeller. 
| As this thrust was only 175 Ib., it should be quite 
easy to provide a plain thrust bearing which would 
not show great signs of wear in a single day’s run, 
and the ball-thrust seems therefore a rather doubt- 
ful advantage. 





TABLE SHOWING CHIEF PARTICULARS OF THE ENGINES WHICH COMPETED FOR THE ALEXANDER PRIZE. 
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Cylinders. 
ss | Weight Pressure 
| Weight |per Cubic _—— Piston | 02 Piston’| Cylinder 
| | Ratio: Weight., per | Inch B.H.P. Per Speed, Referred Capacity 
er siaee Sy | Total Stroke B.H.P. | Cylinder Minute pe from |perB.H.P. 
| | | Copactty. | Diam eter. | Capacity. | B.H.P. | 
mm. in. ‘mm. in. | cub. in. | Ib. ib | Ib Ib. p. 8q in 
Wolseley | — 8 _ 243 1.46 242 | 6.69 0.995 36.2 1445 1323 83 | 6.72 
Humber -, 110 (4%) | 120 (49) | 77 1.09 234 6.18 0.845 37.8 1230 980 87 | 7.32 
Green .. . 105 (4) 120 (4}) | 252 1.14 219 6.96 0.87 3L.5 1212 955 81 8 





be seen to be the largest for its power—i.e., it had 
the greatest cylinder capacity per brake horse- 
power. It was therefore run at the lowest piston 
= and also the lowest mean pressure. Neither 
ti re re 





8 
volutions nor piston speeds were extraordi- 
narily high, those of the Wolseley being the highest, 
but this engine only ran for three hours on its first 
i These points seem to show that, as we have 
often suggested, the way to make a light engine 
satisfactory is not to aim at too high a power for 
the size of the cylinders, but to make the engine 
light for its cylinder capacity. This point is further 
confirmed by the success of the ‘‘ Gnome” engine, 
which is of far greater cylinder capacity per brake 
horse-power than any of the engines in the competi- 
tion. 

The failure of the Wolseley engine from a lubri- 
cating pipe breaking shows the necessity of arrang- 
ing forced lubrication so that it is not liable to 
trouble from this cause, and the advantage of 





* See ENGINRERING, vol. Ixxxviii., page 763, 


While no engine fulfilled the conditions of the 
trial, there can be no doubt that the results are of 
the greatest interest, and show what strides the 
construction of light engines has made in the last 
few years. A very short time ago it would have 
been quite impossible to get an engine of the 
weight to which those competing for the Alexander 
prize were limited to do anything like the powers 
which were obtained during the trials. The 
tests also form a record of really maintained 

wer, which will be a standard to work from in 
uture. 

In the accompanying table the cylinder dimen- 
sions of the Humber and Green engines are given 
in millimetres, the figures in brackets being — 
mate English equivalents. ‘‘ Cylinder capacity ” is 
area of pistons x stroke. The ‘‘ Mean Pressure” is 
that calculated from the brake horse-power, with no 
allowance for friction. The actual mean pressures 
on the pistons would, therefore, be greater than 





those tabulated by the amount due to the internal 
friction of the engine in each case. 
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THE BELGIAN STATE RAILWAYS. 


THe small but progressive country known as 
the Kingdom of Belgium was one of the first 
countries on the Continent to turn to practical 
account the method of transport introduced by 
Stephenson. Soon after 1830 plans were prepared 
for a Belgian railway system, to be owned and 
managed by the State. The four trunk lines were 
arranged in the form of a cross, the town of 
Malines being the point of intersection. The 
Government having thus obtained control of the 
main lines, the construction of subsidiary lines was, 
for the time being, left to private enterprise. The 
greater part of these subsidiary lines have been 
subsequently bought over, and are now worked 
directly by the State. On May 5, 1835, the first 
Belgian train was run between Brussels and 
Malines, a distance of a little over 13 miles, the 
Grand’ Place, in front of the Gare du Nord in 
Brussels, being named after Charles Rogier, at that 
time Minister of the Interior, and a strenuous 
supporter of the scheme to establish a railway in 
Belgium in spite of hostile opposition on the part 
of his colleagues and several leading politicians of 
the day. 

According to the latest official returns (1909) 
Belgium has 4322 kilometres (2702 miles) of rail- 
way worked by the State. The whole of the perma- 
nent way, with exception of 11 kilom, is of normal 
gauge (4 ft. 8} in.), 2046 kilom. (1279 miles) being 
laid with double track, the remaining 2276 kilom. 
having single lines only. 

The foregoing constitutes the Belgian railway 
system in as far as the railways are owned or 
worked by the State ; but, to make the description 
quite complete, it is necessary to 
additional 346 kilom. (215 miles) belong to private 
companies, and are worked independently of State 
patronage. As several of these companies, however, 
without specifying them, have been credited with 
the same length of line, it is not possible to give the 
exact figures representing the length of rails belong- 


ing to the private companies, but it may be estimated |: 


approximately at 200 miles. Two foreign companies 
—the Nord Francais and the Société Luxembour- 
geoise—also possess between them 74 kilom. (5 miles) 
of line in Belgium, forming part of their own rail- 
way systems in their respective countries. 

The principal international lines are the follow- 
ing :— 
1. Brussels to Amsterdam via Malines and Ant- 
werp. 

2. Brussels to Luxemburg via Namur and Arlon. 

3. Brussels to Cologne via Louvain, Liége, and 
Verviers. 

4. Brussels to Ostend via Alost, Ghent, and 
Bruges, in correspondence with the steamers of the 
Belgian State Railways to Dover. 

5. Brussels to Paris via Mons and Quévy. 

6. Paris to Cologne, passing through Belgium via 
Charleroi, Namur, Liége, and Verviers. 

7. Brussels to Calais via Tournai and Lille. 

8. Antwerp to Gladbach, in Germany, via Rure- 
monde. 

As far back as 1838, the then Minister of Public 
Works, Mr. Nothomb, in laying his annual report 
on the table of the Chambre des Représentants, 
said that the railways might be saguiel from three 
different standpoints :— 

They could be considered as an institution of 
public utility, irrespective of any question of gain 
or profit to the anil ; or they might be 
regarded from a financial point of view, care being 
taken that the cost of working be inferior to the 
traffic receipts ; or, again, considered as an institu- 
tion which should be neither a burden to the State 
nor a means of raising revenue, but simply be placed 
upon a sound commercial basis, and made to pay 
their own way. By expenses were understood the 
up-keep and working expenses, and the reimburse- 
ment of capital advanced by the Treasury, and 
interest thereon. It was decided to adopt the third 
alternative, and it is therefore in the direction it 
suggested that the results obtained have to be 
reviewed, 

As long as the receipts do not fall below the cost 
of working, including interest and the repayment 
of capital stock, the duty of the railway in regard 
to the Treasury may be considered as fulfilled, such 
duty consisting in the reimbursement to the 
Treasury of the amount advanced annually for its 
efficient working, any surplus being a plied to the 
reduction of rates and charges, or the extension 
and improvement of the means of transport. Such 


= out that an| ; 





was, and stil] is, with one reservation, the principle 
adopted by the Belgian State Railway, and is, 
moreover, in complete conformity with the text 
hag Railway Acts of May 1, 1834, and April 12, 
1835. 

As the Minister very wisely pointed out at the 
time, it would, on the one hand, be a gross in- 
justice to the taxpayers in general to debit them 
with any loss resulting from the working of a means 
of — which was resorted to by a portion 
only of the population ; the endeavour, on the other 
hand, to make profit out of the system would be 
greatly to be deplored, since it most certainly would 
ead to excessive rates, and these would place their 
countrymen in a position of inferiority in their 
competition for the foreign markets of the world, 
thus converting what should be an aid into a 
hindrance to national industry and commerce. 

The receipts, profit and loss, and working ex- 
penses appear in the financial statement presented 
annually to the Houses of Parliament by the Minister 
of Finance, in conformity with Article 43 of the 
law of May 15, 1846, relating to the accounts of 
the State. The detailed items in the annual 
accounts of the Treasury place the statistics of the 
railways on a basis which cannot lead to equivoca- 
tion or adverse criticism ; they show at a glance 
the manner in which the State Railways discharge 
the obligations placed upon them by the funda- 
mental laws of 1834 and 1835. The railway 
returns since 1835 are drawn up on similar lines 
to those followed by the Treasury ; this secures 
agreement between two separate departments of 
the State. We give below a table showing the 
financial results of the Belgian State Railways for 
every five years, from 1835 to 1905, and down to 
909 :— 





Francs per Kilometre—Pounds per Mile. 


1909. 1908. * 
65,142 fr.—41931, 62,835 fr.—40465/. 
44,111 fr.—2840l, 42,565 fr.—2740i. 
21,031 fr.—13541. 20,270 fr.—1805i. 

Francs per Train-Kilometre—Shillings per Train-Mile. 
Gross receipts +» 3.8271 fr.—4s. 10d. 3.6426 fr.—4s, 8d. 
* Working expenses . 2.5015 fr.—3s. 2d. 2.4675 fr.—8s, 2d. 
Net receipts - 1.2356 fr.—ls,7d. 1.1751 fr.—1s, 7d. 
Average Distance Travelled by 


Passenger trains . 86 km. (22.75 mis.) 36 km. (22.75 mis. 
Goods trains - 42 km. (26.25 mls.) 48 km. (26.87 mis.) 


* The figures quoted for 1908 are definite. Those for 1909 may 
be subject to slight modification, but they may be considered as 
practically correct. 

A proof that tlie Belgian State Railways are 
essentially worked in the interest of the travelling 
public is afforded by the fact that the average annual 
receipts per passenger have been gradually decreas- 
ing. On the other hand, there is recorded a very 
great increase in the number of passengers carried. 
In 1872, for example, the average yield per passenger 
was 0.93 franc (about 9d.); in 1909, it was only 
0.552 franc (about 5d.), while the total number of 

engers carried for the same years was 23,197,623 
and 160,107,172 respectively. If we go back 
further than 1872, the difference is still moremarked, 
for in 1865 the average yield per passenger was 
1.37 francs (about 1s.), and, with one or two ex- 
ceptions, the decrease has been going on steadily 
each year until in 1909, as above stated, the average 
yield was only 0.552 franc per nger. This shows 
very clearly that the convenience of the public is 
the first thought of the administrators of the State 
Railways. ith the increasing facilities in the 
shape of cheap tickets and special season ticket 
rates for both short and long periods, there are but 
few Belgians who do not know their own country 


Gross receipts 
Working expenses 
Net receipts si 


FINANCIAL RESULTS OF THE BELGIAN StaTE RarLways FROM 1835 To Enp or DecemBer, 1909. 


Average | Working Ex- 














Interest and ANNUAL BALANCE, Coeffi- 

a Length of Gross Receipts. toctudin . Net Receipts. Repayment of scient of 

} 1 Japital. | Working. 

Worked. Pensions. P Assets. Liabilities. “se 

oe | 

kilom. | francs francs francs francs francs francs per cent. 
1835 13.5 | 269,362.50 168,847.44 | 100,515.06 | 123,888.80 - 23,373.74 68 
1840 324.7 5, 355,946.38 3,077,994.08 2,277,952.30 3,465,617.64 se 1,187,665.34 57.47 
1845 559.8 12,420,850, 21 6,307,111. 15 | 6, 113,739.06 7,228,714.44 re 1,114,975.38 50.78 
1850 624.6 15,099,030. 77 9,198, 980.39 | 5, 900,050.38 8,603,040.80 - 2,702,990. 42 59.93 
1855 652.4 24,546,265.20 13,063,015.70 | 11,483,249.50 | 9,546,362.96 1,936,886. 54 “ 61.71 
1860 747.2 29,644,505.28 | 14,300,787.50| 15,343,717.78 | 11, 366,636.84 3,977 ,080.94 . 47.57 
1865 749.2 38,193,962. 92 19,815,804. 54 18,378,158.38 13,362,878. 56 5,015, 279.82 a 51.39 
1870 868.7 45,366,359, 22 25,558,082. 87 19,808,326. 35 16, 257,941.63 3,550,384.72 ae 55.66 
1875 1,966.5 87,742,148.76 58,905,463.59 |  28,833,685.17 38,045,657. 20 ‘ 9,211,972.038 | 65.75 
1880 2,724.0 | 113,909,951. 12 68,850,660, 40 45,059, 290.72 48,266,304.02 > 3,207,013.30 | 60.03 
1885 3,173.1 119,725,487.78 70,763,913.50 48,961,574.28 55,723,819.89 ‘ 6,762, 245.61 58.96 
1890 3,248.6 141,251,819.07 84,510,102. 46 56, 741,716.61 55,708,145.90 1,088,570.71 a 59.83 
1896 3,298.8 | 154,695,002. 42 91,446,189. 25 63,248,813.17 | 55,044,281.19 8, 204,531.98 ‘ 59.20 
1900 4,060.1 | 209,162,095.80 | 141,954,099.39 67,207,996. 41 72,188,411.54 és 4,980,415.13 67.86 
1905 4,046.5 | 248,136,102.83 | 155,338,924.33 92,797,178.50 83,344,749.13 9,452,429.37 ~~ 62.60 
1906 4,064.1 259,550,870 85 | 165, 607,006.31 93,943,364. 04 85,769,065. 28 8,174,298. 76 “ | 63.81 
1907 4,239.2 | 269,736,668.26 | 184,580,760.74 | 85, 155,907.52 92,121,849. 36 a 6,965,941.84 | 69,18 
1908 4,300.8 299,361,739.36 | 182,390,770.34 |  86,970,969.02 , 94,015,374.35 7,044,405, 33 67.74 
1909* 4,319.4 281,532,166.98 190,540,123.00 |  90,992,043.98 | 97,019,894.73 6,027, 850.75 67,71 








6,759, 100,738.34 | 4,115,274,598, 31t! 2,643,826,145.03¢ | 2,618,888,454.49t 


193,290,977.65¢ | 168,353,287.11+ 





* Approximate figures, to be confirmed in 1910 report. 


As will beseen, the undertaking has had a varied 
fortune. During the seventy-five years of its 
existence—1835 to 1909, both years included—the 
Railway Budget, after deduction of interest and 
repayment of capital, has, in thirty-seven instances, 
shown a deficit, and in thirty-eight cases a profit. 
Its greatest deficit was in 1873, when the loss on the 
year’s working amounted to 12,828,264 francs 
(513,1301.), its maximuni profit being reached in 
1899, when the earnings were 12,961,847 francs 
(518,4741.). From its inception in 1835 the total 
profits have only exceeded the total deficits by the 
comparatively small sum of 24,937,690 francs 
(997,5081.), which makes an annual average gain 
of 332,503 francs (13,300/.), which at first sight 
would tend to show that the Belgian State Railways 
are worked on the principle laid down by Mr. 
Nothomb, and are neither a source of profit nor a 
means of loss to the Belgian nation. But—and 
there is no attempt made on the part of the authori- 
ties to conceal the fact, which is clearly set forth in 
the railway returns—if the accumulated interest on 
the annual deficits, the amounts of which constitute 
loans from the Treasury, be taken into account, 
and if from these amounts the gains made in the 
profitable years be deducted, then the 75 years’ 
working would not show a net profit of 24,937,690 
francs (997,5081.), but an aggregate loss of 
94,594,476 francs (3,783,7791.)—1.e., an annual loss 
of 1,261,259 francs (50,4501. ). 

In analysing the years 1908 and 1909 we obtain 
the result of working the State Railway per units 
to be as set forth in the next column. 





+ Totals for the whole of the seventy-five years, from 1835 to 1909. 


thoroughly, while the influx of foreigners who visit 
Belgium, bringing with them a certain portion of 
their wealth, is manifestly a great advantage to 
the Belgian nation, probably compensating them 
handsomely for the advantages they offer in the form 
of comparatively cheap railway travelling. The 
tickets issued for five days and for a fortnight 
enable commercial and other travellers to visit 
every part of the country, and must tend ultimately 
to increase international trading and to further 
friendly intercourse with neighbouring States. The 
cost of short-term tickets is as under :— 





| 
| 


frs. £58. 4 fre. £8, d. frs. 8. d. 
Five days 30.75=1 4 7 20.50=0 16 5 1L.756= 9 5 
Fifteen days 6150=2 9 2 41.00=1 129 23.50=18 9 


A point of considerable interest in connection 
with the Belgian railways is the comparative free- 
dom from accident. Apart from the serious 
disaster at Contich, near Antwerp, in 1908, in 
which 43 ngers lost their lives, the statistics 
for the 10 years 1900-9 disclose a most remarkable 
immunity from fatal accidents. During that period 
the total number of people killed from collisions 
amounted to 3 passe and 15 railway servants. 
Another class of accidents due to other causes than 
collisions or derailments, such as entering or leav- 
ing a carriage when the train is in motion and so 
forth, led to 71 deaths in 1909. 

The total number of persons killed in collisions 
between 1835 and 1909 amounts to 214, of which 
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125 were passengers and 89 were railway officials. 
With regard to the casualties during the same 
period, as a result of imprudence, the death of 254 
passengers and 2656 railway officials has been 
recorded. In addition to passengers and railway 
servants, 2546 persons have been killed in crossing 
or walking along the line or trespassing on the 
sidings and stations during the operations of 
shunting or the loading and unloading of goods. 
Of these, 1009 were in a state of intoxication or their 
deaths were due to suicide while of unsound mind. 

A valuable adjunct to the State railways is 
the existence in Belgium of local light railways 
(Chemins de Fer Vicinaux) which run along the 
high roads in correspondence’ with the railways 
properly so-called. These narrow - gauge lines 
(3 ft. 3gin.) are of immense service, not only for 
the conveyance of passengers in the rural parts of 
the country, but also for the transport to the 
nearest railway station of baggage and a certain 
amount of market produce from the outlying 
villages and hamlets, thus connecting the somewhat 
inaccessible agricultural districts with the capital 
and other large towns. In addition to the 3448 
kiloms. (2142 miles) of narrow-gauge track laid 
down and being worked at the present moment 
by the Société Nationale des Chemins de Fer 
Vicinaux, a further 884 kiloms. (550 miles) are in 
course of construction. 








NOTES. 
AGREEMENT BETWEEN THE MARCONI AND 
TELEFUNKEN COMPANIES. 

Tue rivalry between Marconi’s Wireless Tele- 
graph Company and the Telefunken Company 
was, on January 15, 1911, terminated by an agree- 
ment in which, in addition to the two companies 
mentioned, the A.E.G., the Gesellschaft fiir Draht- 
lose Telegraphie System, Braun and Siemens and 
Halske, and the Compagnie de re “ws sans 
Fil, of Brussels, are interested; the Brussels 
Company holds the licence for the German Mar- 
coni patents. The result of the negotiations is 
that the new ‘‘ Deutsche Betriebs Gesellschaft fur 
Drahtlose Telegraphie ’—abbreviated the D.B.G. 
—takes over the contracts into which the two 
radiotelegraph a had entered with ship- 
ying companies. arconi’s Company was the 
bret in the field, and as it refused to transmit 
messages received by other systems, the Nord- 
deutsche Lloyd, the Hamburg Amerika Line and 
other lines remained practically compelled to instal 
the Marconi system on their ships if they wanted 
to communicate with British Channel stations, and 
American stations, even after the other systems 
were in a position to compete. The Berlin 
Radiotelegraphy Convention, of August 1, 1907, 
altered that, as it obliged every company to 
transmit any message received irrespective of the 
system. Of the more important States, Italy alone 
has not joined this Convention, which has made a 
brisk development of radiotelegraphy ible. In 
1907, thirty-two German ships of the merchant 
service (navies are not considered in this note) 
were equipped with radiotelegraphy outfits ; the 
number was 124 at the beginning of this year, 
thirty-eight of these stations being on the Marconi 
and eighty-six on the Telefunken system. In 
both cases the telegraph companies were the owners 
of the installations, and the operators were in their 
employ. The new D.B.G. takes the stations as 
well as the personnel over and keeps the contracts 
with the shipping companies on; some of these 
Marconi contracts will run till 1917. The number 
of radiotelegraphic messages has very much increased 
’ of late, an e cessation of hostile competition 
will benefit the service, in which it was unpleasantly 
felt sometimes. 


Tue JapaNnesk Navy. 

The conditions and development of the navy of 
our Far Eastern ally are matters of interest, not 
only from a naval, but also from a political point 
of view. From the eer just to hand from 
Japan we learn that, although the decision of the 
Japanese Government to place the construction of 
an armoured cruiser, with a displacement of 27,000 
tons, with the firm of Messrs. Vickers Sons and 
Maxim, has caused some discussion, it was arrived 
at after a deliberate consideration of the question 
of the designs submitted and of the present con- 
ditions of the Japanese naval arsenals and private 
yards, which are now fully occupied with naval 
construction, as was declared in the official state- 


ment. Excluding the new battleship Aki (19,800 
tons) and the armoured cruiser Kurama (14,620 
tons), both of which have been fitted with their 
armament and are ready for their official trials, ten 
warships, of altogether 66,000 tons, are in the course 
of construction at the four naval arsenals and at the 
Mitsu Bishi and Kawasaki shipyards. The types 
and names of these warships are as follow :— 


Displace- Place of 
Name. ment. Building. 
Tons. 
Battleships. 

Settsu.. 20,800 Kure Arsenal 
Kawachi ... 20,800 Yokosuka Arsenal 
Cruisers. 

Chikuma... 4,950 Sasebo Arsenal 
Yahagi 4,950 Mitsu Bishi Yard 
Hirado ... al 4,950 Kawasaki Yard 
A river gun-boat 250  Sasebo Arsenal 


Destroyers. 
Umikaze ... 1,150 Maidzuru Arsenal 
Unknown 800 Ditto 
” 800 Ditto 
Yamakaze 1,150 Mitsu Bishi Yard 


The actual strength of the Japanese Navy at 
present is shown in the following table :— 


Tons. 
Battleships (14) ... Sa 222, 2334 
Time-expired battleship (1) 10,960 
First-class cruisers—armoured and un- 
armoured, of 8000 tons or upwards 
RG ee | 
Second-class cruisers, from 4500 tons 
upwards (7) _ ... es ae ef 38,052 
Third-class cruisers, from 2000 tons 
upwards (13)... is ‘ ; 43,713 
Destroyers (57) ... s a r — 
To o-boats (59) ag ; _ 


Submarines (13) ... - - 


The Japanese at once strike off the effective list the 
ships which become out of date and inefficient. 
Some time ago it was announced that the Chinyen 
was to be struck off, and it is now stated that 
the same fate will befall the Iki. It seems 
only yesterday that the Chinyen figured upon 
the scene as one of China’s two battleships 
which were strong enough to hold command of 
the Eastern seas until their flags were lowered 
in the battle of the Yellow Sea, and at Weihaiwei. 
As for the Iki, she took her part in the Russo- 
Japanese War as the Emperor Nicolai First, and 
had previously acted a prominent part in Far 
Eastern waters, for she was the flagship of the 
Russian Admiral at Chefoo when Viscount Ito 
Myoji proceeded thither for the ratification of the 
Shimonoseki treaty. She now goes to the scrap- 
heap, and her place is taken as a unit of the train- 
ing squadron by the Fuji, which was one of Japan’s 
first two battleships—the battleships for which the 
Diet refused to grant money until the Emperor 
decreed that 10 per cent. of all official salaries, 
beginning with the privy purse, should be assigned 
for naval purposes during a period of ten years. 
The ideas of the Japanese have grown much since 
that time. 


BaLaANceE-SHEET OF BritisH SHIPPING, 


The British merchant fleet at the end of 1910 
included 21,120 vessels, of a collective gross ton- 
nage of 18,461,370 tons. This is 69 vessels less 
than a year ago, but 59,169 tons more. This is 
the smallest addition in any year for a very long 
time, so that shipbuilders have reason to hope 
for a better demand than in the recent past. The 
smallness of this addition will be better understood 
when it is stated that in 1902 and in 1906 the addi- 
tion was between 700,000 and 800,000 tons, while 
the average for the years from 1901 to 1907 was 
over 600,000 tons. At the same time the carrying 
capacity of the fleet has been increased, because the 
a of sailing — has been very steadily 

ecreasing. Thus the total tonnage of steamers is 
now 17,255,164 tons, whereas the sailing tonnage is 
only 1,206,206 tons. In ten years the sailing 
tonnage has been decreased by nearly one-half, 
the removals exceeding the additions by 1,045,000 
tons, while in the same period there has been 
added to the steam tonnage nearly 54 million tons. 
These additions make allowance for removals due to 
misadventure or to optional breaking up of old 
ships, for purchases from, and sales to, foreign and 
colonial nations, as well as for the building of new 
ships for our own fleet. Thus the gross addition to 
the steam fleet of the United Kingdom in 1910 was 
nearly one million tons, whilst a slight addition 
to the sailing fleet brought the total gross addition 








up to 1,016,819 gross. Of this gross increase 


nearly 93 per cent. consisted of new vessels, practi- 
cally all built in the United Kingdom, only 53,695 
tons being purchased from foreign countries. This 
is all to the good, as it shows that there is a con- 
stant renewing of our merchant fleet. This is con- 
ducive not only to safety and comparative freedom 
from misadventure, but also to higher economy in 
working the ships. To balance this addition, which 
is very satisfactory—although by no means equal to 
the gross additions in some other years, the average 
being a quarter of a million greater—there have 
been considerable deductions from the British fleet, 
amounting to 734,910 tons of steamships and 
222,740 tons of sailing ships. These two together 
make up a total of 957,650, so that, as already 
pointed out, the net addition is 59,169 tons. Of the 
steam tonnage removed from the fleet 42 per cent. 
has been wiped out from the world’s shipping on 
account of loss, breaking up, &c ; the proportion 
of sail tonnage thus disposed of is 26 per cent. 
At first sight this latter seems a low percentage, 
but it must be remembered that the process of 
extinction of sailing ships has been in progress for 
a very considerable period. Foreigners have bought 
a much larger tonnage of steamers and of sailing 
ships than for several years. Thus foreign coun- 
tries and the Colonies took 362,383 tons of steam- 
ships and 158,071 tons of sailing tonnage, but at 
the same time it must be remembered that a con- 
siderable part of the ships purchased by foreign 
nations were for breaking up purposes, so that 
it does not follow that all of this tonnage is to 
enter into competition with British shipping. 
Norway is still our most important client in 
purchasing ships, as they took during the past year 
131,855 tons ; Italy purchased 78,109 tons; Ger- 
many, 67,165 tons; Poon 45,081 tons; France, 
35,749 tons; and Spain, 33,759 tons. Lloyd’s, 
who give the figures, point out that the vessels 
transferred to foreign owners are not in the main 
of very recent construction, and once again there is 
established the fact that the economic conditions 
seem to favour foreign countries in the employment 
of old and, in some cases, obsolescent merchant 
ships. Tables provided by the Registrar-General 
show that 19 per cent. of the tonnage transferred 
to foreign flags is more than 25 years old ; 334 per 
cent. was built before 1890, 734 per cent. before 
', while 854 per cent. are more than ten years 
old. 








INDUSTRIAL NOTES. 

ANOTHER of the “‘ sectional strikes ” that have been 
much too common of late began on Friday last on the 
North-Eastern Railway, when a large number of men 
ceased work at Hull. It was started in defiance 
of the wishes of the Amalgamated Society of Rail- 
way Servants, the immediate cause of the dispute 
being very small—in fact, it may be described as 
trivial—the dismissal of a few fish-porters at Hull 
Station, who had demanded increased pay for checking 
work which had, according to the company, always 
been done previously by the men, and is done by them 
at all other places on the line. The porters’ grievance 
was taken up by the railway men at Hull, who inti- 
mated that they would strike if the porters were not 
reinstated, and, not content with this, they endeavoured 
to induce men on other parts of the system to act in a 
similar way. It is probable, however, that behind this 
local grievance there is general unrest at the slow 
working of the Conciliation Board. The action of 
the men was unfortunate, because their case is at 
present before the Board, and is on the agenda for the 
next meeting. On Friday evening last about 150 
shunters, drivers, and firemen quietly left the goods 
dépéot of the company at Hull, and picketing was 
commenced. At one dépdt only three men started at 
6 o'clock. Late on Friday night 15 signalmen out of a 
shift of 16 men came out at Goole, and the line in con- 
sequence was blocked. A modified train service was, 
however, established. The general manager of the 
company, ina manifesto honed to the men, stated that 
their action was unfair, not only to the company, but 
to the men’s representatives on the conciliation con- 
ference and to their secretary. Truly the proceeding 
appears most unreasonable. No great concern can 
“are carry on its work satisfactorily it large 

ies of men are allowed to cease work just when 
they choose for some perfectly inadequate reason, 
such as that given by the North-Eastern railwaymen 
—namely, because some of their members refused to 
do work they had always been accustomed to do. All 
discipline would thencome to an end. The conduct of 
the men seems particularly reprehensible in the present 
case, because their communes had already been sent 
forward to the conciliation conference appointed to 
consider such matters. The strike collapsed, however, 
almost as soon as it began, fur the men who left their 
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work at six o’clock on Friday, having broken through 
all agreements made on their behalf with the company, 
accepted offers made to them by Mr. Butterworth, 
the general manager of the company, late on Satur- 
day te and on Sunday normal conditions were 
resumed. During the interview that Mr. Butterworth 
had at York on Saturday afternoon with a deputation 
from the strikers, the general manager offered to 
reinstate the six men on their acknowledgement that 
their action was unconstitutional, and that the case must 
take its turn on the Conciliation Board agenda. It 
was made clear to the men that unless they resumed 
work by Monday morning their places would be filled. 
Thus ended what at one time looked like a very serious 
disorganisation of the North-Eastern Railway system, 
for it was feared that at least 30,000 men would be 
affected. Although the strike lasted only one day, 
widespread inconvenience was the result throughout 
the Hull district. 





A conference of the delegates of the London 
Master Printers and their servants was held at the 
Board of Trade on Thursday in last week, and was 
attended by five delegates on each side. The delegates 
were received by Mr. Sydney Buxton, the President 
of the Board of Trade. Although there was a long 
discussion no agreement was arrived at, and the 
meeting was adjourned until the following day. 

At the adjourned conference on Friday no agree- 
ment was arrived at, and it was accordingly decided 
that strike notices should come into operation on 
the following Monday unless something unexpected 
should happen to alter the aspect of things very 
materially. As is well known, the point at issue is 
the demand on behalf of the employees for a 50-hour 
week, the present number of hours being 524. At 
the end of last week it was not very clear as to 
how many houses were determined to hold out to 
the end, but in some quarters it was stated that the 
number would be from 120 to 150, and the number 
of men involved was estimated at about 8500. It 
was, however, known that twenty-three firms, some of 
them large ones, had sent in their acceptance of the 50- 
hour week. Behind the 50-hour demand there is, of 
course, the one for 48 hours per week, which is at 
present in abeyance. 

On Tuesday last a meeting of the National Printing 
Trade Union was held in Manchester, and it was 
resolved to call a national strike in the printing trade, 
and printers in the provinces will hand in their notices 
on Saturday, February 18. 





The Labour Party’s annual Conference commenced 
at Leicester last Wednesday week, 460 delegates 
attending, among whom were several members of 
Parliament. The chief subject that came before the 
meeting was the reversal of the Usborne judgment, 
which has proved a terribly bitter pill for the Labour 
Party to swallow. A statement was made showing the 
effect the judgment had had on the membership of the 
Party. At the beginning of 1910 it was 1,486,308, while 
now it is 1,432,231. on year the total number of 
trade unions affiliated was 172; this year it is 151. 
It was stated that the drop both of membership and 
unions was solely owing to the Osborne judgment. 
There were last year 155 trade councils and local 
labour parties connected with the y, while this 
year there are 81 trades councils and 64 local labour 
parties. Among other matters touched upon was the 
‘* Labour and Socialistic Candidates,” and an amend- 
ment was moved to provide that the candidates of the 
Party, instead of appearing before the constituencies 
as ‘* Labour Candidates,” should appear as ‘‘ Labour 
and Socialist Candidates.” The amendment was, how- 
ever, rejected. The recent execution of criminals in 
Japan appears to have troubled Labour represen- 
tatives, and indignation was recorded that the 
Japanese authorities should have put to death a 
number of men and women whose only fault appeared 
to have been the propagation of opinions to which the 
Government was hostile. 

On Thursday the question of the abolition of the 
pledge and the constitution of the party came before 
the Conference, and a proposal by the executive for 
the modification of the clause embodying the party 
pledge was not received altogether favourably, 
although an amendment by Mr. Keir Hardie was 
rejected by a large majority, and the proposal was 
carried. On Friday the subject of Labour Exchan 
was discussed, and a resolution was submitted which 
declared that there should be in association with 
the Labour Exchanges in every district an advisory 
committee of men and women having knowledge of 
industrial conditions of the district. his resolution 
was adopted. 

A resolution was moved that efforts should be made 
to press the Board of Trade to provide the necessary 
accommodation for trade councils and trade union 
branches to hold their n meetings in Labour 
Exchange Buildings, but was objected to on the ground 
that if it were adopted there would be a danger of 
trade unions getting under Government control, and 
the resolution was not carried. ; 





Other matters were before the Conference, including 
the questions of unemployment, fair wages, and work- 
men’s compensation. It was proposed that a resolu- 
tion should be moved in the Meats of Commons asking 
the Government to put into operation a 30s. minimum 
wage for a 48-hour week in all Government factories 
and in works undertaking Government contracts, and 
the resolution was adopted. The resolution carried 
regarding workmen’s compensation was that in order 
to protect the worker and to secure him the full 
benefits of existing and future legislation, compensa- 
tion should be organised and provided by the State 
by charges upon the industries concerned, and that 
no contribution should come from the workmen. With 
regard to unemployment a resolution was adopted 
demanding the establishment of a Ministry of Labow 
which shall control the Labour Exchanges, the provi- 
sion of State insurance, and the establishment of a 
48-hour maximum working week, and further to con- 
sider works of public utility. 





Special interest attaches to the speech of Herr 
Bueck, who, on the completion of his eightieth year, 
retires from the general secretaryship of the Central 
Union of German Industries. The speech was made 
at the recent meeting of delegates of the union. He 
spoke at some length about the increasing power and 
influence of the Social Democrats. The position 
hitherto taken by the employers against the power- 
ful organisations of the men did not, he said, suffice. 
The unions of the Social Democrats had in 1908 
a revenue of over 50,000,000 marks (2,500,000/.), 
and a capital of 43,500,000 marks (2,175,000/.). Under 
such circumstances it was foolish to threaten with lock- 
outs. Small lock-outs were unavailing, and the willing- 
ness on the part of a large majority of the employers to 
make sacrifices did not suffice for a large and sweeping 
lock-out. Petty jealousies and differences must be sunk, 
and they must combat and annihilate the unions, or 
they must be content to place themselves and their 
works under the cvercive mastery of the leaders and 
agitators of the Social Democrats. Herr Bueck pointed 
out how the political spirit and the bearing of legis- 
lative measures somal to favour the cause of the 
Social Democrats. Coalition right had been trans- 
formed into coalition coercion, and those willing to 
work had been branded and persecuted. He had at 
one time hoped that the attacks even of the strongest 

bourers’ organisation would be futile against the 
combined power of the employers. He had, however, 
no longer that belief. He pointed out how the em- 
ployers in the building trades and in the shipbuilding 
industry—which latter had called upon the whole of 
the metal industry for help—in reality had suffered 
defeat. Only an increased willingness of the masters 
to make large sacrifices and forget minor di ments 
could avail. He denounced the action of the Social 
Democrats against those willing to work. The Central 
Union had repeatedly asked for remedies against this, 
but always in vain. ‘I'he Central Union, however, were 
now determined to apply for more stringent measures 
being passed against strike-posts. In his parting 
sentences Herr Bueck urged the employers to “ 
together, for a severe struggle would have to be f. > 
the outcome of which must, he thought, be the over- 
throw of the Social Democratic organisations. 

Some recent statistics throw an interesting light 
upon the rise in miners’ wages in the Ruhr district 
during the last decade or so. In the year 1902 only 
20,330 hands, out of a total of 247,707, or 8.2 per 
cent., had wages exceeding 5.80 marks, whilst in 1907 
(this figure is not specified for the subsequent years) 
the number of hands receiving more than 5.80 marks 
had risen to 160,246 out of a total of 309,311, or 51.8 
per cent. The number of hands receiving more than 
5 marks wages in 1902 out of the above-mentioned 
total for that year was 78,433, or 31.7 per cent., whilst 
in 1909 the number had risen to 225, out of a total 
of 348,389, or 64.7 per cent. ; the percentage, how- 
ever, was higher in the two p ing years—viz., 
69.9 per cent. in 1908 and 67.9 per cent. in 1907. 
The labour leaders in the Ruhr district, as in many 
other places, have repeatedly held out for the fixing 
of a minimum wage, against which demand the masters 
have made a determined stand ; for the time being, it 
seems, however, that the leaders-are not pressing the 
question Of minimum wages, and it is, perhaps, a moot 
question whether the pay actually differs so consider- 


ably in the different groups of men. The employers 
have recently refused to grant certain sapeeate with 
regard to improved wages put fo: by the men, 


pointing to the unfavourable position on the coal 
market, where reductions in price for the ace year 
would be necessary, in spite of the slowly increasing 
wages, &c. 





Bersham Colliery, near Wrexham, one of the three 
collieries at which notices to cease work on Saturday 
last had not been withdrawn, has since joined the 
majority, andthe notices have been withdrawn. At 
the other collieries the matter is still unsettled. At 
the Bettisfield Colliery, Bagillt, a meeting was held 


last Saturday, when it was decided to go to work in 
the evening if the non-unionists had in the meantime 
joined the union, and on condition that if they had 
not done so, the colliery manager would dismiss the 
non-unionists. ° The manager could not, however, do 
this without giving the men the required fortnight’s 
notice. It is hoped, however, that a settlement may 
be arrived at. 





It is understood that the repairing employers on the 
North-East Coast have pointed out to the men’s repre- 
sentatives that though the members of the various 
societies are entitled to an advance of 5 per cent. on 

iece rates in the shipbuilding yards, commencing on 

ebruary 15, the impression of the repairing employers 
is that the men in the docks who work on piece rates 
should not press for any advance of prices, use at 
the present time the employers have higher rates of 
wages to pay than many of their competitors in other 
parts covered by the National Employers’ Federation, 
as well as for the reason that there has not been any 
fluctuation in piece prices in the local docks since 
1902. It is understood that efforts will be made to 
get the matter settled before the 15th inst. 





The pie employed on the shell squads at the 
Selby — struck work last Saturday. On the 
previous day eighty helpers struck work on the allega- 
tion that one of their members was being victimised. 
The men went to work again on Saturday, however, on 
the promise that the man would be reinstated. A new 
cause of trouble, however, arose on a question of the 
number of helpers employed on certain weights of 
plates. The men allege that, without any formal 
notice having been given to the helpers, the squads have 
been reduced to three men for the large plates, and 
these new conditions have been refused. As this 
reduction in the number of men is regarded by many 
of the workers as a violation of the Edinburgh agree- 
ment, interesting developments may take place. 





On Sunday last the dispute between the Manchester 
Tramways Committee and their employees advanced 
another stage, the following resolution being 
at a meeting of the men’s representatives :—‘‘ This 
Conference recommends the members to accept arbi- 
tration on condition that the reference as to the reduc- 
tion of wages is withdrawn, and that in the event of 
that objectionable part of the basis of the arbitration 
not being withdrawn by the Tramways Committee, a 
mass meeting of the men be held at an early date to 
consider what further action shall be taken.’ 





Messrs. Harland and Wolff and Messrs. Workman, 
Clark, and Co., of Belfast, have intimated to their 
workmen that they have decided to give an increase 
of 5 per cent. to the boilermakers, riveters, platers, 
countersinkers, scarfers, and other ironworkers in their 
employment. The platers’ helpers and other unskilled 
workers —_ will have corresponding increases. 
Fully 14, men are affected by this decision, which 
has been brought about by the remarkable boom in 
= ca trade. The increase will date from 

arch 1. 





Ata meeting on Saturday last at Newcastle between 
the representatives of the deputies of the Colliery 
Mechanics’ and Enginemen’s Association and the 
Northumberland Coalowners it was arranged that 
wages should be reduced Id. per day, and the wages 
of firemen | per cent., to commence with the next two 
pays. 





In consequence of the compulsory establishment of 
a pension fund on the Andalusian and Cacere Rail- 
ways some discontent is said to prevail among the 
employees, and early this week the possibilities of a 
strike as a means of obtaining satisfaction was thought 
not unlikely. 





Royat Scortisx Society or Arts.—A course of lectures 
will be delivered in the Hall, No. 117, George-street, 
Edinburgh, by Dr. R. Stewart MacDougall, M.A., F.E.S., 
University of Edinburgh, on ‘‘The Insect and Fungus 
Enemies of Timber,” on February 13 and 27, and March 13 
and 27, commencing each evening at 8 o’clock. Tickets 
may be obtained from the Secretary, Mr. Richard 
Stanfield, Heriot-Watt College, Chambers-street, or the 
treasurer, Mr. C. J. Shiells, C.A., 141, George-street. 





Domzstic APPLICATIONS OF E.xerricrty.—In order to 
demonstrate the possibilities of electricity as applied to 
domestic requirements in a moreinteresting and convincing 
manner than is possible otherwise, the Electricity Com- 
mittee of the Beckenham Urban District Council is open- 
ing a permanent exhibition and show-room at 45, High- 
street, Beckenham. The displays contain the most modern 
systems of lighting, and the most recent —— in 
fittings, shades, and accessories, a complete installation 
of electric cooking egperetns in actual operation, radia- 
tors and convectors for warming the house, and every- 





thing for the home in which electricity can play a part. 
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HIGH-LIFT CENTRIFUGAL PUMP. 


CONSTRUCTED BY MESSRS. ERNEST SCOTT AND MOUNTAIN, 








Fig. 2. 
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We illustrate above a large centrifugal pump that , ~ = 


been constructed by Messrs. Ernest | 
Scott and Mountain, Limited, Close Works, Gates- | 
head-on-Tyne, for a firm on the North-East Coast. It 

is of the single-stage double-inlet type, and is arranged | 
to deliver 5000 gallons per minute against a head of 

170 ft. The pump has gun-metal impellers and 

diffusers, and the shaft is of nickel steel, and is bushed 

with gun-metal where exposed to the action of the 

water. The casing of the pump is brass-lined in such 

a way as to enable the whole of the working parts to 

be withdrawn, and also to prevent the internal parts 

becoming rusted into the casing. The pump is driven 

by means of a three-phase motor, which is operated 

by a 50-cycle current at 2750 volts. 


has recentl 








THE RAVAUD AERO-HYDROPLANE. 

WE illustrate on the present page, by an engraving 
reproduced from a photograph we have received from 
Mr. Stephen Cribb, Southsea, an aero-hydroplane, 
which has been built by Mr. Samuel Saunders at his 
East Cowes Works, to the designs of Mr. Roger 
Ravaud, a French aviator, and under the latter’s per- 
sonal supervision. The view shows Mr. Ravaud at the 
stern of the craft, at Cowes, where the motor is 
placed. The machine, as will be seen, consists of two 
hydroplane floats, each about 20 ft. in length, one for- 
ward and one aft, hinged to the supports which carry 
the body above. The latter, seen in plan, has exactly 
the appearance of a boat-shaped structure, with an 
aerial propeller at the stern, driven direct by the 
motor; this is a 50-horse-power ‘*Gnome” rotary 
petrol-engine. The aerial rudder for directing the 
machine in a horizontal plane is over the bows, and is 
controlled by the steering-wheel placed in front of 
the aviator’s seat forward. Two aeroplanes for 
ensuring the vertical stability of the machine run from 
amidships to the stern, one on each side. A third, 
triangular-shaped, plane is fitted for the same purpose 
under the bows, and extends from the extreme forward 
end to near the midships section. The boat has accom- 
modation for three or four ngers. A speed test 
is to be made on the Medina River; it is also pro- 
posed to make runs in the Solent, after which the new 
craft will be prepared to take part in the Monaco races, 
provided it answers the expectations of the inventor. 








InsTITUTE OF MARINE ENGINEERS.—A paper by Mr. 
James Innes, on ‘‘ Marine iler Repairs,” was at 
the Institute of Marine Engineers on Monday, the 6th 
inst. In this the author descri numerous cases of 
boiler troubles, and the best methods to be adopted in 
remedying them, taking separately into consideration the 
various parts which constitute the boilers. 











LIMITED, ENGINEERS, GATESHEAD-ON-TYNE. 
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‘*‘STEAM-BOILER DESIGN.” | 
To THe Eprror oF ENGINEERING. 

Sir,—I am obliged to Mr. Casmey for the additional 
information about his boiler tests. We now have two 
tests, in both of which the heat losses from ashes are 
practically a. and, at the same time, after making a | 
reasonable allowance for air-leaks, the chimney losses in | 
the ane test are, owing to the higher CO, record, 
certainly not more (theoretically they are less) than the 
losses in the efficiency test, and radiation variation would | 
be very slight. I now wish to know what became of the | 
heat unaccounted for in the evaporation test. Why is| 
the over-all efficiency about 10 per cent. worse in the 
evaporation test than in the efficiency test? The data 
should supply the reason, but they do not. Will Mr. 
Casmey explain ? 

I should like to add that I am not surprised at the 
absence of CO in the gases, because I believe that this 
gas is rarely ree in ordinary boiler practice. I have 
only been able to obtain it in small quantities when pur- 
posely firing to produce it experimentally. 

Yours A 
ConsULTING ENGINEER. 














GeRMAN Steam Navication.—The profits of the Ham- 
burg-Amerika Line for 1910 are estifnated at 2,000,000V. 
in round figures. In 1909 they amounted to 1,650,000/. in 
round figures. Last year’s disposable balance will exceed 
800,000/., as compared with 1,485,000/. in 1909. The 


’ 


| council of administration propose to carry the dividend 


upon the share capital from 6 per cent. per annum to 
8 per cent. per annum. It is further proposed to.allocate 
85,0007. to the insurance fund, and to write down capital 
out of revenue to the extent of 1,150,000. 





Cantor Lecrurgs on InpusTRIAL Pyromerry.—The 
series of four Cantor lectures on ‘‘ Industrial eysomatey.” 
delivered by Mr. Charles A. Darling, A.R.C., Sc.D., 
F.I.C., in November and December last, has now been 
published by the Royal Society of Arts. The lectures 
comprised an historical introduction and accounts of 
thermo-electric pyrometers, resistance pyrometers, and 
radiation pyrometers. Mathematics were avoided. The 
Wanner pyrometer, we should think, deserved more than 
a passing reference. The proofs appear to have been 
carefully revised, but Wien’s name is spelt Wein through- 
out the publication. 
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STOP-MOTIONS FOR SHAFTING AND 
ROLLING-MILLS. 


To THE Eprror oF ENGINEERING. 


Str,—Our newspapers record from time to time acci- 
dents from shafting and machinery in motion The} 
character of the shafting accidents is most distressing, as | 
the workman is whirled round the shaft until the engine | 
can be — ge which, in the case of large engines, 

@ momentum, is as much as five minutes, | 
during which time the sufferer has nearly every bone of 
the body broken. Also in wire-rolling mills and kindred | 
operations, accidents are often fatal, because the rolls | 
cannot be stopped independently of the engine. Llectric 

i = | to the steam stop-valves 


owing to t 


and other stop-motions appli 
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of the engines are of little use, and even when the fly- 
wheel is fitted with a brake, fail to effect an immediate 
sto e. 

The writer having experienced the need of some means 
to bring about an immediate stoppage in the case of an 
accident, conceived the idea of applying a stop-motion 
to the clutch which controls the power of a line of shaft- 
ing, or a rolling-mill train, or other machine, which stop- 
motion is actuated either by pulling a cord or touching a 
button, any number of which—cords or buttons—may be 
placed in a machine-room or mill. 

By this means an instantaneous stoppage can be effected. 
In one instance in which the device has been applied to 
a 120-horse-power clutch in these works it has already 
been the means of preventing serious accidents. The 
enclosed photograph (reproduced in Fig. 1) shows this 
clutch. 

In the case of a rolling-mill, a friction-clutch placed 
between the driving power and the rolls can be instantly 
released, and the rolls will stop dead. The same effect 
will be realised if the clutch is on a line of shafting. The 
annexed engravings show the various applications :—(A) 
To arolling-mill (Figs. 2 to 5). (B) To an underground 
shaft (Fig. 6). (C) To an overhead shaft (Fig. 7). (D) 
shows an arrangement (Fig. 8) applicable to clutches over 
200 horse-power, by which a spring is compressed when 
the clutch is put into gear. 

The arrangement as illustrated in Fig. 6 provides that 
when the clutch is put into gear by means of the hand- 
wheel g and screw f, aspiral spring a is coiled and held in 
p sition by a catch 6, which falls into the ratchet-wheel c. 

Vhen it is desired to throw the clutch out of gear, a 
button is touched, or a string pulled, which brings into 
action an electric magnet in the box d; this releases a 
series of catches, and eventually a spiral spring which 
acts on theeccentric e. This eccentric ¢e in turning round 
raises the catch in the ratchet-wheel } and releases the 
spiral spring c, which causes the screw f to rotate rapidly 
and draw > clutch out of gear. The hand-wheel g, 


whe. theclutch is put into gear, is made “ free,” so that | nut A is fitted into a sliding 


the s -rew f is free to revolve without the hand-wheel. 








Figs. 8 to 10 show the arrangement which is applicable to | lutch in and out of gear. 


| large-size clutches—say, over 200 horse-power. 








Fig.2. 
O 


In this | gear by means of the screw f, the spring a is compressed, 
arrangement the hand-wheelg revolves the screw f, which | and the catch n falls into the recess 0, which fs formed in 
engages with a half-nut h ; this is put in and out of gear | the hardened-steel catch-plate. This catch retains the 
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| with the thread by means of the eccentric i. 
-block k connected with the 
die 7, communicating with the lever m, which puts 
As the clutch is put into 

















compressed spring, and the half-nut h is thrown out of 
gear with the screw. 

When it is desired to throw the clutch out of gear 
a button is touched, or a string pulled, which acts 


200 


ENGINEERING. 





[FEB. 10, 1911. 





upon an electric magnet, and causes the eccentric ¢ to 
revolve by the same meansas in the case already described. 
The eccentric ¢, in revolving, disengages the catch n from 
the recess in the catch-plate o, releasing the compressed 
Pye a. This spring acts upon the lever m, and throws 
the clutch out of gear. 

_To control the action of the spring a the escape of 
air from under the piston p in the ya ie regulated by 
means of the lating-screw g. Torender the operation 
of putting the clutch into gear and compressing the spring 
easier, the hand-wheel g can be made to rotate the screw f 
by means of a pinion and wheel. 

Yours faithfully, 


Ereson RosBinson, 
Carlisle Works, Sheffield, Chief Engineer 
January 3, 1911. 








FOREIGN ENGINEERING PROJECTS. 

WE give below information concerning a number of 
Continental and foreign og projects. Further 
data concerning them can obtained from the Com- 
mercial Intelligence Branch, Board of Trade, 73, Basing- 
hall-street, E.C. 

Canada : The Imperial Trade Correspondent at Toronto 
reports that the Ontario Provincial Government recently 
issued an Order in Council providing for the building of 
a branch of the Temiskaming and Northern Ontario Rail- 
way from a point on the main line near to Porcu- 
pine. The length of the new line will be about 30 miles, 
and the cost of construction is estimated at 450,000 dols. 
— 92,500/.). The Imperial Trade Correspondent at 

‘oronto also reports that there was great activity in the 
machine-tool and power-machinery trade in Canada during 
1910. A large number of factories were enlarged, and 
many new plants set up, for which complete machine-tool 
equipments were required. The giving of orders for 
railway equipment and the opening of a number of auto- 
mobile factories had a stimulating effect on the machine- 
tool trade. With the industrial activity in Canada there 
was also much tape eg of water-power in the various 
provinces. This resulted in keeping the Canadian elec- 
trical manufacturers supplied with work, and a large 
number of orders were also = in Great Britain, 
Sweden, &c. Manufacturers of boilers and engines were 
working to their full capacity, and it has been almost 
impossible to stock aken altogether, 1910 has 
been a very satisfactory year for the machinery trade in 
Canada, and bright ho are held of even greater 
prosperity in 1911. In the course of last year a merger 
of a number of machinery manufacturers took place, and 
those interested are taking steps to secure a share of the 
trade in the several provinces. 

Australia : The Board of Trade are in receipt of copies 
of two Acts of the South Australian Parliament, Nos. 1015 
and 1017 of 1910, dealing with the construction of railways 
from Brinkworth to undoora, and from Goodwood to 
Willunga, provided the pecdecte are approved on a poll by 
the ratepayers of the districts through which the lines 
would pass. The South Australian Railways Com- 
missioner is to invite tenders for the construction of the 
lines. The first-mentioned line is to be of 3-ft. 6-in. 
gauge, and to be laid with 40-lb. iron or steel rails, and 
the second line of 5-ft. 3-in. gauge, and laid with 60-Ib. 
rails. With reference to the utilisation of the Murray 
River for navigation and irrigation, and the development 
of the resources of the river valley, the Murray Works 
Act, No. 1023 of 1910, of South Australia, provides that 
the Commissioner of Public Works shall construct works 
for storing, contrclling, and utilising the waters of the 
Murray River for navigation, irrigation, &c., and shall 
carry out the works at Lake Victoria (including two locks) 
recommended by the Royal Commission in 1902. 
general scheme is to be pre , and tenders invited from 
time to time for portions of the work. With reference to 
the _~o drainage of the south-eastern portion of 
Sout ustralia, an Act, No. 1027 of 1910, was assented 
to in December last, amending the South-Eastern Drainag 


roubles (about 10,500,000/.), to cover the cost of the work. 
The Board of Trade are in receipt of information, through 
the Foreign Office, from the Russian Embassy in London, 
to the effect that an international demonstrative exhibi- 
tion, showing the successive stages of work in various 
industries, including the making of airships and aviation 
apparatus, is to be held in St. Petersburg in May and 
demo next. The exhibition is being promoted for the 
purpose of obtaining funds for a Russian aerial fleet. 
Applications for space will be received up to March 15/28 
by the Committee of the Exhibition, ravannaya 20, 
St. Petersburg. 3 

Argentina: The Boletin contains a decree approving 
the plans submitted by the Buenos Aires Great Southern 
Railway, Limited, for the construction of a section of line 
between Olavarria and Vela, and authorising the com- 
mencement of work. 

Chili: H.M, Consul at Santiago reports that a firm at 
that place desires to obtain agencies in connection with 
Government contracts and railway construction. Advert- 
ing to the budget figures in respect of material for 
Chilian railways, the Diario Oficial publishes law No. 
2428, sanctioning, in favour of the Ministry of Industry 
and Public Works, a sum of 10,000,000 (about 
460,000/.) to meet the expenses of railway construction, 
surveying operations in connection with new lines, and 
for the purchase of rolling-stock. _ 

Mexico: H.M. Minister at Mexico City reports the 
publication of a contract between the Mexican Govern- 
ment and Mr. Alfred Slatter for the construction of a 
railway from Zacatecas to Tlaltenango, in the State of 
Zacatecas, and of a branch line from Malpaso to Villa- 
nueva. The total length of line is 202 kiloms. (about 126 
miles) ; 30 kiloms. are to be built within two years, and 
the whole within five years. Free importation of construc- 
tion material is allowed for five years. 





A NEW CRITICAL POINT IN COPPER-ZINC 
ALLOYS. 


A New Critical Point in Copper-Zine Alloys: Its Inter- 
pretation and Influence on their Properties.* 

By Professor H. C. H. Carpenter, M.A., Ph.D., and 

U. A. Epwarps, M.Sc 
(Respectively Professor and Demonstrator of Metallurgy 
in the Victoria University of Manchester). 

With AN APPENDIX ON THE NATURE OF SOLID 

So.utions, by C. A. Epwarps, M.Sc. 
1, INTRODUCTION. 

In the yeu 1897 the late Sir William Roberts- Austen, 
K.C.B., F.R.S., published the complete freezing-point 
curve of the copper-zinc alloys.t In his diagram, whic 
is reproduced in Fig. 1, certain thermal changes repre- 
sented by the horizontal lines ) B, eC, dD, eE, and 
e” e were included. These were interpreted by him as 
evidences of the presence of eutectics at these tempera- 
tures.t This diagram was the first amg to construct 
what would, in present-day meen called ‘‘ the 
— Diagram of the Copper-Zinc System.” 

‘or the purpose of the following paper, the authors 
wish to direct attention to the evidence for the existence 
of the line ee’. This horizontal indicates a thermal 
change at about 470 deg. Cent., occurring in alloys con- 
taining from 76 to 46 per cent. of copper. An inspection 
of the curves on Plate II. of Roberts-Austen’s paper, 
which constitute the experimental evidence for the 
thermal inversion, and which were obtained by the photo- 
graphic recording pyrometer, permits of the following 
conclusions being drawn :— 

1. The thermal change recorded was very small, except 


A | in two cases. 


2. It was only recorded in ten out of the seventeen 
alloys examined in this 5 as is shown in the following 
table obtained from Table VIII. in the Alloys Report :— 





Scheme Act, 1908, and modifying the works to be executed. 
The total cost of the work is not to exceed 300, 0000. 

oe : Adverting to the works for draining the subsoil 
of Madrid, the Gaceta of January 27 publi a notice 
— the submission of tenders within ninety days 
from the date of the Gaceta. This contract is open to 
foreign competition. Tenders should be addressed to the 
Excelentisimo Ayuntamiento de Madrid, Servicio de 
Fontaneria-Alcantarillas, Madrid. The actual value of 
the work to be put out to contract is estimated at 
37,849,314 pesetas (about 1,402,000/.). Local representa- 
tion is necessary. 

Turkey: According to the Oe¢sterreichischer Zentral- 
Anzeiger (Vienna), the Ottoman Ministry of Finance 
invites tenders for carrying out the work of salving and 
entirely fitting out the corvette Peki-Messeret, sunk in 
Heraclea harbour, near Cozlou. Tenders, which must be 
accompanied by a deposit of £T50 (457.) should be ad- 
a to the Bureau de l’Eml.k, Ministére des Finances 
Ottoman, Constantinople, where they will be opened on 
February 27. Preference will be given to the tender 
which allows the Turkish authorities the largest share in 
the material salved. 

Russia : With reference to the drainage and water 
supply works at St. Petersburg, H.M. Commercial 
Attaché for Russia has furnished some iculars of the 
Bill providing for the execution of these works, now 
before the Duma. This Bill imposes on the St. Peters- 
burg Town Council the duty of carrying out the works, 
with the aid of a commission composed a vepeeetanives 
4 Oe a and yey Ministry of the Interior. = 

e Town Council fail to perform its obligations, 
Government is then to undertake the works. The 
Minister of Finance is empowered to raise a ial loan 


on behalf of the town of a sum not exceeding 100,000,000 








TaB.e I. 
Composition. 
em 7 Temperature of e” ¢' Change. 
Copper. | Zinc. 
per cent. per cent. 

75.4 24.6 473 deg. Cent. 
7L7 28.3 Absent 

70.9 29.1 Absent 

68.6 31.4 450 deg. Cent. 
66.4 33.6 Absent 

66.2 33.8 Absent 

63.0 37.0 Absent 

62.6 37.4 450 deg. Cent. 
59.7 40.3 Absent 

59.7 40.3 460 deg. Cent. 
59.6 40.4 450 9 

52.1 47.9 463 ae 

50.2 49.8 Absent 

48.1 51.9 460 deg. Cent. 
47.4 | 52.6 * oe 

47.0 53.0 462, 

45.8 54.2 47045 











3. The irregularities were munch more marked in the 
first seven alloys, which, as is now known, contain only 
the a constituent, than in the last ten, which all contain 
8, and with two exceptions showed the thermal change. 


wi oe odhaagrs before the Institute of Metals, Jan. 18,1911. 

+ Roberts-Austen, Fourth Report to the Alloys Re- 
search Committee of the Institution of Mechanical Engi- 
neers, 1897, pages 31 to 100; ENaingexinc, February 12 
and 19, 1897. 

t Evidence for the horizontal line n N was recorded in 
Roberts-Austen’s curves, but did not attract his atten- 
tion. It was added by E. 8, Shepherd in 1904. 











Although Roberts-Austen regarded ¢” e’ as evidence of 
a eutectic change, he did not find any support for this 
view in his study of the structures of the alloys in this 
range, and he does not ap to have thought of any 
alternative interpretation of this thermal change. Later 
researches have shown that the copper-zinc system 
contains no eutectics. 

At a later date E. S. Shepherd* made a careful deter- 
mination of the constitution of this series of alloys, and 
published the first complete equilibrium diagram of the 
system, which is now generally —— as correct. This 

lagram is reprodu in Fig. 2. In regard to the line 
e” ¢’ he says ( 421): ‘‘ Weare not able to verify his” 
—t.e., Roberts-Austen’s— “‘ observations as to the existence 
of the line e” ce’. We made repeated records of the cooling 
curves of alloys ranging in composition between 50 and 
75 per cent. of copper without finding such a heat change 
in any case. ese records were made with the full scale 
of the pyrometer magnified, so that the range 400 deg. to 
550 deg. covered the full breadth of the photographic 
plate—i.e., 28cm. We have also made tests by annealing 
ingots above and below 470deg. and quenching. Such 
ingots show not the slightest ch nge of structure. The 
temperatures chosen were 400 deg. and 500deg. Cent. It 
follows, therefore, that the curve ee’ is due to experi- 
mental error, possibly to the sticking of the pyrometer 


In 1908 Tafel+ published an equilibrium diagram of the 
system which in all essentials confirmed that given by 
Shepherd. He also made special tests to determine 
whether the line e” ¢’ was real or not. He found no 
evidence for its existence, and concluded, though with 
more hesitation than Shepherd, that “‘ it was apparently 
based upon an experimental error.” This conclusion is 
acce by Bornemann in his critical review of the 
equilibrium diagrams of the system.} : 

evertheless, the experiments described in the following 
paper show that there is a thermal inversion at about 
470 deg. Cent. over a considerable part of the range of 
composition covered by the horizontal e” e’—in other 
words, that Roberts-Austen was substantially right, and 
his critics (Shepherd and Tafel) were wrong. 


2. THe EvipENcE FOR THE THERMAL INVERSION AT 
470 Dra. CrEnrT. 

From their knowledge of the equilibrium diagrams of 
the copper-aluminium and copper-tin systems, the authors 
considered it likely, in spite of the conclusions of Shepherd 
and Tafel, that the copper-zinc alloys containing the 8 
constituent—t.e., those containing from about 63 to 40 
per cent. of copper would show a critical point at or 
about 500 deg. Cent. In order to testthis view, heating 
and cooling curves of four alloys, having the following 


h | Compositions, were taken by the differential methed.§ 





Tasie IT. 
Composition. 
Alloy ‘ 
No. ae ees Constituents. 
Percentage Copper. Percentage Zinc. 

1 63.31 36.69 a 

3 | 54.20 45.80 a+ 8B 

3 49.80 50.20 8 

4 46.13 53.87 Bty 


The results, which have been plotted in the form of 
derived differential curves as recommended by Dr. W. 
Rosenhain,|| are shown in Figs. 3 to 6. It will be seen 
that the curves of No. 1 alloy, which is almost pure a, 
containing only minute traces of 8, are perfectly smooth, 
and show no evidence of any thermal change between 
670 deg. and 330 deg. Cent. On the other hand, the 
curves of Nos. 2, 3, 4, all of which contain a large propor- 
tion of 8, each show a marked critical point both on 
heating and cooling at or about 470 deg. 

The cooling curve of No. 2 alloy (a + 8) shows two 
arrests—(1) a very small one at about 600 deg. Cent., 
which may be caused Sd the separation of a along the 
line 6, 64, shown in Shepherd’s di m; (2) a very 
distinct one between 470 deg. and 457 deg. 

The cooling curve of No. 3 alloy (8 containing a trace 
of y) also shows two arrests :—(1) A very poner | one at 
about 500 deg.; (2) a pronounced one between 470 deg. 
and 457 deg. This arrest is larger than the <ofltetinas 
ing one in No. 2. 

e cooling curve of No. 4 alloy (8 + y) shows an arrest 
tetween 470 deg. and 445 deg. This is smaller than 
those in Nos. 2 and 3, and is more drawn out. The heat- 
ing curves of these three alloys are very similar and show 
a retardation, whose beginning is not well marked, but 
which attains its maximum at 470 deg. Oent. 

That there is a critical point at about 470 deg. in those 
alloys containing from about 63 to 40 per cent. of copper, 
is clearly shown by the foregoing curves; and although 
these limits do not agree exactly with those given in 
Roberts-Austen’s diagram, the temperature at which the 
inversion occurs is the same in both cases. 


3. INTERPRETATION OF THE THERMAL INVERSION. 


Now it has been shown by Shepherd that the copper- 
zinc system contains no eutectics. It is therefore a 


* Shepherd, ‘‘The Constitution of the Copper-Zinc 
Alloys,” Journal of Physical Chemistry, Vol. viii., 1904, 
No. 6., page 421. 

+ Bornemann, Metallurgie, 1909, page 247 

t Tafel, Metallurgie, 1908, Pee 378. 

§ H. C. Carpenter and B. F. E. Keeling, Journal of the 
Tron and Steel Institute, 1904, No. L., page 246. 

|| W. Rosenhain, ‘Observations on Recalescence 
Curves,” Proceedings of the Physical Society of London, 
vol, xx1., 1908. 
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matter of considerable theoretical and possibly practical | this temperature the following inversion occurs— 


interest to define the constitutional change that must of 
necessity occur in these alloys at the temperature indi- 


cated by the critical point. Since the latter occurs in | _ would necessitate the equilibrium diagram shown in these 


alloys 2, 3, and 4, which, according to Shepherd’s diagram, 
consist of a + 8, 8 and 8B + y respectively—t.e., since 
it occurs in the absence both of a and y—it is clear that it 
is due to a change in the S constituent. Therefore, what- 
ever the physical interpretation of this point may be, it 
necessitates an alteration in Shepherd’s constitutional 


di m. 

if the two curves b, bs and ¢, c2 (Fig. 2) do not actually 
meet at 470 deg., then the physical meaning of the 
critical point would be that there is an allotropic change 
in 8 at this temperature, and it would necessary to 
modify Shepherd’s diagram in the manner shown in 
Fig. 7. Above 470 deg. there would be the normal f 
constituent, and below that temperature a polymorphic 
form of the same constituent described as 8!. It should, 
however, be noted that, according to Fig. 2, 8 is a homo- 
geneous solid solution which may vary in composition at 
470 deg. from 53.5 to 51.0 per cent. copper, in which case 
the temperature of the critical point oug t to be influenced 
by the composition of the alloy, for the following reason :— 
Alloys to the left of the point z (Fig. 7), on cooling from 
temperatures above the line b, x, deposit a at temperatures 


| 


B-aty. 


| Fig. 8. 





on that line. The separation of a proceeds with falling 








(2030) 


Percentage Copper. 


| is inhomogeneous, showing 7 and § crystals when annealed 
| at 640 deg., but is homogeneous mn uenched from 
| 750 deg. The 52 per cent. copper alloy differs from all of 
»y being homogeneous at all temperatures above 
| 400 deg., and probably at lower temperatures. At least 
it has not been observed to b: down during six months 
at ordinary temperatures, or three days at 300 deg. Cent. 
From these statements it is evident that the change of 
constitution = yy by the interpretation given in Fig.8 
must be difficult to detect structurally by means of the 
microscope. 
At this stage it may be well to consider what the effect 
| on the properties of any alloy in this range would be if 
8B decomposed at 470 deg. into a + y. It is well known 
| that > is a white and very brittle constituent, and the 
| presence of even small quantities would be sufficient to 
| impart brittleness to the alloy. While the thermal 
| change is quite marked, and the cha of constitution 
| must occur with ordinary rates of cooling, it was never- 
| theless thought that the effects of this change on the 
mechanical properties and structure, so far as the latter 
can be resolved by the microscope, might be very slow. 
Accordingly, the authors endeavoured to obtain some old 
samples of brass, and were fortunate in finding a number 
of carefully labelled aes, These specimens, dating 
between 1 and 1855, were originally the property of 
the late D. Forbes.* Among them were a number of 
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temperature, and § is consequently impoverished in 
copper until at 470 deg. its composition is represented by 
the point z. Alloys to the right of the point y when 
cooled from above the line c,y, deposit y, which means 


Judging from the time and care that Shepherd devoted 
to annealing alloys consisting of pure 8, he was no doubt 


looking for a change of this character. 
424): “‘ The curves 6, b, and c, cz do not meet (at least not 


He says (page 


that 8 becomes relatively richer in copper until at 470 deg. | at ie roe | temperature), or if they did there would be 
its composition corresponds to the point y. Therefore in | a quadruple point for a, 8, y, and vapour. The 8 phase 
these two classes of alloys, if the two lines b,2 and c,y do| would then disappear on annealing below this tempera- 


not meet, the compositions of 8 at 470 deg. would be quite 
different ; and if the critical point at 470 deg. were due 
to an allotropie ch the temperature at which it 
vecurred should be different in the two classes. 

But 43 the critical point indicated on the curves occurs 
at exactly the same temperature in both series of alloys, 
this seemed a sufficient reason for discrediting the fore- 
going bypothesia and seeking evidence in support of what 
appeared to be the only alternative explanation. 

second hypothesis is that the solubility lines b,b, 
and er (Fig. 2) actually meet at 470 deg., and that at 





ture with the formation of a and y. Numerous experi- 
ments have shown, however, that a and y are never 
| present in the same ingot. Between 51 and r cent. 
| of copper, the canadal inant consist entirely of the red 
B crystals. At 54 per cent. copper, the ingots consist of 
mixed red and yellow § and a crystals, and below 51 Fd 
cent. copper they consist of red and white 8 and + 
tals... .. The 58.5 per cent. alloy is hoi 
w annealed at 720 deg. and — ed. It 


The ® per at alieg 


eneous 





inhomogeneous, showing both a an 
lat 685 deg. and quenched... . 





small brass ingots and a quantity of brass wire. The wire 
was labelled: ‘‘ Brass wire has become extraordinary 
brittle after keeping for a few years in the loft.” Its 
date was 1854. Itis,of course, impossible to say whether 
this wire is even more brittle now than it was fifty-six 
years ago, but it is so brittle that a piece 2 in. long snaps 
after it has been bent through an angle of about 15 deg. 
Two such broken specimens are phossomighed in Fig. 9 
(marked A). An analysis of this wire showed that it 
contained :—Copper, 63.92 per cent. ; zinc, 36.08 per cent. 

This composition corresponds almost exactly to the 
satureted a solid solution. From the fact that this wire 





* D. Forbes, F.R.S. (1828-76), was a geologist, chemist, 
and mining engineer. His valuable min and metal- 
lurgical collection was bought by the authorities of the 
Manchester Museum. For six years he was foreign secre- 
tary to the Iron and Steel Institute. 
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contains no 8, it might at first sight appear that the 
brittleness developed is in no way 2s to the critical 
point in p at 470 deg. Cent., especially as a cooling curve 
of any alloy containing more than 63.5 per cent. of copper 
—t.e., consisting only of a—shows no such critical point. 
If, however, the conception of the ‘* Nature of Solid Solu- 
tions,” as enunciated by one of the authors in the Appen- 
dix to this paper, is accepted, the connection is quite 
obvious. This conception, applied to metallic alloys, is : 
‘* A solid solution is a homogeneous mixture of the crystals 
of two metals or intermetallic compounds ; and, while 
these crystals are so small that they cannot be distin- 
guished under the microscope, they are sufficiently large 
to retain their identity.” Aecording to this view a is a 
— mixture of the crystals of copper and f. | 
It has already been suggested that the critical point 
at 470deg. Cent. corresponds to an inversion of f into 
at+y. ti this can be shown to be the case, then the 
inference is that the brittleness developed in the brass 
wire is due to this change slowly taking place in the 
small 8 crystals present in the a mixed crystals or solid 
solution. Therefore it might be logically expected that 
if this old brittle wire is heated to above 470 deg. Cent. 
for even a very short time, the ageing effect of over 
half a century should be removed, and the wire become, 
so to speak, as young as when first manufactured. Indeed 


1000 


500 


a 


700 90 80 


70 60 50 40 

a Percentage Copper 

this treatment should be a ge metallurgical elixir. 
This was actually found to be the case, for, after heat- 
ing pieces of the wire to about 650 deg. to 700 deg. for 
less than five minutes, followed either by a quick or slow 
cooling, they could be bent and twisted in any direction 
without showing any signs of cracking. These results 
are shown in Fig. 9 (B), and they are exactly in accord- 
ance with predictions. 

A remarkable, because quite unconscious, proof of the 
reality of a critical point in the a brasses containin 
apparently no § was furnished by Messrs. Bengoug’ 
and Hudson at the last meeting of the Institute of 
Metals*. In their experiments on the 70 : 30 brass—1.c , 
on a brass containing only a—the mechanical tests on wires 
carried out between 300 deg. and 600 deg. Cent. furnish most 
striking evidence as to the existence of this critical point. 
Further, their photo-micrographs of the heat-treated alloy 
are only intelligible on the same assumption. 


EVIDENCE FROM THE MECHANICAL TESTS. 


_In Fig. 10, the curve showing the variation in the duc- 
tility of 70 : 30 brass wire between 310 deg. and 590 deg. 
Cent. is reproduced from their paper. It will be noticed 
that the elongation, which at ordinary temperatures is 
about 16 per cent., fell off rapidly with rise of tempera- 
ture. At 310 deg. Cent. it had dropped to 2.5 per cent., 
and at 415 deg. to 1.5 per cent. Above this temperature, 
however, there was a sudden recovery, and at 483 deg. it 
had risen to 17.5 per cent. The authors say ‘‘a new 
maximum value is obtained at a temperature between 
450 deg. and 475 deg. Cent.” 

What better proof could there be of the existence of 
some critical cha at this temperature, which agrees 
exactly with that found by ourselves? - 


EVIDENCE FROM THY STRUCTURES. 


Figs. 11 to 16 are reproduced trom their . Astud 
of | sl bao that the structure of a bar conaied for half. 
an-hour at 320 deg. Cent. is very different from that of 
the rolled bar. Still more is this the case for the bar 
annealed at 405 deg. Cent. Not only has the crystalline 
structure seen in Fig. 11 entirely disappeared, but the 
surface is covered with minute pits. This change is far 
more fundamental than a mere recrystallisation of a 
rolled alloy. It is, however, quite intelligible, and, 
indeed, just what might be anticipated from the existence 
of the critical point at 470 deg. Cent., for just below this 





Benger sad Hudson, ‘‘The Heat Treatment of 
Brass: Experiments on the 70:30 Alloys,” Institute of 
= September, 1910; Encrngertnc, September 23, 


| temperature the rate of change of 8 into a + + will be a 








30 20 70 oO 





maximum. Therefore a full development of a + ¥ in 
Fig. 13 is to be expected, and it is this which causes the 
minute pitting when the surface is etched. 

But at 500 deg. Cent. the reverse action, viz., a + y 
—>8, has occurred, and, as seen in Fig. 14, the pits have 
entirely disappeared. Thisis the region of mixed crystals 
of 8 with copper, which appear a homogeneous solid 
solution. Annealing above this temperature merely 
causes these crystals to grow (cf. Figs. 15 and 16, and also 
7, 8, 9, and 10 in the original paper).* Thus the struc- 
tural evidence furnished in Messrs. Bengough and Hud- 
son’s paper is in most satisfactory agreement with the 
theoretical consequences of the critical change at 470 deg. 
Cent. 

Reverting now to the evidence furnished by cooling 
curves, Fig. 3 indicates that copper-zinc alloys containing 
only a do not show the critical point at 470 deg. Cent. 
when tested in this way. This leads us to a considera- 
tion of the discrepancy that apparently exists} between 
Roberts-Austen’s results and our own, not as to the 
temperature of the critical point, but as to the range of 
composition over which it can be detected pyrometrically. 
These ranges are approximately as follows :—Robe 
Austen’s observations, 75 to 46 per cent. of copper ; the | 
authors’, 63 to 40 per cent. of copper. As shown in | 

Table I. (page 200), Roberts- | 
Austen examined seven alloys | 
containing only a, between 76 and 
63 per cent. copper. Of these only 
two gave indications of a therm: 





it therefore possesses a duplex structure. If this could 
be established it would, of course, be in conflict with all 
previous. work on the subject—c.g., Shepherd says,* 
page 428: ** The 52.2 percent. copper alloy . . . is pure 
B, and does not break down to a mixture of crystals even 
at 300 deg. Cent., though annealed fur two days at that 
temperature.” It is noteworthy that the magnification 
of his photo-micrograph of this alloy is y! 80 diameters. 
It was considered that the most hopeful line of investi- 
gation would be to experiment with alloys ee a 
considerable amount of 8 and of varying ages. he 
authors’ anticipation was that Forbes’s specimens (already 
referred to), of more than fifty years from their date of 
manufacture, should, if any, present the duplex structure 
required by theory, and that specimens of more recent 
date might show transitional stages between this and 
the apparently homogeneous structure of freshly-cast 
alloys. Fortunately, one of Forbes’s specimens gave on 
ani ysis a composition corresponding to pure S—viz., 
53.52 re cent. of copper, and with this the ter 
part of the authors’ experiments have been e. In 
response to their request, Sir Gerard Muntz, Bart., 
kindly furnished them with Muntz-metal alloys of 


rts- -_ varying from thirty years to the present day. 
ese 


loys all contained a + 8, and, unfortunately, 
investigation quickly showed that, on account of the 
presence of a, they were much less suitable for in- 
vestigation than the pure § alloys. The reason is, that 
in alloys containing a + 8, owing to the difference of 
potential between them when placed in the etching 
reagent, they each etch as a Bm Accordingly, all 
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about 15 deg. 
_ Fig.l0o. TESTS AT HIGH TEMPERATURES. 
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Elongation per Cent. 
retardation in the neighbourhood of 450 ~- to 470 deg. 
Cent., and these were very slight. With the remaining 
five the results were entirely negative. On the other hand, 
eight of the ten alloys, containing between 63 and 46 per 
cent. of copper, examined by him, all of which contained 
8, showed the critical point, and the longest arrests were 
obtained with two alloys containing 52.1 and 48.1 per 
cent. of copper, the former of which corresponds almost 
exactly to pure 8 at 470 deg. Cent. Accordingly the 
y noted is more apparent than real. Still the 
fact does remain that Roberts-Austen’s observations 
appear to show that the critical change at about 470 deg., 
which undoubtedly does occur in the a alloys, can 
be detected on cooling curves. In other words, whereas 
our observations point to the conclusion that the inver- 
sion can only be detected pyrometrically in alloys con- 
taining structurally free §, Sbatedatede give some 
support to the view that it is possible to detect it in alloys 
containing what may be called ‘‘ dissolved ” 8. 
4. MiscroscopicaL EvipENCE OF THE INVERSION 
Boaty. 
_ It still, however, remains to be shown by microscopic 
investigation that below 470 deg. the so-called 8 con- 
stituent in reality consisted of two constituents, and that 





* See ENGINEERING, vol. xc., page 447, 


A. 

Brass wire, at least fifty-four 
years oli, which became brittle 
in a few years’ time. The photo- 
graph shows fractured speci- 
mens broken at an angle of 


Fig. 9. 


t 


Similar wire bent after anneal- 
ing a short time at 650 deg. to 
700 deg. Cent., showing the en- 
tire removal of the brittleness 
by heating it above the critical 
point at 470 deg. Cent. 


attempts to resolve the structure of 8 in presence of a 
have given negative results. With pure 8, however, the 
case is different. If it really consists of a + y, this should 
be developed by etching, and be visible under the micro- 
scope. After considerable investigation of a 
specimen of §, the authors felt no doubt that, in reality, 
it consisted of two constituents. But in order to obtain 
evidence that might be expected to carry conviction to 
the readers of a paper who see only photo-micrographs, 
the alloy was subjected to a prolonged annealing at from 
350 deg. to 400 deg. Cent. in a small Gostelesilip-hented 
muffle furnace fitted with an adjustable resistance. This 
temperature, it will be noted, was about 50 deg. to 
70 deg. Cent. below the critical point. From time to time 
the structure was examined, and after three weeks of 
annealing it was pho’ phed. The results are given 
in photo-micrographs, Figs. 17 and 18, page 203. The 
duplex structure of the alloy is manifest at a magnifica- 
tion of 1000 diameters, but it is seen more clearly at 2500 
diameters. Su uent investigation showed that this 
duplex structure is manifest in pure so-called 8 con- 
stituent, freshly prepared and cooled at ordinary rates. 
This is exactly what the authors’ diagram (Fig. 8), based 
on cooling and heating: curves, demands, and there can 
now be no doubt that below 470 deg. Cent. 8 does not 
exist as a stable phase, but consists of a mixture of a+7 
crystals. This mixture, however, is only resolvable at 
very high magnifications. Previous investigators em 
to have used only low magnifications. Thus Shepherd 
considered 80 diameters sufficient to decide this point. 
This is quite inadequate. The duplex structure is not 
really visible below 1000 diameters. 

ne! cing Foe yd to be mn, hones that above 
470 deg. Cent. 8 is homogeneous. Accordingly a specimen 
was quenched at about’ 600 deg. Cent., and then photo- 
graphed. The result is shown in ie neene ig. 19 
(2500 diameters). On comparing this with Fig. 18, homo- 
geneity is clear. 


5. PracricaAL CONSEQUENCES OF THE CRITICAL POINT. 


The establishment of the existence of a critical point at 
470 deg. Cent. in all copper-zinc alloys containing from 
60 wl cent. of zinc down to probably a small ay ne 
of this metal, though the lower limit has not been fixed 
by the authors’ investigations, is of great practical im- 
portance. It certainly exists in all the industrial alloys 
of copper and zinc—viz., the brasses, which contain, as & 
rule, eeeune 28 and 40 per cent. of zinc, in particular in 


* Shepherd, ‘“‘The Constitution of the Copper-Zinc 
Alloys,” Journal of Physical Chemistry, vol. viti., 1904, 
No. 6, 421. 
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the 70:30 mixture used for condenser tubes, and in the 
60 : 40 mixture used for sheathing. The net result is an 
embrittling of the material owing to the instability of the 
B below 470 deg. Cent., and its inversion into a mixture 
of a + y, the latter of which is very brittle. The effect 
on the ductility of condenser-tube metal has already 
been dealt with, but it may not be out of place here 
to say that it entirely explains the complete loss of duc- 
tility at about 400deg. Cent. found by Messrs Bengough 
und Hudson (loc. cit.), a loss which was previously quite 
unintelligible. There are other instances of the deterio- 
ration of brasses, hitherto mysterious, upon which the 
new critical point throws considerable light. 





- * 


Fie. 11. 





1 


at 570 Dea. Cent. 





Fic. 12. Bak H B14. Hatr-Hour 
AT 320 Dea. Cent. 


+, the latter of which is rich in zinc, whereas the 
former contains none ; ¥ is accordingly electro-positive to 
copper. Under working conditions, therefore, with 
steam on one side of the tube and salt water on the other, 
is it surprising that corrosion sets in? 
he so-called ‘‘crystallisation ” of brass, with consequent 
brittleness, for which hitherto no explanation was forth- 
coming, appears as a natural consequence of the new 
critical point. So also does the failure of brass locomotive 
fire-box stays in former days. 
The important practical problem arising out of the 
above discovery is as follows :—“‘ Is it possible to suppress 
the critical point at 470 deg. Cent. by the introduction of 


Nn - nt 


Fie. 16. Bak HB3. Hatr-Hovur 
at 630 Dec. CENT. 


MaeniFication, 100 Diameters (Repucep 20 PER Cent. IN REPRODUCTION). 
ILLUMINATION, VERTICAL. 
(Figs. 11 to 16 are Reproduced from Messrs. Bengough and Hudson’s Paper, Published 
on Page 449, Vol. XC. of ENGINEERING. ) 





Fie. 17. Macyirication, 1000 DIAMETERS. 


SHowine THE INVERSION OF 8—>a-+y IN A SPECIMEN OF OrIGINALLY Pure 8 AFTER 
Taree WEEKs’ ANNEALING AT 350 Dec. To 400 Dea. Cent. 


In view of the recent establishment by the Council of 
the Institute of Metals of a special committee to deal 
with the causes and prevention of the corrosion of con- 
denser tubes, it is a happy coincidence that the new 
critical point has an important bearing on this very 
problem. Hitherto it would have been assumed that 
these tubes consisted of one constituent only—viz., a, and 
the investigation from this standpoint would have 
appeared much simpler than it really is, for if the experi- 
ments and conclusions of the authors are correct it 

rs— 


ai ae a consists of a very intimate mixture of copper 


an That 8 tends to pass, even in solid solution, into a 
eee 

In reality, therefore, the case is complex. Condenser 
tubes must consist of at least two constituents, copper 





Fie. 18. Maonirication, 2500 Diamerers. 


some element or elements into the copper-zinc alloys, and 
thus to avoid the formation of +, and its consequent 
brittleness?” If this difficulty can be overcome, the con- 
sequences will be far-reaching. It is the authors’ inten- 
tion to take up this investigation without delay. 


6. SuMMARY. 


1. The thermal change at about 470 deg. Cent. found 
by Roberts-Austen in certain copper-zinc alloys is a real 
critical point, and is not due, as Shepherd, Tafel, and 


Bornemann have asserted, to experimental defects of his | c 0 | 
apparatus. It is, however, not due, as Roberts-Austen free as this definition ma 


supposed, to the presence of a eutectic. 
The authors have detected it po sermons | both on 
monty and cooling curves, in all alloys containing the 


t.¢., from about 63 to 40 per cent. of copper. 





Fie. 13. Bark H B10. Hatr-Hour 
AT 405 Dec. Cent. 





**8” constituent as a separate structural entity, urems : 


3. The interpretation of the change is that at 470 deg. 
Cent. on cooling, 8 splits up into an intimate mixture of 
a + 7; on heating, the reverse change takes place. Thus 
above 470 deg. Cent. the stable phase is 8, below it is a + +. 

4. The resolution of 8 into a + y on cooling below 470 
deg. Cent. has been detected adeseummpinall in alloys 
containing pure 8 just above 470 deg. Cent. it is, how- 
ever, only visible at very high aaguneniens (ef. Figs. 17 
and 18). The homogeneity of 8 above 470 deg. Cent. has 
been shown (ef. Fig. 19). 

5. The practical consequence of the critical point is 
the embrittling of the alloy, owing to the brittle pro- 
perties of ¥. 









Fie. 14. Bak HB1. 


Hatr-Hovur 
at 500 Dea. Cent. 





Fie. 19. Maentrication, 2500 Diameters, 


SHowrine THE HOMOGENEITY OF 8 ABOVE 
470 Dea. Cent. 


6. Alloys containing only the a constituent are to be 
regarded as apparently homogeneous mixtures of very 
minute crystals of copper + f. 

7. This conception provides an explanation of the 
brittleness and so-called “‘ crystallisation of alloys contain- 
ing apparently only a, that appear with lapse of time at 
ordinary temperatures, and much more rapidly between 
300 deg. and 400 deg. Cent. Cf. Bengough and Hudson.* 

8. The brittleness can be entirely removed by heating 
for a short time above 500 deg. Uent., and cooling at 
ordinary rates. 

he new critica] point involves an alteration of the 

ey accepted copper-zinc equilibrium diagram. 

his alteration is shown in Fig. 8, which is now to be 
regarded as the nearest approximation to the facts. 

10. The critical point ioene considerable light on the 
cause of the various types of corrosion and decay of 
brasses which have been hitherto unexplained—e.g., the 
corrosion of the condenser tubes of marine engines in ser- 
vice. 

In conclusion, the authors acknowledge with pleasure 
the assistance of two undergraduate students, Messrs. V. 
Edge and W. Whiteley, in the experimental part of the 
foregoing investigation. 





APPENDIX. 
Tue Nature or Soup Soivtions. 
By C. A. Epwarps, M.Sc. 


Whilst the terms ‘‘solid solution ” and ‘‘ Mischcrystall ” 
(mixed crystals) are literally quite different, they are 


| nevertheless used by ee for describing the 


same constituent of metallic alloys. The former was 
introduced by Van’t Hoff, and the latter by Roozeboom. 
They refer to a constituent formed by mixing two metals 
which solidify as homogeneous crystals, whose composi- 
tion may be varied within certain limits. Such solid 
solutions are rega as being perfect solutions, and 
directly analogous to ordinary solutions of salts in water. 
i t ‘ty it conveys no precise 
idea of the manner in which the metals are associated 
* Bengough and Hudson, ‘The Heat Treatment of 
ixperiments on the 70: 30 Alloys, Institute of 

etals, September, 1910, 
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Indeed, the terms “ solid solutions” or ‘‘ mixed crystals” 
are often very loosely applied. 


SoLvrTions. 


A solution is defined as a homogeneous mixture, the 
composition of which can undergo continuous variation 
within certain limits. These mixtures are frequently 
stated to allow of no separation of their components by 
mechanical means. Whether this inseparable condition 
is, indeed, a fact is perhaps a matter of opinion. 

When a layer of water is brought over any aqueous 
solution, say of sugar, the system does not remain in this 
condition. The sugar at once begins to rise against 
gravity and to diffuse into the water, the motion only 
ceasing when the substance is uniformly distributed 
throughout the whole mass of water. This motion may 
be arrested by moun between the two liquids a septum 
which will let the water pass through, but not the dissolved 
substance. Such a “‘semi-permeable” wall can be pre- 
pared by filling the pores of a porous earthenware cell 
with ferric oxide. If a sugar solution is filtered through a 
medium of this character, a much greater pressure is 
required, and what passes through is not sugar solution, 
but pure water. This is certainly not a direct chemieal 
means of separation, and can scarcely be regarded as a 
catalytic action; it must therefore be considered as 
a mechanical separation. This process of separation is 
applicable both to electrolytes and non-electrolytes ; or, 
in other words, it is the same for substances that are 
decomposed into their ions when in solution and those 
which are not. 

It would therefore appear that solutions, even of salts 
in water, are intimate mechanical mixtures, capable of 
being separated to some extent oy mechanical means. If 
this conclusion is correct, then it follows that the identity 
of salts, which when in solution are not decom by 
electrical currents, is still retained, and even the salts of 
electrolytes are not completely dissociated when in solu- 
tion—1.¢., although these salts are in the ionic state, the 
tive and negative ions are in some way attached. 
e mechanism of the of the _— through 
membranes, as described above, is probably dependent on 
the relative sizes of the molecules in the solution and the 

res of the membrane, and the action of the membrane 
is that of an exceedingly fine sieve. 

ming in this way, it would therefore seem that 
the molecules of the solute are held in solution by mecha- 
nical means, and they should to some extent retain their 
individual properties. 

Metallic solutions appear to offer rather better oppor- 
tunities for testing this question than aqueous solutions. 
Before going ~— a however, it will be well to 
define exactly what body is in solution in the case of 
metallic mixtures. 

In a simple series of alloys such as indicated by the 
diagram in Fig. 20, it is clear that the point a represents 
the saturation limit of the metal B in A, and the point 4, 
that of A in B. But in such a series as is shown in 
Fig. 21, it is perhaps not quite so obvious. Here the 
point a cannot, strictly speaking, be considered as a solu- 
tion of B in A. Systems of this character really consist 
of two binary series—viz., of the metal A with the com- 
pound AzxBy, and of the compound AzBy with the 
metal B; and the — a and b correspond respectively 
to solid solutions of AxBy in the metal A, and AxBy in 
the metal B. It is important not to regard this definition 
as devoid of any real meaning, for, if carefully followed up, 
it may have a far-reachin ge ome significance. For 
example, if a compound which shows a thermal change 
and a definite break in mechanical B ape a say ata 
red-heat, is held in solid solution with another metal, and 
if the identity of that compound is not thereby destroyed, 
then there may be no ding thermal disturbance 
in the solid solution, but it is almost certain that there 
will be similar discontinuities in mechanical properties, 
though they might not be so marked as in the pure com- 
one Perhaps this idea will be more easily understood 

y considering the typical example. 

As ne mentioned, a critical point at 470 deg. 
Cent. has recently been discovered in those brasses con- 
taining the 8 constituent. Now while an alloy contain- 
ing. none of the § constituent—#.¢., consisting of the a 
solid solution only, shows no indication of the critical 
temperature on the cooling curve, it should, if the above 
conception of the nature of solid solutions is correct, show 
a break in mechanical properties at about 470 deg. Cent., 
owing to the incipient change of the 8 constituent present 
in solution. This break ready been discovered by 
Messrs. ugh and Hudson “= 
experiments conducted on the 70 : 30 brass, at tempera- 
tures ranging from 0 deg. to 600 deg. Cent. Their dia- 
gram, by which they represent the ductility of brass wire 
at various temperatures, is shown in Fig. 40 (ef. vol. iv., 
No. 2, 1910, page 104). Here it will be seen that the duc- 
tility falls almost to zero as the temperature rises to 410 
deg. Cent., and then —- increases and reaches a maxi- 
mum at about 470 deg. Cent., a tem ture which exactly 
corresponds to the critical pointcn the cooling curve. This 
definite change of ductility is in the authors’ opinion due to 
the chi in the § constituent held in solution. Similar 
tests e on the copper-aluminium alloys by Dr. Rosen- 
hain* show that these alloys behave in a similar manner, 
but the evidence is not so clear, which may be due to the 
fact that Dr. Rosenhain’s experiments were made with 
bars 4 in. in diameter, and under these conditions the 
time factor would have a greater influence than when 
testing wire. It is important to remember that the 
8 constituent of the -aluminium alloy decom- 
poses at about 560 deg. t. into the a and y con- 


some very careful 





* Discussion on the Eighth Report to the Alloys Re- 
a Committee, Institution of Mechanical Engineers, 





stituents, in a similar manner to tbe copper - zinc 
alloys. These facts throw considerable light upon the 
nature of solid solutions, and support the theoretical 
deductions already inferred—viz., ‘‘ That a solid solution, 
so-called, of two metals or intermetallic compounds is an 
intimate crystalline mixture ; and whilst the crystals are 
sosmall that the mass appears quite homogeneous, they 
are, nevertheless, sufficiently large and independent to 
retain their ee 

From quite another standpoint the suggestion that the 


was made some time ago by Mr. Andrew and the author.* 
In this connection it is interesting to note that Rooze- 
boom’s term, mixed crystals, is singularly appropriate, 


identity of a constituent is not destroyed when in solution | p! 


In such cases the writer considers that, a from the 
two series of mixed crys present at each end of the 
system, each constituent has a compound as its foundation. 
It would be quite illogical to suppose that the a and + 
constituents in Fig. 4 were respectively mixed crystals of 
A in Band B in A, and that the § constituent was also a 
series of mixed crystals of pure A and B. It would, in 
fact, be tantamount to considering that three distinct 
consecutive series of mixed crystals of two metals could 
be formed without any fresh combination having taken 
Therefore, with constituents like 8, Fig. 23, 
there must be a new compound formed, though it might 
be impossible to determine its formula. 

The conclusions to be drawn from this paper are :— 









































and that the term solid solution as applied to crystal- 
line masses, such as metallic alloys, is not, strictly speak- 
ing, correct. 

INTERMETALLIC CoMPOUNDS. 


There are many contradictory statements in published 
researches as to whether certain constituents of alloys 
should be regarded as compounds or not. Some authors 
consider thata constituent should not be described as a 
compound if it forms a series of mixed crystals with 
either of its constituent metals. This contention is cor- 
rect in so far as such conditions render it difficult or 
impossible to allocate a definite formula for a constituent 
of this character, but it is certain that these constituents 
must have, as their base, an intermetallic compound. 
That thisis the only logical conclusion will be evident 
after the following simple facts are taken into considera- 
tion. 

In a series of alloys which show only two branches on 
the liquidus curve, and give rise only to two constituents, 
as in the case of Fig. 1, there is clearly no question of 
there being any compound present. All alloys consist of 
either a, a + 8, or 8; thea and § may be regarded asa 
series of mixed crystals of the metals B with A, and A 
with B, which contain respectively a preponderating 
quantity of A and B. : 

When a pair of metals are isomorphous, they crystallise 
together in all proportions to form one series of mix 
crystals. There are, however, cases where mixed crystals 
are formed only to a limited extent at each end of the 
series, and others where, in addition to the mixed crystals 
at each end of the system, quite distinct mixed crystals 
are obtained in the middle of the series. The alloys of 
copper with aluminium may be taken asa typical example 
of the latter type. A section of the most recent consti- 
tution diagram of this series of alloys, as worked out by 
Curry,t is shown in Fig. 22. 


ops The Constitution and Properties ofthe Aluminium. 
loys,” Journ nstitute e 
No D. 1909, vol. 








+ Journal of Physical Chemistry, vol. ii., pages 425 to 436. 
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1. That a metallic crystalline mass often described as 
a solid solution is an intimate crystalline mixture, and 
whilst the primary crystals are so small that the mass 
appears quite homogeneous when viewed under the 
microscope, they are sufficiently large to retain their 
ar: 

2. The term “solid solution” is not, strictly speaking, 
es to crystalline bodies, such as metallic alloys, 
= should be restricted to supercooled liquids, such as 


glass. 

3. With the exception of the two series of mixed 
crystals that may be formed at each end of a series, each 
constituent has a compound as its foundation. 





British SouTH AFRICAN IMPORT AND Export REGISTER. 
—This register, which is published in this country by 
Messrs. Sampson Low, Marston, and Co., Limited, 100, 
Southwark-street, S.E. opens with tabular statements of 
imports into and exports from British South Africa in 
1908 and 1909. These are followed by the names of 
officers and members of the South African Chamber of 
Commerce, and by a very complete directory of merchants 
—classified by names and by trades. Tables of railway 
rates are also given. The register will prove of great 
serviee to British manufacturers and merchants. 





BrE.Gian Buiast-FurNacges.—The number of furnaces 
in blast in Belgium at the commencement of the new 
year was 39, as compared with 38 at the commencement 
of 1910. The number of furnaces out of blast at the same 
dates was 8 and 6 seapioey- The total of 39, repre- 
senting the number of Belgian furnaces in blast at the 
commencement of 1911, was made up as follows :— 
Hainaut and Brabant, 18; Liége, 16; Luxembourg, 5. 
The production of AG Belgium last year was 1,803,500 
tons, as compared with 1,632,350 tons in 1909. The total 





of 1,803,500 tons, representing the production of 1910, was 
made up as follows S Pudding pig, 161,210 tons; casting 
pig, 91, tons ; and steel pig, 1,550,460 tons. 
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‘‘ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRAOTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE ACT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned, the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 

— of Specifications may be obtained at the Patent Office, Sale 

ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 


van dus of to ame the accepta f a Complete 
rti. mee of a Com 
¢ p A. after the abst 


ae is, in each case, ract, unless the 

atent has been sealed, when the date of sealing is given. 

sae. may, at any time within two months from the date of 
the advertisement of the nee of a Complete Speeijication, 
give notice at the Patent O of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 
17,415/10. W. S. S e and Chamberlain and 
Limi ent 


00: 

Electricity Meters. (2 Figs.) July 22, 1910.— is inven- 
tion relates to prepayment electricity meters of the type described 
in Specification No. 3250, 1910. In the present invention similar 
mechanism is employed, but instead of operating the escapement 
by the steady uniform rotation of a cam or eccentric, the cam or 
eccentric is caused to move in a succession of sudden jumps with 
pauses between, or it may move uniformly for part of its traverse 
and then jump quickly through another eS These jumps may 
be so timed that the cscape-wheel is only held by one pallet of the 
anchor except during very short peri of time, and except for 
these short periods the anchor may be free so as to oscillate and 
allow of the escape-wheel being forced backwards without the 
necessity of a spring pawl or equivalent device. In carrying the 
invention into effect, there is employed, as a part of the train of 
gearing which connects the meter to the escapement, a springing 
device such as is used for the counting trains of meters. A is an 
escape-wheel driven in a clockwise direction by means of an ordi- 
nary clock spring ; B is an escapement. This escapement is oscil- 
lated by an arm D which is worked up and down by the move- 
ment of a pin or cam actuated by the meter. Such a pin is fixed 
upon a rotating plate E loose upon the shaft F. The 
shaft F is driven by the meter and has fixed upon it a 
plate G. Between the plates E and G there is a curved - wire 
spring H fixed to G, and travelling round with it. This spring 
passes between two pins I, I upon the plate E, and its outer en 

strikes upon one or more fixed stops J. The action is as follows : 
—As the shaft F rotates in a clockwise direction it carries round 
the plate G and spring H, which, bearing against the stops I, I, 
also carries round the plate E. The pin on the plate E alter. 





117 415) 


nately raises and allows the arm D to fall, so oscillating the 7 
ment and permitting the wheel A to b3 driven by its spring. e 
rotation of the plate E is continuous until the spring H strikes the 
stop J, as shown in . 1; it then comes to rest and the spring is 
bent round, owing to the continued movement of G, until its end 
is drawn past the stop J, when it flies suddenly forward, carrying 
the plate E with it through about one-sixth of a revolution. The 
two discs then rotate together as before, until the spring again 
strikes the stop, and soon. The stop J is arran to arrest the 
motion of the spring H, and consequently of the plate G, before the 
pin E! on the plate E has raised the arm D far enough to release 
the tooth of the wheel A from the right-hand pallet of the escape- 
ment, The oscillation of the escapement thus only occupies a 
fraction of a second. There may be several stops and several pins, 
so that the plate E may make more than one sudden movement 
per revolution, In the prior specification it is explained that on 
the insertion of each coin the wheel A is forced backwards one 
tooth. If the escapement is in the position shown in Fig. 1, this 
is possible, as the wheel can cause it to oscillate ; but if the escape- 
ment is in the position shown in Fig. 2, this is im ble, as the 
arm D is held up too high by the pin. This condition, however, 
can only exist momentarily, as the stop J is so arranged and ad- 
justed that the sudden movement always occurs when the pin is 
approaching the weer position, and this sudden movement carries 
it over that part of its traverse where it prevents the escapement 
from oscillating. A bent wire K attached to the escapement 
strikes a fixed pin K1 so as to form a stop ; the angle at which this 
pin strikes is such as to produce a very slight jamming action, 
and So prevent any rebound. This jamming must, however, be 
very slight, or the escapement will not lift again readily enough. 


(Accepted December 14, 1910.) 

25,008/10. Firm Robert Bosch, Soutignes, Germany. 
1 neto Generators. [2 Figs.) November 27, 1910.—This 
invention relates to an arrangement of the windings of the coils for 
the armatures of ignition machines for internal-combustion engines. 
In the windings of the coils of this kind, very tensions arise 
very suddenly, so that there is of the insulation bei: 
pierced, and this danger is much greater at the ends of the coi 
= in the middle, because the piercing sparks in the majority 
of usual arrangements at this point can pass to the body, and 
thence to another point of the winding. By itself there is no 
Sacementel difficul ity in counteracting this danger of the edge 

harge by providing at these places thicker layers of insulation, 
or hap J an insulating material of higher resisting power. But in 
co ~ m Pp - lly for the purpose - Seoatpouss, it 
portance use every fraction of available 

whilst, on the i the enna ction must also be such that 





separat: 
or 
than the width of the nar, ie poe: 


t 
of layers Lis wo adjacent layers of wi 


ing —_ connected therewith, a 





pas r of the strip bent up. In this manner the 
nt-up ends of each strip cover the sides of the layers of a group, 
and the whole strip forms, as it were, a box open at the top, 
within which the layer or layers of windings lie. Each successive 
layeror group is then treated in exactly the same manner, so that 
the bottom of the following box forms the cover of the one imme- 
diately below it. If the gy edges of the insulating strips are 
made of a suitable depth, it is possible to separate the outside 
windings of each layer from the adjacent body- by any 
number of layers of insulating material. Since the r-point 











of discharge lies at the corners of the bent-up parts of the insu- 
lating material, and the edges themselves must have a certain 
expansion in order to lie flat round the faces of the coil, the 
selection of the insulating material is not quite immaterial. The 
required result is best obtained if for this purpose woven material, 
preferably silk suitably impregnated, is used, the strips being cut 
on the cross. In this manner the adjacent rows of the warp or 
weft cannot come apart at the bend, and the desired amount of 
elasticity is given to the material at the corners. (Accepted De- 
cember 14, 1910.) 
MACHINE AND OTHER TOOLS, SHAFTING, &c. 
28,654/09. British Hele-Shaw Patent Clutch Com- 
pany: and W. Wallace, Oldham. and 
ps. (8 Figs.] December 8, 1909.—This invention relates to 
appliances for drilling and tapping holes, of that class in which 
the torque transmitted to the drill or tap is limited by a friction 
clutch interposed between the drill-head and the drill or tap, as the 
case may be. The appliance comprises an outer casing A and an 
inner cating B concentrically mounted thereon, so as to be capable 
of relative rotary movement about the common axis. At one end 
the — a@ is provided with a shank a!, which is shaped to fit the 
socket of the drill-head of the drilling-machine by which the 
casing is driven ; and at the other end the casing B is provided 
with a socket b!, adapted to take the chucks or holders which 





carry the drill, the tap, and the stud cmapotirte. The casing A 
is provided with an end-plate a, the bore of which locates one 
end of the casing B concentrically. At the shank end the casing 
A has a recess which concentrically locates the opposite end of 
the casing B. The inner and outer peripheries of the casings A 
and B respectively are provided with a series of teeth, and series 
of Hele-Shaw plates are threaded so that their notched peripheries 
engage with and are driven by the teeth. The construction of the 


and consists of a cylinder b containing a suitable plunger ¢, with 
handle projecting through the top of the tank to a point con- 
venient for seein, the said cylinder } screwed to a 
seating D which through the bottom of the tank for 
connection to the delivery-pipe. The portion of the seating 
inside the tank extends some ce thereinto and is pro- 
vided with a circumferential recess d®. Connecting this 
recess with the exterior of the pamp are holes d%, while appro- 
wr arranged apertures 6! are formed in the cylinder 
to register with the recess d® to allow oil to pass there- 
through upon the up-stroke of the plunger. A central stem 
E is screwed into the seating and has mounted upon it a slidin, 
member F, which functions as an inlet and egress valve, the sa’ 
stem being hollow for the pu of conveying oil on the delivery 
stroke of the pump. The sliding member F is cu and 
provided on its upper face with a diaphragm, so as to 
allow the oil to pass to the interior of the pump, but to prevent 
its return. The upper part of the sliding member is formed as a 
sleeve f2 which no ly covers the exit port e! of the oil dis- 
posed in the side of the stem E. Aspring is — to normally 
support the sliding member and retain it in contact with the 
stem. In operation, the plunger isdisplaced and the oil induced 
inte the pump by way of the apertures b! in the cylinder, passing 
thence up through the seating and through the diaphragm into 
the interior of the cylinder ; the plunger is pressed down, with 
the result that the diaphragm prevents the return flow of the 
oil, the sliding member F moves down and uncovers the outlet ¢! 
in the stem and allows the oil to proceed down the centre of the 
—* the crank-case of the engine. (Accepted December 14, 


RAILWAYS AND TRAMWAYS. 


4375/10. J. R. Scott and J. Sengwin, Hull. Rail- 
Grips. (2 Figs.) February 22, 1910.— invention relates to 
rail-grips for the prevention of nes over of cranes, end and 
side tip-wagons, steam-navvies, travelling Scotch derrick cranes, 
steam pile-drivers, and other vehicles running on rails, This grip is 
formed of two curved arms B hinged at the top ©, and movable 
away from one another, or towards one another ; and in the elbow 
of one of the arms a link D, extending across the other grip-arm 
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is hinged. This hinged link is movable upwards or downwards. 
When the hinged link is pulled up, the grip-arms are free to move 
apart from one another ; and when the link is down, the 
grip-arms are locked together and cannot come apart. From the 
top of the grip, a chain or rope M with screw N are attached, to 
fasten to the wagon or other vehicle. A small chain or rope E 
is attached to the free end of the hi locking link for the 
pu of releasing the grip. The is attached or released 
while the vehicle is at rest. (Accepted Bessmber 14, 1910.) 


1ga0a/i9. ». Raveneg Liverpool. Tramcar Seats. 
(3 8.) June 1, 1910.—This invention ae to the fixing of 
a 


the upper deck seats of tramcars and omn A represen 

ie ty a tramcar, B the seats, and C rails, one of such seats 
n Fig. 1 being shown in its attached position, and the other 
detached. As shown, both rails C have sockets D, but the outer 
rail, instead of being secured to the floor, is secured to the side 
panelling E of the car, which is an important feature of this in- 


Fig.1. 












































lates in regard to the disposition, shaping and notching, and 
the driving, are similar to that now well known in ti 
with the Hele-Shaw clutches. The drill-chuck G fits the bore 


of the casing B, and is caused to rotate therewith. (Accepted 
December 14, 1910.) 
PUMPS. 
29,528/09. The Rex Motor Com- 
pany, Lubri- 


Sarginson, try. 
cating: (2 Figs.) December 17, 1909.—This invention 
relates to pumps used for lubricating the engines of motor road 
vehicles and to the class of us wherein the three-way cock 
is eliminated and a simple reciprecatory motion provides for the 
induction and discharge of the lubricating fluid through separate 





ports. The of the improvements is primarily to eliminate 
the possibility of es and so render the pump perfectly tight 
under all conditions. valve which is arranged to control the 


egress port of the p is by this invention adapted tively to 
imiate the outlet ) soy th Interior of the pump, the supply 
clean working and 


icacious device being thereby attained. In a convenient em- 
bediment, the pump is placed inside the lubricating oil-tank A 
































4 2.8) 
vention. The frames of the seats have feet I which fit in the 


sockets, and are secured in tion by bolts, which pass through 
lugs on the frame and on the sockets. The lugs on the sockets 
are to receive the ends of the Saye M, which are clamped 
between the lugs by the bolts, thus making a secure attachment. 
The holes in the ends of the stays are threaded 
be removed with the seats. 


the frames at R. In use the seats are placed in posi in the 


sockets of the rails and made secure by the bolts which are 
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screwed into the stays M, and as the latter also fit into recesses on 
the bottom lugs, it will be evident that a very firm attachment is 
provided. To remove the seats it is only necessary to release the 
nuts of the bolts, when the seats are free to be simply raised out 
of the sockets, (Accepted December 14, 1910.) 


28,387/09. Biveingboms Paltwer Gosvings and 
peg gompers, ted, Sm: we Ley A. G. 
Foster, Handsworth. Railway Rolling-S (3 Figs.) 
December 6, 1909 —This invention has reference to the manufac- 
ture of those bogie pillars which are fixed as struts between the to; 
and bottom frame-bars of a bogie for railway rolling-stock. A - 
ing to this invention, each of the bogie pillars is made from a steel- 
plate blank (or, in some cases, from two of said blanks) which is 
worked by pressure in suitable dies to the proper shape in cross 
section, so as to form vertical guides for the bolster, and with the 
end parts so shaped and arranged as to properly fit against and, 
in some cases, embrace the frame-bars and transmit the com - 
sive strain thereon to all the sides of the channel section-pillar. 
The top and bottom -frame-bars of the bogie are marked 1 and 2, 
and the two tie-bolts are marked 3. The bolster which bears on 
the springs 4 is marked 5. The slide-brackets on the bolster are 
marked 6. The particular bogie pillar illustrated is, ding to 
this invention, made as follows:—A mild-steel flat blank of 
suitable thickness is taken, the width of the blank being somewhat 
greater than the total width of the three sides of the required 


Fig.t. 
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pillar. The blank is somewhat longer than the pillar and has at 
each end an outwardly-projecting part. ——e in length 
and width with the length and width of the flat end parts of the 

illar, which parts fit against the opposed faces of the two frame- 
vars 1,2. By means of suitable dies the blank is bent longitudinally, 
80 as to form a channel shape with sides lel with each other 
for the greater portion of their length. e outside width across 
the two sides is, by preference, somewhat less than the width of 
the frame-bars 1,2. The end portions of the sides of the channel 
are bent outwardly for a short distance, as shown, and on to the 
outwardly-bent parts the end at mage | rtions are bent as in 
Figs. 1, 2, and 3, so as to fit thereon, and close the ends of the 


channel, and form the closed ends to receive the o faces 
of the frame-bars 1, 2. Thus the ends are, as required, parallel 
with one another and at right angles to the axes of the tie-bolts 3. 


The extreme ends of the two sides of the channel stamping are 
bent outwardly at right angles to the faces of the end projecting 
portions, as shown, so as to form side-lips or fillets at the proper 
distance apart, and between which the sides of the frame-bars 1, 2 
fit. (Accepted November 30, 1910.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c 
19,750/10. Aktiengesellschaft 
je., Bad Switzerland. 

{2 s.) August 24, 1910.—This invention consists in arranging 

the high-pressure elements of an installation in series for small 

power, and in parallel for increased power and speed, the steam 
flowing with parallel arrangement through equal, or approxi- 
mately equal, groups of nozzles, the cross-sectional areas of which 
increase correspondingly to the increase in the volume, whilst 
with series arrangement the steam flows in the second turbine 
member through the existing or ordinary group of nozzles, as well 
as through additional groups of nozzles corresponding to the now 
increased volume. With parallel arrangement live steam is 
supplied to the turbines a and b through the pipes eand d, said 
steam acting on the various rotors by means of the consecutive 
sets of nozzles e, /,g and h, i,k. After the steam has performed 
work in the two turbines @ and b, it leaves these turbines 
through the pipes / and m respectively, said pipes passing 


Fig.1. 4 
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to additional turbine members, uot shown. The additional 
nozzles p, g, 7 are shut off in this instance from the preceding 
8 by means of valves s,¢,u, With series connection, the 
turbine @ only is supplied with live steam through the con- 
duit ¢, said steam acting as before on the various stages by 
means of the sets of nozzles e¢, Fe a. From thence the steam 
flows through the valve n, and then through the pipe o into 
the turbine 6. The sets of nozzles A, i, k provided in this 
turbine are no longer sufficient for the volume of steam to be 
dealt with, which steam has already expanded in the turbine a, 
Se te groups of additional nozzles p,q, r are therefore pro- 
vided for the separate stages, which are so dimensioned that, in 
combination with the ordinary sets of nozzles h, i, k, they corre- 
spond to the volume of steam which has now to be deait with. 

e connection of these sets of additional nozzles with the pre- 


the pipes v, l,m. (Accepted November 30, 1910.) 


4055/10. G. A. Mower and H. W. S 
Feed-Water 


supply of feed-water. 
an improved form of feed-water regulator, which is cay 


arran as to be sensitive to very slight variations of 
thereby providing for perfect control and rapidity of action. 
is the liquid chamber, b is the e 


connection between them; d is the leading 
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water connections from the boiler to the space a! under the 
liquid chamber a. According to this invention, the liquid 
chamber a and the expansion reservoir ) are made as two sepa- 
rate and distinct vessels, and are connected together by means 
of a comparatively long connecting piece c, having a central 
passage therethrough of uniform bore and extending into the 
reservoir b and liquid-chamber a respectively. The connecting 
piece c affords considerable external cooling surface, which assists 
rapid condensation within the expansion reservoir b, and so causes 
a rapid drop in pressure when water is present in the space a! 
under the vaporisable liquid-chamber a. Inside the liquid- 
chamber a the connecting piece cis shouldered, and the con- 
tinuation beyond the shoulder is externally screw-threaded and 
provided with a threaded tubular ex ion c4 adjustable in posi- 
tion. By this means it is possible to decrease or increase the 





pipe of one or other of the turbine members. After the steam has 
performed work in the second turbine it leaves the same through 


. Spencer, London. 

Regulators. {1 Fig.) Febru:ry 18, 1910,— 
This invention relates to apparatus for automatically controlling 
the supply of feed-water to a steam-generator of the type 
wherein the boiler water and steam act alternately on a chamber 
containing a vaporisable liquid, the pressure from which is trans- 
mitted through an expansion reservoir to a chamber where it 
operates a diaphragm or other suitable device for governing the 
The object of the invention is to —— 
le Oo 
adjustment so as to accelerate or retard the generation of vapour 
from the vaporisable liquid, and which is so constructed and 
, 
a 
sion reservoir, and ¢ is the 
to the dia- 
phragm chamber; g and g! are, respectively, the steam and 


stages of the turbine c is tapped, and the steam is allowed to flow 
from this stage into the chamber k, which steam, by virtue of its 
—— on the piston h (which pressure can be minutely regu- 
ated), effects a complete balancing of any axial thrust even with 
the smallest The controlling valves are preferably so con- 
nected to each other that they are adjusted automatically when 
cruising. This invention, moreover, furnishes the possibility of 
dividing the turbines in any desired manner, so that, for instance, 
the high-pressure and medium-pressure turbines may be con- 
structed as action turbines, and the low-pressure turbines as reac- 
tion turbines, as the influence of the initial pressure of the low- 
pressure turbine on the balancing action may be neutralised by 
choosing suitable diameters for the dummy pistons. As the 

ber of balancing or relieving surfaces is small, it is obvious 
by these surfaces are alsoslight. (Accepted 





that the losses caused 
December 14, 1910.) 


/10. J. Howden and J. Holloway, Glasgow. 
Turbines. (9 Figs.) October 10, 1910.—This invention relates 
to turbines, and has for its primary object to give greater support 
to the sides of rotor discs or the like around their periphery, where 
these have a continuous undercut groove without any lateral 
opening to receive, and be engaged by, the actuating blades and 
their separating distance-pieces, so that they shall better with- 
stand the centrifugal force of the blades and separating distance- 
pieces when the turbine is revolving at a high velocity. The con- 
structions contemplated by the invention are such as to permit the 
blades and separating distance-pieces to be inserted in the grooves, 
and finally fixed in exact Postion more rapidly than heretofore 
without caulking, and, when required, to be removed and re- 
p without any of the parts being injured. The rotor A is 
provided with annular projections (Fig. 1) of suitable cross-section, 





extending around the periphery of the rotor adjacent to the 
undercut ve, which receives the roots of the blades E and of the 
distance-pieces, which are bevelled in known manner, 80 as to permit 
increase of thickness of metal at the sides of the disc near the 
hase of the roots of the blades and of the separating distance-pieces, 
thus strengthening the sides of the said discs, the said projections 
being adapted to be engaged by correspondingly shaped under- 
cut grooves formed in the separating distance-pieces and blades E, 
each of the said separating distance-pieces and blades serving as 
a buckle or stiffener extending across the open rim of the rotor, 
thus giving additional support to the said rim under stress due to 
centrifugal action. Alternatively (see Fig. 2) projections F may 
be formed on the seperating distance-pieces, and, if desired, also 
on the blades E, the said projections being adapted to enter 
correspondingly shaped grooves G formed on the rim of the rotor. 
(Accepted December 14, 1910.) 





MISCELLANEOUS, 
28,866/09. E. Aliday, Birmingham. Multiple Centri- 
Fans. [4 Figs.) December 10, 1909.—This invention 


relates to multiple centrifugal fans—that is, to centrifugal fans 

arran in series. According to this invention, a multiple 

centrifugal fan has a cylindrical — or body, consisting of two 

or more sectional parts, each sectional part having an inwardly- 

projecting flange with inlet opening for the fan-wheel or runner 

situated adjacent thereto, the flange of the second and each 
a3 2 ca 





depth of the film of liquid on the heat-transferring partition a? 
of the liquid-chamber a, thereby accelerating or retardi hi 
vaporisation of the liquid. (Accepted November 30, 1910.) 


28,943/09. lischaft Brown, Boveri, et 
Cie., Switzerland. Marine-Turbine Instal- 
lation. (2 Figs.) December 10, 1909.—This invention relates 
to the neutralising, wholly or partly, in installations having 
several turbines on one shaft, of the prupeller thrust of one 
turbine by balancing devices in another turbine. a indicates a 
propeller, b and ¢ turbines m-unted on the same shaft d, rigidly 
coupled with each other, whilst g is a collar-thrust bearing common 
to both turbines. The turbine ¢ is built on the action system, 
and is provided with a conduit « having a controlling member at 
the steam-inlet end, so as to throw out of —- or pa omy 
for maximum or normal power the first wheels shown in dotted 
lines, The steam pressure on the balancing surface r in the 
turbine ) is adapted to tralise the whole axial thrust of the 
turbine or of the propeller, or to neutralise the difference between 
these two. hen, however, at reduced load the steam also flows 
through the first-action wheels, then the steam pressure in front 
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of the surface r may have already decreased too much to be able 


to produce an effective balancing. In such a case as this the 
modification shown in Fig. ‘2 will be more suitable. In this 
modification two balancing pistons A and i are provided, the 
chambers k and 1 of which are connected with each other by means 
of a valve o and the pipes m and n. Moreover, the chamber k may 
communicate with any stage of the turbine ¢ by adjusting or 
turning the valve o, and through che intermediary of the pipe p. 
For this purpuse _ branch off from the separate stages, and 
are connecte: with the conduit p, valves or controlling members 
being inte The chambers k and / may further communi- 
cate with the exhaust-steam chamber of the turbine c ; prefer- 
ably, however, they communicate with a stage of the same 
turbine. For maximum or main power the chamber & is set into 


communication with the chamber J, whilst for decreased 


m and p are con- 


g part of the casing having also the usual vanes 
for conducting the air to the inlet opening of the said flange, the 
series of sectional parts being secured together, and to an end 
closing dise with inverted annular trough of gradually increasing 
depth, which terminates in or opens into the exit grange of the 
closing disc by screw-bolts. a@ are the sectional parts of the 
cylindrical body of the casing, each sectional part having the 
inwardly-projecting inclined flange a! with axial inlet opening a”, 
through which air is drawn by the action of the rotating fan- 
wheel 6 situated immediately over the flange a!. Each flange a!, 
except the flange of the lowermost sectional part of the casing, 
has on its underside the usual vanes a* for conducting the air 
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forced outward by the rotating fan-wheel immediately below to the 
inlet aqeue a2 in the flange a!. The upper closing plate c of the 
multiple fan has at or near its margin an inverted annular 
channel c! of gradually increasing depth, which channel opens at 
its larger end into the exit pipe c®, in one with the closing plate c, 
the axis of the exit pipe being preferably parallel with the axis of 
the casing of the fan. One of each sectional part of the 
casing has a recessed bead a4 for the reception of the edge of the 
adjacent sectional part a of the casing. The closing-plate c has 
an incipient flange c*, which takes into the recess of the bead a4 of 
the top sectio part of the casing. The series of parts a are 
secured ay a ory and to the top closing-plate ¢ and ring d at the 
bottom or inlet end of the multiple fan ly the screw-bolts e, which 
are passed through holes in the projecting ear-pieces c+ of the 
closing-dise c, and holes in the corresponding ear-pieces d! of the 
ring r The presented ends of the bosses of the fan-wheels b have 
mating teeth or notches which engage together. By the arrange- 
ment described the rotation as one of the series of wheels} is 
ensured. The lowermost wheel has a keyway for engaging with 








ceding chamber is effected by means of the valves s, t, uw. These 
valves may be interconnected by gearing, this ng, if desired, 
being aleo adapted to actuate the valve con ing the exhaust- 





the controlling valve o is turned 
nected to each other. Oorrespond! 


and the pi 
ing to the power, ane of the 


the key of the shaft f. (Sealed January 19, 1911.) 
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THE WIDENING OF THE PASSAGE 
BETWEEN DOCKS AT BARROW-IN- 
FURNESS. 

(Continued from page 147.) 

In our previous article we illustrated and described 
the Scherzer roller-lift span, together with the pro- 
cedure adopted in its erection. We now turn our 
attention to the mechanism for opening and closing 
the bridge. Hydraulic power was adopted because 
the supply pipe to the formerly existing swing- 
bridge. could utilised, though, owing to the 
distance from the pumping station and the length 
of time the pipe had been in use, it was known that 
wire-drawing of the supply, with resulting fall of 
pressure, would take place after the hydraulic 
engines were started. Consequently a well-known 
three-oscillating cylinder type of engine, made by 
Sir W. G. Armstrong, Whitworth, and Co., was 
selected for the working of the bridge. Hydraulic 
power having been decided upon, the acceptance 
of the Scherzer system of operating struts, actuated 
































give a clear width of 24 ft. for the railway and road- 
way, as is the case over the bridge. The columns 
are 21ft. 8in. high and 2ft. 4in. wide over all, 
and are built up of plates and angles and secured 
by bolts to the concrete foundations. 

The main girders of the cabin-floor are riveted 
to the top of the columns, and have a length of 
27 ft. 8in., while the longitudinal floor- girders, 
which are intercostal, have a length of 18 ft. 6in. In 
both cases the depth is 4 ft., and a plate } in. thick 
extends over the floor of the cabin, and is covered | 
with tar concrete 2in. thick, except where spaces or | 
voids are required for the machinery. The columns | 
are braced in the longitudinal axis of the bridge to 
give effect to the anchorages ; elsewhere the frame- 
work is adequately braced. 

The track-girders, over which the bridge rolls, 
with their various details, are illustrated on 
page 208. Fig. 73 shows the girder itself, as it was 
embedded in the concrete of the abutment, bolted 
down to the massive bearings of steel grillages at 
both ends, resting on beds of blue brickwork in 





elevation, plan, and section in Figs. 83, 84, and 86. 
The strut, which is 55 ft. 5 in. long by 2 ft. 6 in. 
deep, is of double web-plate construction, with lat- 
tice bracing on top, while on the bottom there is 
secured a cast steel rack with teeth of 4}-in. pitch, 
as shown in Figs. 85 and 86. The details, Figs. 85 
to 87, illustrate clearly the connection of the teeth 
with the operating struts, and also with the pinion 
keyed on the main driving-shaft of the hydraulic 
engines in the machinery cabin. 

Before describing the hydraulic machinery it 
may be stated that the setting of the track-girders 
was completed in October, 1908, and they were then 
tested. The holding-down bolts were so constructed 
as to permit of slight adjustment if required ; but, 
after testing, they were found to require no altera- 
tion, so that the completion of the roadway on the 
bridge, as well as the concrete abutment around the 
track-girders, was proceeded with. Nearly all the 
riveting of the structure was done with pneumatic 
power, a small air compressing plant having been 


erected. 
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Fies. 68 to 72. Detarts or CasiIn FraMEWORK AND GIRDERS FOR TAKING UP Forces ResuLTING FROM OPERATING THE BRIDGE. 


by the engines in the cabin, followed in due course. 
The engines are in duplicate in case of breakdown, 
but one only is used at a time. 

As shown in the key sections and plans in Fig. 30, 
page 147 ante, the machinery platform and cabin are 
built on the western abutment, at a distance of 
about 48 ft. from the seating of the bridge when 
closed, the connection between the machinery in 
the cabin and the shafts at the centre of the roll of 
the bridge segments being through horizontal struts, 
with racks on the under sides, which engage with 
pinions on the main driving-shafts of the machinery 
in the cabin. The force on the operating struts, 
due either to the power required to open or close 
the bridge or to the action of wind, is conveyed by 
the operating struts through the shafts and bearings 
to the cabin framework, which is built to take up 
the resulting forces by anchorages and horizontal 
tie-girders between the bases of the cabin supports 
and the track-girders upon which the bridge rolls, 
as illustrated on the present . 

Fig. 68 shows thee seatien af Ge machinery plat- 
form framework in its longitudinal line ; Fig. 69 is a 
part cross-section ; Fig. 70 an elevation of the main 
longitudinal girder. Fig. 72 is a plan of the floor 
and of the stiffening bracing. Fig. 71 is a plan of 
the tie-girders between the cabin framework and 
the track-girders. 

The columns for supporting the floor-girders are 
of girder sections and placed 27 ft. 8in. apart, to 





cement (see Fig. 11, page 73 ante). Fig. 73 is an| 
elevation, Fig. 74a plan, and Fig. 75 a cross-section 
of this track-girder, which has a length of 33 ft. 10 in., 
and is necessarily of heavy construction, as is shown 
by the cross-section, Fig. 75. Figs. 76and 77 show 
the cross-tie girder connecting the two track-girders 
together. There are two such cross-ties in the 
length of the track-girders, as shown in Fig. 15, 
e 73 ante. The tie-girder bracing is shown in 
‘ig. 78. The grillages for supporting the track- 
girders are illustrated in detail in Figs. 79 and 
80, the former showing the grillage at the rear, 
and the latter at the forward, end. These grillages 
consist of crossed steel joists, riveted together, and 
anchored by bolts with large washer-plates to the 
thick beds of blue brick built into the abutment. 
On the top of the track-girder there are riveted 
planed cast-steel track-plates, with projecting 
teeth, as shown in detail in Figs. 74, 7. 81, and 
82. These teeth, at 2-ft. 6}-in. intervals, enter 
into holes slotted in the outside plate of the rolling 
segment of the bridge, shown in Figs. 33 and 36 on 
the two-page plate accompanying our issue of the 
3rd inst., and thus prevent any sliding action 
The rolling of the bridge is effected through two 
operating struts connected to the projecting gud- 





geons of shafts fixed at the centre of rotation of the 
rolling segments, and during their longitudinal 
travel backwards or forwards these struts raise or 
lower the bridge. 


One of the struts is shown in 





Work was carried on continuously, and during 
the week-end of October 10 to 12, 1908, the con- 
nections at each end of the new railway lines with 
the old were made, the first train passing over the 
new bridge on Monday, October 12, 1908, ten 
minutes after the connections were finished. On 
October 27 an inspection of the bridge was made 
by Colonel Druitt, representing the Board of 
Trade. Three Furness Railway tank engines, averag- 
ing about 57 tons each and some 37 ft. long, close 
coupled, were run over the bridge at a speed of 
about 5 to 6 miles per hour. The deflection of the 
bridge at the centre was barely # in. 

The machinery controlling the bridge is illus- 
trated on page 209. It was constructed by Sir 
W. G. Armstrong, Whitworth, and Co., Limited, 
Newcastle-on-Tyne. Fig. 88 is a plan of the com- 
plete installation Fig. 89 shows the position of 
the two hydraulic engines, with the. gearing, 
change-speed gear, &c., and, at the extreme ends, 
the main driving pinions engaging the racks on 
the under sides of the operating struts connected 
to the shafts at the centre of rotation of the bridge. 
Fig. 90 is a side elevation of the machinery, 
showing the ceocns to the hydraulic 
engines and the gearing of the shafts. Fig. 91 
is a sectional elevation illustrating the operat- 
ing levers and the band-brakes. Fig. 92 is a sec- 
tivnal elevation which shows the engine-bearings 
and the levers for working the change - gear, 
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Fig. 93 is a half — and half —_ rt age a 

ther, showing the emergency -gear for 
a the bridge in the oni of the hydraulic 
gear being out of action. Fig. 94 shows the pipe- 
connections from the quay-level to the interior of 
the cabin. Fig. 95 illustrates the gear for locking 
the toe of the bridge when down. This gear is 
operated from the machinery-cabin, 





The power plant, as shown, consists of hydraulic 
engines, in duplicate, of the reversible three-cylin- 
der type, with speed-reducing gearing engaging the 
two operating racks. Each set of gearing is pro- 
vided with sets of change-speed gear, an 
the two engines work through one or other of the 
ef mes on to a through intermediate driving- 
common to both engines (Fig. 89). On each 


d | nected from the intermediate driving-shaft. 





|end of this shaft is a pinion gearing with a spur- 


wheel (Fig. 89). A clutch is provided for each set 
of change-gear for putting the various speeds in 
or out of action, and either engine can be =" 
e 
cylinders are fitted with plungers 4 in. in diameter, 
with a stroke of 18 in. ’ 
The question of the power required for operating 
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In ordinary working high speed is adopted, and the normal pressure, and not wire-drawn by local |leaf type, the leaves are counterweighted so that 
under exceptional circumstances the intermediate | causes, already indici‘ed, the time of opening and | each is on the balance at the half travel. In this 
gear is used ; but as the engines were fitted with a | closing would have been much less than 4 minutes | case the counterweight assists in starting the open- 
third, or very slow, speed, trials were made at this | 49 seconds, as shown in the full-power test, as it | ing, and retards near the end of the operation, while 
rate also, and the results in all three cases are tabu- | will be when new mains are laid, and the full pressure | the opposite action occurs in the process of closing 
lated. If the supply of water had been kept up to of 650 Ib. per squire inch is maintained throughout the bridge. This is the true Scherzer principle, 
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TaBiE I.—Trials of Hydraulic Gear with One Engine 
of Buccleuch Dock Bridge. 

















the complete operation of opening and closing. It and tends to reduce the total effort. In this case it 


will be noted that although the engines were full 





will be noted that the acceleration effort is strongly 


High Speed. powered for the work, the acceleration at commence- | marked in the diagram, Fig. 101, which is given 
: ——————— | ment of movement is not strongly marked on the| in Board of Trade units, while the other diagrams 

Engine, Revolutions. | | Mean | —_ diagram, Fig. 97. The results were obtained by | are in horse-power. 
= ~|‘time.| Rate | _ of — noting time, pressure, and the number of revolu-| In the case of the Swale bridge, which is also 
Per | Mean per | ae ~—_ jsumed. | tions of engines, &c., for each division of travel of | electrically worked, the balancing is on the same 
Operation | Minute. ae pa ‘| the bridge-leaf as noted on the sketch elevation, | system as in the Buccleuch Dock bridge, with a 
| m. & | | gals. | Fig. 96, the vertical lines on the diagrams, Figs. 97| preponderance at the nose end, as shown on the 
Spates “ 74 28.5 | 235/160 | 0.522 | 182 | to 99, corresponding to these divisions. diagram. The tests thus give an excellent com- 
Closing ..| 74 $8.0 | 214/10 | 0.311 | 182 The counterweighting is so adjusted that there| parison between the use of electric and hydraulic 
Total ..| 148 | 449/135 | 0853 | 364 |is a slight preponderance at the nose end to pre-| power. The acceleration is clearly indicated, but, 
Mean water pressure, opening = 328 Ib. per square inch. vent any rising under a passing train, and there-| what is of more importance, it shows that the cur- 

Mean water pressure, closing = “98 Ib. per square inch. 


Intermediate Speed. 





fore no hammering action takes place under such | rent is only consumed when it is required, and this 
circumstances. The weight of the leaf and its distri- | is quite defined in the closing diagram. Hence the 


Opening ..| 148) SLO) 4 65/188 | O82 | 368 bution on the seatings are shown on the diagram. _ total power expended is small. The comparative 
Closing M8 «| «820 «=| 4:86 11.45/ 0.66 | 363 As illustrations of electrically-worked Scherzer | figures relating to the three bridges named above 
wa. | a= T .” ~vlemlieeml uae | bridges in comparison with the results of the) are given in Table II., on the opposite page. 


Mean water pressure, opening = 258 1b. per square inch. 
Mean water pressure, closing = 2081b. per square inch. 





hydraulic system at Buccleuch Dock bridge, the 
diagrams and results taken by a recording ammeter 


Returning now to our description of the Buc- 
cleuch bridge, we may next deal with the locking- 


at the Walney bridge and Swale bridge are most | gear and signalling mechanism. An indicator-board, 


SU ed. : Z - A oe 
—— _— conse . aS” ae interesting. These diagrams (Figs. 100 and 101 for | fitted with a travelling index, to show the position 
Opening ../ 28 | SRO | BSS 4 | 16) | 78 |the Walney bridge, and Figs. 102 to 104 for the/ of the leaf, is fitted to the side of the machinery 
‘4 | \. of oe . | ‘ ~ “ *. a - . -" 
—_—_ ——_|_____—____ | Swale bridge) are plotted for times of travel of cabin, in front of the operator. In connection with 
Total ..! 592 — 11765! 18.25! 204 | 1450 


Mean water pressure, opening = 255 Ib. per square inch. 
Mean water pressure, closing = 213 1b. per square inch. 





the leaf over each of the divisions, as in the the actual raising and lowering of the bridge, an 
Buccleuch bridge tests. In the case of the bridge interesting feature is the gear for locking the 


over the Walney channel, which is of the double-, bridge, and the system introduced for interlocking 
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TasLe II.—Showing Power Expended in Opening and 
Closing the Buccleuch, Walney, and Swale Bridges. 








the bridge, and this, in turn, unlocks the other, 
which, when moved, withdraws the bolt pass- 














For Opening. ing through the locking-bar on the bridge, so that 
eo - ray it can be drawn back by the bridge-man in the 
Board of Mean | machinery cabin, to permit the opening of the 
rez reall ~~ Horse- | bridge. But this he can only do if the signalman 
——— in the west side railway signal-cabin has released a 
; main. 906. lever within the machinery cabin, which, when 
ae reg ey yor . : nt Hy ive moved, releases the lever for withdrawal of the 
Swale bridge (390 tons) 0 45 | 0.081 %5 | locking-bolt itself. In the machinery cabin there is a 
For Closing. frame with three levers. No.1 lever is released from 
- the west side railway signal-box, and, when moved, 
orien wage. » game fe 18} oy ize |releases lever No. 2. No. 2 lever, when moved, 
Swalebridge.. .. .. «| © 55 | 0,041 6.9 | withdraws the locking-bar of the bridge, provided 
eon Eat Laie | the two levers in the ground frame on the east 
3. tg. 102. SWALE BRIDGE 
a. Vr OPENING LEAF 
—- \ ‘\\. DIAGRAM FOR POWER AND SPEED 
ae“. \ >; WHEN OPENING & CLOSING 
aco \ \ 5” 2» 9 40 Feet 
yg \ \ Scale for Leaf. 
1 \ 
° es \ \ 
oo : | 
a-——— \ \ 
iy \ 
7 oN ~Y \ 
e ~*~ _o \ \ 
“/, % "ik H \ 
Wd \ i \ 7 
"ad _ ~~, ‘ 
o/ ™~, ~ \ Y \ 
™~ A aad xX ‘“é 
7 > i - SS 
*/ ~. ett E'S Travel tb Feat 
" \ ron t 
/ ‘ .* SS F : x 
4 Ht. ‘ Ps +” ‘ S/4 
u a “fl 
0 \ 72 er 
59.0 Clear Vapening Track L----—=- sia 
Note:-Leaf ru 45 Seconds using -081 Leaf a ww 55 Seconds 
5 eelE ede fala cd eM” BY tat neta fe Sere wang 
woes Rate of 9-5 HP 3 Mean Rate of 69 HP 
Fig. 108. side of the passage-way have been moved, and this 
DIAGRAM FOR ELECTRIC POWER & SPEED. lever No. 2 also releases the third lever, which in 
MEAN TOTAL EFFORT so LS OPENING AND CLOSING 


OF 10 TRIA 
iN CALM WEATHER ~ 1-3 AMPERE HOURS AT HO VOLTS. 






55 Seconds 


oak 


UNDER MANUAL POWER.4MEN. 
INTERMEDIATE GEAR 
FAST GEAR 


Minutes. 


7 
NUMBER OF REVS OF 


FOR 
(i Se) ° - . ~ - 





the mechanism and the railway signals. The 
locking-bar is illustrated in Fig. 95, page 209, and 
consists of a steel forging 4 ft. 7 in. long, 1} in. 
thick, and varying from 9 in. to 6 in. in depth. 
This bar is shot into a recess in the sill-girder on 
‘he eastern abutment of the bridge. When it is 
home, there is a bolt which locks it, and this bolt 
is actuated from the railway signal-cabin, so that 
when this locking-bolt is in position the bridge-man 
in the machinery cabin cannot unlock the bridge. 

The interlocking system between the machinery 
for o ning and closing the dock and the railway 
signal-cabins is of special interest. On the cast 


side of the passage into the dock, adjacent to 
the “‘nose” end of the bridge, are two levers in 
& ground frame, one of which must be unlocked 
from the railway signal-box on the east side of 











turn releases the clutches of the hydraulic engines 
and of the hand-gear, thus enabling the engines to 
be put, by means of these clutches, into the desired 
gear, in order to actuate the pinions geared to the 
racks on the operating struts connected to the 
bridge. When No. 3 lever is locked the engines 
are out of gear, so that they can be run free without 
the bridge being raised. By this arrangement 
neither the manual gear nor the hydraulic power 
can be used to raise the bridge until the bolt 
through the locking-bar and the locking-bar itself 
has been withdrawn. Similarly, until the locking- 
bar has been shot into the locking position, the 
railway signal-boxes cannot operate the levers on 
either side of the passage-way, and until this is done 
the railway signals on both sides of the passage- 
way must remain in the ‘‘ Danger ”’ position. 

By the system adopted of interlocking the machi- 
nery and signals through the clutches, the engines 
can be run idle without blocking the line. But the 
engines can only be geared up, by means of the 
clutches, to the pinions operating the racks on 
the struts for actuating the bridge when the pin 
has been withdrawn from the locking-bolt, and the 
locking-bar itself withdrawn, and consequently 
when all the signals have been set at ‘‘ Danger;” 
for the act of releasing the No. 1 levers on each 
side of the passage-way, by the railway signalmen, 
sets all the turn-out roads open and all the signals 
at ‘* Danger.” 

(To be continued.) 





FEED-WATER HEATING ON 
LOCOMOTIV ES.—No. II. 
Tue TREvITHICK SysTEM. 

In a previous article* we dealt with some of the 
experimental work conducted on the Egyptian 
State Railways, by Mr. F. H. Trevithick, with 
reference to feed-water heating for locomotives. 
The brief résumé then given brought the subject 
to a point where the economies of the system had 
been sufficiently clearly proved, for practical con- 
siderations to be given the important place they 
must of necessity always occupy in locomotive 








work. It became, therefore, necessary for the 
success of the system to consider it from the point 
of possible extensive application, and the next 
important modifications were introduced with a 
view to making it at once more efficient and 
greater practical convenience. 

The long exhaust-steam heater used in the 

design last described, and running the greater 
om of the length of the engine, was replaced 
y two heaters of shorter length, but of a com- 
bined heating surface about equal to that of the 
single heater of engine No. 620, shown in Figs. 5 
and 6, e 145 ante. The smoke-box heater was 
changed to a tube-heater, the annular flue being 
abandoned in favour of tubes, and increased effici- 
ency being thus secured. The best arrangement 
was not arrived at at once, but all the engines fitted 
up in this way showed considerable economy over 
sister-engines not fitted with the heaters. We 
have chosen for detailed description an engine with 
which most of the experimental work was done—- 
namely, No. 694, a locomotive constructed by the 
North British Locomotive Company, Limited, 
Hyde Park, Glasgow, and one of a class of fifteen 
built by these makers for the Egyptian State 
Railways. After delivery by the makers, it was 
found that certain improvements could be made, 
and our illustrations show the engine and appa- 
ratus in the form considered to be best suited to 
all-round conditions. 

In our two-page engraving, Plate XIV., with 
this issue, Figs. 7 to 10 show sectional elevation, 
half plans, and cross - sections of this engine, 
which, it will be seen, is a four-coupled bogie 
<—— passenger locomotive. The engine has 
cylinders 17 in. in diameter by 26-in. stroke, and 
driving-wheels 6 ft. 3 in. in diameter. The total 
heating surface of 1235 square feet is made up of 
1109 square feet of tube-heating surface, and 
126 square feet. in the fire-box. The grate 
area is 21.3 square feet, and the working pres- 
sure 180 lb. per square inch. The weight, in 
working order, on the four-coupled driving-wheels 
is 35.75 tons, out of a total weight for the 
engine of 53.95 tons. Other general particulars of 
the engine may be seen in the general drawings 
reproduced in Figs. 7 to 10. The chief interest in 
the locomotive, as far as concerns these articles, is 
centred in the feed-heating apparatus. It was 
intended that trials, as complete as was possible 
under the circumstances, should be made with the 
system at this stage, and for these it was decided 
that, in order to eliminate as far as possible the 
several small differences often existing between 
engines of a class, the one engine should be used, 
first fitted with the heaters, and then with the 
apparatus removed. In the latter form the engine 
was reduced to a state identical in all respects, 
including smoke-box arrangements, with the rest of 
her class, which was at that time the standard for 
the four-coupled bogie express type of locomotive 
on the Egyptian State Railways, though engines of 
slightly greater ad were being then delivered by 
other makers. ith the trials in view the feed- 
heating apparatus was designed so as to be readily 
removable, a matter which was of no great difti- 
culty owing to the plain and straightforward design 
of the engine, ned the comparative simplicity to 
which the feed-heating system had been brought. 

The apparatus, as shown in the drawings, com- 
prises, as stated above, a cylindrical smoke-box 
heater and two exhaust-steam heaters, while a feed- 
pump replaces one of the injectors. In order to 
make the apparatus more clear, we have reproduced 
in Figs. 11, 12, and 13, Plate XV., drawings of the 
feed-heaters, pump, and connections, on a dotted- 
line sketch of the engine, while the general view, 
Fig. 14, gives an idea of the appearance of engine 
No. 694. In Figs. 11 to 13 an additional heater is 
shown on the suction side of the pump, which, though 
not fitted at the time when most of the experimental 
feed-heating work was done with this engine, has 
been since shown to be an improvement, and may 
therefore be fitly described with the rest of the 


“a. 

t will be convenient in the description of the 
system to fellow the feed-water on its way from 
the tender-tank to the boiler. The feed-water is 
led from the tender tothe pump placed on the left, 
or fireman’s side of the engine, on the running 
board just in front of the cab, the pump in this case 
being a simplex direct-acting Weir pump, with a 
steam-cylinder 6} in. in diameter and a water- 
cylinder 4} in. in diameter, the stroke being 9 in. 
T 





* See page 143 ante. 





his pump worked at about twenty-eight double 
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strokes per minute. Thesteam-valve for the pump 
was attached tothe whistle-mounting onthe top ofthe 
fire-box shell. From the pump two pipes ran forward 
in the original arrangement shown in Figs. 7 and 8, 
of which one conveyed the pump exhaust steam, 
and the other the delivery, to one of the exhaust- 
steam heaters placed on the running-board along- 
side the smoke-box. In this arrangement it was 
found that the pump exhaust steam was liable to be 
drawn through the engine cylinders and passed out 
of the blast-nozzle when the engine was drifting 
with the regulator closed. Subsequently, there- 
fore, the pump exhaust was dealt with separately, 
as stated above, and as shown in Fig. 11, in asmall 
heater, of which views are given in Figs. 15 and 16, 
Plate XV. This heater consists of a cylinder of 
4 in. internal diameter, fitted at the upper and lower 
ends with covers, and tube-plates g in. thick. The 
distance between the steel tube-plates is 2 ft. 6 in., 
and the heater contains thirty-seven steel tubes of 
t in. inside, and j in. outside, diameter. The steam 
enters at the top end, and emerges in the form of 
water by the drip-pipe at the lower extremity. The 
feed-water enters near the bottom, and passes out 
to the pump at the upper end. 

In its final form there was thus only one pipe 
seasen, nag from the pump to the main exhaust- 
steam heaters—viz., the delivery-pipe, as shown in 
Figs. ll and 12. The two exhaust-steam heaters 
were er one on either side of the smoke-box, 
as will be clear from Figs. 7 to 14. Each of these 
heaters consisted of a steel barrel or tube 1 ft. 
in diameter and ,}; in. thick. At each end was a 
tube-plate § in. thick, the distance between the 
tube-plates being 4 ft. 114 in. Each heater con- 
tained seventy-five ?-in. steel condenser-tubes, of a 
thickness of ;4 in. At either end was a cast-iron 
cover, the front cover in each case being con- 
nected by means of a 3-in. pipe to the exhaust- 
chamber of the cylinder casting, while the back 
cover was provided with a drain-pipe to carry 
off the water of condensation. The heaters them- 
selves are shown in Figs. 17 to 25, Plate XV., 
which give views in section, &c., which are self- 
explanatory. The water from the pump was de- 
livered into the left-hand heater near the back end. 
By means of the cross-sha cast-iron diaphragm, 
of »'s-in. thickness, inse’ among the tubes of this 
heater between the tube-plates, as shown in Fig. 24, 
the water was forced to flow to the far end of the 
heater along one section and back through another, 
then forward again through a third, returning by the 
fourth, when it out of that heater. The object 
of thus compelling the water to flow backwards and 
forwards was to increase the velocity of the flow by 
restricting the area of the passage. This was done 
in order to lessen the tendency to scaling, and, as far 
as can be gathered, experience has shown the prin- 
ciple to be sound. From the left-hand heater the 
water was led through a 1}-in. pipe, passing over 
the slide-bars to a similar heater in a corresponding 
ae age on the right-hand side of the engine. This 

eater was, however, only divided into three longi- 
tudinal sections by the diaphragm seen in Fig. 25, 
and the water therefore left it at the front end. 
These two heaters, as well as the small pump- 
exhaust heater, were protected by asbestos mattress 
covered with cleading of 12 W.G. 

The smoke-box heater was designed on the 
return-flue system described in connection with en- 
gine No. 620 in our last article (page 146 ante). The 
return passage in this case was, however, made 
up of a large number of tubes. The heater con- 
sisted of two barrel-plates arranged one within the 
other, with an mune 5j-in. water space between 
them. At the back and front ends, this ring was 
closed by LJ-section tube-plates, the flanges facing 
outwards. The outside diameter of the heater was 
4 ft. 6 in., the outer shell-plate being ,% in. thick. 
The internal diameter of the heater was 3 ft. 58 in., 
the inner plate being 4 in. thick. The channel- 
section flanged rings forming the back and front 
tube-plates were 54 in. deep in the web, with 
2{-in. by 4-in. flanges, the wen forming the tube 
area being § in. thick. The distance between the 
tube-plates was 1 ft. 11 in., and the heater, which 
was of mild steel throughout, was provided with 
268 cold solid - drawn steel tubes 1) in. ex- 
ternal diameter and { in. internal diameter. These 
and certain other figures do not quite tally with 
those of the original design, but are given for the 
arrangements which have been proved to give the 
most satisfactory results on this engine. The length 
of the outer barrel-plate was 3 ft. 4 in. e 
overlap in the case of this plate was at the front 





end, where its edge was brought close up and fixed 
to the smoke-box front, as will be clear from the 
eneral sectional elevation, Fig. 7. The inner 

rrel-plate was 2 ft. 7} in. long, but in this 
case the overlap was set back towards the tube- 
plate, and connected thereto by means of other 
plating, so that, as in engine No. 620, the whole of 
the tube area was enveloped. This will be clear 
from Fig. 7. 
given in Figs. 26 to 28. The blast-pipe, as in the 
earlier engine, was prolonged and made to eject 
in the outer space, and the direct action of the 
blast was thus removed from its usual sphere, near 
the ends of the boiler-tubes, to a separate chamber, 
to which the waste gases only had access by the 
passage afforded by the heater-tubes. 





Details of the smoke-box heater are | 





The outer | 


to engine No. 620, which had rather more exhaust 
steam-heating surface, and more than twice the 
amount in its smoke-box heater. 

Before leaving the feed-water arrangements 
proper, it is as well to mention that in the position 
shown in Fig. 11 a clack-valve was subsequently 
fitted, between the pump delivery end and the first 
exhaust heater, to prevent the hot water getting 
back to the pump. A special boiler clack, which 
we illustrate in Fig. 29, was also fitted, which, in 
conjunction with the three-way cock and blow-off 
pipe shown in Fig. 11 on the delivery-pipe, between 
the first exhaust heater and the pump, enabled the 
heaters to be blown through, for cleaning. The 
three-way cock could be turned so that communica- 
tion was open through from the pump to the 








Fic. 30. 


chamber is partly formed of horizontal and vertical 
diaphragm plates in the interior of the smoke-box 
heater. These are visible in Figs. 7, 9, and 10. 
The vertical diaphragm is shown in Fig. 27, while 
with the details of the tube-plates, in Fig. 28, is 
shown its method of attachment to the inner barrel- 
plate. A petticoat extension was fitted to the 
chimney base, as shown in Fig. 7 ; this was intro- 
duced to modify somewhat the effect of the blast 
on the tubes in its immediate neighbourhood, and 
to distribute the effect of the draught more evenly 
over all the tubes in the heater. 

The two exhaust-steam heaters on this engine, 
No. 694, gave, together, a heating surface of 
140 square feet, which was almost the same as the 
long heater fitted on engine No. 620. The smoke- 
box heater provided a heating surface of about 
175 square feet, while the aggregate flue area of the 
268 tubes was 161 square inches, compared with the 
chimney area of 145 square inches. The increased 
efficiency of the new arrangement was evident from 
the fact that feed temperatures of over 260 deg. 
Fahr. were obtained with it—a higher degree, in 
fact, than was obtained with the apparatus fitted 





heater, or from the exhaust-heater to the blow-off 
pipe leading down into the pit, when the engine was 
standing in the sheds. The cock was turned to the 
latter position for cleaning. The boiler-clack, it 
will be observed from Fig. 29, is fitted with a 
recessed head, which formed a yoke for the enlarged 
end of a screwed spindle. By turning this spindle 
on which the clack-head fitted quite loosely, the 
clack could be raised off its seat, and all the heaters 
blown through, and any sediment, «c., cleared out. 
The clack-valve is allowed sufficient freedom of 
movement for its primary action not to be inter- 
fered with, and the spindle is prevented from being 
screwed down too far by a cap fixed to it, which 
comes down over the gland on toa flange which acts 
as a stop. 

The spark-arresting apparatus underwent con- 
siderable modification before the form finally 
adopted and depicted in Figs. 7 and 8 was settled 
upon. This final arrangement gave every satisfac- 
tion. The smoke-box was lengthened during the 
experiments, and the wire-netting disc, fixed to the 
door, was placed as far forward as possible. The 
space between the end of the heater, inner barrel- 
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THE LAEDOVEX DOUBLE-SPIRAL SPRING. 


(For Description, see Page 214.) 
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plate, and this dise of netting, was occupied by a 
taper ring, of which the upper part consisted, as 
shown in Fig. 7, of wire mesh, and the lower 
part of steel plating. In this arrangement a 
large area of netting was secured. The plating 
was funnel shaped, so that ashes falling on it 
tended to slide down towards the mouth of a 
shoot, by which they were carried off into a hopper- 
box below, as shown in Figs. 7 and 8. It was 
found that, owing to the soft blast, a compara- 
tively small hopper sufficed to keep the smoke-box 
clear of ashes, the quantity carried over through 
the tubes being much smaller than that which 
ordinarily has to be accommodated in the smoke- 
box. We shall return to this point when dealing 
with the behaviour of the engines in service, but 
attention may be directed to the fact that, with 
this device, there can be no banking up of the 
ashes against the door, nor of smothering the lower 
tubes. The smoke-box door was double-plated and 
deeply dished, with the object of giving plenty of 
room for the stream of flue s, and of assisting 
their return through the heater tubes. The whole 





wire-netting arrangement was fixed to the door, and 
swung out of the smoke-box when the door was 
opened. Provision was made in the smoke-box front, 
by way of two small man-hole doors, for cleaning 
out any fine ashes that were carried into the outer 
chamber, while the vertical plate closing the upper 
part of the back-end of the heater was hinged, and 
formed a door by which access might be had to the 
pipes and connections enclosed. About the time 
of the delivery, by the North British Locomotive 
Company, of the engine No. 694, which we have 
chosen for illustration, a contract was being com- 
pleted by Messrs. Henschel and Son, Cassel, for a 
class of rather larger engines. As with one of these, 
No. 711, fitted with feed-heating apparatus, some 
of the trials with which we shall deal in the next 
article were made, a few remarks about this engine 
may fitly be made here. 

Engine No. 711 had cylinders 18 in. by 26 in. 
The wheels were of the same diameter as those of 
No. 694—viz.,6ft.3in. The fire-box was 9 in. longer 
than in engine No. 694, and the grate area was 
therefore enlarged up to 23.74 square feet, and the 


Fig. 2. 
- 
TTT eS 
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|heating surface also increased. The lengthening 
of the fire-box necessitated the use of 10-ft. side- 
|rods. The boiler pressure was 180 lb. per square 
inch, so that with 34 tons on the driving-wheels 
this type of engine was considerably more powerful 
than the No. 694type. When delivered, this engine 
was fitted with a smoke-box heater, having tubes 
2 ft. 8 in. long, compared with the 1 ft. 11 in. in 
engine No. 694, The heating surface provided was 
thus about 210 square feet, compared with 151 square 
féet of the smaller engine. the capacities of the 
two heaters were 63 and 40 gallons respectively. The 
effect of the additional heating surface, obtained by 
the greater tube length, did not appear to warrant 
the extra weight, and the heater was subsequently 
modified so as to reduce the tube length to 1 ft. 
ll in. The larger heating surface, however, was 
still retained by the use of 671 tubes of thon ex- 

Thus this 


ternal, and }$ in. internal, diameter. 
heater had 248 square feet of heating surface and 
aggregate flue area of 185 square inches. A view 
of this engine with the smoke-box door open is 
given in Fig. 30, on the opposite page. 

The original exhaust - steam heaters were also 
rather different from those of engine No. 694. 
They were placed outside the frames, under the 
running-board near the cylinders. They were not 
provided with partition plates such as those in- 
serted in the heaters of No. 694. The two heaters 
together had a heating surface of only 94 square 
feet ; but a small pump exhaust heater provided 
an additional 7 square feet, making a total exhaust 
steam-heating surface of 101 square feet. Subse- 
quently alterations were made, the main exhaust- 
steam heaters being replaced by others of the type 
and dimensions used on engine No, 694, and illus- 
trated in Figs. 17 to 25, Plate XV. The smoke- 
box heater tubes were also changed to a set of the 
same external diameter, but of only 4 in. internal 
diameter. In this way the original heating surface 
was still retained, but the aggregate flue area was 
reduced to 131 square inches. The standard 
chimney for these engines is of 138 in. internal 
diameter, which gives an area of 145 square inches. 

Although the temperatures reached with this 
arrangement were satisfactory, lest the reduced 
heater flue area should have a bad effect on the 
steaming of the engine, 150 of the tubes were again 
changed from }-in. bore to }-in. bore. The aggre- 
gate flue area was thus increased to 151 square inches 
against the former 131 square inches, and compared 
with 145 square inches of the chimney, thus reduc- 
ing the risk of impeding the gases on their way to 
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the chimney. With the engine in this form—i.c., 
with the smoke-box heater giving 248 square feet 
heating surface and 151 square inches flue area, and 
the exhaust-steam heaters 140 square feet heating 
surface, this engine was subjected to very thorough 
trials, these being carried out under circumstances 
which ensured no favouring of feed-heater engines. 
Although not so fitted originally, engine No. 711, by 
the time of these trials, had been provided with a 
hopper for clearing the ashes out of the smoke-box, 
me “4 to that shown in engine No. 694 in Figs. 7 
and 8. 

The consideration of the trials we must defer to 
our next article. It may be as well to point out 
here that the exhaust-steam heaters, pump, &c., 
have been retained in later developments of the 
work, to be described in a subsequent article, 
though improvements introduced resulted in still 
further alterations to the smoke-box arrangements 
described and illustrated above. 





THE LAEDOVEX DOUBLE-SPIRAL SPRING. 

Ir is, of course, well known that the ends of spiral 
and volute springs rotate relatively on the axis of the 
spring on compression and release. This movement 
at times causes inconvenience, though at others it may 
even be put to useful service. As an instance of the 
inconvenience sometimes caused may be cited the 
behaviour of the volute springs of the Jones central 
coupler, used so eo on the Indian narrow-gauge 
rolling-stock. In this coupler, in order to abolish 
wear of the draw-bar and obtain free movement of 
the coupler-head in vertical and two horizontal direc- 
tions, the shank of the draw-hook, which is 24 in. in 
diameter, is allowed free movement in a 4-in. hole, the 
draw-bar being kept central by the springs alone. 
This latitude of movement has been secured in this 
instance at what has proved to be no little inconveni- 
ence in working, for the constant compression of the 
buffer-springs in shunting, &c., causes the buffer- 
eads to rotate, as shown in Fig. 6, on page 213, so 
that the Norwegian hook is no longer vertical, and 
does not coincide with the slot in the corresponding 
central buffer of the next vehicle, and automatic 
coupling is thus impossible. The result is that bars 
have to be kept ready for use, and have to be em- 
ployed for twisting the heads round before vehicles 
can be coupled together. 

As an example of the twist of spiral springs we show 
in Figs. 1 and 2 such a spring (actually a side-buffer 
spring) free and compressed. In Fig. 1 there will be 
seen a horizontal black line marked on the coils, and 
approximately coinciding with the edge of the rule 
p in front of the spring. Fig. 2 shows the same 
spring compressed on a table free to revolve, and the 
black marks are no longer in line, the displacement in 
the direction of unwinding increasing with each coil. 
In order to overcome this trouble a double coil-spring 
has been brought out by Messrs, the A. B. C. Coupler 
Limited, Queen Anne’s Chambers, Westminster, S. W. 
In this new spring, of which we give a reproduction 
of a photograph in Fig. 3, the twist is neutralised, the 
central tongue taking what twist there is, while 
the outer ends have no movement relative to one 
another. Figs. 4 and 5 give views of a Laedovex 
spring taken under similar conditions to the views in 

igs. 1 and 2, though the spring shown in Figs. 4 
and 5 is somewhat shorter. It serves the pu > 
however, of showing that the outside ends of the 
spring do not move, and that the tendency to untwist 
is taken care of by the central tongue. These sprin 
are already in use in connection with the link-and-pin 
coupler on the Sudan Railways. 

The spring is made out of one solid bar, and is 
formed of equal and opposite coils, the central tongue, 
or wedge, being forged down and twisted to the 
same radius as the rest of the coils. Forming the 
spring thus in one piece obviates all risk of two 
similar springs being used in place of two unlike, such 
as would, for instance, be present if a pair of separate 
and unlike springs were used for overcoming the usual 
trouble. The Laedovex spring, moreover, by abolish- 
ing all movement of the outer ends, does away with 
a great deal of wear on the bearing surfaces, washers, 
and other parts of the draw-gear, &c., due to the 
untwisting movement under load. We may add that 
Laedovex springs have been subjected to the test of 
5000 blows under the steam-hanimer, with the result 
that, as regards strength and efficiency, they are shown 
to be quite up to the standard of the ocibuny plain 
coiled spring. 





Tue InstITUTION OF HATING AND VENTILATING 
Encineers.—The annual general meeting of this Institu- 
tion took = on Tuesday, the 14th inst., as announced 
on ay ante, when the new President, Mr. Oliver M. 
Row, M.I. Mech. E., who joined the Institution in 1902 
as a member, delivered his presidential address, The 
proceedings then included the reading and disoussion of 
the papers referred to in our former announcement. 





INDUSTRIAL NOTES. 


AccoRDING to Board of Trade reports employment 
in January was, on the whole, better than in December, 
mainly owing to the improvement in the engineering 
and shipbuilding industries. The cotton trade con- 
tinued to be well employed, but there was a slight 
falling off in some of the other textile trades. As 
com with a year ago most of the principal 
industries showed an improvement, which was especi- 
ally marked in the iron and steel, engineering, ship- 


building, cotton, woollen and worsted trades. Coal- 
Sa little change. 
In the 403 trade unions, with a net membership of 


753,040, making returns, 29,239 (or 3.9 per cent.) were 
reported as unemployed at the end of January, 1911, 
compared with 5 per cent. at the end of December, 
1910, and 6.8 per cent. at the end of January, 1910. 





In coal-mining employment continued good, and 
was about the same as a year The average 
weekly number of days worked by the pits reported 
on was 5.56 during the fortnight ended January 28, 
as compared with 5.51 and 5.60 in the corresponding 
fortnights of a month and a year ago. 

Employment in iron-mining was good, and was 
better on the whole than a month ago and a year ago. 

In the pig-iron industry employment during January 
continued fair, and was better than a year ago. 
Returns — to the works of 108 ironmasters, 
employing 22,840 workpeople, showed 307 furnaces in 
blast at the end of January, 1911, compared with 305 
in December, 1910, and 301 in January, 1910. 

Employment at iron and steel works showed aslight 
improvement as compared with a month ago, and was 
better than a year ago. According to returns covering 
90,992 work le, the volume of employment (i.e., 
number eumplegad multiplied by the number of shifts 
worked) during the week ended January 28, 1911, 
showed an increase of 0.5 per cent. on a month ago, 
and of 6.4 per cent. on a year ago. 

In the tin-plate and steel-sheet manufacture employ- 
ment continued very pood, and was better than a year 
ago. The number of tin-plate and steel-sheet mills 
working at the end of January, 1911, was 518, as com- 
pared with 513 a month ago and 471 a year ago. 

Employment in engineering trades was fairly good, 
better than in December, and much better than in 
January, 1910. Trade unions with a membership of 
171,112 reported 3.9 per cent. unemployed at the end 
of January, as compared with 5.8 per cent. a month 
ago, and 8.5 per cent. a year ago. The comparison 
with a month ago is affected by the usual Christmas 
holiday suspensions. 

The improvement in the shipbuilding trades, which 
was noted in this industry in December, following the 
conclusion of the boilermakers’ dispute, was well main- 
tained during January, and at the end of the month 
——— was much better than both a month ago 
and a year ago. Trade unions with a membership of 
59,771 reported 6.4 per cent. unemployed at the end of 
January, compared with 12.2 per cent. a month ago, 
and 16.1 per cent. a year ago. 





The total number of disputes commencing during 
January was 35, as compared with 16 in the previous 
month, and 12 in January, 1910. The total number 
of workpeople involved in disputes which began or 
were in progress during January, 1911, was 36,234, or 
35,380 less than in December, 1910, and 77,990 less 
than in January, 1910. The aggregate duration of all 
the disputes of the month, new and old, amounted 
to 56, working days, or 619,000 less than in 
December, 1910, and 627,700 less than in January, 
1910. Definite results were reported in the case of 
28 disputes, new and old, directly affecting 4790 work- 
people. Of these 28 disputes, 9 were settled in favour 
of the workpeople, 6 in favour of the employers, and 
13 were compromised. 

The changes in rates of wages taking effect in 
January affected 82,000 workpeople, of whom 16,600 
received increases, and 65, sustained decreases. 
Amongst those whose wages were increased were 6250 
blast-furnacemen and iron and steel-workers in South 
Wales and Monmouth. The number whose wages 
were reduced included 45,000 coal-miners in North- 
umberland, 11,500 ironstone miners and limestone 

uarrymen in Cleveland and Durham, 5500 blast- 
urnacemen in Cleveland, and 1400 in West Cumber- 
land. The computed effect of all the changes was a 
net decrease of nearly 50/. per week. 


The monthly report of the Associated Blacksmiths 
and Ironworkers’ Society for the four weeks ended 
January 28 has a much more hopeful tone about it 
than we have for some considerable time been accus- 
tomed to, for the outlook as regards trade is brighter, 
and the amount of work on hand is said to be dis- 
tinetly above the ave a large number of contracts 
having been secured. is being the case, a year of 
food work may be looked upon as reasonably certain. 

e advance in wages claimed by the trades signatory 
to the Shipbuilding Agreement has been conceded, and 








becomes operative this week, the actual 
on the method of computing time in the 
or districts. 

The income returned for the past four weeks was 
531/. 193., which represents an increase of 73/. lls. 2d. 
over the corresponding period in 1910. The expenditure 
in various directions was as follows : — Unemployed 
benefit, 265/. 12s. O}d., the amount expended in the 
same time under the same heading in 1910 bei 
2881. 12s. 8d., which shows a reduction of 23/. Os. Thee 
The expenditure outlay due to sickness was, during 
the four weeks, 131/. 94. 1ld., which, compared with 
the outlay in the opening month of 1910, shows a 
reduction of 62/ 2s. 9d. Superannuation payments 
were responsible for an outlay of 149/. 5s., which, 
compared with the outlay for the same benefit in 
January, 1910, shows an increase of 72/. Os. 4d. 
Funeral benefits amounted to 32/., while for the corre- 
sponding period in 1910 the sum expended was 45/., or 
a decrease of 13/. Management outlays and grants 
absorbed 184/. 83. 6d., the amount for the same period 
of last year being 148/. 12s. 9d., or an increase of 
35/. 15s. 84d. 

The quarterly report indicates pretty clearly the 
time of depression through which the trade has 
passed. During the last three years the capital account 
of the society has fallen from 26,207/. 2s. 114d. to 
18,762/. 2s., or, in other words, this account has been 
drawn on to the extent of 7445/. 0s. ll4d. The 
society has, however, been able to meet all its 
obligations and discharge its liabilities without having 
recourse to levies, which is regarded as a matter for 
congratulation. There has, however, been a consider- 
able shrinkage in membership. Much regret is ex- 
pressed that there are numbers of men who cling to 
the scciety while they are in receipt of benefit, but 
who desert it afterwards. 

The income for the quarter was 2303J. 5s. 6d., or an 
increase of 301/. 9s. 4d. over the fourth quarter of 
1909. The expenditure during the quarter was 
2746/. 15s. 54d., showing an increase of 488/. 7s. 44d. 
The expenditure was made up in the following 
way :—Payments for unemployed and trade benefit 
1270/. Os. 54d., which shows an increase of 386/. 6s. 64d. 
Superannuation benefit amounted to 406/. 8s. 2d., or 
an increase of 255/. 10s. 8d. Sick benefits absorbed 
426/. 123. 5d., or a decrease of 118/. 9s. 2d., and funeral 
benefits were paid to the extent of 50/., which was a 
decrease of 30/.; while general outlay took 539/. 14s. 5d. 
With regard to this last item, there was a decrease of 
5l. Os. 8d,, although the branch officers’ salaries were 
increased 25 per cent. The total number of members 
on the list last month was 2932, while for the previous 
month it was 2970, or a decrease of 38. 


day depending 
different yards 





The monthly report of the Associated Ironmoulders 
of Scotland, recently issued, contains the returns for 
the month of January last, as compared with those for 
the corresponding month in 1910. Twelve months 
ago there was a working membership of 5019 re- 
turned ; there is an increase to-day of 700 in employ- 
ment, and a proportional falling off in unemployed 
members, and it is anticipated that the present year 
will fulfil the hopes that have been raised during 
the past few months. This year was started with 
a balance of 47,145/. 7s. 24d., and the net income 
for the month was 1512/. 7s. 3d., making together 
48,657/. 14s. 54d. The outlay for the month was 
1995/. 1s. 24d., which left from this total a sum of 
46,662/. 13s. 2d., which indicates a loss on the year’s 
working of 482/. 13s. lljd. Idle benefit took 
563/. 19s. 5d., an amount increased no doubt by the 
og of holiday benefit. Superannuation took 

. 12s. 4d., and funeral benefit, which was very 
large, 381/. 18s. 6d. 





According to the monthly report of the United 
Patternmakers’ Association the general condition of 
the trade continues to improve. The returns show that 
338 members were out of work at the end of January, 
as compared with 455 signing the vacant-book at the 
end of mber, and at the end of January the number 
on the books was 4.7 per cent. of the total membership. 
It is stated that male on the North-East Coast has 
not improved to anything like the extent that was 
expected would be the case when the boilermakers’ 
lock-out was at an end. In the Tees district there is 
no cause of complaint, and on the Wear things are 
improving, but on the Tyne e numbers of members 
are out of work, with little immediate prospect of an 
improvement. Excellent returns have been sent in 
from the Clyde, and at Barrow and Belfast things are 
in much the same condition as they were during the 
greater part of last year, with steady work and goo 

rospects. There was no improvement in the e in 
letepeel, but in Birkenh things were better. In 
London trade was fair on the whole, and throughout the 
Midlands it is said to be the same. Trade was good 
in Manchester; in Bolton it was about the same as 
during the previous month, while in other parts of 
Lancashire trade was fair. On the whole, the trade 
prospects are, however, much brighter than they were. 
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The total number of members on the books at the end 
of the month was 7227. 





The Steam-Engine Makers’ Society’s monthly journal 
for February reports a continuance of g trade 
throughout the country. There has been a decrease in 
unemployment from 288 to 189, and many branchesshow 
clear vacant-books. As this society is one that has 
always taken up the position that the first and fore- 
most object of every genuine trade union should be to 
see that its members are usefully and profitably em- 
ployed, it is gratifying that so few of its members 
are out of work; the percentage of unemployed at 
present being only 1.4 per cent. The society has cer- 
tainly good reason to be grateful for this, when all 
the trade unions sending in returns to the Board of 
Trade show an average of 5 per cent. 





The February report of the Amalgamated Tool- 
makers gives a very cheerful statement of the con- 
dition of the society. There has been an increase 
in the membership during the year of 758, the actual 
number of members in January last being 4676, 
against 3918 in January, 1910. At the beginning 
of last year the unemployed numbered 132, while last 
month there were only 54 members out of work, or a 
decrease in the year of 78. A very healthy conditioa 
of things is also shown by the reserve funds, which at 
the beginning of 1910 stood at 14,000/., while during 
the year it rose to 19,250/., at which figure it stood in 
January last. The total number of members was 4676 
at the end of January last. 





A recent meeting of delegates for the German 
kartels and syndicates in conjunction with the 
Central Union of the German industry was of con- 
siderable interest, and fully demonstrated the import- 
ance which is admitted to attach to these associations. 

Dr. Ballerstedt enlarged upon the more legal and 
legislative aspects of the case as far as Germany 
was concerned. The German empire boasts no 
special kartel law, and other countries have done only 
fragmentary work in this connection ; but the question 
is very much to the fore, although it has not yet 
assumed definite shape. In the absence of special 
legislative measures, judicial decisions are all the 
more resorted to for the purpose of bringing about a 
more stable and settled condition of affairs. The 
Reichstag is not by any means friendly towards 
kartels and syndicates. The Government some three 
years ago was asked by the House to 7. about a 
comprehensive and stringent kartel law, but little 
came of it. In February, 1910, the question was 
again brought forward, but the Secretary of State, 
Herr Delbriiek, issued a warning against too much 
haste and too stringent measures. In all mea- 
sures directed against the syndicates due regard 
ought to be shown to the fact that a non-syndicated 
German industry and a non-syndicated German bank- 
ing system would be powerless against syndicated 
foreign countries. Theoretically, the only way was to 
make a certain amount of State control compulsory. 
The Secretary of State, however, could not promise 
any good results, and in any case it was thought better 
to wait a few years more before legislating. 

German kartels and syndicates, on the whole, have 
had no reason to complain about the judicial decisions 
of the past, although an occasional verdict may not have 
met the wishes of the syndicates, while the decisions of 
the highest courts have not been quite consistent. 
Above all, the Imperial Court had maintained that 
kartels and syndicates, as such, did not offend against 
the freedom of business and labour, nor against good 
morals. Several legal decisions had rather favoured 
the syndicates than otherwise. 





It is thought that a settlement is now in sight in 
connection with the strike of the South Wales miners, 
as the result of a conference between Messrs. G. 
Askwith and Isaac Mitchell, of the Board of Trade, 
and the representatives of the owners and workmen, 
which took place on Saturday last at Cardiff. There 
are now 12,000 miners employed by the Cambrian 
Coal Trust on strike, the men having been out since 
November 1. Representatives of both parties signed 
& memorandum, setting out the assurances given by 
Mr. D. A. Thomas, general manager of the com- 
bine, in which the men are to be paid a fair day’s 
wage for a fair day’s work in abnormal places. It was 
pointed out by Mr. Askwith that the meeting was 
not a meeting of the Conciliation Board, but one 
between the owners and the representatives of the 
men who had been summoned by the Board of Trade 
in reponse to an invitation that they had received. 
Mr. Llewellyn stated that with regard to the new 
seam at the Ely pit, and in cases where a man 
is in an abnormal as or is wanting allowances, 
those allowances will be settled between the manager 
and the particular man ; but that if the men througb- 
out the seam are not satisfied with the wages 
which 7 earn, whether the place is normal or 
abnormal, he would take the matter in hand himself 
and let the miners’ agent come down and settle the 





matter with him in the place itself. Where it was found 
that a man had done a fair day’s work he should be 
paid a fair day’s wage. Mr. Llewellyn said he was 
willing that the same procedure should apply to other 
pits in the naval collieries, by the managers of those 
pits meeting the miners’ nts. The results ‘of the 
meeting are to be placed before the Council of the 
South Wales Miners’ Federation as soon as possible. 





A scheme is on fout with a view to the complete 
amalgamation of the trade unions engaged in the iron- 
founding industry, and a conference was held on 
Tuesday last at the offices in London of the General 
Federation of Trade Unions in order to help forward 
the movement. There are in all seven societies in the 
industry that practically cater for the same class of 
workers, and in consequence of the result of a ballot pre- 
viously taken, in six of the unions, representing 33,500 
members, federation had been upon, the core- 
makers union only, with a membership of less than 1000, 
voting against federation. At Tuesday’s conference 
this union, as well as the other six, was represented. 
The othersix societies were the Friendly Society of Iron- 
founders, with a membership of 20,000; the Scottish 
Ironfounders, with a membership of 8000 ; the National 
Union of Stove, Grate, Fender, &c., workers; the 
Plate-Moulders ; the Welsh Ironfounders; and the 
Central Iron-Moulders. It was stated, at the con- 
clusion of the conference, by Mr. W. A. om. 
general secretary of the Federation, that full parti- 
culars had been given by the delegates as to the rules, 
contributions of members, benefits paid, and balances, 
and a committee was appointed to frame a basis which 
shall accord as nearly as ible with the particulars 
given. The committee will hold its meetings in Man- 
chester, and the results of its sittings will be 
sented to a future meeting of the conference. The 
core-makers will, it is understood, take a fresh ballot 
on the subject of amalgamation. 





The Northumberland miners have come to a de- 
cision by 24,875 votes to 2362 in favour of terminating 
the Conciliation board agreement for regulating wages, 
so as to establish a new agreement embodying a 
minimum wage of 30 per cent. below the 1879 basis. 
A 30 per cent. minimum wage had previously been 
declined by the Coal-Owners’ Association. The men 
do not object to the method of operation of the pre- 
sent Conciliation Board, which has existed since 1900, 
but they complain that when prices fall below a certain 
level they have not been paid a ‘‘ living” wage. 





On Tuesday last, at a meeting of the representatives 
of the Amalgamated Union of Labour and the em- 

loyers in the shipbuilding trade of the North-East 
Coast, the employers offered to give an advance of 6d. 
per week to men rated at 24s. per week and under. 
As this is what the men have been agitating for, it is 
expected that the offer will be accepted and that the 
threatened trouble will be ended. 


The Amalgamated Carpenters and Joiners have de- 
cided by a majority of over 900 to sever their connec- 
tion with the British Trade-Union Congress. 





Tue Junior InstITvTION OF ENGINEERS.—On Satur- 
day last the twenty-seventh annual dinner of the Junior 
Institution of Engineers was held at the Hotel Cecil, 
under the presidency of Sir J. J. Thomson, F.R.S., who 
occupied the chair. Among those present were Lord 
Justice Fletcher Moulton, Sir William Crookes, F.R.S., 
Mr. Alexander Siemens, and Dr. John Perry, F.R.S. 
Sir Norman Lockyer, F.R.S., had promised to attend, 
but was, unfortunately, unable to be present. After the 
usual lo toasts had been honoured, Lord Justice 
Fletcher Moulton proposed “‘ Physical Research,” and in 
a most interesting ve his hearers an outline of 
what men had been able to doin their study of Nature, and 


R. pointed out how laboratory experiments were the engi- 


neering achievements of to-morrow ; but he said that our 

hysicists had not found the key of Nature’s great store- 
sy for it was only a little that had been left on the shelf 
that they had been abletopilfer. In replying to the toast 
Sir J. J. Thomson said that there was one thing in particular 
that had struck him, and that was the t tenacity with 
which Dame Nature kept her secrets. If in the future we 
were to make ter in the wresting these secrets 
from her, he felt that we must modify our schemes of educa- 
tion so as to make boys keen, and teach them to think. 
Not until then could our system of education be con- 
sidered good, at any rate so faras its bearing on the world 
of research was concerned. Our modern education was 
too complex. Though great advances had been made, we 
had not yet attained to what was desirable. Mr. A. 
Siemens, who replied to the toast of ‘‘ Engineering Pro- 
gress,” proposed by Dr. J. Perry, said that in his opinion 
the great progress in research made during the last century 
was due to engineers, and they must not yield all the 
honour to the physicist, for engineers were the leaders of 
modern civilisation. e toast of “‘ The Junior Institu- 
tion of Engineers” was given by Mr. 8. Z. de Ferranti, and 
responded to by Mr. B. E. Dunbar Kilburn, vice-chair- 
man of the Institution. The evening was most enjoyable, 
due in no small measure to the excellent musical pro- 
gramme provided. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, February 9. 
DurinG the past week there was something like a 
spurt in dunenat for both crude and finished steel pro- 
ducts. Transactions in crude iron for the week aggre- 
ow something like 100,000 tons, most of it for 
elivery during the coming sixty days. The contracts 
for construction material, covering mainly plates and 
shapes, aggregated something less than half that 
amount, It was expected that the early part of this 
week would develop further activity along the same 
lines, but reports failed to substantiate the anticipa- 
tions. It appears that those who require construc- 
tion material are limiting their contracts to actual 
necessities for a month or two, although in two 
notable instances some of the material contracted 
for will not be delivered until towards the close 
of the second quarter. While the situatich has 
improved somewhat, the evidences do not warrant the 
conclusion that a general buying movement has set in. 
Manufacturers are encouraged by the fact that there 
is a great deal of construction work to be done. A 
meeting is to be held this week by the larger manu- 
facturing interests which will remove whatever doubt 
there may be as to what the manufacturers will 
do along the line of inducing business by conces- 
sions. he general drift of the market indicates 
conservative views. At the same time there has been 
developed within two or three days a good deal of 
dissatisfaction with the long-maintained policy of 
maintaining prices, to which reference has been re- 
ly made in recent eommunications. The orders 
or rails from railroads afford more encouragement. 
At the same time large systems are not ordering 
as freely as they have in former years at this time. 
The matter of reciprocity recommended by the Adminis- 
tration at Washington has occasioned much unrest, 
particularly among agricultural interests. From pre- 
sent indications the opposition will shape itself along 
political lines rather than economic. While the masses 
of the people are decidedly favourable to more inti- 
mate commercial relations, the larger and concentrated 
interests view the proposition with concealed disfavour. 
The new Congress, which comes in next December, will 
probably handle the matter from the popular stand- 
point if failure to act at the present session should 
place the matter at their disposal. This opposition, 
coupled with the disfavour of the British Government, 
will, in the opinion of some authorities, prevent 
any immediate action upon this vital subject. 





TRAFFIO THROUGH THE SIMPLON TUNNEL.—The Giornale 
dei Lavori Pubbloci e delle Strade Ferrate gives the follow- 
ing ~ yom concerning the traffic through the Simplon 

unnel :— 


Year. Passengers. Goods Tons. 
1906 .. ‘i - + “ 260,000 26,000 
1907 .. en 2 as Re 365,000 75,000 
1908 875,000 81,000 
1909 .. oe ‘ -_ oe 876,000 102,000 
1910 .. - oe _ ee 497,000 135,000 


ConTracts.—Messrs. W. and T. Avery, Limited, Soho 
Foundry, Birmingham, have recently secured from the 
North British Railway Company the contract for the 
maintenance of the whole of the weighing apparatus, 
some 2000 machines of all classes, on its system, as well 
as for the supply of new weighbridges and weighing 
appliances.—An order has just been received by the 
marine department of the Wolseley Tool and Motor-Car 
Company, Limited, for a 130-horse-power six-cylinder 
Wolseley marine engine with reversing gear, for installa- 
tion in a fast pinnace which is being built by Messrs. 
4 . 8. White - ey of omen, Ber use rent rr 

mperial yacht. e engine ulp with com- 

on starting-gears and a cqntelieenl bilge-pump, 
and is to be delivered next May.—Messrs. W. H. Baxter, 
Limited, Leeds, have this year (1911) received orders for 
twelve of their compound toggle knaj oo stone- 
breaksrs for this country an uth Africa, most of them 
being repeat orders.—The Montania Engineering Com- 
pany, of 11, Queen Victoria-street, E.U., have received 
an order for a 50-horse-power internal-combustion loco- 
motive for a large sugar estate in South Africa. 





EveorricaL Exuisirion, Otympia, 1911.—The first 
meeting of the Advisory Committee of the Electrical Exhi- 
bition, convened by the National Electrical Manufac- 
turers’ Association (the promoters of the Exhibition), was 
held at the Institution of Electrical Engineers, Victoria 
Embankment, on nesday, February 8, to discuss the 
following matters :—The types of electrical exhibits best 
calculated to attract a large attendance of the public, in 
addition to exhibits by manufacturers. To decide as to 
the best methods of inducing visits to the Exhibition by 
likely users of electricity, and the different methods 
required in the various localities supplied by the authori- 
ties; also to make suggestions as to the best means of 
making the Exhibition known to Colonial and foreign 
buyers. The exhibits are to be of the most comprehen- 
sive kind. In regard to the two latter points, the meet- 
ing considered that everything possible should be done 
by the executive committee to make the Exhibition 


known to Colonial and foreign buyers, and it was pro- 
posed that application through the Board of Trade and 
the various bers of Commerce would be one of the 


means of attaining this end. 
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Tue illustrations on this page show the latest form 
of the paraffin carburettor, which has been developed 
by the Davis Paraffin Carburettor Company, of Station- 
avenue, Kew (Gardens, Surrey. The carburettor is 
intended for use with ordinary refined petroleum, so- 
called paraffin oil, and has been applied with much 
success to motor-cars, launches, and stationary engines, 
enabling them to run on this cheap class of fuel. An 
interesting example of its applicability is furnished in 
the makers’ own works, where the prime mover, a 
7-horse-power Crossley gas-engine, has been fitted 
with one of these carburettors, and is now run on 
paratiin with every success. 

The general lines and details of the device will be 
seen from Figs. 1 and 2. It consists of a centre barrel 
or chamber, in which a five-bladed paddle is rotated. 
The paddle is mounted on a horizontal spindle, which 
carries a grooved pulley at its left-hand end, the 
pulley being driven by means of a belt working from 
the shaft of the engine. At the bottom of the barrel 
containing the paddle an air-valve is placed, which is 
normally held closed by a spiral spring, but which 
periodically opens in response to the suction of the 
engine. The paraftin is introduced with the air at 
the bottom of the barrel, through the pipe which will 
be seen in Fig. 2. This pipe leads to a port in the 
face of the air-valve, arranged so that when the valve 
is closed both the air and the paraffin are shut off 
together. An adjusting-valve for the ffin supply 
is fitted, as will be seen from Fig. 2. Above the barrel 
a vaporiser is fitted, consisting of a vertical passage 
crossed by a number of horizontal tubes, through which 
the exhaust gases from the engine are passed, while 
above this the throttle-valve is situated. The action 
of the carburettor will be clear. The paraffin entering 
the barrel from below is broken up into a fine spray, 
while at the same time it is intimately mixed wit! the 
incoming air, so that it is readily vaporised by the 
heat of the cross-tubes situated above the paddle, and 
passes through the throttle-valve in a form readily 
usable by the engine. 

Attention may be drawn to various details in the 
carburettor which assist towards its successful work- 
ing. Of these the most important is the pump, whose 
duty is to maintain a regular and positive feed 
of paraffin to the inlet-valve. The arrangement, 
which is extremely simple, will be seen at the right- 
hand side of Fig. 1. It consists of a cylindrical 
plunger which is unattached to any other part of the 
mechanism, and simply rests upon, and is driven by, 
cam carried at the end of the vaddle spindle. e 
plunger works in a barrel arranged with a port at one 
side and in such a position that the plunger alter- 
nately opens and closes it. The ffin supply enters 
by the horizontal tube a on the right-hand side, and fills 
the s between the top of the plunger and the ball- 
valve, which is situated in the upper part of the barrel, 
so that when the plunger rises, in response to the move- 
ment of the cam, a certain amount of oil is trapped 
between the top of the plunger and the ball-valve, and 
driven out through the upper three-way cock into the 
pipe } leading to theair-valve. The bent pipe connect- 
ing the upper cock with the supply-pipe forms a by-pass, 
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through which any excess of oil which is pumped 
th h the ball-valve is returned to the supply-pipe. 
This Sroem comes into action when, owing to a 
decrease in load on the engine, the speed increases 
and so causes a movement of the governor-lever. This 
lever, as shown by dotted centre-lines in Fig. 1, is 
connected up both to the throttle-valve and the three- 
way cock, and it will be clear that the effect of a 
movement of the governor will be to turn the three- 
way cock and so open connection between the by-pass 
om the pump-barrel. 

The details and operation of the governor will be clear 
from Fig. 1. The ball-arms are pivoted on the grooved 
pulley, while their inner ends engage with a sleeve 
which is connected to the lower end of the governor- 
lever in such a way that the flying out of the governor- 
balls causes the sleeve to move in a left-hand direc- 
tion, and so operate both the throttle and the three-way 
cock. A ball-bearing takes the thrust of the sliding- 
sleeve, while the constraining influence on the balls is 
furnished by a spiral spring at the right-hand end of 
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the sleeve. It will be noticed that in Fig. 1 a series 
of sieves are fitted above the vaporiser with the object 
of catching any paraffin which has succeeded in passing 
the hot tubes without being vaporised, but we under- 
stand that in practice these sieves have not, as a rule, 
proved necessary. Owing to the fact that when first 
starting an engine up the vaporiser tubes will in 
general be cold, it is necessary to start and run for a 
short time on petrol until the carburettor is properly 
warmed, when a change-over may be made to the 
cheaper fuel. Fig. 3 shows one of these carburettors 
fitted to a 4-horse-power four-cycle engine, manu- 
factured by Mr. F. C. Blake, of Kew Gardens, Surrey. 

It should be said that when these carburettors are 
built for use with engines of considerable power, in 
which large quantities of oil have to be vaporised, a 
a rotary pump, capable of forcing from 4 to 10 gallons 
of oil per hour, is fitted instead of the plunger pump 
shown in the illustrations. Th's pump has & ee 
arrangement which, although differing in detail, is 
the same in effect as that described above. 








— WATER-TUBE BOILER. 

7x illustrate on the o ite page a t of water- 
tube boiler which has —_ sanatineh her Messrs, 
Simpson, Strickland, and Co., Limited, and which has 
been termed by them their ‘‘ Accessible ” type. A pro- 
minent part has for some time been taken ty this firm 
in introducing the small water-tube boiler, and in 
overcoming the prejudice against it, which has only 
recently disappeared. The firm has consequently 
gained much experience in its design, and this experi- 
ence has been applied in the production of the boiler 
we illustrate, which, it is claimed, contains some 
important advantages over previous types. 

As will be seen from Fig. 1, which is a vertical 
section, the boiler is of the three-drum type, one 
or more of the drums being made in two pieces, so that 
by removing the outer half, which acts as a cover, all 
the tubes will be exposed. The boiler is shown in 
elevation in Fig. 2, and in perspective in Fig. 3. The 
top drum has several large man-holes, through which 
all the top tubes can be seen,.and any one tube can be 
driven out and replaced without any special appliances. 
The bottom tubes can also be driven out through the 
centre drum, from the bottom one. The course of one 
of the u tubes when being driven out is shown by 
the do lines on the right hand side of Fig. 1. The 
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WATER-TUBE BOILER FOR STEAM-LAUNCHES. 
CONSTRUCTED BY MESSRS. SIMPSON, STRICKLAND, AND ©O., LIMITED, ENGINEERS, DARTMOUTH. 
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draught to the furnace is increased by means of a fan, 
which may be seen in Fig. 1. 

We understand that the first boiler of this type was 
made some considerable time ago, and that it has been 
severely tested, the results being entirely satisfactory. 
Several others have since been manufactured, suitable 
either for coal or oil-fuel. 








A NEW APPARATUS FOR CLEANING 
SAND FILTERS. 
Tue system of slow sand filtration on open beds of 
considerable area still continues to receive the support 
f the leading engineers as the safest and, on the 
whole, most economical system of purifying large 
(uantities of water. Additional security is said to 
obtained by previous storage, or by subsequent steri- 
lisation, but the sand filter remains, in the majority 
of cases, as the chief safeguard against water-borne 
diseases ; and if the health statistics for the past twenty 
years of the chief cities of Europe are examined, it 
will be found that where sand filtration has been 
adopted there has invariably been a marked improve- 
ment in the general health of the community. 





On the Continent, during the past tew years the 
efforts of water engineers have been chiefly directed 
towards increasing the efficiency of the sand filter by 
pre-filtration, which, by removing the whole of the 
suspended matters before the water reaches the finish- 
ing filter, enables the latter to run for very long 
periods, often more than twelve months, between 
cleanings, thus enormously wg wom baer expense of 
scraping large areas of sand by hand labour every few 
days, and the further expense of washing the sand 
and replacing it on the filters. In multiple filtration, 
as applied by Messrs. Puech and Chabal, the gravel 
beds through which the water is first are 
easily cleaned by means of air,* one man being suffi- 
cient to work a plant Going with 20,000,000 
gallons per twenty-four hours. But the pre-filters 
of sand, placed between the gravel beds the final 
filters, require scraping on an average every month. 
Their area is small relatively to the sand filters 
(usually about one-fifteenth), and they have been 
sera in the ordinary way by hand-labour, which 





* See ENGINEERING, J anuary 28 and February 4 and 1, 
1910. 





necessitates putting one of the beds out of action 
for a time during cleaning, and the consequent pro- 
vision, in the first instance, of an increased filtering 
area, so that the supply to the finishing filters may be 
maintained while a portion of the area of the pre- 
filters is laid off. 

The apparatus which we are about to describe has 
been designed to enable the pre-filters or sand filters 
to be cleaned while the surface of the sand is sub- 
merged. The advantages of this will at once be 
appreciated by those who have experienced the diffi- 
culty of maintaining the bacterial efficiency of sand 
filters during frosty weather, or in extremely hot 
weather. During frosts the ice must first be removed 
from the filter, and when the sand is exposed to the air 
the upper layers rapidly become frozen. During hot 
weather the layer of mud on the surface of the sand 
becomes caked before it can be removed, and the 
operation of scraping involves the removal of a larger 
quantity of the surface sand. 

With the Boistel machine, which we illustrate on page 
220, the surface layer of mud is removed from the filter 
by a small suction-dredger worked from a travelling 
bridge carried on the wells of the filter, or on rails sup- 
ported on columns when the apparatus is applied to 
filters of large area. The photograph, Fig. 1, shows the 
apparatus in use at the filtering station at Choisy-le- 
Roi, Paris, while Fig. 2 shows a machine of a some- 
what different type, working on a circular pre-filter at 
Nogent-sur-Marne, both works being under the control 
of the Compagnie Générale des Kaux, of Paris, the 
system of pre-filtration having recently been adopted 
for the very large area of sand filters owned by the 


company. 

In both machines the dredging nee comprises 
a small centrifugal pump electrically driven, fitted on 
a small carriage, which is drawn from end to end of 
the bridge by means of an endless chain worked by 
suitable gearing in the covered motor-house at one 
end of the bridge. The suction-pipe is flattened out 
at the open end to form a dredger 50cm. (1 ft. 74 in.) 
in width, of the form shown in Figs. 3 and 4. The 
opening is 1 in. wide, and the dredger is fitted 
with a plate somewhat wider than this opening, which 
serves the double purpose of scraping the surface of 
the sand to the required depth, and preventing any 
sand being drawn up by the machine except that 
which is removed by the scraper. The suction-pi 
is fitted with a jointed arm, and the dredger may “ 
raised, when required, above the filter-walls, so that 
the apparatus may be moved from one filter to another. 
A scale and pointer are provided to indicate the posi- 
tion of the dredger relative to the surface of the sand ; 
and when the dredger is lowered on to the surface of 
the sand the cutting blade me | be adjusted to scrape 
off the exact thickness required. The speed adopted 
is such that the surface of the filter is scraped at the 
rate of 10 sq. m. per minute. The sand removed by 
the dredger is drawn up by the centrifugal pump and 
delivered at once to a silo separator, which at one 
operation removes the mud and washes the 

In the apparatus at Choisy-le-Roi (Fig. 1) the sand 
and mud are carried by means of a flexible pipe to one 
of a series of fixed tors erected at the side of the 
filters. In the machine at Nogent-sur-Marne (Fig. 2) 
the separator is carried at one end of the bridge, and 
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the mud and sand from the filter are delivered into a 
trough running the whole length of the bridge. This 
trough has a steep fall, so that the sand is washed at 
once into the separator. 

The silo separator (Fig. 5) is in the form of an 
inverted cone. The sand and mud are delivered with 
a stream of water from the filter on to a baffle-plate A, 
which has the effect of spreading the mixture of mud 
and sand, so that it is washed over the edge of the 
plate in a thin layer. The mud is washed over the 
cdge of the hopper into a circular trough, from which 
it is discharged, through the pipe B, into a drainage 
channel constructed at the edge of the filter. The 
sand is collected at the bottom of the apparatus, and 
is removed from time to time by means ze small trap. 

During frosty weather the filters may easily 
scraped without removing the ice from the surface of 
the water. It is only necessary to break up the ice, 
an operation which can easily be performed from the 
travelling bridge. The floating ice offers no obstruc- 
tion to the passage of the vertical pipe from the 
dredger in its movement to and fro across the filter. 

The apparatus is the invention of M. M. Boistel, 
of Paris, and is being introduced by Messrs. Puech and 
Chabal, who are represented in Great Britain by Mr. 
Walter Clemence, of Kingsway House, London, E.C. 





Tur HomgLtanpd AssociaTION, Limitep.—We have 
received from this Association, whose offices are at 
Chandos Chambers, 15, Bedford-street, Strand, an 
interesting book of over 200 pages, admirably illustrated, 
entitled ‘‘ Where to Live in London, Northern Side.” 
It gives interesting bypass figures for rents, rates, 
distances, &c., in the northern suburbs of London. It is 
published by Messrs. Frederick Warne and Co., at the 
price of 1s. net. 


Tue Puysicat Society.—We are informed that owing 
to an alteration inthe publications, papers read before 
the Physical Society of London in future will appear in 
general only in the Proceedings of the Society, and not 
in the Phstlosophical Magazine. The Proceedings and 
other publications are now obtainable by the public from 
the publishers to the Society, the H’cctrician Printing 
and Publishing Cong, Limited, 1, 2, and 3, Salisbury- 
court, Fleet-street, London, E.C. 


MancuesterR Suip Canau.—The net outlay of the 
Manchester Ship Canal Company on capi account 
during the past half-year was 1600/., making the total 
capital e iture to the close of 1910, 16,798.526/. The 
revenue of the canal in the second half of last year was 
302, 2321., or 13,376/. more than the income for the corre- 
sponding iod of 1909. The working expenses were 
140,703/., showing an increase of 4533/. e net surplus 
revenue for the past half-year was, accordingly, 161,529/., 
or 8843/. more. The profit of the Bridgwater depart- 
ment was 12,074/., and 2206/. was received for interest, 
making a total of 175,809/., or 70047. more. The interest 
accruing on the debenture debt for the second half of 
1909 was, ee provided for in full, and 2107/. was 
carried forward. is is the first time that the canal 
company has paid its way in the matter of debenture 
interest. The progress of the may be further illus- 
trated by the annexed statement of the receipts in the 
second halves of the last five years :—1906, 265,661/.; 
aT leaaaaal 1908, 270,145/.; 1909, 288,856/.; and 1910, 
302, 2321. 


INTERNATIONAL CHEMICAL ENGINEERING EXHIBITION IN 
Lonpvon.—The first International Chemical En uncaring 
and Industries Exhibition is to be opened at the Roya 
Agricultural Hall, London, on May 13, this spring, and 
is to remain ro for a fortnight. Professor Raphael 
Meldola, F.R.S., of Finsbury Technical College, Presi- 
dent of the Society of Dyers and Colourists, has accepted 
the presidency, Mr. Walter F. Reid, President of the 
Society of Chemical Industry, is the chairman of the 
honorary advisory committee, and Mr. Frederic W. 
Bridges, who has successfully organised quite a number 
of London exhibitions, among which we mention the 
Engineering and Machinery Exhibition, held last year 
at Olympia, is the managing organiser. The offices are 
at 119, Finsbery Pavement, E.C. It is intended that 
chemical engineering and applied chemistry are to be 
the two principal groups of this Exhibition, which, in so 
far, will be the first of its kind. There is so much that 
falls under the general category of chemical engineering 
that the Exhibition certainly ought to be a success, 

rticularly as the organisers desire to make a special 
eature of plant and appliances used in chemical works. 
In its general scope and objects the Exhibition is to be 
instructive and educational ; lectures will be given, and 
students be welcomed as visitors and exhibitors. The 


organising committee has been at work now for about a/| engi 


year. It was at first thought that the Exhibition might 
form part of the Naval and General Engineering Exhi- 
bition held this year at eda but it would have 
been difficult to make provision for the chemical exhibits 
in conjunction with the others, and it was decided to hold 
a separate exhibition. Strong and influential committees 
are at work, not only here in London, but also in Man- 
chester, Liverpool, Newcastle, Leeds, Birmingham, Shef- 
be Me w, = other mapa ea a e exhibits 
will include acetylene plants, acid-proof ware, compressors 
and blowers, bricks, conveyors, dust-removal plant, fans, 
filtering apparatus, fire appli grinding and washing 
machinery, hydro-extractors, and pumps, refri- 
gerating plant, suction gaas-plant, welding cutting 
appliances. 





ROYAL METEOROLOGICAL SOCIETY. 


Tue monthly meeting of this Society was held on Wed- 
n°sday evening, the 15th inst., at the Institution of Civil 
Engineers, Great George-street, Westminster, Dr. H. N 
Dickson, President, in the chair. 

Mr. R. Cooke and Mr. 8. C. Russell submitted a joint 
paper on the “‘ Variation of the Depth of Water in a Well 
at Detling, near Maidstone, Compared with the Rainfall 
1885-1909.” This well is on the chalk formation at the 
foot of the range of the North Downs, 358 ft. above sea- 
level ; its present depth is 118 ft. Weekly plumbings of 
the water in the well Sos been taken without interruption 
since 1885, and the authors have compared these plumbings 
with the rainfall of the previous week. The extreme 
variation of the water level during the whole period was 
30 ft. 3 in. Successive weeks of steady rainfall exercise 
a far greater effect upon raising the water-level than 
weeks of heavy, but intermittent, rainfall. As a rule, 
the effect of the autumn rains is not felt on the well until 
the month of December, but the winter rainfall penetrates 
most readily. Following a series of wet years, a hig’ 
limit of saturation is attained, and once this condition is 
thoroughly established, the water remains at an almost 
constant level throughout the seasons, excess or deficiency 
of rain causing very little effect. 

Mr. A. W. yden exhibited and described the actino- 
graph, a new instrument which he has constructed for 
observing and recording changes in radiation. 

A paper on ‘‘A New Set of Cloudiness Charts for the 
United States,” by Mr. K. M. Clark, of Harv Uni- 
versity, U.S.A., was also read. 





Tue InsTITUTION oF CiviL EnoineERS. — The annual 
conversazione of this Institution has been fixed to take 
place on Thursday, June 29, at 8.30 p.m., in the Royal 
Albert Hall. 


A SIBERIAN EXuHIBITION.—An exhibition of Western 
Siberian agricultural and industrial products is to be 
held at Omsk from June 28 to August 14. The Exhi- 
— is being organised by the Moscow Agricultural 
Society. 


Coat Gas as Fuen.— poe on this subject was read 
on the 8th inst. before the Liverpool Engineering Society 
by Mr. H. James Yates, M.I. Mech. E., F.C.S. In this 
the author dealt with the theory of combustion, 
with various types of applications and apparatus for 
heating by the burning of gas fuel, and with their work- 
ing, and the conditions surrounding their use. 


O1-Enernes ror A Carco StreamEr.—In connection 
with the recent announcement that Messrs. Barclay, 
Curle, and Co., Limited, are building a vessel of 
tonnage fitted with internal-combustion oil-engines, we are 
authorised tostate that in this departure Messrs. Barclay, 
Curle, and Co. are associated with the well-known firm 
of Messrs, Burmeister and Wain, of Copenhagen, who in 
recent years have done so much towards developing the 
Diesel engine, and who have made some of the very 
largest oil-engines of this type in use on the Continent. 


AN ITALIAN Steet Unton.—Negotiations have for some 
time been carried on with the object of forming an Italian 
Steel Union on lines similar to those of the German Steel 
Union. Works at Piombino and Savona are about to take 
up the manufacture of certain classes of products which 
have hitherto been imported chiefly from Germany, such 
as steel castings, tubes, boiler-plates, &c. e scheme 
appears to be making headway, and the difficult question 
of ene has, it is understood, already been dealt 
with. 


THE Union or GermMAN IRONMASTERS.—This union 
celebrated its fiftieth anniversary a month or so ago. It 
was formed for the purpose of perfecting the technique of 
iron works, with the object of regaining by thorough and 
wise economy the maximum remunerative capacity of the 
iron industry. It is universally admitted that the Union 
has served its purpose in a most admirable manner in 
this and other ways. Its members number 4700, while 
its journal has a circulation of 7200 copies, in addition to 
which other important publications have been issued by 
the Union, which have also exercised a most beneficial 
influence upon the progress of technical education. 


Tae AMERICAN InsTITUTE OF CoNSULTING ENGINEERS. 
—This institute, whose offices are at 103, Park Avenue, 
New York, has been created to promote the business 
interests of the consulting engineer, by advocating a code 
of ethics, professional practice and schedule of c 
by acting in pertinent legislative matters, and by urging 
the separation of the contractor from the designing engi- 
neer. The membership is limited to those actively 
engaged in the independent practice of the profession of 
neering, in any of its branches as consulting engi- 
neers, and who are not en; in contracting. Included 
in the membership are leading representatives of the 
different branches of the profession. The institute is the 
outgrowth of a local association of consulting engineers, 
organised in New York City in 1905, now expanded into 
one of national scope. At a meeting held last December 
the constitution was amended, and the name (originally 
the Association of Consulting Engineers) changed to its 
present title. The annual meeting was held on January 17, 
and the following officers elected: President, Mr. Alf 
P. Boller; Vice-President, Mr. Gustav Lindenthel ; Secre- 
a Mr. _— W. Stern; Council, Mr. Ralph Mod- 
is phe J F. Wallace, General T. A. Bingham, 

. Rudolph Hering, Mr. J. E. Greiner, and Mr. C. C. 
Schneider. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was active, and 5000 tons of Cleveland 


“| warrants were dealt in at 48s. 11d. and 48s. 114d. cash, 


49s. 24d. one month, and 49s. 94d. three months. Closi 

sellers quoted 49s. cash, 49s. . one month, and 49s. 94d. 
three months. The tone was easier in the afternoon, and 
only 1500 tons of Cleveland warrants changed hands at 
48s. 104d. cash and 48s. 11d. eight days, and the session 
closed with sellers at 48s. 104d. cash, 49s. 2d. one month, 
and 49s. 9d. three months. On Friday morning the market 
was weak, and dealing in Cleveland warrants was con- 
fined to 3000 tons at 49s. one month, with sellers over at 
48s. 9d. cash, 49s. 04d. one month, and 49s. 64d. three 
months. Buyers of hematite offered 6ts. 6d. three 
months, and sellers quoted 663. cash and 67s. three 
months. In the afternoon the market was a shade 
firmer, and 3500 tons of Cleveland warrants were done 
at 48s. 9d. and 48s. 84d. cash, 48s. 10d. fourteen days, 


h | and at 49s. 6d. and 49s. 64d. three months. Closing sellers 


uoted 48s. 94d. cash, 49s. 1d. one month, and 49s. 7d. 
three months. Hematite was unchanged at 66s. cash, 
and 67s. three months sellers. On Monday morning a 
fairly strong tone prevailed, and 2500 tons of Cleveland 
warrants changed hands at 48s. 10d. cash, 48s. 10d. and 
48s. 10}d. four days, and 49s. 14d. one month. At the 
close there were sellers at 48s. 104d. cash, 49s. 2d. one 
month, and 49s. . three months sellers. Buyers of 
hematite quoted 66s. cash. In the afternoon Cleveland 
warrants were active and 4000 tons were done at 48s. 11d. 
and 49s. cash, 49s. 04d. four days, 49s. 3d. and 49s. 34d. 
one month, and 49s. 94d. three months. The close was 
firm, with sellers at 49s. 04d. cash, 49s. 4d. one month, 
and 49s. 10d. three months. Hematite—1000 tons— 
changed hands at 66s. 14d. cash and 67s. three months, 
with buyers at 66s. 5d. one month. The market was 
quiet and steady on Tuesda: meening, when 2500 tons 
of Cleveland warrants were done at 49s. cash, 49s. 4 
and 49s. ld. six days, and 49s. 10}d. three months. 
Closing quotations were 49s. 1d. cash, 49s. 4d. one 
month, and 49s. 104d. three months sellers. There 
were buyers of hematite at 66s. 5d. one month. The 
afternoon session was very quiet, the only business 
being 1000 tons of Cleveland warrants at 49s. 0}d. cash, 
with sellers over at 493s. 1d. cash, 49s. 4d. one month, and 
49s. 104d. three months. Hematite was quoted by buyers 
at 67s. 1d. three months. When the market opened to- 
day (Wednesday) a weak and somewhat lifeless tone pre- 
vailed. The dealing was limited to one lot of Cleveland 
warrants at 49s. 94d. three months, and closing sellers 
— 49s. cash, 49s. 34d. one month, and 49s. 94d. 
three months. Hematite was unchanged at 67s. 1d. three 
months sellers. In the afternoon quietness again ruled, 
and only 1000 tons of Cleveland warrants were dealt in at 
48s. 114d. cash, und at the close sellers’ quotations were 
49s. cash, 49s. 3d. one month, and 49s. 9d. three months. 
Buyers of hematite offered 66s. cash, and sellers quoted 
67s. 1d. three months. The following are the market 
uotations for makers’ (No. 1) iron :—Clyde and Calder, 
1s. 6d.; Gartsherrie, 62s.; Langloan, 64s. ; Summerlee, 
64s. 6d.; and Coltness, 82s. (all shipped at Glasgow) ; Glen- 
garnock (at Ardrossan), 64s.; Shotts (at Leith), 62s. 6d.; 
and Carron (at Grangemouth), 69s. 6d. 


Sul of Ammonia.—There has been no falling off in 
the demand for sulphate of ammonia, and an excellent 
price is being obtained. The current quotation is 14/. per 
ton for prompt delivery, G w or Leith, while for 
July-December delivery 13/. 5s. has been paid. The total 
shipped from Leith Harbour last week was only 12 tons. 


Scotch Steel Trade.—Some improvement has taken place 
in the Scotch steel trade during the past week, and there 
has been a welcome increase in the number of specifica- 
tions for heavy material. Deliveries generally are better, 
and in this connection boiler-plates may be mentioned, as 
local consumers have been ordering fairly freely, while 
some respectable lots have been sold for early despatch to 
English buyers. Light material is the subject of a good 
inquiry for shipment to India, Canada, Australia, and 
the East. The demand for structural sections has im- 
proved, and producers are well employed. 


Malleable-Iron T'rade.—The malleable -iron trade is 
quiet and new orders are indeed very scarce. Existing 
contracts are gradually being worked off, and while a 
reduced number of shifts is —. a fair quantity of 


material is being turned out. Prices are unchanged. 


Scotch Pig-Iron Trade.—Scotch pig-iron makers are not 
in receipt of the amount of fresh business which the 
would like to get, but buyers say that prices are too stiff. 
However, order-books are well filled, and good deliveries 
are being made to home consumers and export buyers. 
Hematite is quiet, but firm. 

Shipbuilding. —Messrs. Russell and Co., Port Glasgow, 
have received an order from Messrs. Bethel, Gwyn, and 
Co., London, for a steamer, the engines of which are to 
be supplied by Messrs. David Rowan and Co., Glasgow. 
—Messrs. David J. Dunlop and Co., Port Glasgow, are 
to build and engine a passenger and cargo steamer for 
Glasgow owners.—The Caledon Shipbuilding and Engi- 
neering Company, Limited, Dundee, have secured t 
order to build a steamer of 1350 tons for the Clyde Ship- 
ping Company, Limited, Glasgow. 





AcricutturAL Moror Competition, Canapa.—The 


red | rules and regulations of the agricultural motor compe- 


tition, to be held at the Canadian Industrial Exhibition, 
Winnipeg, from July 5 to 22 next, have been issued. 
Professor A. R. Greig and Mr. L. J. Smith are the 
engineers in charge, and Mr. A. W, Bell the manager at 
Winnipeg, Man. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Retwrns.—The amount of coal dealt with at 
Hull during the month of January was 525,936 tons, 
which is an increase of nearly 20,000 tons. It is interest- 
ing to note that this increase was practically wholly 
accounted for by local requirements and bunkering, and 
not by shipments. The exports, 273,746 tons, showed a 
slight decrease. Coastwise the shipments were respon- 
sible for 93,359 tons. As usual, the Denaby and Cadeby 
collieries headed the list of producers, though their output 
for the month was 20,000 tons less than in January, 1910, 
whereas some of the new pits in South Yorkshire are 
coming on with big strides. As erage heed remark- 
able industrial development of South Yorkshire, some 
figures given at the recent half-yearly meeting of the 

ull and Barnsley Railway Company are instructive and 
valuable. In the last ten years the mineral traffic receipts 
on that line have increased from 146,884/. to 3,052,155/., 
roughly 21 times as much. 


South Yorkshire Coal Trade.—The tone of the hard-coal 
market is appreciably stronger this week. Considerable 
tonnages are being sent to both the Humber and Mersey 
ports, and the demand for industrial purposes is steadily 
increasing. The inquiries for manufacturing hards are of 
such quantity, in fact, that, with the near advent of the 
shipping season, collieries may find themselves somewhat 
embarrassed in meeting demands. The pits are working 
well, and there has been little ‘‘ spot” offered. Some 
falling off has been noticeable in the demand for _— 
Slacks are in a strong position, with collieries well booked 
up. Coke dealers are experiencing some difficulty in 
dealing with the numerous inquiries for coking smalls. 
In the house-coal trade, though business been pretty 
good on the week, there is a tendency for stocks to ac- 
cumulate at pits owing to a decrease in orders. It is 
stated that many merchants are expecting more favour- 
able terms shortly. There does not seem to much 
demand for the cheaper varieties of house-coal. Latest 
*Change quotations are :—Best branch hand-picked, 14s.; 
Barnsley best Silkstone, 12s. to 13s.; Silkstones, 10s. to 
1ls.; Derbyshire —_ lls. 6d. to 12s. 6d.; Yorkshire 
hards, 9s. to 10s. 6d.; rbyshire hards, 8s. to 9s. 3d.; 
washed nuts, 8s. to 9s.; rough slacks, 5s. 3d. to 7s.; second 
qualities, 3s. 6d. to 4s. 9d.; smalls, 1s. to 2s. 3d. 


Tron and Stcel.—The state of the iron market is prac- 
tically a repetition of last week. The fact that most 
consumers have provided for their requirements neces- 
sarily makes a reduction in the volume of business done. 
Most of the sales which are being effected are in respect 
of supplementary quantities required by consumers who 
find their contracts do not cover the demands made upon 
them. Deliveries have remained heavy both of hema- 
tites and of the common irons. In the Lincolnshire 
qualities of these latter slight premiums are being ob- 
tained. Prices generally are firm. The South Yorkshire 
Bar-Iron Association have again decided not to alter 
their quotation of 6/. 15s. for bars. The bar-mills are 
working well, and there is a good inquiry for billets. 
The general steel trades are not showing any pheno- 
menal development, but are progressing steadily. i- 
neering demands are much better, and a notable feature 
is the demand from the cotton-mill districts. In con- 
nection with engineering it is satisfactory to note that 
file-makers are preparing to meet a much bigger demand, 
of which there are al y indications. Both in home and 
foreign markets the file trade promises to be more flourish- 
ing during the year. Makers of railway springs, tyres, 
and axles are under considerable re to execute their 
orders in the limited time necessitated by the ene of 
the railway companies’ demands. The export of special 
steels is large, both to foreign countries and the Colonies. 

n figures largely amongst buyers. Both tool-steels 
and tools are flourishing branches. Contractors’ tools are 
# section which is doing specially well, and there is a 
distinctly better outlook for joiners’ tools. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The pig-iron trade is very 
dull just now; , eeepte are beginning to wonder when 
the long-predicted boom is likely to appear. There is 
little business doing for either early or forward delivery, 
and the statistical situation, particularly so far as Cleve- 
land iron is concerned, is unsatisfactory. At the same 
time, there are still some sanguine traders who take a 
cheerful view of the outlook, and who express the opinion 
that the staple industry will be characterised by much 
briskness before very long. Values show little move- 
ment. No. 3 g.m.b. Cleveland pig is obtainable from 
second hands at 49s. 14d. for early f.o.b. delivery, and 
some makers also would probably accept that figure. No. 1, 
which continues scarce, 1s 52s. 9u.; No. 4 foundry, 48s. 3d.; 
No. 4 forge, 48s.; and mottled and white iron each 
‘7s. 6d.—all for early yf Makers of East Coast 
hematite pig are in a deal better position than pro- 
ducers of ordinary Cleveland iron, for they have the 
ee of practically controlling their own prices, 
which the manufacturers of Cleveland pig have not, as, 
owing to the warrants in circulation for Cleveland iron, 
speculators in London and in Gl w can manipulate 
the market. The hematite branch is not hampered by 
warrants. The ral market quotation of both makers 
and merchants for early delivery of Nos. 1, 2, and 3 
hematite is 65s. 6d., but possibly business could be done 
at a little below that figure. ts, however, are 
regarded as ing, and makers ask up to 67s. 6d. 
for forward delivery of mixed numbers. oreign ore 
prices are upheld on the basis of 22s. 6d. ex-ship Tees for 





Rubio of 50 per cent. quality, although business is at a 


standstill. Consumers of foreign ure are well covered, and 
will not pay the market rates. On the other hand, sellers 
are well placed and are not pressing business. 


Stocks and Shipments of Pig Iron.—Cleveland iron is 
understood to be accumulating at makers’ works, and, in 
addition, it is steadily going into the public warrant 
stores, where the stork now exceeds 560, tons, and is 
being increased this month at the rate of nearly 800 tons 
4 working day. Shipments of pig iron are fairly good 
for this season of the year, and they are expected to 
improve. To date this month they av 2990 tons per 
working day, as compared with a daily average of 
3375 tons to the same date last month, and an average 
of 2920 tons per working day for the corresponding part of 
February last year. 


Manufactured Iron and Steel.—A satisfactory account 
can be given of the various branches of the manufactured 
iron and steel industries. Producers of nearly all descrip- 
tions have excellent order-books, and they take a cheerful 
view of the situation, although just now little new work 
is being placed. Prices are strong. Principal market 
quotations stand :—Common ony 71.; best bars, 
7l. 7s. 6d.; best best bars, 7/. 15s.; iron ship-plates, 
6l. 12s. 6d.; iron ship-angles, 7/.; iron ship - rivets, 
7l. 7s. 6d.; iron To go 6l. 17s. 6d.; iron boiler- 
= 7l. 7s. 6d.; steel bars, 6/. 5s.; steel ship-plates, 

|. 15s.; steel ship-angles, 6/. 7s. 6d.; steel boiler-plates, 
71. 10s.; steel strip, 6/. 10s.; steel hoops, 6/. 12s. 6d.; steel 
joists, 6/. 5s. to 6/. 7s. 6d.; cast-iron chairs, 3/. 10s.; light 
iron rails, 6/. 10s.; heavy steel rails, 5/. 15s.; steel rail- 
way sleepers, 6/. 12s. 6d.; and iron and steel galvanised 
corrugated sheets, 11/. 5s.—sheets less 4 per cent. f.o.b., 
railway material net, and all other Cescriptions less 24 
per cent. discount. 





Tue Pvusuic Scuoots Yerar-Boox.—London: The 
Year-Book Press, c/o Messrs. Swan, Sonnenschein, and 
Co., Limited, 25, High-street, Bloomsbury, W.C. [Price 
3s. 6d. net.}—This ey, which is edited by Mr. 
H. F. W. ne, M.A., and Mr. W. A. Evans, A. 
has now been adopted as the official year-book of the Head- 
Masters’ Conference, and contains a summary of the work 
of the committee of the Conference, with abstracts dealing 
with the resolutions adopted at the last annual meeting. 
The chief section of the book deals in alphabetical order 
with the Public Schools themselves, giving particulars 
in each case of the gwerning bodies, the staff, manner 
of admission, particulars of entrance examinations, 
scholarships, houses, organisations, fees, prizes, honours, 
&e., = fact, most +d the a which 4 is desirable 
to obtain asa iminary to making ific inquiry in 
connection wih ony coca school. havin a! of the 
book which will —— prove almost equal y useful is 
that dealing with entrance scholarships at the public 
schools, examinations for the Universities, Army and 
Navy, and other professions. ised preparatory 
schools are dealt with in another section. The ste 
necessary to enter the principal professions form the 
subject of separate articles, the recommendations in the 
case of intending as following the lines approved 
by the Institution of Civil Engineers’ Committee. 


THE Expiosion in A Bartrery-Hovusr in New York. 
The disastrous explosion which occ in a battery-house 
in the Grand Central Station Terminal Yard, in New 
York City, on December 19 last, was, there is very good 
reason to believe, caused by gas. In the first place, the 
even distribution of the damage over the whole building 
affected bears witness to a gas explosion, for the destruc- 
tion caused, for instance, by dynamite would have been 
much more local. According to the New York Engineer- 
ing News, the omer A is that Pintsch gas escaping from 
a broken pipe filled the open spaces under the building with 
a mixture of gas and air, which mixture was in some way 
ignited. Events preceding the explosion also point to the 
reasonableness of this theory. About half an hour before 
the explosion occurred a train of multiple-unit electric 
cars was being shunted on a track at the end of the battery- 
house. During these operations the motorman failed to 
stop, and collided with and broke through a bumping-post, 
The collision resulted in the breaking of a Pintsch car- 
lighting gas-pipe which passed under the battery-house. As 
the gas was not shut off from this pipe until about half an 
hour after the accident occurred, it is estimated that about 
14,000 cub. ft. of gas escaped. after the gas was shut 
off the explosion took place. The extent of the damage 
done was so great that the cause being due to gas was 
doubted in some quarters. The enormous potential energy 
contained even in a moderate volume of combustible gas 
when mixed with the proper amount of air, and exploded, 
is, however, not always a i . A volume of the 
gas in question equal to 100 cub. ft., with a calorific value 
of 600 BTU. per cubic foot, when mixed with the theo- 
retically correct proportions of air to produce the most 
explosive mixture, would represent about 46,680,000 ft. -Ib. 
of potential energy. If consumed in a gas-engine cylin- 
der, about 20 per cent. of this could be obtained as mecha- 
nical work, or, say, one-fifth of 46,680,000 ft.-Ib., or about 
9,336,000 ft.-Ib., which would probably be quite a safe 
figure to take when considering the force that would be 
exerted in a confined space by the explosion. If, in place 
of 100 cub. ft. of gas, we consider the 14,000 cub. ft. sup- 
posed to have been — we have 140 times as much 
energy developed, or about 583,560 foot-tons, which repre- 
sents the raising of 5835 tons about 100 ft. high. — 
actual explosions we may take it that the most efficient 
mixture of gas and air is seldom or never obtained ; but 

ting this, it will be readily understood from the above 
gures what an enormous energy may be suddenly given 
out in gas explosions. 


NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has exhibited a — 
tone, not much fresh business being reported. The best 
large steam coal has made 17s. 9d to 18s. per ton, while 
secondary qualities have ranged between 16s. 3d. to 
17s. 6d. per ton. Bunker smalls have brought 9s. 9d. to 
10s., and cargo smalls, 8s. to 8s. 9d. per ton. The best 
ordinary household coal has been quoted at 14s. 6d. to 
16s. 6d. per ton; No. 3 Rhondda bas made 17s. to 
17s. 6d.; and smalls, 10s. to 10s. 6d. per ton. No. 2 
Rhondda large has realised 13s. to 13s. 6d., and smalls 
8s. to 8s. 6d. per ton. Foundry coke has been quoted at 
19s. to 22s., and furnace ditto at 16s. 6d. to 17s. 6d. per 
ton. As regards iron ore, Rubio has brought 21s. 6d. 
to 22s. 6d. per ton, upon a basis of 50 per cent. of iron, 
and charges, including freight, insurance, &c., to Cardiff 
or Newport. 

South Wales Coal.—The exports of coal from the six 

rincipal Welsh ports—Cardiff, Newport, Swansea, Port 
Talbot, Neath, and Lilanelly—in January, were as 
follows :—Cardiff—foreign, 1,293,605 tons; coastwise, 
185,069 tons; total, 1,478,674 tons. Newport—foreign, 
375,431 tons; coastwise, 54,230 tons; total, 429,661 tons. 
Swansea—foreign, 266,447 tons; coastwise, 21,315 tons ; 
total, 287,762 tons. Port Talbot—foreign, 124,312 tons ; 
coastwise, 7603 tons; total, 131,915 tons. Neath— 
foreign, 12,657 tons ; coastwise, 15,052 tons; total, 27,709 
tons. Lilanelly—foreign, 18,317 tons; coastwise, 1339 
tons ; total, 19,656 tons. The te shipments for 
the month were, accordingly, 2,375,377 tons. The corre- 
sponding aggregate shipments in January, 1910, were 
2,372,576 tons. 

The Midland at een FS ey oy | Railway Com- 

poses to expen nf on the Swansea King’s 
Bock oN The total length of these lines will " 
4 miles 5 furlongs 3 chains, and ig J comprise a single 
line from the company’s Swansea Vale Railway to t' 
southernmost siding of storage sidings constructed by the 
Swansea Harbour Trustees on the Crumlin Burrows. 

The Swansea Valley.—The demand for steel bars has 
continued good, but the market for large sheets has not 
been so firm. The tin-plate trade has shown no falling 
off, and the engineering shops have been well employed. 








Tue Preservation oF Sreamenrs’ TalL-Suarts.—In 
1907 Messrs. Vickers Sons and Maxim, Limited, built 
for the Furness Railway Company a steam hopper 
barge, which has recently had her tail-shaft drawn for 
the first time after being installed. The boat works in 
sandy water, and has about three years’ continuous 
work. She is fitted with a linerless s shaft running in 
a white-metal bush, and when the shaft was drawn it was 
found that both the shaft and bush were in perfect con- 
dition, and sho no signs of wear ; in fact, no difference 
could be detected between that portion of the shaft which 
had worked in the bush and that which was in the recess 
between the stern and the neck ring, and the 
original tool-marks could be seen on the bush. In view 
of ‘the fact that the boat had for three years been workin; 
in sandy water, this entire freedom from corrcsion an 
wear is remarkable. The patent tail-shaft appliances to 
which this result is due were fitted by Mesers. B. R. 
Vickers and Sons, Gascoigne-street, -lane, Leeds, 
and were described and illustrated by us on page 706 of 
our eighty-seventh volume. The shaft has run during 
the whole time with Messrs. B. R. Vickers and Sons’ non- 
corrosive oil. As everything was found in a satisfactory 
condition, the shaft was replaced for a further term of 
service. 





InsTITUTE OF Marine Enotngers.—At the Institute 
of i ngineers, on Monday, the 23rd ult., the 
adjourned discussion took place on Mr. J. Veitch Wilson’s 
lecture on ‘‘The History and Practice of Lubrication in 

ine ines.” Mr. James Adamson, hon. secretary, 
presided. 


r. W. Calderwood advocated the use of a 

pure nen oil for cylinders, but for general pur- 
e did not recommend mineral oils only ; he felt 

that fatty oils could not be dispensed with until less 
attention was paid to the initial cost and more required 
in the way of purity. Mr. J. Duncan Best said that 
the science of lubrication was an empirical one, de- 
ding mainly upon the results of tical experience. 
The oils to be avoided as cylinder lubricants in marine 
engines were: mineral oils which were not stable—in 
other words, unsaturated compounds; oils with a 
low power of cohesion, and also those with too high 
or too low an adhesion. Mr. J. Brooker pointed out 
that in the modern steam-engine the steam was so dry 
that it had no effect in decomposing the fatty oils. The 
amount of moisture, also, in an internal-combustion engine 
was so smal] as not to produce saponification. In an 
emulsion, where oil was closely associated with water, he 
considered it was more a physical effect than a chemical 
association. Mr. Mather did not think cotton-seed oil 
would stand so well as rape-seed oil with heated bearings. 
Mr. J. Veitch Wilson, in. replying, said, in reference to 
the question of corrosion in cylinders, that the construc- 
tion of the cylinder itself was an important matter, apart 
from the question of fatty acids, with a free exhaust 
there would be little fear of damage. The —_ gravity 
of an oil was a t consideration. He did not recom- 
mend the use of heavy oils as lubricants, as they were 
more likely to contain car and bituminous pro- 


In| ducts. Hedid not look upon the frothing of oils asa good 


test of their quality. Oils which had been in use probabl 
lost some of the hydro-carbon elements, but they 
easily be made up to the required strength. Cotton 





— les ran from six to eight months with one supply of 
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THE BOISTEL APPARATUS FOR CLEANING SAND FILTERS. 
(For Description, see Page 217.) 
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Fic. 1. Sucttow-DrepcerR CLeanine Sanp Fitter at Cuotsy-Le-Ro1, Paris. 





Fie. 2. Suction Drepoer CLeanine Crrcutar Sanp Fitter at NoGent-sur-Marne. 


Measuring Enp-STanparpDS OF LENGTH.—In a paper 
on ‘*The Measurement of End-Standards of Length,” 
read at the Royal Society last month, Dr. P. E. Shaw, of 
Birmingham, stated that recens improvements of his 
measuring-machine enabled him to measure within less 
than 0.34. The machine, first described in 1906, depends 
upon closing an electric circuit by bringing first one and 
then the other of two screws in contact with the gauge ; 
the table which carries the gauge has been modified ; we 
have mentioned the machine in our reports on the work 
of the National Physical Laboratory, in which it is in- 
stalled. Measurements made by Dr. Shaw on ordinary 
gauges, and on the splendid Johanson gauges, bring out 
the remarkable result that the best machine is powerless 
to detect errors in these latter gauges, which are slabs of 
steel 35 mm. by 10 mm., and can used singly or com- 
posite. It is indeed wonderful that two metal surfaces of 
the dimensions stated can be made truly plane and parallel 
Within 0.3 4. Dr. Shaw is further improving his i 
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PLATE XIV. 





WATER-HEATING APPARATUS; EGYPTIAN STATE RAILWAYS. 


sf.C.F, CHIEF MECHANICAL ENGINEER. 


see Page 211.) 
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AGENTS FOR “ENGINEERING.” 


AvustraLia: Gordon and Gotch, Melbourne ; Sydney ; Brisbane ; 
Perth. 


Turner and Henderson, Sydney, N.S. W. 
T. Willmett and Co., Townsville, North Q land 


NOTICES OF MEETINGS. 


Tue INstrruTION OF MBCHANICAL ENGINEERS.—Friday, February 17, 
at 8 o'clock. The sixty-fourth annual eT meeting will be 
held. The Annual Report of the Council will be presented to the 





W. C. Rigby, Adelaide, South Australia. 

Melville a | Mullen, Melbourne, Victoria. 
Austria, Vienna: Lehmann and Wentzel, Karntnerstrasse. 
Be.ervm : E. F. Satchell, 2, Rue de la Bourse, Brussels. m 


g- The results of the ballot for the annual election of the 
President, Vice-Presidents, and Members of Council will be 

d at this ti The following awards will be made : 
—Starley Premium (First Award) to Mr. L. A. Legros (Member); 
Water Arbitration Prize to Mr. W. R. Eckart, Jun. (Associate 








Canapa, Toronto, Ont. : Wm. Dawson & Sons, Manning Ch s. 

Epinsures : John Menzies and Co., 12, Hanover-street. 

France, Paris: Boyveau and Chevillet, 22, Ruedela Banque. For 
Subscriptions and Advertisements, Librarie B. Tignol, 
53bis Quai des Grands-Augustins, Paris. Also for Adver- 
tisements, Agence Havas, 8, Place de la Bourse. 

Germany, Berlin: A. Asher and Co., 13, Unter den Linden. 
Frankfurt-am-Main : For Advertisements, G. L. Daube & Co. 
a: F. A. Brockhaus. 

Mulhouse : H. Stuckelberger. 

G iaseow : William Love. 

Inp14, Calcutta ; Thacker, Spink, and Co. 
Bombay : Thacker and Co., Limited. 

IraLy: U. Hoepli, Milan, and any —. 

LivERPOOL: Mrs. Taylor, Landing Stages. 

MANCHESTER : John Heywood, 143, Deansgate. 

New Zea.anp : Gordon and Gotch Proprietary, Limited, Welling- 
ton, Auckland, and Christchurch. 

Norway, Christiana: Cammermeyer’s Boghandel, Carl Johans 
Gade, 41 and 43. 

RotrerpaM : H. A. Kramer and Son. 

SoutH Arrica: Central News Agency, Limited, Head Office— 
Johannesburg ; and Pretoria, Cape Town, Port Elizabeth 
Bloemfontein, Durban, and their various branches an 
bookstalls throughout South Africa. Also Cape Town : 
Wm. Dawson and Sons, 31, Long-street. 

eee | : ge and Gotch Proprietary, Limited, Launceston ; 

‘obart. 


Unitep States, New York: W. H. Wiley, 43, East 19th-street. 
Chicago: H. V. Holmes, 957-958, Monadnock Block. Sole 
Agents for Advertisements in the United States :—The 
Wm. 8. Parry Co., 315, Dearborn-street, Chicago, U.S.A. 


ADVERTISEMENT RATES. 


The charge for advertisements is three shillings for the first four 
lines or under, and eightpence for each additional line. The line 
ave seven words. Payment must accompany all orders 
for single advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on the wrapper 
and on the inside pages may be obtained on applicati The pages 
are 12 in. deep and 9in. wide, divisible into four columns of 2} in. 
in width. Serial advertisements will be inserted with all practicable 
regularity, but absolute regularity cannot be guaranteed. 

Advertisements intended for insertion in the cur- 
rent week’s issue must be delivered not later than 
5 p.m.on Thursday. In consequence of the necessity 
for going to press early with a portion of the edition, 
alterations for standing advertisements should be 
received not later than 1 p.m. on Tuesday in each 
week. a Ae ee jee © 

SUBSCRIPTIONS, HOME AND FOREIGN. 

“* ENGINEERING ” can be supplied direct from the Publisher 
| + wed free, for twelve months, at the following rates, payable in 

vance :— 
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When foreign subscriptions are sent by Post-Office Orders, 
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All accounts are payable to ‘‘ ENGINEERING,” LIMITED. 
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Offices for Publication and Advertisements, 


35 and 36, Bedford-street, Strand, London, W.C. 
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the fact that the above is our SOLE Address, and 
that no connection exists between this Journal and 
any other publications bearing somewhat similar 
titles. 
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Member); Graduates’ Prizes to Mr. E. W. Moss and Mr. T. H. 
Sanders. Paper to be further discussed :—‘‘ Modern Electrical 
Dock Equipment, with Special Reference to Electrically-Operated 
Coal-Hoists,” by Mr. Walter Dixon, Member, and Mr. George H. 
Baxter, Member, of Glasgow. 

Tus Surveyors’ Instirution. — Monday, February 20, at 4 
o'clock, when a paper will be read by Mr. F. J. Lioyd, F.C.S., 
F.LC., entitled ‘‘ Sugar-Beet: Will it Pay to Grow it in Great 
Britain ?” 

Tus Roya Society or Arts.—Monday, February 20, at 8 p.m. 
Cantor Lecture: ‘‘ Brewing and Modern Science,” by Professor 
Adrian J. Brown, M.Sc., F.LC. (Lecture IIL) Wetnester, 
February 22, at 8 “* Water-Finders,” by Professor J. 
Wertheimer, B.Sc., B.A. 

Tue InstiruTe OF Marine Enoinerrs.—Monday, February 20, 
at 8 p.m. Lecture on “Electrical Distance Thermometers,” by 
Mr. G. A. H. Binz. 

Tue InstrruTion oF Civi ENGIngERS.—Tuesday, February 21, at 
8p.m. Paper to be discussed :—‘‘ Coast Erosion,” by Mr. William 
Tregarthen Douglass, M. Inst. C.E.—Students’ Meetin Lectures 
on The Uses of Chemistry in Engineering.” Mr. Swinburne is 
unavoidably prevented from giving these lectures on Febru 17 
anti 24, as first, fixed, and arrangements have been made for their 
delivery on Fridays, March 24 and 31. A further announcement 
will be made in due course.—Friday, February 24, at 8 p.m. The 
following Student’s paper will be read and discu :—** The 
Design and Construction of Works for the Bacterial Purification 
of Sewage,” by Mr. Reginald John Samuel, B.Sc., Stud. Inst. 0. E. 

Students’ visit, Wednesday, February 22, to the Royal Small- 
Arms Factory, Enfield Lock. 

Tus Liverpoot ENGINEERING Society.—Wednesday, February 22, 
at 8 Bm: at the Royal Institution, Colquitt-street, when a paper 
will read by Mr. G. D. Bengough, M.A. (Cantab.), A.R.S.M., 
on ** Corrosion.” 

Tue InsTITUTION OF MINING AND METALLURGY. — Wednesday, 
February 22, at the House of the Institution of Mechanical 
Engineers, Storey’s Gate, Westminster, S.W., at 8.15 p.m., cr as 
soon thereafter as the business of the special general —- 
of Members and A iates (convened for 7.45 p.m.) is concluded. 
The following papers will be discussed :—‘‘ The Relationship ot 
Structure and Petrology to the Ovcurrence of Petroleum,” by 
Mr. A. Beeby Thompson. (Various models and specimens will 
be exhibited.) ‘‘ Shaft-Sinking Against Water in Fissured Ground 
by Cement Injection,” by Mr. A. L. Sh r, Suudent. 

Tus Instirvurion or ELECTRICAL NGINKSRS, — Thursday, 
February 23, at 8 pe. ** Long-Distance Transmission of Elec- 
trical Energy,” by Mr. W. T. Taylor, Member (Mexico) ; “* Extra 
— ee & Transmission Lines,” by Mr. R. Borlase Matthews 
and Mr. C. T. Wilkinson, A.M Adjourned Discussion. 

Tue Roya Instrrvtion or Great Briran.—Friday, February 24, 
at 9 o'clock. Professor Jean Perrin, D.Sc., Faculté des Sciences 
a la Sorbonne, Paris, on ‘‘Mouvement Brownien et Réalité 
Moléculaire” (in French). Afternoon lectures next week at 
83 o'clock. Tuesday, February 21. Professor Frederick W. Mott, 
M.D., F.8.8., F.R.C.P., Fullerian Professor of Physiology, R.L., 
on ‘‘ Heredity” (Lecture VI.). ree February 23. Mr. P. 
Chalmers Mitchell, M.A., D.8c., LL.D., F.R8., Secretary of the 
Zoological Society of London, on “Problems of Ani in 
Captivity ” (Lecture III.). Saturday, February 25. Mr. Thomas 
G. Jackson, R.A., M.A., LL.D., F.8.A., on ‘‘ Architecture : The 
Byzantine and Romanesque Period ” (Lecture III.). 

Tue PuysicaL Socrsty or Lonpon.—Friday, February 24, at 
5 p.m., at the Imperial College of Science, Imperial Institute- 








road, South Kensington. Agenda: 1. ‘‘ Flames of Low Tem- 
= Supported by Ozone,” by Professor the Hon. R. J. Strutt, 
R.S. 2. “The Movement of a Coloured Index Along a Capiliary 


Tube, and Its Application to the Measurement of the Circulation 
of Water in a Closed Circuit,” by Dr. Albert Griffiths. 3. “ An 
Optical Lever of High Power, Suitable for the Determination of 
Small Thicknesses and Displacements,” by Mr. E. H. Rayner. 
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THE AIRS 


ae 


HIP FOR THE BRITISH 
NAVY 


In presence of the Government's Advisory Com- 
mittee on Aeronautics, the first airship built for 
the British Navy made on Tuesday trials analogous 
to the basin tests of a warship, and, ‘these having 
proved quite satisfactory, this latest achievement 
of naval construction may proceed on her first 
— flights as soon as is considered desirable. 

n the minds of laymen there has been some little 
impatience at the assumed delay in the completion 


25 | of the airship, due partly to irresponsible and often- 


times sensational statements in the daily Press 
regarding progress, and to optimistic predictions as 
to the probable date of completion. But in the 
case of those conversant with the vast amount of 


228 | experimental work, the degree of care exercised in 


evolving each detail, alike in design and material, 
and the desire continuously kept in view to excel 
previous performances with similar airships, there 
was contentment with the policy of festina lente 


232| pursued. The final result promises to be thoroughly 
os3 | creditable to Captain Murray F. Sueter, R.N., 


Inspecting Captain of Naval Airships, who has been 
closely identified with every step in the evolution 
of design and manufacture, and to the Vickers 
Company, to whose skill and experience the build- 
ing of the ship was entrusted. A review of the 
preliminary work and of the constructional methods, 
and a description of the ship as now completed, 





prove that if there has been delay, it has been of 
t utility in adding to the efficiency of the 
finished production. 

It is two years since the Imperial Defence Com- 
mittee came to the conclusion that, in view of 
developments in other countries, aeronautical de- 
partments should form a definite of our sea 
and land defence forces, and on April 30, 1909, 
an advisory committee was appointed to guide the 
Admiralty and the War Office in carrying out this 
idea. The constitution of this Committee com- 
manded confidence, as it included men eminent in 
abstract science, or experienced in the practice of 
those branches of applied science which would come 
into play in the asain work of constructing such 
aerial war implements, as well as experienced 
officers of the sister services. The members are :— 
Lord Rayleigh, O.M., F.R.S. (President), Dr. 
R. T. Glazebrook, F.R.S. (Chairman), Rear-Admiral 
Reginald Bacon, C.V.O., K.N. (retired), Mr. 
Horace Darwin, F.R.S., Sir G. Greenhill, F.R.S., 
ek peace Sir C. F. Hadden, K.C.B., Mr. 
F, W. Lanchester, Mr. H. Mallock, F.R.S., Pro- 
fessor S. E. Petavel, F.R.S., Mr. Mervyn O’Gor- 
man, Dr. W. N. Shaw, F.R.S., and Captain 
Murray F. Sueter, R.N. 

This Committee, after due deliberation, relegated 
to the Army the construction of a small type of 
non-rigid dirigible airship, and the results of their 
labours in the performances of the Army ships 
from Aldershot are now well known. To the Navy 
was appointed the more difficult task of evolving a 
rigid airship of large capacity, great radius of action, 
and other offensive qualities. This is not the place 
to consider whether the rigid or semi-rigid type is 
preferable. Both have their advantages as well as 
their disadvantages, and the Advisory Committee 
will no doubt make it their business to thoroughly 
test both classes of airships before formulating a 
definite opinion as to which should constitute the 
fleets of airships which must be built within the 
next few years, if we are to act on the principle in 
Imperial defence of setting a thief to catch a thief. 

The next momentous decision had reference to 
the place of construction. As was announced at the 
time, the dockyards were too fully occupied with 
work in keeping the Fleet in fit condition for 
service to justify such original work being exacted 
from these establishments. There was universal 
approval when it was decided to entrust the 
problems inseparable from the realisation of such 
a novel and largely experimental departure in naval 
construction to the Vickers Company. Under similar 
conditions they had inaugurated submarine boat- 
building in this country, and had not only given the 
Navy vessels unexcelled in any of the desirable quali- 
ties of such craft at remarkably low cost, but had 
refrained from building them for any other Powers, 
and maintained al] secrets inviolate. There is no 
need at this time of day to refer to the enterprise 
of the company ; but early evidence was afforded in 
the construction of a special, admirably-equipped 
shed for the construction of the airshi oa for 
their accommodation during trials. his shed, 
which has already been illustrated and described in 
ENGINEERING,* is partly supported on the wharf of 
one of the docks at Barrow-in-Furness, and partly 
on piles driven into the concrete-reinforced bed of 
the dock, which is not yet fully dredged for ship- 

ing. In the dock special moorings have been laid 
or the airship, so that when favourable weather 
prevails it will not always be necessary to take it 
into the shed. In an adjacent dock there now lies 
the cruiser Hermione, the mother-ship of the air- 
ship, and her seamen have been engaged on work 
on the airship, while the marines have acted as 
sentries to guard off the inquisitive. 

The first intention was to construct the ship of 
aluminium, then the best-known metal combining 
strength with lightness, and while the shed was 
being erected a girder structure of this metal, corre- 
sponding to a part of the area of the large gas 
reservoir of the ship, was made for test ; while full- 
sized wooden models of the gondolas, with the 
propellers, rudders, and aeroplanes, and gear for 
working them, were erected. is preliminary pro- 
cedure made it possible to arrive at definite conclu- 
sions as to the fitness and suitability of material 
and structure. Up to this point Admiral Bacon 
had been in charge of the work on behalf of the 
Admiralty, but he left the Service at this early stage 
in the construction, and was succeeded by Captain 
Murray F. Sueter, a torpedo officer with great experi- 


* See ENGINEERING, vol. lxxxix., page 208. 
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ence of submarine work, and considerable resource 
in mechanical engineering. His first experience 
was disconcerting: the girder structure of alumi- 
nium collapsed under stress, the angles and tees 
provided being unable to take the strain, although 
otherwise suitable. Research work was undertaken, 
and ultimately the Vickers Company adopted the 
metal now known as duralumin—one of the 
magnesium alloys of aluminium. We have already 
published in EncineERinea details of the composi- 
tion and physical properties of this metal,* and we 
need only here repeat that duralumin contains 
91 per cent. of aluminium, has a specific gravity 
between 2.77 and 2.84, a melting mec of about 
650 deg. Cent., with strength and hardness equal 
to mild steel. The yield point varies, accord- 
ing to the hardness, from 12 to 16 tons per square 
inch, the breaking resistance from 22 to 29 tons, the 
elongation from 23 to 18 per cent., and the contrac- 
tion of area from 34 to 26 per cent. This metal 
was accepted by Captain Sueter, although it had 
not before been used in any large structure ; but 
events have proved that the confidence was justified. 

When this decision was arrived at, the work of 
construction commenced. The structure for accom- 
modating the hydrogen reservoirs or balloons is 
512 ft. in length and 48 ft. in diameter. It is in the 
form of a decagon, and the ten sides from bow to 
stern are built up of longitudinal lattice-girders, 
with vertical intercostal girders, the top and bottom 
boom in each case being formed of angles or tees 
of duralumin, the unriveted webs having lightening 
holes. Each bay has diagonal wire bracing, a 
special feature being the care with which the over- 
laying units and intersecting points are treated to 
ensure rigidity. One of the ten sides was com- 
pleted and connected up from bow to stern for the 
whole length on a side platform, and was then 
slung to the roof of the shed, while the next length 
was added, and so the structural erection continued, 
the great cylinder being moved circumferentially 
by the roof-tackle until the decagon was completed. 
The form is whale-like, with a bluff entry, and a 
sweet run aft to a point, where, at the bottom, there 
is a big fin, increasing in depth aft according to the 
upward rise to the point of the stern. 

For more than half the length of this structure 
there is a bottom girder, or keel, of V shape, carried 
on the girder structure of the decagon. This is 
also of lattice-girder construction, with duralumin 
tee and round spruce diagonals. The bottom is 
flattened with spruce grating, laid inside to form a 
gangway, the height inside being more than suffi- 
cient to allow the crew to use it as a way of com- 
munication between the two gondolas. At one 

int the distance apart of the side members is 
increased to form a living or ward-room, and ham- 
mocks can be slung at any point in the length of the 
whole gangway. The fuel supply-pipes for the 
engines, the circulating-water pipes serving the 
radiators, and the exhaust-pipes from the engines 
are suspended to the bottom of this keel-girder, 
and thus warmth is radiated to the gangway. 

The gondolas, which are connected to the central 
girder, and have steps of communication with it, 
are of timber and of ship-shape form. Should the 
airship alight in the water, they will float the struc- 
ture by reason of the buoyancy afforded by the 
hydrogen gas contents of the reservoirs ; but there 
is no intention of driving the airship over the 
waters. Thus the imagery of the ship skimming 
along the sea like a swan and rising like a great 
hawk on occasions is, however poetic, quite im- 
practicable. The gondolas are too bluff for ony 
speed, and the propellers are entirely aerial. Bot: 
gondolas contain a typical ten-cylinder Wolseley 
marine petrol-motor with reversing clutch, the 
cylinders being cast in pairs, as in many similar 
types of the company’s marine motors illustrated 
in Enerneerine. ‘The special features are accessi- 
bility of parts, reliable material, and compactness. 
The radiator is in a square disc over the gondola. 
The engine in the forward gondola has two pro- 
pellers each with two wooden blades. There is one 
on each side at a considerable elevation above the 
gondola. It is supported on duralumin raking 
girders, with outrigger neg of spruce circular 
bars secured to the forward end of the gondola. 
Transmission is through a shafting gearing to 
the engine and propeller shaft, and with suitable 
bearings. The structure, although light, is care- 
fully designed and extremely strong. The engine 
in the after gondola drives a single two-bladed 





. See ENGINRERING, vol. xc., page 510. 





propeller abaft the gondola, with only a reversing 
coupling between propeller and engine. The pro- 

llers have been proportioned as the result of a 
ong series of trials on the special aerial-propeller- 
testing appliance constructed by the Vickers Com- 
pany, and already described in ENGINEERING,* and 
a high efliciency is anticipated ; but we do not think 
it is in the interests of the Service that any details 
should be given as to the speed—or, indeed, as to 
the weight—of the ship, power of engines, probable 
radius of action, or offensive qualities. 

To give lifting power there will be in all eighteen 
or twenty gas-bags, the structure for the hydrogen 
reservoirs being divided vertically into compart- 
ments by rope netting. The covering of the struc- 
ture was the subject of experiment at the National 
Physical Laboratory at Bushey. Gold-beaters’ skin, 
rubber-proof fabric, and silk coated with a proof- 
ing by the ‘‘ Ioco” process, were each tested, and 
the last-named was preferred, weighing only about 
100 grammes per square metre. It has fire-resist- 
ing qualities, and is of British manufacture. The 
upper half is in addition coated with aluminium 
dust in order to reflect the sun’s rays, and is thus 
silvery coloured, while the lower half retains the 
yellow shade of the silk. The gangway is enclosed 
with the same material. 

To enable the ship to rise or descend during 
flight there are three parallel horizontal planes on 
both port and starboard sides, forward and aft. 
These are comparatively small, pivoted in the 
centre at each side, with a vertical rod at each 
corner, and through these all are tilted to the 
desired angle by wire gear rated from either 
gondola. For lateral movement there are three 
groups of vertical aeroplanes or rudders, one of 
four parallel planes above, and a similar one 
below, the main structure near to the stern, while 
abaft of the propeller, in the after gondola, there 
is a group of three rudders. These, like the 
horizontal aeroplanes, are not dissimilar to great 
laths in Venetian blinds, and are light, easily 
manipulated, but rigidly framed. Like the engines 
and propellers, these were worked before the 
members of the Advisory Committee on Aero- 
nautics, during their visit tc the Naval Construc- 
tion Works at Barrow on Tuesday. The Committee 
are to be congratulated, as well as Captain Sueter 
and the Vickers Company, on the important stage 
which their unique work for the Navy has now 
reached. 





THE NEW ELECTRICAL MINING 
RULES. 

THe great extensions which have taken place in 
connection with the use of electricity in mines 
during the past five years in conjunction with the 
developments in the design of electrical apparatus 
of all kinds, and especially for inetd < work, 
was one of the reasons which led, indirectly, to 
the appointment by the Home Office, in October, 
1909, of a Special Committee to revise the rules 
applying to the use of electricity in mines. The 
Committee, which consisted of H.M. Chief Inspector 
of Mines, H.M. Electrical Inspector of Mines, and 
Mr. Charles H. Merz, M. Inst. C.E., who has had 
a special experience of electrical work in collieries, 
have now issued their report, with their recom- 
mendations as regards the revised code of rules. 
The effect of these rules upon the industry will be 
so important as to justify their careful study by 
mining engineers generally. 

In legislation of this kind England has nearly 
always been ahead of other countries. An interest- 
ing proof of this is shown by the fact that the 
circular of the ‘Bureau of Standards” of the 
United States dealing with the standardisation of 
electrical practice in mines, published in July of 
this year, follows very closely on our own Home 
Office Rules published five years ago. It must not 
be judged from this, however, that there was no 
need for the revision of these rules in England, for 
in such inatters as industrial legislation the United 
States is inevitably behind our own country. 

Those of us who are opposed to excessive govern- 
mental interference with industry do not base our 
objections solely on the ground of the additional 
burdens upon capital, which it usually entails—in 
this case upon the coal-owner. There is always a 
danger that excessive regulation will hamper deve- 
lopment in the design and use of apparatus, there 
is a risk that it may tend to lessen individual 
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responsibility in case of accident, and there is finally 
the objection that it is likely further to increase the 
number of Government servants, which is already 
being so swollen by other forms of legislation. It 
has recently been announced that Mr. Churchill is 
prepared to appoint a large number of additional 
mine inspectors as the results of the finding of a 
Royal Commission. 

In the present case, however, these arguments do 
not apply with equal force, for it is generally ad- 
mitted that the conditions of work underground, 
especially in connection with the use of electricity, 
are such as to justify a considerable amount of 
careful regulation. Although the number of fatal 
accidents traceable to the use of electricity is 
extraordinarily small compared with the increase in 
the use of electrical apparatus underground, the 
importance of any decrease in the death-roll from 
mine accidents is so great as to more readily justify 
well-considered regulations for underground work 
than is always the case in other industries. The 
electrical industry in particular has suffered from 
excessive legislation and departmental interference, 
and the interference of the Home Office and Board 
of Trade in electrical work generally has, asa rule, 
less justification than in the present case. 

Many colliery managers early realised some of 
the advantages which electricity offered in increas- 
ing the efficiency of coal-cutting and coal-raising, 
as well as for the various other operations in a pit. 
But, owing to the intense conservatism of this 
class, and also to the low standard of work in many 
early installations, its adoption in the pits of this 
country has been nothing like as rapid as it might, 
and indeed should, have been. In addition to 
this, there exists in many quarters a somewhat 
vague, though unfounded, fear on the part of the 
miners and managers of this new force. That this 
objection to the use of electricity cannot be justi- 
fied is shown by the fact that only 14 per cent. of 
the fatal accidents in mines arise from electrical 
causes, and almost in every case where such acci- 
dents have arisen they are shown to be the result 
of faulty apparatus or other entirely preventable 
causes. 

Neither electrical manufacturers nor mine engi- 
neers quite realised at first the importance of radical 
changes in the methods to be employed when 
using electricity below ground. These changes are 
mainly of two kinds. One aims at the prevention 
of ss and the other at the prevention of 
shock. Fortunately, the improvements in appa- 
ratus which are required to reduce the risk of 
accident are not in the direction of greater compli- 
cation, nor are they such as to require greater 
technical knowledge. Broadly speaking, the use of 
electricity in mines requires less electrical knowledge 
than its safe use on the surface ; but, on the other 
hand, it requires more attention to sound mechanical 
construction if success is to be achieved. These are 
the very mechanical questions upon which the 
colliery manager is, as a rule, competent to decide, 
and it is these points that the new code of rules is 
— designed to emphasise. 

he important questions which, broadly speaking, 
have to be considered in an analysis of any depart- 
mental regulations of this kind are, firstly, the 
extent to which the development of apparatus and 
the adoption of new machinery is likely to be 
hindered; and, secondly, the extent to which extra 
expense is entailed in carrying them out. In the 
report the Committee declare their intention of 
confining themselves to the principles rather than 
the details of design, and we think that, on the 
whole, they have been fairly successful. 

As regards the slight extra initial expense in- 
volved, we fear that it will of necessity give rise to 
complaints in some quarters, coming as it does at a 
time when legislation and workmen's demands are 
steadily increasing the burdens on the industry. 
Unlike their other burdens, however, the new re- 
quirements will tend to a lower annual expenditure 
by reducing risk of accidents as well as by lessening 
costs of repairs and maintenance, and it cannot be 
fairly said that the new requirements are excessive 
or, indeed, unnecessary. 

The electrical industry, being a highly technical 
one, seems as if it particularly lent itself to specifi- 
cations and cut-and-dried designs, and it was felt 
among electrical people generally that there was 
some danger of the Home Office rules tending 
towards the specifying of details in design and con- 
struction which would inevitably have the effect of 
retarding development. Both the report of the 
Committee, however, and the rules themselves 
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appear te have succeeded fairly well in avoiding this 
danger. Such technical details as are given are for 
the most part in connection with details which can 
only be regarded as among the essentials of good 
practice. 

An explanatory memorandum accompanies the 
report, and is apparently intended chiefly for those 
colliery managers who do not profess to be highly 
technical electricians. To electrical engineers some 
of the explanations it contains may seem unneces- 
sarily elementary, but it is to be remembered that 
the people responsible for the use of electricity in 
mines are also finally responsible for the multi- 
farious other operations connected with the opera- 
tion of a coal-mine, and have not time to make 
an elaborate study of electrical engineering ; nor, 
indeed, is such a course necessary. 

As the Committee point out, most of the faults 
of electrical apparatus in the past have been mecha- 
nical rather than electrical. Attention to the 
mechanical design and careful supervision during 
the installing and operating of the plant can do 
more to reduce working costs and to increase safety 
than skilled electrical knowledge. In important 
installations it is certainly desirable to call in 
skilled knowledge, in the first instance, for decidin 
upon the system to be adopted and the sae 
type of apparatus to be used throughout the pit, 
and it is probable that the cost of retaining the best 
expert advice at the outset would be more than 
justified ; but for the regular operation of the system 
thorough mechanical engineering is most required, 
coupled with systematic inspection of the apparatus. 

ence the Committee attach great importance 
to the mechanical construction of apparatus for 
underground use. Many mechanical engineers have 
wondered how some of the apparatus turned out by 
electricians in early days managed to work at all. 
Now that so much more attention is being given to 
the engineering side of an electrical engineer’s 
training, it is noticeable that there is a correspond- 
ing improvement in the mechanical construction of 
electrical apparatus for use underground. Even 
to-day, however, there is still room for improve- 
ment, particularly in connection with auxiliary 
apparatus, including switch and joint-boxes, con- 
trollers, and so on. The designer of electrical 
apparatus has made numerous advances, and he has 
now learnt that rubber, string, paper, and shellac 
do not make a mechanical job, though each is 
useful enough when relegated to its proper place. 
He has begun to realise that everything, from the 
main switches to the motor, including all cables 
and switch-gear, should be as far as ible metal- 
cased—that is to say, with material impossible of 
attack. The report draws attention to the fact 
that, possibly in ignorance of these things, and out 
of a vague feeling of respect for the wonders of 
electricity, the colliery manager has, in some cases, 
been the greatest sinner in either accepting or 
buying apparatus totally unsuited mechanically for 
work underground. In any case, the purchaser of 
such apparatus must, at least, share the blame with 
the manufacturer of it. 

It is to be feared that among electricians of the 
old school there are still to be found some who, in 
the question of cables, for example, still want to 
depend upon ‘‘ rubber and string.” To such it may 
appear that some of the Committee’s recommenda- 
tions—those in favour of armouring of cables, for 
instance—are too strong. The reply to them is to 
ask them to go underground and study the condi- 
tions and see what the cables have to stand from 
falls, runaway trams, and from the handling of props 
or steel joists by workmen, not all of whom are 
over gentle or even careful. It would not be sur- 
prising if some of them returned with the convic- 
tion that armoured cables are not strong enough, 
and nothing but burying the cables in iron troughs 
will effectually meet the conditions. 

It is obvious from the proceedings that the 
Committee devoted considerable time to this point 
—namely, the cable system—which they describe 
in the report as ‘‘ possibly a greater source of danger 
than any other of an electrical system.” They 
had evidently in mind the risk of open sparking 
consequent upon the rupture or flattening of an 
unprotected cable as the result of a fall of roof or 
other mechanical damage, conditions which may 
produce all the elements of an explosion in an 
instant, without the slightest warning, in many dry 
and dusty or gassy pits. 

_ The electrical switch-gear of early days showed in 
ite design a lamentable lack of mechanical engineer- 
ing knowledge. Copper and brass musta and 





contacts which had to take considerable strain were 
merely cemented into marble panels, to the back 
of which insufficiently-protected wires were con- 
nected without any systematic arrangement. Great 
improvements have doubtless taken place in this 
direction, but there is still to be found in many 
collieries switch-gear in use of a type that is only 
really suitable for the currents and pressures and 
technical knowledge used in bell and telegraph 
work. Partly this is due to the fact that mining 
engineers are not fully aware of the great advances 
which are being made in switch-gear design. Iron- 
clad switch-gear can now be obtained from various 
makers of sound mechanical and electrical construc- 
tion, and especially designed to meet underground 
conditions ; and, indeed, there is no fault to find 
with the type, which has been adopted already in 
many of the best-managed pits in the North of 
England. Not only does this type lead to fewer 
breakdowns and lower cost of maintenance, but if 
has the further advantage of absolutely protecting its 
user from the possibility of shock, while open spark- 
ing can also be effectively prevented. Other details 
of a like nature are dealt with in the new rules, but 
the principie underlying them all is the same—that 
of sounder mechanical construction. Another point 
which is emphasised is the importance of proper 
supervision by a man who, while not without 
theoretical training, is, first and foremost, a reliable 
worker and a good mechanic. That too much 
stress is not laid on the importance of examination 
certificates in this connection is, we consider, an 
advantage, for that could only have the tendency to 
lead the colliery manager to attach too much im- 
portance to the possession of a certificate, to the 
exclusion of a candidate’s personal qualifications. 

On the whole, it may be said that this report with 
the accompanying rules is an example of the best 
type of departmental regulation, contining itself, as 
it does, as far as possible, to broad general principles, 
and avoiding intricate details, which are far better 
left to those who have to carry out the rules. 

a from the more concise arrangement and 
wording of the revised rules, it will be seen that the 
principal directions in which the requirements to be 
met have been strengthened are the following :— 

1. By providing that inflammable material shall 
not be used in the construction of motor-rooms 
where there exists the risk of fire. 

2. By more stringent regulations as regards the 
earthing of the outer coverings of apparatus. 

3. By clearly setting forth the conditions to be 
fulfilled by switch-gear. 

4, By insisting upon the better mechanical con- 
struction of cables and apparatus. 

5. By providing for the adequate supervision of 
apparatus. 

enerally the intention has been to call for im- 
proved construction and maintenance. While the 
Committee is convinced that a high standard of 
construction is an economy, not an expense, this 
is not incompatible with the requirement of proper 
supervision, which is a matter quite apart from 
maintenance. With well-constructed apparatus the 
necessity for the periodical examination of working 
parts remains, and the absence of repairs, which 
should ensue, must be credited jointly to both good 
construction and proper inspection. 

TheCommittee cove endeavoured to set out clearly 
the conditions to be fulfilled, leaving it to the engi- 
neer and the manufacturer to determine the exact 
way in which to meet them by ee ae construction. 
It is hoped that in this way a higher standard will 
be attained without interfering with commercial re- 

uirements, or the natural developmentof apparatus. 

he points of view of the coal-owner, the manager, 
the workman, and the electrical manufacturer seem 
all to have received consideration, and the views of 
the official and non-official members of the Com- 
mittee are both fairly represented in the con- 
clusions. That the + Be involved has been very 
great can only be realised by those who have perused 
the voluminous proceedings of evidence, and who 
have experience of such inquiries as this. The 
industry as a whole will undoubtedly be grateful 
to those who have gratuitously given their time and 
experience to this valuable investigation. 





THE ROADS OF GREATER LONDON. 
For some considerable period one of the most 
popular pastimes of the day has been the scheming 
of town improvements. In the words of a famous 
picture poster, ‘‘ It’s so simple,” requiring little in 








the way of equipment but a good map, a straight- 


edge, and a pair of compasses. With this equip- 
ment it is possible for everyone to lay down lines 
of new streets, affording magnificent architectural 
vistas, and of such spaciousness as to abolish per- 
manently any risk of congestion of traffic in the 
future. Unfortunately, few of the enthusiastic 
followers of this new recreation ever take into 
consideration the question of financial ways and 
means. Some of them, indeed, have frankly adopted 
ideas of finance popular with a certain school of 
politicians, and claim, in such a proposal as the 
abolition of the Charing Cross Station and Bridge, 
that the cost of the scheme would be quite moderate 
if carried out by the railway company, since the 
latter would not have to acquire the site. Of course, 
there are many municipal precedents for financial 
arrangements of this character, but purists still con- 
sider them unsound, maintaining the orthodox view 
that the site value of such an improvement must be 
added to the actual out-of-pocket expenditure in 
estimating the total capital on which interest has 
finally to be earned. 

After the numerous amateur efforts of this kind 
to which dwellers in the Metropolis have lately been 
treated, it is a pleasure to meet with a set of really 
carefully prepared suggestions for road improve- 
ments in the neighbourhood of the Metropolis such 
as are set forth in the report, just published, by 
the London Traffic Branch of the Board of Trade. 
Even here it must be admitted that no suggestion 
is made as to methods of raising the enormous 
sum of money which would be needed for the con- 
struction of the 100 miles of new road, and the 
improvement of another 254 miles of existing 
thoroughfares. Financial questions apart, how- 
ever, the report is a most carefully prepared and 
illuminating document, which will long serve as a 
mine of information as to traflic conditions in the 
Metropolitan area. It is further of interest to note 
that the routes selected for the suggested new 
roads are the results not of a mere study of maps 
and of statistics, but of a careful examination, on 
the ground, of the actual condition of affairs. In 
many cases schemes, which appeared promising in 
the office, proved impracticable when tested in the 
field, as the character of the property, which it would 
be necessary to acquire, turnéd out to be such as to 
increase to an inordinate degree the cost of road 
construction. No estimate is given as to the cost of 
the latter, but some very interesting figures are 
quoted in the report which show that the Corpora- 
tion of Liverpool by taking time by the forelock, 
and constructing the Queen’s Drive (which connects 
together the principal roads entering the city some 
4 miles from the centre), in advance of actual 
requirements, have been able to execute the work 
at an inclusive cost of 70001. per mile, whilst in the 
heart of the city new streets have cost 360,000/. per 
mile, and other new roads further from the centre, 
but nevertheless in districts already developed, not 
less than 70,0001. per mile. 

As a preliminary to selecting new routes for 
traffic, the Board of Trade secured the co-operation 
of the London County Council in taking a census 
of the traffic along the principal arteries. Obser- 
vations were made both in summer and in winter, 
and showed, as would have been anticipated, 
that what may, perhaps, be called commercial 
traffic remains much the same throughout the year, 
but that the passenger traffic is much heavier in 
summer. Of set purpose, no counts were made 
on Feet A and Sunday, so that those who use the 
roads on these days only may feel inclined to the 
opinion that the results of the census, as plotted 
graphically in Fig. 1, page 224, are in some cases 
misleading. The object of the investigation was, 
however, to ascertain not the maximum, but the 
average normal traffic. 

In the diagram the effective traffic density at 
each point of the highways leading into the Metro- 
_ is denoted by the width of the shaded band. 

is width, it should be stated, is not proportional 
to the actual number of vehicles passing per day, 
but to an arbitrary number of ‘‘ traffic units,” each 
type of vehicle being credited with a different 
capacity for obstructing traffic, The ‘‘ traffic unit” 
assumed is the obstruction caused by a motor-cab, 
and the figures given in the table on the next page 
represent the equivalent units adopted in the report 
as representing the obstructive capacity of other 
vehicles. Such marks must, of course, be to a 
—— degree a matter of judgment, but we are 
inclined to believe that most users of the road will 
consider the obstructive capabilities of the electric 





tramcar as underestimated, save perhaps on the 
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very outskirts of the Metropolitan area. More- 
over, the permanent way is in itself a frequent cause 
of obstruction to traffic, large stretches of it being 
under repair at one point or another all the year 
round; while in damp weather the tracks constitute, 
in addition, a constant danger to other users of the 
highway. Accidents which thus arise are, however, 
debited to the vehicle immediately concerned, and 
not, as they should be, to the tramways. 


Table showing Obstructive Equivalents of Various Vehicles. 























Equivalent uivalent 

Trade Vehicles. Traffic | arom raffic 

Units. — Units. 
One-horse (fast) .. 3 |Electric trams . 10 
pm (slow) .. ¥ ‘enerens (horse) . . 5 
Two-horse (fast) .. 4 | ~ (motor) 3 
os (slow) .. 10 \Cabs (horse) 2 
Motor (fast) io 2 | 4, (motor) .. 1 
» (slow) a 5 \Carriages (horse)... 2 
| ” (motor) 1 


Barrows, 7. Cycles, 4. 


That the drawbacks of the tramway system are 
underestimated in the above table would also seem 
to be indieated by the admission in the report that 
in busy thoroughfares ‘‘ the space occupied by the 
tram-lines ought net to be considered available for 
ordinary traffic,” and ‘‘ should not be treated as 
part of the roadway.” It is suggested that in such 
conditions a sufficient width should be reserved for 
the exclusive use of the cars, ‘‘ the utility of which 
is much.-impaired if their normal speed is liable 
to frequent checks from the presence of other 
vehicles on the tracks.” There is undoubtedly 
much to be said for this contention ; but were it 
followed, and the value of the reserved space duly 
credited to the tramway capitalisation, the latter 
would be increased to so inordinate a degree that 
it would be impossible to prevent the ratepayers 
from realising that the services were, in point of 
fact, then being run at a heavy annual loss, 

In any case, it appears from the report that 
future extensions of the tramway system within the 
Metropolitan area will involve a much heavier scale 
of expenditure than has up to the present been 
necessary. At the outset the routes chosen were, 
naturally enough, those which were of such width 
as to involve no exceptional expenditure on street 
improvements. These routes have now been practi- 
cally exhausted, and future extensions must, to a 
great extent, be along streets in which costl 
widenings will be necessary. In accordance wit 
precedent, the cost of these will possibly, so far 
as is practicable, be attributed to other accounts, 
so as to conceal, as far as may be, the true state of 
the tramway finances. 

Whilst suffering from the drawbacks described, 
it must, nevertheless, be admitted that the 
tramways carry a very large number of passengers 
per annum, and form an undoubtedly popular 
means of conveyance. In the year ending March 1, 
1910, the London County Council electric tramways 
carried 418,317,377 passengers, the car - mileage 
being 39,545,512. The two principal omnibus com- 
panies in the same period are estimated to have 
carried 311,000,000 passengers, and the tubes and 
metropolitan railways 410,744,610. Including other 
means of conveyance, the total number of passengers 
in the metropolitan area, exclusive of those con- 
veyed by trunk railways, is estimated at over 1400 
millions per annum, and the number of journeys 
made per head, taking the population as 7,429,740, 
was 189.6. In 1903 the corresponding figure was 
142.9 journeys per head, so that the habit of travel- 
ling is undoubtedly increasing. Indeed, since in 
the above estimate the large volume of suburban 
passengers conyeyed into and out of London by the 
main lines is neglected, the figures given are under- 
estimates. 

The tendency for the population to move more 
and more into the suburbs and the outer suburbs is 
becoming more and more emphasised, but is in 
itself only partially responsibie for the congested 
state of the roads. The increase in trade traffic on 
the highways has been particularly marked since the 
introduction of the motor-car. It is a truism that 
the introduction of the railways caused the then 
teeming roads to become almost deserted. In a 
very interesting historical sketch of road develop- 
ment in the London area, which is added to the 
report as an appendix, Mr. T. F. Ordish points 
out that the state of the roads gave rise to the 
appointment of a whole series of liamentary 
commissions between 1750 and 1819. A recom- 
mendation made in 1809 was that within 50 and 25 


miles of London the roads should be not less than 
60 ft. wide ; between 25 and 15 miles not less than 
70 ft.; and that nearer to town they should be 
80 ft. wide. The latter figure was even then con- 
sidered inadequate by the authorities at the General 
Post Office, who considered that within the 10-mile 
radius the width should be not less than 90 ft. 
Many of these recommendations would probably 
have become effective had not the railways relieved 
the roads. Accordingly little was done, but until 
the popularisation of the bicycle some thirty years 
ago, few complaints were made as to the deficient 
road accommodation, but outcries then became 
fierce and frequent. Dwellers in the country 
resented the invasion of their quiet by crowds of 
fast-moving cyclists, and the cyclists themselves 
murmured loudly against the inadequate and dan- 
gerous methods of repair, which had resulted from 


to be attributable to mere carelessness on the part 
of our ancestors. If the main roads are bad in 
this respect, the cross-roads are worse, and the 
stranger who attempts to make his way from East 
to West across the London suburban area, however 
carefully he may have studied the map at the 
outset, is pretty certain to lose himself several 
times over before he finally arrives at his destina- 
tion. 

The suggested relief works in the South-East dis- 
trict are clearly shown in Fig. 2. The loop between 
New Cross Gate and Deptford would probably prove 
of great service, since the existing narrow roadway 
is blocked by a double line of tramway. It would, 
however, probably be somewhat expensive. Another 
loop, five miles long, between Greenwich Park and 
Welling, is also suggested, so as to avoid Shooter’s 
Hill. On the Matstone road a by-pass round 





two generations of disuse of the roads. Now, of 


Eltham, as shown, would avoid the present narrow 
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course, the intensity of traffic on the highways has 
been much accentuated. The development of the 
commercial motor-car has made it profitable to 
despatch goods by road for 30 miles into or out of 
town, which a few years ago would have either not 
have been moved atall, or have gone by rail. These 
new conditions have directed fresh attention to the 
highly unsatisfactory state of the main roads lead- 
ing into London from all directions. 

‘in the report these roads are classified into six 
sections, which on the map annexed (Fig. 2) are 
denoted by different lines. In the south-eastern 
district we have the roads to Dover, Maidstone, 


times, crooked sections. The latter defect is ex- 
ceedingly common, and there is, indeed, hardly a 
main road out of London where, at some point or 
other, the traveller has not to make an unexpected 
and disconcerting right-angled turn. In China 
such sudden deviations from a straight-line path 
have been introduced of set purpose, there being a 
pular theory to the effect that evil spirits always 

y straight. No such plausible explanation of the 
lay-out of our British roads is, however, available, 
and the serious obstruction and annoyance which 





arise from these sharp changes of direction appear 


and Tonbridge. All these have narrow and, at | 


and crooked passage through that village. Widen- 
ings of the earlier portion of the route would be 
practicable along Lewisham High-road, where most 
of the houses are: already set back. As to the 
Tonbridge road the principal suggestion advanced 
is for a new road around Bromley. 

In the southern section the most marked defect 
is the narrow high street at Croydon, which could be 
by-passed by a new road from Norbury to Purley. 
The present road from London to Croydon is badly 
obstructed by the tramways at a number of points 
between Kennington and the junction with Mitcham 
Lane, but improvements on this section appear 
hardly practicable. On the Reigate road it is sug- 

ested that a by-pass should be made around 
Sutton, whilst the Worthing road should be 
straightened through Epsom. ese 

In the south-western division the two principal 
roads are those to Portsmouth and to Bath. The 
former is badly obstructed at Kingston, whilst the 
approaches to Kingston via the Fulham-road and 
Putney Bridge are also inadequate. It is sug- 
gested that a new approach should be made by 
constructing a new bridge over the Thames, about 
half-way between the existing Putney and Wands- 
worth Bridges, and that a new road from this oridge 
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leading to West Hill would make it possible en- 
tirely to avoid the passage through Kingston, the 
traffic being conducted round Kingston and Surbi- 
ton through a by-pass, rejoining the Portsmouth 
road at Esher. On the north side of the river the 
King’s-road should be widened and two new streets 
constructed, the one from near Harwood-road to 
Fulham-road, and the other to connect the King’s- 
road with the Chelsea Embankment. Additional 
relief would be afforded by the construction of 9 
miles of new road from Richmond to Chertsey. 

The Bath road has for generations been notorious 
for the congestion caused by the narrow High-street 
in Brentford, where the width from house to house 
is as little as 30ft. The only possible remedy lies 
in the construction of a by-pass, which, it is sug- 
gested, might well be laid out so as to avoid Houn- 
slow as well. The volume of traffic is enormous, 
and as a consequence, even Knightsbridge and 





tive the report suggests the construction of the 
Western-avenue, shown on the plan, Fig. 2. The 
Bayswater-road, on the other hand, is fairly 
adequate, but further west, the existing roads 
through Acton Vale, Ealing, Hanwell, and Southall, 
promise to be quite inadequate for future develop- 
ments of the traffic. To provide for these it is 
suggested that building lines should be laid down 
at once, so that widenings, when necessary in the 
future, should not be financially ruinous. 

The Harrow and Aylesbury road, in the same 
division, is said to be the worst aligned in London, 
bends and turns being particularly frequent, though 
in other respects it is said to meet the present 
traffic requirements fairly well as far out as 
Wembley. As, however, the area is being rapidly 
built up, provision should now be made for future 
widenings by fixing building lines. 


The Edgware - road is, at one point, only 
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Kensington High-street, though both have been 
recently widened, are inadequate for the traffic 
poured into them. Further west matters are still 
worse, as the inadequate width of King-street West 
is aggravated by the tramways. The report suggests 
that the best method of obtaining relief would be 
to extend the Cromwell-road westwards, although 
it is admitted that the remedy would necessarily be 
cc stly. 

Another important suggestion made is the con- 
struction of a new road between the east and west 
round the northern outskirts of London, as indicated 
in the map. This would undoubtedly be a great 
convenience, and might attract a considerable 
quantity of traffic, which has now to pass through 
the heart of the city. 

The north-western division is one in which 
population may be expected to increase very 
rapidly within the next few years, with a corre- 
sponding development of new road traffic. The 
main roads in this division lead respectively to 
Oxford, Harrow and Aylesbury, Banbury, and to 
Edgware and St. Albans. Oxford-street may be 
considered the initial element of all four, and is 
too narrow for the traffic over it, but the cost of 
widening would be prohibitive, and as an alterna- 





32 ft. 6 in. wide, and at another point only 40 ft. 
Fortunately, no tramways have yet been laid along 
it within the County of London boundary, and the 
report states that the introduction of such lines 
would be attended with inconvenience. Further 
out the road, generally speaking, seems fairly suffi- 
cient for existing traffic ; but the necessity of fixing 
building lines with an eye to future requirements 
is again emphasised. At Watford the road is, how- 
ever, too narrow, and the construction of a by-pass 
is recommended. 

The main arteries in the northern division are 
the Coventry road and the Great North road. 
The latter is said to be the most important of all 
the main roads out of London. This division also 
includes the roads to Enfield and to Cambridge. As 
matters stand the roads are for the present fairly 
adequate to the traffic requirements, so that the 
main work suggested.in the report is the construc- 
tion of a north circular road, connecting together 
all four, and which, with the suggested extensions 
East and West, shown in the map, would enable 
traffic bound for the Thames Valley, Essex, or the 
South of London to avoid a passage through the 
City. In all cases, though, the report draws 
attention to the advisability of fixing, along all the 





‘routes, building lines which will permit of future 


widenings at no inordinate cost. 

As is well shown in Fig. 1, the traffic from the 
Eastern division is particularly heavy, and is, more- 
over, to an exceptional degree, due to goods as 
opposed to passenger transport. The division 
contains five radiating roads leading to Waltham 
Abbey, Norwich, Chipping Ongar, Colchester, 
and Southend; but the whole of this traffic 
crosses the Lea by but three bridges, of which 
Bow Bridge is by far the most used. This 
district was not long since wholly agricultural, 
but now supports a very large industrial popula- 
tion, and as a consequence the roads are said to be 
quite inadequate to the traffic requirements. The 
report therefore suggests the construction of a 
new eastern avenue, located as shown in Fig. 2. 
Another important improvement would be a by- 
pass at Chingford, where the existing road climbs 
up a gradient of 1 in 7, merely to descend — on 
the other side of the village. At Woodford Bridge, 
on the Chipping Ongar road, the construction of a 
another by-pass is highly desirable, in view of a 
probably large increase in the traffic. In Romford 
the Colchester road narrows for a distance of 450 
yards to a width ranging from 26 ft. up to 35 ft., 
and as the town is developing rapidly, another by- 
pass should, it is suggested, A constructed here. 

From the foregoing it will be seen that the 
report is the result of a very careful investigation 
of existing traffic conditions and facilities, and 
that the improvements suggested would be a great 
convenience to many road-users is indisputable. 
The weak part of the report lies, however, in the 
absence of any suggestion as to methods of meet- 
ing the very large expenditure needed to carry 
out the recommendations made. Each of the roads 
considered traverses areas administered by a number 
of distinct local authorities. To no small degree the 
improvements scheduled are necessitated by traftic 
originating in London, and although it is true that 
each town and village traversed suffers from the 
congestion, it is probable that the local authority 
will demand that it shall not be saddled with the 
whole cost of an improvement of which a large pro- 
portion of the consequent advantage will accrue to 
others than its own rate-payers. If road traftic 
continues to increase at the same rate as in recent 
years, the demand will, undoubtedly, become 
urgent that Parliament shall follow the example 
of France, and declare certain main roads ‘‘ routes 
nationales,” the cost of which shall fall on the 
Imperial exchequer. 

Included in the Blue Book are a number of very 
valuable and comprehensive reports on the London 
omnibuses, tramways, tubes, and railways, in which 
have been brought a data difficult to obtain, 
and which will undoubtedly prove of immense ser- 
vice to all interested in the problems connected 
with Metropolitan traffic. We have not space to 
deal with these here, but it is of interest to note 
the following statement, made with respect to the 
railways :—‘‘ In no other great city is travelling 
so cheap, and great as are the advantages of cheap 
locomotion, the profits of the business are now so 
small that there is little encouragement for enter- 
prise in the way of providing new facilities which 
would be of value to the community.” 





OVERHEAD ELECTRIC TRANS. 
MISSION LINES. 

Tue early development of the overhead trans- 
mission and distribution of electrical energy in this 
country was seriously hampered as a result both of 
official discouragement and popular prejudice. The 
second of these causes had much weight, and even 
the overhead distribution which forms an essential 
feature in the operation of electric trams from a 
trolley-wire was vigorously op at its incep- 
tion. This > heer was professedly founded on 
sesthetic considerations, but actually it had its root 
mainly in a type of conservatism which assumes 
always that the unusual is the wrong. As is 
customary, this opposition died away in the face 
of accomplished fact, and it is now uncommon 
for objection to be raised to the extension of 
trolley-wires into new districts in any town in 
which they are already in use. Opposition is 
sometimes raised to the extension of trams, 
but that is based on supposed depreciation in 
the value of house property, which may follow 
their introduction, and has no reference to the 
undesirableness of trolley-wires as such. The only 
exception to this state of affairs which comes to 
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mind is in the case of London, where some of the 
Borough Councils insist on the use of the conduit 
system, in preference to the trolley, in their dis- 
tricts. This exception may, however, be explained 
by the fact that the Councils have before them 
examples of the two systems in operation, so that 
the more satisfactory appearance of the conduit is 
continually brought home to them, and by the fact 
that, whatever system is put down, they will not 
have to pay for it. In some ways it is unfortunate 
that the old objections to trolley-wires are no 
longer heard ; for, although we do not admit that 
the early opposition was in any real sense dictated 
from the :esthetic standpoint, none the less, a 
legitimate argument ieael oo that standpoint may 
be raised, and it is well that the point of view it 
represents should obtain consideration. There is 
no question but that there is some very unsightly 
and unfortunately placed overhead trolley-wire 
work to be seen, which, with a little more attention 
to the esthetic point of view at the time it was 
installed, might have been made much more satis- 
factory in appearance. 

The general overhead distribution of elec- 
tricity for power and lighting purposes has not, 
in this country, reached a corresponding stage of 
development with its overhead distribution for 
traction purposes. None the less, the use of over- 
head lines is gradually extending, and there seems 
no reason to doubt that ultimately a large part 
of the electrical distribution, at any rate in our 
manufacturing districts, may be done overhead. 
In common with trolley tramwork the running of 
transmission lines has been much hampered by 

pular prejudice, but the value and safety of this 
orm of power distribution is gradually being 
appreciated, and in some parts of the country much 
progress has been made. This is particularly the 
case in South Wales, where there are now many 
overhead colliery distribution systems, and on the 
North-East Coast, where such lines are run at as 
high a voltage as 20,000. There are also overhead 
mains in operation in connection with the Clyde 
Valley power scheme, and working at a voltage of 
11,900. 

The attitude of the authorities in connection with 
the running of overhead high-tension lines is now 
quite favourable, and as the local prejudice has now 
been broken down in many districts, it seems prob- 
able that much progress may result. Although we 
admitted that the esthetic argument had some 
weight in the case of trolley-wires running along 
streets, we are doubtful if considerations turning 
on ——— will apply to any districts through 
which overhead power lines are likely to Se 
run in this country, and the probability is that 
such lines as are likely to be put up will be indis- 
tinguishable by the general public from telephone 
wires. 

Although the high transmission voltages used on 
the Continent and in America are, for the present 
at least, not likely to be seen in this country, none 
the less matters here are not on such a small scale 
as is sometimes supposed. Mr. Trotter, in a dis- 
cussion dealing with the question of high-tension 
transmission at the Institution of Electrical Engi- 
neers on the 9th inst., mentioned three cases which 
have arisen in Kngland which involve the use of the 
long spans and high towers characteristic especially of 
American practice. The first of these, which was not 
carried out, as it was found that an underground 
scheme was less costly, was a proposal for slinging 
high-tension cables across the Tyne. The span would 
have been about three-quarters of a mile. It was 
found that owing to the cost of the towers a tunnel 
under the river would be cheaper, and this was 
accordingly constructed. A second example, which 
has not yet been carried out, involves the stringing 
of overhead wires across one of the valleys in South 
Wales ; while the third case, which is shortly to be 
undertaken, employs a 60-ft. n across Hayle 
Harbour, strung from poles 145 ft. high. Although 
it is quite possible that transmission pressures 
approaching, say, 60,000 volts may ultimately be 
used in England for the transmission of energy 
from colliery districts to large towns, none the less 
the field for pressures of this order is manifestly 
limited, and the 20,000 volts of the North-East 
Coast probably represents something more like 
the maximum that we are likely ordinarily to 
employ. 

e papers forming the subject of the discussion 
at the Institution of Electri Engineers, alread 
referred to, were concerned more especially wi 
very high voltage and American practice, but they 





contain, none the less, much matter which is of 
value in relation to overhead work in this country. 
The papers respectively were—‘‘ Modern Long- 
Distance Transmission of Electrical Energy,” by Mr. 
W. T. Taylor, and ‘‘ Extra High-Pressure Trans- 
mission Lines,” by Messrs. R. Borlase Matthews 
and C. T. Wilkinson. The question of wood versus 
steel poles was raised in both of these papers, 
and Messrs. Matthews and Wilkinson stated that 
above 40,000 volts the length of the cross-arms 
become excessive with a wood-pole construction, 
so that steel is preferable. These gentlemen gave 
curves of costs of wood poles and steel towers 
which show that up to 40, volts the wood con- 
struction is substantially cheaper, and that its 
curve crosses that for flexible steel towers at about 
50,000 volts. On the question of the life of 
wooden poles both the papers gave figures that 
seem somewhat low, at any rate for this country. 
In both cases the average life of a wood-pole con- 
struction was placed at about twelve years, although 
Mr. Taylor gave a range of from five to thirty 
years. It is not stated, but it is to be presumed, 
that these figures refer to untreated wood, in many 
cases, presumably, cut near the site on which it is 
to be used, and not properly seasoned. Mr. Trotter 
pointed out that an average life of twelve years is 
much lower than is reached in this country, where 
from thirty to forty years for a well-creosoted pole 
is nearer the mark. 

The question of flexible steel towers is another 
interesting point that was raised. These towers were 
stated by Messrs. Matthews and Wilkinson to show 
a saving of about 30 per cent. in capital cost as 
compared with a rigid construction. The arrange- 
ment, which was first developed by an Italian 
engineer, Signor Semenza, consists in making the 
towers of such construction that their support 
in the direction of the line comes from the over- 
head wires themselves, instead of making each 
tower rigid enough in the direction of the 
line to carry the wires from one side only, in 
case those on the other side are broken. The 
flexible towers are designed from the first with only 
such rigidity in the direction of the line that if the 
wires of one span are severed, the towers next to 
the break and those immediately following will be 
deflected in the direction away from the break, so 
that they will relieve themselves of the extra strain. 
It is the practice to secure rigidity in the tower 
line at certain points, usually at every tenth 
structure, by building a rigid tower at that point. 
This is found to be all that is necessary to prevent 
the effect of a break from spreading too far, and at 
the same time results in a much cheaper construc- 
tion than does a line consisting of rigid towers 
throughout. In the case of towers ing com- 
paratively small wires, it is found sufficient to double 
guy every fifth flexible structure, which, of course, 
results in an even cheaper type of construction than 
one involving rigid towers at every tenth point. It 
will be understood that rigid towers are n 
at all places where the overhead line changes its 
direction. 

The question of the protection of overhead high- 
tension lines against lightning is one of much 
interest, and in many cases, although not univer- 
sally, it is the practice in America to run a steel 
wire from top to top of the various towers, above 
the live wires, and grounded at every tower. This 
feature has mechanical advantages in assisting in 
the support of the towers, in addition to the light- 
ning protection which it gives. This question of 
additional mechanical support is of less importance 
in this country, where wooden poles are used, 
and we believe it is the practice on the 20,000- 
volt lines on the North-East Coast to run the 
earth-wire below the live-wires instead of above 
them, in order to prevent contact between broken 
telephone or telegraph wires, running lower than 
the high-tension mains and these mains. The 
papers contained no very new matters on the ques- 
tion of lightning-arresters, and instanced the well- 
known electrolytic, multi-gap, and water-jet types. 
An interesting point was, however, raised by 
Messrs. Matthews and Wilkinson. They pointed 
out that trouble with lightning on the very highest 
voltage lines is sometimes less Severe than with those 
operating at a somewhat lower pressure, and sug- 
gested, as a reason for this, that as the curve 
connecting corona loss with —— is of a form 
that rises slowly along a straight line up to about 
110,000 volts, and then kinks suddenly and rises 
along another straight line much more rapidly, it is 
possible, by operating just below the kink, to cause 


voltage rises due to lightning to be dissipated almost 
instantly in the form of corona, so that the line acts 
as its own safety-valve. 





RADIOACTIVITY AS A_ KINETIC 
THEORY OF A FOURTH STATE OF 
MATTER. 

In the discourse on ‘ Radioactivity as a Kinetic 
Theory of a Fourth State of Matter,” delivered at 
the yal Institution, on Friday, January 17, 
Professor W. H. Bragg, M.A., F.R.S., of Leeds 
University, drew an instructive parallel between the 
movements of the molecules of gases and the move- 
ments of the corpuscular radiations of radioactive 
substances. The lucid way in which he expounded 
the behaviour of these radiations—at any rate the 
a and § radiations—was much appreciated. But 
the title of the discourse was hardly justified. It 
was not till the very last minutes of his discourse 
that the lecturer referred to the fourth state of 
matter at all, and a ‘‘theory ” of this state was not 
expounded. 

n both classes of phenomena, Professor Bragg 
stated, things of extremely minute dimensions were 
darting to and fro with great velocity. The path 
of any one individual was, in both cases, made up 
of straight portions of various lengths, during 
which the particle was moving uniformly and 
free from external influence, and of encounters 
of short duration with other individuals, during 
which energy was exchanged and directions of 
motion were altered. The two classes of phe- 
nomena resembled one another also in their 
universality. According to Eve’s estimate of the 
usual ionisation of the air in a room like the lecture 
theatre, some thousands of a and 8 particles entered 
into existence every second, completed their paths, 
and sank into obscurity, the a particles turning into 
atoms of helium. The speed of the a particles was 
great; they left their mark behind in the ionisation 
of the air through which they passed (which ionisa- 
tion could be measured very accurately), and in the 
heat into which their energy was commuted (which 
was too small to be measured unless increased by 
radium itself). But the lengths of their paths, 
which could exactly be determined, ranged only 
from 4 cm. to about 7 cm. in air, and as the speed 
was so great, the life of an a particle was completed 
within a thousand-millionth of a second. 

The two classes of phenomena differed as regards 
the particles and their velocities and in other im- 
portant respects. The moving particles of a gas 
were the molecules, all alike. The radioactive 
particles were of different kinds ; there were a par- 
ticles in the first instance ; then electrons, called 8 
particles when moving at great speed, and cathode 
rays when the velocity was less ; further, 7 par- 
ticles and X-rays, later to be explained. They all 
moved much faster than gaseous molecules, and for 
that reason their power of penetrating matter was 
so great. Colliding gas molecules only approached 
one another within a certain distance (called the sum 
of the radii of the molecules) and then receded ; 
each molecule had a domain into which no other 
molecule could penetrate. The radiant particle 

freely through the atoms ; it was not turned 

ck from the frontier, and it gave some informa- 
tion of what it had met inside. As the two move- 
ments of a ous and a radiant particle were super- 
imposed—the former might be considered to be 
relatively at rest, because, as its velocity was com- 

cae small, it might be said that there was a 

ineti¢ theory within the kinetic theory. The 

radiant particle was rather concerned with the 
interior than with the exterior of the atom with 
which the chemist dealt. 

One important point of resemblance, the lec- 
turer proceeded, would not be obvious. It had 
been thought that primary radiations gave rise to 
secondary, and these in their turn to tertiary 
radiations, and an enormous amount of work had 
been done on these complicated problems. Pro- 
fessor Bragg thought the assumption of secondary 
radiations unnecessary. When two gas molecules 
collided, the sum of the energies of the two was 
the same after the collision as before, and two 
molecules were still to be considered as before. 
That could be taken over to the newer theory. The 
energy of the radiant particle was a definite thing, 
and almost entirely inside a very minute volume ; 
and after an encounter between such a particle and 
an atom, these two and the sum of their energies 





would still be the same. That meant denying 4 
possibility much eonsidered at one time—viz., that 
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in the encounter the atom could be made radio- 
active, and a store of energy usually unavailable could 
be unlocked. If Professor Bragg intended by these 
words to reject what has not a been 
called the ‘‘trigger idea,” he will have deprived 
many a man of a helpful analogy. But he argued 
that the particle lost a little energy at every col- 
lision—very little at one—and passed out of reckon- 
ing when it had lost all. There were no secondary 
radiations other than particles moving in directions 
differing from those in which they originally moved. 
The cathode ray had an encounter with an atom, 
and disappeared ; simultaneously the X ray came 
out of the atom, a circumscribed —S carrying 
on the energy of the cathode ray. e X ray would 
sometimes pass through the glass wall of the bulb ; 
sooner or later it would have a fatal encounter with 
an atom, and then the reverse change into a cathode 
ray would take place. 

The path of an a particle was simpler. Owing to 
its comparatively large mass it consider- 
able effectiveness and passed straight through the 
atoms it met, ionising most of them. It was only 
when it was nearly run down that it suffered deflec- 
tion ; thus the first 6 cm. of its path might bea 
straight line, the last centimetre a twisted line, some- 
times turning back. The ionisation (on the deter- 
mination of which these arguments are based) would 
increase slowly at first, and rapidly afterwards, until 
the a particle had nearly finished its journey and had 
come to comparative rest ; then the ionisation fell 
off rapidly. But it had not been explained so far 
why the loss of energy which the particle suffered 
in crossing an atom was preportional—not to the 
atomic weight of the atom, but to the square 
root of this atomic weight. On the other side 
it was characteristic that, according to H. Geiger, 
a certain small number of particles were always 
turned back (swung round, or reflected), instead 
of passing through the atoms of a solid metal 
—e.g., gold leaf. Most of the particles would pass 
through the metal fairly in the original direction ; 
some would be scattered and deflected sideways ; 
and by studying this scattering by the scintillation 
method Geiger found that gold leaf would turn 
back about one a particle in 8000. 

The 8 rays were more easily deflected, because 
so small, though they travelled ten times faster 
than a rays. Nobody had yet been able to study 
single 8 rays, as Rutherford and Geiger had studied 
single a rays. But by experimenting with gold- 
foil of extreme fineness Madsen had n able to 
estimate the number of 8 particles that would be 
turned back by a single layer of molecules, probably 
after a single collision; and extending these experi- 
ments to aluminium foil, he had made some curious 
observations. The lighter metal (Al) turned back 
fewer 8 particles than the heavier metal (Au), but 
it absorbed more energy, and the absorption of a 
stream of rays seemed to be an absolute abstrac- 
tion of energy. Professor Bragg sought to explain 
this by an ingenious model. ix electro-magnets 
(vertical rods wound with coils in series) were 
mounted on a board so that their six poles (all of the 
same polarity) were lying in a small circle in the 
same plane. Another electro-magnet of the same 
polarity was suspended from the ceiling like a long 
pendulum, soas to plough through the six poles 
when oscillating. When the magnets were excited, 
the pendulum at first cut through them without 
apparent disturbance. But as the gravitational 
energy in the pendulum was ebbing away, the 
pendulum would no longer pass right through; it 
came up to the circle, was repelled, came back again 
to be repelled once more, and thus described a 
series of curves about the circle of magnets. This 
experiment was su to represent the a par- 
ticle ploughing through the heavy gold molecule. 
The six electro-magnets were now raised higher 
above the board, being supported in their lower 
portions, not on rigid rods, but on spiral springs ; 
in reality the rods were all springs. When the 
current was now turned on, the six poles, of course, 
flew apart, the elastic rods bending outward. The 
pendulum was then set swinging once more; it 
first cut through the magnets as it had done before ; 
but as it slowed down it was again deflected, less 
so than before, however, while the six magnets 
were strongly disturbed whenever the pendulum 
approached. The gold, Professor Bragg suggested, 
had a stiffer grain, and turned back more 8 par- 
ticles, but the lighter aluminium absorbed more of 


the energy. The scattering had to be distinguished 
from the absorption, and H. W. Schmidt , he 
said, made calculations based on such considerations. 





Passing to y and X rays, Professor Bragg said 
that these rays had the most extraordinary pene- 
trating power ; they were not electrical, and hence 
not affected by electric or magnetic forces, and they 
would have remained unknown, if it were not for 
their power of exciting 8 rays from the atoms over 
which they When a y ray entered into an 
atom it might pass through it untouched (the 
most common case), or it might be deflected, or 
be changed intoa Bray. The speed of the 8 rays 
depended upon the quality of the y rays which 
produced them (how this is to be understood was 
not explained), and not on the nature of the atoms 
in which they arose ; and the 8 rays seemed to be 

ushed out of the atoms, many of them moving 
in the direction of the y rays. There was, how- 
ever, scattering of the 8 rays; more than one-half 
of them went on in that same direction, less than 
one-half turned back in the opposite direction. If 
y Tays over equal weights of aluminium, 
zinc, and lead, equal numbers of 8 rays sprang into 
existence in the three metals ; but as the 8 rays 
did not move with the same speed in different 
metals, the ionisation which was observed in a 
cavity made in a lead block was twice as great as 
the ionisation in a cavity made in an aluminium 
block. This was the reason why electroscopes 
behaved differently in vessels of different metals. 
a fact which had long remained unexplained. The 

th of the 8 ray in aluminium was more direct, 

ut of less length than in lead. That the density 
of the rays in the metals was the same might be 
understood by the following analogy :—If the 
blackboard were divided into equal squares, chess- 
board fashion, and lines all of the same length, 
but some straight, some curved, were drawn with 
chalk in different squares, the amount of chalk 
used in every square would be the same. 

Coming to his conclusion, Professor Bragg was 
inclined to place the a, 8, y, X rays all in one class. 
Yet the corpuscular nature did not seem to fit the 
y and X rays. Stokes had regarded the latter as 
spreading ether pulses; but it was impossible on 
this theory to provide the energy of the excited 8 
rays, as the energy of the pulse was supposed to 
spread on ever-widening surfaces. Professor Bragg 
suggested that the energy of the yray moved on, by 
some kind of mechanism, without spreading, all the 
energy being tinally handed over tothe Sray. The 
y or X ray might be a kind of electron which had 
assumed a cloak of darkness in the form of sufti- 
cient positive electricity to neutralise its charge. 
Now ultra-violet light possessed many of the pro- 
perties of the y and X rays, and therefore a quasi- 
corpuscular theory of light had been proposed [as 
Sir J. J. Thomson explained last maul 4 he diffi- 
culty of that theory was the explanation of diffrac- 
tion and interference phenomena. The whole 
situation was thus remarkable and puzzling. When 
Sir W. Crookes had first found that he was, in 
cathode rays, dealing with things in no ordinary 
condition, he had supposed that matter was 
—— able to exist in a fourth state, not 
solid, liquid, nor gaseous. That was still the best 
definition the lecturer could give of the fourth 
state of matter. Gas molecules moved with velo- 
cities which varied at every collision ; yet they had 
a certain mean velocity. The peculiar motion of 
the radiant particle was only temporary, and for 
a very short time only could a ray be described 
as matter in a fourth state. 








NOTES. 
WIRELESS TELEGRAPHY. 

Ir has become the custom for a lecture to be 
delivered annually to the Graduates’ Association 
of the Institution of Mechanical Engineers by some 
prominent engineer, and an admirable chcice was 
made this year in Captain H. Riall Sankey, who, 
on the 13th inst., addressed the Association on 
‘*Wireless Telegraphy.” Captain Sankey dealt 
with the subject in a concise and simple way, and, 
treating the matter from the beginning, explained 
its underlying principles by means of mechanical 
analogies. He afterwards described and exhibited 
the various pieces of apparatus which are used by the 
Marconi Company, and showed a number of lantern- 
slides illustrating various details of their installa- 
tions. An interesting exhibit consisted of a com- 
om portable wireless-telegraphy set, capable of 

ing carried p Rae horses, and designed for 
Army service. e set consisted of a two-cylinder 
vis-d-vis petrol-engine, with an alternator, mounted 
on a special saddle, and earried by one horse ; 








two masts each 30 ft. high and made in five lengths; 
and the necessary transmitting and receiving appa- 
ratus, including the aerial, earth-mat, &. e 
set had a range capacity of about 20 miles. In 
connection with this latter point a table of the 
approximate range capacity of different powers over 
sea and land was presented by Captain Sankey, 
and, as it is of interest, we reproduce it below :— 


Range in Nautical Miles. 











Power Wave 
Required Over Land. | Length 
Over __ | (Metres). 

sea. 
Fiat, Hilly. _Mountainous. 

100 77 30 13 30” 

600 watts | 100 95 73 52 1209 

14 kw. |} 220 | 170 67 28 300 

tee, Te 210 160 | 115 1200 

3 kw...{| 2 220 84 36 300 

--*1) 980 | 270 200 145 1200 

5 kw {| 340 | (60 100 | 43 300 

rg 340 325 240 175 1200 

10 kw. { 470 360 138 59 300 

“t!} 470 450 330 240 1200 


| 
| | 





Gases OccLupED In CoprER ALLOoys. 


Two years ago G. Guillemin and B. Delachanal 
analysed the gases which they had withdrawn at 
1000 deg. Cent. from a sample of brass which con- 
tained some manganese and small amounts of other 
metals. The brass was full of small holes, and yielded 
a volume of gas 3.5 times as large as the volume of 
the alloy. The gas was mainly hydrogen (80 per 
cent.); the other constituents were carbon dioxide, 
carbon monoxide, and methane. Last November 
the same authors communicated to the Paris 
Académie des Sciences the results of further ex- 
periments on various alloys of pert with zine, 
aluminium, and tin, and also on phosphor-bronzes 
and commercial tin. The materials were alloys such 
as are used in industry and in naval construction, 
and were supplied by French, Belgian, and German 
firms. Some of the brasses examined were special 
malleable alloys. Of the brasses, some yielded 
one or two volumes of gas, others more than 
twenty volumes. In one doubtful case the quan- 
tity of gas, collected as in the previous research, 
in a vacuum furnace heated to 1000 deg. Cent. 
amounted to seventy times the volume of the 
alloy. The gas was essentially hydrogen, which 
in one instance made up 99 per cent. of the 
whole gas. The preponderance of hydrogen was 
particularly marked in sound specimens; in un- 
sound brasses the other gases above-mentioned, 
notably carbon monoxide and dioxide, and also a 
little nitrogen were found. Specimens reheated 
after casting contained less gas than those merely 
cast. The presence of hydrogen alone, even if in 
large quantities, did not a r to impair the 
mechanical properties of the a, so far as tensile 
tests indicated. So far our remarks concern the 
copper-zinc alloys ; the one copper-aluminium alloy 
noticed behaved like the brasses. Phosphor 
bronzes contained less gas (7 volumes are, however, 
stated in one instance), and this gas was largely 
carbon dioxide ; next came hydrogen and the other 
gases. The phosphorus thus would appear to dimi- 
nish the solubility of hydrogen in bronze, as it does 
in other alloys and in steel. Commercial tin con- 
tained very little gas (about 0.2 volume), consisting 
of carbon dioxide, hydrogen, and carbon monoxide. 
Some of the various alloys examined contained 
visible holes and cracks, others not; the latter 
did not ‘‘spit.”” We presume that the former did 
spit, like molten silver, when cooling, though the 
authors do not expressly say so. 


Tue Granp Curistiania Exursirion or 1914. 


Tue centenary of Norway’s becoming an in- 
dependent kingdom, though for almost the whole of 
the hundred years in union with Sweden, has 
fitly been chosen for the holding of the largest 
Exhibition yet arranged in Norway. The prepara- 
tory committee have now drawn up a complete plan, 
with designs of buildings, &c., and there seems every 
occasion to congratulate them upon the result of 
their labours, which have extended over several 
years. The Exhibition will comprise the follow- 
ing an which again are divided into 
a number of sections. Industry, machinery 
and electricity, shipping and fishery, agriculture, 
the arts, State and Municipal exhibite : these six 
departments are divided into nineteen sections, 
which are again subdivided into ups, and 
the groups into classes. Although it would be 
extremely appropriate, it has not been deemed 
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expedient to give the Exhibition an historic stamp, 
except, perhaps, as regards shipping, which it is 
pro to make retrospective. e same applies 
to the arts, which will made to represent the 
whole of the last hundred years. Although 
voices have been raised in favour of a purely 
national Exhibition, considering the event it is to 
commemorate, the committee do not share this 
view, being absolutely in favour of making it a 
Scandinavian Exhibition — that is, representing 
Norway, Denmark, and Sweden. Several sites 
have been under consideration, but they have all 
been discarded in favour of the Frogner estate, 
which is sufficiently large, of considerable scenic 
beauty, and conveniently located. A river passes 
through it and forms several lakes, and the ques- 
tion of communications allows of a practical and 
satisfactory solution. The aggregate area covered 
by the different buildings amounts to 40,000 sq. m., 
of which 12,600 sq. m. refer to the industrial 
buildings, 8000 sq. m. to the machinery hall and 
auxiliary buildings, 3500 sq. m. to the maritime 
department (shipping and fishing), 1960 sq. m. 
to dairy farming, 2000 sq. m. to aslidhinn 
2500 sq. m. to the arts, 2100 sq. m. to State 
and municipal exhibits, a similar area to grand 
hall and main restaurant, &c. The budget of the 
Exhibition, a modest one, of course, compared with 
large international exhibitions, balances with an 
aggregate of 2,850,000 kr., or rather more than 
150, .; on the credit side is a State grant of 
500,000 kr., and one from the municipality of 
Christiania of 300,000 kr. ; a lottery is calculated 
to yield 800,000 kr. The buildings, of which com- 
prehensive designs and plans have already been 
made, are to be all white, in a classic and im- 
pressive style, with imposing colonnades, and the 
grounds will be laid out in a singularly picturesque 
manner, coupled with which the environs are of 
great and varied beauty. 


Sree, MANUFACTURE IN JAPAN. 

The progress of steel manufacture in the Far 
East, and especially in Japan, is a matter of 
interest to all who are engaged in the steel trade, 
and at the present time it is causing considerable 
discussion in Japan, not only in the newspapers, 
but in other quarters, which will probably culmi- 
nate in a vote in the Diet. We have, from time 
to time, given some account of the progress of the 
steel works at Wakamatsu, and from recent accounts 
it appears that the trouble is that there seems to be 
no end to the expenditure on account of the works, 
whereas the results of the working show a loss every 
year. The Government officials claim that if a 
further sum of approximately 12 million yen be 
devoted to the enterprise, it will become not only 
self-supporting, but actually profit-earning. The 
Kokumin Shimbun publishes figures which are 
evidently official, and from these we learn that the 
amount of capital actually sunk at the end of 1910 
was 28,130,000 yen. The gross earnings during 
1911 are estimated at 24,394,000 yen, and the gross 
outlays at 24,884,000 yen, so that the net loss will 
be (unless something unexpected happens) 489,000 
yen. This loss is a gradually decreasing quantity. 
In 1909 it amounted to 800,000 yen, and in 1910 
to 500,000 yen, both of which figures compared 
favourably with the record for previous years, 
Moreover, it is to be noticed that ample allow- 
ances for wear and tear are included. In 1909 
there were three furnaces at work, each capable of 
smelting 150 tons daily. The actual production 
was 100,000 tons in 1908; 130,000 tons in 1909 ; 


150,000 tons in 1910 ; and it will be 170,000 tons th 


in 1911. When the additional capital now asked 
for is expended—namely, 12 million yen, of which 
1,800, yen is to be = out during the fiscal 
year 1911-12—the total production will become 


300,000 tons, and the net profit is estimated at 
1,000,000 yen. The critics of the works dis- 
pute the likelihood of such a profit unless they 
are bolstered up by the rates proposed in the 
new tariff, and thus relieved, to a great extent, 
from foreign competition; but Lieut.-General 
Baron Nakamura, director of the works, denies the 
often-repeated statement that unless the new tariff 
rates into operation the anticipated profits of 
the works will not be realised. He says that in 


drawing up the scheme which accompanies the 
programme for submission to the Diet, not the 
prices under the new tariff rates, but the average 
of the old ones for the past five years have 
been taken as the basis of account. Of course, 
if the new tariff comes into operation, 


the 





profits of the works will be increased ; but, as 
a matter of fact, they are largely independent 
of the tariff, inasmuch as only 50,000 or 60,000 
tons of the total output will go to meet the mercan- 
tile demand, and the rest will all be for military 
or naval pu It is not stated how the rates 
for the steel used for these purposes are decided, 
but we presume they will be the current rates of 
the imported material. It may be noted that the 
two principal trade journals in Japan—namely, the 
Shogyo Shimpo and the Keizai Zashi—both seem 
to think that the early promise of the under- 
taking will not be fulfilled by its results. We 
learn that from 50 to 60 per cent. of the iron 
ore is imported from Korea, from 30 to 40 per 
cent. from China, and about 10 per cent. is mined 
in Japan. The contract with the Taniya Mine, 
in China, was for a period of 30 years, commencing 
from 1903, so that it has still a long time to run. 
In Korea there are actually in sight about 7,000,000 
tons of ore, and as for domestic ore, Futasei Mine, 
in Fukuoka prefecture, furnishes 400,000 tons, and 
the Miike, Takashima, and Penshihu Mines furnish 
600,000 tons between them. There are, of course, 
still many unexplored sources of supply, so that 
there is no difficulty in obtaining the raw materials. 








‘“*STEAM-BOILER DESIGN.” 
To THE Eprror oF ENGINEERING. 

Sir,—In reply to ‘‘ Consulting Engineer’s ” letter in 
your issue of the 10th inst., I estimate the 10 per cent. 
greater loss of heat during the evaporation test of the 
Yorkshire boiler, as compared with the efficiency test, is 
accounted for as follows :— 

a. Increased losses by conduction and radiation through 
brickwork of boiler and economiser. 

b. Heat left in eeonomiser water at close of test. 

c. Heat stored in brickwork at close of test, and which 
would be returned to the boiler radiantly later. 

It is also possible, and very probable, that some slight 
losses also were incurred due to unconsumed carbon 

assing away with the products of combustion due to the 

igh rate of consumption, practically 50 lb. per foot of 
grate. If ‘‘ Consulting Engineer,” or any other reader of 
your paper, would care to carry out independent tests, I 
am quite pre d to provide every facility, free of all 
charge, for this being done. 

The expanding furnace flues of the Yorkshire boiler 
have practically revolutionised this bd of steam-gene- 
rator, as it is possible that four Yorkshires, 24 ft. by 9 ft., 
will oe the same evaporation as five Lancashires, 30 ft. 
by 9 ft. ; and, further, a 20-ft. Yorkshire, when provided 
with the same chimney suction and quality of fuel, will 
evaporate the same weight of water per hour as a 30-ft. 
Lancashire, but for 8 per cent. less fuel. Experience has 
proved that the compound and triple-expansion engi- 
neers are scientifically correct, and later that the steam- 
turbine is also a Bae sce snip step ; and, seeing that the 
expanding of the Yorkshire boiler furnace flues are in the 
same direction as the above illustrations, why should 
there be any doubt as to the results ? 


Yours faithfully, 
February 11, 1911. . H. Casmery. 





To THE Epitor oF ENGINEERING. 

Srr,—Referring to the ratio of grate to weight in my 
letter you courteously published in your issue of the 
3rd inst., I have studied the tests made at Frickley by the 
National Boiler Insurance Company of two parallel-flued 
boilers 30ft. and 24ft. long, and a taper-flued ‘ York- 
shire ” boiler 24 ft. long, all three 9 ft. in diameter outside. 
Calculations of the weight of water in the two parallel- 
flued boilers certainly support the hypothesis of the ratio 
of grate to weight of water being the factor that decides 
the power of a boiler, the pounds of water evaporated per 
square foot of grate surface. The same tests show that 
the ratio of grate to heating surface, though we had better 
say weight of boiler, settle the economy of it, the pounds 
of water evaporated per pound of coal. 

One set of tests was made with the same draught on all 
boilers, 4 in. water column. The ‘ Yorkshire” boiler 
burnt most coal per square foot of grate ; will Mr. Casmey 
tell us whether that was due to the boiler design or to 
e firing? 

I can say that the weight ratio is reliable for the boilers 
of hot-water heating apparatus. By its use, the time 
needed to warm a building, the response, is constant for 
all sizes of the sameratio. It cannot be said that because 
of latent heat a kindred rule will not hold for steam 


boilers. 
I am, Sir, yours truly, 

Darlington, February 13, 1911. O. WHEELER. 

P.S.—Study of Mr. Trevithick’s results shows that he 
is noting the amount of water contained in the heater. 
Though he states it in galions, the results in daily work 
are the same, for bulks and weights are exchangeable 
terms. 





THE CONDENSER: CONTRA-FLOW 
V. PARALLEL-FLOW. 
. “ To eo —— OF vecrtreen . — 
1k, —Amor ems si our 
article of the 10th i. on “The Caiiansens* is that 
mted by the boom in contra-flow condensers, which 
as received such an impetus during the last few years. 
The explanation which I have seen given as to the 





all superiority of the counter-current, or contra-flow, 
condenser over the parallel-flow type is on an 
erroneous analogy between the condenser and the econo- 
miser, or feed-water heater. In the economiser the tem- 

rature of the water rises perhaps 200 deg., and there- 
ore, if the counter-current ee is followed—the gases 
and water travelling in opposite directions—the final tem- 
perature of the flue gases can be, assuming a fixed outlet 
water temperature, approximately 200 deg. less than if the 
parallel-flow principle is adopted, in which case, of 
course, the gases are lost in contact with the hot outlet 
water. But in the condenser the conditions are quite 
different. The temperature of the steam inside is almost 
uniform, so that, at first sight, it appears that there is no 
advantage in sending the water in one direction in 
preference to another. 

The superiority of the counter-current condenser is so 
universally claimed as a proved fact that I think we may 
accept it. What, then, is the explanation? It would 
er that air mixed with the steam provides the ex- 
planation. It has been proved, experimentally and other- 
wise, that air in the steam retards condensation—that is, 
for a given set of temperatures and velocities more con- 
denser cooling surface is required to condense 1 Ib. of 
steam in proportion (not necessarily a direct ratio) to the 

reentage of air in the steam. Now imagine the steam 

ivided into equal halves by weight. The air is not 
condensed, and therefore the average percentage of air 
in the steam when the first half is condensed—both being 
mixed—is double the tage when the second half is 
being condensed. Hence more cooling surface (say 
i uired to condense the second half than the 
first. This, however, assumes equal water temperatures, 
whereas in the counter-current condenser the tempera- 
ture difference is much greater for the second half of the 
steam than when the parallel-flow system is followed. 
Hence to correct for the effect of water temperature we 
multiply Ww a factor inversely proportional to the tem- 
perature difference. In the case of the counter-current 
condenser we multiply the smaller cooling surface—that 
corresponding to the first half of the steam—by the 
larger factor, but the reverse is true of the parallel-flow 
condenser. Hence the total cooling surface is greater 
with the latter type of condenser. This is best shown 
by a simplified numerical example as follows :— 





Condenser. | Counter-Current. Parallel Flow. 
Which Half of 7 First. | Second. | First. | Second. 
Steam Temperature...) 100 100 100 | 100 
Average water tem- 

perature .. a 80 60 60 | 80 
Temperature differ - 
ence .. te ae 20 40 40 | 20 
ae resent .. ..| 100 | 200 100 200 
ooling surface re-{| 100 _ , | 200 _ 100 _ 4 -| 200 _ 
ae { DO lap =) ay 25m 10 
- SS 
10 12.5 





Total cooling surface 


It is interesting to note that the same effect is alleged 
to occur with a jet condenser as with one of the surface 
type, and hence it would appear that the influence of air 
on the rate of transmission of heat between two vapours 
in contact follows the same law in this respect as when 
the vapours are separated by a metal wall. This, of 
course, is what one might expect. 

Yours truly, 
FRANK Foster. 

7, Victoria-road, Whalley-range, Manchester, 

February 14, 1911. 








Tue InstiTuTE oF Metats.—The next meeting of this 
Institute will be for the second May lecture, which is to 
be delivered in London on Friday, May 12, by Dr. G. T. 
Beilby, F.R.S., of Glasgow. Dr. Beilby, who is a 
Member of Council of the Institute of Metals, has chosen 
as the subject of the May lecture ‘“‘ The Hard and Soft 
States in Metals.” The autumn meeting of the Institute 
will this year take place at Newcastle-on-Tyne, on 
Wednesday and Thursday, September 20 and 21. An 
influential local committee, of which the Hon. C. A. 
Parsons, C.B., F.R.S., is chairman, and Dr. J. T, Dunn 
honorary secretary, has been formed, and is making such 
——— that the success of the meeting is already 
assured. 


PrrsonaL.—Mr, Thomas W. How, consulting engi- 
neer, has removed from No. 15 to more commodious 
offices at No. 17, Victoria-street, Westminster, S.W.— 
The members of the Steel Ingot Makers’ Association, 
Middlesbrough, gave a complimentary dinner at the 
Grand Hotel, London, on Thursday last, to Mr. George 
Ainsworth, general manager of the Consett Iron Com- 
pany, Limited, who has acted as President of that Asso- 
ciation since its formation.—By an agreement msde 
between the Empire Roller Bearings Company, Limited, 
and the r Steam Digger Company, Limited, the 
business of the former, relating to the sale of the patent 
roller-bearings of Mr. Thomas Cooper, under his patent 
No. 4597, of 1898, has been transferred to the Cooper 
Steam Digger Company as from this date. The 
office is at King’s ton n, Norfolk.—Mr. John Roe, who 
for many years has works r’s assistant at 
Messrs. A. Handyside and Oo., Limited, is starting & 
new foundry in Derby in conjunction with Mr. James 

ison (who for over thirty years has been foundry 

foreman at the same firm), under the title of Messrs. 

—— Harrieon, Limited, Globe Foundry, Stores-road, 
rby. 
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HORIZONTAL DOUBLE-ACTING OIL-PUMP. 


CONSTRUCTED BY MESSRS. FIELDING AND PLATT, LIMITED, ENGINEERS, GLOUCESTER. 

















WE illustrate in the above view a specially designed 
horizontal double-acting pump for pumping liquid 
fuel for steamers, having double-acting pistons 134 in. 


in diameter by 18-in. stroke. The whole pump and 
gear is contained on a massive base-plate ; the pump 
is driven by spur-wheel gearing directly connected 
with the engine. The machine illustrated is one of a 
setof three pumps recently built by Messrs. Fielding 
and Platt, Limited, Gloucester, each capable of de- 
livering 300 tons of oil-fuel per hour against the maxi- 
mum working pressure. The pump, as will be seen, 
is fitted with a three-speed gear, for the purpose of 
dealing with oil of varying viscosity. A friction- 
clutch is provided between the engine and the pump. 
The gear-wheels transmitting the drive to the pump 
are of cast steel throughout, and the teeth are machine- 
cut out of the solid. The pump pistons are of solid 
gun-metal, the piston-rods of bronze, and the valves 
also of bronze. The suction-pipe to each pump is 
15 in., and the delivery pipe also 15 in., in diameter. 
Each pump is driven by a 120-brake-horse-power 
maximum lampless type oil-engine, supplied with the 
pumps by Messrs. Fielding and Platt, Limited. 








CANADIAN RAILWAY PROGRESS. 

Ar the close of June, 1910, Canada had 24,731 miles 
of line in operation. It is believed, however, that 
this total is rather below the mark than otherwise, 
as it did not include a considerable extent of line 
in partial operation. For instance, while the Grand 
Trunk Pacific Railway Company is conducting a 
regular passenger and freight service over the portion 
of its line between Winnipeg and Edmonton, as well as 
a freight service between Fort William and Winnipeg, 
a distance of more than 900 miles, none of this was 
included in the 24,731 miles. Mr. J. L. Payne, Cana- 
dian Government Controller of Railway Statistics, con- 
siders that at least 4500 miles of line were either in 
partial operation, or nearly completed, at the close of 
June. This would make the virtual extent of the 
Canadian railway network 29,231 miles. The traffic 
passing over Canadian railways in 1909-10 comprised 
395,894,575 passengers, and 74,482,866 tons of freight, 
showing an increase of 3,211,267 passengers and 
7,640, tons of freight, as compared with 1908-9. 
The number of passengers carried per mile of line 
In operation in 1909-10 was 1451, showing an 
Increase of 96 per mile as compared with 1908-9. 
The average revenue derived from each enger 
per mile was 1.866 cents, or 0.055 cent below the cor- 
responding attra for 1908-9. The gate pas- 
senger revenue in 1909-10 was 46,018,880 dols. ; this was 
the actual amount derived from the sale of tickets, 
apart from miscellaneous earnings, such as mails, 
express, and baggage. When account was taken of 
these auxiliary items of revenue, the total: coaching 
income from all sources was increased to 52,956,218 
dols. The average distance travelled per passenger 





in 1909-10 was 69 miles, as compared with 62 miles 
in 1908-9. The average ticket revenue derived from 
each passenger in 1909-10 was 1.282 dols., or 0.087 dol. 
more than in 1908-9. The aggregate distance run by 

nger trains in 1909-10 was 35,022,541 miles, or 
2,726,811 miles more than in 1908-9. Mixed trains 
ran 6,441,440 miles in 1909-10, as compared with 
7,061,580 miles in 1908-9. The average earnings per 
passenger train-mile, including receipts for mails, 
express, baggage, &c., were 1.277 dols., or 0.127 dol. 
more than in 1908-9. The freight carried in 1909-10 
(74,482,866 tons) showed a gain of 7,640,608 tons as 
compared with 1908-9, or 114 per cent. The average 
freight revenue per ton per mile in 1909-10 was 
0.739 cent, or 0.012 cent less than in 1908-9. The 
revenue derived from freight in 1909-10 was 116,229,894 
dols., or 20,515,111 dols. more than in 1908-9, showing 
an advance of nearly 214 per cent. Sundry accessory 
receipts inereased the gross freight revenue in 1909-10 
to 117,497,604 dols., giving an average of 4,6997 dols. 

r mile in operation, or 728}? dols. per mile more 
than in 1908-9. Care is taken by Canadian railway 
managers to obtain the maximum result from the 
rolling-stock at their disposal, and the average number 
of loaded cars per freight-train was increased in 
1909-10 ta 184, as compared with 16% in 1908-9. The 
average amount carri r loaded freight-car was also 
increased last year to 17.13 tons, as compared with 
16.98 tons in 1908-9. 

While the foregoing figures show that great 
industry and enterprise prevailed in the year ending 
June, 1910, in Canadian railway management, steps are 
being taken to develop still greater results. The 
Canadian Pacific Railway Company, for instance, has 
just ordered two new steamers for its Pacific service. 

r. A. Piers, manager of the steamship service of the 
Canadian Pacific, expects that the approaching summer 
will see a large number of English tourists in ar as 
the Dominion is becoming known throughout the British 
Isles as an attractive oe resort, presentin 
scenery similar to that of Switzerland or Italy, an 
even exceeding it in grandeur. The Canadian Pacific 
Railway has also ordered new freight-cars and train 
equipment to the value of 7,000,000dols. All this new 
rolling-stock is to be delivered in the course of the 
summer. No fewer than 2000 refrigerator, coal, box, 
and other freight-cars and 200 passenger carriages, 
including baggage, express, sleeping, dining, parlour, 
and observation cars, are at present under con- 
struction at the company’s Angus shops; and, in 
addition, orders have n pl with private firms 
for 2000 box-cars, with a carrying capacity of nearly 
40 tons each. These cars will cost upwards of 2,000,000 
dols., and, in addition, 500 stock-cars and 800 flat cars 
have been ordered from various firms. The company 
has also 75 heavy locomotives in hand at its Angus 
shops and the Montreal Locomotive Works. It is 
claimed for Canadian railways. that they present 


| them. 





the lowest capitalisation per mile of any lines in the 


world, the rate coming out at 55,638 dols. per mile, as 
compared with a corresponding rate of 57,201 dols. 

r mile in the United States ; 109,788 dols. per mile 
in Germany ; 112,879 dols. per mile in Austria ; 124,730 
dols. per mile in Italy; 139,390 dols. per mile in 
France ; 169,806 dols. r mile in Belgium; and 
275,040 dols. per mile in Great Britain. It will, 
perhaps, excite some surprise when we add that even 
upon the low rate of Canadian railway capitalisation 
the capital expended on Canadian railways stood in 
1909 at 1,308,481,416 dols. But low Canadian railway 
capitalisation is by no means an unmixed advantage, 
as it is due to the lines having been largely carried 
through extremel pn: pete, Fae districts. Thus, 
although the iiewe of Great Britain have been 
the most costly, they were made through localities 
presenting an average of 1912 inhabitants per 
mile, while for every mile of line made in Canada 
the corresponding average number of inhabitants 
was only per mile of line. Germany, again, 
had, at the date of a recent return, 1587 inhabi- 
tants per mile of railway; France, 1333; and the 
Austro-Hungarian Empire, 1854. What is gained, 
accordingly, under one head is decidedly lost in another 
direction. Certainly, Canadian railways have made a 
cheap start ; but to bring them up to modera require- 
ments, and to enable them to accommodate a larger 
and more satisfactory traffic,-a considerable further 
expenditure will, no doubt, have to be made upon 
It is good policy to build cheaply and to 
improve later. 








THE DEPRECIATION OF BUILDINGS AND 
MACHINERY.* 

By H. F. Donatpson, C.B. (Chief Superintendent, Royal 
Ordnance Factories). 


WueEn I was invited to address a lecture to your 


Institution, I ventured to inquire as to subjects which it 
was thought would be acceptable, and that su ted was 
**Depreciation of Buildings and Machinery.” I was, 


and am, fully alive to the importance of the subject, but 
I was none the less conscious that in accepting it I was 
undertaking a very difficult task. The subject is full of 
ee ape in itself, and I felt that I should find it very 
hard to avoid being dry or even dull. I must therefore 
ask your indulgence to assist me in my task, and hope 
that, even though I may prove dull in my delivery, I may, 
nevertheless, succeed in arousing some interest in your 
minds, 

One of the difficulties of the position is that deprecia- 
tion of buildings and machinery frequently meets with 
neglect in business concerns, probably owing to its com- 

lexity. I donot mean to say that the inspection of a 

lance-sheet of any manufacturing concern will fail to 
indicate,entries, possibly under more than one head, to meet 
depreciation funds. It is rather the underlying principles 
which, I fear, are too often overlooked, and that in many 
hands the provision for depreciation is inadequate to 
meet the requirements of the case, while there is evidence 
occasionally that the amount of the provision is recorded 
as having some relation to the | ness or smallness of 
the profits of the year with which the accounts deal. 
Where there is evidence of such a process of thought I 
am clear in my own mind that, short of a miracle, it is 
not a question of whether the financial soundness of the 
concern will be affected, but when. 

To start with, let me attempt to deal with the principles 
involved in depreciation funds, and to do so let us ask 
ourselves what a depreciation fund ought to mean. The 
answer to the question I should put thus :—It should be 
a fund which will provide at any time during the life 
of the business definite evidence that the capital invested 
in the provision of buildings and machinery is realisable 
at the value originally invested in the concern under these 
heads. If that cannot be demonstrated, and clearly 
demonstrated, I should prophesy that the business would 
ere long be in difficulties from this alone, irrespective of 
any mistakes in the conduct of the business itself, to which 
all of us are liable. In my opinion, whatever sum is 
invested in buildings and machinery, that value should 
be maintained at its original level, partly by the exist- 
ence of the buildings and machinery, which would, of 
course, stand in the books at values de proeating year by 
year, and partly by cash invested which represents these 
depreciation values. Such funds must, of course, 
built up by levies made on work done in the buildings 
and by the machinery. I would point out that the funds 
for the two heads are both necessary, not only to meet 
the deterioration which attaches to efflux of time, but also 
to ensure the power to the management of keeping abreast 
with the requirements of the times and the improvements 
in methods of manufacture whick are continuously being 
evolved in better and more efficient housing and superior 
speedin manipulation. You will frequently hearit said that 
we in this country have too great an affection for machines 
which ought to be superannuated ; that our competitors 
in foreign countries, particularly in the United States of 
America, scrap machines or demolish buildings at a much 
shorter life than is our custom ; that we ought boldly to 
throw out a new machine if, almost immediately after its 
installation, —— better is forthcoming. ere is & 
great deal of truth in this, but there is also some tendency 
to wildness of talk, unless we put ourselves in the position 
to more than half prove our contention for new plant by 
reference to our accounts, and particularly to that part of 
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them which show the present value of each building or 
machine—or, in other words, the data from which our 
depreciation funds are collated. 
desire that you should deduce from this that the 

depreciation funds are not, and ought not to be, matters 
which only interest the accountant. Useful and essential 
as they are to him in dealing with the financial condition 
of the concern, they ave, and should be, of equal, if not 
greater, value to those entrusted with the management 
of the concern. For instance, an intelligent regard and 
examination of all accounts is, of course, n 
those entrusted with the ment ; but the useful 
guidance to be secured from the investigation of the 
steps by which the depreciation funds are built up, will, 
without doubt, indicate not only whether, but when, a 
machine or building has declined in its earning capacity 
to such an extent as to demand its replacement. ore- 
over, investigation on these lines will not only indicate 
the time when resort ought to be had to the scrap-heap, 
but also will afford evidence as to how the products of 
the concern can obtained on more economical lines 
than the old equipment is capable of. The existence of 
the depreciation fund also is advantageous to the manage- 
ment, as it largely mitigates the financial difficulties 
accruing to any scheme of modernisation of an existi 
factory without either the need or desirability of fres! 
capital, unless, with the modernisation, increased gy 
is also contemplated. In speaking of modernisation, 
do not necessarily mean a large operation. I should use 
the word in consideration of a single building or single 
ates as readily as fur a complete section of the whole 
undertaking. 
_ [have already said that depreciation ought not to, and, 
in fact, does not, depend upon the size of the profits of a 
single year’s working; depreciation must be provided 
whether the profits are large or small, or even non- 
existent. On the other hand, profits, to a certain extent, 
depend on the amount of the depreciation to be provided, 
and from this it follows that the amount of depreciation 
should be assessed on lines which, while retaining the 
sound financial condition to which I have already referred, 
shall not form a burden so heavy as adversely to affect the 
reasonable — which the working of the undertaking 
deserves. The calculation of the amount which should be 
provided for depreciation leads us to the consideration of 
the basis upon which the funds should be built, and this 
may be shortly stated as the useful life of a building or 
machine, as the case may Personal opinion, the 
experience of oneself and others, must here be brought 
into play, and it is therefore at this point that some 
divergence in practice may arise which may have a 
more or less important ing on the commercial 
soundness of the concern in the future. The assess- 
ment of the length of life should preferably take into 
consideration, for each building rh each machine, the 
pu for which it exists, the method of its use, the 
probable length of time that it may be expected to be 
pe ge for the purpose fer which it is originally in- 
stalled, and other matters of like nature; all of these 
have their effect in arriving at the life it is thought 
should be allotted. I shall, later on, in dealing sepa- 
rately with buildings and machinery, have some further 
remarks to make on this side of my question ; but, speak- 
ing on the general lines, as Iam doing for the present, 
the process which I have just suggested involves a con- 
siderable amount of clerical work, not only in the original 
calculation, but in the maintenance of the ledgers for 
recording the process of depreciation levied, maintenance 
and other charges. If each building or each machine is 
dealt with separately, as is undoubtedly the most correct 
method, the amount of clerical work required will be 
increased, and personal opinion will largely influence the 
decision as to whether or not this particular process is to 
be followed in its entirety. Manifestly, unless some 
advantage is to be got by the close recording of such 
expenditure, it is unsound, in the interests of the manu- 
facture, to burden it with a cost which does not afford an 
adequate financial return, It is therefore not unusual to 
find in practice a certain uniformity of life accorded to 
all machinery, and another life to all buildings. On these 
two I shall s later in more detail, but I may say that 
for balance-sheet purposes it is perhaps reasonable, ‘as 
reducing running expenses, to use these uniform rates. 
It is none the less not accurate, and the saving which 
would be effected in the clerical work may readily be lost 
by want of efficiency due to some buildings or machines 
becoming obsolete or less economical without the fact 
being brought to notice, as is done by the more detailed 
method of recording. There is an intermediate course— 
viz., grouping buildings of similarly expected life together, 
and doing likewise for similar classes of machines. 

Whichever system commends itself to the management, 
there is no doubt that each building and each machine 
should be separately entered in their respective ledgers 
for detailed booking, and that such ledgers should contain 
the original cost of the installation and the amount 
written off year by year for depreciation ; and it would 

be convenient and useful if the same led also 

records the amount spent on each building or pm « oth for 
its maintenance or repair during each year. Moreover, 
should “7 improvement be effected during its life, the 
ae and the cost should be entered and noted in the same 

Such a procedure will afford the power to the manage- 
ment of seeing at any moment how the costs of a buildi 
or machine stand as regard productive capabilities, 
will assist in coming to a decision as to when the time 
has come when, in the interests of economical working, 





ance, and it will perhaps be convenient that I should 
di here to offer a few remarks upon it. 

faintenance and repair charges are, and should be, 
entirely apart from depreciation levies, and form, in my 
opinion, a direct revenue charge pure and simple. No 
amount of maintenance spent on buildings or machines 
should affect the assessment of the expected life of the 
building or machine for »s of depreciation. The 
calculation for the life of the building or machine must be 
made on the supposition that both of them will be main- 


to | tained in a thoroughly efficient and proper manner in all 


the usual requirements. 

It is, I think, erroneous, as is sometimes done, to 
attempt to combine depreciation and maintenance charges. 
Such a combination tends to confuse the issues which the 
accountant has to attend to, and it also militates egpent 
the use of the accounts which I consider so valuable to 
the management of the concern. I would therefore —- 
that you should rigidly adhere to the doctrine that the 
depreciation funds are depreciation funds and nothing 
else ; that the maintenance expenditure is the mainten- 
ance expenditure apart from consideration of deprecia- 
tion. 

I shall presently draw your attention to the incidence 
of the depreciation cha: which will always, I think, 
be higher in the earlier life of the article depreciated, and 
lower as its life extends, and in that connection I would 

int out that the maintenance and repair ch should 
“ negligible for the early years of life, and will probably 
increase as the life is extended. e 

Returning now to our more correct subject of deprecia- 
tion, and assuming that each of you has come to some 
idea as to the system you would pro to adopt as 
regards your records and life of the buildings or machines, 
let us consider how we are going to obtain the cash which 
is to go into separate funds for the provision desired. 
Manifestly, such cash can only be obtained by makin 
detinite charges —_ the work carried out in the build- 
ing or on the machine. I will ask you to admit, and think 
you will agree so far, that from the moment a building is 
erected or a machine is installed, depreciation begins, 
because its life has begun. If the depreciation bas n, 
the charges to be made on its account must be made 
simultaneously, and continue on the lines which I am 
assuming have been arrived at as correct. _ 

I referred just now to the need for writing down the 
remain value of buildings or machines more rapidly in 
the earlier than in the later periods of life ; and possibly 
if I were to take a very simple example, it might help to 
accentuate my point, which is based upon the principle 
that it should a possible to show the o: capital 
value in existence ly in buildings or machines and 
partly in depreciation funds at any time. 

I imagine that many of you, perhaps most of you, have 
owned and used a Garde, ae therefore have some know- 
ledge of the purchase of such an article. Possibly, also, 
you may have desired to sell one, and if so, I think you 
will have no objection to my statement that in disposing 
of even a practically new machine, you will find it im- 
possible to realise anything approaching the original 
purchase price, even though the use you may have made 
of the new machine is practically mil. If you kept an 
account of your capital bicycle expenditure, and desired 
to be in a position, without draft on further capital, to 
have a new machine at the end of, say, each three years, 
your process would be something as follows :—You would 
consider what a three-year-old machine would be worth 
to sell, or, in other words, what its remain value would 
be after three years, with a proper amount of revenue 
expenditure on maintenance, renewals, and upkeep. Let 
us assume that 12/. represents the cost of the new machine, 
and that its remain value after three years’ work would 
be, say, 2/. 10s. Now to carry out the principle which I 
have enunciated, it would not be sound to charge 334 per 
cent. of the original cost annually for the three years, 


because, supposing you wished to dispose of the machine | d 


at the end of the first year, it is very doubtful whether 
you would be able to realise 8/. for it, and carrying the 
principle through, unless you found a buyer at that price 
your total capital would be reduced by the amount of 
capital you would realise short of that figure. It would 
therefore be wiser to write off more than 334 per cent., 
and to secure the sliding-scale (which appears to be 
necessary and to which I have more or less already 
referred) 40 per cent. would be a more correct figure to 
select. This would leave you with a machine valued at 
the end of the first year at 7/. 4s.; an amount which, I 
think, it would not be unreasonable to expect to be able 
to realise. Again, if you wished to dispose of it at the 
end of the second year, you would write off another 40 
per cent. from the remain value at the end of the second 
year, and this would leave you with a machine worth 
4l. 6s. ; this, again, isan amount which, I think, you ought 
to be able to realise without difficulty. For the third 
year you would again write off 40 per cent. from the 
remain value, and at the end of the third year your 
bicycle would represent 2/. 12s. as its selling price, and 
91. 8s., the total funded amounts which you have written 
off, as depreciation year by year, already indicated. Thus, 
supposing you sell the machine for the price named, 
2. 12s, you have 12/. to start again with a new machine. 
From the last sentence, I hope you will see the importance 
of keeping your depreciation fund as a tangible asset, and 
not merely as & o.. Yike 
Following up this line for application to buildings and 
machinery equipment, the same general principles would 
be found. e should naturally assume some remain 
value and use this in assessing the term of useful life ; we 


the building or machine should be scrapped, or replaced | should then adopt a percentage which will have the effect 
with a more modern, a more efficient, or a more econo- 
— building or machine, having regard to working 
cos 


In speaking of the ledgers, I have mentioned mainten- 


of writing down the original cost with reasonable expedi- 
tion in the earlier years of life without unduly burdeni 
the profits of each year. I imagine it would be unus' 
for anyone actually to set aside cash each year against the 





depreciation of a bicycle, but such a procedure as regards 
factory management is, in my opinion, essential. 

I believe it is the custom of some firms to create their 
depreciations funds with very great rapidity in the early 
years of life, their object being to show larger profits in 
the later years. I have al y indicated my agreement 
with the need for a larger provision in the earlier years of 
life, but Iam sure that it is quite possible to make the 
deductions in the earlier years too heavy, and so detri- 
mental to the trading of those years; for I would remind 
you that the cash for the formation of the depreciation 
funds can only be got by debits against the work dore 
during the year, and, consequently, by drafts on the earn- 
ings of those years, and that the consequent appearance 
of larger dividends in later years is only secured by de- 
ferring profits actually earned in the earlier years toa 
later period. A happy medium has to be struck to meet 
the case with adequate fairness, and I hope to deal with 
this later in greater detail when speaking about buildings 
and machinery separately. 

have already referred to a tendency, which can be 
eccasionally noticed, to record the amount of deprecia- 
tion to Le levied in a given year as in some way depend- 
ing upon the profits of that year. Iam quite sure that 
it is absolutely unsound and most dangerous financially. 
When once a decision has been come to as to the proper 
length of the expected life, it should not be departed from 
by way of reduction under any circumstances whatever, 
though a case may perhaps be made out for increasing 
the burden if the use of the buildings and machines is 
more excessive in a year than is represented by the esti- 
mate. Under any circumstances the te of the 
total provision for depreciation funds must be secured, 
and for that reason it would be desirable that for balance- 
sheet purposes that total should always be known and 
be used. The actual apportionment, however, may be 
made, and should be hn direct to the work done in 
each building. In other words, in order to build up the 
depreciation funds every piece of work done in a building 
or on a machine should bear the _— proportion of the 
depreciation burden, and I think we may now consider 
how such a distribution of the levy can be best and most 
fairly obtained. 

The depreciation on the capital outlay for buildings 
and machinery must, of course, be got by using the 
buildings and machinery for turning out the product for 
which the establishment exists. It therefore follows that 
each piece of work done in connection therewith should 
bear its proper proportion of the depreciation levies, and 
such levies must therefore be accepted as part of the 
expenses involved in making the product. To enable 
this to be done the first and most obvious step is to 
arrive at the total annual charge to be made under this 
head for each building and each machine, and from that 
deduce hourly charges to be debited for their use against 
each piece of work done in accordance with the time the 
work occupies the building, part of the building, or the 
machine, There are, of course, many methods by which 
this result can be obtained, and I only propose to suggest 
some of them for your consideration. 

The hourly rates will, I think, be most conveniently 
obtained by taking the normal working time of the fac- 
tory, which we will sup to be 54 hours per week 
(working a single day shift as the normal requirements 
from the concern). The total number of hours would 
therefore be, for 52 weeks, 2808, but as it can never be 
contemplated that every machine and every square foot 
of building will be fully occupied for every available 
moment, owing to the intervention of general holidays 
and other causes, as well as the probable irregular flow 
of work for some of the buildings and machines, it will be 
wise to make a liberal allowance for contingencies, and I 
think for this pu it is not unusual to adopt 2000 
hours as representing the normal year’s work for calcula- 
tions of this sort. Itis, of course, perfectly simple to 
educe the hourly charge, using the annual total I have 
already suggested, which should be made against the 
work passing through a building or on a given machine. 
You will readily see that if the 2000 hours is exceeded, a 
greater proportion of the depreciation will be provided by 
those buildings and machines which are called upon to 
work overtime or night shift. This means that the 
amount to be provided for depreciation would be increased 
by the extra hours worked, and may be taken as either a 
relief to the gross depreciation amounts to be levied, or 
may, in fact, be debited in detail against the buildin 
or machine, and so automatically shorten its ones 
life. There seems a chance of error creeping in by the 
ten of the latter course, but it is one which can be 
easily guarded against if proper care be taken. The 
ay og lies in being satisfied with this direct writing-off 
to the work done, without making a definite depreciation 
charge with the total depreciation which ought to be pro- 
vided for the whole establishment for the year. t us 
— an example of this. Supposing the original capital 
value of the buildings and machinery of a manufacturing 
concern should be respectively 20,0007. and 40,000/. In 
the first year of life he depreciation, assuming 5 per 
cent. for buildings and 10 per cent. for machinery, would 
be 10007. and 4000/. respectively. Now if the whole 
factory in all its parts is fully occupied as to each 
building and each machine for every normal hour, with- 
out overtime, and the apportionment to each build- 
ing and each machine is correctly estimated, you will 
find at the end of the year that you have written 
off direct to work done the proper amounts—viz., 1000/. 
and 40007. It is, however, almost certain that there will 
be periods when the flow of work is irregular, when some 
machines or some particular areas of shops will be idle, 
and whenever such a condition arises there will be — 
in the direct charge to the work done, and consequently a 
certain amount of depreciation provision will be lost 
sight of. It is, of course, true that if a portion of the shop 
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or machine is not employed directly on specific work, the 
depreciation charge cannot be made directly to a specific 
work order. None the less, the depreciation has to be 
provided for, and any portion not directly charged to 
work done must be gathered up and provided for from 
the profit and loss account when the accounts for the bed 
are reviewed. It necessarily follows, therefore, that both 
the total depreciation provision required and the portion 
thereof already charged directly to the work done during 
the year must be compared, and, where necessary, adjust- 
ments made against work orders in order to show a com- 
plete balance-sheet unassailable by any critics of this 
particular in the accounts. 7 

Though I have indicated a means by which, when 
buildings and machines are more strenuously worked than 
was contemplated in the original estimate, there is an 
automatic increase in the amount of provision against the 
work order for depreciation funds, I am very doubtful 
whether for balance-sheet purposes increased charge 
meee eae LF: — _—_ Cowes T have 

ve doubts as uilding depreciation, for it can- 
oo be very soundly argued that the life of a building is 
shortened le working longer hours. It is, however, quite 
possible to make out a somewhat strong case for levying 
extra charge against the machinery, for it is obvious that 
the harder a machine is worked the shorter will its life 
probably be, and that, if such an argument is accepted, 
then the machinery-depreciation levy should follow pro 
rata for the extra time worked. On the other hand, it is 
well to remember that with harder work the machine 
will cost more in maintenance and upkeep, and it may 
be that the burden so incurred may be sufficient for 
all practical purposes, especially as there are undoubtedly 
advantages, from the administration point of view, in the 
avoidance of unnecessary fluctuations in charges which 
may make the costof accounting not only more complicated 
but more expensive. On the whole, I am rather in favour 
of retaining a constant rate of levy for depreciation pur- 
poses, unless the circumstances of a particular case or a 
particular period are so exceptional as to warrant a 
departure from the line originally laid down. 

So far, I have spoken about buildings and machinery 
jointly, but I think it is necessary that I should now 
separate these two, because the’considerations which affect 
each are somewhat different. The main principles, how- 
ever, remain, whether we are dealing with the two 
together or with them separately. I have already indi- 
cated broadly that we should get the depreciation charge 
levied against the work which passes through the shop, 
and have su ted an hourly means by which this can 
done. Now if we turn to the building, it will frequently 
be said that the application of an hourly system of charge 
is not practicable. Before, however, I take up this, I 
would like to deal with the consideration of the deprecia- 
tion on the buildings themselves. In most undertakin 
it is common to lump together the capital value of all 
buildings, and to take a flat percentage on them for 
depreciation, irrespective of the nature of the construc- 
tion of the building itself, which must undoubtedly have 
its effect on the life of the building. It does not require 
much thought to come to the conclusion that a buildin; 
of brick or stone, with slated roof, built in a substanti 
and workmanlike manner, will have a longer life in itself 
than, to take the other extreme, a timber structure 
covered with felt. It therefore will be readily admitted 
that it is not accurate to allow the same life on the latter 
as on the former. It would, of course, be preferable to 
keep each building separate, but for convenience I think 
that it will be found unobjectionable to classify buildings 
in accordance with the nature of their construction. Thus, 
take ‘‘ A,” buildings of brick or stone, with slated or tiled 
roofs ; “*B” might be steel-frame buildings with brick 
panels, slated or tiled roofs; ‘* C,” steel-frame buildin; 
covered in with corrugated sheet in walls and roofs, while 
class “‘D ” might cover wooden or other temporary struc- 
tures of a more perishable nature. 

_The most durable as a class would, of course, be con- 
sidered as having the longest life; but there is another 
consideration which should not be lost sight of, and that 
is—Are they of a design which will admit of their being 
adapted for manufactures other than that for which they 
were originally put up? In these days many buildings 
are a ge specially for a particular product, and are 
provided with special appliances to meet the ——— 
ments of that product. Such buildings would probably 
not be so il — of adaptation for other pur- 
poses, and even though built of brick or stone, it would 
probably be wise to look upon them as falling under the 
class not consistent with the material of which they are 
constructed. In all probability, however, such special 
buildings would not be constructed of the most expensive 
materials, but would be designed and erected with a view 
to entire demolition, should the need for the product for 
which they were originally erected cease to exist. In 
such a case, irrespective of the material of which it is 
built, it would, I think, be wise to consider the life as 
comparatively short, which would mean rather heavier 
depreciation in order to retain the solvent condition 
which I am advocating as one of the main features of my 


address to you. The greater durability, therefore, of the | d 


building does not necessarily give an indication of what 
ought to be taken as its useful life. 

You will often hear it suggested that a low percentage 
on a substantially built structure is sound, because we 
can see in London many buildings which have been in 
existence for 100 or, perhaps, 200 years. I have in my 
mind some buildings in the 
themselves are practically as good now as in the days 
they were built, over 100 years ; but the uses for 
which these buildings were erected have entirely dis- 


appeared, and the buildings have to be used for purposes 
for which they are not really —. and which, I 
think, do not allow the concern working them to obtain 
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the advantage which they should obtain had the build- 
ings been non-existent, or provision been made for 
them to be pulled down, with all expenses paid, many 
oo ago. he —e are , and if their purpose 

ad still continued, I should entirely in agreement 
that a very low rate of depreciation would meet their 
case ; but as it is, the concern owning these buildings is, 
I am sure, losing money by their unsuitability for their 


present uses. 

Steel framework, brick panels, slated or tiled roofs, 
gives a very good type of workshop for the present day. 
It is not so very expensive, it is quite fairly durable, and 
with a reasonable provision for depreciation, it could 
made an economical procedure to demolish such buildings 
in a comparatively short space of time if circumstances 
indicated that a different type of building would more 
economically meet the requirements of the case. 

Steel frame-work and corrugated iron buildings are very 
subject to decay, especially in London and its neighbour- 
hood, owing to the acidity in the air, due to sulphur and 
other impurities, but, in spite of this, with a low initial 
cost and a short life, they may be expected, with a 
pene x ed high rate of depreciation, to prove an 
economical class of structure for many purposes. 

From what I have said I think you will understand 
that I should rd with favour rating for depreciation 
on each individual building separately, or in groups 
following the nature of their construction. The rate of 
depreciation should follow the classification, having in 
view the main object of retaining that financial stability 
which I am advocating. 

I do not pro to embark upon the subject of the 
actual life of different classes of building, seeing that 
opinions will vary from 3 per cent. or 34 on! cent. up to as 
high as 10 per cent for the least durable buildings. It is, 
however, desirable that I should take some figure in what 
Tam about to say, and I would therefore suggest 5 per 
cent., leaving you to vary this for yourselves in accord- 
ance with your own views. 

In order to secure an instance of depreciation provision 
on the work done in a particular shop, let us suppose a 
shop costing 1000/., and a classification carrying 5 ‘td 
cent. depreciation. Let us assume that the building 
2000 sq. ft. floor area; we shall thus have an annual 
charge of 12s. 6d. per 25 ft., or 6d. per square foot. 
Adhering to the number of hours al y adopted—viz., 
2000—this gives a cost of 0.003d. per square foot per hour. 
Let us assume that this shop is used partly for machine- 
workers and hand-workers, sq. ft. being -“ <r by 
the former, and 1500 sq. ft. by the latter. e will, 
further, assume that, allowing for gangways and so forth, 
ten hand-workers will each occupy 50 sq. ft., so that each 
hand-worker will have to carry 0.015 depreciation per 
hour on the work he does, and each machine, according to 
the space occupied, will have to bear its floor-area charge 
per hour pro rata. 

I should, pene, say here that these rates will require 
to be varied year by year in accordance with the reduc- 
tion in the amount of depreciation written off in each year. 
In some cases a sort of short cut is taken to get depre- 
ciation charges for buildings levied, and the whole of the 
building charge is pooled and levied on the wages of 
the men mane in the shop, whether hand or machine 
workers, and by that means the charge is made directly 
on to the work done hour by hour. 

Turning now to the machinery side of the subject, there 
are several methods under which it can be treated. To 
begin with, the pees rate will be relatively higher 
than is adopted for the majority of buildings, seeing that 
the life of a machine is generally shorter than can be 
claimed for buildings, and, as will be seen presently, I am 
adopting what I believe to be a very general rate of 
10 7 cent. for the purpose. The levy of the amount can, 
as I have said, be treated in more than one way. Some 
exponents will favour the extreme accuracy which can be 

ot by rating each machine separately, while others will 
ot to a less costly, but reasonably accurate, collective 
treatment. The former has much in its favour, par- 
ticularly for administrative purposes, for it enables the 
management to fullow more ang A than the collective 
system admits of the life-history, the economy or other- 
wise in use, and indicates the time when it is wise and 
financially sound to scrap any apten cod machine. In any 
case, separate records of each machine should be kept, 
whether the individual or collective method is followed, 
and such a record will in itself assist in the administrative 
line just referred to, but with slightly less accuracy in 
the collective than in the individual treatment. 

Such a record should contain not only an account of the 
annual depreciation for the particular machine, but 

ould also account for any maintenance repair or im- 
provement expenditure incurred on its account. This 
information, if available in regard to a particular machine, 
will be of enormous value to indicate the time when the 
efficiency of the machine is so impaired as to render its 
replacement desirable and necessary on the score of 
economic working. 

The individual method may be shortly explained, even 
though it is the one indicated by Mr. A. H. Barker, who 
elivered a course of six lectures, in 1901, to your Institu- 
tion on ‘* The ment of Workshops.” It involves 
the recording of the initial cost of the machine, together 
with the expenses incidental to its installation, and an 
estimate of life for it having regard to the nature of the 
machine and the work it will be required todo. This is 
followed by the calculation for the annual percentage of 
epreciation, which, of course, should be dependent upon 
the life the machine is expected to attain. This is one of 
the main features by which the greater —— is recog- 
nisable, but it necessarily involves a considerable addition 
to the clerical and accounting work which this system must 
carry in its train. It is quite open to argument whether 
the greater accuracy may not be too dearly bought, but I 





do not propose to enter upon polemics of that sort, m 
desire being rather to indicate different methods whi 
attain reasonable accuracy without pressing for a definite 
preference. 

The collective system requires the separate recording of 
the initial expense for cost and installation of a machine, 
but it contemplates that the life of all the machinery 
equipment isuniform a of course, it is not in fact), 
and, therefore, that the rate to be charged for deprecia- 
tion is on a uniform percentage for all machines of every 
nature. 

In both cases the depreciation percentage is worked out 
to an hourly rate or into some other convenient form by 
which it can be added to the labour cost with other 
charges, all of which have to be met before any actual 
profit is made. 

With the individual system the rate for depreciation 
per hour will be higher for machines for which only a 
short life is estimated, and, conversely, lower as the esti- 
mation for the length of life extends. It will probably 
never be taken at less than 10 per cent., ont may in 
special circumstances reach as high as 20 per cent. for its 
own depreciation. 

With the collective agen it will be found that 10 per 
cent. is @ very gene percentage to adopt, and its 
general sufficiency has been shown by considerable ex- 
perience. In both cases the levy is, of course, made on 
the remain value year by year. 

It may be of interest if I tell you that with a machinery 
depreciation fixed at 10 per cent., I once made it m 
business to trace out the realised values of all ol 
machines disposed of during a term of years, and I found 
that to make a true balance between new cost and de- 
preciation cumulative remain value the percentage ought 
to have been something over 11 per cent. instead of 10 per 
cent. It is true that in this case there were considerable 
numbers of old machines which had been retained beyond 
what was really their useful life, and the conclusion I 
drew was that with more care to the scrapping of machines 
at an earlier date, 10 per cent. would have been about the 
correct re. In this case machinery of all sorts was 
dealt with in bulk. 

I think the collective system is, in fact, that most 
usually followed, and it may be useful that I should 
expand this part of my subject by concrete examples 
based ae assumed preliminary outlay. I will take the 
capital figure I suggested before—viz., 60,000/., of which 
40,0002. should be machinery. This, for an annual de- 
preciation at 10 per cent., would for the first year mean 
4,000/., leaving 36,000/.; for the second year, 3,600/., 
leaving 32,400/.; and for the third year 3240/., leaving 
29,160, and so on; the cash represented by these reduc- 
— in capital value going into the depreciation reserve 

und. 

In all manufacturing concerns there is a considerable 
amount of machinery which is required to enable the 
factory to do its work, but which is not visibly productive 
or capable of being in itself charged direct to work done. 
Let us assume that of our 40,000/., 10,000/. represents such 
machinery equipment. The depreciation for that 10,000/. 
has by some means to be levied on the work done during 
a period. On the 10 per cent. basis we have, as men- 
tioned earlier, to recover 4000/. in the first year’s work- 
ing, and a simple method of attaining this object is to 
levy 4000/. on the 30,000/. worth of productive machines ; 
this means, with these de ae 13.33 per cent.—viz., 
10 per cent. for each productive machine plus 3.33 per 
cent. for the non-productive machinery. This percentage 
holds for succeeding years on the remain value. 

Let us go further and see the effect on a machine cost- 
ing 200/. to start with. Itsown depreciation will amount 
to 201. for the first year, 18/. for the second, and 16J. 4s. 
for the third, and so on; but when adding the share for 
— per of non-productive machinery, those figures 
will read 26/. 13s. 4d. for the first year, 24/. 1¥s. for the 
second, and 21/. 12s. for the third year. 

These amounts have to be got on to the work done on 
that machine, and adopting the same figure (2000 hours) 
for a year’s work, we deduce an hourly charge of 3.2d. 
per hour for the first year, 2.98d. per hour for the second, 
and 2.59d. per hour for the third year, and so on. 

In adopting the 2000 hours per annum, an allowance, as 
already indicated, is made for probable idleness of 
machines during some part of the twelve months, but it 
is quite possible that in some years this allowance may be 
found too high and in others too low ; discrepancies either 
ay must, of course, be corrected at the end of the year 
in drawing up the balance-sheet and the requisite debits 
or credits made to the profit and loss account. 

There is, of course, an obvious disadvan attaching 
to the collective system. The work done in one shop 
may require a larger share of special non-productive 
equipment—e.g., overhead per cranes, &c.—than is 
required in another part of the establishment. The collec- 
tive system, unless some special allowances are made to 
correct this, entail as a consequence the latter bearing 
part of the oy: charge which er a to 
the former. Unless the management is to left with 
the possibility of being misled by its accounts, some 
correction is required. 

This can be effected without departing very largely from 
the simple collective system, by dividing up the non- 

uctive machinery charges in accordance with the 
istribution and use of that machinery. To explain this, 
let us assume that 5000/. represents the value of the 
machinery which is required universally throughout the 
factory, that of the remaining 5000/., one shop (‘‘ A”) 
requires special conveniences to the value of 3000/., 
another (‘‘B”) to the value of 1500/., and a third (“‘C”) 
to the value of 5001. It will follow that ali shops other 
than “A,” “*B,” and “‘C” will have to bear 11.65 per 
cent. of the total value. That shop ‘“‘A” will have to 
bear 12.36 per cent., shop ‘“‘B” 12-17 per cent., and shop 
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“O” 11.83 cent., and each machine would take the 


tage belonging to its shop. 
It is true that in a shop equi for eunate, with 
overhead cranes, a good deal of work may done 


which does not, in fact, make use of the appliances pro- 
vided. Nothing short of making a specific charge per 
lift will overcome this, and such a record would obviously 
be not only difficult, but probably detrimental to the 
smooth and easy-working of the shops. If such over- 
charges militate against economical production of a pro- 
duct not requiring the lifting appliances, and orders are 
lost on tendering, there is evidence that such work 
should preferably be done in a sho 
quired yoy peer do not exist, an 
uire to id for. 

hatever the proper percentages to be charged may be, 
ey Bere be got down to some form in which they can 
be booked directly to the work done on any machine, and 
in many cases an hour is taken as the unit for the pur- 


where such unre- 
therefore do not 


pose. 

Where a card or other system of booking work is in use 
by which the time occupied in carrying out any given 
piece of work on a given machine is recorded, there is, of 
course, no difficulty in adding so many hours or portions 
thereof to the time recorded for the payment of the 
operator. In some establishments, I believe, it is left 
largely to the workman himself to apportion his time 
between the various jobs he does, for instance, in a day or 
a week. In others it is more correctly done for him by 
independent means ; but in either case there is always 
the time of attendance check, which is, I think, univers- 
es treated as a separate matter. 

n many establishments, however, payment to the work- 
men is made on a piecework basis, and the application of 
time as the unit for machine use is not so readily made. 

I have made incidental reference to the maintenance of 
both buildings and machinery, and in this connection there 
can be little doubt that the individual system of recording 
has advan because it serves to bring prominently 
to notice the actual charges entailed by the use of a par- 
ticular machine. This can be secured also by the collec- 
tive system, for with both it is most necessary that 
separate records be kept of not only the depreciation 
charges to be levied against each machine, but also the 
maintenance charges due to it. This is perhaps rather 
outside the actual lines of my subject, but it is none the 
less a matter of considerable administrative importance, 
and therefore one which really needs no apology for its 
introduction. 

As the management, in fact, settled what is to be 
charged on account of depreciation, so the same authority 
ought to decide when and what maintenance services 
should be executed on any and every machine. 

It is, of course, true that the workman using the 
machine is generally in a position to know whether a 
machine has deteriorated from its pristine efficiency, but 
that pre-supposes an exercise of intelligence on the part 
of the operator which cannot always be depended upon. 
It seems, therefore, preferable to lay the responsibility 
for the primary suggestion for a repair upon the sho 
foreman in the first instance, and he should, with suc 
assistance as the organisation of the factory provides, 
submit to the management his recommendations for the 
repairs he considers requisite, their nature, and an esti- 
mate of cost, and the execution of the work should be 
authorised by the manager, who should satisfy himself 
first that the repair is necessary, and, secondly, whether, 
having regard to the age and surroundings of the machine 
and its general efficiency, it is desirable to repair. He 
may find by his investigations that it would be preferable 
to draw on his depreciation fund, scrap the machine 
altogether, and purchase a new one, which may be 
capable of better and cheaper output. The concentration 
in one place of data regarding depreciation and as regards 
the money spent on previous ~— on maintenance, will 
be of very great assistance to him in forming his judg- 
ment under what would otherwise be doubtful circum- 
stances. We have heard in recent years a deal of 
loose talk about scrapping machines, to make room for 
more up-to-date appliances. If the course I have sug- 
quest is followed, the manager will find the task of 

eciding when the scrapping process should commence 
very materially eased. 

I began my lecture with an indication that I feared 
that my subject, however important, must prove some- 
what dry, and I am still conscious that those fears must 
have been realised. I can only express the hope that 
ae I have very likely been unable to set before you 
anything of novelty, yet that I may not have failed in 
my attempt to make some of you at least realise the 
great importance of this matter of depreciation and its 
application. 





Lockwoop’s BuripErs’ and Contractors’ Price- Book 
For 1911.—The appearance of the 1911 edition of this 
well-known price-book is of interest to all connected 
with the building trade, for it is an old standard 
guide on all important matters re.ating to this trade. It 
cannot, however, be said that there is much change in 
the open edition over that of the previous one, the 
building trade being much in the same condition that it 
was at the beginning of 1910. Prices, too, have under- 
gone little alteration. There have been no strikes in the 
trade, from which it is assumed that things have 
flat. Recent legislation has not tended to the develop- 
ment of land and building, for the present at any rate, 
whatever may be its effect in the future. Several sections 
of the book have been revised and corrected, including 
that ea wt tw The book is edited by 
Mr. T. W. Miller, Assoc. R.I.B.A., and is published 


b 
Messrs. Crosby Lockwood and Son, 7, Stationers’ Hall 
Court, Ludgate a and 121, Victoria-street, West- 
+» price 4s, net. 


minster, London, 8. 





FOREIGN ENGINEERING PROJECTS. 


we give here information concerning 2 ae, ¢ 
colonial and foreign i ing projects, for sev t+) 
which tenders are asked. Further data concern 

can be obtained from the Commercial Intelligence 
Board of Trade, 73, Basinghall-street, E.C. 

Australia: The Town and Country Journal states that 
the estimates of expenditure by the New South Wales 
Government on account of public works and other services 
for the year 1910-11, to be provided for by loan, amount 
to 4,933,000/., of which 3,039,400/. is for new works, and 
1,893,600/. for the completion of works already sanctioned 
and begun. The provision includes the following :— 
Treasurer and Secretary for Finance and Trade—Sydney 
Harbour Trust: Construction of works and improvement 
of port, 231,000/. Railways and Tramways Department 
—Seouen: Rolling-stock, 650,000/.; additions to railway 
lines, stations and buildings, &c., 450,000/.; railway con- 
struction, 400,000. Tramways: Additions to lines, work- 
shops and buildings, &c., 240,000/.; rolling-stock, 75,0001. ; 
electrification of lines, 50,000/. Secretary for Public 
Works: Railway construction, 1,007,500/.; tramway con- 
struction, 159,000. ; sewerage construction, 67,900/. ; water- 
supply works, 148,600/.; water-storage reservoir and irri- 

tion works, 190,000/.; abattoir construction, 75,000/. 

etropolitan Board of Water Supply and Sewerage (to 
be carried out by the Board): General reticulation, 
improvements, buildin canal works, &c., 194,000/.; 
construction and ventilation of sewers, &c., 180,000/.; 
amplification of Sydney water-supply, 60,000/. Hunter 
River District Water Supply an werage Board: Ex- 
tensions, 7000/. 

Netherlands : H.M. Consul at Amsterdam reports that 
preliminary plans have been prepared for the construc- 
tion of a light railway from En a to the Helder. The 
length of the line will be 23 kilometres (about 14 miles), 
and the cost of the work, including the erection of a 
movable bridge across the North Holland Canal, is esti- 
mated at 700,000 florins (about 58,3007. ). 

Italy : With reference to the See rations in the 

rts and around the coast of Sardinia, H.M. Embassy at 

me has forwarded a notice, issued by the Ministry of 
Public Works, to the effect that, as no award has been 
made in respect of this contract, tenders are again 
invited, and will be opened on March 2. The upset price 
is put at 3,354,600 lire (about 134,0002.), and a deposit of 
160,000 lire (6400/.) is required to qualify tenders. 
Tenders should be addressed either to the Ministero 
dei Lavori Pubblici, Rome, or to the Prefettura di 
Cagliari, Cagliari, Sardinia. With reference to the har- 
bour works and dock construction at Portotorres, the 

zzetta Ufficiale notifies that, as no award has been 
made in respect of this contract, tenders are again invited. 
and will be opened at the Direzione Generale delle Opere 
Marittime, Ministero dei Lavori Pubblici, Rome, on 
March 2. The upset price is put at 2,214,720 lire (about 
88,600/.). Although the above two contracts will in all 
probability be awarded to Italian firms, nevertheless the 
carrying out of the works may involve the purchase of 
some materials out of Italy. 

Norway; With reference to the plans for harbour works 
at Trondhjem, the British Vice-Consul at that place 
reports that the competition should be finished by the 
end of March next. othing has yet been decided as to 
the new port works, but it is practically certain that 
works will be started in the not very distant future, and 
probably by the town’s own engineer. 

Russia: The Commercial Intelligence Branch of the 
Board of Trade have received a copy of the pro 
Russian Budget for 1911, from which the following items 
of expenditure are extracted :—Ministry of the Interior 
—Postal and Telegraph Services : Construction and repair 
of telegraph and telephone lines, 6,267,000 roubles. 
Ministry of Ways of Communication—Inland Waterways 
and Highways: New works on existing waterways, 
5,072,630 roubles. Railway Department: Construction 
of va gees Be and feeding lines, 92,947,750 roubles ; exten- 
sion and improvement of State Railways, 46,235,600 
roubles ; pure of rolling-stock and eee for 
State Railways, 24,355,841 roubles. ercantile marine 
and ports: New works in harbours, 3,100,170 roubles. 
Ministry of War—General Commissariat Department : 
ae and equipment, 46,746,567 roubles. Artillery 
rou 


them 
ranch, 


les ; re-arming of field artillery, 4,583,687 roubles ; 


small arms and nmmunition, 5,500,000 roubles ; —. be 


ment for machine-gun batteries, 1,718,000 roubles ; fie 

artillery and ammunition, 16,003,000 roubles ; garrison 
artillery, 11,250,000 roubles. Engineering Department : 
engineering plant and field and garrison engineering 
material, 6,903,073 roubles. Ministry of Marine: Con- 
struction of new shi 29,846,449 roubles; thorough 
repair and re-arming of vessels, 8,070,885 roubles ; manu- 
facture of artillery equipment, 9,077,108 roubles ; manu- 
facture of torpedoes, radiotelegraph apparatus, &c., 
2,291,736 roubles ; construction of ports, 4,217,254 roubles. 
(Rouble = 2s. 14d.) The ial Messenger announces that 
a@ meeting was recently held at the Ministry of Industry 
and Commerce in St. Petersburg, at which the question 
of important harbour extensions and improvements at 
that city was disc It is estimated that the work 
which it is proposed to out would cost 12,650,000 


carry 
been | roubles (1,335,000/.), of which 10,415,000 roubles would be 


allocated to constructional work, and the remainder to 
the purchase of land and the necessary construction 
plant. The work proposed includes wharf extensions, the 
construction of new quays, the mg ne be channels, 
His Majesty's Embassy at St. Petersburg report that 
—— been granted by the Russian Government 
or the survey of the routes for the following proposed 
railways :—1. From Lodz, in Poland, to the village of 
Karf, on the Prussian frontier, ria the towns of Zgerdj, 


ment: Ordnance, arms, and equipment, 25,912,824: 





Ozurkov, Lenchitska, Kutno, Gostynin, Plotsk, Serpeto, 
and lev, with a branch from Okalev to Rypin. 
2. From Olevsk, on the South-Western Railway, to the 
village of Ivanovka-Slobod, in the Mosyrsk district, of the 
Government of Minsk. 3. An electric railway of normal 

uge from Kieff to Jitomir, a distance of 135 versts 

about 90 miles). 

Turkey : With reference to the call for tenders for the 
construction of the Samsoun-Hafza section of the Samsoun- 
Sivas Railway, H.M. Consul-General at Constantinople 
reports that, no tenders having been received, the Govern- 
ment is building the line through Government contractors. 

Brazil: The following items of interest appear in the 
Brazilian Budget expenditure for 1911. The President 
ot the Republic is authorised :—To contract with the 
Great Western Railway Company, lessees of the Per- 
nambuco Central Railroad, for the construction of 
31 miles annually of railway, to run from a point on the 
Pernambuco line into the interior of the adjoining 
country, and also to arrange with the same company for 
other railway extensions ; to arrange for the construction 
of (1) a section of line to run from Cascadura, in the 
Federal district, to Santa Cruz, and (2) a section from 
Barreira, in the State of Bahia, to Palma or to the Porto 
de Santo Antoniodo Rio Palma; to incorporate the Santa 
Catharina Railway with the Parana-Santa Catharina 
Railway, and to contract for an extension of the former 
as far as the Argentine frontier; to arrange for an ex- 
tension of the Rio Grande do Norte Central Railway 
from Caiaco to a point at which it shall Le joined up with 
the general Brazilian railway © pages and also for sur- 
veying operations in — of a section of line from a 
point on the Sao Luiz-Caxias Railway to the banks of 
the Tocantins, in the State of Maranhi&o. Also to arrange 
for harbour improvements at a. in the Bay of 
Sao Salvador, in the State of Bahia; to expend up to 
200,000 milreis (currency) on harbour improvements at 
Amarracio, in the State of Piauhy, and the purchase of 
dredgers, &c. ; to contract for the construction of a sec- 
tion of line from the Tres Coracées-Lavras Railway to 
the town of Tres Pontas; to grant to the Therezopolis 
Railway Company powers to extend its line to the mining 
district south of Itabira de Matto Dentro; to arran 
with the Sul Miniera Railway Company (formerly 
the Sapucahy Railway Company) for the extension 
of its line to Pogos de Caldas; to contribute 200,000 
milreis (currency) in favour of the State of Pard for 
dredging operations in the vicinity of the Island of 
Marajo; to expend up to 300,000 milreis (currency) in 
respect of harbour works at Corumbé; to open the 
necessary credits in respect of (1) the construction of 
telegraph lines and strategic railways, to be arra 
between the Ministry of Communications and Public 
Works and the Ministry of War; (2) new railway exten- 
sions on the West of Minas Railway; (3) the construction 
of the so-called auxiliary line to Leopoldina, passing by 
way of Mar de Hespanha; (4) the construction of a 
section of the Central Railway of Brazil from Sabarda to 
Ferros, and of various other sections; (5) the construction 
of lines to join up the towns of Sao Luiz and S. Borja 
with Sao Pedro, &c.; (6) the construction of a line 
between (uarahy and Alegrete. Further, to arrange 
with the various States for the erection of postal tele- 
graph buildings, and to open the requisite credits for 
that purpose ; to expend up to 500,000 milreis (currency) 
for the erection of telegraph lines for the pur of 
linking up the Brazilian telegraphs with the neighbouring 
countries ; to put in train various works in connection 
with the improvement of harbours and rivers in the 
Republic, and to open the requisite credits. The Presi- 
dent of the Republic is also authorised to expend up to 
300,000 milreis (currency) for the construction of a 
custom house at Porto Alegre, and 300,000 milreis for a 
similar building at Victoria; to expend up to 100,000 
milreis (currency) for two small launches for the Pernam- 
buco Customs eta to arrange financial opera- 
tions to meet the expenses in connection with the Rio 
de Janeiro Harbour enlargements ; and to expend - to 
200,000 milreis (currency) for the erection of a building 
for revenue officials in Bello Horizonte. (Milreis (cur- 
rency) = 1s. 4d.; milreis (gold) = 2s. 3d.) 








Turin INTERNATIONAL EXHIBITION, 1911.—It has been 
decided that in the British Section of the approaching 
Turin Exhibition, chemical and physical apparatus shall 
shown as far as possible in a truly practical and novel 
manner, and arrangements are now approaching com- 
pletion by which, it is anticipated, there will be on view 
at least two well-equipped chemical laboratories, with 
such work going on as will effectively illustrate various 
interesting processes. In addition, there will be a large 
space available for the display in show-cases of chemical 

roducts and apparatus not in use in the laboratories. 
Renter rooms will be provided for certain special 
appliances. Arrangements are also being made for the 
display of other scientific instruments and sppereius 
ready for work, electric supply, where needed, being 
provided. The at of a large dark-room is under 
consideration, and in this projection apparatus, such as 
oscillographs, spectroscopes, optical lanterns, and photo- 
meters, could be shown to advantage. The organisation 
of the exhibits referred to has been placed by the Exhibi- 
tions Branch of the Board of Trade in the hands of Dr. 
F. Mollwo Perkin, under the direction of a joint sub- 
committee of the Chemical Industries Committee and the 
Mathematical and Scientific Instruments Sub-Committee. 


&c. | This joint sub-committee considers that exhibitors could 


not have more favourable conditions for demonstrating 
the merits of their exhibits than those which this new 
arrangement will afford, and that, at the same time, in 
the way of instruction by such demonstrations the visiting 
public will be greatly benefited. 
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VERTICAL GAS-ENGINES. 


CONSTRUCTED BY MESSRS. E. 


8. HINDLEY 
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THE small space taken up by a compact set formed 
of a vertical gas-engine direct coupled to the dynamo, 
as compared with that required. for a horizontal gas- 
engine of older construction and much lower power, is 
evidenced in our illustration, Fig. 2, above, which 
reproduces a plan of the electric-light station at 
Frinton-on-Sea. The vertical engine is a 4-cylinder 
150-brake-horse-power gas-engine, built by Messrs. 
E. 8. Hindley and Sons, Bourton, Dorset, driving 
direct a dynamo, mounted on the same bed-plate. As 
will be seen, a second, similar set could be put down 
in the available space, the area of which is 530 sq. ft., 
equal to 1.75 sq. ft. per brake horse-power. In the 
neighbouring room there are two horizontal engines 
driving dynamos by belt transmission, one being a 
33-horse-power set and the other a 35-brake-horse- 
power one, the two occupying a room the area of 
which is 770 square feet, or approximately ten times 
as much per brake horse-power as in the case of the 
vertical engines. The floor space covered would be 
less were the horizontal engines to be direct coupled 
to their dynamos; even then, however, it would 
amount to about five times that required for the 
vertical direct-coupled sets. The advantage of reduced 
space leads to numerous consequent advantages, among 
which may be mentioned less expenditure upon the 
engine-house and foundation work, and the require- 
ment of a smaller overhead travelling crane, having a 
smaller span. 

_ As stated, the vertical gas-engine shown in Fig. 1 
is &@ 150-brake-horse - power four-cylinder engine. 
Messrs, E. 8. Hindley and Sons also build a six-cylin- 
der vertical engine developing 225 brake horse-power 
ata speed of 450 revolutions, which, together with 
their other vertical engines for smaller powers, con- 
tains severalimprovements. The cylinders are provided 
with an ——. jointless water-jacket ; the engines 
are fitted with a low-tension magneto-ignition device 
Which can be rotated about its driving mechanism, so 
that, whilst the engine is running, the point of greatest 
voltage can be ascertained and made to correspond 
with the breaking of the circuit ; the compressed-air 
aud starting-gear is sodevised that by sliding all the 
cams together it is impossible for the cam lifting the 
compressed-air inlet-valve to open at the same moment 
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as the gas inlet-valve, thus making it impossible for the 
compressed air to find its way through the cylinder 
into the gas-pipe leading to the gas-producer, and 
thereby causing an explosion ; the ignition-gear is of 
very simple construction. All the operating mecha- 
nism, except the one straight ram-rod, is enclosed in 
the crank-case. Messrs. Hindley claim that the low- 
tension magneto system, which has proved itself the 
best for use on gas-enginés generally when working 
with producer-gas, should also be used on gas-engines 
of the vertical type. With a properly-designed operat- 
ing mechanism no ignition troubles arise. 

e illustrated and described one of Messrs. 
Hindley’s high-speed vertical gas-engine installations 
in one of our former issues (ENGINEERING, vol. 1xxxi., 

ge 813). This was on view at the Royal Agricultural 
Bosicty’s Show, Derby, 1906, since which time they 
have built a considerable number of larger engines, 
giving excellent results. 





TASMANIAN Rattways.—A select committee appointed 
in August by the Tasmanian House of Assembly to 
report upon a a to build a railway to connect 
Huonville with fio rt has presented its report. The 
committee is of opinion that any electric railway built 
to the Huon district should be constructed upon the 
standard gauge, with standard rails, sleepers, and ballast- 
ing. The best method of applying electricity to traction 
upon a line of this character is, the committee considers, 
the overhead wire system. By adopting, where neces- 
sary, & 1 in 30 gradient (except at one point on the Sandy 
Bay line, where the slope is a little steeper), a line can be 
constructed without any expensive bridges, heavy cuttings, 
or tunnels. The only exceptions are that if a line crosses 
the Huon inthe manner indicated by the committee, 
a bri will be necessary near Ranelagh (which will 
probably cost about 10,000/.), and a less expensive one 
where the line re-crosses the Huon in the vicinity of Hull. 
Having fully considered the question of traction, the 
committee has decided that at the price at which elec- 
trical power has been offered by the Complex Ores, 
Limited, there would be a saving of between 30 and 50 
per cent. by adopting electricity in preference to steam, 
and that such a line could be constructed along the route 
recommended at an average price throughout of 3000/. 
per mile, all expenses included. As the length of line 
would be 56 miles, the capital cost of construction would 
amount to 168,000/. naling cosh, &c., is set down at 
35,0007., and bridges and sundries at 20,000/., making a 
total outlay of 223,000/. 


WORKMEN’S COMPENSATION CASES. 


Accident and Sick-Pay.—At Barnsley County Court, 
William Walker, a pitman in the employment of the 
Carlton Main Colliery Company, claimed compensation 
for injury to his leg, suffered by an accident when at 
work in the pit. The claim for compensation would 
probably not have been contested but for the fact that 
after the injury the mo drew sick-pay, which 
led the employers to conclude the injury was caused b 
disease, and not by any accident. The workman receiv 
sick-pay at a higher rate than for an accident during 
the greater part of the period of his incapacity. The pit 
doctor treated him for a boil, but subsequent examination 
by another doctor suggested that it was not a boil, but 
blood poisoning. Some of his fellow-workmen, who saw 
the injured ee at the time of the accident, described 
the bruise and swelling of the workman’s leg as being 
accompanied by broken skin. This supported the theory 
of blood poisoning, which might have m the result of 
the alleged accident. The Judge, on the evidence, held 
that the injury was blood poisoning, and not a boil, and 
allowed the applicant 17s. 4d. a week during incapacity. 
He said that the difference between the society’s accident- 

y and the higher rate of sick-pay ought to be refunded, 
»ut with that the Court had nothing to do. It was.the 
taking of the higher rate of sick-pay that suggested to the 
employers that the injury was not due to any accident, 
but to natural causes, and they therefore disputed the 
claim for compensation. 

This case should be a warning to workmen not to seek 
sick-pay when they should ask for accident-pay from 
their society in cases in which they have a bond-fide claim 
against their employers for workmen’s compensation. 

Workman’s Grade.—In the Leigh County Court on 
February 4 a case illustrated the rule of law that com- 
pensation should be estimated according to the status of 
the workman and his rate of wages at the time of the 
accident. A workman who, for twenty-five years had 
been engaged in skilled employment, was temporarily 
engaged as labourer in moving in new machinery. This 
was an incident of his employment, but it did not alter 
his grade. During the period of his temporary work in 
setting up the new machinery he met with an accident, 
and his employers claimed that he was entitled only to 
the compensation of a labourer, since he was a labourer 
at the time of his accident. The Judge, however, took 
the view that the man was entitled to the compensation of 
1l. a week, due to his grade as a spinner, and he increased 
the award from 10s. 6d. a week, the compensation due 
to the werkman as a labourer. 

Redemption by Insurance Company.—A labourer, earning 
27s. a week, received a shock while crossing an electric 
wire, and the fall caused an injury to his foot, for which 
he received compensation weekly which he found in- 
sufficient to pay his expenses while incapacitated. This 
caused the workman to ask the insurance company for a 
a sum in settlement of the claim. A representative 
| = insurance company agreed with the man for a sum 
of 45/. 

This sum being inadequate, the Court Registrar refused 
to record the agreement, and the case came before the 
County Court Judge at Lambeth on February 4. Medical 
evidence showed that the workman waa partially disabled 
for life, and the advantage taken of the workman pro- 
voked the Judge to say this case illustrated the benefits 
of the Workmen’s Compensation Act to which injured 
workmen are entitled. 

When Redemption is Allowed.—A case is reported from 
Wigan County Court showing under what circumstances 
an agreement for a payment of a lump-sum may 
reasonable. A blacksmith working for a Wigan firm had 
his sight Dp injured by a steel splinter striking 
his eye. The man had been similarly blinded in the other 
eye some years previously, so that he was now totally 
unfit for work. The employers for the t nine years 
had paid him at the rate of 16s. a week, and now the 
injury to the second eye suggested a payment of a lump- 
sum of an additional 450/.—25/. down, and 3/. 10s. a 
month. The agreement was accepted as fair, and was 
duly recorded by the County Court. 





Tuer DunpERLAND CompaNny.—From recent reports the 
results obtained from the Ulrich separator, which has 
been installed by the firm of Krupp at Storfosshei, appear 
to be satisfactory. The dust nuisance has been done 
away with, and the tests, which have been undertaken on 
a large scale, give good promise. The method will enable 
the company to produce high-percentage concentrate of 
all the kinds of 2 are to be ig emeet = “ com- 

ny’s rty. is new system of handling the ore 
cour gumel beyond the mn rimental stage, and it is 
now contempla' to raise the necessary capital for 
installations at Storfosshei, with a capacity of tons 
of ore in 24 hours. The company hopes to be able te 
commence this work in the spring. 





Srrikes IN France.—We see the Moniteur Industriel 
comes to the conclusion that laws passed by Parliament, 
whatever may be their bearing, do not opueer to have any 
influence upon the number of strikes. ng the last 
twenty-five years the French Parliament has ~ arene 
more than any other in favourof the workmen. Notwith- 
standing this, France is the country in which strikes are the 
most frequent. In the period from 1893 to 1899 there was 
an annual ayerage of 478 strikes, involving an annual 
average of 79,000 men. From 1899 to 1906 the annual 
ave were 801 strikes and 192,000 men. In 1906 there 
were F309 strikes, involving 19,637 factories and 438,466 
men. In 1907 there was a reduction in the number of 
strikes, the total being 1250. Figures are not yet avail- 
able for 1908 and 1909. 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE AOT OF 1907. 
The number of views given in the Specification Drawings is stated 
pened se where none is mentioned, the Specification is not 
ustrated. 

Where inventions are communicated from abroad, the Names, &c., 

Copies f Spectpieations nay be obtained at the Patent Office. Sale 
0; 7) ‘ions ma: rY a \ 
nade § 25, Southampton Buildings, Chancery-lane, W.C., at 


the uniform of 8d. 

The date of the advertisement of the ‘ance of a Complete 
yang tg ia, in each case, given abstract, unless the 

‘atent has been sealed, when the date of sealing is given. 

| person may, at any time within two months from the date of 
the advertisement ¥ the ance of a Complete Speeification, 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


29,496/09. R. S. Dobbie, Sutton. Charging Accu- 
mulators. (2 Figs.) December 16, 1909.—This invention relates 
to the prevention of either overcharge and/or ——a of 
secondary batteries, and comprises an electro-magnetic device 
responsive to the changes in voltages of the battery and adapted 
at predetermined battery terminal voltages to close or open relay 
circuits, and the invention ists in the arr t, according 
to which the effort of the electro-magnetic device is varied, when- 
ever it operates under either of the extreme conditions, for the 
purpose of enabling the armature to be more strongly held against 
the relay contacts. In operation, the armature g of the control 
magnet e is gooey mid position, in which position coils 8, v 
are de-energised. e magnets t, w are then normally energised 
by a single winding y, z respectively, and the armature 8 closes 
the circuit of the battery to the lamps and allows the resistance m 
to be short-circuited by the switch 10, while the armature 7 closes 
the circuit of the dynamo on to the battery and opens the switch 
16, so that the short circuit of the resistance nis broken. If the 
dynamo a is charging the battery b and only a few lamps, or no 
lamps ¢, are in use, the battery eventually becomes fully charged, 
so that the electromotive force rises and the armature g is 
pulled on to the contact p. This causes the winding 8 of 
the magnet ¢ to be energised and to neutralise the winding 
y, 8o that the armature 7 falls away, thereby opening the 
circuit of the dynamo a to the battery 6, and at the same 
time closing the switch 16 and short-circuiting the resistance n 





in circuit with the winding Ah of the magnet e. The latter 
is therefore at once more strongly energised, and holds its arm «- 
ture g on to the contact p with increased force. If all of the a 
¢ are now turned on the battery b after a time will become age ly 
discharged, and its voltage will drop, so that eventually the 
armature g will again balance, thereby breaking the circuit of the 
winding s, and permitting the magnet ¢ to attract its armature 7, 
which results in the re-insertion of the resistance n into the 
circuit of the winding h of the control-magnet e, and the closing 
of the dynamo circuit on to the battery. Supposing that the 
lamps continue to be alight, and that the dynamo is not being 
driven, the battery may now become discharged to a eter- 
mined point, and its vol will then drop so much that the arma- 
ture g will be moved nst the contact g. The result of this is 
that the winding v of the magnet w becomes energised, and 
neutralises the winding z on that magnet, so that the armature 8 
of the latter falls off, and the circuit of the battery b to the lamps 
¢ is thus broken. At the same time the short-circuiting switch 10 
of the resistance m is opened, so that the resistance m is effec 
tively inserted in the circuit of the magnet winding h, The 
energisation of the latter is therefore considerably weakened, so 


that the magnet ¢ offers still less opposition to the spring, which |’ 


therefore holds the armature g tightly against the contact q. 
When the battery 6 has su uently been sufficiently charged by 
the dynamo a, the voltaye will rise and the attraction of the 
magnet ¢ will increase, so that the armature g will again be moved 
to its more or less central free or normal ition, as will be well 
understood. (Accepted December 21, 1910. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 
24,687/10. Firm Robert Bosch, Stu Germany. 
Interpal-Com 2 8.) October 24, 


{ 
1910.—This invention relates to a device for adjusting auto- 
matically the period of ignition of an internal-combustion engine. 
ony by the invention, the driving-shaft and the armature 
shaft of the magneto electric hine are pled by an axially 





movable screw-threaded sleeve, and the invention consists in’ 


Fig.1. 














(2468) 


mounting centrifugal masses on the screw-threaded sleeve, and 
positively guiding them in a path when they swing outwards, so 
that the axial movement of the screw-th: there 


this path. eto-electric machine has 
an extended shaft B, on which are ribs inclined to the axis or 


screw-threads of steep pitch. With these threads there engages a 
corresponding screw-nut D, having on each side a bearing E 
to receive a pivot. The nut D can be shifted axially in a sleeve F, 
which forms an extension of a shaft G; the latter is driven so 
that its speed of revolution is proportional to that of the 
crank-shaft of the engine. In the pivot-bearings E are mounted 
pivots H, which carry centrifugal masses I. The centrifugal 
masses are an extended heavy ring, in the top of which is 
pivoted a roller K guided in a slot L in the rib M rigidly con- 


jones A uncovered to the source of pressure, the port b can be 
slightly opened to the exhaust, and the air in the cylinder above 
| the piston brought back to atmospheric pressure. (Accepted 
December 14, 1910.) 
4357/10. F. A. Scott and D. Miller, G . Coal- 
' Cu (5 Figs.] February 22, 1910.—The object 
of this invention, which relates to disc cutter-machines, and of 
the type in which the haulage-drum is placed at one end of the 
hi is to introd a form of haulage- whereby the 





nected with the shaft G. In the space N provided for shifting the 
nut D within the sleeve there is a spring O. In the position of 
rest the spring O keeps the centrifugal masses I in such a position 
that the roller K is drawn to the bottom of the slot L. Owing to 
this the centrifugal mass is held in an inclined position, so that 
the two ends are as near as possible to the axis of rotation. 
When, therefore, the coupling is set in rotation, the centifugal 
mass endeavours to take up a position transverse to the axis of 
rotation. It cannot do this, however, without, on the one hand, 
compressing the spring, and, on the other hand, shifting the nut 
D along the shaft B. The extent of this shifting for a given speed 
depends, on the one hand, on the increase of the counterforce of 
the spring O, and, on the other hand, on the form given to the 
slot L. By suitably shaping this slot, therefore, the adjustment 
of the period of ignition can be made to depend on the speed of 
the engine. (Accepted December 21, 1910.) 


GUNS AND EXPLOSIVES. 


8738/10. The Whitehead Torpedo Works (Wey- 
mouth), Limited, and E. eee, Weymeuth. Tor- 
pedoes, {1 Fig.) April 11, 1910.—This invention relates to 
gyroscopic mechanism for steering automobile torpedoes. Ac- 
cording to the present invention, the centres upon which the 
yma rings carrying the gyroscope wheel are pivoted are held 
in position 14 spiral springs or other resilient means, and are so 
arranged that lubricant can be automatically supplied to them 
from a lubricating chamber forming part of their supports. A is 
the horizontal gymbal ring and B is the vertical gymbalring. The 
ring B is formed with a screw-threaded hole to receive a casing 
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C that is recessed axially at its outer end, and at its inner end is pro- 
vided witha projection C* bored axially to receive the male centre 

1, The casing is closed with a screw-cap. Bearing against the 
outer end of the centre C! and fitting in the casing C is a piston c!, 
between which and the screw cap a spiral spring is di . The 
end of the centre C! is made conical in shape and projects slightly 
from the block C*, which fits loosely into a socket C2 carried by 
the ring A, the female centre being formed in the base of the 
socket. The casing C is filled with oil, so that the displacement 
of the centre C! causes some of the oil to lubricate the centre. 
(Accepted December 21, 1910.) 


MINING, METALLURGY, AND METAL- 
WORKING. 


9626/10. Thwaites Brothers, Limited, and T. H. C. 
Homersham, lord. Power-Hammers. [1 .] 
April 20, 1910.—This invention relates to hammers operated by 
steam or other fluid pressure, and has for its object to provide a 
hammer in which the control is very easily and effectively brought 
about. In carrying out the invention, the hammer cylinder a is 
provided with ports b and c leading to the top and bottom of the 
same, and in the hammer shown there is a cylindrical valve d 
with an annular port e for connecting the port f leading from the 
source of fluid pressure with the cylinder ports b and c¢, the 
exhaust taking ghee through a central axial port g in the valve. 
By the present invention, the portion / of the valve, which acts 
in conjunction with the port ), is prolonged so that in the ordinary 
working of the valve the top cary bis not uncovered. It will be 
obvious by this arrangement that the motive fluid can be admitted 
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to the port ¢ so as to force up the hammer against the air which 
is held on the upper side of the piston, and which, at the begin- 
ning of the lifting stroke, is at atmospheric pressure ; and it will 
be further obvious that the ¢ can be uncovered by the valve 
so as to allow the motive fluid to escape from the under side of 
the piston, and so utilise the energy stored up in the air, which 
has been com: above the n, for increasing the power of 
the blow. e force with which the hammer descends can, of 
easily regulated by the amount which the port ¢ is 

exhaust. At the same time, the valve d is so 

arranged that for holding down it can be raised or moved beyond 
the normal tion in which the port ¢ is wholly uncovered, so 
that the port } will be slightly uncovered to the source of fluid 
_— which will obviously effect the holding down of the 
mer. On the other hand, by d ing or moving the valve d 





in the opposite direction, past the position in which the port c is 


height of the machine is reduced, and, further, to effect improve- 
men's in, or connected with, the transmission - , and the 
mechanism for operating the haulage-drum. A ates the 
| At the foot of the machine the haulage-drum F is mounted 
| aLout a vertical axis and set towards the back of the machine. 
G is the haulage-rope ; for forward travel, in order to permit the 
| rope G to travel freely in winding on the drum, if the machine is 
€ncl »sed, the back wall H of the casing is formed with an opening 
J, situated towards the motor end relatively to the drum F; for 
th> parsage of the haulage-rope, and for the guidance past the 
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leading and trailing ends of the casing, bearing-guides may be 
provided for the rope to slide over. e bearing-edge, or both 
edges, of the opening may be furnished with guiding means, such 
as the drum K illustrated. An improved form of haulage-drum 
driving-gear, according to this invention, comprises a reciprocat- 
ing arm L, to which motion is imparted by means of an adjustable 
crank-pin L! mounted upon a counter-shaft M driven by gearing 
from the cutter driving-shaft E. In providing transmission-gear 
according to this invention, the shaft of the motor is arran to 
impart motion to one intermediate shaft, which may comprise an 
intermediate shaft N, set parallel to the axis of the motor and 
at right angles to the shaft E, gearing bein —_ between the 
motor and the intermediate shaft N, and helical or worm-gear 
between the intermediate and cutter-driving shaft. (Accepted 
December 21, 1910.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


5616/10. A, Dobson, Belfast. Governors. [5 Figs.) 
March 7, 1910.—This invention relates to what are known as 
supplementary governors and commonly used in conjunction 
with the main governor for the purpose of aiding the latter in 
maintaining the engine at a regular speed under varying con- 
ditions, A special feature of the invention is that the speed of the 
engine, when running, can be positively increased or decr 
by the addition of a weight or weights to, or the removal of a 
weight or weights from, a sliding sleeve on the supplementary 
governor spindle. A framework a forms a support for the sup- 
plementary governor, the vertical spindle b of which is fitted 
in bearings in the frame. When the engine is running, the 
spindle b of the supplementary governor connected therewith 
revolves, and as the 5 of the engine increases, the balls ¢ 
expand outwards, and, in the usual manner, raise the sliding sleeve 
d, which, in turn, raises the depending rod j, so that if pawls k 


Fig. 7 








(5616 8) 


and J are in the horizontal or operative position, the lower 
pawl J will be brought into contact with the teeth of the 
ratchet-wheel ¢, The depending rod j is constantly recipro- 
cated by mechanism 0, p, % and this mechanism causes it to 
revolve the pulley u, band 1, and wheel v, thereby moving the 
rod w connecting the main governor with the regulating-valve of 
the engine. When the load on the engine increases, the balls « 
of the supplementary governor drop downwards, and the sliding 
sleeve d is likewise lowered, thereby bringing the upper paw! « 
into contact with the teeth of the ratchet-wheel s, and causing 
this wheel to be revolved in the opposite direction to that pre- 
viously given to the wheel ¢, and thereby again operate the rod « 
in the required manner. By means of the removable weights 
on a. of the sliding sleeve d the speed of the engine can be 
regulated from time to time, when running, by simply increasiny 
ts. By increasing the weights the speed 
and by decreasing the same the 
December 21, 1910,) 


or decreasing the we 
of the engine can be increased, 


speed can be decreased. (Accepted 
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LITERATURE. 


—_—_————_ 
A Few Notes on Modern Lighthouse Practice. Birming- 
ham : Chance Brothers and Co., Limited. 

Tuts little book describes the possibilities of 
lighthouse illumination, and is intended as a 
guide for those who have to decide on the choice 
of apparatus, or are interested in the maintenance 
of lights and signals for the guidance of maritime 
traffic. The long and honourable traditions of the 
house of Chance Brothers constitute a source of 
information in all that concerns lantern structure 
and illumination. The combination of science and 
industry in producing the greatest efficiency is 
happily illustrated in the history of the firm. The 
services of the late Sir James Chance to navigation 
and commerce were many and conspicuous. 
his mathematical training he was able to develop 
the theory of the subject, while his practical 
experienee showed him what was mechanically 
possible. The consequence was the introduction 
of improvements that were epoch-making. We are 
reminded of some of these by the references made 
in this work, and regret that the plan on which it 
has been prepared does not admit of more theoreti- 
cal treatment of some interesting points. The 
description of the dioptric mirror, for example, a 
device by which the rays of light that leave the lamp 
at the back are totally reflected and made to issue 
in the direction the light is required to travel, would 
hardly suggest the important innovation it is, or 
the change it has effected. It may be doubted, too, 
if the necessary precautions in adjusting the lenses 
and prisms would be appreciated from the slight 
allusions here made to that operation. What we 
mean to imply is that the compilers of these notes 
have erred on the side of modesty. Fortunately, 
the world recognises its indebtedness to the enter- 
prise and capacity of the firm. 

In addition to the consideration of the circum- 
stances that determine the choice and character of 
a light, depending upon its position, its range, and 
the object it is intended to serve, the hook treats 
generally of the two subjects—construction and 
illumination. There is also a short chapter on fog- 
signalling and the employment of sounl as & warn- 
ing against danger. There is little new to be said 
on the general principles of construction. These 
may be regarded as settled, variations and improve- 
ments being contined to details. The dioptric system, 
notwithstanding that some attempt has been 
made abroad to resuscitate the catoptric light, will 
retain its supremacy, and even on lightships, where 
its adoption has hitherto been discountenanced, it is 
nowrecommended. Fears have been entertained that 
with the dioptric form the rolling of the vessel 
might throw the beam of light above or below 
the horizon. This fear, coupled with the greater 
chance of breakage or injury, has turned the scale 
in favour of the mirror; but influenced by the 
clear disadvantages attending the use of catoptric 
reflectors, a very carefully balanced apparatus, 
swung in gymbals and revolving by clockwork, has 
been designed which is free from the old objec- 
tions. The mercury trough and float is another 
generic improvement in mechanical construction of 
permanent benefit. The float supersedes the em- 
ployment of rollers or ball-bearings for revolving 
the apparatus. In the general form an annular 
trough carrying the optical parts is made to float 
on a second annular trough partially filled with 
mercury. In order to give steadiness to the re- 
volving superstructure, and to afford means for 
necessary adjustment, a vertical spindle projects 
downwards through the mercury trough to some 
distance below it, being supported and guided by 
suitable bearings. In the case of the lighthouse at 
St. Catherine’s Point, the weight of mercury 
employed exceeds 800 lb.—rather a costly adjunct, 
but one that is amply justified. The great advan- 
tage gained by the employment of mercury is that 
the friction in turning is so much reduced that the 
whole apparatus can be revolved in a very much 
shorter time than was previously possible. This 
more rapid rotation facilitates the use of panels of 
a wider angle, with greater candle-power, conse- 
quently increasing the range of light. 

With regard to illuminants, great improvements 
have been effected during the last few years, and 
the peculiarities or suitability of several are dis- 
cussed here. The electric light, in spite of its 
intrinsic brilliancy, is not much used in light- 
houses. In clear weather no light could be 
better ; but, unfortunately, a light is most wanted 
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when the atmosphere is thick and foggy; and, 
under these circumstances, the rays are found to 
be less penetrating than a feebler and more yellow 
light. ba be possible to vary the colour of the 
light by the employment of fluorescent materials 
when the light is enclosed in a tube. Quartz glass 
capable of supporting high temperatures seems to 
offer some ho 
in the case of mercury vapour lamps, but no men- 
tion is made of experiments in this direction. 
Coal-gas is not recommended as a light source, at 
least where the services of an attendant can be 
secured, because the candle-power is much lower 
than that obtained from vaporised oil used in con- 
nection with a mantle. It might be desirable to 
consider the improvements effected in the so-called 
rocess of high-pressure gas-lighting, where there 
is an intimate mixture of and air, causing 
more complete combustion. The form of illumina- 
tion that the firm recommends is that of oil 
vapour, which burns with an intense heat, 
causing the mantle placed around it to become 
incandescent and give off a brilliant light. Vapo- 
rising is neither difficult nor dangerous, and 
the process can be easily applied to oils having 
the same flash-point as that used in the ordinary 
type of wick-burner. The mantles vary in diameter 
from 35 to 85 mm., according to the light required, 
and have a life of from ten to fourteen days. The 
saving in oil is shown to be considerable, while the 
increase in brilliancy is very noticeable. The writer 
of this review has recently had the opportunity of 
comparing the light derived from the form of con- 
centric wicks having capillary action with that 
derived from the incandescent mantle. The im- 
provement was striking and pronounced, fully 
supporting all the advantages claimed for the oil- 
vaporiser. Acetylene is referred to, but not recom- 
mended, on account of complications and the 
mechanism requiring too many moving parts. Sim- 
plicity of arrangement and construction is a sine 
qua non in lighthouse accessories. There is no 
mention made of the plan of dissolving acetylene in 
acetone, which is a system that has found some 
useful applications, particularly for the lighting of 
buoys a beacons in remote situations, since it is 
possible to have a valve which automatically cuts 
off the main supply of acetylene in daylight, leaving 
a by-pass burning to re-kindle the supply at night. 





The Railway Traders’ Guide. By Grorcr B. LIssENDEN. 

London: P. 8. King and Son. [Price 7s. 6d. net. ] 
THERE is small room for doubt that a general feeling 
of distrust exists in the minds of many traders as 
to the honesty of railway companies in dealing with 
their goods traffic. Frequent disputes arise on 
account of alleged overcharges, either due to a 
difference of opinion as to the weight of a consign- 
ment, or as to the rate chargeable, experience show- 
ing that the railway company invariably claims the 
benefit of the doubt in cases where any ambiguity 
exists as to the nature of the goods. A further 
source of continual trouble is the loss or damage of 
goods during transit. 

We have certainly no wish to suggest that railway 
companies’ officials are habitually inclined to over- 
charge, or that they do not exercise due care in 
handling goods during transit; but, taking into 
consideration the high pressure at which much of 
their work is carried out, it is not to be wondered 
at that they do not always give as much attention 
to the checking of weights and rates as might be. 
Instances of rates being incorrectly quoted are by 
no means rare, more especially so in the case of 
‘* through ” traffic, and unless the consignor is ina 
position to check such rates consistent overcharges 
no doubt at times occur. 

In fairness to the railway companies it must be 
admitted that much of the trouble that arises is due 
to ignorance or carelessness on the part of the trader, 
who in many cases gives small attention to the 
accurate recording of the weights and description 
of various consignments. Further, the question of 
packing does not always receive sufficient attention, 
and, consequently, claims for loss or damage during 
transit result in a failure to obtain compensation. 
Claims also fail in many cases owing to their not 
being made promptly, or on account of a clear 
receipt being given before the goods are carefully 
examined. 

In the book under review the author, who evi- 
dently writes from practical experience, fully deals 
with these matters and carefully explains the 
liabilities of both parties. The book is conveniently 
arranged and gives very complete information as 


of supplying a remedy, particularly | part 





to the methods that should be employed for check- 
ing all goods handed to or received from railway 
companies. Separate chapters are devoted to 
these subjects, making reference on any particular 
point that may arise an easy matter. Further 
chapters deal with the making of claims both for 
loss and damage, and for rebates, &c. Very full 
iculars are given as to the classification of 

and the rates applicable, including valuable infor- 
mation concerning the fixing of special rates, and 
appeals against excessive increases or preferential 
treatment. 

A number of tables are included in the book, 
giving information as to ls rates both for 

nger and goods trains, returned empties, &c. 
urther, a number of ruled pages are provided for 
entering up the rates applicable to the different 
classes of goods from the trader’s place of business 
to various destinations. 

A careful study of this guide should prove of 
great value to the trader, and do much to prevent 
misunderstandings that undoubtedly arise between 
railway companies and their clients on account of 
the latter failing fully to realise their responsi- 
bilities. A further benefit would accrue to the 
trader, and it is one that will naturally appeal to him, 
since it would enable him in many cases to effect 
considerable saving in his carriage account. 
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ELECTRIC POWER ON THE NORTH- 
EAST COAST. 


I.—Tue Propvuction or THE Power. 


Tue district known as the North-East Coast is a 
fairly clearly-defined area, extending from Morpeth 
and Blyth in the north, where the collieries begin, 
to Guisborough and Skinningrove in the south, 
where the Cleveland iron-mines end. It extends 
westward as far as Consett and Blaydon. The 
importance of the industries it contains is shown by 
the table on the next e, in which are com- 

red the population and the outputs of coal, coke, 
ironstone, pig iron, and shipping of the North-East 
Coast and the United Kingdom. 

The remarkable industrial development of this 
district is due to two primary causes. Firstly, 
within its borders are to be found most of the 
requirements of the engineering and allied in- 
dustries—ironstone, coal, sheltered rivers for ship- 
building, &c., and secondly, its population has for 
generations been noted for the numerous men of 
strong character and energy it has produced, due, 
no doubt in part, to the climate, and, in part, 
to the Norse invasions and to the disturbed nature 
of the Border country in history and the necessity 
for constant fighting. Hence it is not surprising 
that this district &® contributed a very large 
proportion of the great industrial developments 
which have taken place in England. The part 
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TABLE I.—Norts-East Coast INDUSTRIES. 





| Population 
| in 1901. 


Coal Mined 
in 1908, 


Coke Made | Ironstone 


Pig Iron Made | Shipbuilding 
in 1908. | Mined in 1908, i i 


in 1908. in 1908. 





North-East Coast os 
Total for United Kingdom 
Per cent. .. eo ee 





2,015,000 
44,458,721 
4.8 


tons 
53,935,575 
261,512,214 


tons 
394,000 
1,077,226 
36.5 


tons | 
6,085,527 | 


tons 
3,389,079 
15,031,025 
40.4 


9,056,851 | 
37.5 





it played at the birth of railways, in the perfect- 
ing of the steam-engine, in the invention of the 
electric lamp by Mr. J. W. Swan, and of the steam- 
turbine by the Hon. Charles Parsons, and in the 
development of hydraulic power, shipbuilding, and 
armaments, is sufficient to show this. It is con- 
sequently only in keeping with its enterprise that 
this district has shown the most original and exten- 
sive development, on a large commercial scale, of the 
application of electricity to industrial purposes. 
or, although there may be one or two larger in- 
stallations in America, mainly for electric lighting 
and traction purposes, and while there are longer 
transmissions in various places, in no district has 
there been such a general application, on a com- 
mercial scale, of electric power to so many different 
industries, The net result has been a great reduc- 
tion in the coal consumption and smoke in the 
district, and a great economy resulting from the 
application of electricity to various manufacturing 
processes. And it should be noted that the reduc- 
tion in coal consumption results, not only from 
concentration of power production and the abolition 
of small and inefficient plant, but also from the 
utilisation of heat and gases and steam which were 
previously, to a large extent, wasted, but which 
now provide power formerly produced by coal. 


THe DEVELOPMENT OF ELECTRICITY. 


In the thirty years which have elapsed since 
the application of electricity to lighting became 
a commercial possibility, the number of uses to 
which it is applied have increased in a remarkable 
manner. It has now become a most important 
agent in locomotion, and the most important and 
efficient means of power transmission. It has been 
applied to a number of chemical industries, and is 
increasingly used for heating, and even for cooking. 
Among the industries and processes to which it is 
now applied in this district are collieries, alkali- 
making, shipyards, salt-mines, iron-mines, blast- 
furnaces, flour-milling, paper-making, and rope- 
making, as well, of course, as town-lighting. 

The amount of power required in these different 
industries differs enormously. Many of the indi- 
vidual works in this district use more electric 
power than is required for lighting towns of con- 
siderable size. But the requirements of the largest 
of these users form but a small fraction of the total 
output of the power companies’ system, and hence 
can be more profitably supplied from a central 
system than from a com tively small independent 
generating station, pee: ap would have had to be 
erected had the power companies not existed. 

The relative economies of private plants versus 
public supply have been much discussed ; but in 
this district the experience of power-users of all 
kinds appears to prove that when everything is 
taken into consideration, including capital charges, 
depreciation, and the risk of private plants, the 
public supply is the cheaper. Anyhow, the vast 
majority Of the small private installations have been 
abolished, and practically all new works are supplied 
from the mains. This advantage is enhanced by 
the fact that the power companies, by generating 
a large portion of their power from waste heat, can 
produce and sell electrical energy more cheaply than 
it can be sold anywhere else in the kingdom, if not 
in the world. 


Tue Propvuction or Power. 


Fifteen years, or even ten years, ago a large 
proportion of the power used in the industries of 
the North-East Coast was produced either in private 
installations or in comparatively small, and, hence, 
inefficient, public generating - stations scattered 
throughout the district. But since that time a 
complete change has taken place, a change which 
may be considered under several different heads. 

In the first place, a process of concentration in 
the production of electric power has taken place 
which has involved the “scrapping” of a number 
of the smaller generating-stations, and of the 
majority of the private installations belonging to 
the various works. In addition, at the present 





time, the plants at the collieries are one by one 
being converted to electric power. Secondly, there 
has been a great increase in the use of electrical 
power in place of other forms of mechanical power, 
and, thirdly, a number of new industries, involv- 
ing the use of large quantities of power, have been 
established in the neighbourhood so as to take 
advantage of the cheap supply. This process of 
concentration has been brought about by the 
Newcastle-upon-Tyne Electric Supply Company, in 
conjunction with the County of Durham Electric 
Power Distribution Company, the Cleveland and 
Durham Electric Power Company, and smaller com- 
panies, forming, with the waste-heat companies, a 
combined group under the a of Messrs. 
Merz and McLellan, the consulting engineers. 

But in addition to this there has been another 
and quite as important a development. Throughout 
the North-East Coast district are to be found an 
unusually large number of industries which produce 
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great quantities of waste energy, which hitherto 
had been largely lost. While in other indus- 
trial districts, like Lancashire and the Midlands, 
the steam-engines used for a power may 
have been inefficient compared with electricity, yet, 
by means of condensing and other refinements 
fairly efficient results have been obtained, and the 
power which was wasted, whether in the engines 
themselves, or in gearing and shafting, or in other 
ways, could never be directly utilised. The collieries 
and coke-ovens and blast-furnaces, which are so 
numerous on the North-East Coast, are, on the other 
hand, peculiar in that they produce great quantities 
of surplus power, which only needed a purchaser 
to become very valuable. Until the advent of 
the eloctric power companies, however, such a pur- 
chaser was not easily found. The coke-ovens were 
for the most part situated at some distance from 
the industrial centres, and the blast-furnaces, though 
sometimes near the towns, could not find a pur- 
chaser whose requirements for power coincided 
exactly as to time and quantity with their surplus 
production. The establishment of a system of 
power mains covering several hundreds of square 
miles, and supplying every class of power-user, 
altered all this. By converting their waste heat 
into electrical energy, and turning the surplus into 





the mains of the power company, the waste-heat 
owners were able to find a user for all the power 
they could spare. This applied to owners of small, | 
as well as of large, quantities of waste heat. The 
exhaust steam from blast-furnace blowing-engines 
and colliery winding-engines, and the waste heat, 
and gases from coke-ovens and blast-furnaces, are | 
alike being utilised,- In some of these stations as 


much as 8000 horse-power is continuously pro- 
duced from waste heat. In others the exhaust 
steam from comparatively small single engines is 
being used to drive exhaust-steam turbines and 
alternators of only a hundred or two horse-power. 
In addition to the direct profit obtained by the 
waste-heat owner, he gets, from this arrangement, 
the further and, in many cases, the even more im- 
portant and valuable advantage of a stand-by supply 
of power from the mains, available at all times and 
in any quantity, thus enabling him to avoid the 
expensive installation of duplicate generating plant. 
To reach these installations the network of mains 
had to be extended over a large t of County 
Durham. The great distances involved the adop- 
tion of a higher pressure of transmission than had 
been previously attempted in England, and in many 
parts of the district this power is transmitted by 
overhead lines. Before dealing with the transmis- 
sion arrangements in detail, however, it will be 
advisable to give a short history of the principal 
companies. 

Beginning in 1889 as a small lighting company in 
Newcastle, with a station at Pandon Dene, in the 
centre of the town, the Newcastle-upon-Tyne 
Electric Supply Company began its policy of 
expansion in the year 1900, when it erected a much 
larger station outside the city at Neptune Bank, 
Wallsend. This station was subsequently super- 
seded by a still larger one at Carville, which is now 
being used, and has a capacity of 52,000 horse- 
power. This station in its turn has been supple- 
mented by one of a somewhat similar ty es size 
recently opened at Dunston, on the other side of 
the river. 

The County of Durham Electric Power Company 
started its operations in 1901, its principal generat- 
ing-stations being at Hebburn, Gateshead, and 
Durham. In 1906 it was reorganised and entered 
into partnership with the Newcastle-upon-Tyne 
Electric Supply Company, from whom it now pur- 
chases the whole of the power distributed to its 
consumers, and under whose technical management 
it operates. Other companies which are now 
associated with the group of large power companies 
are the Durham Collieries Electric Power Company, 
whose power-station is at Philadelphia, and the 
Northern Counties Electricity Supply Company, 
with small stations at Blyth, Consett, &. The 
Cleveland and Durham Electric Power Company was 
started in 1903 and reorganised in 1908, and entered 
into arrangements for the exchange of power with 
the Newcastle Company. Its principal generating- 
station is at Grangetown. The following table gives 
some approximate figures showing the development 
of the system of the Newcastle-upon-Tyne Electric 
Supply Company, the most important of the group 
of companies. 

TaBLe II.—Approrimate Figures Showing Development of 

Newcastle-on-Tyne Electric Supply Company’s Stations. 
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Entire System.—Combined horse-power of generating stations, 
146,280 ; area supplied, 1400 square miles ; mileage of mains, 760 ; 
number of consumers, 15,200 ; horse-power connected, 166,600. 

The costs of production have steadily fallen in 
proportion as the size of the stations has grown, 
a striking proof of the economic unsoundness of 
building further small stations in this district. 

At one time it looked as though the concentra- 
tion of power production would be carried still 
further and that the whole district would be sup- 
— from one or two very large generating-stations. 

wing partly, however, to the absorption of other 
companies possessing areas not originally linked up 
with the Newcastle Company’s area, and partly to 
the erection of stations for the utilisation of the 
waste heat of coke-ovens and blast-furnaces, the 
system is now supplied from a considerable number 
of generating-stations. Those formerly belonging 
to companies since absorbed are being, or will 
ultimately be, for the most part, abolished. The 
erection of stations for the utilisation of waste heat 
will, however, continue. The low cost at which 
the fuel—i.e., waste heat and gases—used for the 
generation of power in these stations can be vbtained 
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ELECTRIC POWER ON THE NORTH-EAST COAST; CARVILLE STATION. 
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already mentioned, waste heat and gas are used for 
the same pu , while in certain of them exhaust 
steam is used directly to drive the turbines. 
Carville. — The Carville power-station of the 
Newecastle-upon-Tyne Electric Supply Company 
started to work on July 1, 1904, Rave being at 
that time three turbines installed. It has since 
been repeatedly extended, and now it contains 
eight Parsons turbo-alternators, with a combined 
total output of over 50,000 horse-power. A plan 
of the site is given in Fig. 2, on page 237. The 
frontage is 420 ft. on the River Tyne, and the 
stores, time-offices, smiths’ shops, &c., are situated 
some distance from the boiler-house fronting on 
the roadway and railway. The engineers’ offices 
are situated in a separate building, as is the 
main-switch control-room. The comparatively 


small floor space occupied by turbo-alternators in 





i 








comparison with that occupied by the plant neces- 
sary for raising steam rendered it desirable to place 


parallel with, the engine-room. 
reduces the length of the steam-piping to a mini- 
mum, and, in the event of a larger size of 
generator being adopted in future in the engine- 
room, would make it possible, by increasing the 
length of future boiler-houses, to install extra 
boiler power without interfering with the general 


‘design. The most interesting features, some of 


which were distinctly novel at the time they were 
adopted, are perhaps: (1) the subdivision of the 
station into what, is practically speaking, a number 
of independent stations ; (2) the adoption of large 
steam -turbines and water-tube boilers of the 
modern ; (3) an independent switch-control 
house. The first of these features—that is, the 





the boiler-houses at right angles to, instead of | system. 


This arrangement | 
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‘division of the station into a number of independent 


sections—is generally termed the ‘‘ complete unit”’ 
Each generating set has its own con- 
denser, exciter, and set of boilers and pumps. 
With each machine there is a set of three single- 
phase 6000-400-volt transformersconnected, through 
a switch, direct to the alternator terminals, and a 
low-tension distribution-board, containing circuits 
controlling the alternator ventilating-fan motor, the 
exhaust-valve motor, the air-pump motor, the oil- 
pump motor, and the auxiliary er motor. 
This latter motor is situated in the pump-house on 
the river side. From the low-tension distribution- 
board there are two additional circuits, which con- 
nect to a switchboard in the boiler-house, which in 
turn controls the circuits leading to the economiser 
scraper-motors, the stoker-motor, the induced- 
draught fans, and the ash-conveyor, To afford 
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security of supply the distribution - boards are 
arranged in pairs with interconnecting leads in 
such a way that if one machine is not running, its 
auxiliaries may be driven by one of the others. In 
addition to this circuits are provided so that any 
distribution-board can be supplied from the main 
440-volt bus-bars. Each pair of generating sets 
has a common boiler-house, coal-bunker, chimney, 
and railway siding. 

The only things common to the whole station 
are the main electrical bus-bars (which are in 
duplicate), the circulating water system (also in 
duplicate), and the main railway siding. The 
adoption of the ‘‘complete unit” design was due 
to the great importance of avoiding the possibility 
of a general shut-down as a consequence of failure of 
aunit. The complete failure of a power-station of 
this type is almost impossible, as the effects of a 
failure in any part of the machinery are confined to 
one unit. At the same time there results economy 
of initial capital expenditure, due to the fact that 
money need not be spent at the outset — 
making the buildings, chimneys, &c., larger than 
necessary for immediate use. 

The station at the present time contains six 
6666-horse-power and two 6000-horse-power turbo- 
alternators, all of which generate current at 5750 
volts and 40 cycles. Originally turbo-alternators 
Nos. 1 and 2 were of 3000 horse-power each ; these 
have now been replaced by larger machines. Ma- 
chines Nos. 3 and 4remain the same, and four more, 
of 6666 horse-power each, have been added@, bring- 
ing the total capacity of the station up to 52,000 
horse-power. All the turbo-alternators were 
manufactured by Messrs. C. A. Parsons and Co., 
who have been closely associated with the exten- 
sion of electric supply on Tyneside. Three of the 
condensing plants are also of Messrs. Parsons’ 
make, while the remainder are ‘‘Contraflo” plants 
supplied by Messrs. Richardsons, Westgarth, and 
Co. Each of the ‘‘Contraflo” condensers, when 
working in conjunction with its Edwards air-pump, 
will nominally give a 96 per cent. vacuum when 
dealing with 65,000 Ib. of steam per hour. Side 
and end views of one of the Parsons alternators and 
condensing plants are given in Figs. 3 and 4, on 
page 238. 

The circulating - water pumps, one for each 
machine, are situated in the new gt 3 on 
the river-side, whose position will be seen from 
Fig. 2. These pumps all deliver into one common 
circulating-water system ; but, none the less, are 
each driven through a vertical-spindle motor by a 
120-horse-power three phase induction-motor, sup- 
plied each from one of the ‘‘complete unit” trans- 
formers. The pumps, which are each capable of 
dealing with 400,000 gallons of water an hour, are 
situated in a deep pit, and draw from a common 
culvert. Though normally dry, the pumps are 
below low-tide level, and work on the submerged 
principle, the pipes being arranged to form a closed 
circuit, in which the vacuum is maintained by means 
of air-pumps, so as to take advantage of the syphon- 
ing principle. The general arrangement of the 
pump-house is shown in Figs. 5 to 7, on page 238. 
The —— were constructed by Messrs. Greenwood 
and Batley, while the 150-horse-power motors were 
supplied by the British Westinghouse Electric and 
Manufacturing Company. The old pump-house on 
the jetty, whose position can be seen in Fig. 2, 
contains two Gwynne pumps, of 800,000 ons 
capacity each, and two vertical-shaft Mather and 
Platt pumps of 400,000 gallons capacity. The old 
pump-house now acts as a stand-by only. 

With the construction of the new pump-house 
considerable extensions have been made in the cir- 
culating-water main system, in order not only to 
deal with the additional capacity of the generating- 
station, but to afford a duplicate route between it 
and the pump-house. From the site plan, Fig. 2, 
it will be seen that there are now two independent 
pairs of suction and discharge mains, connected 
with the old and new pump-houses ively. 
The pipes from the old pump-house still enter the 
station in their original position, but are now con- 
nected to the station mains through T-pieces. At 
the river end a branch from the new pump-house 
had been made on to the’ old delivery pipe, as 
normally the old pump-house is not used. All the 
mains are 48 in. in diameter, and are carried under- 
ground, to enter the station at its southern end; 
but two 36-in. branches are taken off the mains 
just outside the station, and are carried round it, 
above ground, to join the station mains at the 
northern end, thus forming a running main. 





Dunston Power-Station.—The most modern, and 
py to be the largest, of the power-stations 
on the North-East Coast is that recently erected 
at Dunston by the Newcastle-upon-Tyne Electric 
Supply Company, to the designs of Messrs. Merz 
and McLellan, of Westminster. This station, when 
it is complete, will be one of the largest in Europe. 
It embodies in its design the experience gained 
from the numerous other stations Eclonsten to the 
same company and those designed for this and other 
companies by the same consulting engineers. Its 
engineering side merits a longer description than 
can be given to it in this article, which is more 
particularly devoted to the distribution of power. 
At the present time the station contains three turbo- 
alternators, two of 10,500 horse-power and one of 
9000 horse-power, making 30,000 horse-power in all. 
These machines all generate power at 5750 volts 
and 40 cycles. The switch-gear and operating 
arrangements will be described subsequently. 

There are also important coal-fired generating 
stations at Philadelphia and at Grangetown, besides 
smaller ones at Hebburn, Bishop Auckland, and 
Morpeth. The former two contain 12,000 horse- 
eae and 8000 horse-power of plant respectively. 

t is probable that all these stations will ultimately 
be dismantled, it being more economical to generate 
the power which they produce in the larger stations 
on the Tyne, or in the stations utilising waste heat. 

Of the five stations in which power is produced 
from waste heat, three, with an aggregate capacity 
of 15,000 horse-power, utilise coke-oven gas, an 
two, of 9000 horse-power total capacity, use exhaust 
steam. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

Tue Annual General Meeting of the Institution 
of Mechanical Engineers was held on Friday last, 
the 17th inst., at Storey’s Gate, Westminster, S. W., 
Mr. J. A. F. Aspinall, President, in the chair. 


AnnuaL Report. 


After the transaction of the formal business, the 
Secretary was called upon by the President to read 
the annual report, of which we here give a summary. 

During. the past year the deeply - lamented 
death of His Majesty King Edward Vit. deprived 
the Institution of its most illustrious honorary 
life member. An Address had been sent to His 
Majesty King George V. upon His Accession. His 
Majesty had been graciously pleased to remain an 
Honorary Life Member of the Institution. Since 
the last annual meeting His Majesty had conferred 
the honour of Privy Councillor upon Sir William 
Mather, and had made Engineer Vice - Admiral 
Henry J. Oram, C.B., ight-Commander of 
the Order of the Bath. At the close of the 
year there were 5700 names on the membership 
roll, a net increase of 117 on the number at the 
close of 1909. The total number of additions 
during the year was 465, against which were 348 
deductions from various causes. The names now 
on the roll are classified as follows :—Honorary 
members, 6 ; members, 2521 ; associate members, 
2419; associates, 61; and graduates, 693. The 
losses by death during the year number 45, amon 
them being that of Mr. E. P. Martin, who susvell 
the Institution as Member of Council from 1886 
onwards, and was elected a Vice-President in 1904, 
and President in 1905-6 ; Mr. H. Graham Harris, 
elected a Member of Council in 1898, and a Vice- 
President in 1909; Mr. G. Whale, a Member of 
Council from 1907 ; and Mr. Arthur Greenwood, 
a Member of Council from 1908. Amongst other 
deceased members named were Mr. J. Hornsby, Mr. 
H. A. Hoy, Sir F.T. Mappin, and Sir W. Lloyd Wise. 

The total revenue for 1910 was 15,6241., and the 
expenditure 12,7341. During the year 417/. from 
entrance fees, and 1041. from life compositions, had 
been carried to capital account. The total invest- 
ments and assets amount to 92,302). Deducting 
from this 20,0001. of debentures and the total re- 
maining liabilities, including a temporary loan of 
50001. towards the purchase of Storey’s Gate 
Tavern, the capital of the Institution amounts to 
57,0041., excluding the sum set aside for the Lease- 
hold and Debenture Redemption Fund. Four 
architects had been invited to submit plans for the 
extension of the Institution House, and these, it 
was hoped, would soon be adjudicated upon. 


GRANTS FOR REsEaRCH, AWaRDs, &C. 


The first award under the Bryan Donkin Fund 
for assisting original research was made during the 





year to Mr. W. Mason (101) for the continuation 
of his research on Combined Stress, and to Mr. 
C. A. M. Smith (101.) for investigations on the 
Law of Elastic Failure of Ductile and Brittle 
Materials. The next award under this fund will 
be made in 1913. An award of the value of 31l. 
had been made, under the terms of the Water Arbi- 
tration Prize, to Mr. W. R. Eckart, for his paper on 
** The Application of the Pitot Tube to the Testing 
of Impulse Water-Wheels.” The first award of 
the Starley Premium had been made to Mr. L. A. 
Legros, for his paper on ‘*‘The Development of 
Road Locomotion in Recent Years.” 


ResEaRCcH CoMMITTEFS. 


The Alloys Research Committee had continued 
its work during the year, and its tenth report, 
dealing with’ Aluminium - Zinc and Aluminium- 
Zinc-Copper Alloys, was expected to be completed 
during the present session. The Gas - Engine 
Research Committee, with the assistance of Pro- 
fessor F. W. Burstall, was preparing a report deal- 
ing with variations in the ratio of gas to air, and 
with the composition of the charge during expan- 
sion. The research work conducted by lrofes: or 
H. C. H. Carpenter, on Castings to withstand 
High Pressures, had been concluded, and the 
results embodied in a report recently discussed at 
the Institution. The work of the Committee on 
the Steam-Jacket was in abeyance, and that on the 
Friction of Gears was awaiting the results of 


d|experiments in the United States. The Action 


of Steam Passing Through Nozzles and Steam-Tur- 
bines, and Refrigeration, formed the subjects of 
other investigations of which it was hoped the 
results would be ready during the present year. 


CatcutTta SECTION OF THE INSTITUTION. 


The Calcutta Section of the Institution had con- 
tinued its meeting, advance copies of the papers 
read in England having been sent out to it for 
discussion, while four papers by local members had 
also been discussed. A grant of 75/1. had been 
made from the Institution funds towards the 
Section’s expenses. 


Pusiic AcTION OF THE INSTITUTION. 


During the year the Council had under considera- 
tion the proposals of the Marine Department of the 
Board of Trade with regard tothe qualifications for 
engineers in the mercantile marine. It had con- 
curred with the views ex on the subject by 
the Institution of Naval Architects and the Institute 
of Marine Engineers. The Institution had been 
represented on six bodies concerned with engineer- 
ing education, standards and statistics, &c. Con- 
jointly with five other societies, an invitation had 

en made to the International Congress of Mining, 
Metallurgy, Applied Mechanics, and Practical Geo- 
logy to hold its next meeting, in 1915, in London. 
This had been accepted. 


MEETINGS OF THE SESSION. 


The annual summer meeting had taken the form 
of a joint meeting with the American Society of 
Mechanical Engineers. This was held in Birming- 
ham and London from July 25 to 31. A full report 
of this meeting was given in our columns at the 
time, and the monthly meetings of the Institution 
have also been fully dealt with. It will suftice to 
say that at the summer meeting there were present 
428 members of the Institution, 70 visitors, and 
about 233 ladies, while the members of the visiting 
American Society numbered 250, exclusive of 
ladies. Twenty-six papers and reports had been 
discussed during the year, and seven papers had 
been read at Graduates’ meetings. Mr. F. Leigh 
Martineau delivered a lecture at the Graduates’ 
meeting in February, 1910, the subject being 
** Petrol Motors.” The Graduates’ Prizes been 
awarded to Mr. Moss for ‘‘ Some Notes on Materials 
under Combined Stresses,” and to Mr. T. H. 
Sanders for a paper on ‘‘The Commercial Testing 
of Railway Materials.” 


Tue Next Summer Meerine, 

The President next announced that the Council, 
in response to a desire expressed by members, had 
that day decided that the summer meeting should 
this year be held in Zurich. 


PRESENTATION OF AWARDS. 


The award in connection with the Starley Pre- 
mium was next presented by the President to Mr. 
L. A. Legros for his paper on ‘‘ The Development 
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of Road Locomotion in Recent Years.” Mr. Aspi- 
nall then explained that, Mr. Eckardt being in 
America, the Water Arbitration Prize for his paper 
on ‘‘ The Application of the Pitot Tube to the Test. 
ing of Impulse Water- Wheels” would be forwarded 
to him, together with a certificate. The prizes for 
the best papers contributed to the Graduates’ Sec- 
tion were then presented to Mr. E. W. Moss and 
to Mr. T. H. Sanders. 


ELECTION OF OFFICERS. 


The President then announced that the ballot- 
list for the election of officers having been opened 
by a Committee of the Council, the following 


gentlemen had been found to be duly elected :— | P4* 


As President, Mr. E. B. Ellington; as Vice- 
Presidents, Mr. Michael Longridge and Mr. H. F 
Donaldson, C.B.; as Members of Council, Mr. Dugald 
Clerk, Sir R. A. Hadfield, F.R.S., Dr. Edward 
Hopkinson, Mr. George Hughes, Mr. H. A. Ivatt, 
Engineer-Vice-Admiral Sir H. J. Oram, K.C.B., 
and Captain H. Riall Sankey, R.E. (Ret.). To fill 
the vacancy caused by the election of Mr. Michael 
Lonyridge as Vice-President the Council had elected 
Mr. William H. Patchell, a Member of Council. 
Mr. Patchell would retire at the next annual general 
meeting in accordance with Article 25. 


InpuctTion or NEw PRESIDENT. 


Mr. Aspinall, the retiring President, then in- 
vited Mr. Ellington to take the chair, observing 
that the latter gentleman was an all-round engi- 
neer, who was known all over the world. No 
one in connection with the Institution had done 
more for its credit and its organisation. Not- 
withstanding that Mr. Ellington had led an active 
engineering life, he had been able to devote a 
great deal of his time to the committee work of 
the Institution, and as chairman of the Finance, 
the Building, and other Committees, he had done 
an immense amount of useful work. Mr. Ellington 
had many friends, and at the end of twelve months 
of office the speaker ventured to think that he 
would have many more. There was nothing in 
life that was of so much value to a man as the 
friends he possessed, and as something more than 
co.npensation for the labours of the presidency, Mr. 
Ellington would, he was certain,- have the pleasure 
of looking upon a great increase in his circle of 
friends. He hoped the meeting would join with 
him in wishing Mr. Ellington every possible pros- 
perity, and, while thanking the Institute, the 
Members of Council, and others, for the support 
given to him (the speaker) during his presidency, 
he trusted that similar support would be given 
to Mr. Ellington during his term of office. 

Mr. Ellington, in taking the chair, observed that 
the Institution was dear to him, as to all who were 
members of it. The responsibilities attaching to the 
office were very great. The Institution had con- 
tinually increased in numbers and usefulness, and 
was by no means at the end of its career. Its use- 
fulness might be further extended, and it would 
be his endeavour to do all he could to foster its 
interests. 


Votre or THANKS TO THE RETIRING PRESIDENT. 


Dr. W. H. Maw, as senior Past-President present, 
proposed a vote of thanks to the retiring Presi- 
dent. It gave him great pleasure, he said, to pro- 
pose a most cordial vote of thanks to Mr. Aspinall 
tor his conduct cf the affairs of the Institution 
during his — of office. All were thoroughly 
familiar with Mr. Aspinall’s unfailing courtesy and 
admirable tact in controlling the meetings of the 
Institution, and all appreciated very greatly the 
valuable contributions to the discussion with which 
he had from time to time favoured them. These 
were facts of common knowledge upon which it 
was unnecessary to dwell. He wished, however, to 
refer to certain other presidential duties, not, 
perhaps, so generally appreciatei—the organisation 
in connection with the summer meetings. These 
meetings formed a most important item in the 
annual programme, and had from the first been 
a distinguishing feature of the Institution. As 
the membership of the Institution had grown, so 
had the attendances at these meetings. With the 
increased attendance, the difticulty of making 
arrangements satisfactory to the members taking 
part in the gatherings had also increased materially. 
A very large part of the arrangements had to be 
made by the President. The Presidents of the 





by their colleagues on the Council, and by the staft 
of the Institution ; but in connection with these 
summer meetings, there were numbers of impor- 
tant details which could only be settled by the 
President for the time being. 

During Mr. Aspinall’s term of office there had 
been two notable summer meetings. The Liver- 
pool meeting constituted a record for attendance, 
and it was carried out in a way which gave 
the greatest pleasure to all who took part in it. 
Perhaps its most interesting feature was the proof 
it afforded of the high esteem and warm regard in 
which Mr. Aspinall was held, in the city and the 
district, where he had worked for so many years 
t. The reception accorded to the Institution 
testified to that regard in a most clear way, and 
the Institution felt proud of the manner in which the 
late President’s attributes were recognised. The 
meeting last yeur was held partly in Birmingham and 
partly in London, in conjunction with a number 
of friends from the other side of the Atlantic. 
In 1904, when a number of our members went to 
the United States, they were received by the 
members of the American Society of Mechanical 
Engineers with a welcome and hospitality which 
could only be described as magnificent. When, 
therefore, the return visit of last year was decided 
upon, the Institution felt that nothing which could 
be done, in the way of showing hospitality and con- 
tributing to the utmost to the comfort and enjoy- 
ment of the visitors, would be too great. He thought 
that in the end the Institution had fairly attained 
what it desired, and he had every reason to believe 
that the American visitors left England with very 
pleasant recollections of their visit. The carrying 
out of all these arrangements involved more than 
ordinary strain upon the President, and the extra 
work came, unfortunately, at a time when, owing 
to an accident, Mr. Aspinall should really have been 
resting, and not doing work. The way in which he 
had risen to the situation, however, was perfectly 
known, and a special debt of gratitude was due to 
him for the manner in which he had acted on that 
occasion. He moved, therefore, that a hearty vote 
of thanks be passed to Mr. Aspinall for his conduct 
in the chair during the past two years, and for his 
energetic work in the interests of the Institution. 

Mr. A. Tannett Walker ( Vice-President) seconded 
the vote so proposed. He felt he could not improve 
upon what Dr. Maw had said. When the Institu- 
tion of Mechanical Engineers required a first-rate 
president, and there was a good deal to be done, 
they selected Mr. Aspinall ; when the Lancashire 
and Yorkshire Railway Company required a general 
manager, knowing how thoroughly clever and com- 

tent mechanical engineers were, they selected 
Mr. Aspinall. No greater compliment could have 
been paid. He hoped that the Institution would 
give expression to the profound and grateful thanks 
which Mr. Aspinall deserved for the services he 
had rendered. The vote was then passed by 
acclamation. 

Mr. Aspinall, in responding, assured the meeting 
that the work he had done had been of the greatest 
pleasure tohim. He had been proud to be a Presi- 
dent of the Institution. When he contemplated 
the list of former Presidents, he saw in it the name 
of his old chief and friend, Mr. John Ramsbottom, 
who was the chief engineer at Crewe when he went 
there to serve his time. He had little thought to 
succeed Dr, Ramsbottom in the chair of the Insti- 
tution. He had always felt that Dr. Ramsbottom 
was one of the finest men who had ever lived, and 
on that account alone he felt a measure of pride in 
succeeding him, which he did not find it easy to 
express. That he had been successful in carrying 
out the duties of the Institution was entirely due 
to the support, kindness, and consideration of his 
colleagues. The duties of the President were 
arduous, as Dr. Maw had pointed out, but those 
who had worked with him helped him in every 
possible way. As he had already indicated, the 
presidency had its compensations. It enabled the 
occupant of the office to increase the number of his 
friends. He did not feel that in relinquishing the 
chair he was leaving those friends. 


APPOINTMENT OF AUDITOR. 


A resolution was next moved by Mr. P. J. Cowan, 
who proposed ‘‘that Mr. Robert A. McLean, 
F.C.A., of 1, Queen Victoria-street, London, be 
re-appointed to audit the accounts of the Institu- 
tion for ‘the present year, at the remuneration of 
50 guineas.” Mr. KE. G. Constantine seconded this 


Institution had always been backed up most loyally | motion, which was duly carried. 





Mopern Evectricat Dock EQuIPMENT. 


The business of the annual general meeting being 
thus brought to a close, the adjourned discussion 
of the paper entitled ‘‘Modern Electrical Dock 
Equipment, with Special Reference to Electrically- 
Operated Coal-Hoists,” which was read and partially 
discussed at the meeting of Friday, the 20th ult., 
was resumed. 

Mr. Walter Pitt, who spoke first, said that he 
would have liked the discussion to have run on 
somewhat different lines. The opposing sides had 
been girding at one another, each observing that 
his crane would lift faster than that of the other, 
but the questions of speed had nothing to do with 
the question of motive power. He assumed that a 
competent engineer could make a machine, whether 
coal-hoist, crane, or capstan, that would work at 
any speed provided there was power enough. He 
believed that the reasons for the electric drive so 
rapidly gaining ground in dock installations were 
to be looked for in other directions. The secret 
lay in the generating-station, and largely in the 
transmission, and, of course, in the machine itself. 
He strongly held the view that an electric gene- 
rating-station was a more useful *‘ general servant” 
than an hydraulic station. More things could be 
done with it ; the docks could be lighted, all the 
plant could be driven, and, so far as transmission 
was concerned, it was the convenience of electric 
transmission that made it the power it was. In 
regard to the machines themselves, wherein the 
power was developed, there was no doubt that they 
were economical. The dock engineer, having 
settled whether he would put down his central 
station as an electrical or as an hydraulic station, 
had other problems to consider. Having settled 
on an electrical station, he would then have to find 
out how he could perform all the work which, up to 
the present, had been the peculiar preserve of the 
hydraulic man. The authors’ paper showed that 
one of these, coal-hoisting, could be worked success- 
fully and economically by electricity. Gradually 
things were being taken away from the hydraulic 
man and gathered into the electrical net. 

With regard to the other part of the plant, he 
would speak first of the ‘‘Clyde” electrically-driven 
freehead capstan. He had found the claims made 
by the authors for this capstan to be fully substan- 
tiated, and this was just one of the instances in 
which electrical driving showed up. It was possible 
to see what was being done, motors could be put 
in conveniently, and the capstan had been a perfect 
eye-opener to his firm. In capstans where the 
rope was fitted on a tight head much power was lost 
simply in rope-scrubbing, and there was no doubt 
that the saving with capstans where the rope was 
fastened rigidly on was immense. His hydraulic 
friends had omitted the crowning glory of the 
hydraulic crane—namely, the ease with which it 
could be converted into an electric crane. The 
cylinders could be taken out, and there would be 
left ample space for the collectors and for the 
leads, and on the back of the crane there was a 
place—just made for it—on which to bolt the 
electric motors. 

Mr. Roger T. Smith followed, and said that the 
authors had considered only the system of shipping 
coal by hoisting and tipping, contrasting the advan- 
tages of performing this by either hydraulic or 
electric means. He thought that in a modern dock 
equipment, involving the shipping of coal, con- 
sideration should be given to the plan of tipping 
into a hopper, and dulveting from that hopper to a 
belt, the Pit being inclined, and ending in a shoot. 
To the shoot could be attached any of the anti-coal- 
breaking apparatus which might be desirable. Where 
electricity is used, the Rothesay Dock constant- 
torque engine, overloaded to 100 per cent., was a 
very convenient and admirable method of getting 
over the difficulties of meeting the sudden overload 
required for hoisting. From Tables I. and II. in the 
paper it appeared that the fly-wheel effect had to 
last some 40 seconds. He would like to ask the 
authors how long the fly-wheel effect was supposed 
to last, because the overload of 100 per cent. 

rovided by the fly-wheel had to deal with both 
Plating and tipping. It was not clear from the 
diagrams how this was effected. Compared with the 
hydraulic accumulator, the first cost of the heavy 
fly-wheel device was, of course, considerable ; but 
compared with a battery and battery-booster it was 
cheap. It was important, however, to note that in 
order to do the hoisting it was necessary to provide 
engine-power up to 250 horse-power, overloaded 100 
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per cent., so that 500 tons of coal might be delivered 

r hour. 

In the North of England coal-conveyors were 
being very largely used. On the North-Eastern 
Railway at the Victoria Dock, Hull, two belt-con- 
veyors, 42 in. wide, could deliver 750 tons per hour 
to a height of about 40 ft. These conveyors regularly 
delivered 600 tons an hour. The belts were driven 
by a 100-horse-power gas-engine. Also at Hull, the 
Hull and Barnsley Railway Company had erected 
two conveyors at their Alexandra Dock, each of a 
capacity to deliver 500 tons per hour, and another 
was on order. At the Dock, which was being made 
conjointly by the Hull and Barnsley and the North- 
Eastern Railways, three conveyors, each to deliver 
600 tons an hour, had been specified, and were to 
be driven by 60-horse-power motors. At Hartle- 
pool, on the staithe, there were eight belt-conveyors, 
each capable of dealing with 600 tons per hour, and 
he had himself watched them deliver 750 tons an 
hour. These conveyors were driven by 25-horse- 
power motors. On the Tyne, belt-conveyors were 
used at the Albert Edward Dock, and also at Blyth. 
At Whitehaven a belt conveyor for delivering 500 
or 600 tons an hour had just been erected, fitted 
with the latest form of anti-breakage box, with 
a spiral staircase, down which the coal glided, and 
a revolving spout at the bottom for —— He 
thought the conveyor possessed the following 
advantages over the hoist :—For the same capacity 
the cost was from one-quarter to one-half the cost 
of the hoist ; the load-factor at which the machine 
worked was from 80 to 90 per cent., because the 
maximum load was the same as the average load ; 
there was a greatly reduced weight in the tower 
supporting the end of the conveyor—the free end of 
which could rise and fall—as compared with the 
weight of the hoist, thus lessening the cost of foun- 
dations, and avoiding a very substantial jetty, if a 
jetty was necessary. Moreover, there was a possible 
saving in land for sidings, because instead of all the 
sidings having to come end on, as in the case of a 
hoist, they were arranged parallel to the quay. 
Finally, there was the enormous reduction in the 
maximum load. 

The success of coal-conveying depended on the 
life of the belt. At the present time cotton belts 
could be obtained in the North of England which 
were guaranteed to deliver 1,000,000 tons of coal, 
and, although a belt might cost 2501. to renew, this 
cost divided by one million would show that the 
cost of 4d. per ton was not a formidable addition 
to the shipping bill. The great advantage of the 
belt-conveyor was the reduction in the maximum 
load, amounting to something like 80 per cent. 
The speaker could not give figures of the working 
costs of any of the coal-conveyors in the North, 
but he had figures relating to a small clay-conveyor 
which had been at work for the last eighteen 
months at Fowey, in Cornwall, for shipping China 
clay. This conveyor had a lift varying from 25 ft. 
to 48 ft. It hadshipped 150,000 tons of clay during 
the last year, the energy measured at the generating 
station giving 104 tons of clay lifted per kilowatt- 
hour, inclusive of all idle running. This compared 
with 7 tons per kilowatt-hour with the Rothesay 
Dock tips. In this figure of 104 tons per kilowatt- 
hour the cost of tipping was not included, because, 
for special reasons, the tipping was by gravity, and 
power was only used to Fite the empty wagon, and 
not the full wagon ; this was a gain which, ible 
with clay, of course, might not be ible with 
coal. For delivery with this belt, of 200 tons of 
clay per hour to a height of 40 ft., the horse-power 
required was only 24, while the horse-power for 
moving the empty belt was 5}. The efficiency of 
the belt itself, therefore, worked out at 77 per cent. 
At Hull, where larger quantities were dealt with, 
the efficiency was as high as 90 per cent. A belt- 
conveyor to deliver 500 tons an hour, raised 46 ft., 
rec — about 60 horse-power. 

urning to Table IV. of the rita red 
that for 500 tons per hour seleell Uy the e saelaal 
hoist 250 vem overloaded 100 per cent., 
was necessary. t is to say, that, as between 
belt and tip, taking the capacity of the generating 
plant, and meeting the same load under the same 
circumstances, only two-sevenths of the maximum 
demand was needed when overloading by 100 per 
cent. ; or one-seventh of the maximum demand if 
not overloaded by any such arrangement as had been 
described. However power was produced, to obtain 
identical results with. only one-seventh of the 
maximum demand was a matter so important that 
he ventured to predict that in ten years no more 





tips, either hydraulic or electric, would be put up. 
There was no reason why the belt-conveyor should 
not be driven by an hydraulic engine ; in fact, the 
load was very suitable, because it was full load all 
the time. A belt-conveyor worked by an hydraulic 
engine was to be seen at the present time at Hull. 

Mr. Roger Smith, continuing, desired to supple- 
ment Mr. Pitt’s remarks on the ‘‘ Clyde” capstan. 
After seeing the ‘‘ Clyde” capstans at work at the 
Ruthesay Dock, the Great Western Railway Com- 
pany had ordered twenty-eight of them, because 
they were convinced that what had been claimed 
for these capstans was substantiated. The great 
advantage was, in the first place, that the maximum 
demand on the generating-station, as compared 
with the slipping-rope capstan, was decreased by 50 
per cent. and the energy by 30 per cent.; but, 
what was of greater importance, the cost of ropes 
was reduced by from 80 tu 90 per cent. A slipping- 
rope capstan was first of all a rope-brake ; frum 50 
to 80 per cent. of the power was simply wasted in 
wearing out the bollard and the = itself, only 
the remainder being available for hauling. 

Railway experience in very busy yards had put the 
cost of ropes on slipping-rope capstaus, not at the 
figure given in the paper—15l.—but at 20/1. per 
capstan per year. At the railway harbourat Fowey 
(where, as he had said, a conveyor was employed) 
there were fourteen capstans. These hauled rather 
more than 1,000,000 tons gross per annum, making 
an average of 75,000 tons per capstan. The cost of 
ropes in that case was 2/. 10s. per capstan. They 
were, however, handled by people who had never 
before seen a capstan, and a great many ropes were 
run over, so that the annual cost should really be 
something less. Had these been slipping-rope 
capstans, the cost per capstan would have been 
somewhere in the neighbourhood of 201. per annum. 
Each of these capstans had taken on the average 
almost exactly 1000 kilowatts in the year, and ata 
cost of 1d. per unit—not the price at Fowey, but as 
given in the paper—this would work out at 41. 3s. 
per annum. Tt would be seen, therefore, that the 
cost of rope renewals for the slipping-rope capstan, 
even supposing it to consume the same energy as the 
‘** Clyde” capstan, would be approximately five times 
that for electricity ; and if 80 per cent. or 90 per 
cent. in the cost of ropes could be saved, the advan- 
tage was substantial. The speaker therefore con- 
sidered that the authors were quite right in refusing 
Colonel Tannett Walker's offer of on tothoutio cap- 
stan, provided it was of the slipping-rope type, even 
if it had been given away. Capitalising the saving 
in —_ (at about 181. a year), two ‘‘Clyde” capstans 
could be purchased with that capital, Under such 
circumstances, the purchase of a ‘* Clyde” capstan 
was “ae | a way of making money. 

Mr. P. S. Meik said he was not an advocate of 
hydraulic versus electric power, or vice versd, but 
merely sought for truth and facts. He had frequently 
had to advise clients as to what they should put up 
in the way of machinery, particularly for coal ship- 
ment. Some six or seven years ago he had been 
asked to advise a company as to what they should 
put up for taking coal out of ships. On looking 
into the matter, it proved to be a case of hydraulic 
versus electric power. He had then found it diffi- 
cult to get any reliable costs, more especially main- 
tenance and working costs, of electric machinery. 
When, therefore, he heard that the paper under 
discussion was to be read before the Institution of 
Mechanical Engineers, he felt confident that he 
would get some reliable information to go upon. 
In the case to which he had referred, three points 
arose for consideration. First came cost of plant, 
then cost of producing power, and, thirdly, the 
cost of working and maintaining the cranes and 
other machinery. He made out that the cost of 
first-rate plant from good makers was practically 
the same in each case. The authors practically 
admitted the cost to be about the same. That dis- 
missed his first consideration. In relation to the 
cost of producing the power, statistics of hydraulic 
stations were obtainable if application were made 
to the proper places, while electrical statistics were 
available by the dozen. He had come to the conclu- 
sion that there was not much to choose in regard 
to his second point. Electricity had, perhaps, the 
advantage in some cases, but as the power his 
clients required was small, the speaker advised 
them that if they could procure electric power 
at 14d. per unit, they should by all means put up 
dodiied lant. They could not, however, get 


power at that figure, and, aeting on his advice, 
they therefore put up hydraulic machinery. 








He had examined the paper in the hope of find- 
ing reliable data on the cost of power. Certain 
calculations of costs for both electric and hydraulic 
machinery appeared in Tables III. and 1V. of the 
paper, the hydraulic cost being taken at 9d. per 
1000 gallons, and electricity at 1d. per unit. A 
little later in the paper, under the heading of 
** Cost of Working,” these figures were re-stated, 
and also the cost per ton of coal shipped. Still 
further on, however, under the heading of ** Work- 
ing Costs,” different figures were given, the 
authors stating: ‘‘ The actual works costs are, on an 
average, with a consumption of approximately 
560,000 units per annum, approximately 0.89d. per 
unit. Taken over periods during which the dock 
was busy, and consequently more units bein 
generated, these costs were in the acighbouseenl 
of 0.6d. per unit. The capital charges at present 
increase the above figure of 0.89d. to approximately 
2d. per unit ; but, of course, in the incompleted 
state of the dock theso capital charges are out of 
all proportion.” From the foregu.ng it would 
appear, the speaker said, that the costs were 2d. 
per unit, and not 1d., which the authors ho 
ultimately to arrive at, a hope which Mr. Meik 
shared. The actual cost was, therefore, 2d. per 
unit, and in making any calculations that fact 
had to be ised. No figures were given for 
hydraulic costs, but merely estimates. He pre- 
sumed, however, that actual figures were available 
with regard to docks on the Clyde, and he could 
not therefore understand why actual costs were not 
given. 

He would refer to a paper read before the Insti- 
tution in 1903, he believed, by Mr. Pitt. Some 
figures were then given by Mr. Baxter, of the cost of 
power at Glasgow, from which it appeared that elec- 
tric power then cost 2 56d. per unit, while hydraulic 
was costing, apparently, 17.67d. per 1000 gallons—of 
course, & most excessive price. He would compare 
with these figures certain working costs which he 
had himself obtained. His firm had some time ago 
advised the Swansea Harbour Trustees about their 
machinery, in conjunction with Mr. Schenk, their 
engineer. Mr. Schenk had since got out his costs, 
and had sent him particulars of the hydraulic costs 
for the three years 1906 to 1908. Taking an average 
for these three years, the results were as follows : 
—The average quantity pumped per annum was 
214 million gallons. The pressure was 750 lb. 
per square inch; the working costs per 1000 
gallons amounted to 5.39d. The capital charges 
were 2.08d. The total, therefore, excluding 
administration, came to 7.47d. per 1000 gallons. 
Adding the cost of administration (not calculated 
by Mr. Schenk, the general charges of the Trust 
not being debited particularly to one item) at the 
rate of 10 per cent., the cost would be 8.22d. per 
1000 gallons. These costs, being worked out in 
units, could be compared with electricity. For 
instance, the working cost of 5.39d. would be 
represented by 0.83d. per unit, taking 1000 
g lons at a pressure of 750 lb. as equal to 6.5 

.T.U. The capital charges would be 0.32d. per unit, 
so that the total, excluding administration costs, 
amounted to 1.15d. per unit, converting the power 
from hydraulic into electric. With 10 per cent. 
added for administration the figure became 1.27d. 
per unit. Thus the 8.22d. per 1000 gallons corre- 
sponded to the 1.27d. per B.T.U. oal at Swan- 
sea—rather small coal— cost between 8s. and 9s. per 
ton. 

Another case he had had to deal with was 
concerned with the working and maintenance of 
cranes and machinery. In 1903 he had not been 
able to get any reliable statistics in relation to 
these. With‘regard to working these he had con- 
cluded that the drivers’ wages were practically the 
same. These cranes usually worked at full load, 
and in this case there was little to choose between 
the hydraulic and electric systems from the point 
of view of consumption. He had compared certain 
figures given by the authors in Tables III. and 1V. 
of their paper with the Swansea costs and Mr. 
Baxter's Clyde costs. The water expended in lifting 
a ton of coal at Newport (hydraulic installation) 
was given as 25.22 gallons. At the Swansea price 
of 8.22d. per 1000 gallons, the cost came out at 
0.210d. for energy per ton of coal. For electric 
energy, as given by the authors, the consumption 
was ().131 unit per ton of coal, which at the present 
rices worked out to 0.262d. This at once showed a 

lance in favour of the hydraulic system. He did 
not mean to say that electric power could not be 
produced at a less cost; possibly it could. He 
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wanted reliable figures from somebody on the elec- 
trical side. 

Contrasting electric and hydraulic cranes, Mr. 
Meik continued, in the latter there were rams, 
sheaves, and ropes, while in the former there were 
motors, gearing, and ropes. The motion of the 
hydraulic crane was slow, and in the electric crane 
it was quick, His conclusion had been that the 


Fig. 1 


quicker-motion machine would be very expensive, 
and he had therefore in that case advised hydraulic | 
machinery. Electricity might improve upon it| 
presently, but so far the hydraulic machinery had | 
Justified its existence at the particular place. 

He felt that the authors might have given some 
particulars with regard to maintenance. He con- 





sidered that as their hoists had been working for two | 








years, there should be available some record of these 
costs. It would have been of far greater value if the 
authors had given results in actual figures, rather 
than stating merely that the maintenance of the 
electrical machines was not likely to exceed that of 
the hydraulic plant. Summarising what he had 
said, he had found that comparing the two systems 
the cost of plant was practically the same; the 
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cost of power with full loads was practically the 
same, although with variable load electricity had 
an undoubted advantage ; while hydraulic ma- 
chinery had apparently the advantage in respect 
to maintenance, an opinion he was not inclined to 
alter until definite statistics were forthcoming. 
He would like to say that the capstan described 
by the authors was, in his view, a very good 
machine. The ordinary hydraulic capstan was in 





principle one of the most wasteful machines ever | 


put down, and deserved the name of ‘“ water- 
waster.” 

Mr. C. J. Hobbs did not think that the authors 
had made out a very strong case for electricity as 
against hydraulics. When advocates of electrical 
working actually came to meet the load for which 
the plant was designed, they found only a small 
proportion of the full load, and they then gladly 
drew attention to the extreme flexibility of their 
system as compared with the hydraulic as far as 
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consumption of energy was concerned. The electric 
hoists at Rothesay, for instance, were designed 
for a gross load of 32 tons, or 20 tons net. 
Instead, however, of dealing with this they worked 
loads of 84 tons, or 47.5 per cent. of the 
> danse load. The authors’ results set forth in 
the paper were compared with results obtained 
in practice with a Newport hoist, which was 
not a modern one; as a matter of -fact, he 
believed it had been reconstructed shortly before 
1906, and possibly, although he could say for cer- 
tain, it was not so quick as the ordinary coal-hoist 
built at the present time. The authors had ob- 
served that had their wagons been loaded as fully 
as the wagons at Newport, their hoist would have 
lifted 477 tons of coal per hour, as against 444 tons 
at Newport. He thought that the lifting of the 
wagons and the manipulation of the coal did not 
vary directly with the quantity of coal in each 
wagon ; and really there was not much involved 
in the question of doing 43 cycles per hour, as 
against the 40 cycles at Newport. As Mr. Pitt 
had said, it was useless to argue about speeds. He 
(the speaker) would undertake to make an hydraulic 
lift that would work better than any electric lift. 
In Table IV. of the a figures for working at 
Newport were given. e figures looked very well 
until that for the cost of water was reached. This 
was given as 9d. per 1000 gallons. Mr. Macaulay 
had actually put this at 2d. Now only four years 
later it was given as 9d. Mr. Hobbs did not, how- 
ever, propose to argue about the cost of generating 
power. 

The table herewith (see next page) he had based on 
the water consumption of some coal-hoists made for 
the London and North-Western Railway Company at 
Garston. For the sake of argument he had assumed 
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that the net load of coal lifted bore the same pro- | 
portion to the gross load as in the case of the 
authors’ paper. He had also assumed a height of 
46 ft. 
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This table gave the quantity of water consumed, 
and working out the equivalent energy, in Board 
of Trade units, of 1000 gallons at 700 lb. pressure, 
he obtained a figure of 0.103 B.T.U. The cost per 
1000 tons was thus brought to 8s. 7d. at 1d. per 
unit. In another line he showed figures for a 
hoist designed to meet the exact requirements at 
Rothesay. In this case it was arranged to lift the 
load mechanically from the ground to the height 
required for tipping, and then the empty wagon 
was lowered, and the empty cradle was dropped to 
the quay level. By properly arranging the rams—a 
pre matter—the consumption worked out at 14.87 
— per ton, the equivalent energy in B.T.U. 

eing 0.09, and the cost per 1000 tons was there- 
fore 7s. 6d. The argument was somewhat hypo- 
thetical, but he thought it afforded a very fair com- 
parison with the authors’ arguments, which were 
purely theoretical, so far as the figure of 9d. per 
1000 gallons was concerned. His chief reason for 
drawing attention to the matter was due to his 
objection to the dissemination of statements to the 
effect that it would cost 8s, per 1000 tons more to 
ship coal by hydraulic power than by electric 
energy. Colonel Tannett Walker had dealt ably 
with the practical operation of coal-hoists. He 
would say that he regarded the single lever as a 
ood drawback. It should be possible to do the 
ifting and the tipping at the same tine, a course 
which, he presumed, would be impossible at 
Rothesay. 

Turning to the subject of capstans, Mr. Hobbs 
exhibited a drawing of a simple hydraulic capstan, 
in which the head could be made fast or loose as 
required. It had a simple clutch at the top of 
the head, and the type was one which had Goon 
adopted very largely by the new Alexandra Docks ; 
it had proved thoroughly satisfactory. Mr. Ridley 
had informed him that they had a number of 
the same type at Grangemouth. Engineers never 
claimed that the hydraulic capstan was a remark- 
ably economical machine; it was not. It was 
a machine exposed to all weathers, and the 
roughest work that could be met with. He 
regarded it as a kind of butt of the traffic de- 
partment. Unable to score off anything else, they 
would take it out of the capstan. If that sort of 
thing were done to the electric capstan, it would 
spit fire, and with further ill-treatment it might 
eventually burst into flames. To get over these 
drawbacks, his firm had designed a capstan which, 
to a certain extent, possessed advantages over that 
shown by Mr. Baxter. This capstan was of the 
turn-over type, with motor, clutch, brake, and 
gear. The switch gear was in a sepa- 
rate water-tight compartment, being outside alto- 
gether, thus avoiding any necessity for it to 
be in the damp portion of the foundation 
underneath. In conclusion, he thought that, 
supposing all appliances were now worked by elec- 
tricity, and hydraulic appliances were eliminated, 
it would cause a great sensation if somebody sud- 
denly patented a simple direct-acting lift or a jigger. 
Its simplicity and safety would make the position 
of the electrical engineer, in this regard, very difti- 
cult todefend. It was not impossible that that very 
safety and that simplicity may have led to a sacri- 
fice of economy in the past. Nevertheless, if the 
hydraulic system were given the same opportunity 
as the electrical in relati.n to the production of 
power, by putting down the highest class of machi- 
nery it was possible to design, he believed that the 
hydraulic system would prove cheaper in first cost 
and in maintenance. It would certainly not be far 
behind, and might even surpass, its sister power— 
electricity. 

Mr. E. G. Brewer wished to say a word for the 
gravity system of loading into ships. This system, 





if used in conjunction with high-capacity wagons, 
might be most economically worked. It was 
almost universally employed in the United States, 
and also to a large extent in Spain. With the 


“-|gravity system used in conjunction with large 


hoppers, it was possible to have 8000 to 10,000 
tons of coal or iron ore, say, ready to discharge at a 
moment’s notice. In one case, in Southern Spain, 
it was necessary to load 8000 tons into ships in the 
course of the day from one double-sided tip alone. 
Some years ago he had been interested in the 
introduction of high-capacity drop-bottom wagons 
on to English railways, but the railway companies 
said that it was impossible to adopt them, because 
they would not go on to the coal-tips. On the 
other hand, the dock companies said they would 
welcome high-capacity wagons if the railway com- 
panies would sanction them ; but the latter said 
that, having sunk so much capital in small wagons, 
they could not adopt large ones. In England the 
coal-mines were often situated in the high land at 
the back of the port. The railway companies 
took a great deal of trouble to bring the coal down 
to the dock level, and then it had to be lifted up 
again. It seemed reasonable to suggest that the 
coal should be kept at a reasonable height and run 
on the level to the int at which it was required 
to dump it into the ship. 

Mr. R. P. Morrison considered that the arrange- 
ment of machinery adopted at Rothesay had done 
away with what he had always looked upon as the 

t feature of electric power—namely, its flexi- 
bility. Each hoist, as he took it, had to have its 
separate generator. If at any time it were required 
to deal only with one coal-hoist, the main generator 
and fly-wheel must be run ; and supposing the vessel 
coaling to be a 4000-ton vessel, two shifts would be 
taken, and the vessel would be 20 hours in the 
dock. Out of the whole of that time the fly- wheel 
would be used for hoisting and tipping for a period 
of six hours, taking acceleration and retardation as 
equal. For 14 hours the power would be wasted, 
the fly-wheel being driven idly. When dealing 
with three coal-hoists, as would ultimately be 
necessary, more sets of generating plant would be 
required ; it would be impracticable to move about 
from one to another. If thirty hoists were put up 
on the dock, there would be so many more gene- 
rating plants, with resulting confusion. 

Turning to the pecuniary side of the question, 
the authors had compared their tip at Rothesay 
with an old tip at Newport ; the latter worked on 
the two-stage principle. Only the lower part of 
the tip was under constant pressure, the top half 
being a plain ram with no constant pressure. 
Therefore the tip was not working economically, 
and used 280 fr Bos in energy per lift. If it were 
a modern tip, such as the Great Western, the 
Midland and other railway companies were working 
with 20-ton wagons, it would be required to do the 
cycle—to lift 46 ft. and tip at an angle of 45 deg. with 
a 20-ton wagon—with about 220 gallons. Reducing 
the authors’ figures upon this basis the cost would 
come down to 14s. 10d. Then there was the ques- 
tion of the 9d. per 1000 gallons. Mr. Macaulay 
had obtained a total cost at 2.15d. per 1000 gallons, 
and had, the speaker believed, since reduced the 
amount to just over 2d. Adding such expenses as 
depreciation, interest on capital, insurance, and 
establishment charges, together, say, 10 per cent., 
on to the total capital charges at Newport Docks, 
the figure arrived at was between 5d. and 6d. 
Taking this figure on the basis of the authors’ table, 
the cost per 1000 tons of coal shipped at Newport 
would be about 9s. 11d., against the 10s. 11d. at 
Rothesay... The speaker regarded the 10s. 11d. as 
a kind of pig in a poke, inasmuch as it did not 
represent what wasdone, but what was going to be 
done. Possibly in two years’ time the cost per unit 
would be found not to be Ids, -but 14d. 

Mr. E. Kilburn Scott had had some experience 
about ten years ago with a dock installation down 
the Thames, in which a reversible booster had been 
installed in connection with a storage battery, and 
this installation had worked exceedingly well. He 
believed the installation to be the first in this 
country, but there had been one previously in 
Germany. For small dock installations he thought 
the storage battery had much to be said for it.. It 
was always there, and did not run down in the 
night. If the authors’ plant were not loaded at 
night, the fly-wheel would be standing, and the 
next day it would take an hour or so to get it up 
to speed again. His experience with the Brennan 
mono-rail showed him that it took 14 hours to get 





the gyroscopes used in that system up to speed 
every morning, and some five hours to let them 
down at night. He would ask how long the fly- 
wheel took to run down, and how long to run up. 
He noticed that the authors had contemplated 
putting the fly-wheel in a vacuum—at all events, 
they had put it in a case for that special purpose. 
On the Brennan mono-rail they could not run the 
gyroscopes without a vacuum. When the vacuum 
dropped from 28 in. to 20 in. the motors had to be 
stopped. The motors needed a vacuum, and if it 
was lost ran hot, although there would then be 
convection currents to take the heat away. The air 
friction was tremendous—so great indeed that the 
motors could not keep running in 20 in. of vacuum. 
There was much to be said for the storage battery, 
which was being improved every day, and it was 
more akin to the hydraulic accumulator than to the 
fly-wheel of a motor. 

Mr. Aspinall said that the question appeared to 
him to resolve itself into one of first cost plus 
maintenance. On his line there was a great deal 
of hydraulic machinery and a great deal of electric 
machinery. With regard to the hydraulic machinery, 
where employed on the tips it had not been costly 
to install, and had been most economical to main- 
tain. With regard to electrical machinery, the 
company had a number of electrical capstans, 
which they had been quite justified in putting in, 
as they had been installed where the load was 
extremely variable. The capstans had to haul 
sometimes one wagon and sometimes twenty. 
Where the load was oe constant, hydraulic 
capstans were used. The authors had not yet had 
a sufficiently long experience, he thought, to say 
whether the plantat Rothesay Dock was really more 
economical, from the point of view of maintenance, 
than hydraulic machinery. When large quantities 
of coal were handled by hydraulic power very little 
wear and tear was involved ; but as yet it was not 
known what the wear and tear would be with the 
faster-running electrical machinery. It was impos- 
sible yet to say what wear and tear there was upon 
the chains, though coal-dust had a very destructive 
influence upon these, and they gave a very short 
life. 

One point should not be forgotten, that a large 
proportion of the wagons were the property of 
the traders. There were about a million wagons 
in England, 500,000 of which belonged to traders. 
On the Lancashire and Yorkshire Railway, which 
owned about 36,000 wagons, there were some 
54,000 wagons belonging to traders. Traders were 
unwilling to change, because they used their 
wagons one day for coal which was going for land 
sale, and the next day for coal which was going 
to the docks to be tipped. The smaller wagon 
suited them better for land sale, though they 
would have liked larger wagons for tipping. In 
dealing with wagons sent to the ports, the con- 
ditions varied. At an East Coast port, where his 
company dealt with very large quantities of coal, 
the hoists had at one moment to deal with a 
wagon carrying 8 tons, at another with one 
carrying 10 tons, and at a third with a wagon 
loaded with 20 tons. These were varying weights, 
but the variation did not end there, inas- 
much as the empty wagons had to be lifted 
and put back into position. That meant a change 
from a 5-ton empty wagon to 13 tons when 
full, or a change from an empty wagon weighing 
about 7 tons to the full wagon weighing 27 tons. 
These changes resulted in the hydraulic hoist 
becoming an expensive machine. The electric 
appliance, which would adjust itself absolutely to 
the‘load, would probably show an economy which 
would compensate for the greater cost, if any in- 
crease&cost “in niaintenance were in the end shown 
to exist. He considered it doubtful whether any- 
one could absolutely lay down a broad statement 
which would enable the builder of a new dock to 
say whether it should be equipped with the one 
form of machinery or the other ; the circumstances 
of each case would have to be considered by them- 
selves. 

Mr. Ellington, the President, stated that he had 
received a communication from Mr. Macaulay, 
which would be printed in the Proceedings. He 
wished, however, to read a paragraph dealing with 
the question of cost, about which a good deal had 
been said. This paragraph ran as follows :—‘*The 
working cost includes labour, labour maintenance, 
stores working, stores maintenance, sundries, fuel, 
and fire insurance. The capital cost of the station 
is also given, interest being taken at 4} per cent., 
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depreciation of machinery at 4 per cent., and on 
buildings at 1 per cent., with the result that we 
get the following interesting figures for 1910 :— 
Average working cost a 1000 gallons, 1.82d. ; 
average total cost per 1000 gallons, 4.49d.; average 
total cost per ton of tonnage handled, including 
pressure water for all purposes, 0.363d.” Continu- 
ing, Mr. Ellington said that the impression left 
upon his mind by the discussion, which had been 
interesting, was that the question would have to 
be further discussed in one or two years’ time. It 
could not, he thought, be said that the question 
had been finally settled. Mr. Roger Smith might 
be right, with regard to his assertion concerning 
conveyors, but prophecies were always dangerous. 

Mr. Dixon then replied to the discussion. 

He regretted the omission of so many details 
in the paper about which various speakers had 
remarked, but it would be obvious that it was im- 
possible to furnish a full description of the various 
plant installed in a short paper. The paper had 
served its purpose of marking a stage in the 
electrical equipment of docks which had been 
declared impracticable, if not impossible. It had 
been suggested that a sufficient time had not 
elapsed to be able to speak with confidence as to 
the relative reliability of electric and hydraulic 
machinery. His opinion was, however, that ample 
time had elapsed. As to the relative working costs 
of electricity and hydraulic power, in the paper 
they had shown that the costs over the last three 
years, during which the dock has been partially at 
work, had satisfied them that, when fully equipped, 
the cost of energy would not exceed 1d. per unit, 
and there the matter would have to rest. This 
ld. per unit included all charges—i.e., labour, 
fuel, oil, stores, superintendence, interest and 
depreciation on plant and buildings, repairs and 
maintenance, and, in fact, all charges incidental 
to the plant and its working. At present, with 
the plant working under one-third load, the cost 
was 2d., but it was easy to see how the prospective 
cost of 1d. was deduced. With regard to the cost 
of hydraulics, the ground was less certain. He 
had had the Transactions of the various technical 
societies during recent years searched for state- 
ments as to the costs of hydraulic power at docks, 
and he could only find three or four statements 
on the subject. The following were some of the 
results, together with figures, he had obtained 

rivately :—Given in the Proceedings of the 
Fnstitutyon of Mechanical Engineers were the fol- 
lowing costs per 1000 gallons: Middlesbrough, 
12.8d. (1904); Newport, 2d. (1906). In the Pro- 
ceedings of the Institution of Civil Engineers for 
1907 the following were recorded : — Glasgow, 
17.67d. ; Swansea, 8.4d. ; Middlesbrough, 12.82d. 
From private sources he had secured the following 
figures :—12d., 20d., 8d., 9.3d., 19d. Some of 
these figures included capital charges; some did 
not. Some presumably included transmission costs ; 
some did not. He would like the hydraulic people 
to state unmistakably what the water did cost. 
Mr. Macauley gave 2d.; Colonel Tannett Walker 
thought 3$d. or 4d. With the exception of 
Newport, the lowest figure was 8.4ld. per 1000 
gallons, and the highest 17d. The figures of 
8.4ld., 12.82d., and 17.67d. had hitherto been 
accepted without dispute. The amended figures 
given that evening, both for Newport and Swansea, 
made it obvious that they were not on a common 
basis. It had been suggested that in taking 9d. as 
a basis they had doubled the actual cost. He con- 
tended there were no grounds for such a suggestion. 

A more important point was that of the relative 
efficiencies of the two systems, for even were it shown 
that hydraulic power could be produced as cheaply 
as electric power, it would still - necessary to show 
that one could be used as efficiently as the other. 
With properly designed electrical plant, the power 
used was a direct measure of the work accom- 
plished, this result being obtained automatically 
and without manipulation. It was, however, 
accepted that hydraulic plant was not efficient for 
variable loads. In order to illustrate this point 
Mr. Dixon here referred to several sketches repre- 
senting the consumption of electrical and hydraulic 
appliances for similar work and variable loads. One 
referred to a 32-ton coal-hoist working with loads 
of 10 tons and upwards. In another, the case of 
a single-ram coal-hoist working with a maximum 
load of 20 tons was taken. A third referred to a 
capstan. All these showed for the electrical appli- 
ances consumptions proportional to the load, but for 


large stages and uniform within the range of each 
stage for any load. 

Continuing, Mr. Dixon said Mr. Ellington had 
made an important statement in reference to the 
London Hydraulic Power installation — namely, 
that ‘‘the actual quantity of water registered in 
the individual meters exceeded 95 per cent. of the 
quantity pumped into the mains,” from which the 
deduction was made that the percentage of loss 
was extremely small, or inversely, that the efficiency 
was preter high. This might be granted, but 
what, he asked, about the consumers? They had 
a different story to tell. In the diagram herewith 
Mr. Dixon had prepared a load diagram, Fig. 1, 
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of a newly-erected electric nger-hoist in an 
office building in Glasgow. This represented the 
amount of current used with different numbers 
of passengers, and showed how the power varied 
automatically with the work to bedone. On tha 
diagram he had shown the relative power which 
would be consumed if the hoist had been an 
hydraulic one, and the result showed that the power 
which would be expended on the five journeys 
under the differing conditions would, in the case of 
hydraulics, be two to three times more than in the 
case of electricity. Electricity for hoist purposes 
could be purchased at 14d. per unit, and hydraulic 
power at about 1s. 6d. per 1000 gals. Therefore, 
while the power supply company might get 95 per 
cent. efficiency, the user of hydraulic hoists id in 
actual practice three to four times more for the 
work done. 

Mr. Ellington had exhibited a diagram (page 110 
ante) showing the relative cost of the working of an 
hydraulic station and an electrical one under maxi- 
mum loads. Since the application of the fly-wheel 
accumulator, which was as efficient and effective as 
the hydraulic accumulator, conditions had altered, 
and any advantage which hydraulics might hitherto 
have exclusively was now non-existent. 
It had been said, and justly, that with electricity 
troubles arose on account of damp, and there was 
no doubt that this was so. Probably a worse posi- 
tion than the Rothesay Dock on the Clyde could 
not be found in this country, but it had been found 
ssible to overcome, in a satisfactory way, the 
whole or at least most of these incidental troubles 
so effectively that, as stated in the paper, no stop- 
page due to electrical causes had from the first 
occurred to interrupt the regular working of the 
dock. 

He wished to thank Mr. Aspinall for the interest- 
ing particulars he had given respecting the possible 
working time of coal-hoists and coaling cranes. 
Their hoists could have been designed to work at 
any speed, but it was clear to them that the 
increase of the hoisting speed in a coal-hoist from 
100 ft. to 200 ft. per minute, while it increased 
the maximum power requirements 100 per cent., 
did not by any means increase the useful output 
of the hoist by more than a small percentage. 
During observations made on this point at the 
Rothesay Dock a few days previously, coal was 
being shipped in wagons containing about 8 tons 
each, raised to a height of 25 ft. at the rate of 62 
wagons per hour, which s could, so far as the 
machinery was concerned, have been maintained for 
an indefinite period. Mr. Aspinall’s figures had 
shown that the useful time of a coal-hoist only 
occupied about 50 per cent. of the possible time. 
Of this 50 per cent. useful time, the hoisting in the 
above instance occupied about 25 per cent., or 12 
per cent. of the possible time. To have increa 
the cost by doubling the power and doubling the 
speed to 200 ft. per minute would, therefore, not 
have increased the coaling capacity of the hoist 
by 100 per cent., but by something under 10 per 
cent. at no advantage was to be derived from 
the relatively high speeds of hoists was obvious 
from the figures of coaling performances enumerated 
by Colonel Tannett Walker. In speaking of a coaling 
performance, size of trucks, height to be lifted, 
class of vessel, &c., were required to give the 





the hydraulic appliances consumption increasing in 


figures relative importance, and all the figures men- 


tioned could be easily reached with electrical 
coal-hoists. He commended, however, a coaling 
speed of 62 wagons per hour, as mentioned above, 
to the notice of hydraulic engineers, not as a 
record, but as something it was ible to accom- 
plish with what was admittedly e ibw lifting speed 
of 100 ft. per minute. ; 

He associated himself entirely with the various 
—— who referred to the disastrous effects of 
the low class of work which was becoming more and 
more prevalent under the absurd lengths to which 
competition was being systematically carried in 
this country. Much of the engineering genius of 
this country was devoted to making a 1001. article 
pass the terms and conditions of a specification 
issued with the intent of getting a 2001. article. 

Mr. George H. Baxter, in his reply, said most 
of the speakers who took part in the discussion 
referred chiefly to the cost of producing power in 
the generating station, but altogether avoided the 
very important question of the efficiency of the 
— by which the power was utilised. 

ether electrical ene could be produced at 
less cost than it could be bought did not affect the 
int at issue. Assuming current to be supplied 
rom an outside source at jd. per unit—as a 
matter of fact, less than that was paid for the 
current supplied by the Corporation of Glasgow 
for the new dock and quays at Yorkhill—allowing 
for conversion, the actual cost at their switchboard 
in the power-station would be ld. per unit. Taking 
the cost of 1000 gallons of water at 750 lb. pressure 
as 9.3d., which, notwithstanding what had been 
said, seemed a reasonable figure for a small installa- 
tion such as that at Queen’s Dock, or as would have 
been necessary at Rothesay Dock had hydraulic 
power been adopted, the electrical equivalent of 
9.3d. per 1000 gallons was 14d. per unit. That was 
to say, that electric at costs two-thirds of the 
equivalent amount of hydraulic power. 

In Fig. 2 he showed the efficiency curves for a 
32-ton electric coal-hoist and 32-ton hydraulic hoist, 
worked by one ram, and had shown in dotted lines 
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a 32-ton coal-hoist worked by two rams, one for 
21 tons, and an auxiliary ram for 11 tons. This 
proportion was chosen to suit the sizes of wagons, 
most of which were under 21 tons; and while it was 
necessary to have the 11-ton ram, it would prob- 
ably be seldom used. Comparing the curves, it 
was found that between the common loads of 10 
to 20 tons, the efficiency of the single-ram hydraulic 
hoist was only about 50 per cent. of that of the 
electric hoist, and the efficiency of the two-ram 
hydraulic hoist was 70 per cent. that of the elec- 
tric hoist. But it had been shown that the cost 
of electric power was only two-thirds that of 
hydraulic power, and as the efficiencies showed 
that the amount of power used was in the single- 
ram hoist 50 per cent., and for the two-ram 70 per 
cent., the cost of electric power would in the first 
case be one-third, and in the second case rather 
less than one-half, the cost of the hydraulic power 
required to do the same amount of work. 

As the hour was late, Mr. Baxter reserved his 
other remarks for a written contribution to the 
Proceedings. We have been favoured with a copy 
of Mr. Baxter’s intended reply to other points, and 
we give the following brief summary of this: 
With regard to rate of coaling, this letgets depended 
upon trimming. Mr. Aspinall had aa that 
12.25 per cent. of the time of coaling with a hoist 
was thus occupied, and 8.74 per cent. in the case of 
a crane, which seemed to indicate that more coal 
was shipped by the hoist than by the crane. A hoist 
could ship coal at double the rate of a crane, and the 
only advantage presented by the latter appliance was 
in connection with soft coals, on account of the 
reduced breakage when tipping straight into the 
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a whole day. They recommended hoisting speeds of 
100 ft. to 120 ft. per minute, at which wagons could 
be tipped at the rate of one per minute, rather than 
higher speeds with larger and heavier plant. Bump- 
ing and kicking should be discouraged as harmful 
to gear and liable to result in accidents. The hy- 
draulic crane and the electric crane mentioned in 
the paper were both modern appliances, both having 
been built in 1901. As regards the flywheel- 
accumulator system, he saw no reason why fly- 
wheels should not be made large enough and 
numerous enough to give as much reserve power 
as the hydraulic accumulators at Barry. 

At the close of the discussion the President 
announced that the next meeting would take place 
on Thursday, March 16, instead of Friday, Mareh 
17, as previously announced. At that meeting Mr. 
Ellington will deliver his presidential address. 








MOTOR-DRIVEN DROP-HAMMER. 

An electrically-driven drop-hammer, as an alterna- 
tive to the steam-driven type, has recently been 
brought out by Messrs. Brett’s Patent Lifter Com- 
pany, Limited, of Coventry, whose steam-lifters are 
well known and largely used in tne drop-forging shops. 
Although the action of the steam-driven type 1s satis- 
factory, many firms prefer to make use of electric 
power for driving their hammers, hence the present 
design. 
come in designing the hammer, principally on account 
of the difference > bes to driving by an elastic fluid, and 
by mechanical means. In the steam type the lifting 
wing which turns in the cylinder is cushioned rena 
by the elasticity of the steam, and the shock of the falling 
hammer does not therefore tend to cause damage to 
the parts. But ina mechanical drive there is no such 
natural elasticity, and the effect has to be obtained by 
other means. It is interesting to note that in the 
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hammer here illustrated, of 25 ewt. power (rather a ' 
heavy size as motor-driven hammers go), the maximum 
horse-power used in a test was 60 brake horse-power, 
and it was observed that the ammeter needle jumped 
up tothis peak at the moment when the hammer was 
arrested. nless the lifter is of an elastic nature, 
this sudden shock is bound to cause harm. 

On referring to the illustrations on pages 242 and 
243, it will be seen that the mechanism of the lifter is 
carried upon — resting on uprights, and the cast- 
iron guides for the hammer are supported in the 
cross-girder. The ropes pass up to the lifter, and 
are caused to lift the hammer in the following 
| manner. 

The motor, seen to the extreme left in the drawing, 
jand in the photographic views, drives through a reduc- 
| tion gear and a compensating clutch to the main shaft, 
| which extends — above the guides. Two vee'd 

lifting-drums A, A (Fig. 4) are keyed to this shaft, and 

| so revolve constantly with it. A loose pulley B is fitted 
| between the drums, its only purpose being to take the 
| weight of the hammer when the rope lifts. To 
| the cross-bar C the ropes are attached, and the bar 
|has four V-shaped blocks or brakes of gun-metal, 
| adapted to engage with the V-grooves in A, A. It 
| will therefore be seen that if these blocks are engaged 
| tightly with the drums, the latter will pull the bar C 
| upwards, and with it the ropes and hammer ; and if 
|the blocks are released, they will fall and let the 
hammer drop. 

The manner in which these brake-blocks are operated 
is simple. A lever D is conpled by a rod to a handle, 
|which the driver works, and D operates a shaft 
| which is connected by a rod to a companion-shaft on 
the other side of the drums. As these shafts turn 

simultaneously, they actuate levers that slide the 
| cones E, E towards each other, and the effect is to 
| push up the two tappet rollers F, F, which rock the 
| pivoted levers G, G, and thence operate the lifting- 





larms H, H. The latter are elongated in the bore, 


giving a small amount of movement up and down, so 
that when the tappet-gear comes into play the brakes 
are pulled into their grooves, and when they return to 
their normal condition the tappet rollers on the oppo- 
site side of the cones come into action, and the blocks 
are withdrawn from contact with the grooves. 

The friction blocks are fitted with grease lubri- 
cators, so as to ensure that they constantly run on 
oiled surfaces. The grease does not affect the lifting 
capacity, but it ensures that the surfaces are kept in 
a cool state. It also allows of a small amount of slip at 
the right time, and acts in a way as an elastic buffer. 

Messrs. Brett have adhered to the usual type of 
lever control, so that any stampers can begin to work 
the new kind of hammer without instruction or difti- 
culty. It is found that the combination of the oiled 
brake-blocks and the compensating-clutch drive gives 
sufficient slip to absorb any sudden severe shocks, 80 
that jerkiness is absent, and the life of the ropes is 
greatly prolonged. The number of brake-blocks is 
varied according to the size of the hammer. Thus, 
while the present example has four, a 30-cwt. hammer 
has six, a 10-cwt. has two, and a 7-cwt. but one =. 
After a run of several hours the brakes become only 
slightly warmed up, so that there is no necessity for 
a water-cooling apparatus, which, after all, if used, 
would only prove that there was a great loss of power 
by friction. 








THE NEW CUNARD LINER “ FRANCONIA.’ 

Ix the twin-screw steamer Franconia, which is 
shortly to enter upon the Boston service of the Cunard 
Company, the vibe experience of the owners is con- 
vincingly evidenced in the compromise which has been 
embodied in the qualities of design. One might 
almost say that the ship is a hybrid between the 
Mauretania and the later slow-speed ships, particularly 
in the arrangement of the passenger accommodation. 
There is a difference, of course, in the extent of the 
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accommodation when compared with the express’liner, 

rhaps also in the elaborateness of the decorations ; 
bat so far as the size of cabins, the degree of comfort 
ensured, the extent of the public rooms relative to 
the total number of passengers, and in the effi- 
ciency of ventilation and heating, there is little to 
choose between the fastest liners and these latest 
intermediate ships. The Franconia, moreover, is 
suggestive of the variety of ships requisite in such a 
line as the Cunard in order to maintain the prestige 
of British shipping. The Lusitania and Maure- 
tania, with their eae speeds of 26 knots on the 
voyage ; the new ship just ordered, which, it is said, 
will havea s of 23 to 24 knots ; the 18-knot Car- 
mania and Caronia, are all essential. But equally 
important to a maritime nation’s commerce are the 
slower ships, with large passenger and cargo capacity. 
The Franconia, with a total displacement of nearly 
25,000 tons, accommodates about 300 first-class, 400 
second-class, and 2000 third-class passengers, and takes 
over 7000 tons of cargo; and yet space, weight, and 
bunker capacity are found for machinery of the most 
economical type, to give a satisfactory sea speed. 
This, on a length over all of 625 ft., with a breadth of 
72 ft., and a registered tonnage of 18,150 tons, offers 
very satisfactory conditions so far as financial results 
are concerned ; and there is little doubt that this 
vessel, either on the Boston service or on the Medi- 
terranean yachting cruises, will prove exceptionally 
popular. An idea of her appearance is given by the 
view of the ship off the Tyne in Fig. 1 on the two-page 
plate accompanying this issue, while the longitudinal 
section, Fig. 2, shows the arrangement of decks, public 
rooms, cargo spaces, machinery bulkheads, &c. 

The Franconia was, like several preceding ships of 
the line, built by Messrs. Swan, Hunter, and Wigham 
ichardson, Limited, and engined by the Wallsend 
Slipway and Engineering Company, Limited, to the 
design of the professional officers of the Cunard Com- 
pany. The structural details have been worked out 
with special care to ensure a steady ship in a heavy 
seaway. In fixing the length, special consideration 
was given to the prevailing waves on the Atlantic, 
and long bilge-keels have been fitted to lessen the 
amplitude of roll. Water-tight transverse bulkheads 
divide the ship into water-tight compartments, and 
the doors are arranged to be closed from the bridge 
by hydraulic power. The pro lling engines, too, have 
been specially designed to Wulate vibration, and on 
the trial at service s it was demonstrated that 
this aim had been fully realised. 


PASSENGER ACCOMMODATION. 
The passenger accommodation has been arranged on 


six decks. We have already indicated the number 
ourried in the respective classes, and the following 
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lare a few of the more important features, as illus- 


trated on the longitudinal section and plans repro- 
duced on the two-page plate accompanying this issue. 

The boat-deck (Fig. 3), which extends for a length of 
280 ft., makes a splendid promenade, and has a house 
containing within it, reckoned from the forward end, 
the captain’s quarters, the library, the lounge (which is 
admidships), the gymnasium, and the smoke-room and 
verandah café, all for first-class ngers. The library 
is a room 30 ft. wide by 24 ft. long ; it opens on to the 
main staircase, from which there are corridors, past 
the funnel uptake, to the lounge, a compartment 56 ft. 
long by 40 ft. wide. This room is 7 notable ; 
it is in mahogany, with a special hard-wood floor, laid 

rfectly level, so that it may be used for dancing. 

ecesses are formed at the side by large bay windows, 
forming at the same time wind-screens for passengers 
sitting on the promenade. The gymnasium is a 
specially notable feature, and here there are provided 
a great variety of contrivances for exercise on the 
latest and most approved principles. There are elec- 
tric massage-machines, dummy horses operated by 
electric motor, cycles, boat-rowing gear, and other 
similar mechanical means for enabling passengers to 
have much-needed physical exercise on board ship. 
The smoke-room, which is illustrated by Fig. 10, on the 
opposite page, is at the after end of the deck-house, and 
is finished in grev sycamore. It is all that such a room 
should be. Abaft it is a sheltered verandah, to serve 
asacafé. This latter is a great improvement on some 
of the corresponding conveniences in other ships, bein 
arranged as a palm court. All the public rooms o 
this deck have _ mend high ceilings, particularly in 
the centre part of the rooms. 

The promenade-deck (Fig. 4) below has a deck-house 
over 280 ft. long and 45 ft. wide, leaving adequate 
lounging and walking space on each side. There is 
on each side of the deck-house a series of well-arranged 
cabins for one or two passengers, while four suites of 
rooms are arranged, each including a sitting-room, 
bed-room, bath, and similar accommodation, with a 
communicating corridor. 

The saloon-deck (Fig. 5) is notable in this ship, as it 
extends practically from stem to stern, while aft there 
is a large promenading space for the second-class pas- 
sengers. Forward of the main staircase are a number 
of cabins. Amidships 90 ft. of the length of the deck 
is given over to the first-class dining-saloon, of which 
an engraving is given in Fig. 11, above. A special 
feature is that there are over sixty tables, each to seat 
only two passengers, a number for four ngers, and 
several for eight. The uptake of the forward funnel 
pierces the deck at the forward end of this saloon, and 
opportunity has been taken to form a separate dining- 
saloon of about 28 ft. by 30ft. long. This can be used 
to supplement the accommodation of the general 
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saloon, or large companies may dine in absolute 
seclusion. The pantries and kitchen are abaft the 
dining-saloon, aud beyond that again is the second- 
class dining-room, which is 72 ft. long and the full 
width of the ship. The lounge and smoke-room for 
second-class passengers is arranged abaft the dining- 
saloon, being incorporated in the same deck-houses as 
the companion-way, with communication to and from 
the dining - saloon. This companion- way extends 
throughout the range of decks, so that in special 
cruises there is convenience of communication between 
all the parts of the ship. 

The greater part of the cabin accommodation, alike 
for the first and second-class, is in the central part of 
the shelter-deck (Fig. 6), and none of it is within 145 ft. 
of the stern or within 170 ft. of the bow. The rooms 
are arranged in two rows on each side of the ship, and 
special provision has been made for ventilation. A 
feature is the long uninterrupted ‘corridor on each side 
of the funnel and engine up-takes, a space in the 
centre, between the funnel up-takes, &c., being given 
up almost entirely to lavatories, baths, and other such 
conveniences. On this deck forward are arranged 
rooms for the third-class passengers, and aft the pro- 
menade, the steering engine-house being at the extreme 
end aft. 

On the upper deck (Fig. 7), the next in sequence 
downwards, there are a few second-class rooms on the 
starboard side of the ship amidships, while on the port 
side is the engine staff accommodation. The remainder 
of the deck, completely isolated, is given up to the 
sailors, stewards, and crew, and forward and aft to the 
ladies’ third-class accommodation, with the hospitals 
at the extreme after end. 

The main deck (Fig. 8) on the next level is occupied 
by the third-class accommodation, with very large 
dining and other public rooms. To the ventilation and 
heating of this part of the ship special care has been 
devoted. As shown in Fig. 9, on the lower deck for- 
ward, there are, again, quarters for the third-class, 
refrigerating-rooms, and a cargo space. 


Deck MACHINERY. 

For the working of the cargo derricks in conjunction 
with the two pole-masts are used, with some winches. 
These, with the capstan and windlass gear, have 
been provided by Messrs. John Wilson and Co., of 
Birkenhead, to the requirements of the Cunard Com- 
pany. The windlass for operating the anchor gear is 
of the horizontal type, fitted with quick-speed warp- 
ing-ends, and provided with auxiliary hand gear. Te 
is made for 3¥,-in. stud-link cable. The friction gear, 
by which the cable-holders are operated, is of special 
design, capable of transmitting the full power of the 
engines without slipping, and giving all the advan- 





tages of a positive-grip arrangement, with simplicity 
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in throwing in and out of gear. For additional warp- 
ing purposes, fore and aft, two horizontal steam- 
winches, with cylinders 12 in. in diameter by 16 in. 
stroke, are fitted. These winches are of heavy design, 
driven by ordinary spur-gearing, and provided with 
warping ends carried on extended A brackets to the 
deck. At the after end of the ship two single purchase 
warping capstans are provided, with engines 14 in. in 
diameter by 10 in. stroke. 

To obviate the discomfort to passengers caused by 
the working of noisy winches, the Franconia is fitted 
with special machinery for working the cargo as 
silently as possible. There are fitted four horizontal 
steam cargo-winches, with cylinders 8 in. in diameter 
by 12 in. stroke, arranged for double gear, and also 
six winches of the same size, but with single gear, 
which are used for the ge and discharging of 
cargo from the main hatches. e gearing is machine- 
cut from solid blanks, and the teeth run in a totally- 
enclosed oil-bath. This gearing gives an efficiency of 
95 per cent. On the double-gear winches, the pinions 
slide in and out of gear on machined square shafts, 
and the simultaneous operation of throwing in the 
double gear and withdrawing the single gear is per- 
formed by one movement of a hand-wheel. The ship 
is also fitted with four horizontal single-purchase-gear 
boat-winches with suitable drum-ends. These winches 
have gpg in. in ~~ by 8 _ = a 
is also a small electric high-speed e-hoist for 
taking aboard the mails an for Ssallien Saieiee. 


REFRIGERATING PLANT. 


The refrigerating plant has been > and fitted 
on board by Messrs. J. and E. Hall, Limited, and 
consists of one of their horizontal duplex CO, machines, 
having two compressors bored from solid blocks of high 
carbon forged steel. The compressor is driven by the 
tail-rods of a cross-compound steam-engine, the crank- 
shaft of which can be disconnected along with the 
central fly-wheel mounted on the couplings. This 
makes a neat arrangement, and leaves the sides of the 
machine clear and accessible. The condenser coils 
are contained in the base of the machine, and the 
evaporator coils in a pair of separate cylindrical 
casings. The whole forms two distinct refrigerating 
units capable of being worked independently, and at 
different temperatures. There are two brine-pumps 
of the ‘‘ duplex” type. The duty of the machine is to 
cool the ship’s provision-rooms (which are divided into 
ten separate chambers, the temperature of each of 
which can be independently regulated), to cool drink- 
ing-water and sundry cu s and lockers, and also 
to cool cargo beef chambers. The machine is placed 
in a recess on the tank-top level, between the main 
engine-room and the boiler-room, the provision-rooms 
being forward of the boiler-rooms, and the cargo 
chambers some distance further forward. The various 
chambers are cooled by electrically-welded brine-grids 
of the makers’ standard type, externally galvanised, 
the circuits being kept of moderate length, so as to 
give an even distribution and control of the tempera- 
ture. 
Tue KircHeN MACHINERY. 

The kitchens, pantries, sculleries, &c., are between 
the first and second-class saloons, and are well placed 
to ensure a ogo tag service to both dining-rooms. 
The main range is in the centre of the kitchen, and is 
of the ‘‘ Reliance” type. Grills, bain maries, steam- 
ovens, area stock-pots, slicers, patent 
roasters, ‘‘Meystres” patent salamanders, tritu- 
ratora, meat-slicing machines, mechanical whisks, and 
the hundred-and-one articles that go to perfect the 
modern ship’s kitchen are placed in convenient posi- 
tions. The steam-ovens are supplied with clean steam 
from evaporators specially designed for the purpose. 
This is a great improvement on the practice of taking 
steam from the main boilers. The bakers’ and con- 
fectioners’ shops, arranged in the most convenient 
positions, are equipped with the latest type water- 
tube baking ovens. There are also mechanical dough- 
mixers, whisks, steam-ovens for puddings, two large 
bread-provers, electric whisks, cake-making machines, 
and refrigerators. The pantries are fitted with 
‘* Vortex” dish-washing machines, coffee-mills, auto- 
matic egg-boilers, bain maries, hot presses, &c. Elec- 
tricity enters largely into the culinary department 
generally. It is responsible for driving many of the 
machines already mentioned. The third-class kitchen 
is on the main deck, and is certainly one of the finest 
on board. It contains huge batteries of steam-pans, 
ovens, and ranges, and potato-peeling machines, &c., 
capable of providing for 3000 persons. The whole of 
the cooking apparatus, pan ttings, &c., have been 
supplied by Messrs. Henry Wilson and Co., Limited, 
Liverpool, who are responsible for this class of work 
on nearly all the famous liners recently built. 

THe PROPELLING MACHINERY. 

The propelling machinery for the Franconia con- 
sists of two sets of quadruple engines balanced on the 
Yarrow, Schlick, and Tweedy system, so as to reduce 
vibration to a minimum. ey resemble in general 


design many types of engines which Mr, Andrew 





Laing’s company has fitted to a long series of Cunard 
liners. The cylinders are respectively 33 in., 47 in., 
67 in., and 95 in. indiameter, with a stroke of 60 in. 
Each cylinder is fitted with a separate liner, and the 
second intermediate and low-pressure cylinders are 
steam-jacketed. The pistons are of cast steel, except- 
ing those for the second intermediate cylinders. 
Piston valves are fitted to the high and first inter- 
mediate cylinders and slide-valves to the other. The 
valve-gear is worked by means of the usual double 
eccentrics and link motion, the reversing being accom- 

lished by means of two Brown’s combined steam and 
Rodinutis engines. The starting and handling gear is 
concentrated on one column for each set of engines. 
The bed-plates are of cast iron, of box form, and 
specially strong design, and attached to, and formin 
part of, these bed-plates are the thrust-blocks. Eac 
cylinder is carried on two cast-iron split columns of 
box form, both the front and the back columns of each 
engine being fitted with separate guide -faces for the 
piston-rod shoes. 

The working parts of the engine are of forged 
steel, and the shafting throughout was manufactured 
by Sir W. G. Armstrong, Whitworth, and Co., 
Limited, Manchester, of hydraulic forged fluid com- 
pressed steel. Each propeller is built up with four 
manganese-bronze blades. 

The condensers are entirely independent of the 
framing of the engines, but are secured to each engine 
largely as a matter of convenience in erecting the 
machinery in the shops. The arrangement gives a 
most compact result in the vessel’s engine-rooms. The 
condensers are of ‘Weir’s ‘‘ Uniflux ” type, and are built 
up of steel plates. These condensers work in con- 
junction with air-pumps of the ‘‘ Dual” type, —— 

y G. and J. Weir, Limited. The condensing plant is 
capable of maintaining a vacuum of 27 in. when the 
machinery is working at full power. No pumps 
whatever are worked from the main engines. Two 
centrifugal circulating-pumps are fitted for supplying 
the circulating water to the main condensers. ese 
pumps are each fitted with two enclosed engines, and 
are of Messrs. W. H. Allen, Son, and Co.’s make. 
The auxiliary condenser is also of Weir’s ‘‘ Uniflux ” 
type, and in this case also the centrifugal circulating- 
pumps are by Messrs. Allen. The main feed-pumps 
consist of three pairs of G. and J. Weir’s independent 
duplex automatic pumps, with float-tanks attached 
for regulating them. These pumps work in conjunction 
with two large surface-heaters by G. and J. Weir, 
Limited. Two Weir’s hot-well pumps are fitted for 
delivering water to the heaters. Two of Railton and 
Campbell’s filters are fitted in the feed delivery-pipe 
to the boilers, whilst a large suction-filter is fitted, 
supplied by J. H. Carruthers and Co., Limited. 

An auxiliary feed-pump and a ‘ ae ” air- 
pump, constructed by Messrs. G, and J. Weir, Limited, 
are fitted for working in conjunction with the auxi- 
liary condenser. _ Besides the above auxiliaries, there 
are also installed on board two large ballast-pumps, 
two fresh-water pumps, and two pumps for the fresh- 
water distillers, all of Mumford’s make. 

The installation of auxiliary machinery on board, to 
work in conjunction with the main machinery, is thus 
very complete. 

Four large Weir’s evaporators are installed, together 
with four distilling condensers. This plant is capable 
of supplying all make-up feed required for the main 
boilers, so as to ensure a continuous supply of fresh 
water, and also providing an ample supply of drink- 
ing-water. There are two bilge-pumps and two sani- 
tary pumps fitted, of Messrs. A. G. Mumford and 
Co.’s make. The ventilation of the engine-room is 
assisted by two ‘‘ Sirocco” fans. 

The boilers, which have also been constructed by 
the Wallsend Slipway and Engineering Company, 
Limited, are of the double-ended type, six in number, 
17 ft. 6 in. mean diameter and 21 ft. 6 in. long, and 
constructed for a working pressure of 2101b. They 
are arranged in two boiler-rooms, three being placed 
abreast in each boiler-room, and they work under 
natural draught. Two large funnels are fitted, there 
being one funnel to each group of three boilers. Both 
of ein funnels are oval, of the following dimen- 
sions, 14 ft. 3in. by 9 ft. 3 in., and they have outer 
casings. The total height of the funnels above the 
bars is 139 ft. The main steam-pipes are of wrought 
iron, lap-welded, and fitted with the necessary expan- 
sion joints. These pipes were manufactured by Messra. 
Stewarts and Lloyds, Limited, of Glasgow. The 
ventilation of the stokehold, like the engine-room, is 


carried out. by means of eight large ‘‘ Sirocco” fans, 
— by Messrs. Davidson and Co., Limited, of 
Belfast. 





Tue Joun Fritz Mepat.—The Board of Award ap- 
— by the Civil, Mechanical, Mining, and Electrical 
ieties of America has awarded the John Fritz Medal 
for 1911 to Sir William H. White, for ‘‘notable achieve- 
ments in naval architecture.” The John Fritz Medal is 
the highest distinction in the gift of the American Engi- 
neering Societies, and was established in 1902 by friends of 


the eminent metallurgist and engineer, 





NOTES FROM THE NORTH. 
Guiascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday a the 
ee market was fairly steady, and 5000 tons of Cleve 
and warrants were done at 49s. cash and four days, 
49s. 3d. one month, and 49s. 9d. three months. Closing 
sellers quoted 49s. cash, 49s. 3d. one month, and 49s. 9d. 
three months. Hematite was quoted at 67s. 1d. three 
months sellers. The afternoon session showed an easier 
tendency, and 5500 tons of Cleveland warrants were dealt 
in at 48s. 114d. cash and six days, and from 49s. 9d. to 
49s. 84d. three months. At the close there were sellers 
at 48s. 114d. cash, 4s. 24d. one month, and 49s. 84d. 
three months. On Friday morning the business consisted 
of 3000 tons of Cleveland warrants at 48s. 11d. cash, and 
49s. 24d. and 49s. 3d. one month, with sellers over at 49s. 
cash, 49s. 3d. one month, and 49s. 6d. three months. 
Hematite was unchanged at 67s. 1d. sellers threemonths. In 
the afternoon the market was firm, and 3500 tons of Cleve- 
land warrants changed hands at 48s. 114d. cash, 49s. 24d. 
one month, and 49s. 9d. three months. e closing quota- 
tions were 49s. cash, 49s. 3d. one month, and 49s. 9d. three 
months sellers. Hematite was quoted by sellers at 
66s. 3d. cash and 67s. 1d. three months. nm Monday 
morning the tone was easier, and Cleveland warrants 
were done at 48s. 114d. seven days, 49s. 14d. one month, 
and 49s, . April 12 and 13. The turnover was 2500 
tons, and closing sellers’ prices were 48s. 11d. cash, 49s. 2d. 
one month, and 49s. 84d. three months. A stronger tone 
prevailed in the afternoon, when 3000 tons of Cleveland 
warrants were put through at 48s. 11d. cash, 49s. 24d. and 
49s. 3d. one month, and 49s. 8d. three months. At 
the close there were sellers at 49s. 1d. cash, 49s. 4d. 
one month, and 49s. 10d. three months. On Tuesday 
morning the market was the turn easier, and 4500 
tons of Cleveland warrants were dealt in at 49s. 
cash, 49s. 3d. one month, with sellers over, and at 49s. 9d. 
three months, with closing sellers at 4d. more. In the 
afternoon the market was quite idle, and Cleveland war- 
rants were quoted without change. When the market 
opened to-day (Wednesday) a firm tone prevailed, and 
eveland warrants to the extent of 9500 tons were done 
at 49s. 1d. and 49s. _ cash, 49s. 34d. one month, 
and from 49s. 94d. to 49s. 103d. three months. Closing 
sellers quoted 49s. 14d. cash, 49s. 4d. one month, 
and 49s. 10d. three months. In the afternoon the 
market was again strong, and the business consisted 
of 5500 tons of Cleveland warrants at 49s. 1d. cash, 
49s. 1d. and 49s. 2d. five days, 49s. 34d. and 49s. 43d. one 
month, and 49s. 10d. and 49s. 103d. three months. The 
session closed with sellers at 49s. 2d. cash, 49s. 5d. one 
month, and 49s, 11d. three months. Sellers of hematite 
quoted 67s. 3d. three months. The following are the 
market quotations for makers’ (No. 1) iron :—Clyde and 
Calder, 61s. 6d.; Gartsherrie, 62s.; Langloan, 64s.; Sum- 
merlee, 64s. 6d.; and Coltness, 82s. (all shipped at Glas- 
ow); Glen ock (at Ardrossan), 64s.; Shotts (at 
ith), 62s. 6d.; and Carron (at Grangemouth), 69s. 6d. 


Sulphate of Ammonia.—A good demand continues to be 
the ruling factor in the sulphate of ammonia market, and 
large quantities have lately changed hands at steadily 
advancing prices. Since the beginning of this year the 
price has gone up from 13/. to 14/. 5s. per ton, which is 
now the current quotation for prompt lots, Glasgow or 
Leith. The total amount shipped from the latter port 
last week was 2158 tons. 

Scotch Steel Trade.—The state of affairs in the Scotch 
steel trade has been rather better during the past week, 
in the direction of deliveries at any rate, as shipbuilders 
have been sending in specifications a little more freely. 
New business is still, however, on the small side, but 
that cannot be wondered at considering the quantity of 
plates, &c., booked some months ~ The present 
official prices are as follow:—Ship-plates, 6/. 17s. 6d. 
per ton; angles, 6/. 10s. per ton; and _boiler-plates, 
7l. 12s. 6d. per ton—all less 5 per cent. delivered Clyde 
district. Inquiries for structural sections and light 
material are on the increase, particularly for export to 
the Colonies, and if certain projects materialise, the 
demands for shipment will be heavy. 


Malleable-Iron Trade.—No improvement can be noted 
in connection with the West of Scotland malleable-iron 
trade. A reduced number of shifts is being worked, and 
although the conditions are no better than during the 
past few weeks, they are at least no worse. A fair 
tonnage of Continental bars has recently been arriving 
here at a lower price than sellers will accept for the home 
make, with the result that a certain number of orders 
have gone past the local producers. 

Scotch Pig-Iron Trade.—The demand for Scotch pig 
iron is a little easier at present, but fairly good deliveries 
are still being made to consumers at home and in the 
south. The export trade is moderately satisfactory, and 
it is fully expected to show a considerable expansion at 
an early date. The No. 1 quality of iron has lately been 
in demand by Continental consumers. No change of any 
account has taken place in the hematite ition, and 
whereas new business is somewhat quiet, the deliveries 
against contracts are on a good scale. The price quoted 
by producers is firm round 71s. 6d. per ton. 





ExectricaL TRApEs’ BENEVOLENT INnstTITUTION. — It 
has been décided to hold the festival dinner of the 
Electrical Trades’ Benevolent Institution on April 26, at 
the Hotel Cecil. The association has recently had several 
cases to deal with, and it is sincerely hoped that the 
electrical trade generally will give it their very full sup 
port, so as to enable it to carry out, not only the allowing 
of temporary relief, but to p it in pew 4 @ position as 
will enable it to grant pensions to its qualified members 
or their widows, Benevolence is its main object, 
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NOTES FROM SOUTH YORKSHIRE. 
a. Sa. 
Opportunity for Enterprise.—A large number o ef - 
field ater» | a seem to have been quite oblivious to 
their opportunities in a branch of trade which is being 
successfully exploited by American and German rivals. 
This is the manufacture of ordinary carbon drills. So 
much attention has been paid to the perfecting of high- 
speed twist-drills, a department of industry which Shef- 
field firms have m assiduously enlarging in recent 
years, that foreign rivals have been allowed to supply a 
growing demand for the ordinary carbon drills. Even 
some of the high-s -drill makers themselves use, 
in their own wor ops the foreign products. These 
cheaper drills could, of course, be made quite as well in 
Sheffield, and at prices which would compare favour- 
ably with the quotations of German and American 
manufacturers. 


South Yorkshire Coal Trade.—Various conditions are 
operating to make the state of the hard-coal market 
firm. The demand on industrial account remains heavy, 
and many manufacturers are supplementing their con- 
tract deliveries with extra supplies. Prices tend to g° 
up, and are helped to maintain their position by the 
nearness of the shipping season, which is permitting 
collieries to take a firm stand. A number of con- 
tracts are being fixed up, but many of the pits are 
preparing for the open market. Smalls are in good 
demand, and coking slacks command good prices, 
makers having difficulty in meeting their customers. 
House coal has been affected by milder weather, and 
several pits are on short time. rbyshire brights have 
been reduced 6d. a ton. The sale of coal in which 
is becoming a more important branch locally, been 
considerable. Collieries have received a few more orders. 
The latest quotations on "Change, where business was 

uiet at the week-end, are :—Best branch hand-picked, 14s. ; 
Darasiey best Silkstone, 12s. to 13s:; Silkstones, 10s. to 
1ls.; Derbyshire brights, 11s. to 12s.; Yorkshire hards, 
9s. to 10s. 6d.; Derbyshire hards, 8s. to 9s. 3d.; washed 
nuts, 8s. to 9s.; rough slacks, 5s. 3d. to 7s. ; second qualities, 
3s. 6d. to 4s. 9d.; smalls, 1s. to 2s. 3d. 


Tron and Steel.—The iron market does not bear a very | T 


active appearance at the present time. The volume of 
business passing has been decidedly small, and deliveries 
under contracts have not been quite so heavy. Hematites 
are in a very firm position on account of big consumption, 
but prices have undergone no change either in these or 
in the common irons. -iron makers are working fairly 
well, but prices are very unsatisfactory. The attempt to 
form an association to te the prices of unmarked bars 
has not succeeded, but it is still hoped that some com- 
bined effort will be made in the matter. The prevalent 
price-cutting has nothing but an injurious effect. In 
the heavy steel trades work is not really evenly dis- 
tributed. Some branches are inclined to back 
a little in the march forward to prosperity. = 
deal of work in forgings and casti for shipbuilders 
does not now come to Sheffield, and the tendency for 
this work to be done near the shipyards seems to be 
growing, This, of course, applies specially to the smaller 
makers. There is a real need for more active conditions 
in general engineering. Railway steel is making much 
more rapid progress. T° spring, and axle-makers have 
go‘ a lot of work on their books, and rolling-stock orders 
from several of the companies are expected to be 
coming in shortly with greater freedom. Then news 
has come to hand this week of an order for thirty 
locomotives for the North British Railway Company 
being placed with the Yorkshire Engine Company, 
Wincobank. It is estimated that this order is worth 
90,0002. Steel for motor-car construction is a growing 
department of local trade. In tools and tool-steel and 
various special steels the foreign demand remains excel- 
lent. There are still to be heard complaints of price- 
cutting in the cheaper varieties. Agricultural implements 
are selling well, and there is a big output of files. Good 
business is being done in contractors’ tools, owing largely 
to favourable weather conditions. 





Tue SHep FoR THE Nava. ArrsHip.—The building 
for the accommodation of the new naval airship, con- 
structed at the Vickers Works at Barrow-in-Furness, was 
designed, manufactured, and erected by Messrs. Francis 
Morton and Co., Limited, of Garston, Liverpool. This 
was illustrated and described in ENGINEERING a year ago, 
when it was completed. 





Tue Royat Puorocrapuic Socrety.—An exhibition 
of prints at the house of the Royal Photographic 
Society of Great Britain, 35, Russell-square, London, 
W.C., was opened to the public on Wednesday, the 22nd 
inst., and will remain open till Saturday, April 1, daily 
from 11 a.m. till 5 p.m. (Saturdays 11 a.m. till 2 p.m.). 
Admission is free on presentation of visiting card. 


PRESIDENCY oF THE Roya. Society or ARrTs.—The 
Council of the Royal Society of Arts announce that, with 
: he onpeovel of His Majesty and the consent of His 

toyal Highness, they elected, at their meeting on Monday, 
the 13th inst., H.R.H. the Duke of Connaught, K.G., as 
President of the Society. The Council ma passed a 
- dial vote of thanks to the Lord Chief Justice, who has 
meld the office of President since it was vacated by His 
Majest er Denoresigned in order to make way for H.R.H. 
. 1¢ Duke of Connaught. Former Presidents of the Societ 

a been H.R.H. the Duke of S: 1816-43 ; HRA. 
the Prince Consort, 1843-61 ; H.R. H. the Prince of Wales 





(ay Edward VII.), 1863-1901 ; and H.R.H, the Prince 


ales (King George 7; ) 1901-10, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The pig-iron trade is still 
characterised by quietness, but some little improvement 
can be reported so far as Cleveland pig is concerned, 
demand for which is better, and quotations for which 
show an upward movement. The time has arrived when 
inquiries for spring and summer business are looked for, 
but as yet there is little forward business mentioned, 
though it is aap bey encouraging to know that any 
inquiry for business ahead elicits higher quotations than 
rule for early delivery. The most unsatisfactory feature 
of the staple industry is the excessive production. Cleve- 
land pig iron is this month being sent into the public 
warrant stores at the rate of over 750 tons per working day, 
and the stock there now stands at 565,000 tons. In addition 
to this makers’ stocks of both Cleveland and hematite pig 
iron are understood to be accumulating. Makersare not at 
all disposed to take “— to restrict the output, preferring 
to keep furnaces in full blast in the hope and belief that 
before long demand will be such as fully to absorb the 
roduction. No. 3 g.m b. Cleveland pig has this week 
n sold at 49s. and 49s. 14d. for early f.o.b. delivery, 
and the recognised market rate has now stiffened to 
49s. 3d. No. 1 continues scarce, and is put at 52s. 9d., 

whilst the lower qualities keep steady, No. 4 foundry bein 

48s. 3d.; No. 4 forge, 48s.; and mottled and white iron, eac 
47s. 6d.—all for early delivery. Many producers of hema- 
tite pig are said to have good contracts made, and it is 
expected that customers will be taking heavier deliveries 
shortly, for the consuming industries have a lot of work to 
execute this year. Second hands are quite prepared to sell 
Nos. 1, 2, and 3 at 65s. for early delivery, and some 
makers would not refuse orders at that figure ; but most 
of the producers put the price of mixed numbers at 
65s. 6d. Though business is practically at a standstill 
just now, foreign ore values are well upheld, sellers being 
favourably placed, as they have excellent contracts run- 
ning. Prices are based on 22s. 6d. ex-ship Tees for Rubio 





of 50 per cent. quality. Coke is abundant, and sellers good ad 


are pressing business at easier rates. Average blast- 
furnace kinds are quoted 15s. 6d. to 15s. 9d. delivered at 
ees-side works. 


Pig-Iron Shipments.—Shipments of pig iron are on a 
fairly good scale. To date this month they average 3069 
tons per working day, as compared with 3109 tons to the 
same date last month, and a daily average of 2819 tons 
for the corresponding part of February last year. 


Manufactured Iron and Steel.—The condition of the 
various branches of the manufactured iron and steel in- 
dustries may be described as satisfactory. Though new 
orders are scarce just now, inquiries having in fact almost 
disappeared, values all round are well maintained. Pro- 
ducers are not necessitated to seek fresh work, as they 
have excellent order-books, some of them having con- 
tracts made which will keep them busily employed 
oe the whole of the year. Common iron bars 
are 7/.; best bars, 7/. 7s. 6d.; best best bars, 7/. 15s.; 
packing-iron, 5/. 15s.; iron ship-plates, 6/. 12s. 6d.; iron 
ship-angles, 7/.; iron ship-rivets, 7/. 7s. 6d.; iron girder- 

lates, 6/. 17s. 6d.; iron boiler-plates, 7/. 7s. 6d.; steel 
Soon, 61. 5s.; steel ship-plates, 6/. 15s.; steel ship-angles, 
6l. 7s. 6d.; steel boiler-plates, 7/. 10s.; steel -_ 61. 10s. ; 
steel hoops, 6/. 12s. 6d.; steel joists, 6/. 5s. to 6l. 7s. 6d.; 
cast-iron railway chairs, 3/. 10s.; light iron rails, 6/. 10s. ; 
heavy steel rails, 5/. 15s.; steel railway sleepers, 6/. 12s. 6d.; 
and op corrugated sheets, 11/. 5s.—sheets less the 
usual 4 per cent. f.o.b., railway material net, and all other 
descriptions less the customary 24 per cent. discount. 


Extensions at the Blaydon Power-Station.—Some im- 
rtant additions have recently been made to the con- 
ensing plant at the Blaydon Power-Station of the 
Priestman Power Company at Blaydon-on-Tyne. This 
station, it will be remembered, was the pioneer waste- 
heat station in the North of England, the boilers being 
fired by the waste heat and from a battery of Otto- 
Hilgenstock coke-ovens. he steam thus produced is 
used in three-phase turbo-alternators. The recent addi- 
tions consist of a surface-condenser by Messrs. Cole, 
Marchent, and Morley, of the double-flow type, with 
2500 sq. ft. of surface, there being 1659 #-in. tu The 
condenser is arranged in parallel with the existing Mirr- 
lees-Watson condenser, and is connected up to the existing 
air-pumps and augmentor, the net result practically being 
an increase in the cooling surface. A new cooling-tower 
of the “‘ Zylba” type by the Midland Engineering Com- 
y has m erected. The capacity of the tower will 
Be 125,000 gallons of water per hour. The combined 
apaiy of this tower and the existing Richardsons- 
estgarth tower is 250,000 gallons per hour. 
with this quantity of water a new ay ump is 
being installed of the Worthington twin low-lift centri- 
ee | type, and will be driven direct by the existing 100- 
horse-power British Thomson- Houston motor. The 
power from this station is largely used in connection with 
the neighbouring collieries, in which an increasing quan- 
tity of electric power is being adopted. 





Otp Frrranti Mzn’s Dinner.—It is proposed shortly 
to hold a dinner, bably at the bend ca, Restaurant, 
London, at which all old Ferranti men are invited to 
attend. Mr. S. Z. de Ferranti will be the guest of the 
evening. The date will be fixed later, but a small com- 
mittee, which includes Mr. A. Bruce Anderson, Mr. 
C. P. Sparks, Mr. H. W. Kolle, Mr. Charles Day, Mr. 
G. Del Rivo, and Mr. Gerald W. Partri has the 
arrangements in hand. Communications 
addressed to the hon. sec., Mr. W. KE. Warrilow Selwyn, 
Mildred Avenue, Watford, 


Id be| « 


NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has been quiet. Occa- 
sional small concessions have been made to buyers for 
immediate delivery, but there have been few inquiries, 
although . ye are still looking for an improved 
demand. The t large steam coal has made 17s. 9d to 
18s. per ton; secondary qualities have ranged between 
16s. 3d. and 17s. 6d.; best bunker smalls, 9s. 9d. to 10s.; 
and cargo smalls, 8s. to 8s. 9d. per ton. The best ordi- 
nary household coal has been quoted at 14s. 6d. to 16s, 6d. ; 
No: 8 Rhondda large at 17s. to 17s. 6d.; and smalls at 
10s. to 10s. 6d. per ton. No. 2 Rhondda large has realised 
13s. to 13s. 3d., and smalls 8s, to 8s. 6d. per ton. Foundry 
coke has been quoted at 19s. to 22s., and furnace ditto at 
16s. to 17s. per ton. regards iron ore, Rubio has 
made 21s. 6d. to 22s, 6d. per ton, upon a basis of 50 

cent. of iron, and charges, including freight, insurance, 
>. to Cardiff or Newport. 

Bristol Wagon Company.—The ninety-fourth ordinary 
general meetin of the Bristol and South Wales Railway- 
Wagon Company, Limited, was held on Friday at Bristol, 
Colonel Batten in the chair. The directors’ report showed 
a disposable balance of 16,6507. The directors recom- 
mended a further dividend of 5 per cent., making 10 per 
cent. for the year. 


The ** Acorn” Class.—The Larne, the first of four oil- 
fuel destroyers of the Acorn class, built by Messrs. 
Thornycroft and Co., Limited, at the Woolston Works, 
has been commissioned at Portsmouth. The Lyra, 
a second vessel of the same type, will also be handed 
over in March, and it is expected that the Martia, 
a third, will be ready for quenstanng before the close 
of that month, while the Minstrel], the fourth vessel, will 
be similarly ready by the end of April. These destroyers 
have a displacement of 780 tons each; they are fitted 
with Parsons turbines of sufficient power to secure a speed 
of 27 knots, and the boilers are worked with oil fuel. 

Devonport.— Rapid me omy is being made at Devon- 
port with the new battleship Centurion, and an equally 
vance is noticeable with the Lion. 


Great Western Railway Economics.—In the second half 
of last year the Great Western Railway Company built 
ten new locomotives and reconstructed sixty-eight old 
engines, at the cost of revenue, at its Swindon works. 


Brecon and Merthyr Railway.—At the half-yearly 
meeting of the Brecon and Merthyr Railway it .was 
stated that the sinking of a large colliery at Bedwas was 
making good progress. Two shafts were down 412 yards 
and 350 yards yy and, unless anything unfore- 
seen happens, the full — of 600 yards should be 
reached in the autumn. e new Powell-Duffryn col- 
liery at Pengam, known as the Britannia Colliery, was 
also making good pi e surface works were 
under construction, and the shafts were down 30 yards. 
The prospects of the Brecon and Merthyr Railway were 
accordingly improving. 

Dowlais.—The local works have not been so busy. The 
Bessemer and Goat Mills have been engaged upon steel 
sleepers, billets, rails, and tin bar, and production has 
been fairly good. The Big Mill has not, however, been 
fully employed. 

Alexandra (Newport) Docks.—Lord Tred presided 
at the annual meeting of the Alexandra (Newport) and 
Sonth Wales Docks and Railway Company; and in 
moving the adoption of the directors’ report his lordship 
observed that there had been an increase in the revenue 
of 60647. An expenditure of 46,8162. had been made 
upon new works, which were progressing satisfactorily. 





Tuer Nationa EvecrricaAL MANUFACTURERS’ Associa- 
TION. —The annual general meeting of this association will 
be held at the Institution of Electrical ineers on 
Tuesday, the 28th inst., at 2.30p.m. This will be the 
first annual general meeting held under the new articles 
of association. 





INSTITUTION OF Post Orrick ELgcTRICAL ENGINEERS, 
—The fifth ordinary meeting of the Metropolitan Centre 
was held at the Institution of Blectrical Engineers on 
Monday, the 13th inst., when Mr. E. W. Pettit read a 
paper on ‘‘ Conveying Systems,” with special reference 
to their adaptability for use in post offices, 





Tue Cotp Srorace anp Icke Assocration.—This 
Association will hold a meeting at the Royal Society of 
Arts, John-street, Adelphi, W.C., on Tuesday, the 28th 
inst., at 8 p.m., when a paper on “‘Thermometry in its 


Application to the and mone of Refrigerated 
Produce” will be read by Mr. Frederick Simpson, C.E., 
A.M.LC.E. Application for tickets of admission should 
be made to the Secretary, the Cold S and Ice 
Association, 3, Oxford-court, Cannon-street, E.C, 


British FoUNDRYMEN’S ASSOCIATION.—A moses will 
be held in the meeting hall of the Institution of a- 
nical magneem, Storey’s Gate, St. James’s Park, West- 
minster, 8.W., this (Friday) evening, at 8 p.m., toi - 
rate a branch of the British Foundrymen’s Association for 
Mr P. Longmuir, B.Met,’ Sheffield, will preside, aed 
r. uir, B.Met., . Wi ide, and 
b Mr. R. Buchanan. FRA. ; 
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ELECTRIC POWER-STATION AT THE MIDLAND RAILWAY WORKS, DERBY. 
MR. HENRY FOWLER, CHIEF MECHANICAL ENGINEER, MIDLAND RAILWAY. 
(For Description, see Page 254.) 
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THE TWIN-SCREW CUNARD LIVERPOOL AND BOSTON LINER “FRANCONIA.” 
CONSTRUCTED BY MESSRS. SWAN, HUNTER, AND WIGHAM RICHARDSON, LTD., WALLSEND-ON-TYNE; ENGINED BY THE WALLSEND SLIPWAY AND ENGINEERING CO., LTD., WALLSEND-ON-TYNE. 


(For Description, see Page 246.) 
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Fie, 1. THe ‘*FRaNconrIA” OFF THE TYNE. 
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Fig. 2. 
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NOTICES OF MEETINGS. 


Tue Junior INSTITUTION OF p Exomvmens,—Friday, February 24, 
at 7.30 p.m., at the Royal United = Institution, White. 
hall. Paper on “ The Architectural and eering Features 
of the Royal Automobile Club Build ’ by Mr. 8. N. Bylander. 
In consequence of the death of Mr, J. Wylie N’ isbet, M.I. Mech. E., 
chairman of the Junior Institution of ie mae the reading of 
the paper was med from the 17th till Friday, the 24th. 

Tue Norra-East Coast Instirvrion oF ENGIN®ERS AND SHIP- 
BUILDERS.—Friday, February 24, at 7.30 p.m., in the Lecture 
Theatre of the Literary and Philosophical Society, Westgate-road, 
Newcastle-upon-Tyne. The discussion on Mr. FH. Alexander's 

per on ‘‘ Note on a Method of Calculating Cross Curves of 

tability ” will be resumed. = on “‘Superheated-Steam and 

Marine Engines,” by Mr. A. F. White, and discussion. The 
Graduates’ tion will meet on Saturday, the 25th, when Mr. 
G. F. Haddock, B.Sc., will read a paper on “ Refrigerating- 
Machines.” 

Tue InsTiTUTE OF MARINE ay ye February 27, 

adjourned discussion on ‘‘ Marine Boiler Re 
® Roya. Society or Arts.—Monday, — 27, at 8 p.m. 
Canter Lecture : “Tee bic. Modern Science,” by fessor 
Adrian J. Brown, M.Sc. LC. (Lecture IV.) became L Feb- 
ruary 28, at 4.30 p.m. Colonial Section. “The Resources and 
Problems of the Union of South Africa,” by the Hon. Sir "Richard 
Solomon, K.O.B., K.C.M.G., K.C.V.0., K.C., M.A., High Com- 
missioner for the Union of South Africa. The Right Hon. Lewis 
Harcourt, M.P., Secretary of State for the Colonies, will preside. 
Wednesday, March 1, at 8 p-m. ‘Caisson Sickness and Com- 
pressed Air,” by Dr. Leonard Hill, F.R.8. 
Tus INSTITUTION OF — Exonmmmrs.—Tuesday, F ‘ebruary 28, at 
be read :—‘‘ Modern Railway Signalling : Some 
Developments upon the Great Western Railway,” by Mr. Alfred 
Thomas Black: M. Inst. C.E. Students’ meetings, Fi we = 
February 24, at 8" p.m. Paper to read :—‘* The 
struction of Works for the Bacterial Purification of Bewage,” by 
Mr. Reginald ‘% Samuel, B.Sc., Stud. Inst. C.E. 3 


8 p.m. vd 


Midgley Taylor, M. ad = E, will occupy the chair. Sriday, 
March 3, at 8 p.m. Ly — Harbour Survey, 
1909-1910,” by Mr. Felis hill Jun., , Stud. Inst. C. 


Mr. Frederic Bheltord: B.8c., M. Inst. C Ee wil ry i the chair. 
Tue RO6NTeEN IETY.— er March 2, at Victoria- 
street, Westminster, 8. W. per: “Some Experiments with a 
10,000-Volt Storage Battery,” se y te. A. A. Campbell Swinton. 
Tus Royal Insrrrurion oF Great Brirain.—Friday, March 3, 
at 9 o'clock, Mr. F. A. Dixey, M A., M.D., F.R.S., on “ Scents of 
Butterflies.” Afternoon lectures next week at 3o elock. Tuesday, 
February 28. Mr. A. E. H. Tutton, M.A., D.Sc., F.R.S., on 
‘« Crystalline Structure: Mineral, Chemical, ‘and Liquid.” (Lee: 
ture I.) Thursday, March2. Mr. "Arthur C. Benson on “ Ruskin.” 
(Lecture I.) Saturday, March 4. essor Sir J. J. Thomson, 
M.A., LL.D., D.Sc., F.R.S., M.R.L, Professor of Natural Philo- 
sophy, BL, on “‘ Radiant Energy and Matter.” es L) 
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THE RAILWAY SITUATION. 


In spite of a number of unfavourable conditions, 
ranging from indifferent weather up to serious 
labour troubles, the second half of the year 1910 
proved to be a "remarkably prosperous one for our 
railways. In instance after instance all previous 
records have been broken in the revenue received ; 
and in spite of the continuous improvements 
effected in wages and in conditions of service, the 
additional earnings have generally been garnered at 
less than a proportionate outlay. 

The London and North-Western Railway Com- 
pany, which gy as yet unchallenged, the title of 
our leading line, has, in particular, a remarkable 
showing. e traffic receipts attained the figure 
of 8,421,109/., which establishes a new high-water 
mark in the history of the company. At the same 


time the total amount distributed in dividends also |s 


constitutes a record, whilst in the whole history 
of the company the amount expended on capital 
account during the half-year has never been so low. 
The receipts from all sources showed an increase 
of 297,0001. as compared with 1909, whilst the ex- 

mses went up by 73,242/., an increase which it 
is of interest to note is mainly accounted for by 
wages. At the company’s meeting the chairman 
made an interesting comparison between the con- 
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feature of the past forty years. On the North- 
Eastern Railway, for example, not only have hours 





been reduced, but whilst receipts have aug- 
mented during the period in question by 84 per 
cent., the outlay in wages has increased by 142 per 
cent., in spite of the adoption of costly labour- 
saving devices of every kind. Possibly the chances 
for promotion to the highest rank in the railway 
hierarchy are now less open to the lower grades 
than formerly, but the work is, in most cases, 
lighter (firemen, perhaps, excepted), the hours 
shorter, and wages higher; so the average, as 
——* to the exceptional, individual is distinctly 
better off. 

As is well known, the North-Eastern Railway 
poages te has been the only one of the great lines 

to ‘‘recognise” the union. The principal reason 
advanced for this recognition at the North-Eastern 
Railway meeting was the opinion held by the 
directors that the union would protect the com 
from irregular action by sections of the men. ith 
a truer insight into average human nature, the 
other companies have feared that the means to 
do ill deeds would make ill deeds done, and have 
felt it highly inadvisable to institute a condition 
of affairs in which whole classes of men, often reason- 
ably satisfied as to their own conditions of service, 
are called out on some quarrel with which they 
are only remotely connected, and the extremely 
| important public functions of ‘the com brought 
to a standstill. The railway service s should not be 
open to disorganisation by strikes. In the United 
States the problem in question has been partially 
solved by the law which makes it a felony to obstruct 
the mails. The true solution would seem to consist 
in giving the men rather better conditions of service 
than their equals can obtain in other service, thus 
rendering strikes unreasonable and a protective 
union unnecessary ; and this course has been that 
followed by most of the British railways. Experi- 
ence, both in Australia and France, has shown that 
nationalisation of the lines is no as against 
interruption of the service, and, of course, no 
competent authority believes that in a democratic 
State Government administration of remunera- 
tive lines can ever be equal in efficiency to that of 
companies given a reasonable degree of freedom. 
Nationalisers are fond of quoting German experi- 
ence, but railway officials in Germany are not under 
the direct control of party politicians, and are not 
hampered to anything like the same extent by 
heavy taxation. 

From the Lancashire and Yorkshire line, for 
example, the public drew in solid cash something 
like 4501. in the half year per mile of line open, of 
which two-thirds went in rates and Government 
duty, and the rest in income-tax. On the Liibeck- 
Buchener line in Germany the taxes paid per 
annum amount apparently to under 1001. per mile. 
In this connection it is, perhaps, of interest to note 
that the sole bar to a complete amalgamation of 
the South-Eastern and Chatham Railways is the 
fee of 200,0001, demanded by Somerset House. In 
this instance such an extortion is little better than 
blackmail, though, of course, the Revenue officials 
cannot in this instance be held responsible, as a 
ial Act would be needed for the remission of 
the tax. 

Whether such an amalgamation would effect 
much in the way of savings is perhaps doubtful. 
Theoretically, administrative expenses should be 
reduced, but this does not always Kilow, as is shown 
by the fact that those of the London Water Board 
are admittedly greater than the aggregate of those 
of the — companies it has re There has 
certain] n a tendency to expect too much in the 
way of Lomefite from amalgamation. These, more- 
over, are likely to be at a maximum within the 
first few years of the fusion, since power still lies 
in the hands of the able men who have earned their 
spurs during the period of competition. These will 
gradually fall out, and it will then be less easy to 
select equally competent successors under the 
ensuing less strenuous régime. 

In his reply to the vote of thanks passed on his 
retirement, Lord Stalbridge, at the London and 
North-Western Company's meeting, pointed out 
that the understandings with the idland and the 
Lancashire and Yorkshire Railway Companies were 
only responsible in a minor degree for the excellent 
results attained during the past half-year. The 
chairmen of the Great Eastern, Great Central, 
and Great Northern Companies, a combination 
which might conveniently be dubbed the ‘‘ Three 
Greats,”’ have also repeatedly expressed themselves 
as unable to estimate the savings which have arisen 
from their ‘‘ gentlemen’s understanding.” On the 
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other hand, the Midland Company hope, by its 
agreement with the Lancashire and Yorkshire Com- 
pany, to avoid the necessity of constructing the 
costly line into Bradford for which it acquired 
— some years ago; and the chairman of the 
South-Western Company declared that its recent 
understanding with the Great Western Company 
had put an end to their competition for the traftic 
to Roscoff, on the French coast. 

The Great Western Railway Company has had 
a very successful year, carrying 2,642,862 more pas- 
sengers, who paid an additional 108,5111. Both first- 
class and third-class receipts have gone up, but the 
second-class shows a large diminution, having been 
abolished during the period under review. Goods 
and mineral receipts were also up, the former by 
60,4161., and the latter by 37,315/., in spite of the 
loss of 30,0001. worth of coal traffic due to the 
Welsh strike. The works in hand include an 
enlargement of the Birmingham station, and the 
erection of warehouses at the Lambeth Goods Yard. 
Companies still differ greatly as to the advantage 
or otherwise of retaining the second-class. On most 
lines the returns from it have diminished, but there 
was in the past six months an increase in the 
second-class receipts of the Great Eastern Railway 
Company, which is attributed in the main to the 
effects of the Brussels Exhibition. 

The Midland Company has also done excel- 
lently, the gross receipts from all sources being up 
by 253,3321. For some time past the great com- 
panies have systematically diminished toa minimum 
their demand for further Parliamentary powers, but 
the pressure of circumstances is making it necessary 
for them to again face the House of Commons, and 
the risk of having their proposals treated, not on 
their merits as public works, but as pawns in the 
po'itical game. The Midland Company accordingly 
is seeking powers to construct a new line by 
which it will be able to avoid the present neces- 
sity of passing through Swansea station yard large 
quantities of coal intended for shipment. This 
presumably will excite little opposition, but the pro- 
posal to take over the London, Tilbury, and South- 
end line provides every promise of a Parliamentary 
battle of a vigour to which we have been strangers 
for some years past. The Greater London Railway 
Bill, which is a scheme for a belt line round the 
outskirts of London on the north, will, it appears, 
be opposed by the whole of the railway companies 
affected. 

The Great Northern Railway losses by tramway 
competition would appear to have now reached 
their limit, as even the suburban traffic shows an 
increase. At the meeting the chairman waxed 
enthusiastic over the rapid development of collieries 
now in progress in South Yorkshire. In view of 
the disputed question as to the present condition of 
the building trades, the announcement that the 
brick traffic hes increased is significant. 

The North-Eastern Railway Company’s results 
are perhaps the most notable of any, in view of 
the conditions in which they have been obtained. 
Labour troubles have been rife. The coal strike 
alone reduced the export of coal by 400,000 tons, 
and in addition to strikes on the line itself, there 
was a great dispute in the shipbuilding trade. In 
spite of these adverse circumstances, the revenue 
increased by 91,540l., and the expenditure by 
85,0001., of which 13,0001. went in wages and 
56,0001. in coal. 

The London and South-Western Company receipts 
amounted to 3,042,0521., which constitutes a record. 
Here, again, the directors believe that the abolition 
of the second-class compartments would be unprofit- 
able, although the receipts from this source showed 
a diminution of 43591. for the half-year. 

Another company with a record is the South- 
Eastern and Chatham combination. Here, as on 
the Great Eastern Railway, the second-class receipts 
showed an increase, and possibly the Brussels 
Exhibition may again be in part responsible for 
this, This company’s termini have been much in 
evidence lately in the schemes of amateur town- 
planners, who suggest that the abolition of the 
stations on the north side of the river would afford 
facilities for the construction of notable architec- 
tural adornments of the Metropolis. Referring to 
the matter at the meeting the chairman remarked 
that a general abolition of these termini was out of 
the question, but that if they got their price they 
would be Fs to part with Charing Cross 
Station and Bridge. This insistence by the railway 


on a receipt of a fair quid for their should put 
an end to the proposal, as the mulllio 


ns needed, 





should they be raised, would be much better spent 
on r improvements in accordance with the 
recommendations of the Board uf Trade. 

For the first time for many years the Great 
Eastern Railway shows an improvement in its re- 
ceipts, which increased by 104,000/., and the 
directors have taken the opportunity of raising on 
their own initiative the salaries of their clerical 
staff. 

A special interest attaches to the returns of the 
London, Brighton, and South Coast line. Here 
the third-class passengers showed the phenomenal 
increase of 5,126,017 in numbers, yielding 84,488/. 
more than in the corresponding period of 1909. The 
successful electrification of the South London line 
has induced the company to extend the system to 
the Crystal Palace, and it is hoped to have the 
electrification of this section completed in time 
for the summer festivities. Possibly another five 
years may see the main-line traffic to Brighton 
similarly operated. The traffic between London and 
‘** London-by-the-Sea” is already very heavy, but 
is undoubtedly capable of further development 7” 
improvements in the train service. To cope wit 
the long-distance tram service the company has 
attempted to improve the ‘‘ load-factor” of their 
line by offering cheap tickets to town during certain 
hours of the y> and the returns seem to indicate 
that the policy is proving successful. 

In the Metropolitan area, no doubt, the under- 
standing between the different underground com- 
panies has led to the best results. Here, however, 
the conditions were peculiar. The tram and omnibus 
competition is very severe, and as these conveyances 
offer lower fares, the sole resource of the railways is 
to offer the passenger a saving of time. Under the old 
régime this was not recognised. Each company in the 
case of interchange traffic spent its best effurts, 
not in the endeavour to deliver the passenger at his 
destination as promptly as ible, but to convey 
him for the longest possible proportion of his 
journey over their own metals. With the advent 
of mechanical methods of road locomotion such a 
policy was soon seen to be simply suicidal. The 
way to beat the trams is to beat them in speed. 
This, fortunately for the companies, is low, 
although the Board of Trade’s maximum limits are 
systematically exceeded, but this is offset by the 
numerous stops, ensuent partly on road blockages 
and partly to picking up and setting down, a pro- 
cedure rendered the more frequent by the great 
capacity of the cars, nearly half of which now seat 
seventy-eight passengers. The report of the Board of 
Trade on ad on traffic does not give the ‘‘ com- 
mercial” speed of these tramcars, but it does that of 
the motor-buses, which it states are more rapid, 
save on relatively open roads. The fastest of these 
omnibuses, those running from Kilburn to Marble 
Arch, have a commercial speed of 8.2 miles per hour. 
Those entering the City are, however, much slower, 
the average ‘‘commercial” speed being 7.1 miles 
per hour for the route taken as a whole, or only 
about 1} miles per hour more than the horse- 
omnibuses they replace. If the South London 
cars are slower than this, as would appear from 
Sir Herbert Jekell’s report, it is easy to under- 
stand how it is that the London, Brighton, and 
South Coast Railway Company has, by the elec- 
trification of its South London line, recovered 
in a single year the whole of its lost traffic on 
that branch. The booked speed of the electric 
trains is over 20 miles per hour from terminus to 
terminus, and the service has, moreover, been in- 
creased in frequency. An interesting point in the 
working of this line is the institution of a double 
set of signals for the mile and a half between 
London Bridge and Bermondsey. Here there are 
three tracks, and by fitting two sets of signals two 
of these are available for the up traffic during the 
— rush, and similarly in the evening by 
using the second set of signals two are again 
available for the then dense down traftic. 

On the tubes the speed is lowest in the case of 
the City and South London, where it averages only 
13} miles per hour. Undoubtedly a considerable 
increase of tratlic could be secured were this raised 
to 17 miles or more, as on the other tubes, but 
financial difficulties stand in the way. On the Circle 
the trains are continually being accelerated, and 
during the quiet period of the day, from 11 a.m. to 
4 o'clock, the round trip is made in 48 minutes, as 
against 70 in the old days of steam. 

The Metropolitan, the District, and the City and 
South London Railway Companies have each carried 


more passengers than ever before, The Metro-: 





politan Railway Company claims to have conveyed 
nearly 103 millions, inclusive of season-ticket 
holders. At present 588 trains pass through 
Baker-street Station in the. 20-hour working-day. 
Those running between the City and the outer sub- 
urban area have all at present to pass over a single 
pair of rails, which alone serves to connect the 
tracks of the Inner Circle with the line to Wembley 
and beyond. In view of the rapid growth of this 
traffic the company are laying down an additional 
pair of tracks—a work which involves the widening 
of the tunnel. The whole Baker-street station is, 
moreover, to be reconstructed. The company has, 
further, decided to construct a new station half-way 
between King’s Cross and Farringdon-street—a 
distance of 1} miles, which is at present the longest 
run between stations on the Inner Circle. To 
lessen delays at stations it is further proposed 
to provide the carriages with doors at the centre, 
similar to the arrangement at present in use on the 
District line. At the meeting the chairman expressed 
regret that the company had abandoned its old- 
fashioned compartments, which have relatively 
much greater holding capacity than the present 
type. This, no doubt, is true, but the advantage 
was largely offset by the use of side doors increasing 
delays at stations, which frequently exceeded 45 
seconds or more with the old carriages. New turbo- 
generators, it was announced, are to be installed at 
Neasden, where the plant, though it has shown 
itself reliable, is costly in fuel compared with more 
modern types. 

The District Railway has carried 36,500,000 pas- 
sengers in the half year. The earnings amounted 
to 280,000/., which is an increase of 19,200/., 
whilst the expenses were 150,000/., or 2081/. 
less than in the corresponding period of 1909. 
This reduction in working costs, in spite of the 
no traffic, is due to the installation of modern 
turbines at Chelsea, in consequence of which five 
boilers now do the work of eight. At certain 
hours of the day 38 trains per hour run between 
Kensington and the City, and it is intended to 
raise this to 40. Through Earl’s Court no less than 
1162 trains run per day. Further improvement of 
the service is hampered for the present by the run- 
ning powers still possessed by certain lines over the 
company’s suburban branches, but steps are being 
taken to construct new tracks, so that two may be 
reserved wholly for the District trains. The doubling 
at Turnham Green is already finished, and others are 
in contemplation. In conjunction with the London 
Electric Railway Company the District intends to 
take over the Lot’s-Road Power Station, which is 
at present an independent enterprise, having a 
ninety-nine-year agreement with the companies 
supplied. 

he London Electric Railway Company, which 
is a fusion uf the Hampstead, Bakerloo, and the 
Great Northern and Piccadilly tubes, carried 
46,652,000 passengers. This is less than the aggre- 
gate, of the three undertakings concerned, in the 
corresponding period of 1909, since at that time 
the ‘‘compound” passenger, who made a journey 
over two of the tubes, was counted twice, whilst 
now he counts as one passenger only. The receipts 
have increased by 3997/., and the expenses dimi- 
nished by 45291. During the earlier portion of the 
half-year the Hampstead tube suffered from the 
competition of the newly-opened tramways, but 
the loss has now been recovered It has been 
=— decided to extend the Bakerloo to Pad- 

ington. 

The Central London Railway Company shows 
an increase of 28241. in its receipts, although the 
fares have been reduced. It carried just 20 million 
passengers; running 800 trains per day. The 
extension to Liverpool-street is well under way, 
and at the other end of the line the company pro- 
poses an extension which will connect with the 
Great Western and establish a direct connection 
between West Ealing and the heart of the City. 
None of the underground lines is in a thoroughly 
satisfactory Snenelal condition, the rate of profit 
being generally insignificant in comparison with 
the value of the services rendered ; but the Great 
Northern and City is now the only one which does 
not earn more than sufficient to meet its fixed 
charges. This line, which has a 16-ft. tube, and was 
correspondingly expensive to construct, carried 
5,856,829 passengers in the half-year and earned a 
net revenue of 19,108]., which is 3903/. less than 
the fixed charges. 

For some years past the railways have been 


remarkably successful in appealing, against over- 
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assessments, but the returns for the past half year 
show that the relief thus secured is now more than 
offset by the steady rise in the poundage. 

Many companies are now seeking powers to issue 
‘* bearer certificates,” which will make their shares 
more readily marketable on the Continent and 
America. On the other hand, such a change will 
facilitate the transfer of shares without the payment 
of stamp duty, and the proposal may therefore be 
resisted by the Inland Revenue authorities. 








THE “WARATAH” WRECK INQUIRY. 

THe most important point which emerges from 
the finding of the Court appointed by the Board 
of Trade to make inquiry into the loss of the 
Waratah is the recommendation that a committee 
of experts should be appointed to arrive at some 
conclusion concerning the minimum stability re- 
quirements of different types of vessels at sea, so 
that curves showing these may be utilised for pre- 
paring rules for the guidance of shipowners in the 
stowage of cargo in each ship with greater precision 
than is nowpossible. The suggestion for the appoint- 
ment of such a committee would seem to indicate 
pretty clearly the trend of opinion on the part of the 
bourt, which included Admiral E. H. M. Davis, 
R.N., Commander F. C. A. Lyon, R.N.R., and 
Professor J. J. Welch, M.Sc.; but we shall later 
inquire whether it is the absence of such curves or 
the non-fulfilment of the conditions now laid down 
by most builders that should be the subject of future 
consideration. The judgment is pretty much what 
was to be expected in view of the facts available ; 
it is inconclusive because of the lack of definite 
knowledge as to how the vessel was lost. 

The indisputable facts are few. The Waratah 
was built for the Blue. Anchor Fleet, and delivered 
to the owners on October 23, 1908, and left London 
on her maiden voyage on November 5, 1908, 
accomplishing the round voyage to Australia by 
the Cape. She left London on her second voyage 
on April 27, 1909, after being surveyed and satis- 
factorily reported on in the usual way. A call 
was made at Durban, which port she left on 
July 26, 1909. Signals were exchanged with a ship 
going in the same direction, the Clan Macintyre, 
on the next day, and the latter vessel soon after 
entered upon one of the worst storms experienced 
off the African coast. The Waratah was never 
again heard of, and the Court, after considering 
the theories put forward, came to the conclusion 
that she was lost in this storm. All the pas- 
sengers and crew lost their lives then. In view of 
the anxiety of friends, the Court regarded it as the 
kindest course to emphasise this view in the strongest 
manner. 

Many theories were put forward regarding the 
cause of loss; many of these ought never to have 
been permitted at a Board of Trade inquiry. In 
point of fact, a large degree of sensationalism has 
been imported into the subject, not only by the 
treatment of it in the daily papers—which are a 
law unto themselves in such matters—but in the 
Board of Trade Court of Inquiry, where too much 
latitude was taken in determining the character of 
the evidence to be given. 

The main int, however, is as to why the 
Waratah capsized, and on this point there is no 
definite pronouncement in the long judgment read 
by the Court on Wednesday last. One thing, how- 
ever, seems clear, and that is, that there were no 
defects, either in the construction of the vessel or 
in her equipment, to justify some of the state- 
ments made at the Court. The vessel had three 
Kelvin compasses, and, so far as the Court could 
learn, they were in wenn order and sufficient 
for safe navigation. hen the ship left Durban 
she was supplied with proper and sufficient boats 
and life-saving appliances in g order and 
ready for use, although the Court suggested that 
more might have been done in the way of fire 
and boat drill. The vessel was manned consider- 
ably in excess of Board of Trade requirements ; 
but here again the Court hold the view that an 
early opportunity might be taken of considering 
whether these requirements are sufficient in the 
case of large vessels carrying passengers. The 
Court, too, was of opinion that the cargo was 
properly stowed, and on the basis of calculations 
made by the expert witnesses, with the result of 
which the Court was in general agreement, the 
vessel ‘had sufficient stability as laden.” *‘‘She 
was in proper trim for the voyage she was about 
vo undertake, She was in good condition as regards 





structure, and, so far as the evidence went, in a 
seaworthy condition ; but there was no sufficient 
evidence before the Court to show that all proper 
precautions, such as battening hatches, securing 
ports, coaling-doors, &c., had been taken.” 

The Court in their judgment enter into a con- 
sideration of the general condition of stability, and 
the calculations made by the builders, because of 
statements which had been made by ofticers and 
men who had spent long years at sea. The testi- 
mony of these men—even when it seemed to be free 
from imaginative exaggeration—was, however, some- 
what conflicting ; but the Court found an explana- 
tion for the adverse comment upon the Waratah’s 
behaviour during her career in her undoubted 
tenderness throughout her first voyage and whilst 
loaded. In such a condition quite observable lists 
could be produced by moderate wind-pressures, 
relatively small alterations of water-ballast, the 
consumption of fresh water, or non-symmetrical 
working out of coal. In the original specifi- 
cation the requirements as to stability were as 
follow :—(1) The vessel was to be able to stand 
and shift without any ballast, and (2) to be 
designed, if possible, to go to sea with permanent 
coal and water ballast only. The Court were 
satisfied that the first condition was fulfilled, but 
as = the second condition they felt that the 
introduction of the words ‘‘if possible” seemed 
to render the requirement nugatory; that the 
vessel in order to fulfil this condition should 
carry 2100 tons of coal in the permanent bunkers. 
It appeared that provision was made for carrying 


coal on the spar-deck, and that because of this 


the builders required that the words ‘‘ if ible” 
should be introduced in the second condition, as 
the requirements of the second condition could 
not be carried out if the coal carried in the spar- 
deck bunker were included in the ‘‘ permanent ” 
coal supply. 

That the conditions of loading were not clearly 
understood by those responsible, even in connection 
with the first voyage, was indicated by communi- 
cations which between the owners and 
builders. When the ship left the Clyde the builders 
raised objections to coal being put on the spar-deck, 
probably deeming this unsatisfactory under the 
special conditions of loading for the voyage to 
London, and later they sent to the owners a sta- 
bility statement, giving particulars under several 
conditions, and also a general statement regardin 
loading. Most unfortunately, however, the vesse 
had left London on her maiden voyage before this 
information could be utilised by the captain, and, 
consequently, those responsible for the loading of 
the vessel on her first voyage had not the advan- 
tage of the instructions prepared by the scientific 
staff of the builders seule the conditions of 
loading to meet various conditions. 

Conflicting statements arose as to the behaviour 
of the ship on her maiden voyage, but there is the 
suaaiallle fact that the captain of the ship—who 
by all accounts appears to have been a thoroughly 
capable officer—in his complete reports of the 
voyage from each port, is said to have made no 
mention regarding the stability and behaviour of 
the ship at sea, and that, too, although the speci- 
fication of the ship was new, and although it 
was to be used as the basis of a specification 
for another new ship. The Court was quite 
unable to understand oe silence could have been 
preserved on. such an important and interesting 
subject as her stability and behaviour at sea. 
Animadverting upon this, the Court said that ‘‘ it 
was contrary to the whole practice of shipowners 
and shipmasters to treat such a matter with the 
indifference with which Mr. Lund (of the owners’ 
company) represented to the Court that he and 
Captain [lbery treated it; and, from this fact 
alone, the Court was almost compelled to draw 
an inference unfavourable to the owners as 
regards their knowledge of the ship’s behaviour 
on her maiden voyage—an inference which was 
greatly strengthened by the correspondence between 
them and the builders after the first loading in 
London, and also after she returned from her first 
voyage.” 

t has been the practice—at all events with the 
more experienced builders, and the firm who con- 
structed the Waratah have the right by reason of 
their work to be classed among this number—to 
supply the owners with full information regardi 
the stability of the ship under all conditions o 
loading, and with instructions as to the disposition 
of the ballast in order to ensure the continuance 


of satisfactory conditions. But there is no certainty 
as to whether or not these conditions are scrupu- 
lously fulfilled by the officers responsible for the 
ship. They entail a certain amount of daily inspec- 
tion regarding the condition of each ballast tank, 
and the position of the coal in the bunkers, and 
this inspection work, even in passenger ships, 
is done, we fear, in some cases in a very perfunc- 
tory way. Thus the proposal to institute a com- 
mittee in order that rules may be formulated by 
builders for the stowage of cargo for any particular 
ship to conform with the curves of stability under 
different conditions, while satisfactory in itself, 
requires something more to ensure that the rules 
will be carried out most carefully. 








A NEW PROCESS OF WATER- 
SOFTENING. 

Ir is probable that few people, if asked to describe 
the nature of ‘‘zeolites” could do so; indeed, 
we doubt very much whether many persons outside 
the ranks of geologists have ever heard of them. 
Yet they are distributed pretty freely among the 
older rocks of the earth’s surface, though not 
entering into the constitution of the rocks them- 
selves. They are found in a crystalline form in 
amygdaloidal fissures or cavities of trap or plutonic 
rocks, where they have apparently been deposited 
from water which has percolated into the cavities, 
thus probably being products of decomposing 
nepheline, or felspar, or hydrated felspars them- 
selves. They present a great variety of develop- 
ment, and are mostly white and glassy in appearance. 
Briefly, they are hydrated silicates of alkalies, 
generally with silicates of aluminium, and seldom 
containing magnesium. The water is, we believe, 
generally regarded as basic, in union with silica. 

Owing to the great number of forms that con- 
stitute this group of minerals, and their varying 
chemical constitution, it is quite out of the 
question to discuss them fully here, nor is it 
necessary ; all we need say is that they are 
composed generally of varying quantities of silica, 
alumina, lime, soda, potash, and water, the silica 
always largely predominating in all forms, though 
the other constituents we have named are not neces- 
sarily found in all ‘‘ zeolites.” Asan example of one 
form we may take analcime, which is composed of 
54.5 per cent. of silica, 23.3 per cent. of alumina, 
14.1 per cent. of soda, and 8.2 per cent. of water. 
These zeolites have, in contradistinction to other 
silieates occurring in Nature, the property of being 
soluble, and they also decompose in dilute acids. 
They have also the very important property of being 
able to exchange their bases for others. 

Having said this much with regard to the zeolites 
found in Nature, we come to the connection 
which the property they posssess of exchanging 
their bases for others has with the subject of 
our article. One would not, on first thought, see 
much connection between zeolites and the softenin 
of water, but it has been found that when ha 
water is allowed to filter slowly through layers of 
these hydrated silicates of alkalies the lime in 
the water changes place with the soda in the filter- 
ing medium, and the water passes out softened ; 
and this fact has been the means in Germany of 
instigating a series of experiments during the last 
two years, which have proved of great value, and 
which have shown that these zeolites can 
produced artificially, with the result that the sub- 
stance is now made much more regular in its com- 

ition and freer from impurities than that found 
In a state of nature. To these artificial zeolites 
has been given the name of ‘‘ permutit,” which in 
a moist condition is of a granular flaky form, and 
has a lustre like that of mother-of-pearl. It has 
a high porosity, and in the dry state readily 
absorbs about 50 per cent. of water. The details 
of its manufacture cannot be gone into here, but 
we may say that it is obtained by fusing togethor 
felspar, kaolin, clay, and soda in definite propor- 
tions, the resultant material being lixiviated with 
hot water, when permutit is leftas a residue. The 
granular material is freed as much as ible from 
the final alkaline lye by washing and centrifugal 
action. The empirical formula of an artificial zeolite 
is approximately 2 SiO,, Al,O,. Na,O, 6 H,U. 

ow the use of this material for softening water 
may be briefly described as follows :—As is well 
known, the total hardness of water may consist of 
temporary hardness or of permanent hardness, or 
of the two combined, the former being caused by 





calcium and magnesium carbonates, and the latter 
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by other salts of lime and magnesia. Boiling at 
atmospheric pressure precipitates the carbonates 
and the magnesia, but not the salts forming per- 
manent hardness. Now, as is well known, in 
the commercial processes at the present time, 
sodium carbonate is added to water as a means of 
precipitating the hardening constitutents of the 
water, there being an exchange of bases between 
the lime and manganese and the sodium carbonate. 
In like manner, if hard water be allowed to filter 
slowly (the slower the better) through layers of 
permutit, there is likewise an exchange of bases, 
the lime in the water taking the place of the soda in 
the permutit, one molecule of calcium bicarbonate 
being converted (in the case of temporary hardness) 
into two molecules of sodium bicarbonate, which 
latter remains in the water, being very soluble. 

The question that will, of course, at once arise 
in the mind is, how long will the permutit in the 
filter retain this power? The answer is that it will 
only retain it so long as any soda remains to 
exchange with the lime in the water, and here really 
comes the most interesting part of the process. 
Permutit suffers practically no loss during use, but 
when a certain amount of water has been passed 
through it, its softening powers disappear, but they 
can easily be restored, and the material can be used 
over and over again practically indefinitely. 

The power of regeneration appears to be the chief 
novelty of the process ; but before it is carried out a 
few essential points must be attended to. In the first 
place, the tilter must be cleaned. Experience shows 
that filtration is most effective from the top to the 
bottom, and that, therefore, cleaning should take 
»lace in the reverse direction—namely, from the 

ttom to the top—-so as to loosen the mass and 
remove any air that has collected in the material, 
soft water, if possible, being used for the purpose. 
After washing, the permutit is regenerated by a 
solution of common salt, the solution generally 
being of 10 per cent. strength. Previous to re- 

eneration all water is removed from the filter 

own to the layer of permutit, after which the salt 
solution is introduced and allowed to flow slowly 
through the filter for from four to five hours. In 
addition to this, the brine is allowed to stand for a 
further four or five hours, just covering the layer of 
permutit, after which the filter is filled with water 
from the top, and an outlet cock at the bottom is 
opened for 20 or 30 minutes, or until the water no 
longer shows any hardness with ammonium oxalate 
or with soap solution. 

The chemical reaction that takes place during 
regeneration consists in an interchange between the 
soda in the sodium chloride and the lime in the 
permutit (derived from the water which it. has 
softened), calcium chloride remaining in solution in 
the regeneration water. It may be stated that in 
practice the most suitable rate for the water that 
requires softening to pass through the layers of 
permutit has been found to be from 13 ft. to 17 ft. 
per hour. The permutit is not only active at the 
surface, but also in the interior, in consequence of 
its porosity. 

rom information supplied from Germany it 
appears that filters using these artificial zeolites 
have been in practical use during the last two years, 
treating water for a variety of purposes, including 
use in boilers and for washing fine textile goods, 
and a plant has recently been installed in this 
country for the latter purpose. The results, so 
far as we are able to gather, have been en- 
tirely satisfactory. The treated water is, we 
understand, particularly well adapted for textile 
industries, as it can be reduced in hardness 
ractically to zero. In one case where a permutit 
filter was supplied to a steam-laundry in Berlin 
more than two years ago, it is stated that in 
about nine months 1,174,800 gallons of water 
through the filter, which volume was com- 
pletely softened without any apparent loss of per- 
mutit. The charge of permutit was about half-a-ton, 
and about 1050 gallons of water passed over each 
pound of the material. In this case about 44,000 
gallons of water per week were used, and regeneration 
was carried out twice per week, 88 lb. of salt being 
used per regeneration, although it is stated that 
it need not have been done quite so often. The 
cost of regeneration naturally depends on the price 
of salt, and on the degrees of hardness in the water. 
It is stated that water having 53 deg. of hardness 
has been reduced to 3.7 deg. by the process. 

All reports of this new method of softening water 
speak very favourably of it, but the future only can 
show whether it can stand the continued test of 





practical application in a variety of ways. It is, 
we understand, being now introduced into this 
country by Water-Softeners, Limited, 20, Copthall- 
avenue, Throgmorton-street, E.C., and its course 
will, no doubt, be followed with much interest. 
We have not ourselves seen it at work on a large 
scale, but have had the opportunity of inspecting 
what might be called a small domestic installation, 
which was treating water of about 20 deg. total 
hardness. We tested the water after treatment, 
and found it to be about 3 deg. of hardness ; but 
we understood at the time that the filter required 
regeneration, and that usually the hardness after 
treatment was almost zero. Specially prepared 
permutit can also be used for removing iron and 
manganese from water, but this is a matter which 
we need not go into here. 








THE MIDLAND RAILWAY POWER- 
STATION AT DERBY. 
In spite of a growing belief in the economy and 
convenience of generating electricity in very large 
stations and distributing it over large areas—in 


both cases these stations are comparatively small 
ones in the light of modern practice. The Post-Office 
station has an installed capacity of 2500 kw., while 
the Derby station has one of 3000 kw. Doubtless 
there were in each case good reasons why a 
new station should be built, and we have no 
wish to make any criticisms of either from 
this point of view. The opening of the new 
Midland Railway station, however, cannot but 
serve to remind one how far we still are from Mr. 
Ferranti’s ideals, although in itself the station 
marks a further step forward towards these ideals, 
since its purpose is to replace a number of smaller 
power plants scattered about the works. 

The design of a power-station of small or medium 
size—the 3000-kw. of the Derby station, for in- 
stance—is a problem requiring considerable judg- 
ment and sense of proportion. It is not always 
easy to determine at what point refinements are to 
stop. Modern practice has placed at the disposal 
of the designer a mass of automatic or semi-auto- 
matic appliances, among which he has to make a 
choice, one of his greatest difficulties being to 
determine how far he is justified in spending 
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spite of the remarkable success which has attended 
the concentration of power supply on the North- 
East Coast—in spite even of Mr. Ferranti’s pro- 
nunciamento, new and comparatively small power- 
stations, devoted to particular purposes, are con- 
tinually being built. It is but a few months since 
we described the new Post-Oftice station in London, 
and we have now to record the setting to work of a 
station built by the Midland Railway Company for 
supplying electric power to their Derby works, In 


capital with the idea of cutting down running 
charges. He has to steer a sane and moderate 
course between the complication which is justifi- 
able in a 30,000-kw. station and the extreme sim- 
plicity which should be characteristic of a 300-kw. 
one. In general, the tendency is rather towards 
too great a complication in medium-sized stations 
than towards too great simplicity, and many cases 
can be seen where expensive refinements have 
been installed which have no economic justifica- 
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tion. From this point of view, the new Midland 
Railway station is of much interest, as, while 
embodying all necessary features for satisfactory 
working, it is remarkable for an absence of com- 
plication and of unnecessary automatic appliances, 
and appears to bea very satisfactory and workman- 
like job. Interior views of the station, which give 
a good idea of its general lines, are shown in Figs. 
1 and 2, on page 250; but as in describing it in 
detail it will be convenient to commence from the 
boiler-house end, we will refer to these figures 
again later. 

The station is situated at one side of the railway 
workshops, and on the opposite bank of the Derby 
Canal from them. This site was selected as the 
most suitable available, but special arrangements 
were necessary in order to connect it with the 
works, as there was no means of ready access across 
the canal. To meet the conditions, a_ bridge, 
which is shown in Fig. 3, on page 254, was con- 
structed. It consists of two box-girders carried 
on walls at each end, and supported by intermediate 
stanchions, and was made in the railway company’s 
locomotive shops. The bridge was built in the 
early stages of the construction of the station, and 
served for the transport of machinery and material 
from the workshop side of the canal. This material 
was conveyed by a 10-ton crab, manufactured by 
Messrs. Royce and Co., which runs on the lower 
flanges of the box girders. The crab is intended 
to be used for the removal of ashes from the 
station during ordinary running. The upper plat- 
form of the bridge is housed in and contains a 
horizontal belt-conveyor for the coal, which is 
shown in Fig. 4, on page 254. This belt is fed bya 
bucket-elevator, which lifts the coal from a 20-ton 
hopper situated on the works side of the canal, 
this hopper being filled from end-tipping wagons, 
which are simply shunted into position over the 
elevator and tipped by means of a vertical hydraulic 
ram having a forked head which engages with one of 
the axles of the wagons. The horizontal conveyor- 
belt, which is 18 in. wide, carries the coal into the 
power-station and delivers it to the three bunkers. 
The coal is swept from the belt by means of adjust- 
able deflectors ; but owing to the very small and 
cheap coal which is used, it has been found necessary 
to back the deflectors with wire brushes in order to 
prevent too greata proportion of dust being carried 
into the third bunker. The elevator and conveyor, 
which have a capacity of 15 tonsan hour, were sup- 
plied by Messrs. Leech, Goodall, and Co. 

In the design of the station the independent unit 
system has been to some extent adhered to. 
unit consists of a 1250-kilowatt turbo-generator, 
with separate condenser and pumps, water-tube 
boiler, forced-draught fan, and chimney. The 
boilers are of the Stirling type, each evaporating 
20,600 Ib. per hour, with feed at 80 deg. Fahr., and 
working at 170 lb. per square inch. They are fitted 
with Foster-type superheaters, supplied by Messrs. 
Heenan and Froude, giving 150 deg. of superheat, 
and automatic stokers by the Underfeed Stoker 
Company. These latter firms acted as sub-con- 
tractors to the Stirling Boiler Company, who 
were the main contractors for the boilers. Forced 
draught is supplied through ducts ing under 
the boilers from back to front. The fans are 
capable of delivering 12,000 cub. ft. of air per 
minute at 2}-in. water gauge without being forced. 
They were supplied by Messrs. Heenan and Froude, 
and are driven by direct-current motors built by 
the railway company. The chimneys are of steel, 
44 ft. in internal diameter, and rise 60 ft. above 
grate level. An ash subway is provided at the 
front of the boilers, and under the boiler-room. In 
the subway the ashes will be loaded into tubs, and 
run to the bridge crab, already mentioned, for 
transport to wagons on the other side of the canal. 
This simple and inexpensive ash-handling arrange- 
ment is one of the straightforward features of this 
station to which we have made reference. At the 
present time no economisers are fitted to the boilers, 
but the station lay-out will allow of them being 
installed later if desired. There are two feed- 
pumps, each capable of delivering 40,000 lb. of 
water per hour. One is a steam-driven ram-pump, 
Pm a by Messrs. J. P. Hall and Co., while the 
other is an electrically-driven turbine-pump made 
by the Rees Roturbo Company. 

The steam-piping lay-out is very simple, and in 
normal working each boiler feeds direct to its 
turbine, maintaining the complete unit system ; 
but a straight header carried along the boiler-house 


in case of necessity. The piping is of steel, and 
was supplied by Messrs. Aiton and Co. It is fitted 
with Ho kinson-Ferranti valves. Although the 
three em are duplicates, and each forms part of 
one of the complete units, there are at present 
only two turbo-generator sets fitted, the generating 
end of the remaining complete unit being made u 
of two Willans central-valve engine sets of 2 
kilowatts and 160 kilowatts capacity respectively. 
The engines have been taken from older generating 
stations belonging to the railway company and fitted 
with new alternators made by Messrs. Scott and 
Mountain. The 1250-kilowatt turbine sets were 
supplied by Messrs. Willans and Robinson. They 
are of the disc-and-drum type, and drive Siemens 
alternators, generating 3-phase 50-period current 
at 460 volts. The turbine condensers are of the 
surface type, and were supplied by Messrs. Willans 
and Robinson, who also manufactured the Edwards 
type air-pumps. The two engine sets have a 
common condenser, manufactured by Messrs. 
Storey ; it is connected to the engines through a 
Reid and Adie oil-separator. Circulating water is 
obtained from the River Derwent, some 200 yards 
away, being pumped up by two Rees ‘‘ Roturbo” 
pumps situated in a well by the riverside. These 
pumps are driven by vertical-shaft motors con- 
trolled from the engine-room, as when the river is 
in flood no access can be had to the pump-well. 
The 440-volt three-phase current generated is 
supplied direct to the works for most power pur- 
ses, the necessary cables being carried over the 
ara before-mentioned, under the roof of the 
housing. For crane-driving, &c., however, direct 
current at 440 volts is supplied by two British 
Westinghouse rotary converters, each of which has 
its own auto-transformer and switch-panel. For 
transmission to the carriage and wagon depart- 
ment the 440-volt three-phase current is stepped 
up to 6600 volts by three 400-kilovolt-ampere 
British Westinghouse transformers. These are 
situated in the basement of the engine-room. 
Small step-down static transformers for the light- 
ing circuits are also fitted. The main low-tension 
switchboard was supplied by Messrs. Cowan, while 
the high-tension board was built by the railway 
company, and contains, in the main, Ferranti gear. 
Most of the electrical apparatus will be seen in 
Figs. 1 and 2, on page 250, which give general 
views of the engine-room. The overhead crane, 
which can be seen, is capable of lifting 15 tons, 
and was supplied by Messrs. Adamson, Rams- 
bottom, and Co. It is of the three-motor type. 


h | In general the distribution throughout the works 


is carried out with single-braided cable carried on 
insulators, but for the high-tension transmission to 
the carriage department British Insulated and 
Helsby Company’s paper-lead cables are used. 

It should be said that the whole of the work in 
connection with this station has been carried out 
with remarkable celerity, the preparation of the 
site having been begun only on June 18 of last year, 
and current having been obtained from the station 
on October 21, although it was not completed by 
that date, and is only receiving its final touches 
now. We have to thank Mr. H. Fowler, chief 
mechanical engineer to the railway company, for 
the information and illustrations on which this 
article is founded, and for courtesy extended to us 
during our visit to the station. We have also to 
thank Mr. J. Dalziel and Mr. C. G. Conradi for 
assistance and explanation afforded during our 
visit. The whole of the design and supervision of 
the construction of the station was carried out by 
Mr. Dalziel, under Mr. Fowler’s direction. 





NOTES. 
THE Corrosion OF CoNDENSER-TUBES. 
Aw appeal for financial support in aid of their 
investigation into the causes of condenser - tube 
corrosion has been issued by the Institute of 
Metals to tube-makers, engineers, shipbuilders, and 
shipowners. Serious losses are continually arising 
from the rapid wasting of condenser-tubing, and, 
indeed, the suggestion has been made in some 
quarters that iron tubes should be used, and the 
construction of the condenser turned over to the 
boiler-maker. Whilst in some cases the origin of 
the trouble is easily detected, a vast number must 
be included in the unsatisfactory category of 
‘‘mysterious.” So far mere chemical analysis has 
not sufficed to distinguish with certainty a tube 


shown excellent resistance to corrosion in one 
locality have rapidly given out when the ship has 
changed station, and water of a somewhat different 
character has in consequence been supplied to the 
eggs pump. The tendency to adopt thinner 
tubes, and thus reduce the weight of the condenser, 
has aggravated the trouble, and, as matters stand, 
the existing lacune in our knowledge as to the 
causes and cure of corrosion involve heavy annual 
losses. The subject is, in fact, quite as im- 

rtant to commerce and engineering as it is of 
interest on the purely scientific side. Undoubt- 
edly, much important work has already been 
accomplished, and the electrolytic theory of corro- 
sion has provided an important clue, which, if 
followed up, will almost certainly lead to conclu- 
sions of the greatest practical importance. The 
Committee of the Institute of Metals charged with 
the investigation is a very strong one, and the 
experimental work has been entrusted to the very 
capable hands of Mr. G. D. Bengough, of the 
Metallurgical Department of Liverpool University. 
Members of the Tstitute have already subscribed 
1001. towards the preliminary expenses of the 
research, but much more is wanted, and consider- 
ing the great importance to engineers and ship- 
builders of the subject investigated, the Council 
are fully justified in appealing to them for assistance, 
which we hope will forthcoming without stint. 
A full report of the research will be published, 
copies of which will be sent from the offices of the 
Institute in Caxton House, Westminster, to all 
subscribers, whether members of the Institute of 
Metals or not. 


Prrrot-EneinE Ratings. 

The formula for the determination of the horse- 

wer of petrol- engines, which has been pub- 
ished y the Horse-Power Formula Committee 
of the Royal Automobile Club, the Society of 
Motor Manufacturers and Traders, and the Institu- 
tion of Automobile Engineers, was the subject of 
some criticism at the meeting of the Institution 
of Automobile Engineers on the 15th inst. The 
formula, which was discussed in our issue of the 
10th inst., is as follows :— 


B.H.P. = 0.45 (d + s) (d — 1.18)N, 


where d is the bore of the cylinders in inches, s the 
stroke of the piston in inches, and N the number 
of cylinders. The sharpest criticism came from 
Mr. Lanchester, who pointed out that the for- 
mula could not represent the actual law on 
which horse-power varied with stroke and bore, 
since it was not true in its limits. If » was 
reduced to zero, the formula would still give 
a positive result in horse-power ; while if an 
engine had cylinders 1.18 in. in diameter, it 
would, according to the formula, have no horse- 

wer. It is evident that this criticism is invalid. 
he formula does not profess to be an accurate 
statement of any law, but merely a convenient 
expression which, within its specified limits, will 
give results approximately correct. It is intended 
to apply only to engines having cylinder diameters 
of from 2} in. to 5in. It is clear that no formula, 
in terms of cylinder diameter and bore merely, can 
accurately represent a law which must depend on 
valve diameters, gaseous mixtures, and other 
variables in addition to cylinder size. A second 
point raised by Mr, Lanchester had more weight 
than this. It had reference to the supposed decrease 
in mean effective pressure with decrease in cylinder 
diameter, which is explained by the greater cooling 
effect of the walls in a small cylinder than in a 
large, an effect which is allowed for in the formula. 
Mr. Lanchester, while agreeing that this effect 
actually did take place, thought that it should have 
no place in the formula, since in practice it was 
found possible to obtain a higher compression in 
small cylinders than large, so that the tendency to 
a greater fall in pressure in the smaller sizes did 
not in practice lead to the smaller proportional 
horse-power which the formula specified, the cool- 
ing effect being swamped by the higher initial com- 
— He also pointed out that the loss of 
orse-power due to the more rapid fall of the 
expansion curve in small cylinders was, to some 
extent, compensated for by a slower rise in the 
compression curve, due, again, to the greater cool- 
ing effect of the walls. Mr. L. H. Pomeroy, 
speaking on the report, also criticised the pressure- 
fall factor in the formula, and was of opinion that 





which will prove satisfactory in practice, and, 





wall allows any turbine to be run from any boiler 





indeed, instances are many in which tubes having 


it penalised a 4-in. engine by 11 per cent. as com- 
pared with a 3-in. one. 
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INDUSTRIAL NOTES. 


THERE appears to bea growing distrust between the 
employers and employed in the South Wales coal-field, 
an Svetoente condition of things made clear at a 
meeting of the Coal Conciliation Board held at Cardiff 
on Friday last. It is alleged by the men that the 
masters lock out colliers at pits where there is no 
dispute in order to force a settlement of disputes at 
other pits, and that this originated the Cambrian Com- 
bine trouble. The Miners’ Federation threaten retalia- 
tion, and in the case of Messrs. Cory’s men at Aber and 
Pwligwym, Mr. W. Black, representing the Federation, 
notified the employers that they would not further 
negotiate on the price-list of one seam unless the men 
not concerned therein were allowed to return to work. 
This attitude of the men against the action of the 
masters can hardly, however, be considered reason- 
able, because the men themselves are willing to act 
in a precisely similar way when they have the oppor- 
tunity. For instance, it is by no means an uncommon 
thing, where masters at certain works have had 
trouble with their men or a section of their men, and 
have dismissed the latter, for the union to which 
the men belong to call out on strike men at other 
works who have nothing to do with the trouble 
in question. The men cannot expect that, if they 
use a certain weapon, the employers should not have 
a perfect right to use it also. The unions call a 
strike in order, they think, to assist their members ; 
the masters decide on a lock-out at certain works with 
the same end in view, and the men appear to think 
that the masters have no right to do this. One would 
have thought that the instinct of fair play would have 
come to the men’s assistance, and that they would 
understand that they cannot practise certain methods 
and expect that the employers will not follow them also 
if they wish to do so. 


According to the Board of Trade Labour Gazette 
report on Labour Exchanges in January, the total 
number of applicants on the register during the period 
was 227,437 (men, 159,907; women, 35,368; boys, 
20,137 ; girls, 12,025). Without taking into account 
re-applications, the total number of applicants on the 
register was 222,702. The number of vacancies filled 
during the period was 30,212 (men, 16,552 ; women, 
6531; boys, 4406; and girls, 2723), a daily average 
of 1314. Of these, 3731 (men, 2937; women, 549; 
boys, 194; girls, 51) were temporary, in the sense of 
being known to be for less than a week’s employ- 
ment. 








On Thursday evening in last week a joint conference 
of trade unions at Sheffield resolved to ask for an eight- 
hours day for all men employed on patent coking 
plants in South and West Yorkshire, without reduc- 
tion of wages. Some men, it was said, now work 78 
to 84 hours per week, with a 24-hours shift on alter- 
nate Sundays. 





A rather curious vote was recently taken amongst 
the Amalgamated Carpenters and Joiners, the cause 
being the use of bicycles during working hours. The 
executive council apparently takes the view that there 
is a growing tendency on the part of some of the 
members who possess cycles to use them as a means of 
locomotion during working in the interests of the 
employers. This practice of enabling a little more 
work to be done during the day is, of course, wrong in 
the opinion of the executive, for it is conside to 
militate against the interest of workmen who do not 
possess cycles, and it is said that cases have arisen 
where preference of employment has been given to 
members having them. It is thought that if the 
practice is not checked there will be a danger that 
eventually, in order to obtain eae. bicycles 
will be included in the ordinary kit of accessories. 
The voting showed a majority of 9804 against the use 
of cycles, the actual figures being 11,260 against and 
1456 in favour. 





There is at present a good deal of discussion among 
railway employees as to whether the scheme of arbi- 
tration and conciliation formed at the instance of the 
Board of Trade, for dealing with the wages and con- 
ditions of labour on the railway systems, should be 
renewed. The scheme has now had a three years’ 
trial, and among the men in certain quarters the 
opinion is expressed that the scheme has undoubtedly 
brought into operation a number of principles for 
which a fight had been made by the men for some 

ears. In most cases, when the men’s proposals were 
nt ht before the arbitrators, the number of hours 
had been definitely limited, and the —_ laid 
down that overtime and Sunday duty should be paid 
for at advanced rates. Apart from this, however, 
according to the setretary of the Bradford branch of 
the Amalgamated Society of Railway Servants, there 
had been no increase in the maximum wages during 
the three years. The men hope, however, that new 


proposals which are to be submitted to the companies 
will result in a general advancement in wages. It 





appears that, in spite of the advan which have 
accrued, there are still many points in the scheme that 
have caused dissatisfaction tothe men. One of these is 
the question of who shall be the final arbiter under the 
scheme, while another relates to the question of the 
action of certain companies in seovelling on the men 
to contract out of the scheme. 





On Sunday last there was a mass meeting of railway- 
men, held at Battersea, in order to discuss the work- 
ing conditions of the employees. It was pointed out 
that the Government Inspectors had attributed several 
of the serious railway accidents that had happened 
lately to the failure of the men to carry out Rule 55, 
which had relation to signalling. his rule, the 
men considered, could not cece A out under modern 
conditions. The economic pressure had become so 
great that it had reached the nage | point for the 
—- and railway work was such that it had 
reached the breaking point for the workers. It was 
pointed out by Mr. A. Henderson, M.P., that the 
united forces of labour were no match for the almost 
perfect combination of capital, and the men must 
therefore, as speedily as they could, form one solid 
organisation representing every grade of railway 
workers. The nationalisation of railways and an eight- 
hours day must be brought about, but this could not 
be done unless the men stood true to their voluntary 
fund, so that their representatives in Parliament were 
able to procure an eight-hours day. A resolution was 
ado expressing dissatisfaction with the present 
conditions of railwaymen’s employment and with the 
cumbersome methods of the present scheme of concilia- 
tion boards. 





A Parliamentary White Paper issued last Tuesday, 
including a return made in pursuance of Section 4 
of the Regulation of Railways Act, 1889, gives some 
interesting figures. These refer to periods of dut 
in excess of twelve hours worked during the oui 
of October, 1910, by certain railway servants, and of 
instances of resumption of duty after such periods 
with less than nine hours’ rest. There are appendices 
also which give additional statements and explana- 
tions supplied by railway companies. In all there are 
109,520 servants dealt with who worked during the 
month of October a total of 2,676,189 days. The 
number of days on which the men were on duty for 
periods exceeding twelve hours by one hour and 
upwards amounted to 29,364, or 1.1 per cent. of the 
total days worked. 





The North-Eastern Railway Company does not 
appear to be happy at present in connection with its 
employees, for there is further discontent among the 
men at the Gateshead railway-shops, owing to a sec- 
tion of the workmen—chiefly boilermakers—havin 
been requested on Tuesday last to leave Gatesh 
for the new shops at Darlington at a reduced wage. 
There is trouble at other places, and a large conference 
of men is being organised. 





The interpretation of the award given by Sir Francis | ; 


Hopwood, Under-Secretary for the Colonies, under the 
Conciliation Board, in the recent dispute between the 
North British Railway Company and certain grades of 
their employees has been issued. The award came 
into force in April last year, and it was soon found that 
it gave rise to differences of opinion as to its interpreta- 
tion. The representatives of the company and the 
men met, and it was agreed to submit the matter to 
Sir Francis Hopwood for his own interpretation of the 
disputed clauses. The chief question involved was 
that of overtime, it being contended by the men that 
the award meant that overtime should be paid in 
respect of any excess of work over 10 hours in any one 
day, whether or not 60 hours were worked in the 
week. The company held that overtime was only pay- 
able after 60 hours in the week had been worked, and 
Sir Francis Hopwood has decided for the company, for 
he says that when he stated a 10-hour day with 60 
hours per week, he had certainly no intention of giving 
to overtime such a claim as the men made, and he 
considers there is nothing in the award to support 
it. With regard to Sunday duty, he decides for the 
company, with the exception of the minimum rate of 
payment for booking-on on Sunday. The question of 
the classification of yards and stations has also been 
decided in favour of the company. 





An mene | lecture was delivered on Friday last 
in Birmingham by Professor Richard Lodge, brother of 
Sir Oliver Lodge, the Principal of Birmingham Univer- 
~- The subject of the lecture was ‘‘ Labour Colonies 
and Unemployment.” Dealing with unemployment 
Professor ge said that he regarded it as out of the 
question for any local authority to deal with the variety 
of problems presented by casual labour, and the State 
should undertake the work. Regarding the causes 
that had produced the present state of unemployment 
he thought that the repeal, in the middle of the last 
century, of the Statute of Apprenticeship passed in 





boys, and laid down that all labour contracts should 
be for a year, to be broken only for a reason approved 
by two magistrates, was at the root of the matter. 

e were not at the ne day confronted by 
unemployment created a periodical or cyclical 
depression of industry an Pall 2 It was a perma- 
nent condition of under employment, more than of 
unemployment, by which large masses of the work- 
ing classes were affected. The Labour Exchanges had 
he us to make considerable progress towards 
remedying the immobility of labour, but no labour 
exchange or insurance scheme could remove the funda- 
mental cause of unemployment, which was the exces- 
sive supply of unskilled labour. Ever since employers 
had found it to their interests to have a copious reser- 
voir of labour from which to draw their supplies when 
necessary, the problem had been growing more acute ; 
but it constituted a grave social danger. Regard must 
be had to the material filling this reservoir. The influx 
of men from the country constituted a stream of 
workmen physically more capable than the slum-bred 
labourer. The unfit labourers were supplanted and went 
to fill the reservoir. There was also the short service 
in the army, which worked for the same end, for the 
men turned out at the age of twenty-five were, the 
lecturer said, quite unfit to play any part in the pro- 
ductive life of the community, and he thought that in 
future some form of industrial training must form a 
part of a soldier’s life as his daily drill. 

Another source from which the reservoir was filled 
was, Professor Lodge went on to say, the drift of boys 
into unskilled labour on leaving school ; 70 or 80 per 
cent. of the boys leaving school at the age of thirteen 
or fourteen—at the most critical period of their 
lives—took to casual labour, and so long as this con- 
tinued there could be no hope of curing the evil of 
unemployment. He considered that in connection 
with this there was no more satisfactory or remunera- 
tive social work than that of the After-Care Com- 
mittee, which was really a constructive work, prevent- 
ing evils from arising. Regarding labour colonies, 
Professor Lodge took as an example the work bein 
carried on at Merxplas, in Belgium, where it h 
been found that a labour colony had some measure of 
reforming power, and it was urged that England 
should adopt a system of State labour colonies in 
which three organisations should exist. The first of 
these should be a penal colony, from which reformed 
men would pass to the second, or testing colony, and 
from there they would pass on to the third, or trainin 
colony, to issue forth, it was hoped, reclaimed an 
useful citizens. 


There is trouble in the colliery districts of Scotland, 
for the engine-keepers held a meeting in Glasgow last 
Sunday and agreed to accept the recommendation of 
their executive that notices to stop work should be 
handed in to the coal-owners on Wednesday. The men 
demand an eight-hours day, and state that this is the 
only course now left open to them. It is thought that 
their action will directly affect all the engine-keepers 
——— at coal and shale-mines in Scotland, and will 
indirectly cause a compulsory stoppage of all mines in 
Scotland, which employ, it is estimated, about 95,000 
men. On Wednesday notices were posted to over 200 
colliery managers in connection with this demand, the 
notices to take effect as from Wednesday. If in a 
fortnight’s time a settlement is not arrived at there 
will be a stoppage of all work at the Scottish collieries. 





Dr. Ballerstedt, referring recently to the brick-making 
industry in Germany, stated that in Berlin, the centre 
of the industry, the question of syndicates was first 
mooted in the year 1882, without attracting much 
attention. Since 1896, however, the number of brick- 
selling unions had increased from 85 to upwards of 
200, oe in Hanover, the Rhine district, and West- 
phalia. The size of these selling unions varied very 
considerably. A main principle in the formation of 
these kartels or syndicates was this, that no one 
obtained any preferential advantages at the outset. 
Numerous kartels had gone to the wall because this 
principle was not adhered to. Another fundamental 
rule was that all who joined a selling union with a cen- 
tral office should refrain from selling. Dr. Ballerstedt 
has had through a long series of years some curious 
experiences in connection with this, and he considers 
that it is for the selling unions, and for them alone, to 
manage everything in connection with the sale. 

The advantages which the selling unions now offer 
their members are very material. The views as to 
normal prices and their aim seem to differ consider- 
ably. In Berlin, where the prices had gone down to 
16 marks, the price, after the selling oulies had been 
arranged, was raised first to 20 marks, the next year to 
21 marks, then to 22, 23, and 24 marks, and has finally 
reached 28 marks. The buyers have by degrees accus- 
tomed themselves to these prices, and the owners of 
brick works have in this manner attained compara- 
tively good profits. A second advantage is the pre- 
vention of over-production, undesirable customers are 


1563, which required a seven years’ apprenticeship for ; shelved, the keen competition between the separate 
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works ceases, and the owners receive their money 
regularly every four weeks, &c. 

At least, as far as the industry referred to is con- 
cerned, there ought, in the opinion of Dr. Ballerstedt, 
only to be a question of one kind of combine, a selling- 
union with a central office, through which all sales are 
effected. Private agreements about prices have only 
answered in a very few cases. A concern with limited 
liability is unquestionably, he thinks, the proper form 
for a selling combine, at least for the German brick 
industry ; for large combines, perhaps a limited (sbare) 
company. The agreements have mn generally too 
vague, and had too many clauses; shorter agreements 
are better. The duration of a selling combine should 
be as long as possible—at least three years, but prefer- 
ably five. As regards the fees, or contributions, the 
organiser must be in a position to appear entirely 
unbiassed. Dr. Ballerstedt expressed the wish that 
the number of selling combines within the German 
brick industry might go on increasing, and these 
unions, he thought, must in their turn arrive at arrange- 
ments amongst themselves. The isolated brick-works 
owners could at present do nothing themselves. 








COAST EROSION. 

At the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, February 21, Mr. Alexander 
Siemens, president, in the chair, the paper read was 
‘**Coast Erosion,” by Mr. W. T. Douglass, M. Inst. C.E. 
The following is an abstract of the paper :— 

The paper deals with the causes of the erosion of fore- 
shores and of the adjacent bed of the sea ; it points out 
the considerations to be taken into account in designing 
works effective for sea defence, while having regard to the 
limitations imposed by Nature on engineering activity in 
this direction. The author shows what nee Goon accom- 
plished successfully in different parts of the country, and 
treats any of the expenditure necessitated by such 
works from his own standpoint. The disappearance of 
historic landmarks is alluded to, as are also the encrcach- 
ments of the sea, and the enormous expenditure such 
encroachments have entailed on the local authorities. 

The terms of reference submitted to the Royal Commis- 
sion on Coast Erosion are set forth. This Commission, 
presided over by Sir Ivor Guest, M.P. (now Lord Ashb 
St. Ledgers), has taken evidence from England, Scotland, 
and Ireland, and for the more complete discharge of their 
duties the Commissioners have not only visited the coasts 
of the United Kingdom, but also the coasts of Holland 
and Belgium. The third and final report is expected to 
be presented “om 

t is then pointed out that the coasts subject to erosion 
are mainly those consisting of friable cliffs and ep i | 
lands. Where the coast-line is constituted of hard roc 
the problems connected with erosion do not occur. 
The erodible shore is to be found, therefore, on the east 
and south coasts of England, principally between Berwick 
and the Start Point, and of this there is abundant his- 
torical and contemporary evidence. Beach material is 
the result of the crumbling away of friable cliffs, and is sub- 
ject to the action of tides and winds, whereby it is deposited 
in sheltered spots. Its movements can be ascertained with 
precision only by careful observation locally of such facts 
as depth of water, set of tide, and direction of prevail- 
ing winds. Admiralty charts, geological maps, and the 
publications of the Meteorological Office are helps to the 
formation of a correctopinion. Shingle or beach-material 
travels between high and low-water mark, generally in 
line with the flood tide, but subject to modification accord- 
ing to the force and direction of the wind. It is to be 
borne in mind that the flood-tide is stronger than the 
ebb-tide, and as a mover of beach material it is much the 
more effective of thetwo. The movements of shingle are 
affected also by obstacles, natural or artificial, such as 
headlands or solid-work piers. The coast on the down- 
stream side of such obstacles, owing to the free movement 
of the tide, becomes eroded. The maximum erosive effect 
is to be met with where several causes of erosion are found 
in combination. In illustration of this point the author 
mentions that the occurrence of an equinoctial spring-tide 
high water simultaneously with a north-west gale imme- 
diately following a southerly gale will bank up the water 
in the North to an abnormal level. Fortunately, 
this combination of the elements does not occur more 
frequently than once in six years on an average. When, 
however, it does take place the foreshores on the east 
coast are seriously depleted, the cliffs are undermined, 
and the sea-defence works are strained to the utmost. 
Shingle is always in a very restive condition during 
on-shore winds. Foreshores are built up most readily 
when the winds are off-shore, since the water is then less 
disturbed, and the sand becomes deposited. The author 
emphasises the importance of bearing in mind, therefore, 
these three points :—First, that all Set material is the 
result of the breaking away of cliffs or land; secondly, 
that shingle travels al the coast between high and 
low-water mark; and, lastly, that no shingle is procurable 
by tidal or wave action from the deep sea. He protests 
strongly against beach removal and dredging in adjacent 
waters as having a weakening effect on rp holy 

The means for effective coast-protection are sea-walls 
and groynes, not separately, but in combination, though 
a natural storm-beach is the ideal bulwark. A wall as 
the sole defence of a friable cliff is invariably under- 
mined. Groynes are effective in proportion to their 
length. Their spacing must depend on circumstances, 
ut the main consideration which should govern decision 
pd to the distance apart at which groynes are built is the 
obliquity of the prevailing impinging wave on the fore- 


' without it, material accreted by them is liable to be 
carried around the shoreward ends by an abnormal high 
tide when accompanied by a storm of great violence. 
The total quantity of beach material travelling on the 
foreshores is not sufficient for the defence of all of them. 
The author shows that this fact bears on the present 
unshackled liberty of any local coast authority to protect 
itself, as best as it may, without reference to the interests 
of its neighbours. 
Details are given, with illustrations, of the sea-defence 
works carried out at Hornsea in Yorkshire, Sheringham 
in Norfolk, and Lowestoft in Suffolk, where the encroach- 
ments of the sea on the land have been very persistent. 
hese sea-defence works have been the means of raisi 
the foreshore permanently to one continuous level, whic 
is 6 ft. to 11 ft. above that which obtained at the time 
of the designing of the works. Where defences of this 
character are in existence, erosion has, in point of fact, 


The author concludes by pointing out that the fore- 
going proSlems of coast defence—constructive, economic, 
and legal—are of national importance. 








‘*STEAM-BOILER DESIGN.” 
To THE EprTor oF ENGINEERING. 

Srr,—Mr. Wheeler, in his letter which appears in your 
issue of February 17, when referring to the comparative 
boiler tests at Frickley, asks if the increased coal con- 
sumption per square foot of grate in the Yorkshire boiler 
was due to boiler design or to firing. 

A careful examination of the three columns of figures 
in the report on the test, which was carried out exclusively 
by the National Boiler Insurance rey a will satisfy 
the most sceptical that the design of the Yorkshire boiler 
was the factor which decided the rate of coal consumption, 
and, in fact, the results indicate that fuel consumption 
with constant draught bears a direct proportion to the 
sectional area of the furnace flues, front and rear. 

In the case under consideration, three boilers were 
tested, and the n dimensions to enable your 
readers to make their own calculations are given below:— 


Lancashire Lancashire Yorkshire 
Boiler. Boiler. Boiler. 





Size of boiler 


.., 80 ft. xO ft. | 24 ft. x Oft. | 24 ft. x9 ft. 
Grate area .. .. 8q. ft. 36.6 | 45 39 
Heating surface .. ,, 1110 910 871 


Chimney draught in inches 
W.G. ee fe ‘ 0.5 0.5 | 0.5 
Diameter of furnace flues 
atfront .. = * 44 45 39 
Diameter of furnace flues 
atback .. a in. 


38 42 44 
Actual evaporation per 
ered sq. ft. of grate in 
pounds (period of test, 
6 hours) .. ie de 279.5 281.5 306.4 


It should be noted the crown of the 30-ft. Lancashire 
was covered with non-conducting composition, but that 
neither of the other two boilers was covered, and these 
were therefore at a disadvantage to the extent of 10.5 per 
cent., as compared with the longer boiler. 

To make the case quite clear to the majority of your 
readers I am assuming a 0.5-in. W.G., at the chimney, which 
equals a velocity of 1900 lineal feet per minute, and this 
may be taken approximately as the speed of the gases or 
air passing through the smallest sectional area of the 
furnace-flues. By reference to the details given above it 
will be seen that the maximum velocities in the case of the 
two Lancashire boilers would be through the rear ends of 
the furnace-fiues, and where, due to increased yp eee 
the air supply for consuming the fuel was expand 
probably to three times its original volume. 

As in each case the sectional area of the flues at the 
front end is nearly one-third greater than at the rear, the 
air velocities through the fires would be proportionately 
slower. 

In the case of the Yorkshire boiler the conditions are 
reversed, the smallest sectional area of flues being at the 
front end, where the furnaces are fixed; the velocity of air 
through the fires was practically the same as that up the 
chimney, hence the reason why more duty was secured 
per foot of grate than in either of the other boilers, the 
attention paid to the fires having nothing whatever to 
do with the results. 

ee goatee a pointed out, the three boilers were sub- 
jected to the same draught, and in the case of the 30-ft. 
Lancashire the area of the furnace-flues at the downtake 
was 15.6 sq. ft., that of the 24-ft. special Lancashire 
19.2 sq. ft., and that of the Yorkshire 21 sq. ft., the re- 
spective coal consumptions per square foot of grate being 
39.8 Ib., 43.11b., and 47.8 Ib. 

If, as implied, the greater coal consumption per square 
foot of grate in the case of the Yorkshire boiler was due to 
better attention being given to the firing, the natural 
assumption is that the fires of the short cashire also 
received better attention than those of the longer one. 
The expanded flues of the Yorkshire, as pointed out in 
my letter of the 17th inst., not only increase the evapo- 
rative duty per square foot of grate, but also distribute 
the heat and water proportionately throughout the boiler, 
thereby making it possible for a 20-ft. Yorkshire to give 
an hourly evaporation equal to that of a 30-ft. Lancashire. 
aking the hourly evaporations per square foot of 

te given above as a basis, we find that had each boiler 
Soon tted with 40 sq. ft. of grate, and the two short 
boilers covered like the 30-ft. Lancashire, the hourly 
evaporations would have been : — 24-ft. Yorks 
13,560 lb. ; 24-ft. Lancashire, 11,823 lb.; and 30-ft. 
Lancashire, 11,180 Ib. 


the actual hourly orapenetiin of the Yorkshire was 16.8 
r cent. in excess of that of the 30-ft. Lancashire, and 
uring the last three hours of the test the evaporations 
were :— 


24-ft. Yorkshire * % ; 37,925 Ib. 
24-ft. Lancashire : ve 36,700 ,, 
30-ft. Lancashire 27,700 ,, 


There can be no better f of the value of the York- 
shire boiler design than these figures, from which it is 
seen that the evaporations secured per square foot of 


grate were :— 
24-ft. Yorkshire i! we sie $24 Ib. 
24-ft. Lancashire ; ; i 271 ,, 
30-ft. Lancashire a kK 23 ., 


As previously mentioned, the test was carried out by 
the National Boiler Insurance Company, but witnessed 
on behalf of the makers of the Lan ire boiler by a 
representative of the Manchester Steam-Users’ Associa- 
tion. There cannot, therefore, be the slightest doubt as 
to the reliability of the a. 

To enable you to verify the above figures, I enclose 
herewith i of the report above referred to, and the 
Yorkshire Boiler Company, Limited, will be glad to 
supply additional copies to any of your readers. 

I am, Sir, yours faithfully. 
W. H. Casmsy. 
Standard Buildings, Leeds, February 20, 1911. 





AERIAL PROPELLERS. 
To THE Epitor or ENGINEERING. 

Sir, —With reference to Mr. Phillips’s letter in your issue 
of December 23, the questions raised seem almost un- 
worthy of that writer’s well-established reputation. The 
error in Mr. Turnbull’s calculation obviously turns on 
the accidental substitution of the word “ minute” for 
“second.” As to the remarks concerning my paper in 
“‘The Aeronautical Journal,” I should have imagined 
that Mr. Philips would have approved of the trial-and- 
error method which I suggested. Of course, if it is pos- 
sible to calculate the thrust of any propeller at any speed 
within 3 per cent., as Mr. Phillips states, his method is 
of much greater value, and he will do engineers much 
service by publishing it. I do not quite understand his 
use of the word “ hieroglyphic.” this word uni- 
versally apply to simple algebra or only to my use of it ? 

ours faithfully, 

. ted Bait ¢ orth Chi ~~~ CHATLEY. 

mperia. ilways of Nort ina, Engineering 

and Mining College, February 5, Toil. 





DEPRECIATION OF BUILDINGS AND 
MACHINERY. 
To THe Eprror oF ENGINEERING. 

Srtr,—The method of dealing with ye by 
deducting aoe | a fixed prem of the decreasing 
value, as outlined by Mr. H. F. Donaldson, O.B. (En- 
GINEERING, February 17, page 231), well repays a little 
examination ; 40,000/. decreased at the 10 per cent. rate 
will equal 13,947/. at the end of the tenth year. The 
amounts deducted to form the depreciation fund will, 
presumably, be invested, and accumulate interest until 
the end of the specified period—the first deduction of 
4000/., at 5 per cent. for nine years, the second of 3600/. 
for eight years, &c., in all amounting to 34,128/., so that 
the remainder value plus the depreciation fund will equal 
48,0751. This liberal allowance for depreciation can 
hardly be termed businesslike. 


Yours wuly, 
A. WiLiiaMs Price. 


INSTITUTION OF NAVAL ARCHITECTS.—Owing to the 
death of the late Earl Cawdor, President of this Insti- 
tution, the Council have decided that the annual dinner 
which was to have been held on Wednesday, April 5, will 
not take place. 


February 20, 1911. 











Joun Wy.ie Nisspet.—We much regret to announce 
the death of Mr. John Wylie Nisbet, Chairman of the 
Junior Institution of Engineers, which occurred on 
Friday, February 17, at Putney, at the early age of 
forty-two. Mr. Nisbet, born at Edinburgh, was educa 
at Polmont, Falkirk, and at the Andersonian College, 
Glasgow. His 4 was served at the Reddin 
Colliery Works of Messrs. J. T. Salveren and Co., o 
which his father was for many years chief mechanical 
engineer. Mr. Nisbet was engaged in the locomotive 
department of the North British Railway, Cowlairs, 
Glasgow, from 1888 to 1891, and afterwards acted as 
superintendent for Messrs. Lucas and Aird on the con- 
struction of the West Highland Railway. In 1895 to 
1898 he was occupied on the construction of the 
Budleigh Salterton and the Holsworthy and Bude 
Railways, for Messrs. John Aird and , and during 
the next two years was at Birmingham for the same 
firm on the erection of the Corporation’s new gas 
works at Nechells, including a gas-holder tank of 8} mil- 
lion cubic feet capacity, a retort-house, with circular s 
roof, inclined retort installation, &c. He was subse- 
uently appointed works manager to Messrs. Aird, at 
their Belvedere-road dépét. A man of tremendous energy, 
tempered with the greatest tact, of a lovable disposition 
withal, his los» will be keenly felt, both in business and 
social circles, in which he moved. The Junior Institution 
of Engineers, as a mark of respect and regard, after pass- 
ing a resolution of regret at his death, and sympathy with 
his widow and aay. at once adjourned the meeting last 
Friday ; Mr. S. Bylander’s paper on ‘* The Construction 
of the Building for the Royal Automobile Club ” being 








shore. Groynes require a sea-wall as an adjunct, since, 





Even under the unequal conditions of the test, however, 





| accordingly postponed till to-day. 
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THE LATE MR. CEDRIC VAUGHAN. 


Many of our readers will regret to learn of the 
death of Mr. Cedric Vaughan, the chairman and 
managing director of the Hodbarrow Mines in Cumber- 
land, for, although he had for about thirty-seven years 
confined himself more and more exclusively to the 
development of that rich iron-ore property, he had 
retained many of the friendships he made in the wider 
engineering sphere in which he was trained, and 
extended the circle of friends by the kindly hospitality 
with which he and his colleagues received the various 
technical institutions at Hodbarrow. The plant there 
was designed under his control, and was of the best, 
although the efficiency which was demonstrated by 
experience was more esteemed by the designer than 
that degree of economy which could only be attained 
at the expense of some anxiety in respect of relia- 
bility. In fact, there has been displayed in the 
personnel and in the matériel of the company those 
characteristics which we hear spoken of as typical of 
the ‘fine old English gentleman,” and of the solid, 
substantial prosperity of the days of old. Mr. 
Vaughan continued up till the end to concern himself 
with the policy. Three weeks ago, however, he was 
laid aside with an attack of pneumonia. He seemed, 
however, to have passed through the serious phase, 
but later collapsed and died somewhat suddenly early 
last Saturday morning. 

He was in his seventieth year, having been born on 
March 6, 1841, son of the late Mr. George Vaughan, 
of Snibstone Grange, yO a natin. He was 
educated at Repton School, 1854-57, and at Edinburgh 
University, 1857-59. In the latter year he became 
an articled pupil with Messrs. Robert Stephenson 
and Co., serving for the first year in the Westminster 
ofttice, and for some years afterwards in the locomotive 
works. “He was, in 1866, engaged inspecting iron 
ships for the Indus Steam Flotilla, and in that year 
became assistant locomotive superintendent of the 
Midland Railway, under the late Mr. Matthew 
Kirtley, M. Inst. C.E. He continued at Derby for six 
years, and in 1874 was appointed manager of the 
Hodbarrow Mines at Millom, Cumberland. In 1884 h« 
became @ managing director, and in 1897 the chairman. 
It will be remembered that as the rich ore trended to- 
wards the foreshore on the Duddon Sands, the company 
yot the lease extended, to empower them to mine to 
high-water mark. As the surface fell in when the ore 
was extracted, it became necessary to provide against 
the possible submergence of the area. First a revetment 
of timber was constructed, then, in 1880-90, a sea-wall, 
and in 1900-05 an outer barrier enclosing the whole 
foreshore,* work which was carried out under the 
direction of Messrs. Coode, Son, and Matthews. In 
this important work Mr. Vaughan and his co-managing 
director, Mr. W. T. Barratt, showed great enterprise, 
with profitable results to the company. 

Mr. Vaughan was a member of the Institution of 
Civil Engineers, of the Institution of Mechanical Engi- 
neers, and of the Iron and Steel Institute, but took little 

rt in the proceedings. He married in 1867 Jane 
‘len Ridley, daughter of the late Mr. Samuel Ridley, 
of Newcastle-on-Tyne. He leaves surviving, his widow, 
four sons and five daughters. In public affairs he 
and his family have taken an active part. He had 
been the chairman of the Millom Education Com- 
mittee from its formation, and for some time he was 
a member of the Cumberland County Council. He 
was a Justice of the Peace for the County of Cum- 
berland. He was also President of the Millom Nurs- 
ing Association, and took a prominent part in all social 
affairs connected with Millom. He was a Conserva- 
tive in politics, president of the Millom Conservative 


Club, and a staunch Churchman, at one time being’ 


churchwarden at St. George’s, Millom. 





Tuer Lakvopex Dovusie-Sprrat Spring: Erratum.— 
We regret that in the title to the illustrations and in 
the description of this spring on pages 213 and 214 of the 
last issue of ENGINEERING, the name was given incorrectly 
as Laedovex, instead of Laevodex, as it should be. 





INSTITUTE OF MARINK ENGINKERS.—A lecture was given 
at the Institute of Marine Engineers on Monday, Feb- 
ruary 20, by Mr. G. A. H. Binz, on ‘‘ Electrical Distance 
Thermometers,” in the course of which he described the 
advantages resulting from the centralisation of all impor- 
tant temperature readings at one point, and the apparatus 
available to meet this end. 





THE PERMANENT INTERNATIONAL ASSOCIATION OF 
NaviGcaTion ConGressEs.—The Permanent International 
Association of Navigation Congresses, which will hold its 
twelfth meeting at = in the spring of 1912, has 
appointed Mr. .R. W. Vawdrey, B.A., AM. inst.0. E., to 
prepare a report upon the work which has recently been 
carried out m the United Kingdom in reinforced concrete 
as applied to hydraulic works. Communications on this 
subject from engineers who have used this form of con- 
struction in this direction should be sent to Mr. Vawdrey, 
Queen Anne’s Chambers, Westminster, who will be glad 
to incorporate these particulars in his report. 





* See ENGINEERING, vol. lxxix., page 429. 





THE LATE MR. HENRY HAY WAKE. 


We much regret to record the death, which 
occurred at his residence, 14, Thornhill Gardens, 
Sunderland, on the 17th inst., of Mr. Henry Hay 
Wake, consulting engineer to the River Wear Com- 
missioners. Mr. Wake, whose portrait we give on 
the present page, was born in Sunderland in 1843 ; 
he entered in 1860, as a pupil, the service of Mr. Thomas 
Meik, who was at that time engineer to the River 
Wear Commissioners. In 1868, at the comparatively 
early age of twenty-five, he was appointed engineer 
to the said Commissioners upon the retirement of Mr. 
Meik, and he had, therefore, remained practically 
the whole of his lifetime in the service of the River 
Wear Commission. The work he designed for the 
latter, the carrying out of which he supervised with 
such skill and unremitting care, remains a lasting 
monument to his memory. 

The River Wear Commission is a very old institu- 
tion, the first commissioners having been appointed as 
far back as 1717, almost-two centuries ago. An idea 
of the scope of the work Mr. Wake had under his 
control in his oy of engineer to the commission 
may be gathered from the fact that the jurisdiction 
of the latter extends along the North-Sea Coast 
from Souter Point to Ryhope Dene, and covers the 
tidal part of the river, and also a dock estate of 
about 250 acres. The Roker Harbour Works, to 
mention only one of Mr. Wake’s enterprises, were built 
on his designs and under his personal superintendence, 














Photograph by Bacon, Newcastle. 


and were completed in 1903 ; they form the defence to 
the entrance to the River Wear. The Roker Pier to 
the north has a total length of 2800 ft., and extends 
almost due east, ending in a lighthouse tower. 
Access is had to this in bad weather by a sub- 
way 6ft. in height and 4ft. in width, which runs 
the entire length of the pier. The South Pier 
curves north-east and is 2844 ft. in length. The area 
of water space enclosed is 125 acres at high-water of 
ordinary spring tides, with a depth of 23 ft. at low 
water, and 38 ft. at high-water of ordinary spring tides. 
In connection with these works we may add that Mr. 
Wake specially designed a large float, or barge, 
having two wells running fore and aft, for depositin 

a protective concrete apron on the seaward side o 
the pier. 

Mr. Wake also drew up the plans for providing 
Sunderland with a complete system of wet-dock and 
graving-dock accommodation ; the work on this, which 
was carried out under his direction, included, amon 
various installations, a coal-staith with a capacity o 
1000 tons per hour, and a complete set of ware- 
houses. The scheme further included the deepening of 
the channel and of the harbour entrance, and improve- 
ment works on the river. It has had the result of 
greatly aiding in the development of Sunderland a3 a 
shi ping, shipbuilding, and ship-repairing centre. 

he Sunderland Sarees and Bock Vorks were 
visited by the members of the Institution of Mecha- 
nical Engineers on the occasion of their meeting at 
Newcastle in 1902, and all who took part in that visit 
will have most pleasant recollections of their recep- 
tion by the River Wear Commissioners, and of the 
arrangements which had been made by Mr. Wake to 
enable them thoroughly to examine the interesting 
operations in progress. * 

Mr. Wake continued to hold the position of engi- 

* An account of this visit to Sunderland, with par- 
ticulars of the harbour works, &c., will be found in Ene1- 
NEERING, vol. Ixxiv., page 177. 








neer to the River Wear Commission until 1907, when 
he retired, to take up that of consulting engineer to 
the same Commission, a position which he retained 
until the time of his death. He was a recognised 
expert in harbour work, and acted as consulting 
meee for several other corporations and public 

ies ; in this connection he largely contributed to 
the development of Seaham Harbour. Of late years, 
however, failing health compelled him to seek rest 
and distraction, and he spent much of his time in 
foreign travel. Mr. Wake entered the Institution of 
Civil Engineers as an Associate-Member in 1870, and 
was made a member of that Institution in 1874. He 
was also a member of the Institution of Mechanical 
Engineers from 1881. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, February 15. 

Tur extremely low quotations of the past six months 
were finally withdrawn on Saturday, and quotations 
have been advanced from 25 to 50 cents per ton on 
standard grades of pig iron, including basic and Bes- 
semer. It is not known whether this is an actual 
advance or merely made for market purposes. Neither 
is it known how much iron has been conditionally 
purchased, or how much business can be closed on 
assurances made by pig-iron makers. A sudden 
demand developed for billets and sheet and tin bars 
led to the action of some of the pig-iron makers 
withdrawing their very low quotations. The ship- 
ments of steel plates, fabricated material, and cast- 
ings, are now being made in the Pittsburg dis- 
trict to Panama at the rate of 40,000 tons a month. 
Four concerns are engaged in manufacturing these 
products, two of them on heavy castings, one on steel 
—— and one on fabricated material. The Cambria 

teel Company, of Johnstown, Pa., secured an order 
for 17,000 tons of plates and shapes to be used in the 
construction of two immense freighters for the Lake 
service. A number of western railroads have ordered 
20,000 tons of structural steel to be used in bridges 
in different parts of the western country, and a part of 
it for elevated-railroad work in the Chicago district. 
The oil companies have placed orders for pipe calling 
for 16,000 tons, which will be wanted:as fast as it can be 
furnished. This demand has started two large puddling 
plants. More orders of a light nature are coming in soon, 
as a result of this heavy demand, and prices for later 
deliveries have therefore been advan Other lines 
of iron and steel products are in somewhat better 
demand than last week, but there has not yet arisen 
any general anticipation of requirements which it is 
customary to meet with at this season of the year. 
The manufacturing interests have clung to the belief 
that steel-trade conditions, for the past six months at 
least, have been abnormal, and that a return of 
activity was inevitable. The events of the past week 
have shown that their opinion thus far has been correct. 
There will be no recession in prices, as was intimated 
a week or two ago, and the entire industry will act as 
a unitin maintaining prices on finished product. Coke 
also has moved up a little, and the prices for coal 
remain where they have been for some months. 





THE CONFERENCE ON INDUSTRIAL TRAINING.—A Con- 
ference is to be opened at the Guildhall, on Tuesday, 
February 28, at 3.30 p.m., by the Right Hon. the Lord 
Mayor, Sir T. Vezey Strong, at which the popes 
National Industrial Education League is to be established 
and a general committee to be appointed. 





SrerEo PrromETER.—This is an ingenious and handy 
little instrument which has recently been invented for 
ascertaining the temperature of muftfies, furnaces, pottery 
kilns, steel furnaces, case-hardening furnaces, &c., and it 
can be used for any temperature from 550 deg. Cent. to 
2000 deg. Cent. It has been found specially useful in as- 
cseteneng the temperature of all kind of metals, and can 
be used by workmen. It consists essentially of small 
glass cells containing dyes, the absorptive powers of which 
are so chosen that all light of whatever colour emitted 
by a hot body at a given temperature is absorbed. 
Kach differently coloured dye corresponds to a different 
temperature. The instrument is used like a spectro- 
scope for direct observation only, and it cannot be 
used unless the hot body is visible, either directly or by 
reflection. The articles can be viewed through an 
observation hole located at any convenient part of the 
furnace. In half a minute or so after the instrument 1s 
applied to the eyes the articles seen through the dyes 
in the cells will visible as a deep marone or crimson 
patch of the same shape as the observation hole if their 
temperature is higher than that engraved on the cell 
caps. If one steady temperature has to be maintained, 
it is recommended to use an instrument with two pairs 
of cells, one for a temperature slightly higher than the 
other. The articles or the furnace under examination will 
be at the correct temperature when the sight-hole is 
visible through the cell for the lower temperature, and 
invisible through the one for the higher temperature. 
The instrument can be used right away from the hot 
body. It is made a W. and J. , Limi 
(Proprietors of F. Becker and Co.), Great Charles- 
street, Birmingham. 
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FOREIGN ENGINEERING PROJECTS. 


Ws: give below a series of colonial and foreign engi- 
neering projects, for several of which tenders are asked. 
Further data concerning them can be obtained from the 
Board of Trade, Commercial Intelligence Branch, 7 
Basinghall-street, E.C. 

British Columina; The Imperial Trade Correspondent at 
Victoria, British Columbia, reports that the contract for 
the construction of the first 40 miles of the projected Vic- 
toria-Barclay Sound Railway has been let by the Cana- 
dian Northern Pacific Railway Company. The whole 
line has to be completed within three years. 

Spain: The Gaceta de Madrid of February 6 notifies 
that tenders are invited by the Ministry of Fomento, 
within four ee from the date of the Gaceta, ad a 
competition of plans in respect of (1) a strategic railway 
from Olot to Rosas, and (2) a similar railway from Blanes 
to Vilajui The lines are to be single track of one metre 
gauge, and the rails must weigh not less than 30 kilogs., 
or for steep gradients not less than 35 kilogs. per lineal 
metre. Provision must made for the transport of 
pieces of artillery weighing 7 to 4} tons. Plans must be 
countersigned by — ish engineers, and be 
add to the Direccién General de Obras Publicas, 
Ministerio de Fomento, Madrid. The Gaceta of Feb- 
ruary 11 contains a decree, issued by the Ministry of 
Fomento, authorising the Vigo Harbour Works Board 
(Junta de Obras del Puerto de Vigo) to issue a loan of 
5,000,000 pesetas (about 185,000/.) for the purpose of en- 
larging and improving Vigo Harbour, so that the 
ones increasing traffic may be effectively dealt 
with. 

Rowmania : H.M. Consul at Bucharest reports that the 
Roumanian Government propose to undertake extensive 
drainage operations in the Danube valley for the pur; 
of reclaimining large areas of inundated lands. Mr. 
MacDonell suggests that British firms interested in this 
class of work should send out competent representatives 
to study the matter on the spot. A local agent or repre- 
sentative is very necessary, but should be selected with 
the utmost caution. 

Russia (Finland); H.M. Consul at Helsingfors reports 
that it has been definitely decided to construct a bas tte 
from Kiukais to Kauttua, near Raumo. It is proposed 
to have the line completed by the autumn of 1912. A com- 
pany intends to construct a narrow-gauge (75 cm.) railway 
to Hégfors in continuation of the line already in exist- 
ence from Hyvinge to Niiiis. The length of the new line 
will be about 27 miles, and the cost of construction is 
estimated at 72,000/. The capital of the company is 
32,000/. A meeting is to be held. at Nikolaistad to discuss 
the question of building a railway northwards from that 
town through Kvevlaks, Véra, Oravais, and Munsala to 
Kovjoki or Nykarleby. The cost of construction of the 
Seinajoki-Kristinestad-Kask6 line is estimated at about 
300,000/., and of a proposed line from Joensuu to Nurmes 
at 110,000/. 

United States %, America; The Globe (Toronto) states 
that the Grand Trunk Railway Company has applied to 
the Legislature of Vermont for permission to build a line 
50 miles long in that State, parallel to the Boston and 
Maine Railway. The total cost of this proposed line and 
of other sections which it is intended to construct, the 
securing of terminals, &c., is estimated at some 15,000,000 
dola. (about 3,080,000/. ). 

Brazil: The Brazilian Budget for 1911 authorises the 
President of the Republic to arrange for a credit not 
exceeding 300,000 milreis currency (about 20,0002.) for the 
purpose of granting premiums at the rate of 100 milreis 
(about 268/.) per ton for vessels constructed in Brazil 
having a tonnage of not less than 80 tons. 

Argentina: The Boletin Oficial contains a notice, issued 
by the Ministry of Public Works, approving the contract 
entered into with Sefior Héctor Zaldarriaga for the con- 
struction of a railway from Rufino to San Nico! 

Argentina, Chili: With reference to the proposed Tino- 
gasta-Caldera Railway, for part of the Argentine section 
of which a sum of 1,500,000/. has been voted, the British 
Vice-Consul at Caldera, Chili, reports that this section, 
from Tin ta across the Pass of San Francisco, will 
about 253 km. (about 157 miles) in length. Owing to the 
mountainous character of the country, the rack system 
will have to be employed for considerable lengths of line, 
and tunnels will be built of a total length of about 540 
metres (590 yards). Two bridges of 100 metres and 50 
metres respectively will be required. 

Uruguay : The Diario Oficial of comune 8 contains a 
notice, issued by the Ministry of Public Works, approv- 
ing the plans submitted on behalf of the Empresa Ferro- 
carril Interior for the construction of a section of railway, 
31 miles long, between Trinidad and Durazno. Plans 
must be submitted within three months relative to per- 
manent-way works, to the position of stations, and to 
telegraph lines. 

Mexico : H.M. Consul-General at Mexico City reports 
that the Canadian contractors, \. essrs. skenzie and 
Mann, pro’ to construct a number of railways in the 
State of Guerrero, including possibly a line from the 
Balsos River to Acapulco. ihe Diario Oficial contains 
a notice, issued by the Secretary of Communications and 
Public Works, ting to Mr. Charles Hoyle a 99 years’ 
concession for the construction and working of a railway 
in the State of Michoacan from a point situated between 
Pateo and Pomoca to the mining district of Pomoca. 
Five years are allowed for the completion of the line, and 
during this period the concessionnaire will be allowed to 
import construction material free of customs. duty. 

‘ongo: The Moniteur Belge contains a decree approv- 


ing an extraordinary expenditure of 40,044,000 francs 
— for inclusion in the Congo Budget for 1911. 

t may be noted that, inter alia, 2,220,000 francs (88,8000. ) 
set apart for the purchase of 


have boats various 





craft, and 18,821,000 francs (752,840/.) for public works, 
such as road-making, building construction, establishment 
of telegraph lines, sanitary works, &c. The report for 
1910 on the administration of the Congo contains mention 
of the following public works, which may be of interest : 
—The establishment and improvement of war oy 
systems are oo. and projects for the extension of the 
systems at Boma and Leopoldville have been popes. 

lans are being prepared for the provision of electric 
light at the large stations. The second section of the 
Katanga Railway (which is being built by the Com ie 
du chemin de fer du Bas-Congo au Katanga, from Elisa- 
bethville to Bukama, a distance of 500 kiloms. (about 310 
miles), which is now to be undertaken, is expected to 
completed early in 1914 ; construction is to proceed from 
both ends, material being transported both by way of the 
Congo and of Rhodesia. The same company is 
making surveys for the railway between the Lower Congo 
and the ae The preliminary survey for the line 
from the Lualaba to Lake Tanganyika is being made on 
behalf of the Com ie des chemins de fer du Congo 
supérieur. The Mayumbe Railway is being extended 
from the Lukula River by way of Banza Massola. Plans 
are under gears for a narrow-gauge railway along 
the route of the automobile road in Uele. Provision is 
made for medical and sanitary missions in the Congo, 
and hospitals are to be built for natives at a cost of 
500,000 francs (20,000/.). The Congo River is to be 
marked off with buoys and beacons. The report also 
draws attention to the urgent necessity of irrigation and 
drainage works in many 

Norway : The Commercial Intelligence Branch of the 
Board of Trade is notified by His Majesty’s Consul at 
Christiania that tenders are invited by the Christiania 
Gas Works Authorities for the supply of 10 tons of pig 
lead. Sealed tenders will be received at Christiania 
Gasverks Anlegskontor, Christiania, up to noon on 
February 28. 








THe St. PrreRsBURG AERONAUTICAL EXHIBITION.— 
The first International Aeronautical Exhibition will be 
organised by the Imperial Russian Technical Society in 
April, 1911, in the building of the Michael Manege. Its 
object is to show the present state of aeronautical in- 
dustry, A explain the meagre: goo of each of the existin 
t ts) ing ap tus and accessories, to start an 
extabliah pt in « ponds th with centres of aero- 
nautical industry abroad, and to promote in this way the 
development of aviation in Russia. Exhibits from 
abroad are admitted to this Exhibition as well as Russian 
exhibits. Further data can be obtained from the manag- 
ing committee, Panteleimonskaia, 2, St. Petersburg. 





SwepisH Iron.—At the recent meeting of the Union 
of Swedish Ironmasters at Orebro it was stated by the 
Board that the year 1910, generally speaking, must be 
said to have been very favourable for Sweden’s iron 
industry. The aggregate value of the exports exceeds 
that of previous record figures, and the output of blooms 
and ingots likewise surpasses that of any previous year. 
The cause must principally be iooked for in the steadily- 
improved conditions in the European countries, but must 
also to no small extent be attributed to the reduced 
output during the autumn of 1909, on account of the 
labour conflicts, which brought about increased require- 
ments for Swedish iron during 1910. The prices for 
export pig iron and export steel of high quality have 
fluctuated but slightly during the past year, and the 
position of these articles continues favourable. The same 
applies to blooms for export, for which commodity the 
market is also firm. On the other hand, rolled Lanca- 
shire iron, after a period of keen demand and rising 
prices, has grown weaker, probably on account of a 
reduced home sale, which, in its turn, can be accounted for 
by the influence of the high prices for charcoal. De- 
eluing quotations and slackened demand within the 
home market during several months likewise apply to 
such important articles as plate, soft-rolled wire and bar, 


be | 8nd fine iron ingots. 





Tuk Correr Market.—In their report, dated the 
16th inst., Messrs. James Lewis and Son state that 
standard copper advanced from 55/. 3s. 9d. for cash on 
the 1st inst. to 55/. 11s. 3d. on the 6th inst., but declined 
to 541. 2s. 6d. on the 9th inst., on receipt of unfavourable 
American statistics for the previous month, the stocks 
showing an increase of 9111 tons. The sharp fall inducing 
purchases on the part of speculators, and also con- 
sumers, a reaction to 55/. 3s. 9d. on the 13th followed. 
Subsequently the market relapsed into dulness, and 
closing values were 54/. 17s. 6d. cash and 55/. 10s. three 
months prompt. The sales for the fortnight amounted 
to about 12,500 tons. A good business had been done 
both in refined and manufactured copper, American 
electrolytic selling at 57/. 15s. per ton c.i.f., and a con- 
siderable quantity was reported to have been bought by 
American manufacturers at 123 cents per pound, the iron 
and steel trades showing signs of improvement. American 
production for the month of January showed a decrease, 
as compared with the previous month, of 3412 tons, and 
the consumption a decrease of 676 tons. The excess of 
exports during December returned by producers over 
those of the Custom Houses, amounting to 7706 tons, had 

adjus in the returns for January, which were 
5503 tons less than the Customs exports. Stocks had 
increased 5380 tons in the two months. Imports into 
England had been 921 tons more in January this year 
than last year, and into France they were 3900 tons 
more. English consumption had increased 2480 tons, and 
French 3250 tons, while English exports were 1986 tons 





CHEMICAL ACTION IN THE WINDINGS OF 
HIGH-VOLTAGE MACHINES.* 


By A. P. M. Fiemine and R. Jonnson, Associate 
Members. 


Introduction.—During the eg few years considerable 
interest has been aroused by the failure of certain high- 
voltage machines, due to a chemical corrosion of the slot 
insulation. One of the first cases of this kind was 
described by Mr. J. S. Highfield,} and the phenomenon 
has been discussed in connection with papers by Mr. 
W. H. Patchellt and Professor J. Epstein.§ Very little 


be | information, however, has been brought forward to enable 


the insulation of machines to be designed so as to avoid 
with — failure due to this action. 

Trouble of this kind has been experienced by prac- 
tically all the leading European makers of high-voltage 
machines ; and it is of interest to note that in one in- 
stance, at least, a machine that had failed on account of 
chemical action was re-wound for a lower voltage and 
step-up transformers were supplied by the makers gratis. 

aving to deal with this problem in connection with 
the manufacture of hih-sehene machines, the authors 
found it necessary to investigate the numerous factors 
involved. These investigations, while by no means 
exhaustive, have been pushed far enough to satisfy prac- 
tical requirements. 

In view of the very hazy notions entertained by many 
engineers on this matter, it is thought that a review of 
the principal features may be of interest. In this paper, 
therefore, it is proposed to describe briefly the general 
nature of the chemical effects observed, the results of the 
investigations made, and the method of winding and 
insulating to prevent chemical action. 

Nature of Chemical Effects Produced in High-Voltage 
Machine Windings.—The case brought forward by Mr. 
J. 8. Highfield had reference to a 10,000-volt two-phase 
alternator, operating with one side of each phase 
grounded. In this machine the conductors were covered 
with varnished cotton braid and threaded through solid 
micanite tubes contained in the slots. Failure occurred 
after about one year’s service. The insulating braiding 
on the portions of the conductors contained in the tubes 
at the ungrounded ends, and for some distance into the 
windlage bed rotted away, leaving a green deposit on the 
copper. An analysis of the products showed the presence 
of nitric and some sulphuric acid. The former was 
attributed to an electrostatic discharge across the air- 
8 surrounding the conductors, it being well known 
that when a discharge takes place in air, ozone and 
oxides of nitrogen may be formed, and from the latter 
nitric and nitrous acids, if moisture is present. 

The cases investigated by the authors comprised a 
number of machines, both two and three-phase, where 
the maximum R.M.S. voltage to ground varied from 
3500 to 7500. Some of these machines were hand-wound 
through tubes made up of paper and mica. Others had 
former wound coils insulated in some cases by wrappings 
of oiled cambric and mica, and in others with paper and 
mica tubes drawn over the slot portions. hile the 
amount of chemical action varied with the method of 
insulation employed, the effects produced were in all 
cases very similar. One example only need therefore be 
described—that of a 7500-volt two-phase generator 
operating with one side of each phase grounded. _ ; 

A section of the slot portion of one of the coils in this 
machine is shown in Fig. 1. The coils were former wound, 


Fig.1.SECTION THROUGH SLOT 
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and the insulating tubes drawn over the slot portions. 
This necessitated the margin noted in the figure by the 
variable air-s between the conductors and the inside 
of the tube. e ends of the tube were sealed by a tapin 
of linseed-oil-treated cambric extending around the en 
portions of the coils. 





* Paper read at Manchester before the Institution of 
Electrical Engineers, February 14, 1911. 

+ Electrician, vol. liv., page 573, 1905. he 
fat Journal of the Institution of Electrical Engineers, 
vol. xxxvi., pages 79, 108, and 112. 1906. 

§ Ibid., vol. xxxviii., pages 39, 72, and 93, 1907. 
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The machine failed after three years’ continuous service, 
due to a short circuit between adjacent conductors near 
the ungrounded end of one phase. This caused a burning 
of the tube, and ultimately the winding grounded at this 
point. An examination of the da coil showed evi- 
dence of considerable corrosion of the conductors. Un 
removing the remaining coils traces of the action were 
found to extend about half-way round each phase—1.e., to 
a point having about 3500 volts to ground. The insula- 
tion inside the tubes on the coils at the ungrounded end 
was very sticky, although all the varnished surfaces had 
originally been thoroughly hardened. 

n the untaped half of the coil (see Fig. 1) the insula- 
tion on the conductors was reduced to a greenish white 
powder, the structure of the cotton covering being 
entirely destroyed. On the taped half, the oiled cambric 
was bleached and very rotten, and the varnish and cotton 
covering corroded away, except where the taping had been 
pressed tightly between the conductors and the inside of 
the tube. The action extended partly between the two 
sections and about 3 in. beyond the ends of the slots. 

The insulating tubes were unaffected chemically, but 
innumerable perforations were observed in the outside 
surface in lines marked by the serrated surface of the 
laminations. This action did not extend nearly so far 
around the windings as the internal chemical action. On 
the coils of 3500 volts to ground the action was very 
slight ; the conductors were only attacked on the untaped 
section in a few small spots; the oiled cambric on the 
other section, while affected in patches, had prevented 
any action on the conductors underneath. 

A careful analysis was made of all the affected portions. 
Traces of nitric acid were found on the coils at the 
ungrounded end of the winding. On lower voltage coils 
no nitric or other mineral acid could be detected. The 
green deposit on the — underneath the corroded 
cottoa covering proved to be an organic salt. 

Chemical action was generally found to be confined to 
the spaces immediately surrounding the conductors. In 
the case of an 11,000-volt three-phase machine, however, 
strong evidence of chemical action was found in the 
middle of the slot insulation, where a cavity in the 
material existed. The insulation in this case consisted of 
a wrapping of mica backed with linseed-oil-treated cloth, 
and the latter had been destroyed on the surface of the 
cavity exposed to the discharge. 

Experimental Investigations.—From investigations of a 
number of machines insulated in different ways the 
authors arrived at the general conclusion that the destruc- 
tion of the insulation was not necessarily due to the for- 
mation of nitric acid. For instance, in the case of the 
7500-volt machine already referred to, there were traces 
of nitric acid on certain of the corroded coils only. 
Further, the corrosion on the conductors was of an oe 
nature, and consequently could not have been produced 
directly by the action of nitric or any other mineral acid 
that might have been formed. 

It was noted that the chemical action only occurred 
where air-pockets existed in the slot insulation or around 
the conductors, and only in those machines having high 
enough voltage to produce a discharge across these spaces. 
—— — ee See = ema —- that 
might possi a y the discharge, and to any 
secondary ee likely to be set up by the gases or acids 
thus formed. 

In the case of the 7500-volt machine it was evident that 
the most likely source of organic acids was the varnish 
treatment on the insulating materials. The varnish was 
of a type very largely used in the insulation of windings, 
and consisted largely of linseed oil and certain resinous 
gums. Such varnishes dry by oxidation until a hard 
brittle surface is formed, and under ordinary conditions 
of drying and heating the oxidation p s too slowly 
beyond the hardening stage to introduce any element of 
risk. It is possible, however, under certain conditions, 
to carry this action much further, causing what is termed 
super-oxidation, which, in the case of varnishes of this 
kind, produce an entire change from a hard to a soft 
pasty condition. 

Both the linseed oil as well as the various resinous gums 
used in the preparation of these varnishes are com c 
of numerous organic acids, normally so grouped as practi- 
cally to prevent any free acid action. Under the influence 
of heat this stable condition is to a slight extent upset 
and some acid action may occur, as will be noted later. 
When subjected to super-oxidation, however, the stability 
of the varnish is ultimately entirely upset, and, while the 
complete process of oxidation is not fully understood, it 
is probable that during this change the hitherto inert 
organie acids are released. 

From the pasty nature and general characteristics of the 
varnish in this machine, super-oxidation of the linseed 
oil on the cambric, and the varnish on the cotton-covered 
conductors, had evidently taken place. is was attribu- 
table to the presence of ozone, oxides of nitrogen, and 
nitric acid, all of which are powerful oxidising agents. 

To investigate the deterioration of insulation due to all 
of the products of the air-gap discharge, tests were made 
to determine the effects uf the following :— 

(a) Intense discharge. 

(6) Weak discharge. 

(c) Effect due to the presence of the copper conductor. 

(¢) Direct action of acid fumes. 

(¢) ** Breathing ” action. 

(f) Insulation value of the products of the chemical 
action 

(vy) Partial destruction of solid insulation by other than 
cheiical action. 

_ For the discharge tests an ozoniser was constructed con- 
Sisting of a number ot glass plates 0.100 in. thick, coated 
on one side with perforated copper foil, and separated 
by air-spaces ranging in thickness om 0.03 in. to 0.200 in. 
An alternating voltage of from 3000 to 10,000 was applied 


between adjacent electrodes, and a temperature of about 
70 deg. Cent maintained throughout the tests. There 
was access of air to the ozoniser. 

Tests were first made on sheet insulating materials 
comprising Ragen omen ety = 
micanite, plain papers, an pers im with a 
number of different varnishes, ih, cempeeik ant waxes. 
Strips of these materials were suspended in the air-gaps 
between the plates. 

(a) Effect of Intense Discharge.—With voltage sufficient 
to produce visible and audible discharge, copper nitrate 
was formed on the electrodes within three : ody The 
test was continued for about three weeks, when it was 
found that a number of the varnishes showed marked 
evidence of deterioration. The samples of untreated 
cambric and paper, particularly the former, were riddled 
with perforations, and their fibrous nature very largely 
destroyed. The linseed-oil-treated cambric was partially 
bleached and very pasty. The other varnish - treated 
materials had been similarly affected, but to a smaller 


extent. Paper treated with an asphaltum compound 
were hardened to a slight extent, but others treated with 
parathn wax were apparently unaffected. As rds 


the micanite samples, the mica itself was unaffected, but 
some action was observable on the varnishes used for 
cementing the laminw together. Comparing the samples 
with similar materials taken from the machine already 
refe to, the nature of the deterioration was found to 
be op the same in each case. 

(b) Effeet of Weak Discharge.—The tests were repeated 
on new samples, with the voltage reduced to give a 
barely perceptible discharge. The tests had to be carried 
on for over six weeks before a definitely marked chan 
in the condition of the materials could be observed. It 
was then seen, however, that the effects produced were 
distinctly comparable with those on the similar materials 
subjected to the intense discharge. The electrodes, 
while tarnished, showed no trace of copper nitrate. Under 
these conditions, while ozone was wer vee formed, it 
was evident that no appreciable amount of the oxides of 
nitrogen was present. 

(°) Effect Due to the Presence of the Copper Conductor. 
—Further tests were made on samples of thin copper 
ribbon. Certain of these were insulated with cotton 
covering, some untreated and some impregnated with 
the various varnishes employed in the previous tests ; 
others had simply a coating of these varnishes or com- 

unds, without any cotton or other insulating covering. 
The tests were carried out under the two extreme condi- 
tions of discharge as before, and similar effects produced 
on the insulating materials, indicating that the presence 
of the copper had no direct influence on the deteriora- 
tion of the insulation. 

As will be discussed later, certain varnisnes—notably 
those of the linseed oil gum type —produce a slight green 
—_ deposit on copper, independent of any chemical 
effects produced by discharge. In the case of conductors 
treated with such varnishes and exposed to di 
in the ozoniser until marked deterioration of the varnish 
took place, this organic deposit was found to be con- 
siderably inc: 

(d) Direct Action of Acid Fumes.—The results of the 
foregoing tests indicated that, except in the rapidity of 
the action, the effect on the insulating materials was 
generally the same with either ozone, oxides of nitrogen, 
or nitric acid. In order, however, to eliminate any other 
effects of the discharge, similar samples of insulation 
were exposed to the action of nitric acid fumes. The 
result was a very rapid deterioration of the insulation, 
distinctly comparable in character with similar materials 
tested in the ozoniser. It was noticeable, however, that 
in the case of untreated fabrics and papers the disintegra- 
tion was not quite so complete, due apparently to the 
fact that there was no electrostatic dispersion of the 

ticles. It was further noted in the case of samples of 
insulated copper that if the action was allowed to proceed 
too rapidly, the insulating coverings, hitherto impervious 
to acid fumes, lost their protective value, and the copper 
e subjected to direct acid action. The nitrate then 
formed destroyed any evidence of organic salts. 

(e) Effect of ‘‘ Breathing” Action.—The occluded air in 
machine windings is liable to continual displacement, due 
to the alternating heating and cooling setting up what 
has been aptly termed ‘‘breathing” action. To deter- 
mine the effect of this on the amount and rapidity of the 
chemical action, tests were made on short lengths of 
insulated conductors inserted in glass tubes, and eed 
comparable as ages air cavities with a high-vol 
coil. Sufficient voltage was applied to produce an audible 
disch in the ae between the conductors and a 
metal sheath tightly fitting the outside of the tube. The 
temperature of the tubes was varied between 15 deg. and 
75 tes . Cent., and the conditions in this respect were 
roughly comparable with those in machine windings. 

ree tests were made: in the first, the ends of the 
tubes were left open, and in these the chemical action 
went on freely. In the second, the ends were carefully 
taped up and varnished, and in this respect comparable 
with the ordinary method of sealing the ends of slot 
insulation. In this test the chemical action proceeded 
steadily, but much more slowly than in the previous case. 

In the third test the tubes were hermeti ly sealed and 
maintained at asteady temperature. While the discharge 
was quite as intense as in the previous tests, the small 
volume of air produced very little chemical action, and 
this proceeded only for a short time, as the air could not 
be replenished by “‘ breathing.” 

(f) Insulation Value of the Products of Chemical Action 
in Windings.—Pressure tests on the decomposed material 
taken from coils on which no nitric acid had been found 
showed these to be of yg enone / high insulating 


value, and not dangerously hygroscopic. Where there 





was nitric acid, however, and it had attacked the copper, 





the nitrate thus formed being of a highly deliquescent 
nature, was readily conducting. Also where free acid 
was present in the decomposed insulation this, for the 
same reason, considerably increased the conductivity. 

(g) Partial Destruction of So'id Insulation by other than 
Chemical Action.—In considering the voltage distribution 
across dielectrics made up of layers of different insulating 
materials, it was noted that, apart from effects produced 
in air-gaps, the solid insulation might in some way be 
directly affected. For instance, where the dielectric is 
composed of two layers of different materials, one of high 
and the other of low specific inductive capacity, the 
voltage across the latter might, under certain conditions, 
be higher than its disruptive value, although the insula- 
tion as a whole were quite able to sustain the entire 
voltage applied. ‘To determine the effects on solid insu- 
lation under these conditions tests were made with a 
dielectric com of sheets of equal thickness of glass 
and paper. Tests were first made to determine the volt- 
age required to puncture the paper. Voltage was then 
pose to the entire dielectric so as to give a component 
(about 75 per cent. of the total voltage) across the paper, 
computed to be well above that uired to produce its 
disruptions. The result was to Tiddle the paper with 
minute perforations, which consequently reduced its in- 
sulation strength to 1 fraction of the original value, as 
shown by breakdown tests that were subsequently made. 
These tests were carried out with well-dried paper. It 
was interesting to note that with the paper in its normal 
condition —#.¢., containing about 7 per cent. of moisture— 
the specific inductive capacity was increased sufficiently 
to reduce the component of voltage so much that no per- 
forations were produced in the paper until a considerably 
higher test vol was applied. 

Data Derived from Investigations.—From the results of 
the foregoing tests and the investigations on machines 
a have failed, the following data have been estab- 
ished :— 

1. No case of chemical action has been observed on 
windings having a lower voltage than about 3,500 to 
ground, as, for instance, 6000-volt three-phase star-con- 
nected machines. 

2. Chemical action only occurs where air-pockets are 
earaped and then only when the voltage across them is 

igh enough to produce a discharge. 

, —— certs yy ee ag oa the see * \~ 
insulation ex to air-pockets, the gases produc y 
the discharge may be pene or beyond the zone where they 
are formed, and produce action on other portions of the 
insulation outside the slots. While a discharge un- 
doubtedly occurs between the outside of the insulation 
and the laminations, very little chemical action is to be 
expected on the ex surface, since the gases formed 
can freely escape, and, further, the insulation is not 
usually of a kind readily affected. 

4. The action of the products of the air-gap discharge— 
whether these ozone, oxides of nitrogen, nitrous or 
nitric acid—on the insulation is most commonly one of 
oxidation, and the effects produced on different materials 
are as follow :- 

Untreated cellulose materials have their fibrous struc- 
ture readily destroyed, and disintegration follows. 

The oils and gums used in the preparation of insulating 
varnishes are practically all subjected to super-oxidation, 
and as a result yield organic aci Of these materials, 
linseed oil is most readily affected. 

Certain asphaltum compounds are attacked only to a 
limited extent, and paraffin wax appears to be quite 
unaffected. 

Mica is itself unaffected, but the cements used in 
building it up are liable to attack on ex surfaves. 

The production of nitric acid is not essential for 
deterioration of the insulation to occur, although when it 
is uced the action is greatly accelerated. 

. The final ee a ing of varnish-treated materials 
is quaty accelerated by the action of the released organic 
acids. 

7. Failure due to chemical action is almost invariably 
the result of a short-circuit between turns, and not, as is 
sometimes sup’ , of a breakdown of the slot insula- 
tion between windings and ground. The short circuit is 
caused either by a destruction of the insulation on the 
conductors, which allows the turns to make actual con- 
tact, or by the hygroscopic, and therefore conducting, 
matter formed between conductors when nitric acid is 
present. 

8. Unless the air in the cavities of the winding is 
replenished by ‘‘ breathing,” the chemical action will 


cease. 
9. When the stress on insulation is very high, deteriora- 
tion other than that due to chemical] action may be pro- 
duced. Thus, if the insulation is made up partly of 
materials such as mica, of high specific inductive capacity, 
and partly of material such as paper, of low specific in- 
ductive capacity, the insulating value of the latter may 
be destroyed without the insulation as a whole breaking 
down. 
On the basis afforded by these data, the precautions to 
taken in order to prevent failure due to chemical 
action will be discussed under the following heads : — 
Potential ient. 
Safe working stress for any method of insulating. 
Special methods of insulating for very high stresses. 


POTENTIAL GRADIENT. 


It is well known that the distribution of voltage across 
a dielectric made up of layers of a number of different 
materials varies across layer directly as the thick- 
ness and inversely as the Fe, png inductive capacity. 
Each layer may be considered to represent the dielectric 
of a condenser, and the total thickness of insulation a 
number of condensers in series. 





The slot insulation in a high-voltage machine usually 
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consists of a number of layers of different materials, as 
shown, for instance, in Fig. 1, the specific inductive 
Fy mage | of the materials used in that case being J from 
1 for air to about 6 for the mica. From this it follows 
that where air layers exist the potential gradient is much 
steeper across them than across the solid insulation. 

It would be of interest to know exactly to what stress 
the air-gaps are subjected in the various cases occurring 
in practice. This cannot be ascertained directly, how- 
ever, as will be seen from the following considerations :— 

There may be several air-gaps in series, as, for instance, 
those around the conductors, interstices in the insula- 
tion, and theexternal gap between the insulated coil and 
the laminations, all of which may vary in thickness at 
different points. While machines are sometimes designed 
with the slots concentric with the assembled conductors, 
such cases are rare, and in the rectangular slots generally 
used the distribution of vol will vary at different 
a around the periphery of the slot portion of the 
cou, 

Even if it were possible completely to fill the space 
between the conductors and iron with layers of homo- 
geneous material, the potential gradient would be steepest 
across the layers near the conductors, since these have a 
smaller area, and therefore a smaller capacity, than those 
on the outside of the coil. This is accentuated at the! 
corners by the small radii, but the steepness of the poten- | 
tial gradient will be minimised at these points if square- | 
cornered slots, as shown in Fig. 1, are used. From this | 
it follows that it can only beady be stated that the stress | 
across the air-layers near the conductors is greater than 
that across the external air-gaps between the insulation 
and the iron. 

The specific inductive capacity of the composite solid | 
insulation varies considerably according to the method of | 
manufacturing, and if untreated paper is used its value | 
in this respect varies according to the state of dryness. 

Most of the above factors are affected by the tempera- 
ture variation occurring under running conditions, and 
any one of them is sufficient to prevent an accurate deter- | 
mination of the potential distribution across the air- 
8 





paces. 
While it is thus seen that the actual stress across the 
air-gaps cannot be computed for practical cases, the 
manner in which the intensity of stress is affected by the 
variables introduced, according to the method of winding 
and insulating, can be readily shown. | 
_ The principal variables to be considered are the follow- 
ing :— 
(a) Radial thickness of slot insulation. | 
(b) oe inductive capacity of the materials. 
(ec) ickness of air-gap. 
(a) Effect of Varying Radial Thickness of Insulation.— | 
In Fig. 2 is shown the distribution of stress across a com- | 
posite insulation, made up of a thickness S, of solid 
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stress across the air-gap is increased, as shown by the 
slope of the line B C compared with that of D C. 


or the sake of simplicity the solid insulation referred | head 


to in the above examples is assumed to be en + yee 
and the electrodes to consist of perfectly parallel plates, 
so that a uniform field exists between them. 


Sarge WorkKING STRESS FOR ANY METHOD OF INSULATION. 


While chemical action has been observed on windings 
having a voltage to ground as low as 3500, there are many 
machines that have operated satisfactorily for years at 
voltages as high as 10,000 to ground. Further, it is 
interesting to note that as far as the authors have been 
able to ascertain, all the machines that have failed 
through chemical action have been of European make. 
No instance of an American machine giving trouble could 
be found, although inquiries were made of several leading 
American engineers who were interested in this matter. 

The thickness of slot insulation would appear to afford 
the simplest explanation of the freedom from chemical 
action of comparatively low-voltage machines. It has, 
for mechanical reasons, to be so great in proportion to 
the voltage that the stress across occluded air-spaces is 

robably well below that at which a discharge commences. 
To ascertain to what extent this factor applies for higher 
voltages, the radial thicknesses of slot insulation were 
taken for a number of the machines noted above that 
were considered to be perfectly safe, and compared with 
those of machines that had failed. These machines were 
in no way specially insulated to withstand chemical action, 
and other than as regards radial thickness of slot insula- 
tion, were generally comparable with each other. 

From these data it was seen that, for a definite voltage, 
there was a fairly definite radial thickness of insulation 
that could be considered safe, irrespective of the method 
of insulating. The curve in Fig. 5 was plotted from the 
figures thus obtained, and from the radial thicknesses of 
insulation commonly used for lower voltage machines. 
This curve shows the relation between voltage to ground 
and average voltage stress across the slot insulation. The 
stress is exp in volts per mil of the total radial 
space in the slots between copper and iron. 

While the authors know of no case where failure has 
occurred at a stress as low as the maximum indicated on 
the curve, they have observed, in several cases, definite 
traces of chemical action where the stress has been as low 
as 25 volts per mil. The action, however, has b-en too 
slight seriously to impair the life of the insulation. 

The —_ lines cutting the curve indicate, for a 
number of different makes of machines, the range of 
vol over which chemical action has been observed. 
All these failures have occurred near the extreme end of 
the winding, and the stresses at these points are indi- 
cated by ABC DEandF. The line A G refers to the 
7500-volt two-phase machine already referred to, and B H 
the example described by Mr. Highfield. It should be 
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material, having a specific inductive capacity, say, of 4, 
and a thickness G, representing the air-gap next the von- 
ductor. With a voltage V applied across the entire 
insulation the potential gradient is indicated by the 
ape of the line A B O, and the voltage across the air- 
gap by v. 

fe, now, the thickness of solid insulation is increased 
from S, to S,, and the ony maintained as before, the 
potential gradient is then indicated by the line DEC, 
and the voltage across the air-gap 1s reduced from 1, to v». 
The difference in stress across the air-gapin the two cases 
is seen by comparing the slopes of the lines B C and E C. 

(b) Effect of Varying the Specific Inductive Capacity.— 
In Fig. 3 is shown a composite insulation consisting of a 
thickness of solid insulation S and air-gap G. 

If the specific inductive capacity of the solid insulation 
is 6, the potential gradient for an applied vol 
may be represented by the line A BC, giving a voltage 
across the air-layer of 1. If the specific inductive 
capacity can be reduced by the substitution of a different 
solid material to, say, 4, the potential ient will be 
changed to that indicated by the line A DC, the voltage 
across the airgap then being reduced to vp. That is to 
say, for given thicknesses of solid insulation and air-gap, 
the lower thespecific inductive capacity of the former the 
sere) mifece oY ee Rites of Air-Gap.—C 

(0) Effect of Varying ickness of Air-Gap.—Con- 
sidering the insulation to be made up as shown in Fig. 4 
by a thickness S, of solid insulation and G, of air gop, the 
potential gradient is represented by the line ABC. If, 


while maintaining the same total thickness of insulation, 





that of the solid material is increased to S,, reducing the 
air-gap to Ga, the potential ient is altered to that 
indicated by the line ADC. Under these conditions the 














noted that the lower extremities of the lines only repre- 
sent approximately the stresses at which chemical action 
ceases, as at these low voltages the evidence is very 
indistinct. 

The value of 35 volts per mil shown on the curve in 
Fig. 5 may be considered to represent the safe average 
stress even for machines affording every facility for 
chemical action to take place. In view of the effects of 
the variables already noted, it will be appreciated that 
many machines may operate safely at a much higher 
stress than this without being specially insulated to pre- 
vent chemical action. 


Spectra, Meruops oF INSULATING FOR VERY HIGH 
STRESSES. 


With improvements in insulating materials and the 


V| methods of applying them, together with the necessity 


for high copper space-factors incident to keen competi- 
tion, the px» wee among European makers has been to 
force the stress on the slot insulation much higher than 
has been the general practice in America. In deali 

with stresses higher than about 35 volts per mil of to 

slot insulation, it is 'y to eliminate air-spaces as 
far as ible, to employ insulation that is not readily 
affected by chemical action, and to reduce to a minimum 
the stress across any existing air-layers. The authors 
know of several ines that have operated safely for 
years at an average stress as high as 60 volts per mil 
where the proper precautions have been observed. It 
should be noted, however, that stresses reached when 
pressure-testing machines for such severe working condi- 
tions fall within the pone of those liable to produce 
partial i 





breakdown of tion in the manner already 
noted. 


The practical problems involved in insulating for very 
high stresses will be considered under the following 
s:— 

(a) Impregnation of windings. 

(b) Arrangement of conductors in coils. 

(c) Best type of coil. J 

(d) Sealing slot insulation against “‘ breathing.” 

(ce) Selection of materials. 

(f) Special methods of reducing the stress across the 
air-layers. 

(a) Impregnation of Windings.—The importance of this 
process in general insulation work is now fully appre- 


po el 


due to 


R.M.S. Volts to ground. 





o 50 

(2138.c) Volts per mil radial thickness. 
ciated, but the limitations as regards the filling of inter- 
stices in windings is by no means generally recogni 

In the most modern method of impregnating coils, these 
are dried under vacuum in a suitable steam-heated 
chamber to remove moisture and occluded air ; varnish 
or molten compound is then drawn in and forced into the 
coils under an air-pressure of 50 1b. to 60 lb. per square 
inch — for several hours ; the surplus eens 
material is then drawn off. The ideal result of suc 
treatment is a completely solid, moisture-proof coil. 
Unfortunately, such a result cannot be obtained commer- 
cially. If varnish is used as the impregnating material, 
interstices must necessarily be left ~ oa the solvent, 
which forms a considerable portion of the bulk, is ex- 
pelled. When compounds are used, the choice of mate- 
rial is limited by the melting-point, which must be so 
high that there is no tendency to flow at the maximum 
working temperature of the windings. At the same time 
the compound must become very fiuid at a temperature 
well below that at which the cotton or other insulating 
coverings to be impregated become damaged. Further, 
it must not become brittle at the lowest temperature to 
which it may be subjected in service. AM 

Within the limits imposed by these requirements, it is 
practically impossible to obtain a material, otherwise 
suitable, with a low coefficient of expansion. Ordinarily 
there may be as much as 10 per cent. difference between 
the volume at normal and that at the impregnating tem- 
perature. Interstices will therefore be formed by con- 
traction of the compound when it cools. Further, where 
there are air-pockets in the interior of the coil other than 
of dimensions comparable with the capillary tubes in the 
fibrous materials, it is impossible to fill them except under 
very prolonged treatment. This is due to the exceedingly 
small and tortuous channels through which the impreg- 
nating material has to travel. Moreover, it is nearly 
impossible, within practical limitations, to impregnate a 
completely insulated armature coil on the slot portions, 
since the insulating materials ordinarily used on these 
parts are almost impervious to impregnating compounds ; 
and further, a much higher pressure than can ordinarily 
be applied is necessary to force the compound in from the 
ends throughout the length of the coil. It therefore 
becomes necessary to im ate the formed coils of high- 
voltage machines before the slot insulation is applied. 
Even when this is done, additional processes are requ! 
to ensure that all s between conductors are properly 
filled, and a phan plane surface Fae ema upon which 
to press the slot ae A — fhe wre by 
impregnation, after completely insulating, is desirable, as 
a ane of ph ad ayes of the insulation on slot 
portions, and to give a moisture-resisting covering to the 
entire coil. These precautions, while affording a solid 
coil at normal temperatures, only partially achieve the 
desired result, since the whole of the insulation swells 
when the windings are heated, and does not contract and 
occupy its original ition on cooling. Cavities are 
liable, therefore, to be formed around the conductors, into 
which air will eventually percolate. Moisture may also 
be absorbed by the “‘ breathing” action. “ 

(b) A of Conductors.—Owing to the difficulty 
of making a solid coil by impregnating and filling pro- 





cesses, it is necessary to consider the best arrangement of 
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conductors which,will reduce to a minimum the inter- 
spaces to be filled. This is further necessary, inasmuch 
as spaces, other than those across which a discharge may 
take place, act as a reservoir and replenish the air acted 
upon by the discharge. This occluded air also assists in 
setting up ‘‘ breathing” action. 

Rectangular conductors should be used, and, when 
possible, be chosen of such a rae as to give a single 
section arrangement, as shown in Fig. 6 ven when it 
is necessary to use two rectangular conductors in parallel 
side by side, as shown in Fig. 7, this arrangement is 
generally preferable to multi-section coils. A courparison 


for safeguarding against chemical action. Where elec- 
trical considerations permit, open slots are preferable to 
semi-closed, since a smaller winding clearance can 
allowed in the slots, and the swelling of the insulation 
consequently reduced to a minimum. 

A formed coil for use in semi-closed slots is shown in 
Fig. 12, and one for open slots in Fig. 13. From these 
figures it will be seen that the second type of coil pos- 
sesses the additional advantage that it can be entirely 
insulated before placing in the machine, and the sealing 
of the ends much more completely effected. 

Coils wound directly into the machine by threading the 





of various arrangements common for coils having the same 
number of conductors, and the same cross-section of | 
copper, is shown in Figs. 7, 8, and 9. 

As regards freedom from pe ee the advantage of | 
coils wound with rectangular conductors is seen by com- 
paring Figs. 9 and 10. The single-section arrangement 
with rectangular conductors gives a very solid coil, 
mechanically well adapted to withstand the handling 
during the application of the external insulation. As 
pointed out earlier in the Paper, failure from chemical 
action is almost invariably the result of short-circuits | 
between conductors; it is therefore desirable that the | 
voltage between adjacent turns be kept as low as ible. | 
It will readily be seen that the single-section coil is ideal 
in this respect, and, further, this formation is such that 


METHOD OF ARRANGING CONDUCTORS IN SLOTS. 





turns singly through insulating tubes, while perhaps more 
commonly employed than any other type, are quite un- 
satisfactory for machines in which the stress across the 
slot insulation exceeds about 35 volts per mil. In such 
coils round wires, as shown in Fig. 10, generally have to 
be used, as with rectangular wires the risk of abrasion of 
the coverings during winding is too great. This, and the 
internal winding clearance, cause a considerable amount 
of inters in the coils, and, except where the machines 
are small enough to be impregna as a whole, there is 
no satisfactory way of filling the interstices. 

(d) Sealing of Slot Insulation against *‘ Breathing.” — 
Breathing action in coils takes place to a much greater 
extent than is ordinarily considered possible, and is diffi- 
cult to prevent except with completely-formed and sepa- 
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turns of widely-differing potential cannot be readily dis- 
placed to make contact during handling or in the insu- 
lating process. 

To further safeguard against short-circuits, the con- 
ductors, where number and size permits, should have 
their insulating coverings reinfo' on the slot portions 
by separating strips of mica or other insulation not 
affected by the chemical action. The single-section type 
of coil is best adapted to this method of reinforce- 
ment, since in the multi-section coils the conductors are 
usually too narrow effectively to retain the separators 
— handling. A typical example of a single-section 
coil of an 11,000-volt three-phase star-connec machine, 
insulated in this way, is shown in Fig. 11. 

It should be noted that even with the best arrangement 
of conductors it is generally impossible to wind coils so 
as to present a —— plane surface, and interstices 
varying in length according to the size of coil and in 
thickness up to about 0.030 in. will here and there occur. 
These require filling, by means of such processes as have 
already been described, before the external insulation is 
applied. Further, some inters in multi-section 
coils due to the rounding of the corners of the conductors 
must inevitably occur. 

When the conductors in a coil are so small and numerous 
that separators cannot be used between them, the coils 
are usually so weak mechanically that turns are liable to 
be displaced. Such coils should be insulated to ‘‘ ground” 
so heavily as to bring the stress within the safe limit of 
45 volts per mil, or, alternatively, the machine be wound 
for a low voltage and step-up transformers used. It should 
be noted in connection with such risky coils that when 
used for high-voltage machines, surges or other causes of 
concentration of potential between terminal turns are 
specially likely to produce short-circuits at these points, 
since it is here also that the insulation between turns is 
most likely to be weakened by chemical action. 

(c) Best Type of Coil.—The slot insulation of a formed 
and solidly impregnated coil can best be applied as a 
wrapping, hot-ironed to give a solid insulation free from 
occluded air. As already noted, while such an insulated 
coil, when cold, can be obtained free from air-spaces, when 
subjected to the running temperature of the machine the 
insulation readily swells and takes up the winding clear- 
ance allowed between the insulated coils and iron. It 
also tends to bulge into ventilating ducts in the core. 
Air eventually penetrates into the spaces thus formed, 
pe a these may be very minute, “‘ breathing” is 

From the necessity of reducing to a minimum the 
amount of air space in windings, it will be seen that coils 
wound on formers, imp ted and completely filled and 
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rately-insulated coils of the type shown in Fig. 13. With 
this type, when the interstices are reduced to a minimum 
by suitably impregnating the coil, the breathing can be 
more or less prevented by extending the tape on the ends 
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of the coils over the slot insulation, applying several layers 
of tape, and varnishing each separately, or impregnating 
the completely-insulated coil with compound. _ . 
The application of tape or compound after coils are in 
place in Siete for instance, in the hand-wound type— 
cannot be made to seal up the ends of the slot insulation 
effectively enough permanently to prevent ‘“‘ breathing.” 
(e) Selection of Materials.—Since occluded air and 
“ breathing” cannot with certainty be avoided, some addi- 
tional safeguard must be sought by using, as far as 
sible, those insulating materials that are least aff by 
the products of the air-gap discharge. As already shown, 
cnemical action may be produced at an average stress as 
low as 25 volts mil, and above this stress such readily 
oxidisable insulation as linseed-oil-treated cambric should 





insulated before placing in the slots, afford the best type 


be avoided, For such stresses the cotton covering or con- 


ductors, or other cellulose material, should be im ted 
with molten asphaltum compound rather than with var- 


be | nishes of the linseed-oil ty: 


The same kind of peed, ll compound should be used 
to fill the interstices in thecoi]. For this purpose, as well 
as for impregnating the insulation, paraffin wax would be 
invaluable, on account its inert nature, if its low 
melting point did not preclude its use Untreated cotton 
covering and other cellulose materials are generally 
excluded from machine windings for any voltage. From 
the tests noted in the early part of the paper it will be 
seen that it is particularly necessary to avoid their use in 
high-voltage machines. 

or the separators between adjacent turns, mica appears 
to be the most suitable material. As regards external 
insulation, mica backed with treated paper or fabric is 
very satisfactory. With this material, the mica surface 
should be pl nearest the air-gap so as to shield the 
backing material from the chemical effects resulting from 
a discharge. 

(f) Special Methods of Reducing Stress across the Air- 
Gap.—As already shown in reference to Fig? 3, a low 
stress across the air-gap can be obtained by using solid 
insulation of low specific inductive capacity. Unfortu- 
nately, however, there are no materials, having very low 
poener sd inductive capacity, that are otherwise suitable for 
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the insulation of high-voltage coils. Consequently, the 
air-gap stress relative to that across the solid insulation 
cannot be reduced in this way. 

A method that has been proposed for minimising the 
air-gap stress is shown in Fig. 14. This consists of winding 
between the inner layers of the slot insulation, a sheet of 
metal foil extending the full length of the slot, and com- 
pletely enclosing that part of the coil. This is connected 
to one of the conductors, preferably at about the centre 
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of the coil. Under these conditions the stress between 
the windings and ground is concentrated on the solid 
insulation between foil and iron, rendering that across 


the air-gap practically negligible. To prevent any action 
due to the external gap, a similar sheet of foil may be 
used around the outside of the coil and grounded to the 


iron. 

Theoretically this method is quite sound, and should 
enable the stress on the solid insulation to be pushed up 
to the limits determined by breakdown considerations. 
It might be specially used to advantage in the case of 
hand-wound coils for very high vol The authors, 
however, know of no instance where it has been used in 
machine work. The method would introduce several 
practical disadvantages, as, for instance, the difficulty of 
ensuring, under all conditions, perfect contact between 
foil and slot insulation, and the effective insulating of the 
foil from the conductors without requiring too much in- 


sulation s . Except under special conditions, it is 
very doubtful whether the method is commercially 
practicable. 


Chemical Action in Windings other than that due to 
High-Voltage.—There isa form of chemical action that is 
often confused with that produced in high-vol wind- 
ings. This is liable to occur on windings whether they 
are in service or not. It is to be found on varnish-treated 
coils only, and is indicated by a greenish discoloration 
of the copper conductors and of the cotton or other 
insulation surrounding them. 

Though not exclusively so, the action is mainly confined 
to varnishes of the linseed-oil ype and is due to the 
presence of weak o' ic acids. e extent of the action 
depends on the quality of the varnish, the temperature at 
which it is dried, and the condition of the insulation 
covering as rds moisture. With the best makes of 
varnish, and the most favourable conditions of drying, it 
is impossible absolutely to prevent this action, unless the 
copper is protected by a coating of tin or suitable enamel. 

Considerable apprehension is often cau by this 
green discoloration in coils. The authors, however, have 
never known of a case where it could be demonstrated 
that this action had appreciably lowered the insulating 
value or impaired the mechanical properties of the insu- 
lating covering, or, in fact, afforded any evidence of its 
presence, except by the colour produced. While this 
evidence is only appreciable with more or less transparent 
varnishes, the action producing it must also occur with 
the black varnishes of the same class. In general these 
linseed-oil gum varnishes are eminently suitable for the 
insulation of windings other than those where chemical 
action due to high stresses is likely to occur. 


CONCLUSIONS. 


1. For the range of voltages at present used, failure of 
machines from chemical action is not to be expected when 
the average stress across the slot insulation is less than 





about 35 volts per mil, with any of the methods of wind- 
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ing and insulating commonly employed. With windings 
having a voltage of less than 400v to ground, the stress 
is usually kept below this limit by the ample thickness 
of insulation required for mechanical reasons. : 

2. A much higher average stress than 35 volts per mil 
of slot insulation is safe when the size and number of con- 
ductors permits the best method of grouping and insu- 
Jating to be employed, and when special precautions are 
observed as to the kind of materials used and the proper 
filling of interstices. 

3. Failure due to chemical action is almost invariably 
the result of a short circuit between turns of the windings, 
and not of a breakdown through outer insulation to 
ground. On this account mica or other material which is 
unaffected by chemical action should be used between 
turns whenever this action is likely to occur. 

4. While failure due to chemical action may be pre- 
vented by proper precautions, even when very high 
stresses are employed, there is in such cases some risk of 
producing a partial breakdown of the slot insulation when 
the ordinary pressure tests are applied. Such weakening 
is likely to occur when layers of material of high and low 
specific inductive capacity are used together, the insula- 
tion value of the latter being destroyed. In this connec- 
tion it should be noted that a pressure test affords no cri- 
terion as to the safety of windings against chemical action, 
since the stress at which the latter takes place is usually 
far below that at which disruption of the insulation occurs. 

5. The green discoloration which frequently occurs on 
coils of any voltage treated with linseed-oil gum-varnishes 
should not be confused with the chemical action due to 
the products of the air-gap discharge which takes place in 
high-voltage windings only. Such discoloration is quite 
harmless with the best makes of varnishes. 

The authors desire to express their indebtedness to 
Mr. J. 5S. Highfield for the interesting data supplied in 
connection with his observations of chemical action in 
high-voltage machines. 








Last Yrar’s Sitver.—The output of silver through- 
out the world last year was 216,788,714 0z., as compared 
with 211,122,633 oz. in 1909. The ror producers last 
year were the United States, 56,438,695 oz.; Canada, 
32,878,590 oz.; Mexico, 72,574,220 oz.; Australasia, 
16,359,284 oz.; Germany, 5,332,901 oz.; and South 
America, 16,476,928 oz. 





TH German Locomotive Inpustry.—Considerable 
disappointment is felt in Germany at that country 
having secured only a third of the Japanese contract 
for sixty-six locomotives, which, it was hoped, would have 
been placed entirely with German firms. They have only 
received orders for twenty-four locomotives, and these on 
very unfavourable conditaons, orders for a similar number 
having been placed in the United States, and orders for 
eighteen with English manufacturers. Important orders 
for locomotives have been awaited for several months 
from the German State, but although they have not yet 
been definitely placed, the works hebvugion to the union, 
owing to the insufficient employment, have already 
taken them in hand, having previously conferred with the 
State authorities in question. The Government of Saxony 
has ordered thirty locomotives from a local manufacturer. 





A Frencu FLoAtTine Exutsition.—For several years a 
floating French exhibition has been under discussion, and 
it was a that a vessel equipped for this purpose 
would leave Marseilles some time last autumn. The de- 
parture was, however, postponed to the earlier part of the 
present year, and Havre substituted for Marseilles as the 
starting point. The pi mme for the route is a compre- 
hensive one, including Spain, Portugal, Morocco, Italy. 
Trieste, Antivari, Greece, Turkey, various ports in the 
Black Sea, Egypt, Malta, Tunis, and Algiers. Eight 
months are calculated for this trip, after which the vessel 
will return to Havre, in order, however, only to go ona 
second cruise, of some four months’ duration, to England, 
Hamburg, Dantzig, Russia, Stockholm, Copenhagen, 
Christiania, and back to Havre. A third, and still more 
ambitious, trip round the world is further under contem- 
—, with calls in Canada, the United States, Mexico, 

Yentral America, the Antilles, Brazil, La Plata, Chili, 
Peru, the Pacific Coast of the United States, Japan, 
China, —— Madagascar, India, through the Suez 
Canal, back to France. This latter trip is calculated to 
last a year and a half. 


Tue Wevsu Tin Prats Market.—The year 1910 will 
stand out as one, not only of general and marked pros- 
perity in the Welsh tin-plate industry, but also as one 
of great progress and development ; never in the history 
of the trade has there been such an increase in tne 
number of new mills either actually working or in 
course of construction. here are now 35 more mills 
at work than there were twelve months’ ago, in addition 
to which there are 59 mills in course of construction. 
In 1891, before the McKinley Tariff was introduced, 
there were nearly 500 mills workiag, but about 1903 the 
number had dropped to some 360. To-day, however, the 
number is a little over 500, which mills are, it has been 
estimated, turning out from 25 per cent. to 50 per cent. 
more per mill than was the case in 1891. It has, how- 
ever, m impossible to run all the mills to their full 
extent on account of the scarcity of labour. With 
to exports, the largest individual consumer has been the 
United States, which took 73,636 tons, the British East 
Indies coming next with 51,998 tons in 1910, and next to 
that Germany, with 39,056 tons. The total quantity 
exported to all countries was 483,020 tons, the value of 
which was 6,545,329/. The outlook to-day is excellent, 
and it is expected that a continuance of good trade during 
the present year may be looked forward to, 





CATALOGUES. 


Diamond Tools for Grinding-Wheels.—The Carbon 
Tool Company, 15, Stanley-road, Earlsdon, Coventry, 
have issued a little booklet illustrating and stating prices 
of the various forms of diamond tools they supply for 
truing and shaping all kinds of abrasive wheels. 


Leather Goods.—A price-list of leather machine-belting, 
pump and hydraulic leathers, suction and delivery-ho-e, 
and other leather s has come to hand from Messrs. 
Middlemore and mplugh, Limited, Holloway Head, 
Birmingham. 


Lantern Slides of Electrical Machinery. — Messrs. 
Siemens Brothers’ Dynamo Works, Limited, Caxton 
House, Westminster, S.W., have sent us a list of 117 
different lantern slides (illustrating all kinds of electrical 
machinery), which they are pre to loan, free of 
charge, to lecturers, teachers, and others. 


Spanners, d:c.—A catalogue of drop-forged mild-steel 
spanners has been received from Messrs. Thomas Smith 
and Sons, of Saltley, Limited, Birmingham. This cata- 
logue states prices for various patterns of single and 
double-ended spanners, both in the rough and finished 
states. Prices and particulars of lathe-carriers, shafting- 
collars, and eye-bolts are also given. 


Paraffin and Petrol-Engines.—Messrs. Charles Price 
and Son, of Broadheath, near Manchester, have sent usa 
catalogue illustrating and giving particulars of a series 
of vertical engines in ten standard sizes, with one to six 
cylinders, ranging from 7} to 70 brake horse-power. The 
engines use paraffin, petrol, and other oils and spirits for 
fuel, and are specially designed for heavy industrial 
work. Particulars are also given of some of these en- 
gines, direct-coupled to dynamos, for electric lighting. 


Time-Recorders.—A booklet issued to illustrate the 
varied uses of Bundy, International, and Rochester 
automatic time-recorders has m received from the 
International Time-Recording Company, 151, 153, and 
155, City-road, E.C. The Booklet reproduces photo- 
graphs showing these recorders in use in numerous large 
works in different parts of the world for time-keeping and 
for registering the time taken on each job. [Illustrations 
are also included of instruments used for recording traffic 
on tramway systems. 


Boiler. Tube Cleancr.—The Huhn Tube-Cleaner Manu- 
facturing Company, of 11, Queen Victoria-street, E.C., 
have issued a klet relating to their improved form of 
tube-cleaner. It is of the water-turbine type, and is 
suitable for removing scale from the interior surfaces of 
the boiler, economiser, and condenser tubes. The design 
of the improved form is such that the water cannot enter 
the bearings and wash out the oil, as was the case with 
older patterns ; it can also be made for tubes of smaller 
diameter than formerly. 


Dynamos.—We have received from Messrs. Crompton 
and Co., Limited, Salisbury House, London Wall, E.C., 
a catalogue section giving full particulars of continuous- 
current dynamos, which are manufactured in seventeen 
sizes, for outputs ranging from 5 kilowatts to 250 kilo- 
watts, at pressures up to 500 volts. Prices are stated for 
machines with one, two, or three bearings, and for all the 
extras ordinarily required. The single bearing-machines 
are fitted with a half coupling, so that the armature can 
be directly connected to the fly-wheel of a high-speed 
engine. 

Locomotives.—The Baldwin Locomotive Works, of 
Philadelphia, Pennsylvania, U.S. A., have recently issued 
their sixty-seventh record of construction. The record 
illustrates and gives the leading dimensions and other 
particulars of fourteen locomotives, covering a wide range 
in weight and capacity, for passenger service on United 
States railways. Two of these engines are of the 
American type, three of the “‘ Atlantic” type, six of the 
‘*Pacific” type, and three are ten-wheeled. Itis a notable 
owe that half the total number are fitted with super- 

eaters. 


Aluminium for Electrical Purposes.—A pamphlet giving 
the physical, mechanical, and electrical properties of 
aluminium, and comparing them with those of copper, 
has been received from the British Aluminium Company, 
Limited, 109, Queen Victoria-street, E.C. The pamphlet 
also gives in tabular form the weights, resistances, current- 
carrying capacities, and other particulars, of aluminium 
wires and rods, from 25 8S.W.G. to 2 in. in diameter. 
Attention is called to the fact that for equal current- 
carrying capacity, aluminium has half the weight of 
copper. 

_Aluminiwm for Foundry Purposes.—The British Alumi- 
nium Company, Limited, 109, Queen Victoria-street, 
E.C., have issued a circular calling attention to the uses 
of aluminium in the foundry. Small quantities of 
aluminium added to molten iron and steel combine with 
oxygen and other gases present to form a slag, which can 
be removed from the surface of the metal. The heat 
evolved by the reaction also serves to keep the metal 
fluid in the ladle for a considerable time. Aluminium 
for such purposes is supplied in the form of granules or 
half-round sticks. Ferro-aluminium, an alloy containing 
90 per cent. iron and 10 per cent. aluminium, is also 
supplied by this firm. 


Electrical Pyrometers. — A catalogue section dealing 
with pyrometers of the thermo-couple type has come 
to hand from Messrs. Schiiffer and Buden , Limited, 
of Whitworth-street, Manchester. These pyrometers 
are self-contained, and give direct readings of the tem- 
peratures. They are suitable for all industrial purposes 
as well as for scientific work. The galvanometers 
employed are of substantia] construction, so as to with- 





stand rough workshop usage ; both indicating andfrecord- 
ing ty are dealt with. For temperatures up to 1100 
deg. Fahr. iron - constantan couples are used, while 
carbon-nickel and platinum-platinum-rhodium couples are 
used up to 2300 deg. and 2900 deg. respectively. The 
catalogue illustrates and states prices of numerous 
different patterns and gives instructions for their use. 


Drawing-Office Requisites. — We have reseived from 
Messrs. John Davis and Son (Derby), Limited, All 
Saints’ Works, Derby, a catalogue section dealing with 
slide-rules and othercalculating instruments, an improved 
form of univers»] drafting-machine, drawing-boards and 
tables, planimeters, pantographs, drawing-instruments 
and papers, erie = 4 apparatus, and other drawing- 
office requirements. The catalogue also illustrates and 
briefly describes the Smith-Davis piecework balance and 
premium calculators. These machines are large circular 
slide-rules in which the scales are fixed to the adjacent 
rims of two wheels, which can be turned, either together 
or separately, on a horizontal axle. They are used for 
making calculations in connection with wages paid for 
labour on the piece-work and premium systems. 


Electric Heaters.—The Electric and Ordnance Acces- 
sories Company, Limited, of Aston, Birmingham, have 
sent us a copy of their catalogue of ‘‘ Eclipse” electric 
heaters. In these heaters the air comes in actual contact 
with the heating element, which works at the compara- 
tively low temperature of 300deg. Fahr. Convection 
currents set up by these elements cause the whole of the 
air in a room to circulate through the heater, so that a 
uniform temperature is raaintained all over the apart- 
ment. Besides the usual large selection of heaters in 
black, antique copper and brass, and other sheet-metal 
cases, three new patterns in cast-iron have been intro- 
duced. They are of appearance and of substantial 
construction. The catalogue also illustrates a few designs 
of glow-lamp radiators. Prices are stated and full parti- 
culars given of all the heaters listed. 


Stone-Breaking Machinery. — From Messrs. Robert 
Broadbent and Son, Limited, Phenix Iron Works, 
Stalybridge, we have received an illustrated catalogue of 
their improved Blake stone-breakers, ore-crusheis, and 
erushing-rolls. Stone-breakers having capacities ranging 
from 10 cwt. to 20 tons of road metal per hour are listed. 
They can be supplied with or without screens, either for 
fixing to permanent foundations or mounted on wheels ; 
complete stone-breaking plants, both stationary and 
portable, are illustrated. The catalogue also deals with 
sectional stone-breakers, with steel-plate frames, con- 
structed for export to countries where transport is difficult 
and costly. Particulars are also given of crushing-rolls, 
fitted with manganese-steel roll-shells and automatic 
feed-chutes. The capacities of the machines listed range 
from 2 to 8 tons per hour, though the production neces- 
sarily varies with tie size and nature of the material 
crushed. Prices, — power required, and other 
particulars are given of all the machines dealt with. 


Electrical Driving of Machinery.—Messrs. Dick, Kerr, 
and Co., Limited, Abchurch Yard, Cannon-street, E.C., 
have published a pamphlet entitled ‘‘ The Electric Motor 
in Various Industries,” intended to show the power 
required by various machines under ordinary working 
conditions. For this purpose a selection of diagrams 
from recording wattmeters has been reproduced to show 
the power absorbed by motors driving air-compressors 
and pumps independently, and also in the . "" 
ing of wood and metal-working machine-tools. In the 
cases of up-driving the diagrams show the power 
absorbed te the motor running light, driving shaft- 
ing only, driving machines light, and with machines 
working, so that the various frictional losses can be cor- 
rectly allocated ; full particulars of the transmission-gear 
are given in each case. The pamphlet also contains 
numerous illustrations, reproduced from photographs, 
showing the application of electric motors to the driving 
of pumps, paint-mills, machine-tools, textile and other 
machinery. 

Fireless Locomotives.—The Hannoversche Maschinenbau 
A.G., formerly Georg Egestorff, of Hannover-Linden, 
Germany, have sent us a pamphlet relating to their fire- 
less locomotives. On these engines the boiler is replaced 
by a cylindrical steel reservoir, which is partly filled with 
water and heated by steam from a stationary boiler until 
a pressure nearly equal to that in the stationary boiler is 
obtained. The locomotive is then propelled by steam 
supplied at a gradually decreasing pressure from the 
heated water in the reservoir. he charging process 
takes about fifteen minutes, and the engine will work for 
a period varying from three to ten hours, according to 
the amount of work done. The pamphlet gives the prin- 
cipal dimensions, and other particulars, of four-coupled 
engines with Walschaert’s valve-gear, in seven different 
sizes, the largest of which is capable of hauling a load of 
1635 tons on the level when the pressure in the reservoir 
is 140 lb. per square inch. The engines are suitable for 
shunting and for light-train service, but are especially 
useful in factories and works where there is a danger of 
fire being started by a spark from an ordinary locomotive ; 
they can also be used in buildings and in other places 
where smoke would be objectionable. 





British FounDRYMEN’S ASSOCIATION: BIRMINGHAM 
Brancou.—The next meeting of this Association will be 
held at the Technical School, Suffolk-street, Birmingham, 
to-morrow, the 25th inst., at 7 p.m., when Mr. S. W. B. 
Stephen will read a paper on ‘“‘The Manufacture of 
Foundry Coke—Past and Present.” A joint meeting of 
the Birmingham Metallurgical Society will be held in the 
same room to-day, when fessor H. C. H. Carpenter, 
M.A., Ph.D., will read a pees on ** The Prevention of 
the Growth of Cast Irons after Repeated Heatings. 
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‘‘ ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 

CATIONS UNDER THE ACT OF 1907. 

The number of views given in the Specification Drawings is 
in each case ; where none is mentioned, the Specification 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 

Copies of ifications may be obtained at the Patent Office, Sale 

ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform = of 8d. 

The date of the advertisement of the ance of a Complete 
Specisication is, in each case, given after abstract, wnless the 

atent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the nee of a Complete Speeification, 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the grow mentioned in the Act. 


ELECTRICAL APPARATUS. 

Le The Key Engineering Company, Limited, 
and L. Nagel, London. Electric Conductor Con- 
duits. [4 Figs.) December 15, 1909.—This invention relates 
particularly to conduits for electric conductors of the sectional 
type, and which are divided longitudinally. When proceeding to 
wire a building, a series of holders a, in the form of metal arches 
provided with spikes or screws, so that they can be firmly secured 
to walls, ceilings, and the like, are arranged along the course to 


stated 
is not 


be followed. To these holders one part b of each of the sectional 

casings can, ther with the wires g to be encased, be tempo- 

rarily fastened by means of scissor-like grips h, havin ae 
to 


capable of being separated by hand to embrace a holder an 
held in engagement therewith by spring action when the hand 

ressure is removed. After the required stretch of —s has 
Coen treated in this manner, the spring grips can be removed, and 
the cover sections c of the casing sprung, as usual, into position, 
the assembled sections thereafter being held in a removable 
manner to the holders by means of simple spring clipsd, which are 
substituted for the temporary grips h, and serve to embrace the 
casing and the holders. The cover sections may be sprung over 














the other or inner sections, and the free ends of the holders, which 
are shaped to bear closely against the exterior of the said other 
or inner sections, are made of such thickness that their outer 
surfaces are flush with the outer surface of the cover sections, so 
that the spring clips, which may be of part circular section with 
slightly out-turned edges, will, when forced over the cover sec- 
tions, slide easily over the free ends of the holders, and become 
firmly engaged therewith, so as to hold the sectional casing 
securely in position. By the means described the whole of the 
casing sections can be removed easily without removing the 
holders, and the holders can be arranged at any desired parts of 
the casing, and not necessarily at the joints between successive 
lengths thereof. In order to secure efficient bonding of the 
various sections of the casing where they abut, metal connections 
e are riveted thereto, the same being, in the case of the par- 
ticular sectional casing herein referred to, of a curved form, to 
suit the sections that are temporarily secured. A single copper 
rivet may be employed for each section end, the holes in the 
metal connector and one such end being simult ly punched 
as the work proceeds, by a punching-tool, which may also be used 
to clench the rivet. (Accepted December 30, 1910.) 


GUNS AND EXPLOSIVES. 


15,976/10. E. Schneider, 
pedo-Launching Tubes. 





, Le Creusot, France. Tor- 
c [9 Figs.] July 4, 1910.—According 
to this invention, the movable carriage, upon which the torpedo- 
launching tube is fixed, has mounted thereon a _—- sight- 
ing apparatus parallel with the axis of rotation of the iage, and 
the carriage also carries a portion of the elements of the training 
mechanism, and is revolubly mounted on a fixed circular saddle 
carrying one of the supplementary members of the training 
mechanism, The torpedo-launching tube a@ is attached to the 
platform b of the carriage proper, and projecting from the lower 
face of the said platform are two identical cylindrical and concen- 























as 876) 


“members 1, b®, The member b1 carries the track b° upon 


tri 


which the carri 
carries two amie 
form, and upon whi 


rests on aring of rollersc. The member b! 
the upper face of which is flush with the plat- 
of ch the tube a is fixed. By the intermediary 
$ = rollers ¢ the carriage rests upon a saddle e fixed to the 
fon: - 4 crown U8, carried by the member b! at its lower edge, 
— & hook for retaining the carriage upon the saddle, and, at 
the same time, protects from bursting shells 


toothed crown h. The latter meshes with an intermediate wheel 
i(Fig. 2), and the wheel i meshes with a pinion k carried by ashaft 
m, = which a worm-wheel is keyed. This worm-wheel is 
adapted to be operated by a hand-wheel s. By rotating the latter, 


te in this move- 


ic and 


riage we x and the tube a carried by it partici Y 
a periscop' 


ment. If the carriage there is likewise moun 
panoramic sighting apparatus ¢. 


HYDRAULIC MACHINERY. 


9010/10. J. Muskett, Manchester. Hydraulic Hose. 
(2 Figs} April 14, 1910.—This invention relates to swivelling | 
connections for hydraulic hose. a is a hollow nipple having a 
cone @!, on which the hose is secured, the fluid being conducted 
—- the nipple to the hose b. Means are provided to enable 
the nipple a to rotate freely about its axis on a ball-bearing, to 
readily respond with as little friction as possible to the twisting 
movement of the hose, to which it is secured. The nipple is 
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' c 
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h | 

a] | 
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| 
J | 
(goo) & J 


carried by a box formed in two halves ¢, d. The half d is pro- | 
vided with an hydraulic cup-leather e, to which the fluid has | 
access, the cup-leather bedding against a ring f! surrounding the | 
nipple a, and screwed to the half d, so that fluid cannot leak | 
around the nipple. The half c¢ is bored to accommodate two steel | 
rings g, h carried on the — a forming a race for steel balls. | 
When the parts are assembled the steel ring A will turn freely with 
the nipple on the ball-bearing to accommodate the circular twist- 
ing movement of the hose. (Accepted December 21, 1910.) 


MINING, METALLURGY, AND METAL- 
WORKING. 


30,092/08. J. B. Maaneq, Gove Castle. Furnaces. 
(3 Figs.) December 23, 1909.—The invention consists in a furnace 
for the production of white sulphate of lead pigments having fire- 
bars slightly inclined, and supported in brackets at their ends, the 
bars being provided with an internal pipe extending throughout 
their length, by which pipe cold water is led in, and pipes leading 
from the higher end of the bar by which the air and hot water 
away, the said fire-bars being placed above an air-tight chamber, 
through which the whole of the hot air supply to the furnace is 
led. e main portion of the furnace a is provided at its bottom 
with an air-tight chamber b. At the bottom of the furnace, and 
between the coke and air-tight chamber, the fire-bars are situated. 


























These fire-bars consist of hollow tubes ¢ slightly inclined, and 
closed at their lower ends. The tubes rest on brackets, on which 
they are loosely placed. A pipe extends along the lower side of 
each bar, this pipe being suitably connected to a cold-water 
supply. The over-flow pipe is Jed away from the highest point of 
the inside of the hollow tube ¢, so that all air is forced out as the 
water enters. After the air is forced out the hot water escapes by 
the same pipe. The end of the tube at which the water enters 
and leaves may be closed by a screw or other plug, through which 
the inlet and outlet pipes are led ; or, if desired, the inlet pipe may 
pass through the plug and the outlet pipe be introduced through 
the wall of the tube nearits highest point. (Accepted December 30, 


1910.) 
MOTOR ROAD VEHICLES. 

a mee «a J. B. Hamilton, London. Speed-Limit 
Controllers. (4 Figs.) December 20, 1909.—The present 
invention has reference to speed-limit controllers of the kind in 
which a governor driven from or by a shaft is designed and 
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a to actuate mechanism which cuts off and/or reduces the 





1 the inner 
and the penetration of sea-water. The carriage b carries a cer- 
= number of the elements of the training mechanism for the 
orpedo - launching tube, a supplementary element of this 


mechanism being fixed upon the saddle and constituted by a 





motive power, and, it may be, applies a brake, when the speed of 
the shaft attains a predetermined limit. In carrying out this 
invention, the governor is driven from{or bythe shaft, and is pre- 





the 
) | mined limit, and at this time rotates idly. 
the wheel i is caused to run upon the toothed ring h, and the car- | stati is 


(Accepted December 30,1910.) | 


ferably contained within the same casing as is the mechanical 

| gearing it actuates. The governor is wholly disconnected from 
gearing when the speed of the shaft is below the predeter- 

The gearing is, as a 
» y. It d with the governor when 

the of the shaft attains a predetermined limit, and is 
driven thereby through a clutch device which is put in action by 
the movement of —s of the governor relatively to the shaft on 
which it is mounted. The shaft 2 is carried in bearings in the 
casing 3 ; 1 is the governor, which is carried by the female member 
60 of aclutch. The male ber 61 is ted on the shaft 2. 
The member 60 is loose on the shaft 2, and the ends of the weight- 
carrying levers 62 nst a collar 68 that is also loose on the 
shaft 2. 64 is asleeve that abuts at one end against the collar 
63, and at the other end carries the female member 11 of a clutch 
10, 11. The male member 10 of this clutch is also loosely mounted 
on the shaft 2, and isin rigid connection with a member 138 of 
mechanical reduction gear which drives a drum 21, to which one 
end of a cable 22 is attached ted with the mechanism 
to be operated, which, in the case of a motor-propelled road 


toad 











| vehicle, would be the main clutch operating mechanism, the 


engine throttle, and/or the brakes. (Accepted December 21, 1910.) 

5362/10. H. Pearson and P. Cox, Shortlands, Steam- 
Cars. [2 Figs.) March 3, 1910.—This invention relates to cars 
propelled by steam-engines. The ucts of combustion are 
carried away by two flues—one extending upwards and the other 
downwards—an exhausting fan adapted to create a negative 
—- or partial vacuum being placed in the downward flue. 
, ¢ are the two flues, the orifice b! of the one } being above 
the generator, and the orifice cl of the other c below the gene- 
rator. The flue } is fitted with a sliding shutter )®, the 
flue c has its orifice cl located below or clear of the engine x. At 
the orifice cl is a fan d, adapted to create an induced draught in 
the flue, whereby the products of combustion are caused to take a 














downward course through the flue ¢ instead of their natural 
course in an upward direction. The fan d is driven from the 
oe x. In order to prevent too great an induced draught 
being produced at high — 8 the fan may be one t 
creates a maximum draught at about the normal speed of the 
engine, or one the draught created by which does not increase 

roportionally to the speed of rotation. When lighting up, and 
Cae steam pressure is available todrive the engine, and so propel 
the fan, the upward flue } is brought into operation by opening 
its shutter 62; but when steam is available for driving the fan d, 
the upward flue ) is put out of action by closing the shutter 1°, 
(Accepted December 30, 1910.) 


SHIPS AND NAUTICAL APPLIANCES. 


3958/10. A. K. W. London. ’ Course- 
Recorders. (2 Figs.) February 17, 1910.—This invention 
relates to a form of liquid electric com d for use in 
connection with systems of indicating a ship's deviation from its 
course, according to which a com is arranged to move 
between the two sets of electric conductors, and is provided with 
apertures so arranged that the e of the current from one 
conductor to the other of each set is more or less screened or 
obstructed as the apertures become more or less remote from the 
conductors. @ is a compass-bowl swung on gimbals and filled 
with a solution capable of conducting an electric current from a 
battery b between twosets of conductors ¢, cl, and d, d! the lower 
conductors, ¢ and d being set in blocks of insulating material, and 
the upper conductors cl, d! carried by rods j, j! epending from 
the cover of the compass-bowl. ¢ isa card of i ting 


a 





Pp r 





















material arranged to move between the two sets of conductors. 

, g are the two apertures in the compass-card ¢, The compass 
is set so that when the vessel is following her true course the zero 
mark on the com is in a position in which the apertures 
g, 9) are equally remote from the conductors ¢, c! and d, d) ; the 
flow of current through the two sets of conductors is thus equal. 
If, however, the vessel deviates, say, 15 deg. to starboard, then 
the compass-card will move through a like angle, the aperture g! 
will come nearer the conductors d, d!, whilst the aperture g will 
nove further away from the conductors ¢, c}. uently there 
will be an increased flow of current between the uctors d, di, 
and a decreased flow of current between the conductors ¢, c!. 
The variations of current thus obtained are used for yd the 
mechanism of the ship’s course-recorder. (Accepted mber 21, 
1910.) 
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STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


22,886/10. J. Davidson, Pendleton. 8 -Engines. 
(2 Figs.| June 10, 1910.—This invention relates to the cylinders 
of steam-engines and chiefly to engines in which the steam always 
flows in one direction. The object of the invention is to minimise 
the cooling effect of the exhaust-belt, as, owing to the cooling 
effect of the exhaust-belt, and owing to the shortness of the stroke 
in high-speed engines, this belt encloses a large percentage of the 
barrel, if made in the ordinary manner. For the purpose of this 
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invention, the exhaust-belt is made with a narrow neck where it 
is connected to the barrel, and with an enlarged exhaust- 

b, as shown in Fig. 1. By this means a very small portion of the 
barrel is affected by the cold belt, and if the barrel is steam- 
jacketed, the jacket may be carried a considerable distance along 
the barrel and yet allow of a small space at c (Fig. 2), so that the 
jacket may be separated from the exhaust-belt by non-conducting 
material. (Accepted December 30, 1910.) 


887/10. J. Davidson, Pendleton. Steam-Engines. 
{1 Hig.) June 10, 1910.—This invention relates to the cylinders of 
engines in which the steam always flows in one direction, the 
inlet being controlled by valves while the exhaust takes place 
when the piston uncovers ports near the end of its stroke. The 
object of the invention is to economise steam without detracting 
from the efficiency of the engine. For this pu , the cylinder 
is jacketed in the usual way around the barrel and cylinder head 
as far as practicable, but, in order to increase the efficiency of the 
jacket, the steam is caused to circulate around the barrel, and 
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afterwards across the cylinder head, or in the reverse direction, 
before entering the cylinder through the admission-valves. In 
the case of small engines, where the admission-valves have no 
thoroughfare through them, one-half only of the steam passes 
through the jacket. Referring to the drawing, the steam for the 
top valve enters at ¢, and when the admission-valve opens, one-half 
passes directly into the cylinder through the bottom end of the 
valve, the other half passing round the barrel jacket, and after- 
wards through passage f and across the head to the top of the 
valve, and then into the cylinder. (4ccepted December 30, 1910.) 


2846/10. J. Vicars, Senior, T. Vicarsand J. Vicars, 
J > lestown. Mechanical Stokers. [6 figs.) 
ney I 5, 1910.—This invention relates to that kind of te in 
which the bars are pushed forward all together, and alternate 
bars returned successively. In carrying out this invention, use 
is made of groups of, say, three bars, the two outside bars a, 
being connected together underneath for a part of their length 
by a chamber c open at the top at d between the bars. The front 
end of the chamber c is formed as a cone ¢, in which is placed a 
steam jet f when forced draught is required, and the back end of 
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the chamber is provided with a pocket g for ashes. The centre 
bar i moves in the ordinary way between the bars a, b; the latter 
are carried at their front ends on the usual carriers k, and the 
bar i is carried on a carrier 1, both of which are operated in the 
usual way by reciprocating mechanism, The bars a, ) may have 
openings m from the chamber c to the outside to allow air to pass 
up between the bars, as shown in Fig. 3. Groups of bars as 
described are placed at intervals amongst the ordinary recipro- 
cating bars, and when forced draught is needed steam is admitted 
to the jet /, and air is thereby forced into the chamber and up 
between the bars, (Accepted December 21, 1910.) 


29,119/09. C.A. Parsons, Newcastle-on-Tyne. Tur- 
bines. (2 Figs.) December 13, 1909,—This invention relates to 
fluid-pressure turbines of the type in which the pressure energy of 
the working fluid is transformed into kinetic energy in annular or 

ental jets formed at suitable intervals along the turbine by 
restricting the space between the fixed and rotating parts, 





the working fluid flowing axially pn the turbine during each 
conversion of the pressure energy, and being given circumferential 
direction without a further pressure change before delivery to the 
blading of the velocity-abstraction type following each restriction. 
The invention consists in, in a turbine of the above character, 
having a gradually enlarging cross sectional area of the passage 
of flow for the working fluid between adjacent restrictions so as to 
reduce to a practical minimum all resistance to the free flow of the 
working fluid, and also of the working fluid over the to; 

of the blades, whereby an increased efficiency is obtained. In 
carrying this invention into effect, a series of annular restric- 
tions are formed in the s between the rotating and fixed 
parts of the turbine. Each restriction is formed by a barrier 
strip d, carried by the casing opposite a similar barrier strip /, 
carried by the turbine-drum or spindle. Carried by either 
of these barrier strips, but preferably the strip attached to 
the casing, are a number of guide-strips g, which extend 
close to and follow the t of the opposite barrier strip. 
These guide-strips g are formed so as to convey the steam 
through the restriction in an axial direction so long as any conver- 
sion of the pressure energy into kinetic energy is taking place. 
As soon, however, as that rt of the restriction is reached 
which is so designed that no further pressure change occurs, the 
guide-strips are bent so as to give a circumferential direction to 
the working fluid ; that is, the curving of flow of the working 
fluid in a tangential direction only commences after the fluid has 
acquired the full velocity which the restriction is designed to 
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give it. The sectional area of the passage-way between adjacent 
guiding-strips is therefore approximately constant from the point 
at which curving of the flow of working fluid takes place in the 
guide-strips to the point at which the working fluid is discha 

from the barrier. In order that this result may be obtained, the 
radial dimension of the space between the barriers in which the 
curvature of flow takes p' is increased preferably by suitably 
designing the contour of both the barrier parts. Immediately 
behind each restriction are placed a suitable number of rows of 
blading of crescent formation ; for instance, the first row c may be 
attached to the rotor, the second row > to the casing, and a third 
row cl may be provided, carried by the rotor, and so on. 
The height of each succeeding row of blading is, however, 
increased, so as to provide an enlarged cross-sectional area of 
the passage of flow for the working fluid, and thus avoid as far 
as possible all resistance to the free flow of the working fluid by 
allowing for drop of velocity of the working fluid and any slight ex- 
pansion which occurs in the blades themselves. By this means it is 
also ensured that as the jet delivered by the restriction gradually 
widens, it shall act upon blades of greater height, so that the 
height of the blades shall be greater than the width of the jet at 


‘any point behind the restriction. In this manner leakage of work- 


ing fluid over the tops of blades is practically avoided. By form- 
ing the blading in this manner the velocity energy of the working 
fluid delivered by a restriction is absorbed by the blauing following 
the restriction to the fullest extent possible, and an efficient 
utilisation of the energy of the working fluid is obtained. 
(Accepted December 14, 1910.) 


/09. J. N. Wallace, Manchester. Indicators. 
(6 Figs.) December 31, 1909.—The object of this invention is to 
obtain continuous indicator diagrams from both ends of a cylinder 
simultaneously, and on the same roll of paper. According to 
this invention, the tracing-pencils a2 and a* of two indicators a 
and a! are free to move in closely adjacent planes on the surface 
of an auxiliary paper drum f common to the two indicators. To 








obtain continuous diagrams a roll of paper is placed in the drum 
J, and the end of the paper is aed round the drum /f and 
received on the paper drum c of the indicator a, the paper passing 
under the pencils a2 and a* with a motion at right angle to that 
of the pencils continuously in one direction, and with a — at 
all times proportionate to that of the engine piston. (Accepted 
December 21, 1910.) 


MISCELLANEOUS, 


29,549/09. J. W. Macfarlane, Cathcart. Gontettagal 
Machines. [4 Figs.) December 17, 1909.—This invention 
relates to centri I machines of the self-balancing type. The 
invention contemp! the use of springs for controlling both the 
gyration and the vibration of the machine, the aprings being 





limited as to their unstressing movement. The vertical sprin; 
A and the horizontal spri: B are so fitted that they shall 
under stress when the machine is at rest or when the spindle C 
is moving without gyration or vibration, and shall act to maintain 
the collar D in a vertical position. The means for preventing the 
unstressing of the springs are provided on the side opposite that 
towards which the collar D swings or moves when the spindle C 
rates and vibrates; that is, these springs are prevented from 
ollowing up the movement of the collar D. ‘0 this end the 
springs A; B, which are shown as of helical formation, are 
readed over pins E, each having at one end a flanged head, 
against which one end of the spring bears, while the other end of 





S 
X.GCG 


SRMMMNNQ 


SSS 





a 
SII 


RASS 


the spring bears on a washer or socket slipped over the pin E, and 
ot me for instance, on a fixed part, extension of the spring 

ing limited by means of a ring threaded on the pin E. It will 
thus be seen that while the —— are given the desired amount 
of initial stress, means are provided to prevent the springs un- 
stressing beyond the stressed length in such manner that while 
they are free to be stressed further, they are limited in their un- 
stressing movement beyond the initial compression or expansion, 
as the case may be, so that all the horizontal springs B acting to 
centre the machine cease to act when that object is attained, and 
also all the vertical springs A acting to prevent oscillation of the 
machine cease to act when that object has been attained. (Ac- 
cepted December 21, 1910.) 


29,049/09. H. N. Leask, mont. Dynamometers. 
(5 Figs.) December 13, 1909.—This invention relates to rotary 
absorption dynamometers in which a rotor revolves within a 
casing mounted on friction-rollers and connected to a water supply 
to enable the casing to run full of water when the machine is in 
use, the shaft of the rotor to which the engine or motor to be 
tested is coupled projecting on either side of the casing. The 
invention is designed to provide means for supporting the casing 
for the pu of adjusting the level of the rotor and the casing 
to readily bring the shaft of same into line with that of the engine 
or motor required to be tested. As constructed, according to this 
invention, the friction-rollers A are mounted in bearings or on 
studs carried by pivoted arms B, which are raised and lowered by 
screw or screws to adjust the height of the rollers to bring the 
shaft into line with that of the motor with which it is to be 
coupled. As shown, the arms B are straight or slightly curved or 
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bent and rest upon a screw C, by which the two are raised and 
lowered together. The head of the screw is formed with a slot, in 
which the extremities of the arms B rest, and the screw C passes 
through a suitable lug in the bearing E. The regulating sluices 
H which are adapted to enter between the stator and rotor parts 
of the dynamometer, to decrease or increase its effectiveness as & 
brake, are, instead of being adjusted independently, arranged so 
as to be adjusted simultaneously. For this purpose, the operating 
handles are connected by suitable gearing, so that the operation 
of one handle moves both sluices. As shown in Fig. 2, both sluices 
are operated directly by gearing from one handle J. A shaft Kis ex- 
tended across the end of the apparatus, and upon this shaft are 
mounted worms adapted to operate worm-wheels upon shafts carry - 
ing t and left-handed threads M, N at the opposite ends, the 
pr M and N rotatingin nuts attached to the sluices H in such 
a manner as to cause the sluices to move in or out according to the 
direction of rotation of the shafts. (Accepted December 14, 1910.) 
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SIMPLIFICATION OF FORMULA FOR 
FERRO -CONCRETE BEAMS WITH} 
SINGLE REINFORCEMENT. 

By W. C. Unwm, LL.D., F.R.S. 
NOoTaTIONe 
= width of beam or of flange of T-beam in 
* inches. 
= effective depth of beam in inches. 
d, = depth of flange of T-beam in inches. 
kd = distance from compressed edge to neutral 
axis in inches. 
m = E; / E- the modular ratio. 
At = area of tensile reinforcement in square inches. 
r = A: / bd the ratio of tensile reinforcement to 
the area b d. 
100 r = percentage of tensile reinforcement, 
c = greatest safe stress in compression, pounds 
per square inch. 
t = greatest safe stress in tension, pounds per 
square inch. 
M = the bending moment at the section con-| 
sidered, in inch-pounds. 

The limiting safe working stresses are most com- | 
monly taken at c = 600 ; ¢ = 16,000. The modular | 
ratio is almost always taken at m = 15. 

The following memorandum is not intended to 
discuss the theory of reinforced-concrete beams, 
but only to put the equations of the ordinary theory 
into the most convenient form for calculation. The | 
ordinary theory is known to be only roughly ap- | 
proximate, but the assumptions made for simpli- | 
fication are believed to be generally on the side of | 
safety. The formule, however, are still in some 
cases very complicated, as given in books, due to 
the attempt to obtain formal exactness from a) 
mathematical point of view. But the data used in 
solving problems are themselves only approximate ; | 
for instance, the selected value of the coefficient of 
elasticity of concrete, which itself varies with the 
stress, and the neglect of the tensile strength of 
the concrete. Hence it would appear that for prac- 
tical purposes a sacrifice of meateageatiall exactness 
in the form of the equations is justifiable, if the 
errors introduced are small within a practical range. 
In fact, some of the equations are only used in 
designing by making assumptions and proceeding 
by trial and error, or by the use of tables and 
curves based more or less on experience. 

I. RecrancutaR Beams (Fic. 1). 

1. From the difference of rigidity of steel and 
concrete, the stresses in the former are m times that 
in the latter at equal distances from the neutral 
axis. Hence, if kd and d (1 — k) are the distances 
from the neutral axis to the compressed edge, and 
the centre of the reinforcement 

mce_ &k 
t 1-k 

mec 

mce+t (1) 

If cand ¢ are given, k has a fixed value. Thus 
it is most common to take c = 600, t = 16,000Ib. 
per sq. in.; then k = 036. This result is applic- 
able to T-beams as well as rectangular beams. 

2. The equal compressive and tensile forces 
C and T, resisting the bending moment, form a 
couple. The tension ¢ acts on an area rbd, and, 
considering at present a rectangular beam, the 
a compressive stress $c acts on an area kbd. 

ence 





rbdt=tkcbd 
_2 r (2) 
3. The resultant thrust C acts at }kd, and the 
tension T at (1 — k) d from the neutral axis. Hence 
the distance between C and T is 
kd +(1-k)d=d(l - 4h). 
Equating the moment of the couple to the 
bending moment, 
M =rbd?t(1- 4k). (3) 
= tkbd®c(1 — 4k) (4) 
_ Of the equations (2), (3), and (4) only two are 
independent. _There are therefore only three inde 
pendent equations connecting the seven quantities 
c, t, k, r, b, d, and M. If any four are given or 
assumed, the other three can be determined. 
4. From (1) and (2) it can be shown that 
2 
F GR eee 
2m(1 — k) 


ce 


(5) 
or 

k=VJ(2rm+r2m)—-rm . (6) 
_ In practical cases the second term in the bracket 
is small compared with the first, so that 


If the amount of tensile reinforcement r is pre- 
determined, k has a fixed value in rectangular 
beams, and in those T-beams which are equivalent 
to rectangular beams, the neutral axis lying within 
the flange or slab... For instance, taking m = 15, 


—~= 

By (6) By (6a) 
0.005 0.319 0.312 
0.007 0.365 0.353 
0.010 0.417 0.397 
0.015 0.483 0.446 


The error of (6a) only becomes large for tensile 
reinforcement over 1 per cent. The values of 
1 — }k, which occur in the formuls, are still more 
constant. 


r= t= (1 — 4k) = 
0.005 0.319 0.894 
0.007 0.365 0.878 
0.010 0.417 0.861 
0.015 0.483 0.839 


In the cases in which in rectangular beams r and 
t are predetermined, and r has such values as are 
usual—say not greater than 0.15—it is accurate 
enough for practical purposes to take k = 0.36 and 
1 — 4k=0.88. That this agrees with the value 
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found above for the case in which cand ¢ are pre- 
determined was to be expected, because designers 
have naturally restricted themselves to such per- 
centages of reinforcement as make the stresses nearly 
equal to the safe working limits. In T-beams in 
which the neutral axis is outside the flange or slab 
the relation of k and r is more complex. 

There is little difficulty in applying the formule 
in the simple case of the rectangular beam (Fig. 1). 
Assuming the values m = 15, 1 — 4 k = 0.88, the 
following are the solutions of various cases :— 

Case 1.—Given c, t, and M. From (1) and (5) 

le ke 
Ibe +t’ 30 (1-k)’ 
with the usual values of ¢ and ¢, k = 0.36, andr = 
0.0068. 

As cand tare in this case taken at the safe work- 
ing stresses, both the concrete and steel are strained 
to the safe limit. The section so found is some- 
times termed the ‘‘ economical” section, but it is 
so only in a special sense. 

One more quantity must be given or assumed to 
suit local conditions. 

(a) If b is assumed. From (3) and (4) 


M M 
t/a Waa 
0.88 rbt N/ waatic 


For the usual values of ¢ and ¢, 
- M 
9 L 
(b) If dis assumed. From (3) and (4) 
=. 
0.44k Be° 
For the usual values of ¢ and t, 
M 


k= 





k= /(2rm) — rm nearly . (6a) 


0 = a 


Case 2.—Given t, d, M. One more quantity must 
be given or assumed, 
(a) If } is assumed, 


r= nearly, 


N 
0.88 b d* t 
or, with the usual value of ¢, 

r= - 
14,080 b d®” 
k= V(30r) — lr, 
—— 
0.88 k b d® 
(b) More commonly r would be assumed from 
previous experience. Then 
b= (30 r) - 15 r 


_2 


tr 
e — 


k 
4 ag 

0.88 rd? t’ 
or with the usual value of ¢, c = 32,000 r/k; and 
b = M/(14,080 r d?). 

Case. 3.—Given r,t, and M. Then k and c are 
found as in Case 2. 


b 


a 
sien 0.88 rt’ 
or, with the usual value of t, 
M 
1@ = T5200r° 


andany choice of b and d can be made which satisfies 
this condition. 

The equation d = ,/(M/95 b) has for some time 
been used by designers of reinforced concrete. 1: 
is only true for the conditions in Case 1; if ¢ and ¢ 
have other values the constant must be altered. 

EXAMPLES. 

Case 1.—Let c = 600; t = 16,000; M = 240,000. Then 
k = 0.36; r = 0.00675. If 6 =16, d=15.9, and Ar = 
1.07 sq.in. If d = 12, b = 17.5, and Ar = 1.42 8q. in. 

Case 2.—Let t = 16,000; d = 20; M = 240,000. Then 
if b= 10, r = 0.0099, c = 344, and Ar = 1.98 aq. in. 
But if r = 0.007, k = 0.353, ¢ 634, b = 9.51, and 
At = 1.33 sq. in. 


Il. T-Beams wHen THE Neutrat Axis Liks 
IN THE FLANGE oR Stas (Fi, 2), 

The most important practical case, in which what 
are virtually T-beams have to be investigated, is 
that of concrete floors supported by reinforced ribs 
which form part of the floor. A certain width of 
the floor-slab, together with the rib, form a T- 
beam. In this case the width b of the floor-slab 
considered, and its thickness d, are usually amongst 
the data given for designing the T-beam. The 
width b is really uncertain, but it is usually assumed 
that a width not more than three-fourths of the 
distance between two ribs, or than one-third of 
the span of the floor along the ribs, whichever is 
the smaller, is to be taken for b. 

If kd is the distance of the neutral axis from 
the compressed edge, then the thrust C acts at a 
distance | k d below the compressed edge. The 
distance between C and T is therefore d (1 — 4k). 

The equations for rectangular beams apply to 
this case. In order that the neutral axis should lie 
within the slab 

kd <d, ord <d,/k. 

Now k for rectangular beams is approximately = 
0.36, so that in order that the neutral axis may lie 
within the slab, d must be less than about 2.78 ds. 
Since 


k= (2rij/e 
2rt d, 
< , 
c d 
and 
d,>2rtd 
: c , 
which gives either 
d< cd. 
2rt’ 
or 
r< c d, 
2td’ 
or 
ec 2rd 
t d,’ 


according as r and c/t, or d and c/t, or r and d, are 
given by the data of the problem. 
Ill. T-BeaMs WHEN THE NeEvuTRAL AXxiIs Is 
Betow THE Fioor-Sias (Fie, 3). 
kd >d, ord nore than about 27 d, . 
In treating this case it has been usual to neglect 
the thrust on the part of the rib between the slab 





and the neutral axis, Even so, the equations 








a 


















FEY SPUN aml Ea 





ers 




























268 





ENGINEERING. 








[Marcu 3, 191. 








become very complicated and are not usable in 
designing without the help of tables. 
Generally in this case ds is known, being deter- 
mined in designing the floor slab. 
Let C and T be the resultant thrust and tension 
above and below the neutral axis, and let «ds be 
the distance of C below the upper edge of the slab. 
Then the distance between C and T is d—x ds . 
From the general theory, as before, 
me _ ka = & 
“t  (L-k)d 1k 
mec 
me+t 


(7) 


Equating the total compression and tension which 
form a couple, if c» is the mean compression on the 
slab, the rib being neglected as usual, 

tm bd, =rbdt. 
But as cm acts at $ ds from the compressed edge, 

tm _kd—}td 

Pes kd 
cbd,(kd-4d,)=krbtd. - (8) 
Equating the bending moment to the moment of 
the couple of stresses, C and T, the arm of which is 
d—-zx d, 

" Merbdt@-2hm) . . 
=cbhd, (k d - ia. Vid -~ard) (10) 

Of these four equations, only three are indepen- 
dent. The quantities to be given or determined are 

b, d, c, t, r, k, and M. 

If any four are given, the remaining three can be 
determined. 

As to the value of i, the most usual limits for 
the working stresses are c = 600, and t = 16,000. 
If the beam is designed so that the stresses reach 
these limits, then, from (7), k = 0.36. In many 
cases, while the steel is strained to its working 
limit the concrete is strained to less than 600 lb. 
per square inch. Then k has a different value. 


t= ¢= k= 
16,000 800 0.42 
16,000 600 0.36 
16,000 400 0.27 


As to the value of x, if k d = ds the case is 
identical with that of a rectangular beam, and 
ax dy = 4ds, On the other hand, if kd is very 
large compared with d; —that is, if the beam is a 
very deep one—xds approaches the limit 4 ds. 
Hence x lies between ; and }, and in practical cases 
is nearer the lower limit. # = 0.4 is accurate 
enough for all practical purposes. 

The relation between r and k is found from equa- 
tions (7) and (8). 

palkd-td)& ay 
m (1 — k)d? 
k= mE t+ hd? (12) 
rmd + dd; E ‘ 
When b is given, from equation (9) 
- 05 f M \ 
d=02d, + 4/ {00rd + ™} |. (13) 


= 0.2d, + Ja nearly . . (18a) 
rbt 


When d is given, from equation (9) 
M 
b= : ° ° 
rdt(d — 0.4d,) (14) 

Case 4.—Given c,t,d and M. It is assumed that 
ds is determined in designing the floor-slab. For 
the usual values, c = 600, and ¢ = 16,000; the 
equations reduce to 


k = 0.36 
p = (036 d - 0.5 ds) de 
9.6 a 
M 


” = 16,000 rd (d — 0.4 ds) 

This is the most ordinary case, because it is 
generally possible to fix d to vuit local conditions, 
always remembering that d must be greater than 
(cds) /(2rt), or the beam is virtually rectangular. 

Case 5.—Given t, r, d, and M. It is sometimes 
preferable to select a value for r, the amount of 
reinforcement. Then 

p— rd? +0502 
lbr@ + dd, 





eee =e 
trd(d-0.4d, ) 
krtd2 


Case 6.-—Given t, k, d, and M. It may some- 
times be convenient to assume for k a value which 
makeskd>d. Then 

= (kd~}d,)d, 
15 (1-k) @ 
and } and ¢ are found asin Case 5. The table given 
above of values of k in terms of c and ¢ will assist in 
choosing a value for k. 
EXAMPLES. 
Case 4.—Given c = 600 ; ¢ = 16,000; d = 16; ds = 4; 
M = 320,000. Then k = 0.36; r = 0.0068; kd = 5.76, 
which is greater than d, ; 6 = 12.76, and Ar = 1.39. 
Case 5.—Given t = 16,000; r = 0.005; d = 20; ds = 4; 
M = 320,000. Then k = 0.322; kd = 6.44; 6 = 10.86; 
c = 580, and A; = 1.085. 
With the same data, except that it assumed that 
r=0.01; k=0.460; kd=9.18; 625.44; 
c = 1023, and At = 1.085. 
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The Potters’ Craft: A Practical Guide for the Studio and 
Workshop. y CHartes F. Binns, Director of the 
New York State School of Clay- Working and Ceramics. 
With forty-two illustrations and plates. London : 
Constable and Co. [Price 6s. net. ] 
An admirable book, conveying a great deal of infor- 
mation by one who, in the threefold capacity of 
teacher, craftsman, and artist, is well qualified to 
impart it; but it might be objected that an attempt 
has been made to cover too much ground within 
the space. Certainly moulding, throwing, turning, 
firing, glazes and decoration, are somewhat large 
topics to discuss within the very moderate compass 
the author has allowed himself. In addition to 
these technical subjects may be added a sketch of 
the history of the ceramic art, some very useful 
hints on the method of teaching, and a defence of 
the appropriateness of clay modelling and design- 
ing as a vehicle for education, without exhausting 
the subjects that come under review. A _preli- 
minary question therefore arises, For whom is the 
book written ? What class is the author addressing, 
who, in these days of severe specialisation, is likely 
to interest itself in all the processes involved in the 
manufacture of a completed article, requiring for 
its production much technical knowledge and no 
inconsiderable deftness of manipulation? Prob- 
ably the amateur, or the enthusiast only, has 
the form of mind likely to undertake so arduous 
a task, believing it possible to accomplish such a 
variety of operations without the guidance of trained 
experts. From this point of view the book becomes 
quite intelligible, and even valuable. It adopts 
the attitude of a teacher, jealous of the dignity and 
position of his art, who would endeavour to train 
successors to appreciate its merits and carry on its 
best traditions. Hence the desire to maintain a 
high standard of excellence in spite of all diffi- 
culties, to encourage the conscientious craftsman by 
good advice, to make him dissatisfied with inferior 
workmanship, even to the extent of persuading him 
to break up all that does not reach a sufficiently 
high standard, and to impress upon him the import- 
ance of making his individuality felt in all that he 
undertakes, This is the lesson the author would 
convey, and it is one of higher value than the acqui- 
sition of manipulative skill or the power of ready 
imitation. It is the manner of offering instruction, 
the obiter dicta scattered throughout the work, 
revealing the mind and aim of the writer, that 
makes the book at once pleasant and helpful. 
He cannot understand that anyone would be 
content with anything less than complete mastery 
over all the processes involved. He does not 
imagine it possible, for instance, that anyone 
who has produced some piece of artistic work 
would trust this treasure to some indifferent 
workman to be fired. ‘‘ Let it be at once under- 
stood that he who finds it impossible to procure 
and manage a kiln had best to take to some other 
craft,” is his blunt advice to the dilettante amateur 
who underrates the importance of this critical opera- 
tion. Yet how many amuse themselves with a 
little over-glaze, colour-slip, or even ‘‘ sgraftiato,” 
into the details of which the author enters but 
sparingly, and persuade themselves of the thorough- 
ness and sincerity of their work. Take again the 
subject of glazes, the theory of whose preparation 
is considered with some care, because hous they 
may be = ready for use, ‘‘ the true crafts- 
man will not be satisfied till he can prepare his 


by which the iridescent tints due to the deposition 
of thin metallic films are produced, beyond the power 
of the student. He does not, however, recommend 
that these products, difficult of preparation, should 
be purchased ready for use from the ceramic colour- 
man; he simply omits the process, which is the 
wiser and more consistent course. 

Apart from the question of thoroughness and the 
worthy desire of acquiring complete mastery over 
the details of the composition of glazes, there is a 
special reason for insisting on attention to a point 
on which turns much of the fascination belonging 
to successful pottery manufacture. The operations 
should not be regarded as purely mechanical. The 
way in which pigments act chemically on each 
other, as when mixed in an oil vehicle, is not very 
well understood, and is as important in pottery as 
in the painting of pictures, in which connection 
considerable attention is now being bestowed. 
Wherever colour is employed the chemist has a 
large field, not only in the choice and preparation 
of suitable pigments, but of vehicles and fluxes of 
all kinds. The extension of the scale of colour by 
the employment of other mineral oxides than those 
in use is peculiarly his métier, hardly less so is 
the adoption of means fot securing equal expan- 
sion and contraction of the vitreous substances 
formed, with that of the paste or glaze to which 
they are applied, and the prevention of defects due 
to ‘‘crazing” or ‘‘blistering,” &c. The réle of 
chemistry, in the arts as elsewhere, is ever extending, 
and the introduction of its suggestive methods 
marks a great advance on the mechanical repetition 
of approved recipes. 





Kurze Uebersicht iiber siimtliche Legierungen. By Dr. 
Ernst JANEcKR. Hanover: Dr. Max Jiinecke. [Price 
3.90 marks. } 

Dr. E. JANecKE, lecturer at the Technical High 

School of Hanover, offers in this ‘‘ Brief Summary 

of All Alloys,” an octavo volume of 100 pages, 

illustrated by many diagrams, a systematic review 
of all alloys and also of metallic compounds with 
sulphur, selenium, tellurium, arsenic, and phos- 
phorus which resemble alloys. The science of 
alloys, or metallography at any rate, is hardly more 
than a decade old. Almost all investigators are 
guided by the phase rule, on which the author has 
based the arrangement of his material. Tables 
illustrating the relations of the respective consti- 
tuents of an alloy to the periodic table, an alpha- 
betical index of authors, and excellent literature 
references at the end of each division much 
facilitate the study of the book ; a statement of the 
initials of some of the names would have been 
desirable, however. That the system iron-carbon 
should only receive brief consideration is not sur- 
prising; iron and steel havea literature of their own. 





Railway Rebates from Private Sidings Trafic. By HAROLD 
Ospornk. Liverpool: H. O. and J. Hutchinson, 3, 
Lancelot’s Hey. PPrice 3s. 6d. net. ] 
ALTHOUGH this book is of small size, the informa- 
tion contained in it will be of great interest to 
owners of private sidings. In a concise and prac- 
tical manner the author deals with the question of 
the rebates allowable by railway companies on 
goods traffic dealt with over private sidings; and 
since he has had experience as rates clerk to one of 
our leading railway companies, he is able to give 
authoritative data as to the manner in which such 
rebates are arrived at. The legal aspects are also 
dealt with, and the method of procedure to be 
followed in applying for rebates is discussed. In- 
cluded in the book are tables showing the rebates 
in actual operation in given instances, and, further, 
a table of ‘exceptional rates” existing between 
certain towns for various goods which are subject to 
rebates where dealt with over private sidings. 
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Machine-Shop Primer : An Introduction to Machine-Tools 
and Shop Appliances, with Illustrations, Names, and 
Definitions. By Frep H. Cotvin, A.S.M.E., and 
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pany, Limited. [Price 4s. 6d. net, post paid. ] fj 
Engineering Descriptive Geometry: A Treatise on Descrip- 
tive Geometry as the Basis of Mechanical Drawing, 
Explaining Geometrically the Operations Customary im 
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Hudraulic Turbines ; Their Design and Installation. By 
‘Vixtor GELPKE, Chief Engineer, Turbine Department, 
Amme, Gieseke and Konegan A-G., and A. H. Van 
Curve, M. Am. Soc. C.E. London: Hill Publishing 
Company, Limited. [Price 17s. net, post aes, 

Abstract of the Report on the American Coal-Dust Experi- 
ments Conducted at the Pittsburg Experimental Station, 
1908-1909; and on the Explosibitity of Coal-Dust. 
London: The Collicry Guardian Company, Limited. 
[Price 1s. net. ] . : 

Abstract of the Reports on the Austrian Coal-Dust Experi- 
ments Conducted at the Rossitz Experimental Station, 
1908-1909. By K. K. Oberbergkommissiir Dr. Czap- 
LinskI and Werksdirektor Jrctnsky. London: The 
Colliery Guardian Company, Limited. [Price 1s. net. ] 

The Newcastle and Gateshead Incorporated Chamber of 
Commerce Year-Book and Commercial Review. Edited 
by Herpert Suaw, B.A., F.R.G.S. Newcastle : Issued 
under the auspices of the Newcastle and Gateshead 
Chamber of Commerce. [Price 2s. 6d. ] 





REMARKS ON SUPERHEATER TESTS 
WITH A YARROW BOILER. 
By Jens Rupe, Christiania. 

Last year the writer conducted some tests with 
a Yarrow boiler fitted with a steam-superheater for 
the purpose of ascertaining the degree of superheat 
obtainable at various rates of evaporation with two 
different arrangements of the superheater. As 
the results of the tests may serve to throw light on 
some rather obscure points in connection with 
superheaters, a description of the experiments may 
be of interest. 

The boiler was one of the many steam-generators 
to be installed on board H.M.S. Bristol,* which 
recently ran her trials so successfully. The super- 
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heater was fitted to both sides of the boiler, in 
the space between the outer water-tubes and the 
boiler-casing. The boiler was, during the tests, 
worked on the closed-stokehold system, and was 
put up in a wooden shed, which, for the occasion, 
was made as air-tight as possible. Great care 
was taken during the tests to ensure that the 
working conditions were as nearly as possible the 
same as on board ship. The rate of combustion 
in the different tests was varied between 20 lb. and 
50 1b. of coal per square foot of grate per hour. 

As already mentioned, the superheater was fitted 
on both sides of the boiler. Owing to the fact 
that on board ship the space available on one side 
would be greater than on the other, that side had a 
somewhat larger superheater. The aggregate heat- 
ing surface of the two superheaters was 314 sq. ft., 
or 8.1 per cent. of the boiler-heating surface. The 
experimental boiler was arranged in such fashion 
that by altering the piping between the superheater 
and the boiler the two superheater parts could 
either be worked in parallel or in series. In other 
words, the flow of steam was either divided equally 
between the two superheater parts, or the whole 
amount passed in succession through both parts. 
As everything else remained unaltered, this change 
meant simply that the steam velocity became 
doubled by the series arrangement. @ possi- 
bility of operating the superheater in both ways 
gave an opportunity for some rather interesting 
observations on the influence of steam velocity on 
the degree of superheat. Some experiments were 
also made to ascertain the influence of the size of 
the superheater on the steam temperature obtained. 
As already mentioned, the superheater surface was 
8.1 per cent. of the boiler-heating surface—which is 
the proportion adopted on board ship—but, during 
the experiments, the superheater was doubled by 
adding another pn of exactly the same size. 

At the tests all records necessary for judging the 
working of the boiler and superheater were taken. 
The coal was weighed and the water measured in 


* See ENGINEERING, September 30, 1910, 
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calibrated tanks. The records of the temperature 
of the combustion gases were taken in the up- 
takes with electric pyrometers, and also, in some 
cases, both below and above the superheater. The 
steam temperatures were read by high-grade mercury 
thermometers, of which four were arranged at the 
inlet and outlet of the headers. All the various 
instruments and apparatus used were carefully 
calibrated and adjusted prior to the tests. 

At the first tests, the moisture of the steam, 
when leaving the boiler, was determined by a 
separating calorimeter, which, however, as _ it 
appeared to record a too high percentage of mois- 
ture, was soon exchanged for a throttling calori- 
meter. This excellent apparatus worked quite 
satisfactorily ; the moisture in the steam was, in the 
tests, found to vary between 34 and 4 per cent. 

For the analysis of the combustion gases a 
Hempel apparatus was used. The samples of the 
gases were taken from the base of the funnel. In 
some of the tests the steam, after leaving the boiler, 
was blown off into the atmosphere, but in all the 
later tests it was utilised in the experimental 
Brown-Curtis turbine. 

It may be stated in advance that the boiler 
efficiency, during all the tests, proved to be very 
good. With a rate of combustion equal to 501b. of 
coal per sq. ft. of grate per hour, the efficiency was 
still 63 per cent., the feed temperature being about 
90 deg. Fahr., and air pressure about 1} in. of water. 
At lower rates of combustion the efficiency rose as 
high as 75 to 89 per cent. These figures, however, 
require a small correction to allow for the moisture 
in the steam. 
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In consequence of the careful and precise work- 
ing of the fires, the combustion appeared to be 
good. Even at the highest rate of firing, the 
amount of carbon dioxide was not less than 11 to 12 
per cent., and the amount of carbon monoxide not 
over 0.5 percent. These results are, in comparison 
with the results obtained with ordinary marine 
boilers, exceedingly good, and prove how valuable a 
lofty and roomy combustion-chamber is to a boiler. 

As a result of the high boiler efticiency, the tem- 

ratures in the boiler uptakes, where the super- 

eater was situated, were naturally comparatively 
low. For example, the temperature at the highest 
rate of coal consumption never averaged more than 
650 deg. in the space between the water-tubes and 
the superheater, and at low rates the average did 
not exceed 515 deg. 

Of course, the degree of superheat could not be 
very high under these circumstances, the less so 
that the temperature of the saturated steam, on 
account of the high pressure, amounted to nearly 
400 deg. This was fully corroborated by the experi- 
ments, where, with the highest rate of firing, and 
using the -» + —— the superheat never 
exceeded 45 deg. Fahr., while when the rate was 
20 lb. of coal per square foot per hour the superheat 
did not rise to more than 14 deg. 

A remarkable feature of the experiments was the 
astonishing difference in the gas temperatures 
which was found to exist at different points of the 
interspace between the water-tubes and the casing 
at the same rates of combustion. Thus in Fig. 1 
is shown how this temperature varies when the 
consumption per square foot of grate was 50 Ib. 
per hour. The difference amounts to fully 150 deg. 
Fahr., with the highest temperature as a kind of 
heat focus at the base of the funnel. 

This variation in gas temperatures, which also 
appears at lower rates of combustion, although, of 
course, less pronounced, is a result of the gases in 
the Yarrow boiler trying to take the shortest way 


to the opening into the uptake, and it apparently 

cannot be avoided unless baffles are introduced. 
One of the most interesting features of the tests 

was that they offered an opportunity of studying 





the influence of steam velocity on the heat trans- 





mission in the superheater. As already mentioned, 
the two superheater parts could, by altering the 
piping, either be worked in parallel or in series ; 
and, consequently, the steam velocity varied in the 
ratio of 1 to 2. 

It now appears, by comparing the results obtained 
with the parallel and the series arrangement, 
that the steam velocity has a decided influence on 
the degree of superheat. Originally the two super- 
heater parts were arranged to work only in parallel. 
The series arrangement was suggested later. The 
idea that the superheat would be increased when 
the steam passed through two sections in succes- 
sion appears rather plausible, but, unfortunately, 
the results did not quite come up to this expecta- 
tion. At low rates of combustion, the series 
arrangement proved to be the better of the two, 
but at higher loads the relative advantages of the 
two were suddenly changed. At high loads it 
appeared that the parallel system gave the best 
results. The explanation of this apparent incon- 
gruity can, it would seem, only be found in the 
steam velocity, which, at equal rates of combustion, 
was double as high with the series arrangement 
as when working in parallel. The discrepancy 
found caused the writer to investigate the matter 
more thoroughly. The result is shown in Fig. 2, 
where the two curves are intended to show the 
relation between steam velocity and superheat 
at various loads. It is to be regretted that the 
idea of the series arrangement was abandoned 
after the first tests, so that only two fixed 
points were obtained for each curve. It is, of 
course, rather venturesome to base on these a 
general statement as to the influence of the velo- 
city of steam on the heat transmission. However, 
the attempt has been made in Fig. 2, where the 
curves indicate that, with the prevailing gas tempe- 


‘|ratures, the most efficient steam velocity in the 


superheater, was about 35 ft. per second when the 
consumption was 20 lb. of coal per square foot per 
hour, and about 45 ft. at full load. 

For several years the writer has been aware that 
discrepancies existed in other cases where super- 
heaters were concerned,* and had attemp to 
explain them, but was not able to form a decisive 
opinion.t The present tests indicate that :— 

1. There is a steam velocity at which the super- 
heater is most effective. 

2. This steam velocity changes with the rate of 
combustion, or, in reality, with the gas temperature. 

Objections may be raised to these conclusions, 
arrived at by comparing the results of the series 
and parallel arrangements, on the ground that the 
tests were carried out with very low steam super- 
heat. This is true, but it is to be remembered 
that the tests contrasted were carried out at exactly 
the same rates of combustion, so that the ratio 
between the amount of steam inside the super- 
heater and the amount of combustion gases outside 
was practically the same. Add to this that the 
best instruments were used and the greatest care 
observed throughout the experiment. There can 
therefore be no doubt that the explanation of the 
discrepancy observed lies in the steam velocity. 

Fig. 3, page 270, which gives the relation between 
the superheat and gas temperatures at various 
loads, 1s also interesting. he two curves refer 
to the gas temperatures above and below the super- 
heater. As the horizontal distance between the 
curves gives a measure of the heat-absorbing capacity 
of the superheater, the diagram indicates that the 
superheater is most efficient (i.e., the heat-trans- 
mission coefficient is highest) at the higher gas 
temperatures. 

In Fig. 4 are shown the curves which were 
drawn to demonstrate the effect of doubling the 
size of the superheater. As will be noticed from 
the figure, the increase in superheat, even at the 
highest lead, only amounts to 15 deg. This only 
corroborates the fact that there is little use in 
increasing the size of the superheater as long as the 
gas temperature remains low. In this case the 
gain made stands in no reasonable relation to the 
expense incurred, and the consequent increase in 
weight. The 15deg. gain in the superheat corre- 
— approximately to 1.5 per cent. decrease in 
the steam consumption of the turbines. The idea 





* “Ueber den Wiirmerdurchgang bei Kesselheiz- 
flichen” and ‘‘ Der Wasserrobr-Kessel als Kessel fiir hohe 
Beanspruchung,” by Jens Rude, in Dingler’s Polytech- 
nisches Jowrnal, of 1905 and 1906. 
hit Compare ~ 0. Bayes, “ ‘7 Erzengung des iiber- 

itzten Wasserdampfes,” page Forschungsarbeiten, 
Heft 14 to 16), ’ ( — 
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of doubling the area of the superheater was con- 
sequently abandoned. 

At rates of combustion below 141]b. of coal per 
square foot of grate per hour the superheat practi- 
cally disappears. This, of course, is explained by the 
fact that the temperature of the gases on leaving 
the last row of water-tubes at low loads is hardly 
higher than the temperature of the saturated steam 
generated in the boiler. 

Two conclusions can be drawn from these tests :— 

1, That the form of superheater chosen was, on 
account of the uneven distribution of gas tempera- 
tures in the uptake, hardly the right one. Nearly 
half the lenath of the superheater tubes must have 
been practically inefficient, even at the highest 
load. 

2. That it is absolutely hopeless to attempt a 
higher superheat than between 40 deg. and 50 deg. 
in the ordinary Yarrow boiler by placing the super- 
heater in the uptake. 

An advantage of the form of superheater chosen 
was its great simplicity, and that nothing interfered 
with the construction, the maintenance, and the 
inspection of the boilers. Besides, there was not 
in the case of H.M.S. Bristol a higher superheat 
aimed at than 50 deg. But in the Navy develop- 
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tain degree of superheat—for example, 100 deg. and 
upwards—is to be maintained, the arrangement of 
the superheater in the uptake of an ordinary 
Yarrow boiler should be abandoned, unless special 
means are introduced to furnish the superheater 
with gases of a sufficiently high temperature. The 
general practice in the case of land boilers is to 
place the superheater surface amongst the heating 
surface of the boiler, where the temperature required 
is available. But there are cases, especially on 
board ship, where such an arrangement of the 
superheater may interfere with the construction of 
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ment may be expected to take the direction of 
using higher and higher steam temperatures. From 
the foregoing tests this can only be obtained by 
arranging the superheater in spheres of correspond- 
ingly high gas temperatures. 

It is not difficult to estimate in what degree the 
eflicient part of the superheater—i.e., the tubes— 
will decrease in weight by raising the gas tempera- 
tures, assuming that all otier relations are kept 
unaltered. This has been done in Fig. 5, based on 
the results of the above tests. The gas temperature 
is here supposed to rise from 550 deg. to 1040 deg. 
By arranging the superheater in the gas current of 
1040 deg. the weight of the superheater tubes is re- 
duced to nearly a quarter of that needed at 550 deg. 
Fig. 5 demonstrates clearly enough how eminently 
important it is that the superheaters should be 

laced where they have the benefit of a sufficiently 
high gas temperature, allowing, of course, a 


sufticient margin of safety against deterivration by 





over-heating. When, on a limited weight, a cer- 


certain drawbacks. For instance, the 
arrangement of the superheater amongst 
the water-tubes might render the cleaning 
of the tubes difficult. 
After all, it is a question whether it is 
more advantageous to place the superheater 
amongst the heating surface of a boiler, or quite 
at the end of it. Experience proves that the one 
arrangement is as g' as the other, so far as the 
utilisation of the heat is concerned. It is a fact 
that a well-constructed superheater has just as high 
a heat transmission coefficient as the boiler-heating 
surface itself. So far there is no objection to the 
arrangement of the superheater adopted in the 
tests described, save that the gas temperature was 
much too low. 

As an alternative the writer has schemed out the 
arrangement shown in Figs. 6 to 9. For the pur- 
pose of obtaining a sufficiently high gas temperature 
at the superheater, an open s A is provided 
amongst the water-tubes on each side of the boiler. 
The superheater tubes B are placed just outside 
this space and parallel to the water-tubes, so as to 
be in the path of the hot gases, and thus prevent 
the latter from coming ia direct contact with the 
boiler-casing. As will be seen, the gases have to 


the boiler, or in other ways give rise to 
B 


To ascertain the depth of the free space required 
to ensure gases of sufficiently high temperature, 
the two curves shown in Fig. 10 have been plotted 
and indicate the decrease of temperature at high 
and at low rates of working, whilst the combustion 
gases pass between the water-tubes. In preparing 
these curves use has been made of the tests of Paul 
Fuchs to determine the heat distribution in an 
ordinary water-tube boiler (Zeitschrift des Vereines 
Deutscher Ingenieure for 1904, page 379). In the 
diagram the rows of water-tubes are numbered 
1, 2, 3, &c., No. 1 being the row nearest the fire, 
whilst the last row of water-tubes is No. 8. Out- 
side this row is the uptake, with the four rows of 
superheater tubes, according to the arrangement at 
the tests. According to the diagram the tempera- 
ture of 1000 deg. is to be found between the fifth 
and sixth row of water-tubes at high !oads ; con- 
sequently, if a gas temperature of 1000 deg. is 
wanted, the superheater must either be arranged 
between the fifth and sixth row, or the gases must 
be conducted from this point directly to the super- 
heater. The latter alternative is that adopted in 
Figs. 6 to 9. This is more suitable where compara- 








pass the superheater twice before they finally escape. 





tively low degrees of superheat are required, because 
only a part of the combustion gases passes the 
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superheater. A high degree of superheat would 
necessitate a higher gas temperature than would be 
good for the superheater tubes, as experience has 
shown that higher gas temperatures than 1000 deg. 
are inadvisable. 

The writer believes that the best solution of the 
question of superheat for use on board warships, 
both where moderate and high superheats are 
required, will be to arrange a superheater of a 
larger size in every third or fourth boiler, and 
conduct the whole amount of steam generated in 
the group to this superheater, which then would 
extend over the whole length of the boiler. This 
arrangement has already been suggested by Ad- 
miral Oram. The plan would, in other respects, 
be similar to the one in Fig. 6. This arrangement 
also offers the advantage that the whole amount of 
boiler gases sweeps the superheater, and that 
special care can be exercised during the getting 
up of steam with the boilers containing superheaters 
without greatly delaying the process of steam-raising 
as a whole, which might be the case if each boiler 
had its own superheater. 








Ten Years’ Gotp.—The annual value of the world’s 
gold production for the ten years ending with 1910 inclu- 
sive was :— 


Year. Value. Year. Value. 
£ £ 
1901.. oe 51,800,000 1906... 81,00u,000 
1902. . =e 52,200,000 1907.. as 82,700,000 
1903. . .. 59,800,000 1908 .. 87,200,000 
1904. -. 65,900,000 1909. . .. 92,100,000 
1905. 75,700,000 1910.. 93,600,000 


t, notwithstanding a falling-off in 

the output of gold at the Antipodes, the world’s yield of 

\ — precious of metals nearly doubled during the 
lecade, 
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FEED-WATER HEATING ON 
LOCOMOTIVES.—No. ITI. 


TRIALS AND Service Results WITH THE 
TREVITHICK SYSTEM. 

In our issue of February 17, on Plates XIV. 
and XV., page 211 et seq., we gave illustrations and 
descriptions of two locomotives on the Egyptian 
State Railways fitted up with one form of Mr. F. H. 
Trevithick’s feed-water heating apparatus. In this 
article we propose to deal with trials made of this 
system, and the results obtained with it in service. 

The first engine to be put through exhaustive 
trials was No. 694, which we illustrated in the 
recent issue above referred to. For full particulars 
of this engine we must refer our readers to the 
previous article, but we may re-state here that 
engine No. 694 had cylinders 17 in. by 26 in., four 
coupled driving wheels, 6 ft. 3 in. in diameter, and 
a working pressure of 180 lb. .The trials were road 
tests with ordinary trains, and for the purpose 
express trains of fairly regular loading, running 
between Cairo and Alexandria, were selected. 
The distance between these two places is 130 
miles, and this was covered by one of the ex- 
presses in a schedule time of 185 minutes, with 
three intermediate stops, the other train taking 200 
minutes, with five intermediate stops, so that the 
schedule running speeds did not vary greatly. As 
was stated to be the intention in the previous 
article, the locomotive was first tested with the 
heaters, after which they were removed and the 
engine put in service without them. We need not 
enter into minute details of the conduct of the trials. 
It is, perhaps, superfluous also to remark that for 
the most important item of which records were kept, 
measures were taken to ensure reliable figures being 
obtained. 


| The speeds given were calculated, being obtained 
after deducting for stops, checks, &c. Though 
laying no great claim to accuracy, they are suffi- 
ciently reliable probably as relative values to 
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directed here to a few important points in regard 
to these trials. In the first place, the average 
temperature of the feed-water, during the trials in 
which the feed-heaters were in use, worked out at 
261 deg. Fahr. If temperatures above 269 deg. 
Fahr., recorded after station stops, checks, &c., be 
eliminated, the average temperature worked out at 
252 deg. Fahr. From whatever cause the high 
temperatures are reached, all are, of course, to the 
benefit of the boiler, and may be included in 
‘*service ’ statistics, therefore, without any injustice. 
The economy effected on the journey is rather in- 
creased by them than otherwise, and therefore the 
system ought to be credited with what was actually 
the average from start tostop. In case the objection 
be raised that it might be impossible to realise these 
high average figures on runs with few station stors, 
slacks, &c., it has been thought well to deduct them, 
as done above. The highest average temperature 
recorded for a complete trip during these trials was 
273 deg. Fahr. As given in the foregoing Table, 
the smoke-box vacuum was rather less in the trials 
with the heater than in those without ; but in spite 
of this, under the former conditions the engine was 
very well up to its work. 

Engine No. 694 has, with the heaters in use, on 
many occasions, we understand, handled without 
difficulty trains of 314 and 329 tons tare behind 
tender, on schedule times drawn up for the ordinary 
engines of this class with trains of 240 tons behind 
the tender. 

Although these temperatures are good averages, 
they were improved upon after alterations made sub- 
sequent to these trials, these changes bringing 
the engine and apparatus to the condition for which 
particulars were given in the last article. But 
while, with engine No. 694, temperatures well above 
260 deg. Fahr. were obtained, with engine No. 711, 
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_ Fourteen trips were made with the heaters work- 
ing, and eighteen with them removed. The results 
of these, showing great uniformity, are averaged in 
able II., given herewith. 


Tas_E Il.—Trials of Engine No. 694. 





Difference 
Saving in 
ar With Without Favour of 
Heaters. Heaters. pusneeel 
Per 
Lb. Cent. 
re load behind tender... tons 219 225 
\verage speed — miles per hour 48 7 
erage consumption of coal per 
trip <s -- om 200 3,552 
\verage consumption of coal per 
; mile ais a v3 lb. 22.12 27.32 5.2 3) 
Average water evaporated per 
rip.. oe oe a Ib. 35,414 34,720 
average water evaporated per 
‘ 1 lb. coal .. os ae . 12.31 9.77 2.54 26 
Average cut-off percent.) 24.4 24.6 
Average smoke -box vacuum 
inches of water 28 3.31 

















32. 


warrant the assumption that the very small diffe- 
rence in average load was made up for by the 
higher average speed in the trials in which the 
heaters were fitted and working. The coal used 
was Welsh steam, hand-picked, and weighed into 
bags, so that the checking of this item was easily 
accomplished. The engine was run in these trials 
with the regulator full open and variable cut-off. 
It was overhauled between the trials, so that 
neither set of trials should have any advantage in 
this respect over the other. The water was 
nee by three Kent positive water- meters fitted 
to the tender. These were tested before and after 
and at intervals during the trials. As this method 
of measurement may not be accepted as giving a 
high degree of accuracy, no particular importance 
need be attached to the actual figure recorded for 
saving in water; the important point is that there 
is considerable saving, while the saving in coal in 
favour of the feed-water heating system amounted 
to the appreciable figure of 19 per cent. 

As we deal in greater detail with other and more 





extensive tests below, attention need only be 








Locomotive No. 677; Eeyptian State Rariways. 


built by Messrs. Henschel and Sons, Cassel, having 
18-in. by 26-in. cylinders, and of which we also 
gave particulars in the previous article, much higher 
temperatures than this are recorded. With this 
engine they ranged between 270 deg. and 273 deg. 
Fahr., and in many cases have given averages far 
higher, in some instances reaching 280 deg. or 
more. The figures taken, therefore, in the hypo- 
thetical case used in the calculations for economy 
in the first article of the series (page 143 ante) are 
well within the practical range. 

With engine No. 711 a long series of trials was 
undertaken in March and April, 1908, by the Rail- 
way Management, conducted in such a way that 
the favouring of the heater-fitted engine was ren- 
dered impossible. The supervision of these tests 
was handed over by the Chief Mechanical Engineer 
to nominees of the General Manager. In these 
trials engines No. 711 and No. 695 ran against each 
other. Engine No. 695 is of the standard type of 
express engine on the Egyptian State Railways. 
At the time of the trial some modifications were 
made to her at the request of the supervisors of the 





272 


ENGINEERING. 





[Marcu 3, I9QII. 





trials, but apart from this the engine was similar 
to twenty-eight others then in service. Both 
engines were by the same builders, and were sister- 
engines, except that one (No. 711) was fitted with 
feed-water heaters, and the other (No. 695) was 
without. The trains selected for the trials were 
the 7.30 a.m. and 9.30 a.m. expresses Cairo to 
Alexandria, and the 3.40 p.m. and 4.25 p.M. 
expresses in the reverse direction, which the 
engines took alternately. It should be stated that 
the 4.25 p.m. was substituted after the first few 
days for another train, originally selected, of rather 
heavier loading. These trains were allowed :— 
The 7.30 a.m., 210 minutes for the 130-mile jour- 
ney, with six stops; the 9.30 a.m., 205 minutes, 
with five stops; the 3.40 p.m., 210 minutes,, with 
seven stops ; and the 4.25 p.m., 180 minutes, with 
two intermediate stops. Each engine made the 
double trip from Cairo to Alexandria and back 
(260 miles) each day, with shed days at necessary 
intervals. The crews ran on alternate days, and 
half-way through the trials the men were changed 
over from one engine to the other, so as to 
eliminate as far as possible the influence of the 
respective drivers. Four sets of men were thus 
employed, two of the drivers being Europeans, 
the other two and all the firemen being Egyptians. 

The trains worked were, three of them, of 
265-270 tons scheduled tare load behind the 
tender, and the fourth, the 4.25 p.m., of 205 tons 
tare behind the tender. As the trains worked 
ran so close together, it is quite fair to assume 
that the effect of wind, &c., would about average 
out for both engines over the two months during 
which the trials extended. The full report of 
these trials, which we have had placed at our 
disposal, is, unfortunately, unsuitable for publica- 
tion, but a perusal of the main portions of it 
would, we feel sure, lead to the conviction that the 
economies resulting from this system of feed-water 
heating are very substantial, while no practical 
disadvantage arising from its use can be pointed to 
as off-setting the satisfactory results. 

In the following, Table III., we give the figures 
of the results exactly as they appear in the report 
resented to the General Manager, except that we 
ave combined two tables for convenience :— 


Taste III.—TZwo Months’ Trials of Engine No. 711 
with Heaters, and Engine No. 695 without. 


| 




















| ? | Saving. 
Engine Engine 
ar | No. 711, | No. 695, a 
with without With 
Heaters. | Heaters. Engine. Per Cent. 

Ton-miles hauled .. 2,216,440 | 2,269,800 
Coal per ton-mile Ib. 0.11147 0.14044 No. 711 20.6 
Water per ton-mile ,, 1.0341 | 1.0801 | 
Coal per gallon ol wan | 1.27 No. 711 |} 19.7 





In these trials the endeavour was made to esti- 
mate the passenger and luggage loads on the trains. 
Penalties connected with time-keeping were also 
introduced in the coal bills, the merits of which, 
however, we do not propose to discuss, as their 
values are quite negligible for our present pur- 
pose. The figures in the above table include the 
estimated passenger loads, and the figures for 
‘*coal per ton-mile” take into account these 
penalties. The latter are, however, excluded from 
the evaporative figure of ‘‘coal per gallon” of 
water. The data for these trials afford figures by 
which the performance of the engines may be 
analysed from various points of view, and in the 
following remarks we shall take throughout, as 
train-loads, the tare weight behind the tender and 
the figures for coal actually fired. Working on 
this basis the results shown in Table IV., below, are 
deduced :— 


TaBLE 1V.—Consumption Based on Tare-Load behind 
Tender and Coal-Fired. 











Engine Engine Saving. 
* No. 711, No 695, | 
_— without With | 
Heater. Heater. 1 , 
Engine. | Per Cent. 
Ton-miles hauled .. 1,939,847 1.926,054 | 
Coal per ton-mile Ib, 0.1116 0.1450 No, 711 | 23 
| ' 


This method of analysis, it will be noted, shows 
up rather more in favour of the engine fitted with 
the heater. 

If the train-loads (tare behind tender) be classi- 
fied in divisions for trains of under 250 tons weight, 





of between 250 to 300 tons, 300 to 350 tons, and 
350 to 400: tons respectively, the results set out in 
Table V. are obtained :— 


| 


journeys was 27.7 lb. and 27.5 lb. respectively. 


TABLE V.—Coau ConsumMpTION WITH Simitak Trarn-Loaps (TARE BEHIND TENDER). 


by engine No. 711. These trains weighed 260.3 and 
265.8 tons, and the coal used per mile on these 


. 








| 250 to 300. 














Class of trains . tons Under 250. 300 to 350. 350 to 400. 
— - _ | — ———— ee _ 
Engine No. .. 711 695 711 695 71l 695 7ll 695 
Average loads ° ae . tons 203.2 206.8 268.3 267.6 326.5 324.6 362.4 375.8 a 
Coal Consumption. | } | 
Average pounds per mile i - 7 ak 31.3 || 30.2 | 38.2 341 47.5 38.2 55.6 
Economy in favour of engine No. 711 with) | 
heat rs oa - He .. ‘per cent. 23.3 20.9 j 28.2 31.3 
Average pounds per ton-mile_ .. ac me . | 0.1184 | 0.1516 0.1125 | 0.1428 (01046 | 0.1465 0.1054 | 0.1481 
Economy in favour of engine No. 711 with | | 
heaters Ps ie a per cent. 21.8 21.2 28.6 28.8 








These figures show that the economy of the’ The mean of these figures gives a tare load of 263 


heater-fitted engine is considerable at all loads tons and a coal consumption of 27.6 lb. per mile. 
within the range, while its rate of consumption , On the day of the failure, as we have seen, the load 
evidently does not increase so rapidly at the higher was 263 tons, and, as the weather conditions were 
loads as does that for the engine without the feed- | similar, a coal consumption for the first 33 miles of 


heating. The figures are all for a sufficient number 
of trips for something like fair averages to be ob- 


| 


27.6 Ib. may therefore be assumed. This accounts 
for 910.8 lb. of coal out of a total recorded for the 


tained, with the exception of those for the highest | trip of 4297 lb., so that 3386.2 lb. remained over 


class, which should, 
greater reserve. 


It will be noticed, however, that| miles between Alexandria and Cairo. 


rhaps, be accepted with for the balance of 97 miles out of the total of 130 


This works 


they are consistent with the others given in the | out at 34.91b. per mile, or a loss for the latter part 
table, and therefore may be accepted as approxi- | of the journey, during which the feed-water heaters 


mately representing the correct position. 

It will be seen that the average train weights 
given show the loading to have been very uniform 
except in the last class, but even in this there was a 
difference of no more than about 3? percent. The 
economy under equal loading conditions is indicated 
therefore by the difference in the consumption of 
coal per aie, which amounts to about 21 per cent. 
and upwards. From this the corollary follows, 
substantiated by the figures abstracted in Table VI. 
below, that with equal consumption the feed-heater 
engine should be dle to take the greater loads. 

Taste VI.—Train-Loads (Tare behind Tender), taken 
for Equal Coal Consumption. 


{| 711 Qwith | 695 (with-| 711 (with 


! 


695 (with- 














Engine No, .. | Feed- |outFeed-| Feed- | out Feed- 
\ | Heating). | Heating). | Heating). | Heating). 
Average aa of coal) 
permile ..  ..| 30.2 | 313 382 | 382 
Class of train .. | 250-300 | under 250) 350-400 | 250-300 
| ton | tons tons | tons 
Average tare of train. .| 268.3 tons! 206.8 tons) 362.4 tons 267.6 tons 
Additional load taken) } 
by Engine No. 711 _ . -| 61.5 tons 94.8 tons 
Additional load taken) 
by Engine No. 711 . | 29.7 per cent. 35.4 per cent. 


The figures in Table V. are plotted to a base of 
tare train-load behind tender in Fig. 31, page 271. 
Curves A B and C D give the coal consumption per 
ton-mile for engines Nos. 695 and 711 respectively. 
The curves have been drawn in to fit the points 
obtained as well as possible, and both approximate 
to the usual form of curve, which falls at first and 
then rises. The most economical load is apparently 
a good deal higher, according to these curves, for 
engine No. 711 than for engine No. 695. The 
curves E F and G H give the coal consumption per 
mile for the two engines under approximately equal 
running conditions. These two curves may be read 
off either way —to give the additional coal used by 
engine No. 695 with equal loads, or to give the 
additional load which should be possible with 
engine No. 711 with equal coal consumption. The 
latter fact has been brought out in Table VI., above, 
and will be reverted to again later when service 
results for considerable periods of time are dealt 
with. 

Before leaving the subject of these trials reference 
may be fitly made to an incident which, though of 
little moment of itself, is interesting if it be con- 
sidered in connection with the economies shown by 
engine No. 711. On one day during the trials, 


. | through the breaking of the brazing at a union joint, 


erigine No. 711 completed her trip without using 
the feed-water heater and pump. The fact that the 
engine managed to bring her train home shows 
that there was little real significance attaching to 
this incident per se; in fact, the failure was of a 
kind well known in locomotive work, and plenty of 
similar incidents might be adduced from experience 
with ordinary engines. The point, however, in this 
case is that this accident occurred to the engine 
after it had run 33 miles out of the 130 miles 
to its destination, the tare load being 263 tons 
behind the tender. On two other occasions during 
the trials trains of nearly similar tare were taken 





were out of use, of 20.9 per cent., a figure which 
tallies in a remarkable way with the economy given 
for this class of train in Table V. 

The figures of economy as deduced above from 
the report, or the figures actually embodied in the 
report as given in Table III., and others not repro- 
duced, are quite sufficient to serve as indications of 
the economies to be hoped for in service. In pas- 
senger service the train-mileage figure often ap- 
proaches closely to the records for total mileage 
owing to the small amount of light mileage and 
shunting, and the test and service economies need 
not therefore necessarily show very great difference. 
The engines we are dealing with now are express 
engines, and have to do but little light or shunting 
mileage, and the economies are found from the 
coal registers to be in rough agreement with the 
figures given above. 

We will take first the records of engine No. 711 
for the years 1907, 1908, and 1909. This engine 
was one of a class of thirty, and it shows up very 
well when compared with the rest of its class. 
The figures below are taken from the ordinary 
registers, and therefore show all coal booked to the 
engines. The mileage given is train-mileage only, 
and the weight of train is calculated on the com- 
monly-used service method of rating a six-wheeled 
passenger coach as | unit of 15 tons, and a bogie 
coach as 2 units, or 30 tons, these figures agreeing 
very closely with the average for the rolling-stock 
used on the train services in question on the Egyptian 
State Railways. During the period covered by these 
records, engine No. 711 was taken into the shops, 
and, for purposes of certain experimental work, had 
her heaters removed, subsequently working without 
them for some time. The records for this engine thus 
afford an independent and unintentional check. We 
may state that these and other figures given below 
were extracted recently, at our special request, from 
the railway’s books, and had not been kept with 
any view to being brought forward as substantiating 
the claims of the system to economy. ‘Table VII. 
gives the averages from the coal records for the 
whole class of thirty engines, and also for engine 
No. 711 for the period during which it was at 
work without the heaters. 

TaBLE VII.—Comparison of Engine No. 711 without and 
with Heaters, and with Twenty-Nine Sister-Engincs 
without Heaters, under Ordinary Running Conditions. 








Engine Engine  29Sister- 
es | No. 711 No, 711 | Engines 
| without with | without 
| Heaters. | Heaters. | Heaters. 
Average miles per train .. - 138 127.8 136 
Average pounds of coal per train, 5660 4505 5497 
Average pounds of coal per mile 41 35.9 | 40.2 
Average tare load behind tender 
tons 249.6 281.6 231 
Average pounds of coal per tare-| | 
ton-mile .. o4 os ..| 0.1643 0.1276 | 0.1749 
gpm oo 
Difference in favour of engine’ | 0.0367 Ib 0.0473 Ib 
No. 711 with heaters on coal| > so -eenant — 97 nerc 
per ton-mile ce a % j = 22 percent. = 27 percent. 


The high figure of o7 per cent. is probably due 
in part to the fact that at one time and another 
‘engine No. 711 has been engaged in special trials, 
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and the coal booked to it, therefore, has at times 
been more carefully checked than is usual under 
ordinary running conditions. The figures, however, 
derived as they are from the ordinary register, and 
not recorded with a view to being used for com- 
parisons, although probably rough, may at least 
he taken as proving that the feed-heater enzine 
gives very real economies. These facts are cor- 
roborated by figures extracted especially for these 
articles, and having reference to another feed-heater 
engine, of which we give an illustration in Fig. 32. 

This engine, No. 677, is an inside - cylinder 
4-4-2 locomotive, built by the North British Loco- 
motive Company, Limited, Glasgow. It has been 
used for important specials and expresses between 
Cairo and Alexandria, and Cairo and Port Said, 
and has throughout been worked under ordinary 
running conditions, without being used on any 
special trials, and the registers have always been 
kept in the ordinary way. The engine has cylin- 
ders 18 in. by 26 in., and driving-wheels 6 ft. 3 in. 
in diameter. The boiler, fitted with a Belpaire box, 
contains 184 2-in. tubes, 15 ft. 11} in. between tube- 
plates, giving 1535.5 square feet. The fire-box 
provides 140.25 square feet, making a total of 
1675.75 square feet. The grate area is 24 square 
feet. The total weight of this engine in working 
order is 61 tons 17 ewt., of which 33 tons are on 
the driving-wheels. The heaters of engine No. 67 
are similar to those of engine No. 694, except that 
the smoke-box heater is of rather larger elie 
surface capacity, having 258 square feet heating 
surface, and a capacity of 70 gallons. 

During two months in 1907 this engine ran 
without its smoke-box heater, as it required some 
alterations when delivered to the railway, before it 
could be brought into use. In February, 1908, the 
heaters were not used, and the effect of the flue 
gases upon it, when out of service, was watched. 
Again, in 1909, on the smoke-box heater needing 
re-tubing, the arrangement was removed for reasons 
which will be detailed later. The working of this 
engine thus affords another means of estimating 
the order of the service economies offered by the 
feed-heating system. The results taken from the 
ordinary registers are as follow for the period 
March, 1907, to December, 1909 : — 

Taste VIII.— Working of Engine No. 677 with and 

without Feed-Heaters. 


Without 








— With 
Heaters. Heaters. 
Average miles per train a ee 135.7 135.9 
Average pounds of coal per train . 5024 6138 
Average pounds of coal per mile oa 37 45.1 
Average tare-weight behind tender tons 280 278.4 
Average pounds of coal per tare ton-mile .. 0.1322 0.1622 
Difference in favour of heaters on coal per [ 0.0300 — 
ton-mile 3 be =! af: a } | = 18 per cent. 


From the records for this engine another set of 
figures has been abstracted, showing the comparison 
for six months’ working only, with and without 
heaters, over certain periods for which weather con- 
ditions were approximately similar. These figures 
differ somewhat from those given in Table VIILI., 
the loading during the periods in question showing 
greater difference than above. For these periods 
for which the results are really more strictly com- 
parable, the coal per ton-mile with the heaters in 
use shows economy amounting to 20.5 per cent. All 
these figures, it will be noted, are large, and the 
etfect on the coal bill well worth considering. Other 
advantages arising from the use of such a system of 
—— heating will be considered in our next 
articie, 








FOUNDRY PLANT AND MACHINERY. 
No. XXIII. 


By Josern Horner. 


Iv this article it is proposed to discuss those 
large sections of foundry plant which are usually 
grouped broadly as ‘‘ appliances,” or ‘‘ shop-tools,” 
or ‘‘tackle.” They are aids to moulders’ work, 
but are not machinery nor fixed plant. They in- 
clude moulding-boxes, core-bars and plates, crosses 
and slings, and numerous other articles which are 
used in the daily work of the moulders. They are, 
for the most part, made in the foundries where 
they are used, 

With two or three exceptions only, all castings 
are both moulded and poured in ‘‘ boxes” or 

flasks.” The principa exceptions are work 


done in open sand, and snap-flask work, which is 
moulded in a flask, but poured away from it. In 
chilled castings an iron chill is substituted for 
the main portion of the mould, but generally the 
top and the bottom are poured against sand. A 
few articles, notably ploughshares, are wholly en- 
closed in iron moulds. ere is also the recent 
work of permanent moulds, for which sand is not 
used at all, its place being taken by complete 
moulds of metal. 

Moulding-boxes, or flasks, include a good many 
designs which may be conveniently classified under 
four groups, corresponding with broad differences 
in the methods of moulding that are adopted. These 
are ‘‘tops,” or ‘‘ top parts,” or “‘ plain tops,” which 
are Mths cover moulds that are wholly embedded 
in the sand of the foundry floor. These are gene- 
rally the top parts of plain boxes. They must be 
located in relation to the mould in the floor by 
means of stakes driven into the sand of the floor. 
‘*Two-part” boxes comprise a top and bottom 
part, registered usually by means of pins in lugs on 
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the bottom box entering holes in lugs on the top 
box, or in some small boxes strips enter into 
recesses. Such boxes have to be turned over, and 
therefore handles and swivels are cast on their ends. 
**Three-part ” boxes comprise a top and bottom 
and one middle part, or more than one middle. 
These are required when two or more joints have 
to be made in the mould. Snap-flasks are hinged, 
to permit of removing them from their enclosed 
moulds without injury to the latter. These are 
used in small moulds only, in order to avoid 
accumulations of large stocks of boxes. Included 
within these groups, the last excepted, are many 
shapes, outlines, proportions, fittings, and many 
variations in shapes, without including boxes that 
are made only for special jobs, and which have 
irregular outlines, irregular or curved joints, 
special fittings for moulding-machines, &c. The 
accompanying illustrations will convey an adequate 
idea of the main designs in which the ordinary 
moulding-boxes occur. 

A plain two-part box, square or oblong (Figs. 
345 and 346), may be taken as typical of 80 or 90 
per cent. of those used in ordinary foundries. It 
is adapted to that great group of work—the vast 
majority done—which is moulded by ‘‘turning over.” 
A simple explanation may be offered of this method 
of moulding, and of the difference between this and 
the method of ‘‘ bedding in” when a top alone 





(Figs. 347 and 348) is employed. 
e accuracy of a casting, and in a large degree 














its soundness and suitability for the pur for 
which it is intended, are dependent on the care 
with which the sand surrounding its pattern has 
been rammed and vented. If these matters are im- 
properly or imperfectly done, the casting will come 
out uneven, or lumpy, or scabby, or honeycombed, 
or blown, or in bad cases will have to be condemned 
as a waster. These issues come within the sphere 
of the practical work of moulding, with which we 
are not concerned here, except so far as it relates 
to the typical designs of moulding-boxes, 

The turnover type of moulding-box is designed 
to enable the ramming and venting to be done 
under the most favourable conditions. Its alter- 
native is bedding-in, in which case the top part 
only is rammed “directly against the corresponding 
portion of the pattern. Bedding-in is therefore 
seldom adopted, except for very large patterns, or 
those of awkward shapes, for which no ‘‘ parted” 
or divided boxes are available, or when the cost of 
making new or special boxes would not be justified. 
It is therefore reserved almost exclusively either 
for very large moulds, or for moulds of unusual 
depth, or of very awkward shapes, the first-named 
forming the vast majority. Hence most large beds 
and plates, large brackets, stendards, cheeks, 
framings, and castings of allied types, are made by 
bedding-in, and covered with a top box, or, if of 
very large dimensions, with two or more tops 
—— 

hen a pattern is moulded by turning over in a 
two-part box, the top part, A, Figs. 345 and 346, 


is laid on the floor by its face a, with its jointing 
face c upwards, filled loosely with sand, and the 
pattern is laid upon or in the sand, and so 
adjusted as to bring its joint in correct relation 
























































a dummy sand-face to coincide with the mould 
joint required. The sand is not rammed for per- 
manence, but only trodden or pressed sufticiently 
firm to sustain the ramming of the bottom box 
which has to be done upon it. The sand-joint 
will be made plane, or curved, or sloping, or irre- 
gular, depending entirely on the shape of the 

ttern. It is dusted with parting sand, and the 
ottom part box B is then placed on and cottered, 
and rammed through its face b. The ramming 
being thus done in detail against the pattern, face 
and sides can be regulated exactly as desired, and 
the venting is done equally well and suitably for the 
article in hand. Different sections in moulds have 
to be rammed and vented differently, and these 
variations can be readily made when all is done 
directly against the pattern. 

In the next stage the boxes are turned over 
while cottered together, occupying then for the 
first time the position shown in Figs. 345 and 346 ; 

rt A is uncottered and removed, and all its sand 
is knocked out. The joint face of the bottom 
mould in B, now left exposed, is cleaned, smoothed, 
and dusted with fresh parting sand, and the top A 
is replaced and rammed permanently. This ram- 
ming is now done directly on the top face of the 
pattern, just as that which was previously done 
against its bottom face. This completes the actual 
making of the mould, Afterwards the box parts 
A and B are separated, the pattern withdrawn, the 





mould repaired, cleaned, dried (if in dry sand), 
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cored, blackened, and closed, and the pouring-basin 
is made ready for casting. 

Work which is bedded-in is obviously rammed 
under more unfavourable conditions than that 
which is rammed in a box. As the lower part of 
the pattern is embedded in the sand of the floor, 
the sand cannot be directly rammed against it. 
When a pattern is embedded in floor sand, it lies 
wholly below the ‘‘ floor-level,” in Fig. 347, which 
shows with Fig. 348 a plain top. Then, unless an 
excessive amount of time is occupied in carefully 
consolidating it, the sand cannot be rendered so 
homogeneous, nor its degree of consistency regulated 
so well, as when it is rammed directly against the 
faces of a pattern. Ramming has to be done as 
well as the circumstances will permit. The pattern 
is usually removed for this purpose and returned, 
and perhaps removed again from its impression, in 
order to permit of the better consolidation of the 
sand in the localities, access to which is impossible 
while the pattern remains in place. Or ramming 
is done sometimes through open spaces when such 
are available, and always around the edges as much 
as possible. Venting is performed with some 
difticulty by comparison with venting that is carried 
straight to the pattern faces. Much of this may 
have to be done on the temporary removal of the 
pattern, in addition to the diagonal venting. The 
result of uneven or unequal ramming is lumpy 
surfaces in the casting, the washing away of por- 
tions of sand, with resulting scabs, while insuffi- 
cient venting produces blow-holes, scabbing, and 
general sponginess. 

The foregoing remarks illustrate and explain the 
reasons for the differenges in the two great types 
of moulding-boxes as used for turning-over and for 
bedding-in respectively. Another turnover type is 
the common three-part box, Figs. 349 and 350, 
which contains a middle C, in addition to the top 
A and bottom part B. This is used when, instead 
of the one mould joint at c, in Fig. 345, two are 
wanted, coinciding with c and d in Fig. 349. More 
than two joints may be required, and then there 
will be two or more middles. A middle part is 
fitted to the top and bottom with the usual pins 
and holes. It may be of any depth, or several 
middles of ordinary depth may be superimposed 
and cottered together when much depth is required. 
In some cases 4 shallow middle for fifting a ring of 
sand can be rammed in the bottom of a two-part 
box, enclosed by the sand of the bottom part, and 
so save a middle box. 

Attention may now be given to the meaning 
of the numerous details of boxes. Looking at 
Figs. 345, 346, 349, and 350, the standard types of 
boxes, we observe they have flat ‘‘ bars ” or ‘‘ stays ” 
in the bottom parts, and vertical bars in tops. The 
sand cannot fall through the bottoms B, because 
the faces 6 rest on the floor sand, therefore shallow 
flat bars alone suffice to retain the sand while the 
boxes are being moved about. Flat bars are also 
adopted because they leave the maximum space for 
sand and mould. These boxes being used for all 
kinds of general work, the maximum of space is 
desirable, and the deeper portions of patterns are 
almost invariably located in the bottom flask. If, 
however, similar flat bars were cast in the tops A, 
the sand would fall down into the mould. But 
vertical bars will retain it by the friction of their 
deep faces. These faces are tapered to facilitate 
their moulding. and the lower a es are chamfered 
to prevent the otherwise thick edge from interfer- 
ing with the action of the rammer. Thick edges 
would cover strata of sand more or less loose. 
Lifters or § hooks are usually hung from the bars 
to assist in the retention of the sand. But when 
work is wholiy standardised special boxes are made, 
and then vertical bars are often put in the bottom. 
Thus in boxes for standard columns and pipes, 
which we shall deal with later, no difference is 
made in ths top and bottom parts. 

The middle part C, Fig. 349, has no bars, but 
only a narrow ledge e round the interior. This 
ledge is shown on the lower face only, but it is often 
carried round the top edge also. The reason why 
there are no bars is that the pattern and mould 
have to pass through the middle into both bottom 
and top parts, and bars would obstruct the way. 
If, however, there is sufticient room around the 
pattern, extra support is given to the sand by means 
of rods laid diagonally across the angles, and resti 
on the edges of the ledge. But for tnndendinnt 


work bars can generally be cast diagonally round 
the interior, leaving 
clear as is necessary. 


only as much central space 
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The pins f, by which the boxes are registersd and 
cottered, face upwards, because the entry of the 
pins into their holes can be seen from above when 
lowering the top part on the bottom, and because 
the cotters can be inserted readily. The pins 
shown in Figs. 345 and 349 are of average length. 
In special boxes with deep lifts the pins are made 
twice or thrice as long, since the pins should enter 
the lugs before the moulds or cores come into con- 
tact. Pins are turned and their holes drilled, and 
often reamered. Triangular pins are often used, 
as in the snap-flask, which we shall illustrate in our 
next article, and sometimes square pins. The joints 
of boxes are planed or milled. 

The handles y, Figs. 345, 346, 349, and 350, are 
used on most boxes. The smallest have no handles, 
being grasped by the sides. Looped handles are 
often used, both on small and large boxes, in the 
latter specially for the attachment of sling-hooks. 
The handles are forged, and cast in, the metal being 
thickened round them to ensure their retention. 
Sometimes one sees cast handles, but they are very 
liable to become accidentally knocked off. 

The swivels h, Figs. 349 and 350, are cast in the 
box ends for turning the boxes over while carried 
in slings suspended from a beam held in the crane. 
They are, therefore, only required for boxes which 
are too heavy to be lifted by hand. Thus Figs. 345 
and 346 have no swivels ; but when boxes exceed 
about 30 in. square they are wanted, since a top, 
bottom, and middle, Figs. 349 and 350, with their 
load of sand, become too heavy for easy handling. 
Swivels are forged and turned, set in the mould by 
drop-prints, and the box ends are thickened there. 
The looped handles in subsequent figures are also 
set in with drop-prints. 

Boxes to be used for top parts, Figs. 347 and 348, 
are usually cast with strips a on the outsides near 
the corners, to enable them to be used as plain 
tops for moulds made in the floor. These strips 
serve as guides to the stakes which are driven into 
the floor, thus ensuring the return of the box parts 
into correct position after their removal for with- 
drawal of the pattern, cleaning the mould, &c. If 
strips are not cast on, the edges of the lugs have 
to serve as guides to the stakes. Lugs are usually 
cast in any case, as in Figs. 347 and 348, so that the 
same top can be used with a bottom for turning 
over, besides serving as a plain top for bedded-in 
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THE WIDENING OF THE PASSAGE 
BETWEEN DOCKS AT BARROW-IN- 
FURNESS. 

(Concluded from page 211.) 


As very heavy ships have frequently to be taken 
through the passage, timber dolphins have been 
constructed on each side of the entrance, as shown 
on the plan, Fig. 112, on page 275, so that in 
the event of the ship canting, owing to wind or 
other cause, the walls will be protected. These 
dolphins are of timber, and drawings of two of the 
typical structures are reproduced herewith. Figs. 
105 to 108 show the larger dolphin, and Figs. 
109 and 110 the smaller dolphin. The drawings 
are self-explanatory, but attention may be drawn 
to the fact that the bracing and raking struts 
have been most judiciously introduced, in order 
to meet thrust from practically every direction, 
so that, although comparatively small in view of 
the heavy strain set up by the contact of very 
heavy ships, the result is a satisfactory stable 
structure. 

Another interesting feature of the works consists 
of a boom which may be drawn across the passage- 
way in the *Ramsden Dock. This boom has been 
introduced owing to the fact that at Barrow there 
is very extensive importation of petroleum, which 
is all discharged at the Ramsden Dock into exten- 
sive tanks constructed there. (See ENGINEERING, 
vol. lxxii., page 287.) In the event of any accident, 
and the oil being discharged on to the water in the 
dock, there might be a serious risk of fire ; and in 
order to meet this possibility, it was decided to 
construct a boom to stop the flow of oil on the surface 
through the passage into the Buccleuch Dock. The 
elevation and plan, Figs. 111 and 112, show the 
general arrangement of the boom. It is housed 
along the wall to the east side of the passage-way, 
and in order that it may be more expeditiously 
thrown across the entrance, gear has n fitted 
on the small dolphin adjacent to the cylinder 
support at the ‘‘nose” end of the bridge. The 
actuating mechanism is a hand-winch on each side 
of the ge, with wire ropes secured to each end 
of the Meow Figs. 113 to 115 show the construc- 
tion of the boom, which is of wood, protected with 
steel plates. The connection with the wire rope to 
the hand-winch is clearly shown in Fig. 118. The 
dolphin and pulley to facilitate the movement of 
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of frames used in connection with the interlocking 
of levers and the disposition and functions of 
signals are dealt with. The special importance of 





the boom are shown in Figs. 117 and 118. On one 
side the boom abuts on the dolphin, on the other on 
the corner of the dock wall (Fig. 112), and there 
have been built into the wall wooden blocks, in 
which are secured iron fenders, in order thoroughly 
to protect the wall, and to form:a fairly close joint 
between the surfaces-of the beom and the wall. 

The passageway has now been completed, and, 
as we said at the outset of our article, it will now 
be possible for the Vickers Company to pass the 
largest ships which are likely to be ordered by any 
Power for some years to come ; and in view of the 
difficulties met, the engineers—Messrs. Baker and 
Hurtzig and Mr. Frank Stileman—and the con- 
tractors—Messrs. John Aird and Sons—are to be 
congratulated on the successful completion of this 
interesting work, 





M¢ J)DERN RAILWAY SIGNALLING. 
_AtT the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, February 28, Mr. Alexander 
Siemens, President, in the chair, the paper read was 

Modern Railway Speiing: Some Developments on 
the Great Western ilway,” by Mr. A. T. Blackall, 
. Inst.C.E. The following is an abstract of the 

aper :— 

The suthor, in a brief historical summary, reviews the 
provisions of the Regulation of Railways Act, 1889, as 
affecting signalling. The co-ordination of the functions 
of the telegraph and signal engineer, and the result, 
especially as it pertains to the in ing use of appliances 
operated electrically, is touched upon. The various types 








the distant signal is set forth, and the electrical 
operation, under certain circumstances, of such signal is 
described. The electrical repetition of signals, and the 


practice with respect to the provision of route-indicating 
signals, are mentioned. 

n dealing with the distant signal. reference is made 
to the difficulties attendant on its working, and the link- 
ing of the block-tel ph system with the distant signal 
is suggested. The effect of absolute block on the work- 
ing of traffic at junctions and other important places, and 
the application of what is known ae the warning arrange- 
ment in regard to such working; are described. 

The author further deals with the numerous appliances 
in use, such as discs, train-indicators for warning drivers 
of the condition of running-loops, signal-lamps, and so 
on. The lighting of signals and the results of experi- 
ments in connection with automatic signal-wire com- 
pensators are alluded to. Mention is also made of a 
recent innovation involving the use of springs, and 
having for its object the better working of signal-wires 
and signal-rods.. The electrical detection of facing- 
»oints and the standard methods employed on the 

reat Western Railway in to facing - point 
locks, fouling - bars, rod connections, and switches, are 
referred to. 

Among other matters, the concluding portion of the 

per refers to the power-working of signals, which of 
late years has made considerable progress, allusion being 
made to the three installations which are in operation on 
the Great Western Railway. The importance and value 
of track-circuiting in certain situations, the development 
of audible cab-signalling, and the arrangements intro- 
duced for the economical maintenance of the permanent 
way, are dealt with in detail. Telephones, and, in con- 
nection therewith, the superposing of one circuit up 
another, and, finally, a short reference to telegraph-line 
construction, conclude the paper. 





























Tue University oF SHEFFIELD.—The council, at its 
last meeting, appointed Mr. George Stanfield, B. Eng. 
(Sheffield), to the post of demonstrator in engineering. 





INCORPORATED MunicrpaAL ELgcTRICAL ASSOCIATION, 
—The sixteenth annual convention will be held in 
Brighton, from June 27 to 30, and a preliminary pro- 
gramme of the proceedings has been issued. A detailed 
official programme will be published in due course, and 
in the meantime all communications should be addressed 
to Mr. C. McArthur Butler, 28, Bedford-square, W.C. 





British FounprYMEN’s ASsOcIATION.—A meeting of 
this Association was held in the hall of the Institution 
of Mechanical Engineers, on Friday last, February 24. 
The visitors numbered about forty. Mr. P. Longmuir, 
B.Met., Sheffield, president of the Association, occupied 
the chair. The meeting followed one which had n 
held on December 12 last, with a view to pro) the 
formation of a branch of the Association in don. 
The chairman, in the course of his address, expressed the 
hope that the work done in the new branch would be of 
such a character as to lead ultimately to the establish- 
ment of the head-quarters of the Association in London. 
He explained that, instead of overlapping with existi 
institutions or infringing on any field previously occu ied 
the British Foundrymen’s Association covered a hitherto 
untrodden field; its sole concern was the educational 
side of foundry practice. The Association now numbered 
over 600 mov Hy divided among the Birmingham head- 
quarters and the Sheffield and Glasgow 3 a 
member of the Association could attend the meetings of 
any branch. In the course of the proceedi Mr. J 
Oswald, Sleaford Foundry, Nine Elms-lane, 8.W., was 
_— first president of the London section, and Mr. 

. Murphy, 214, Brooksby-street, N., secretary. Seven 
members of council were also appointed, with power to 
add to their number, to enrol members, and to arrange 
the date and place of meetings in London, 
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THE STRENGTH OF CAST-IRON PUNCH 
AND RIVETER-FRAMES. 
To tHe Epirok oF ENGINEERING. _ 

Sir,—A very interesting set of experiments carried out 
by Professor A. Lewis Jenkins on the strength of cast-iron 
punch and riveter-frames was recently described in a 
per read before the American Society of Mechanical 
ingineers.* A previous paper by Professor W. Rauten- 
strauch had given results of investigations upon the 
strength of crane-hooks, and had indicated an applica- 
tion to the case of cast-iron press-frames of the theory of 
the stresses in curved members, published by Professor 
Karl Pearson, F.R.S., and the present writer in 1904, the 
results of the experiments on crane-hdoks having been in 
favour of this eons this paper by Professor Rauten- 
strauch will be found in the Mechanical World of January 
28, 1910. Professor Jenkins could find no experimental 
investigation into the strength of curved cast-iron beams, 
and so had a number of models of press-frames made ; 
with each frame were cast a bar to serve for a test in 
tension, and a bar to serve for a test in transverse bending. 
Three types of frames were investigated : in the first 
type, Figs. 1 and 2, annexed, the section was rectangular, 
and the end of the gap was semi-circular ; in the second 
type, Figs. 3 and 4, a flanged I-section was used, some of 
the specimens having the flanges milled away in various 
ways; and in the third type, Figs. 5 and 6, the section was 
rectangular, but the gap was extended ; and in every case 
semi-circular projections were cast on to the specimen at 
the point of loading in order accurately to locate the load. 
The results obtained are shown in the following table :— 


although it is tted ; it seems almost impossible to 
investigate a problem with an attempt at greater accuracy 
than has previously been obtained without getting re- 
sulting formule which are more complicated. hen, 
however, we come to com the resulting breaking 
stresses according to the various formule, I suggest that 
such stresses ought to be compared not with the break- 
ing stresses in tension, but rather with the breaking 
stresses in transverse. bending. The Pearson-Andrews 
formula is the result of an investigation into the stresses 
in curved beams which attempts to allow for the eurva- 
ture and transverse strains which are negligible in 
a straight beam ; according to this theory the stresses in a 
curved beam are considerably more than in a correspond- 
ing straight beam, and this  peclotda is shown by these 
experiments. 
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Results of Tests. 








Texsion SPECIMENS, 


| 
TRANSVERSE Specimens (Lenoru 121N.). | 


Curvep Specimens, 


























| Breaking Stresses 
| a (Pounds per Square Inch). 
Test Breaking| 409 Stress Breaking | (Breadth | gaMe | % bd? | Breaking 
No. Load. | = Se. Loads. | » Depth). M Load. | Bem | Réel | Pearson- 
| le la. | F Ja, | Andrews 
‘ormula. | ormula. | Formula. 
Ib. sq. in. ‘lb. p.sq.in. Ib. in. | | | 
1 15,000 0.785 19, LUO 2380 0.75 x 1.25 36,560 3.14 | 11,200 16,249 27,025 | 33,013 
2 14,630 | 0.785 | 18,620 2880 0.75 1.25; 44,200 2.52 11,125 16,120 26,844 32,796 
8 13,460 0.709 19,000 1680 1.25 x 0.75) 46,080 2.65 11,390 16,540 27,484 | 33,577 
4 | 17,000 0.785 21,630 2280 1x 1.05 37,200 3.48 9,300 11,330 19,583 | 38,223 
5 17,000 0.785 21,630 2000 10.95 40,000 3.25 8,500 1,500 17,909 34,935 
6 15,500 0.833 | 18,600 2160 1x1 | 39,800 2.86 12,600 22,520 | 25,870 29,460 
7 16,300 0.866 18,750 5 1x1 | 438,000 2.62 12,000 | 9,700 | 12,584 27,048 
8 15,070 0.724 21,700 2310 1x0.95| 46,250 2.82 15,300 | 12,600 | 18,420 
9 | 18,000 | 0.785 | 221920 2200 1x1 | 39,600 3.97 8,300 | 10,130 | 19,164 | 36,530 
10 16,000 0.785 | 20,370 2300 0.95 x 1 43,700 2.70 8,400 10,520 
ll 17,800 0.754 243,600 2060 1,02 x1 36,400 } 3.94 5,200 18,420 21,040 
12 18,000 0.785 23,006 2070 1x 0.98 38,000 3.56 8,400 10,235 17,500 24,524 
13 18,000 0.754 24,400 2440 10.98; 45,000 3.20 5,800 | } 
14 | 16,300 0.739 21,800 1.02x1 | 40,600 3.22 12,770 | 23,920 26,435 | 28,700 
15 16,100 | 0.754 | 21,400 | 2240 1x1 | 40,400 3.18 12,500 | 23,400 | 26,025 | 28,250 
16 | 16,730 0.785 21,270 2460 0.75 x 1.25; 37,800 3.41 | 11,255 16,320 27,160 33,300 
17 | 17,340 | 0.785 | 22,080 1741 | 0.75 1.25) 42,200 8.17 | 11,980 | 17,270 | 28,987 | 35,400 
18 17,900 0.785 | 22,800 2680 0.75 x 1.25 41 300: 3.35 | 10,600 21,476 





Specimens Nos. 1 to 3 were of the form shown in Figs. 1 
and 2; specimens Nos. 4, 5, 7, and 12 were of the form 


shown in Figs. 3 and 4; No. 6 having the web thickness | 
increased to 0.93 in., and No. 14 being the same as No. 6, | 
but with the fillet increased behind the flange; while | 


Nos. 8, 9, 10, 11, and 13 were of the same general form 
as Figs. 3 and 4, but had the flanges milled away in various 
ways. Specimens Nos. 16 and 17 were as shown in 
Figs. 5 and 6, and specimen No. 18 was of the same 
general form, but had the back machined away. 

The forms of the fractures are very interesting. Nos. 1 
to 3 broke straight across the back, as one would have 
expected from theoretical considerations. All of the 
flanged sections, however, fractured in a uliar manner, 
the fracture appearing to start just behind the flange. 
Nos. 16 to 18 broke at the point where the curved portion 
of the back joined the straight portion. The author 
suggested various factors, such as stresses due to unequal 
shrinkage in cooling, which might be considered as 
accounting in part for the peculiar results with the 
flanged sections, but agreed that these suggestions would 
not wholly account for the fractures obtained. 

Conclusions from iments. —The author sums up 
the results of his experiments by stating that no theory 
known to him foretold fully the strength of curved cast- 
iron press-frames ; that the ordinary beam formula (often 
referred to asthe Unwin formula) gives the best results 
of the formule ; that the Résal and Pearson- 
Andrews formule are unwieldy and awkward to apply, 
and offer many chances of error; and that there are no 
definite relations between the strength of a curved cast- 
iron beam and the transverse strength of a test-bar cast 
with it. (The Résal formula is an improvement on the 
ordinary beam formula, as it allows for initial curvature 
(see, for instance, Morley’s ‘Strength of Materials,” or 
the writer’s-‘‘Theory and Desig: of Structures”); the 
Pearson-Audrews formula allows in addition for trans- 
verse strains.) Professor Jenkins, in another portion of 
the paper, refers to the figures by the Pearson-Andrews 
formula as absurd. 

Criticism of Conclusions.—Although it is difficult for 
the writer to remove from his mind the bias which he 
naturally has towards the Pearson-Andrews formula, he 
does not think Professor Jenkins’s conclusién with regard 
to the results quite fair. That the formula is unwield 
and comparatively awkward to apply cannot be denied. 


* Journal of the American Society of Mechanical | the 


Engineers, May, 1910. 
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The specimens in question are subjected to a system of 
loading which is combined of a pure tension and pure 
bending ; it is quite reasonable to expect, therefore, that 
ing stress in the material is somewhere between 
the breaking stress in pure tension and the breaking stress 





in pure bending for the material. In almost every case 
this is true for the result by the Pearson-Andrews for- 
mula, but it is not true for the ordinary beam formula ; in 
almost every case the ordinary beam formula gives the 
breaking stress as less than the pure tensile strength, the 
difference being in very many cases very considerable, as 
will be seen from a consideration of the results. It should 
be noted, moreover, that the difference in the case of the 
ordinary beam formula does not err on the side of safety ; 
this seems to me to make Professor Jenkins’s conclusion in 
favour of the ordinary beam formula a dangerous one, 
because designers are well aware that cast iron, according 
to the ordinary beam formule, will allow higher working 
stresses in bending than in pure tension, whereas from 
these experiments it appears that for curved beams lower 
working stresses must be used if the ordinary beam for- 
mule are to be used. 

Although, therefore, the results of Professor Jenkins’s 
experiments show that the breaking stresses for cast-iron 
press frames, according to the ordinary beam formula, 
agree more nearly with the tensile strength than do the 
results from the more elaborate theories, the latter 
theories give better results when the known peculiarities 
of cast iron are taken into account, and the breaking 
stresses are compared with those in ordinary transverse 
breaking by bending. 

When considering the theoretical investigations of the 
strength of materials, it must be very carefully remem- 
bered that formule should not be applied to cases for 
which the assumptions made as to stress and strain do not 
apply without making some special allowance. In the 
present problem we have an example of two errors partly 
neutralising each other: first, the error of applying the 
ordinary beam formula to cast iron, and then that of 
applying this formula to curved beams. 

Yours faithfully, 
Ewart S. ANDREWS. 

103, Tannsfeld-road, Sydenham, London, 8. E., 

February 11, 1911. 





AUSTRALIAN RAILWAYS. 
To THE EprtTor oF ENGINEERING. 

Str,—Your reply in Encingertne of December 16 to 
the criticism, in the same issue, of your treatment of the 
national problem of Australian railways in your article on 
‘‘The Australian Commonweal,” is almost exhaustive. 
Perhaps, however, reference to a few points, penned with 
a local knowledge of the facts, may be permitted. 

Professor T. Hudson Beare conveys, inferentially, that 
the grave defect of break of gauge in South Australia is 
confined to ‘‘cock-spur lines on the 3-ft. 6-in. gauge,” con- 
nected to the 5-ft. 3-in. standard. The line to Port 
Augusta was opened in 1882 as “‘ The First Section of the 
Trans-Continental Line.” Although intended as the initial 
stage of a main-line crossing the continent from south to 
north, the gauge is 3 ft. 6 in., with no provision in the 
works for an increase. The gauge was selected by the 
lay administrators, and legislatively authorised before 
consultation with the engineer, who had, Iam informed, 
strongly advised against deviation from the 5-ft. 3-in. 
gauge on lines destined to me main lines. My 
authority is Mr. H. C. Mais, M. Inst. C.E., then the Engi- 
neer-in-Chief of South Australia. 

It is stated that New South Wales has made no effort 
to divert the traffic from Broken Hill (just within its 
jurisdiction) towards Sydney, and that it has permitted 
traffic flow to Adelaide. The point really is, that had 
New South Wales made a railway connection across the 

t extent of rich unrailroaded country intervening 
tween its railways and the South Australian lines, a 
new railway province, omnes a very considerable 
roportion of New South Wales territory, would have 
m added to South Australia, and there would also 
have been a strong tendency to the reversal of existing 
traffic flow now feeding New South Wales lines and focus- 
sing at Sydney. 

It is not a matter for commendation that such a line 
was not constructed; rather, in the general interest, 
its non-construction is to be deprecated. 

The citation of the Western Australian lines as an 
argument against the statement that there is undue-con- 
centration at certain ports is not conclusive. A consider- 
able proportion of those lines were privately constructed 
for specific purposes, not as units in a general plan. The 
Government lines in 1908-9 had a mi —. of only 1971 
miles, whilst the territory has an area of 975,920 square 
miles. The lesson is that no attempt has been made to 
provide for a progressive coherent railway development 
of that great estate. 

There can be no question of the financial soundness of 
the Australian railways ; but the citation of 4.3 per cent. 
as the return upon capital invested does not prove it, 
because the capital value (now very great) of the Crown 
lands donated for railway use is not considered, and 
because, as I have elsewhere shown, “it does not dis- 
close whether that is a co’ uence of effective location 
and management, or of relatively high —— and pas- 
senger rates.” The Commonwealth Statist also em- 
phatically. voiced the opinion that there should be a 
uniform and improved basis of financial comparison. 

All credit is due, and given, to Sir G. H. Reid and 
those who are once more placing immigration on a satis- 
factory basis. Admitting that the flow is now 20,000 
(net) per annum, it must be remembered that it was (net 
and per annum) 32,000 thirty years ago, 56,000 during 
1881-5, and 39,000 in mame during the ten 

ears ending 1905 to a paltry 500. : 
: Even 20,000 per annum gives but about 1} per mile of 
line open—less than 1 per 16 square miles within 10 miles 
of rail. 

Throughout the whole time railway additions have 
continued at a fairly uniform rate, and now total an addi- 
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tion of some 11,000 miles. Surely there can be no stronger 
indication than that which those figures give that Admi- 
nistrations have failed to grasp the duality of the problem 
of railway development of new, fertile, healthy lands— 
the provision of access to this land, and the provision of 
population for the land rendered accessible. 
fessor Beare appears to have overlooked the necessity 
for unity of plan in relation to defence. We here know 
that in the event of trouble in the East we must hold the 
land by sword and rail. From the first of this year each 
man is liable to military training, but the railways are as 
yet peace railways, without military unity. On the data 
laced before him, Lord ‘Kitchener publicly declared 
them to be facilities for invasion rather than provision 
for defence. ; ; 

Professor Beare mentions mountainous mney as 
separating a portion of Victoria from New South Wales, 
and the River Murray as separating those States else- 
where. The mountainous country in only a small portion 
of its extent exceeds 3000 ft. in altitude, and for the most 
part it is potentially rich producing area. The river 
constituting the boundary throughout the remaining 
two-thirds of the frontier flows through a country which, 
for some 700,000 _=™ miles of rich pastoral land, remains 
to be served by bridging the river and extending the 
lines. That area is less than 500 ft. above sea-level, and 
is practically devoid of engineering difficulty. 

he writer of your article has grasped broad issues, to 
which Professor Beare does not appear to have given 
full weight—possibly he has seen the difficulties too 
clearly. Those issues are not whether existing defec 
tive conditions were, are, or are not due to inter-State 
segregation and jealousy. The position rather is, should 
they continue as between sections of one = Je, with 
one language, one ideal, inhabiting the same land—a land 
devoid of serious engineering obstacles or deterrents? 
Shall there continue a multiplicity of gauges without inter- 
changeability of rolling-stock, an absence of general p 
either of location or utilisation? Shall the admitted 
defects of the lesser part be continued in the present and 
be tuated to limit and control the greater future ? 

Within the last few months politicians have declared 
that conditione of natural traffic flow must obtain. New 
South Wales has appointed a Railway Decentralisation 
Commission to that end. Queensland is planning the 
expenditure of some 7,000.000/. on the coherent connection 
of its separate systems. The Federal Government is, 
within the last few days, inaugurating a Federal Railway 
Branch. Within the week the chief military officer of 
the Commonwealth (Major-General Hoad) has given 
emphatic evidence that there must be reconsideration of 
Australian railways from a military standpoint. 

There is hope that, now that dominant engineering 
issues have been forced into the prominence they deserve, 
they may not again be forgotten, and that they may, as 
they should, be given due weight in the co-ordination of 
the railway system of Australia as a whole. 

Yours very truly, 

Melbourne, January 25, 1911. Jas. ALEX. SMITH. 





‘*STEAM-BOILER DESIGN.” 
To THE Eprtor OF ENGINEERING. 

Sir,—I regret that pressure of work prevented my 
answering M1. Casmey’s letter of February 17. 

I am sorry that his explanation about the 10 per cent. 
greater loss of heat during the evaporation test does not 
convince me. If Mr. Casmey had worked out the small 
amount of heat probably left in the economiser, I think 
he would hardly have raised this as a reason, especially 
as the economiser has nothing whatever to do with a 
drop of over 10 per cent. in the boiler efficiency alone. I 
am surprised to know that after the hot gases had passed 
down the Yorkshire tubes and under the boiler, where 
little loss by radiation or brickwork absorption could 
take place, and when one would i ine they had 
comparatively speaking, well cooled om, that then they 
were sufficiently hot to account for a 10 per cent. loss 
during the time the gases down the two side flues. 

It appears to me that in the efficiency test the results 
could have been improved if the CO, record had been 
kept higher. In the evaporation test, when, owing to 
the hignee CO, record, the heat difference between the 
two sides of the plate must have higher, and there- 
fore in favour of the boiler, the boiler apparently allowed 
a large amount of heat to escape. It ~ very little 
arithmetic to find out that, the expanding Yorkshire tubes 
notwithstanding, the temperature of the exit from 
the boiler in the evaporation test must have m very 
high indeed to account for the extra temperature of the 
exit gases at the end of the economiser, together with the 
extra heat put into the extra quantity of water in the 
economiser, both of which were derived from a smaller 
oo os gases per pound of coal, owing to the higher 


If Mr. Casmey thinks that the brickwork was absorbing 
extra heat during the test, it was unfortunate that the 
‘est was not carried on for a longer time until the brick- 
work was saturated with heat, in which case the results 
published would have been more reliable than at present 
they appear to be. 

have always contended that before any results of tests 
are published the very greatest care should be exercised, 
and the whole of the factors in comparative cases plainly 
stated. It ee to be impossible to have 10 per cent. of 
heat loss which was not acepunted for in a reasonable and 
proper manner. 

Keferring to Mr. Casmey’s letter of February 24, in 
which he } 00 us particulars of the consumption of coal 
on three different boilers, I presume that the coal used on 
all the boilers was of the same kind, also that the air 
spaces in the fire-bars were identical in all the boilers. If 
the air spaces in the fire-bars in the Yorkshire boiler were 








equal to, or less than, the airs in the two Lancashire 
boilers, then I congratulate Mr. Casmey on the perform- 
ance of his Yorkshire boilers. If, on the other hand, the 
airs were larger, I certainly think that this accounts 
for the extra consumption of coal. 

Apologising for the length of this letter, 


I am, yours faithfully, 
February 2s, 1911. CONSULTING ENGINEER. 








NEW PROCESSES OF WATER-SOFTENING. 
To THE EpiTor oF ENGINEERING. 

Sir,—About a year ago, in your issue of February 18, 
1910, a German water-softening process was described, 
wherein cold hard water was passed over an aluminium 
plate, and a mysterious action of light was alleged to 
alter its scale-forming property. Correspondence in your 
issues of March 4 to April 15, 1910, inclusive, ensued, and 
no evidence was given in explanation of the alleged 
mysterious action. 

he German soda-felspar filter, described on page 253 
of your issue of February 24, proposes to supersede the 
usual continuous softening of hard water by heat and 
soda-ash by an intermittent treatment with common salt 
applied to the soda-felspar filter for cold hard water. 

e can show dozens of heater-softeners using no 
reagent but soda-ash, each of which treats over a million 
gallons weekly of hard corrosive water, resulting in 
several cases of a deposit of some 10 tons of sludge weekly, 
working continuously, which have for years kept boilers 
free from both scale and corrosion. 

In the only instance given of the German soda-felspar 
filter the Berlin laundry presumbly uses town water, 
which could doubtless be softened with less than 1 Ib. ot 
soda-ash, value 4d. per 1000 gallons. It uses instead 4 lb. 
of salt per 1000 a sa which seems a large quantity for 
treating such a water; and although the filter is a large 
one, holding half a ton of soda-felspar, it will only run 
three working days without cleaning and salting—viz., 
after treating only 22,000 gallons of this water. 

After flushing out, by upward travel of soft water, the 
lime sludge resulting from the action of the soda in 
the original filtering material, about 10 hours are allowed 
to soak in 88 1b. of salt; this salt (sodium chloride) is 
alleged to decompose, the chlorine combining with the 
lime previously absorbed from the 22,000 gallons of 
water, forming chloride of calcium (and/or magnesia 
chloride), while the soda of the salt replaces the soda 
which the lime in the water has absorbed from the 
original] soda-felspar filtering material. 

After this 10 hours to decompose the salt, half-an-hour’s 
downward flushing is needed to flush out through the 
bottom outlet cock any surplus salt that has not decom- 
posed, as well as to get rid of the chlorides of calcium 
and/or magnesia in the regeneration water. Then only 
is the filter able to deal with another 22,000 gallons of 
this Berlin town water. 

Common salt is cheap, but is decomposed salt as cheap 
or as satisfactory a softening reagent as soda-ash? Engi- 
neers will want definite evidence on these points before 
they can consider any such 

ours faithfully, 
Cuarxes ERITH. 

Erith’s Engineering Company, Limited, 70, Grace- 

church-street, London, February 25, 1911. 





To THE Epitor oF ENGINEERING. 
Sir,—While the process described in your issue of last 
week is undoubtedly a novel one, it appears to the writer 

to ow vy some grave practical disadvantages. 

n the first place it involves the substitution of soda 
for lime asthe agent by means of which the precipitation 
of the soluble bicarbonates of lime and magnesia in water 
is effected. For the benefit of those of your readers who 
may not be acquainted with the chemical reaction in- 
volved, I give the equation of this reaction. 

When lime is used to precipitate the bicarbonates in 
solution, the change that occurs is expressed by the 


equation : 
Ca (or Mg) Hz (CO; ; + Ca(OH), 


Bicarbonate of lime (or magnesia) + slaked lime. 


= 2Ca CO; + 2H,0. 
Insoluble carbonate of lime + water. 


the soluble bicarbonates of lime or esia bei 
converted into insoluble carbonates, which are preci- 
pitated. - 

If the substance called ‘‘ permutit” were employed, 
the bicarbonates of lime and magnesia would be replaced 
by the soluble bicarbonate of soda, which would remain 
in solution in the softened water. As the t majority 
of waters owe their hardness largely to the presence in 
solution of the bicarbonates of lime and magnesia, it will 
be readily seen that this process would have the effect 
of making the treated water strongly alkaline from 
bicarbonate of soda, which puts the process quite out 
of the question as regards drinking-water, and the water 
used in dyeing and other chemical processes, in which an 
excess of soda in the treated water would be exceedingly 
harmful, and, as any chemist will confirm, render the 
water totally useless for the purposes mentioned. 

It should also be borne in mind that the greater the 
proportion of lime and magnesia bicarbonates in the hard 
water, the —_ the quantity of soda bicarbonate that 
would be left behind in the treated water by this process. 
For instance, an average water, containing 15 to 20 pine 
of lime and magnesia bicarbonates ed on, would have 
the whole of this replaced by soda bicarbonate. Fancy a 
ae dyeing water, or even a water, con- 
taining 20 grains of soda per gallon ! wie PA 

The most efficient reagent for the precipitation of the 
bicarbonates of lime and ia in water is lime, and 





magnesia Y 
it is also by far the cheapest. When added to water in- 


properly-measured quantities, it can be made to remove 
practically the whole of the hardness due to these salts, 
and it has the signal advantage of ucing an insoluble 
residual pound which can be filtered from the water 
before the latter is used. 

This is an important consideration in the case of boiler 
feed-water, the treatment of which by soda to remove 
the carbonates of lime and magnesia would not only be 
many times 1aore ee than treatment by lime, but 
exceedingly undesirable, on account of the rapid accu- 
mulation of soda salts in the boilers, which would speedily 
give rise to priming and corrosion, leaky joints, &c. 

Not only would the “‘ permutit ” necessitate 
the di ing of lime in water-softening in favour of the 
more expensive and less satisfactory soda, but it would 
also entail an unnecessarily elaborate and roundabout 
method of applying that reagent. 

Instead of being able to buy his lime or soda ready for 
use, and measure it directly into the water, the user of 
one of these plants would have to purchase raw material 
in the shape of common salt, make this into a solution, 
and then wait while the tedious process of regenerating the 

rmutit went on. As the sodium in the permutit must 

exchanged for the lime salts in the hard water in mole- 
cular proportion, and therefore used up quite as fast as 
ordinary reagents, it would seem to inevitable that 
- meration” must be frequently required, and the 
harder the water the more frequent the “ regenera- 
tion.” As this, according to your article, takes five or 
six hours to accomplish every time it is performed, it 
looks as if a large amount of time which could be used in 
softening water must be spent in the preparation of the 
reagent. ; 

it must not be forgotten either that the process of re- 
generation leaves the permutit c with calcium 
chloride, an impurity oy soluble in water, and this 
must be thoroughly washed out of the permutit before 
the latter can be used. 


March 1, 1911. 





Yours truly, 
ENGINEER. 





Tue INCORPORATED INSTITUTION OF AUTOMOBILE EN- 
GINEERS. —On the occasion of Mr. O’Gorman’s lecture on 
** Air-Craft,” to be held at the Institution of Mechanical 
Engineers, Storey’s Gate, 8.W., on Wednesday, the 8th 
inst., at 8 p.m., Messrs. Pathe Fréres will show a number 
of cinematograph films illustrating aeroplanes and air- 
ships in flight, &c. 





Movine A Cuurcn Sreepte Tuirty Yarps. — The 
steeple of the church of Bocholt, near Limburg, in the 
Netherlands, has been moved 10 metres because the church 
is to be enlarged. The operations were conducted by two 
engineers, Morglia and Weiss, of Antwerp. Gurders 
from Differdingen (we see in the Zentralblatt der Bauver- 
waltung of January 11), 24 in. by 12 in., were put cross- 
ways under the tower, and embedded in cement. Below 
these were placed wooden sleepers, held ther by iron 

lates ; the iron plates rested on the steel rolls, 2 in. in 

iameter, fixed 5in. apart, running on rails based on a 
grid of longitudinal and transverse girders. ‘I'he longi- 
tudii aon rested on jacks, by means of which the 
tower and the whole special structure were raised 
0.8 in. ; the forward motion was then effected by means 
of eight windlasses. The movement amounted to 4 in. 
only the first day, but finally to 60 in. per day. Arrived 
on the new foundations, the tower was lowered again. 





Tue InstrruTion oF Civi, ENoGinexers: StTupEnts’ 
Meetines.—At the students’ meeting held at the Institu- 
tion on Friday, February 24, at 8 p.m., Mr. G. Midgle 
Taylor, M. Inst. C.E., in the chair, Mr. R. J. Samuel, 
B.Sc., Stud. Inst. C.E., read a paper on ‘* The Design and 
Construction of Works for the terial Purification of 
Sewage.” The author described the general arrangement 
of works, the treatment of sewage and contact-beds and 
continuous filters, and the different stages of purification, 
the paper being fully illustrated by diagrammatic lantern- 
slides and views of actual works in operation. Messrs. 
Hasledene, Smith, Denny, Meade, Cole, and Lovegrove 
took — in the discussion which follo the paper. Mr. 
Midgley Taylor, in drawing attention to the valuable 
information contained in the reports of the Royal Com- 
mission on Se Disposal, pointed out that no hard and 
fast rules could be laid down for the treatment of sewage, 
but that the secret of success in designing and constructing 
works for its treatment lay in a close study of the parti- 
cular conditions to be met. 





Messrs. Swan, Hunter, AND WiGHAM RICHARDSON. 
—The annual meeting of Messrs. Swan, Hunter, and 
Wigham Richardson, Limited, was held at Newcastle- 
on-lyne, on Monday, Dr. Hunter in the chair. The 
chairman, in moving the adoption of the directors’ report, 
said the past year had been more favourable than its pre- 
decessor ; in 1909 the net profits of the company were 
49,4501. ; in 1910 they rose to 79,392/. To this good 
result all branches of the company’s business contributed. 
The dry-docks department had been the least profitable 
one. This was not due to any marked diminution in the 
profits made since the cmngney took over the undertaking 
of the Tyne Pontoons and Dry Docks Company, but a 
considerable amount had had to be expended in repairing 
the quavang Sock, and this expenditure was chargeable to 
revenue. e additions to capital account were larger 
than in the previous year ; my amounted altogether to 
44,138/. The largest item in this new expenditure was 
the amount paid for 7 ng purchased from the Electric 
Supply Company. © amount expended upon the up- 
keep of the works during the past year was 36,021/., as 
compared with 26,219/. In addition to this the company 
had made a number of improvements and renewals, parti- 
cularly in the boiler and engine works, 
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TWO-STAGE HORIZONTAL AIR-COMPRESSOR FOR THE RAND; DETAILS OF VALVES. 


CONSTRUCTED BY MESSRS. FULLERTON, HODGART, AND BARCLAY, LIMITED, ENGINEERS, PAISLEY. 


























Fie. 5. Steam Inter VaAtves. 






































Fig. 7. Atr-Suction AND DELIVERY VALVEs. 


We illustrate on our two-page plate and on this and 
the opposite pages, and page 282, a large horizontal 
steam-driven two-stage air-compressor, which has been 
constructed by Messrs. Fullerton, Hodgart, and Barclay, 
Limited, Vulcan Foundry and Engine Works, Paisley, 
for the East Rand Proprietary Mines, Limited. The 
installation which we illustrate is one of three sets 
that have been supplied to this company by the same 
makers. A horizontal section of the plant is shown in 
Fig. 1, a part sectional plan in Fig. 2, a transverse 
section through the compressor-cylinders in Fig. 3, and 
a transverse section through the steam-cylinders in 
Fig. 4, allon the two-page plate. The engine is designed 
to deliver 9600 cub. te. of free air per minute at a pres- 
sure of 90 lb. per sq. in. The air-cylinders are 33 in. 
and 54 in. in diameter respectively, and the steam- 
cylinders 31 in. and 62in. in diameter, the stroke being 
5 ft., and the speed of the engine 65 revulutions per 
minute. Steam is supplied at a pressure of 180 Ib. 
per sq. in., and is superheated to a temperature of 
500 deg: Fahr. The steam valve-gear is on Professor 
Doerfei’s system, which will be understood on refer- 
ence to our illustrations on the two-page plate, and 
by the perspective view, Fig. 9, or the opposite page. 
The valves may also be seen in Figs. 5 and 6, above, the 
former tigure showing the steam-valves, and the latter 
the exhaust-valves. The air-valves are of the Meyer 
type, and are shown in detail in the perspective 
views, Figs. 7 and 8, above, the former being the air- 
suction and delivery valves, and the latter two dif- 
ferent views of the suction-Valve. A perspective view 
of the casting for the low-pressuré air-cylinder may 
be seen in Fig. 10, and a perspective view of the com- 
plete compressor is shown on page 282, The plant 





|is designed to run at an increased speed over the | 


normal of 10 per cent., or 71.5 revolutions per minute. 

The main ames of the engine are of the ‘‘ Mam- 
moth” type, of very substantial design, having the end 
carried forward to resist the thrust of the main 
bearings, and the inner side between the main bear- 
ings and the trunk raised almost to the height of the 
main trunk. On the flywheel side of the main frame 
there is an oil-catcher to receive the oil from the 
bearing, the oil being led through a passage in the side 
of the frame to an oil-well under the crank. From 
this well the oil is drained to a low-level tank and pump. 
Under both the steam and the air-cylinders a con- 
tinuous cast-iron bed-plate is provided, the top being 
machined where necessary, and at the back end of 
each cylinder there is a heavy cast-iron support pre- 
pared for the reception of the tail-rod and slipper- 
guide. The steam-cylinders are jacketed for use when 
saturated steam only is available, and the cylinders are 
covered with a non-conducting material, and the whole 
covered with planished steel sheeting. The air-cylin- 
ders are constructed of material similar to that used 
for the steam-cylinders, which is a special mixture of 
hard close-grained cast iron. The covers and liners 
are jacketed, and hand-holes are provided for clean- 
ing out the jackets both in the covers and the body. 
The steam and air-cylinders are so fixed that while 
they are securely held in position of alignment, they 
are free to accommodate themselves to any movement 
due to expansion. The distance-pieces connecting the 
air and the steam-cylinders have a suitable means of 
access to the intermediate slipper and guide provided, 
so that all parts, including the gua, can be con- 
veniently reached. 


Fic. 8. Air-Suction VALVE. 


The steam inlet and exhaust valves are of the 
‘* poppet” type, and are operated positively by means 
of cams and rollers, and are worked by eccentrics 
from the side shaft. Definite regulation and noise- 
less working have been provided for. The actual 
arrangement of the drive for the valves is clearly 
shown in Fig. 9, on the opposite page, and also by the 
figures on our two-page plate. In detail the valves 
may be seen in Figs. 5 and 6, above. The air-cylinder 
valves are of the Meyer automatic type, and are 
arranged round the cylinder near each end, as is 
clearly shown in Figs. 1 and 2, on our two-page plate. 
The arrangement may also be seen in Fig. 10. The 
actual construction of the air-valves is best seen in 
Figs. 7 and 8. 

amsbottom or Lancaster rings have been adopted 
for the pistons, and the piston-rods are of forged 
Siemens-Martin best mild steel, each rod being sup- 
ported at three points apart from the pistons—namely, 
at the cross-head, the intermediate guide, and the 
tail-guide. The cranks were forged of Siemens-Martin 
best mild steel, and the cranks are made of best 
selected scrap-iron, and are finished bright all over. 
They were shrunk and keyed on at the makers’ works, 
so as to ensure that they were true on the shaft. 
The connecting-rods also are of best selected scrap-iron, 
and are machined bright all over. 

The governor is of a sensitive type, and controls the 
engine within a small percentage of variation between 
no load and full load, and it is fitted with a safety- 
catch so designed as to come into operation in case 
| the speed should by any means exceed the prescribed 
limit. There is also an auxiliary control fitted to the 
governor, which is automatically operated by the 
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TWO-STAGE HORIZONTAL AIR-COMPRESSOR FOR THE RAND; DETAILS. 


CONSTRUCTED BY MESSRS. FULLERTON, HODGART, AND BARCLAY, LIMITED, ENGINEERS, PAISLEY. 


Fie. 9. 


pressure of the air in the air-reservoir. The cut-off 
on the low-pressure steam-cylinder can be adjusted by 
hand. The glands throughout are fitted with metallic 
packing. A tachometer and 24 hours’ speed-recorder 
are fitted, and the compressors are also reas with 
a barring engine, which can be operated by hand in 
case steam is not available. 

Mechanical lubrication has been installed, the main 
bearings being supplied with oil by means of a pump 
driven off the crank-shaft ; and a low-level tank fitted 
with a strainer forms a reservoir, from which the pump 
draws its supply of oil. 

There is an intermediate horizontal air-cooler with 
an area of 2500 square feet of cooling surface. This 
is arranged below the floor-level at the end of the com- 
pressor foundation. It has on it a relief-valve, a 
drain-pipe, and a trap. All the pipes are kept below 
ground, so as not to interfere with the working of the 
overhead crane. 

The specified steam consumption was not to exceed 
11.5 lb. per indicated horse-power per hour when using 
steam of 170 lb. per square inch pressure at the stop- 
valve, and superhea to 500 deg. Fahr. and with a 
vacuum of 20 in. in the exhaust-pipe. On the trials 
these results were easily realised, and it is expected 
that they will even be better when all the units are on 
full load. Results of the working, so far as the air is 
concerned, have been taken, and the volumetric effi- 
ciency was found to be 98.75 per cent. The following 
figures show the performance so far as the tempera- 
tures of the air are concerned:—Low-pressure inlet, 75 
deg. Fahr.; low-pressure outlet, 203 deg. Fahr. ; high- 
pressure inlet, 80deg. Fahr.; and high-pressure outlet, 
195 deg. Fahr. 

The compressor was built to the specification of 
Mr. J. W. Forster, the chief mechanical engineer of 
the East Rand Proprietary Mines, and the order was 
placed through Messrs. Blane and Co., Limited, 
Johannesburg, sole agents in South Africa for Messrs. 
Fullerton, Hodgart, and Barclay, Limited, Paisley. 

It is a striking testimony to the satisfaction which 
these compressors have given to the East Rand Com- 
pany that they have ordered a fourth compressor from 
Messrs. Fullerton, Hodgart, and Barclay, similar in 
all respects to the first three constructed. 








NOTES FROM THE UNITED STATES. 
me PHILADELPHIA, February 20. 
Tie purchase a few days ago by two large pig-iron- 
using concerns in the W 


gave the market a boost which has aroused interest | 


in all directions. That two big concerns purchase 
80 extensively at this time is a clear sign to smaller 
concerns to wake up. 
believed that there will be an active demand ina 


lines of crude iron. This possibility was foreshadowed | 


StreaM-VaLvé GEAR, 





It is now more | 


output will be heavier than for a year past. This 
improvement has stimulated construction in steel- 
making. Two large open-hearth plants are being 
rushed to completion, the start having been made only 
a few days ago. Two blast-furnaces are to be built, 
one at Monessen and the other at Youngstown, Ohio. 
The Jones and Laughlin Steel Company have decided 
to double their tin-plate capacity at Aliquippa, Pa. 
Their first plant at that place was started last 
October. A general improvement in demand was 
developed unexpectedly in wire production, merchant 
pipe, and tin-plate. The rumour is that the prices 
on these products will be shortly advanced. Wire- 
nails are 3 dols. a ton above the low point of 1909, 
and 6 dols. a ton below the high point of 1907. The 
rail-mills around Pittsburg and Youngstown, Ohio, 
are at present operating about 70 per cent. of capacity. 
Makers anticipate enough orders before long to 
increase the capacity to 80 percent. Steel pipe, after 
a long period of yn eh is once more active, and the 
last idle mill at Wheeling, W. Va., which closed last 
October, will resume work in a few days. The general 
improvement in sight is somewhat surprising to the 
trade, and is full of encouragement to all concerned. 
The steel-makers in all branches are anxious to increase 
selling prices enough to pay fair dividends, and the 
policy of not hysterically cutting prices to stimulate 
demand has been upheld by recent events. 








Turrp INTERNATIONAL ConeRESS FOR DOMESTIC 
Hyerenr, Drespen, 1911. — The third International 
Congress is to be held in Dresden from October 2 to 7 
next. The first was held in Paris in 1904, and the second 
in Geneva in 1906. Dresden was selected for this third 
Congress on the invitation which Councillor Koeppen, of 
the Dresden Municipality, extended at the last meeting 
held in Geneva, an invitation which was unanimously 
accepted. The President is Professor Dr. Renk; the 
general secretary is Dr. Hopf, Reichsstrasse 411, Dresden, 
to whom all applications should be addressed. 





PrrsonaL.—The Empire Roller-Bearings Com ny, 
Limited, of 17, Victoria-street. Westminster, es a 
inform us that they are still carrying on their business 
at the above address, under the same management, and 
will continue to supply roller-bearings and other general 
engineering manufactures as hitherto, as the patent of 
1898, which has been transferred to the Cooper Steam- 
Digger Company, Limited, relates only to a portion of 
the company’s manufactures.—The Electric and Ord- 
nance Accessories Company, Limited, Aston and Hanley, 
have doubled their office accommodation at 196, Deans- 


est of 150,000 tons of pig | gate, Manchester, owing to expansion in their business — 


Messrs. S. F. Edge, Limited, inform us that the Dewar 
trophy has been awarded to the 65-horse-power 6-cylinder 
noiseless Napier.—Messrs. James R. Kelly and Co., 
25, Bridge End, Leeds Bridge, Leeds, have been ap- 
pointed sole Yorkshire agents by Messrs. Craven Brothers, 
Limited, Manchester, for the sale of Gridley patent 

tic lathes. —Mr. G. R. G. Conway, M. Inst. C.E., 


oe 4: to 
by slight advances already made. While producers ML. Mech E., recently chief engineer of the Monterrey 
of iron are anxious to sell, they are more anxious to | Railway Light and Power Company, Mexico, and 


widen the margin between cost and sellin 
Large dealings in basic iron are pending. All crude 


steel capacity in the Pittsburg district has recently | 
been turned on, and by the close of another week the | Vancouver, B.C. 


price. | formerly resident engineer at Aberdeen, has been 


appointed chief engineer of the British Columbia Electric 
Railway Company and its subsidiary companies at 





Fic. 10. 








Low-Pressure Arr-CyLinper, 


Tue LATE Mr. WiitiaAM B. Mason. — We regret to 
have to announce the death of Mr. William B. Sen 
the founder and president of the Mason Regulator Com- 
pany, Boston, Mass., which occurred on Saturday, 
February 4. 





Royat Scuoot or Mings.—The British Humboldt 
Engineering Company, Limited, have recently presented 
the Bessemer Laboratory of the Royal School of Mines 
with one of their Wetherill cross-belt magnetic separators. 
This machine, which is to serve for laboratory purposes 
only, is half the size of the ordinary machines. 





Contracts.—The Underfeed Stoker Company, Lon- 
don, have recently booked orders for thirty-six stoking 
plants of their different patterns for this country and for 
the Continent.—Messrs. Escher Wyss and Co. have been 
awarded the contract for Japan for six double high- 
pressure water-turbines complete, with oil - pressure 
governors and pressure regulators, each designed for 
12,500 horse-power under a head of 1100 ft. The two 
exciter turbines will be of 1200 horse-power each. They 
have also secured the contract for three single Francis 
turbines of 1000 horse-power each, and two exciter tur- 
bines, all on vertical shafts, for India. This latter order 
further includes the delivery of four centrifugal pumps. 
—The Lilleshall Company, Limited, Engineering Depart- 
ment, Oakengates, Salop, have received an order for a 
compound condensing beam pumping-engine and pumps 
for the Westgate and Birchington Water Company. 
Messrs. W. A. Valon and Sons, of Westminster, are the 
consulting engineers.—The Dowson and Mason Gas- Plant 
Company, Limited, Levenshulme, Manchester, have 
recently signed an important contract with the directors 
of the Midland Railway Carriage and Wagon Company, 
Limited, Birmingham and Shrewsbury, for a complete 
equipment of forge and plate-furnaces, gas-producers, 
chimneys, &c., for their new wagon works at Washwood 
Heath, Birmingham. In addition to this work, for which 
Messrs. D. and A. Home-Morton, Glasgow and London, 
are consulting engineers, the Dowson and Mason Company 
have in hand at the present time several other very im- 
portant contracts for annealing and heating-furnaces, 
including two annealing furnaces 96 ft. long, andone anneal- 
ing furnace 142 ft. long. In all cases the equipment is com- 
ee with the Duff gas-producer.—Messrs. Jens Orten- 

éving and Co., 94 Union-court, Old Broad-street, E.C., 
have recently booked orders for the following machinery : 
—One,Francis turbine of 550 brake horse-power, for Japan ; 
one Pelton wheel developing 50 brake horse-power, and 
one governor for same, for New Zealand ; one turbo-pum 
to develop 4800 U.S.A. gallons per minute against ah 
of 415 ft., for Canada; one water-turbine governor for 
Japan ; oe pve to deliver 1900 gallons per minute 
against a h of 31ft., and one to deliver 1240 gallons 
_ minute against a head of 44 ft., for India ; two patent 

éving-Johnson valves for 48 in. diameter, for Canada. — 
The London and North-Western Railway have just com- 
eee an arrangement to fit 100 engines forthwith with the 
Schmidt superheater, including 20 already fitted and 
under construction.— Messrs. Boulton and Paul, Limited, 
of Boulton, Norwich, have supplied for abroad a number 
of bungalows constructed with wide verandahs, and made 
proof against disease-bearing insects. The method em- 
ployed is the use of copper or brass gauze, which is fixed 
along the verandahs, and, although fine enough to exclude 
the minutest insects, still admits sufficient light and 
ventilation. The doors and windows are also fitted with 
gauze frames to open as required. 
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INDUSTRIAL NOTES. 


Tue Labour Party Leaders have now approved of 
the final draft of the Party’s Bill for dealing with the 
Osborne judgment, and the Bill will be formally intro- 
duced by Mr. W. Johnson, M.P., one of the miners’ 
representatives. The Bill contains the single operative 
clause which runs as follows:—‘‘ A trade union, as 
defined by Section 16 of the Trade Union Act Amend- 
ment Act, 1876, may, notwithstanding any of the pro- 
visions of the Trade Union Acts, 1871 and 1876, either 
acting by itself or in conjunction with any other 
trade union, association, or body, apply its funds 
for or towards the purpose of procuring the return 
and providing for the maintenance of members of 
Parliament ME gene or local authority, or of any 
other public , and may do such other acts as may 

necessary to forward the interests of workmen b 
political action or otherwise.” We can hardly thin 
that this Bill as it now stands could ever pass the 
House of Commons. The words ‘‘and may do such 
other acts as may be necessary to forward the inte- 
rests of workmen by political action or otherwise” 
would alone condemn it. The unlimited power that 
the Labour Party appears to long for is_ indi- 
cated by them, and one cannot look forward with 
any degree of satisfaction to the state of things 
that would be created by the passing of such a 
Bill, for it would represent one of the worst forms 
of tyranny. No reference is made in the Bill to 
compulsory levies for political purposes, and the 
omission is unders to be an intentional one, 
for it is believed that trade unions will abandon the 
idea of a special political levy, and Fy only for 
the right to apply their general funds for political 
pur s. This has been done, it is said, in order to 
avoid trouble with objectors, who may decline to 
contribute individually a stated amount per annum 
for political purposes. Schemes have recently been 
adopted by some important unions for securing Labour 
representation, whichrecognise the right of the minority 
man by allowing him to claim exemption from pay- 
ment of the political levy. Among these unions are 
the oo Society of Engineers and the Amal- 
gamated Society of ee and Joiners, and this 
step will probably make it more difficult for the 
Parliamentary leaders to refuse a settlement of the 
question when the minority is safeguarded. It is 
thought that the Government Aces. to deal with 
the question at an early date. 





An interesting case bearing on the Osborne decision 
has occurred in the Court of Session, Edinburgh, for, 
on Monday last, Lord Ormidale heard counsel in an 
application by Hugh Muirhead, a fireman, who asked 
that the Fife and Kinross Miners’ Association, Dum- 
fermline, be interdicted from expelling him from 
membership of the association, or otherwise deprivin 
him of his status of membership, on the ground o 
his having instituted legal proceedings against the 
association, and from ing a rule to the effect 
that no member of the association shall be entitled 
to institute legal proceedings against them. It ap- 
pears that a note of suspension and interdict was 
presented in October last by the complainer, in 
which he craved the Court to interdict the associa- 
tion from epplying any part of their funds for the 
promotion of Parliamentary representation or repre- 
sentation in any other public bodies. A recommenda- 
tion was adopted by the executive board in December 
that the complainer be expelled from membership 
unless he agreed to abandon his action. The rule 
referred to was also adopted. It was stated by the 
complainer that he intended raising an action to 
have the proposed rule declared illegal, and in the 
meantime he wished to have an interim interdict in 
order that the status quo might be maintained until 
the rights of the —_ had been ascertained in the 
action pending. An interim interdict was granted. 





In reply to a question asked in the House of Com- 
mons on Tuesday last, the Home Secretary stated that 
he had been informed by Mr, Shackleton, the senior 
Labour Adviser to the Home Office, that very few 
trade unions have taken a ballot of their members 
since the Osborne judgment was given, but all of those 
unions affiliated to the Labour Party received the 
sanction of their members before joining. The majori- 
ties in favour of Parliamentary representation varied, 
he said, from two to one totento one. Generally 
speaking, the questions put before the members of the 
unions were :—(1) Are you in favour of direct repre- 
sentation in Parliament? (2) Are you in favour of a 
special levy of (amount stated) for this purpose? The 
questions put by the textile trades of Lancashire were 
as follow :—(1) Are you in favour of direct representa- 
tion in Parliament? (2) Are you in favour of paying 
a levy of ld. per member per quarter from the funds 
of the amalgamation to provide a fund for the main- 
tenance of two members in Parliament, and to defray 
the necessary e of their election? There voted 
in favour of the first, 84,154, against 19,856 ; and in 
favour of the second, 82,547, against 20,353, 





According to the quarterly report of the Ship- 
Constructors’ and Shipwrights’ Association for Oct- 
ober, November, and oll ve last year, the 
income of the society for the quarter was 17,0451. 


16s. 54d., which was 2,236/. 8s. 9d. more than 
for the previous quarter. The expenditure in- 
creased to the extent of 23,541/. 12s. 10d. over 


that of the previous quarter, the total expendi- 
ture being 34,149/. 7s. for the three months ending 
December 31. The reserve funds now stand at 
79,0741. 7s. 24d. The loss during the last quarter of 
1910 was abnormal, and was largely cau by the 
lock-out of the boilermakers, a special grant being made 
during that time to relieve the members out of work. 
This grant amounted to 19,734/. 3s. 2d. All the 
members of the association appear now to be employed. 
The unemployed benefit showed an increase over the 
previous uarter of 2595/. 9s. 10d., while there was an 
increase of 327/. 14s. 11d. in sick and accident benefit. 
Superannuation benefit also increased, the amount 
of the increase being 18/. 8s. 8d., but there was a 
decrease in funeral benefit by 59/. During the quarter 
there were entered 278 new and re-elected members, 
while 50 members died, and 600 entered by transfer 
as against 716 who left by transfer, and 286 have 
lapsed, leaving the membership at the end of 
December, 1910, at 21,631. 


The monthly report of the National Union of Boot 
and Shoe Operatives for February indicates that 
employment is better than it was a month ago and 
a year ago. Returns from firms employing 63,338 
workpeople in the week ending January 28, 1911, 
showed an increase of 0.7 per cent. in the number 
employed, and of 2.3 percent. in the amount of wages 
paid compared with a month ago. Compared with a 
year ago there was an increase of 3 per cent. in the 
number employed, and of 3.8 per cent. in the amount 
of wages paid. 








The fifth month of the strike of the Ton-y-Pandy 
colliers, and those of the surrounding districts in 
South Wales, has now been entered upon, while at 
the Naval pits the men have been idle for six months, 
the loss caused - the strike being estimated at some- 
where near a million pounds. The troubles, it will be 
remembered, began in October last, when the men had 
120,000/. in hand. The Aberdare miners went out 
illegally, and 9000/. was voted to them in order to 
meet the distress in the district, and since that time 
1600 men have been on the funds. A levy of 23. per 
month was made, and 3000/. has been received need wl 
by the Welsh Federation from the Miners’ Federation 
of Great Britain. The grants made during the strike 
to the different collieries have been : To the Cambrian 
Combine, 96,000/.; to Gelli, 8000/.; to the Powell- 
Duffryn men, 6400/.; and to the Aberdare distress 
fund, as before stated, 9000/.; making a total of 
119,400/. In wages the following approximate 
amounts have been sacrificed:—At the Cambrian, 
Glamorgan, and Britannia mines, 256,000/.; Naval, 
110, . ; Gelli, 28,000/.; and Aber mines, 11,2004. 
The loss of wages at the Aberdare mines, the Cilely 

its, and North’s Navigation is not included, the men 

aving now returned to work. This, it is estimated, 
would amount to about 250,000/., or a total loss in 
wages of 655,200/. The stoppage of other collieries 
during the winter months ok it is estimated, about 
equal that of the Cambrian Combine. It is thought 
that the cost to the cosl-owners has been about double 
what it has been to the Miners’ Federation. 





On Friday last the executive council of the South 
Wales Miners’ Federation decided to call another levy 
of 1s. per member per month, to commence in March. 
It was pointed out that the present income of the 
Federation, even with the 3000/. per week from the 
Miners’ Federation of Great Britain and the amount 
yielded by the past levies, was not enough to meet 
the present strike-pay to the Cambrian miners. On 
this account any extra money required must come 
from the miners at present in employment, in the form 
of supplementary payments. 





Indignation appears to have been aroused among the 
men in the Bensham branch (Gateshead) of the Amal- 
a Society of Railway Servants against the 

orth-Eastern Railway Company on account of the 
dismissal of men in the signal-fitting department, who 
have been with the company for a number of years. 
It is stated by the men that their comrades have been 
dismissed without any apparent reason. 





A conference between the masters and the men in|] 


connection with the Scottish collieries dispute has been 
arranged by the Board of Trade, in order to prevent, 
if possible, the threatened strike of the Scottish 
engine-keepers. The trouble has, of course, arisen over 
the question of an eight-hours day, as mentioned by us 
last week, and the men have handed in their notices 
in support of the movement, and also for a revised 
scale o Re The conference will be held at Glasgow 
to-day (Friday). 





Notice has been given, in the interests of the 
Amalgamated Society of Railway Servants, by Mr. 
Walter Hudson, one of the Parliamentary representa- 
tives of that society, that he intends to move the 
rejection of the Bill at present being promoted by 
the Great Northern Railway Company to authorise the 
extension of their system. The company is accused 
by the men of entering into an agreement with a 
section of their servants for contracting out of the 
award made by Lord MacDonnell under the concilia- 
tion scheme, and this is the cause of the step taken by 
Mr. Hudson. Such contracting out is, the men main- 
tain, expressly forbidden by the regulations laid down 
by the rd of Trade, unless it has been sanctioned 
by the men’s side of the Central Conciliation Board. 
Owing to the friction that has lately arisen over the 
matter, the Board of Trade has been asked to take 
steps to secure from the company an undertaking that 
the practice shall be discontinued. As little success 
has so far followed these efforts, the Labour Members 
will oppose the company’s Bill. Tactics of a similar 
kind may be adopted with respect to other Bills pro- 
moted by railway companies, as the Labour Members 
assert that many valuable concessions for their sup- 
porters have been secured in the past by such tactics. 





The representatives of the three national labour 
organisations—the Trades Union Congress, the Labour 
Party, and the General Federation of Trades—intend 
to hold a Conference to discuss the advisability of 
bringing about a closer working arrangement between 
the three bodies. It is suggested that the Labour 
Party and the other two organisations be merged ‘into 
one, or that the three be brought together under one 
roof ; and, in order to prevent overlapping, it is pro- 
posed that their functionsshould be more clearly defined. 








NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Murket.—Last Thursday morning the 
tone of the pig-iron market was strong, and 3500 tons of 
Cleveland warrants were dealt in at 49s. 2d. cash, 493. 24d. 
eight days, 49s. 44d. one month, and 49s. 11d. three 
months. Closing sellers quoted 49s. 24d. cash, 49s. 54d. 
one month, and 49s. 114d. three months. One lot of 
hematite was done at 66s. 14d. cash, with buyers over at 
that figure and sellers at 66s. 3d. The afternoon session 
was just the turn easier, and 3500 tons of Cleveland 
warrants changed hands at 49s. ~r cash, 49s. 4d. twenty- 
seven days, 49s. 44d. onefmonth, and 49s. 104d. three months. 
Sellers’ prices were 4d. down from the morning. On 
Friday forenoon the market was weak, and a uel busi- 
ness, amounting to 7000 tons of Cleveland warrants, was 
put through at 49s. 04d. cash, 49s. 4d. one month, and 
49s. 93d. three months. The closing quotations were 
49s, Od. cash, 49s. 34d. one month, and 49s. 94d. three 
months sellers. At the afternoon session Cleveland 
warrants were inclined to be easier, and the only business 
was 2500 tons at 49s. cash, 49s. 6d. two months, 
and 49s. 9d. three months. Closing sellers quoted 
49s. 04d. cash, 49s. 3d. one month, and 49s. 94d. three 
months. On Monday morning the market was steady, 
and dealing in Cleveland warrants took place at 
49s. cash and four days, 49s. 6d. two months, and 
49s. 9d. three months. The turnover was 7000 tons, 
and at the close there were sellers at 49s. cash, 
49s. 3d. one month, and 49s. 94d. three months, and of 
hematite at 66s. cash. In the afternoon Cleveland war- 
rants were easier, and 4500 tons were dealt in at 48s. 11d. 
and 48s. 104d. cash, and at 49s. 9d. and 49s. . three 
months. Closing quotations were 48s. 11d. cash, 49s. 2d. 
one month, and 49s. 84d. three months sellers. Hematite 
was unchanged at 66s. cash sellers. On Tuesday morning 
a dull tone prevailed, and business was limited to 2500 tons 
of Cleveland warrants at 48s. 9d. cash, 49s. one month, and 
49s. 7d. three months. Sellers’ closing prices were 48s. 94d. 
cash, 49s. 04d. one month, and 49s. 7d. three months. Buyers 
of hematite offered 66s. one month, and 66s. 6d. three 
months, but sellers wanted 66s. 2d. and 66s. 9d. There 
was no improvement in the afternoon, and Cleveland 
warrants were again a shade easier. The turnover con- 
sisted of 5000 tons at 48s. 11d. one month, and from 
49s. 6d. to 49s. = three months, and closing sellers 
quoted 48s. 9d. cash, 49s. one month, and 49s. 6d. three 
months. When the market opened to-day (Wednesday) 
the tone was a shade better, and 3000 tons of Cleve- 
land warrants were done at 48s. 9d. cash, 49s. 3d 
May 2, and 49s. 6d. three months. The session closed 
with sellers quoting 48s. 9}d. cash, 49s. 1d. one month, 
and 49s. 7d. three months. Sellers of hematite quoted 
66s. cash and 66s. 10d. three months. In the after- 
noon business was at a standstill, no dealing taking 
place. Cleveland warrants were quoted the turn easier 
at 48s. 9d. 49s. one month, and 49s. 6d. three months 
sellers, while there were sellers of hematite at 65s. 11d. 
and 66s. 94d. three months. The Setowing are the 
market quotations for makers’ (No. 1) iron :—Clyde and 
Calder, 61s. 6d.; Gartsherrie, 62s.; Summerlee and a 
oan, 64s.; and Coltness, 82s. (all ~~ at Glasgow) ; 
Glen, k (at Ardrossan), 64s. ; otts (at Leith), 

62s. 6d.; and Carron (at Grangemouth), 69s. 6d. 


Sulphate of Ammonia.—There has been no falling-off in 
the demand for sulphate of ammonia, and fairly large 
quantities are being sold. The price is still on the up- 

le, and to-day the quotation is 14/. 7s. 6d. per tcn 


‘or prompt delivery, Glasgow or Leith. 
Scotch Steel Trade.—Little change has taken place in 
the Scotch steel trade during the past week, but, all the 
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same, the various establishments, although not running at 
full pressure, are well employed. There is very little 
inquiry for fresh lots, but specifications against old con- 
tracts are fairly plentiful, and deliveries are . The 
new shipbuilding orders placed recently take up 
quite a lot of material, and steel-makers are looking 
forward to a spell of comparative activity. The export 
trade is moderately good, and a fair inquiry is reported. 
Prices for heavy material are unchanged. The Colonial 
demand for light steel continues good, and several lots of 
a satisfactory nature have just been fixed for early 
despatch. For structural sections an excellent demand 
prevails, both for home and export lots, and in all depart- 
ments of the steel industry the prospects are very favour- 
able. 


Malleable-Iron Trade.—The malleable-iron trade is still 
without change, and short time is only too common, owing 
to the scarcity of specifications. It has been decided b: 
the manufacturers in the West of Scotland to form a pool, 
and a scheme for this will shortly be set on foot. 


Scotch Pig-Iron Trade.—In the Scotch pig-iron trade 
there is at present a quietness in demand on local account 
and deliveries are on the small side. On the other hand, 
a fairly good demand exists from buyers in the south 
and for export lots, and these outlets are responsible for 
most of the iron which is being turned out. 
prices are firm, but merchants are inclined to shade 
quotations. Hematite is in quiet demand, and the price 
is being well maintained. 


Shipbuilding.—Several new shipbuilding orders have 
recently been placed with Clyde builders, and in quite a 
number of cases there is a very — supply of work 
on hand. A difheulty which is being felt at present is 
with regard to labour, the demand being, at some yards, 
greater than the supply of competent workmen. essrs. 
Russell and Co., Port Gl w, have contracted to build 
a steamer of over 8000 tons dead-weight carrying capacity 
for Messrs. Arbuckle, Russell, and Co., G Ww. e 
machinery will be supplied by Messrs. Rankin and Black- 
more, Greenock, and delivery of the vessel is wanted by 
September or October. Messrs. William Hamilton and 
Co., Port Glasgow, have received an order from Messrs. 
T. and J. Harrison, Liverpool, to build a large steamer of 
6500 tons capacity. Messrs. Dunsmuir and Jackson, 
Govan, will supply the machinery. The Scotch ship- 
building returns for the past month amounted to 29 venti 
of 45,756 tons, made up as follows :— 





Vessels. Tons. 

The Clyde a> rs 20 42,812 
The Forth .. “ a 2 497 
The Tay re “ a8 oA 2 1,540 
The Dee aN “ - es 5 907 
Total 29 45,756 


The Clyde output is the highest for the month of Feb- 
ruary since 1904, when the total was 48,698 tons, and the 
output for the year to date is now 35 vessels, of 66,352 
tons, as against 31 vessels, of 59,935 tons, for the first two 
months of last year. 








Tue InstiTUTION OF CrviL ENGINEERS.—It is announced 
that the nineteenth James Forrest Lecture will be deli- 
vered at the Institution of Civil Engineers, on the evening 
of Wednesday, June 28, 5 | Mr. Frederick Henry Hatch, 
Ph. D., M. Inst. C.E., his subject being ‘“‘The Past, 
Present, and Future of Mining in the Transvaal.” 





Tue Turin INTERNATIONAL Exurpition.—The Societ 
of Motor Manufacturers and Traders, Limited, Maxwe 
House, Arundel-street, Strand, W.C., has issued a com- 
plete list of firms who are supporting the collective 
exhibit which the Society is organising. The list is ve' 
complete—it contains the names of forty-two Britis 
firms—and shows the great interest taken in the Inter- 
national Exhibition movement by the motor and cycle 
industries, The exhibits will cover about 14,000 ft. 





SUPERHEATED STeAM IN Marine Encines. — The 
North-East Coast Institution of Engineers and Ship- 
builders held a meeting at Bolbec Hall, Newcastle-on- 
Tyne, on Friday, February 24, when Mr. A. V. White, 
Member, read a paper on ‘‘Superheated Steam in 
Marine Engines.” He dealt with the conditions which 
superheaters should meet, with the details of their con- 
struction, and with the construction of the engine parts 
for adapting the latter to the use of superheated steam. 
He also showed the fuel economy due to the use of super- 
heated steam. 





BELFAst AssociaTION OF ENGINEERS.—The annual 
social meeting in connection with the Belfast Association 
of Engineers was held in Ye Olde Castle Restaurant, 
Castle-place, on Saturday evening, the 25th ult. There 
was a large attendance of members and friends. In the 
unavoidable absence of the president (Mr. John Horner), 
the chair was occupied by Professor Stanley, professor 
of engineering and technical instruction. The onorary 
secretary (Mr. F. W. Parkes) submitted his annual 
report, in which he stated that there had been a very 
large increase in the membership of both honorary and 
ordinary members. He referred to the high quality of 
the papers that had been submitted, onl also to the 
on ped tone of the excursions and works visits which 

taken place castes Ge summer months, and thanked 

the various firms who d kindly opened their works and 

made angen for inspection by the members. At 

the fifth ordina: meeting of the twentieth session of the 

i in the large hall of the Museum, Mr. 
as Gibson gave an interesti * Di 

and Kindred Engines.” Wail alla 


Makers’ | Barnsl 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. — 

South Yorkshire Coal Trade.—The hard-coal trade is 
not in such a strong position as a week or two ago. 
demand for manufacturing purposes has not altered 
sam but there is some falling off in orders for 

renee. However, coal owners nee much aie 
as shipping requirements ure expected togo up rapidly in 
the near future, and consequently a little. accumulation 
of stocks at collieries is viewed with indifference. In 
order to secure what small orders are at present to be had 
for shipment, there has been some price-cutting, but not 
to _— extent. Prices remain firm. The tonnage of 
gas- ane Sone with is also less than a few weeks 
ago, though about the usual figure for the time of the year. 
A big demand is experien: for coal, and some 
difficulty has arisen in getting supplies. Coke is in gooc 
request, with prices showing an upward tendency. Busi- 
ness in house coal has been moderate, though there is an 
improvement on the week. Lately merchants have been 
ucing up stocks, and a livelier inquiry is therefore expected 
this month. Orders are slow at pits, where, in some 
cases, short time is being worked and stocks are increas- 
ing. Latest quotations on ae ae business was fair 
at the week-end, are:—Best ch hand-picked, 14s.; 
ey best Silkstone, 12s. to 13s.; Silkstones, 10s. to 
1ls.; Derbyshire eights lls. to 12s.; Yorkshire hards, 
9s. to 10s. 6d.; Derbyshire hards, 8s. to 9s. 3d.; washed 
nuts, 8s. to 9s.; rough slacks, 5s. 3d. to 7s. ; second qualities, 
3s. 6d. to 4s. 9d.; smalls, 1s. to 2s. 3d. 


Iron and Steel.—The position of the iron trade is such 
that an improvement is not looked for during the present 
quarter. Prices, whilst officially un , are not too 
strongly held, and there are several instances of conces- 
sions. Contracts for the second half of the year are not 
being fixed up very readily. Pig iron, generally, is in a 
very dull stat~, the only activity observable being in the 
deliveries to steel makers under contracts entered into 
earlier in the year. The market for foundry iron is some- 
what better, however, and there is a fair demand for 
bar iron, but neither branch is in a really strong posi- 
tion. The condition of the steel trades gives no cause 
for dissatisfaction. Extravagant predictions have not 
been realised, but more reasonable expectations have 
been fulfilled. The majority of the works are on full 
time, and branches which have been slow to recover now 
show much better prospects. Railway steel is a notable 
illustration. Orders are sufficiently numerous to keep 
the works well employed. The order for 30 locomotives, 

iven to the Yorkshire = Company by the North 
ritish Railway Company, received official confirma- 
tion. It is the biggest order of its kind received in Shef- 
field for several years. The a mye in_ railway 
orders, along with a better demand from shipbuilders, is 
finding increased work for the foundries, and there is & 
~~ weight of orders for steel castings in spite of keen 
ntinental competition. General exports are ver 
satisfactory, and the makers of tool steel and tools of a 
kinds are doing exceptionally well in foreign markets. 
Amongst these special steels, material for motor-cars is a 
noticeably growing branch. File-manufacturers have 
a better year in front of them, and there are indications 
of an expanding Colonial demand. There are very good 
prospects for makers of contractors’ tools, spades, picks, 
and shovels, particularly for over-seas markets. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Extreme quietness con- 
tinues to characterise the pig-iron trade. Business is 
almost at a standstill, though the time of year has 
arrived when buying to meet spring and summer require- 
ments is usually experienced. The most unsatisfactory 
feature of the market is the excessive output. A good 
deal more than is required is being made both of Cleve- 
land and hematite pig. The production of the latter 
has m decreased, and the output of the former in- 
creased, by the changing of a hematite furnace on to 
Cleveland iron at Tie. Bolckow, Vaughan, and 
Co.’s works. No. 3 g.m.b. Cleveland pig is offered 
by both makers and merchants at 49s. for early f.o.b. 
delivery, and possibly a trifle less would be accepted 
by some second hands. No. 1 continues scarce, and 
is fully 52s. 6d., whilst the lower qualities keep 
steady, No. 4 foundry being 48s. 3d. ; No. 4 forge, 48s. ; 
and mottled and white iron, each 47s. 6d.—all for early 
delivery. East Coast hematite pig is easier, and makers, 
all of whom have good contracts made, complain that 
delivery orders are coming very slowly to hand. As low 
as 64s. 6d. is said to have been accepted for early delivery 
of Nos. 1, 2, and 3, but the general market quotation is 
64s. 9d., and many makers adhere to 65s. Though there 
is nothing doing in foreign ore, makers being well bought, 
and having heavy stocks, sellers show no signs of weak- 
ness, and values are still on the basis of 22s. 6d. ex-ship 
Tees, for Rubio of 50 per cent. quality. There is an 
abundant supply of coke, and sellers are pressing business. 
Medium blast-furnace kinds are at 15s. 6d. to 15s. 9d. 
delivered at Tees-side works. 


Manufactured Iron and Steel.—The various branches of 
the manufactured iron and steel industries present no new 
features of moment. New orders are scarce ; oo? have 
good contracts made, and quotations are upheld. Common 
Foe taie th Iie; moc ehig-platen GL its 64. 
7. ; packing-iron, 5/. 15s.; iron ship-plates, 61. 3 
iron shi angles, 7/.; iron . ee Pte to 7l. 7s. 6d.; 
iron boiler-plates, 7/. 7s. 6d.; steel bars, 6/. 5s.; steel 
| Ship-plates, 6/. 15s.; steel ship-angles, 6/. 7s. Gd.; steel 
: boiler-plates, 7/. 10s.; steel strip, 6/. 10s.; steel hoops, 








61. 12s. 6d.; steel joists, 62. 5s. to 6/. 7s. 6d.; cast-iron 
railway chairs, 32. 10s.; light iron rails, 6/. 10s.; heavy 
steel rails, 5/. 15s.; steel railway sleepers, 6/. 12s. 6d.; re | 
galvanised corrugated sheets, 11/. 5s.—sheets less 4 per 
cent. f.o.b., railway material net, and all other descriptions 
less 24 per cent. discount. 


Shipments of Iron and Steel.—Shipments of pig iron 
and steel from the Tees for February come up to expec- 
tations. Those of pig iron averaged 3268 tons 
working day, the total despatches amounting to 88,444 
tons, 78,026 tons of which went from Middlesbrough and 
10,418 tons from Skinningrove. The previous month’s 
total loadings of pig reached 84,179 tons on a daily 
average of 3370 tons, and the clearances of pig iron for 
February last year were given at 67,779 tons, or an 
average of 2825 tons per working day. Of the pig iron 
shipped at Skinningrove during last month, tons 
went to Scotland and 1055 tons to the Continent. Of 
the pig iron despatched from Middlesbrough during the 
second month of the year, 45,756 tons went ab and 
32,270 tons to coastwise customers. Italy was the largest 
buyer, receiving 12,202 tons; whilst Ja: took 6510 tons; 
France, 5450 tons; Sweden, 4327 tons; the Argentine, 3503 
tons; and the United States, Germany, Holland, and Scot- 
land, each over 2000 tons. Manufactured iron shipped in 
February totalled 21,152 tons, 12,838 tons going foreign 
and 8314 tons coastwise, and the shipments of steel last 
month amounted to 33,528 tons, 28,511 tons of which 
went abroad, and 45,017 tons to coastwise firms. India was 
the largest importer of both manufactured iron and steel, 
receiving 10,114 tons of the former and 8936 tons of the 
latter. Other good customers for steel were :—Portuguese 
West Africa, 3912 tons ; Japan, 2308 tons; Cape Colony, 
1949 tons ; and West Australia, 1898 tons. 





NOTES FROM THE SOUTH-WEST. 

Cardif.—The steam-coal trade has ruled quiet ; many 
chippers who have good orders and tonnage overdue have 
found it difficult to secure sufficient empty trucks to kee 
pits engaged. The best large steam has made 17s. Gd. 
to 18s. per ton, while secondary qualities have brought 
16s. to 17s. 3d. per ton. The best ordinary bunker smalls 
have been quoted at 9s. 6d. to 10s., and cargo smalls at 
9s. 6d. to 10s. per ton. Household coal has shown steadi- 
ness; the best ordinary has made 14s. 6d. to 16s. 6d. per 
ton. No. 3 Rhondda 1a has —— ~% 17s. to 17s. 6d., 
and smalls 10s. to 10s. 6d. per ton. No. 2 Rhondda large 
has realised 12s. 9d. to 13s., and 8s. to 8s. 6d. per 
ton. Foundry coke has made 19s. to 22s., and furnace 
ditto 16s. 6d. to 17s. 6d. per ton. As regards iron ore, 
Rubio has brought 21s. 6d. to 22s. 6d. per ton, upon a 
basis of 50 per cent. of iron, and charges, including freight, 
insurance, &c., to Cardiff or Newport. 


Cardiff Railway.—The new line to Treforest, of the 
Cardiff Railway, was opened for passengers, goods, and 
mineral trate on Wednesday. The railway extends from 
Heath Junction (at the Llanishen end of Roath Park) to 
the Rhyd-y-felin halt, Treforest, but trains will start 
from the Cardiff Rhymney station, and it is probable 
that in time arrangements will be made by which the 
trains will run beyond Treforest and into the Pontypridd 
station of the Taff Vale Railway Company. 


Dowlais.—The Big Mill and the Goat Mill, with the 
Bessemer furnaces, have not n fully occupied. e 
collieries have been busy, and the quantity of steam coal 


brought to bank has been large. 


Powell Duffryn Steam-Coal Com 
the Powell Duffryn Steam-Coal Company recommend a 
dividend for the past year upon the ordinary shares at 
the rate of 10 per cent. per annum, placing 25,000/. to 
reserve for improvements to plant, adding 50,000/, 
to the general reserve, and carrying forward 102,517/. 
The total output from the company’s collieries last year 


my.—The directors of 


amounted to 3,218,951 tons. The opening out of the 
Penallta colliery has been much delayed disturbed 
ground on the southern side of the shafts. The colliery 


is now fully equipped with machinery and appliances for 
dealing with a large output. 


The ‘* King George V.”— Although the battleship King 
George V. was only laid down at Portsmouth in January, 
E progress has been made with her. Several of the 
ower bulkheads are in position, and p has been 
made with the framework. It is expected that the ship 
will be ready for launching in August. 








Dinner OF Past LONDON AND NORTH-WESTERN RalL- 
way Megn.—A very successful dinner was held at the 
end of January in the banqueting-hall of Peliti’s Restau- 
rant, Calcutta, the occasion being the reunion of Indian 
Railway officials who were formerly in the service of the 
London and North-Western Railway Company in England. 
It was expected that Mr. Finney, of the Railway rd, 
who was at one time associated with the great English rail- 
way company, would be present, but he was unfortunately 
unable to reach Calcutta in time, and his place as chairman 
was taken by Mr. L. J. Kendrick, of the East Indian 
Railway. Among those present were Messrs. Harve 
Wood, Collins, Godson, Bury, Wilson, Lewis, and Bell, 
and a number of other railway officers and guests. After 
the usual loyal toasts had been honoured, the chairman 
es may the health of the staff and prosperity to the 

ndon and North-Western Railway, and nae Be that 
there were a large number of old London and North- 
Western Railway men spread over the Indian Empire who 
were assisting in the development of its pee and it 
was the unanimous wish that the present gathering at 
which they were assembled should become an annual one. 
The hon. secretary, Mr. Bury, would, he said, ascertain 
whether a more suitable place than Calcutta could be 
found where they could have this annual reunion. 
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NOTICES OF MEETINGS. 


THe Junior InstrruTion or Enoivwers.—Saturday, March 4, at 
. bere visit the London County Council’s Greenwich Generating 

ion. 
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tion of Electrical Engineers, Victoria Embankment, W.C. (south 
end of Savoy-street, near Waterloo Bridge). A paper on “ Petrol 
Air-Gas,” by Mr. E. Scott-Snell, Associate Member of Council, 
will be read. 

Tus Royal Socrery or ArTs.—Monday, March 6, at 8 p.m. 
Cantor Lecture: “ Applications of Electric Heating,” by Pro. 
fessor J. A. Fleming, M.A., D.Sc., F.R.S. Wednesday, March 8, 
atS8p.m. ‘ Plague and its Dissemination,” by Mr. James Cantlie, 
M.A., M.B., C.M., D.P.H. Sir Shirley Forster Murphy, F.R.O.S., 
will preside. 

Tue InstireTion oF Civi, ENGINEERS.—Tuesday, March 7, at 
8p.m. Paper to be further discussed :—‘‘ Modern Railway Signal- 
ling: Some Developments upon the Great Western Railway,” 
by Mr. Alfred Thomas Blackall, M. Inst. C.E. Ballot for new 
members, Students’ visit, Wednesday, March 8, to the District 
Railway Widening Works, Turnham Green. 

THE Liverpoo. ENGInggERING Society.—Wednesday, March 8, at 
8 p.m., at the Royal Institution, Colquitt-street, when a r 
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rators and Some of their Applications to Marine Work,” by Mr. 
J. K. Catterson-Smith, A.M. Inst. E.E. 
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mission Cables,” by Mr. C. Vernier, Associate Member. 

Tue Royvav Instrrvrion or Great Brirain.—Friday, March 10, 
at 9 o'clock, the Hon. Charles A. Parsons, C.B., M.A., LL.D., 
D.8c., F.R.S., M.R.1., on “* Recent Advances in Turbines.” After- 
noon lectures next week at 3 o’clock. Tuesday, March 7. Mr. 
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THE BRITISH CORPORATION FOR 
THE REGISTRY OF SHIPPING. 


Tue British Corporation for the Survey and 
Registry of Shipping has attained its majority, 
and it is pertinent to inquire as to the extent of 
its utility and influence upon the maritime industry. 
At the outset it must be admitted that the result 
has been in the direction of fostering scientific ship- 
building, as well as of ensuring economy in ship- 
working, while at the same time there has been 
exercised a satisfactory measure of that conservative 
caution which is necessary in the interests of the 
sea-going population and the underwriter. The 
improvement in the rules applicable to the design 
and construction of ships has not been confined to 
the British Corporation ; but it is widely admitted 
that the institution of the new organisation twenty- 
one years ago, and the basal principle of its consti- 
tution and particularly of its rules, have had marked 
effect in bringing other registry societies into greater 
consonance with modern ideas. This is evidenced by 
the change in the constitution of the older societies ; 
now, as was originally the case with the British 
Corporation, the shipbuilder, shipowner, and under- 
writer have all a prominent part in the administra- 
tion—an essential condition where the interests of 
all three are so closely interlaced. The rules of the 


284 | older societies have been reformed on broader lines, 
g4| and there is a fuller recognition of the need for the 


flexibility necessary to progress. Competition is thus 
once more justified in its results. It must ever be 
so, but it is pleasant to reflect that rivalry in scien- 
tific work has no unworthy accessories. 

The British Corporation owes its inception to the 
acceptance of the principle that monopolies are un- 
desirable. When the Government of the day pro- 
moted the Load-Line Bill of 1890, it was felt by many 
that the assignment of load-lines ought not to be left 
in the hands of a single registry society, and, largely 
through the influence of Sir Nathaniel Dunlop, head 
of the Allan Line, and Mr. W. F. C. Anderson, 
director of the Anchor Line, a strong stand was 
made, with the result that the British Corporation 
was organised, and by the Government given equal 
power with Lloyd’s ae in assigning load-lines 
to vessels under the Act as passed in 1890. The late 
Sir Henry Calcraft, then the Permanent Secretary 
of the Board of Trade, was in large measure respon- 
sible for this wise provision, and also for the con- 
stitution of the Corporation, the dominant feature of 
which is that the business should not be carried on 


for profit, and that its managers should not 





be in 
receipt of dividends, but that they should find their 
reward in the service rendered for the advancement 
of merchant shipping. These characteristics con- 
tinue, and are largely responsible for the success of 
the undertaking, as the Corporation include within 
their General Committee and their Technical Com- 
mittee men of great experience and knowledge in 
the three interests involved in the marine industry, 
as already indicated. At first the Corporation 
confined its attention to the assignment of load- 
lines, but it was felt that the staff was not fully 
employed, although within a short time the Cor- 
poration decided load-lines for some two million 
tons of shipping. lt was, therefore, decided to 
form a classification and registry society. In 
this matter the Corporation were favourably 
situated, as on the technical committee there 
were several shipbuilders who had taken the lead 
in the introduction of more scientific methods in 
the designing of ships, especially in the fixing of 
scantlings with particular regard to the incidence 


P.! and extent of stresses. There is no need here to 


int to the fact that. twenty or thirty years ago 
there was little regard paid in the great majority 
of establishments to scientific ae oh in designing 
ships as girder structures, and the institution of the 
British Corporation for the registry and survey of 
shipping may, in a measure, be said to coincide 
with higher scientific achievement in the design of 
ships. The Technical Committee had for its chair- 
man Mr. Archibald Denny, while the vice-chair- 
man was Mr. Fred J. Stephen, who succeeded to 
the chairmanship some years ago. The late Pro- 
fessor Jenkins was first chief surveyor, and was 
succeeded by the late Mr. Courtier-Dutton, upon 
whose death Mr. Foster King was promoted to be 
chief surveyor. All three were identified with the 
preparation of the rules, and to them is in large 
measure due the progressive success of the Corpora- 
tion. 

Curiously enough, the rules, when first pub- 
lished, somewhat startled the shipbuilding and ship- 
owning world, largely because the principles upon 
which they were based differed so greatly from 
those governing the regulations of other societies. 
There was confidence, however, in those respon- 
sible for the rules, and experience soon demonstrated 
that the regulations were the result of sound 
scientific investigation and practical experience. 
The ship structure was treated as a girder, in which 
its upper and lower members were recognised as 
having to bear the maximum longitudinal stresses, 
and material was located at those places rather than 
in the neighbourhood of the neutral axis, as was to 
some extent the prevailing practice at that time. 
The other parts of the ship were also dealt with as 
having some individuality. The sizes of beams 
were made dependent upon their length and condi- 
tion of support. The diameters of pillars were 
arranged with due regard to their length as well as 
to the loads to be carried uponthem. The scantling 
of the framing was devised so that it would depend 
particularly upon the length of the frames, instead 
of upon an addition of depth, breadth, and girth 
of the vessel, which was the practice in other 
registries, and is the practice until the present 
time. Bulkheads were designed on the lines 
suggested by the Bulkhead Committee, and these 
proved so successful that in one case it was found 
possible to permit owners to have a deep tank in 
the vessel which contained over 2000 tons of water, 
and the crown of which was formed by the upper 
deck. The sizes of these members were also pre- 
viously derived from the same numerals which 
governed the whole of the scantlings. The sizes of 
the rudder-stock were treated by the Corporation 
as being dependent upon the area of the rudder and 
the speed of the ship ; and not, as formerly, upon 
the dimensions of the vessel without reference to 
the area of the rudder and the speed of the ship. 
The design of the Corporation stern-frame showed 
that great consideration had been given to the 
lateral strains which had to be borne as trans- 
mitted from the rudder and propeller. This was 
also a new . “<> which produced satisfac- 
tory results. The Corporation looked upon tail- 
shafts as having something more to do than merely 
to transmit turning power. Cognisance was taken 
of the fact that the propeller was supported by the 
shaft, as well as by the form of the vessel. The 
formule evolved from these considerations were 
found effective, and the breakages of tail-shafts 
became practically unknown. 

The principles embodied in the first edition of 
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the rules remain in the present publication, and | 
the fact that the Corporation’s rules and meth 
have found acceptance by owners and builders is 
preved by the large number of vessels of the 
ordinary type constructed to them. At every stage 
in the development of new types the Corporation 
have continued a progressive policy, which has had 
considerable influence on the advancement of ship- 
building. It is no secret that the society had the 
principal share in the evolution of the ‘‘turret” 
ship, the first vessel of this design being registered 
with the society. They have also afforded encou- 
ragement to such types of ships as the Monitor, 
the Isherwood, and the ‘‘top-sided tank ” —— 
It is largely due to them also that our ship- 
builders have been able to enter upon the construc- 
tion of ships suited for the special conditions of 
the Canadian lakes, and have recognised the 
advantage in meeting not only the ideas of the 
Canadian shipowners, but those of the various 
Colonies. Credit must also be given to the Corpo- 
ration in respect that the first oe merchant 
ship fitted with Parsons turbines—the Virginian— 
was registered by them ; and, further, that the first 
vessel fitted with a combination of reciprocating 
and turbine machinery—the Otaki—came within 
their purview. The Technical Committee had 
much to do also with the simplification of double- 
bottom construction, and with the introduction of 
what is known as the ‘‘open-floor system,” with 
comparatively widely-spaced floors and strong bulb 
angle construction for intermediate frames, a 
system which presents not only outstanding advan- 
tages from the point of view of accessibility, up- 
keep, and repairs, but has proved eminently satis- 
factory from a structural point of view. At the 
recent annual meeting the chairman of the Com- 
mittee, Mr. Fred. | Stephen, pointed out as 
significant of the acceleration of the absorption of 
new ideas which characterises modern shipbuilding, 
that a preponderance of the work in hand was on the 
3-ft. frame pitch with stringerless sides, as well as 
on the open floor double-bottom system of construc- 
tion. Even conservative shipowners and shipbuilders 
have grasped the advantages of this simpler design, 
and have adopted it in every class of merchant ship 
from the tramp to the liner. Here a special point 
should be made of the fact that the Corporation 
have succeeded not only in securing the support 
of the great steamship lines, but also of the 
owners of cargo tramps. Amongst the lines who 
have thus supported the Corporation are the P. 


and O., British India, City, Clan, Wilson, and | regar 


many others. A registry created in Italy as a 
branch of the Corporation has been r ised by 
the Government of Italy as the National Italian 
Registry, and all surveys required by the Italian 
shipping laws must be carried out by them. 
he work which has interested the Committee 
most during the past year has, very properly, been 
that associated with the introduction of the internal- 
combustion motor for the propulsion of ships, and 
the first oil-engine-propelled ship—the Toiler, 
built by Messrs. Swan, Hunter, and Wigham 
Richardson, of Wallsend-on-Tyne—is registered 
with the Corporation. This vessel, which is of 
1672 tons, and is fitted with a Diesel engine of 
400 horse-power, has gone through satisfactory 
machinery trials, and promises to be the first 
vessel of her class to cross the Atlantic, as she is 
intended for service on the American lakes. Four 
other vessels have been juilt under the British 
Corporation survey in this country to have the 
same motive power, so that in this matter there 
has been shown that sympathy with advance which 
has from the beginning characterised the policy 
of the Institution. In this work they have been 
largely assisted by the members of their staff 
resident in foreign cities, and Fs se by 
Mr. Johns, the surveyor at Hamburg, who 
has kept himself in close association with the 
progress made in internal-combustion engines for 
merchant work in Germany, where, perhaps more 
than this — owners have taken up the new 
rime mover. In this new departure, too, the 
echnical Committee have found a courageous 
coadjutor in Mr. Foster King, the chief surveyor, 
to whose judgment in the matter Mr. Stephen bore 
tribute at the annual meeting. 

The progress made by the Corporation was indi- 
cated convincingly by the chairman, Mr. Francis 
Henderson, who pointed out that during the past 
year, notwithstanding the reduced output of all 


yards, 217,000 tons of shipping were classified by 





the Registry, while there are at present < wee in 


the shipyards of the United Kingdom and elsewhere, 


ods | to the classification and rules of the Corporation, 


over 373,000 tons of shipping. In view of these 
facts, it is scarcely nece to enlarge upon 
the confidence which underwriters and shipowners 
have in the supervision of the Corporation, but a 
still more important fact is that the result of this 
supervision is a pronounced immunity from loss. 
Mr. Stephen, himself a member of one of the 
important shipbuilding firms on the Clyde, gave 
credit not only to the surveyors of the Corporation, 
who are located in practically every important 
shipping centre of the world, but to the shipbuilders 
who had so successfully done their work. 








THE LEGALITY OF TRADE UNIONS. 

Tue Court of Appeal has given an important 
judgment bearing upon the legality of trade unions, 
as defined by the Trade Union Act of 1871, and 
although the decision is not conclusive, it is, never- 
theless, of great importance. The judgment was 
delivered on Saturday last by the Master of the Rolls 
and Lords Justices Fletcher Moulton and Buckley, 
and was on the appeal of Mr. W. V. Osborne from 
the decision of Mr. Justice Warrington in an action 
which the appellant had brought against the Amal- 
gamated Society of Railway Servants. It will be 
remembered that Mr. Osborne asked for a declara- 
tion in the Chancery Division that the resolution of 
the executive committee expelling him from the 
Walthamstow branch of the society was illegal, for 
a declaration that a resolution to dissolve the 
Walthamstow branch was illegal, and also for an 
injunction restraining the society from enforcing 
the resolution. In giving his decision Mr. Justice 
Warrington held that the society was an illegal 
one at common law, as being in restraint of trade, 
and that the Court had no jurisdiction to entertain 
theaction. He entered judgment for the defendants 
with costs. The plaintiff appealed, and their Lord- 
ships unanimously sustained the appeal, with costs 
in the Court of Appeal and in the court below, and 
ordered the action to be proceeded with in the 
Court below in the usual course. 

The decision is, to a great extent, limited in its 
application to this particular case. The Master of 
the Rolls, in his judgment, stated that the conten- 
tion of the defendants involved two propositions : 
(a) that the society is at common law an unlawful 
association, and (b) that this action is a legal pro- 
ceeding which no court can entertain, having 
d to Section 4 of the Act of 1871. His 
Lordship held that there was nothing in the 
objects of the society which suggested illegality, 
and remarked especially on the fact that there 
was no provision, such as is very often found 
in the rules of trade unions, for calling out 
members in the event of a strike. It was, how- 
ever, urged that Rule 13, Section 3, indirectly 
amounted to such a provision, and was in restraint 
of trade; but he was unable to assent to this 
view. The executive committee could only sanc- 
tion a strike as distinct from ordering a strike, and 
there were careful provisions to secure legality. 
The first proposition, therefore, he held, was not 
established. The second proposition depended 
upon Sections 3 and 4 of the Act of 1871. Sec- 
tion 3 is perfectly general :—‘‘ The purposes of any 
trade union shall not, by reason merely that they 
are in restraint of trade, be unlawful, so as to 
render void or voidable any agreement or trust,”’ 
and if it stood alone it would validate and make 
enforceable the whole agreement contained in the 
rules. But Section 4 qualified it to some extent :— 
‘*Nothing in this Act shall enable any Court to 
entertain any legal proceedings instituted with the 
object of directly enforcing or recovering damages 
for the breach of any of the following agreements 
—namely,” and the section goes on to specify the 
particular agreements. The Master of the Rolls 
decided that if the plaintiff obtained the relief he 
sought, he would be entitled, not as a matter of 
lega ly enforceable right, but as a matter of reason- 
able expectation, to certain benefits for which he 
had subscribed. 

Lord Justice Fletcher Moulton, in his judgment, 
dealt very fully with the second contention of the 
defendants. e said that it followed, from Sec- 
tion 3 of the Act, that in this case, where no 
illegality was suggested, other than that the objects 
of the rules of the society were in restraint of trade, 
the position of a trade union was the same as that 
of any other association of the like kind for pur- 


poses lawful under common law, so far as the validity , 





of any agreement or trust was concerned. The only 
disability, therefore, under which the trade union 
or its members lay related to the enforcement of 
contracts, and not to their validity. In the present 
case they had to assume, for the purpose of this 
argument, that the plaintiff lawfully me and 
continued to be a member of the trade union, and 
that he had been wrongfully expelled therefrom. 
He came to the Court to have this wrong righted ; 
in other words, the contract of membership 
was the contract which the plaintiff sought to 
enforce. The defendants said that this demand 
for reinstatement was a legal proceeding instituted 
with the object of directly enforcing an agreement 
for the application of the funds of the trade union to 
— benefits for members. To tcst this question, 

ord Justice Fletcher Moulton assumed that the 
relief was granted, and that the plaintiff was 
declared a member of the trade union, ‘‘ Will the 
effect of that be to enforce an agreement for the 
aa ee of the funds of the trade union to pro- 
vide benefits for him?’ The only possible answer 
to this question was, ‘‘Certainly not.” ‘‘ By the 
statute, that is the very thing which his member- 
ship does not entitle a man to do, and therefore 
declaring him a member simpliciter not only does 
not directly enforce the application of funds for 
his benefit, but does not even help him in any future 
proceedings to enforce any such agreement. It 
seems to me to be an illogical contradiction to say 
that to put a man in a position where he cannot en- 
force a particular agreement is enforcing it.” All that 
the Court was asked to do was to declare that the 
plaintiff was entitled to the perfornance of the 
agreement to accept and to keep him as member, 
and inasmuch as this in itself was not an applica- 
tion of the funds of the trade union to provide 
benefits for a member, and did not even enable 
the plaintiff by subsequent proceedings to enforce 
any agreements or to apply them, the subject- 
matter of the action appeared to Lis Lordship to 
be entirely outside the excepted classes enumerated 
in Section 4. 








ELECTRICAL MINING 
RULES. 

In our issue of February 17 we dealt in a general 
way with the report of the Departmental Committee 
appointed in the autumn of 1909 to inquire into the 
working of the special rules for the use of electricity 
in mines. This report, as we indicated in our 
previous article, isan admirably sane document, and 
the rules which accompany it are of a common- 
sense and workable pon ty forming, on the whole, 
a considerable advance on those drawn up in 1904. 
None the less, it will not be supposed that the rules 
are above criticisin, and there are one or two points 
of which the wisdom or efticacy may at least be 
questioned. We would like to draw more detailed 
attention to some of the features of the report than 
was possible in our earlier review, it being under- 
stood, however, that we do not necessarily raise 
points with the idea of criticising them. 

What strikes one as the most sweeping recom- 
mendation made in the report, and embodied in the 
rules, is that involving the prohibition of the use 
of electricity in certain parts of mines. This 
recommendation, which forms Rule 1 of the new 
code, had no counterpart in the 1904 rules. We 
confess to some surprise at the equanimity with 
which this new Rule 1 has been received by the 
electrical Press. One would have anticipated a 
squeal. That the rule is a set-back to the use of 
electricity in collieries there can be no manner 
of doubt whatsoever. We do not wish to be mis- 
understood in saying this. We should be in no 
way astonished to hear that the rule will not affect 
a single working installation in the country, and 
will not cause the abandonment of a single projected 
installation. The reason of this, of course, is that 
it has been nobody’s practice to install electrical 
apparatus in really dangerous situations. None 
the less, the old status and general idea was that 
with improvement in practice and increase in ex- 
perience, electricity might gradually win a place 
for itself in every part of a colliery and in every 
operation conducted in it. This idea has now 
received a definite check. The rule is the first 
ofticial acknowledgment that electricity is too 
dangerous to be intruduced into certain parts of 
collieries. From the electrical man’s point of view 
this is a serious set-back, and it cannot be doubted 
that the most will be made of the acknowledg- 
ment by the opponents of electrification. For our- 
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selves, we doubt if the rule in its definite form was 
necessary, and we are inclined to think that the 
cases it is intended to deal with might satisfactorily 
have been brought under Rule 2, with slight modi- 
fication in the wording of this latter. We suggest 
that this new Rule 1 is a sop to the ridiculous 
agitation which has had for object the prohibition 
of the use of electricity in collieries at all. 

One gathers from a reading of the report and the 
rules, in conjunction with the memorandum which 
forms an explanatory appendix to them, that one 
of the main objects of the Committee has been to 
avoid legislating on points of detail, especially on 
points of detail construction, and rather to lay 
down general principles which, while not hamper- 
ing individual design and initiative, are at the 
same time likely to result in satisfactory detail 
work. This is an admirable intention, and one 
with which we are in every way in sympathy ; none 
the less, in view of the peculiar conditions of 
colliery electrical engineering, there are some points 
on which we should have welcomed more definite 
ruling. One of these has reference to gas-tight 
motors and switch-boxes. Rule 15, which deals 
with the special precautions necessary in situations 
where inflammable gas may be present, makes 
reference to ‘‘ open sparking,” and in the definitions 
‘‘open sparking” is stated to mean ‘sparking 
which, owing to the lack of adequate provision 
for preventing the ignition of inflammable gas 
external to apparatus, would ignite such in- 
flammable gas.” This is all right as far as it 
goes, and it is obvious that, strictly speaking, 
the rule which demands the installation of appa- 
ratus with which open sparking will not occur, 
specifies, by implication, adequate flame-proof con- 
struction for motors and switches. In view, how- 
ever, of the amount of apparatus on the market 
and in use which is described as flame-proof, or gas- 
tight, and which, in fact, is neither one nor the 
other, and in view of the erroneous ideas which are 
abroad as to what really should constitute a flame- 
proof, or gas-tight, construction, we should have 
welcomed a more definite statement of the class of 
apparatus necessary for the conditions than is given 
in Rule 15. We should have liked to see the rule 
expressly specifying flame. proof apparatus, and, in 
conjunction with it, a definition stating that a 
flame-proof construction was one in which an 
internal ignition of explosive mixture would not be 
communicated to an outer explosive atmosphere. 
In addition, we should like to have seen it stated that 
tlame-proof apparatus must actually be tested by the 
makers in an explosive atmosphere, artificially pro- 
duced, in order to prove that it does, in fact, comply 
with its name. A ruling of this sort would have 
done nothing to hamper invention or design, and at 
the same time would have once for all ruled out 
the absurd constructions, ked with string and 
bits of rubber, which are still made and sold as gas- 
tight. It may appear that the point we are taking 
up here is rather a fine one, and that all we ask 
for is already embodied in the definition of ‘‘ open 
sparking.” Strictly speaking, this is perfectly true, 
but our impression is that a more definite ruling 
would have led to a better appreciation on the part 
of makers and users as to the class of construction 
which is necessary in order to avoid open spark- 
ing. We consider that the matter might have 
been put in a more educative way, and that, even 
if a modification of the rule was not possible, 
something more might have been said in the ex- 
planatory memorandum. There are signs of uneasi- 
ness among some manufacturers as to the real 
adequacy of their so-called gas-tight products, and 
a definite ruling by the Committee would have 
assisted greatly towards the elimination of unsuit- 
able designs. 

Another point on which we should have liked to 
see more detailed ruling has reference to lighting 
circuits. There is a paragraph in the report point- 
ing out that in alternating-current circuits the 
lighting voltage may conveniently be made very 
low by the installation of a small transformer. 
Such a transformer can be obtained at a small 
cost, while the price of the whole step-down plant 
may be kept very low by combining the transformer 
with its main switch. The report states that 
“‘ there is no reason why 100 volts should ever be 
exceeded on any new underground lighting instal- 
lation.” We rather wish the Committee had 
the courage of their convictions, and instead of 
merely expressing this opinion in the report, had 
embodied it in the rules. As they say, there is 
certainly no reason why 100 volts should eyer be 








exceeded on any new lighting installation, but the 
only way to ensure that it never will be exceeded is 
to specify that it shall not be exceeded. It is true 
that a rule on this point could not apply to direct- 
current mines, but there is no reason why greater 
safety should not be secured in some mines because 
it cannot be secured in all. Further, as alternating- 
current working is making much greater headway 
than direct-current, the effect of such a rule, if it 
were also made to apply to existing installations 
after a reasonable period, would in a few years have 
spread to much the more important part of the 
mine-lighting installations in the country. The 
lighting question, although in one sense a small 
matter, is, at the same time, a very important one. 
There is altogether too great a tendency to neglect 
the lighting circuits, and to feel that, after all, they 
are not of much importance, and it is certain that, 
no matter what rules are made, they will never be 
given the same attention as the power-distribution 
system. The only safe and certain way to meet 
this condition is to specify that they shall not be 
run at above some very low voltage. Such a 
demand would be a hardship to no one, would 
hamper no progress, and would prevent many acci- 
dents. 

The question of the upper limit of voltage which 
may safely be employed in a mine receives con- 
sideration in the report, and the Committee states 
that it is ‘‘ definitely of opinion that where it is safe 
to use electricity at all there is no reason, except 
in the case of portable machinery, small motors, 
and lighting, for applying any limit of pressure.” 
In accordance with this opinion the new rules 
a no limit. We are by no means sure that the 
idea underlying this opinion is sound. The Com- 
mittee’s argument is briefly that, as ‘‘ open spark- 
ing can be as effectively prevented on high-pressure 
systems as on medium or low-pressure systems,” 
and that as high-pressure systems can at the same 
time be made as safe in operation as regards risk 
of shock as medium or low-pressure systems, there 
is, therefore, no necessity to specify any upper limit 
of pressure. The report further points out, in sup- 
port of this opinion, that high pressure tends gene- 
rally in the direction of superior construction, since, 
although medium-pressure apparatus can generally 
be got to work no matter how poor its condition, 
high-pressure apparatus must be kept in good order 
or it cannot be got to work atall. This statement 
is certainly perfectly true, but it is a somewhat 
dangerous basis on which to erect a principle. The 
statement in another form practically amounts to 
this: the smaller the factor of safety one works 
with the greater will be the necessity for good 
maintenance if satisfactory operation is to be 
obtained, therefore a small factor of safety is 
equally satisfactory with a large one. The weak- 
ness of this bolstering argument is at once apparent 
when it is put in this form. What would a steam- 
boiler manufacturer think of the proposition that 
he should cut his factors of safety fine, with the 
idea that his products would of necessity then 
receive better maintenance when in operation, 
since if they did not they would burst? Although 
we agree with the main statement in the report 
to the effect that high-pressure systems can be 
made equally safe with low-pressure ones, and 
although we admit the truth of the auxiliary state- 
ment to the effect that higher pressures of neces- 
sity demand better maintenance, we none the less 
consider this second proposition both illegitimate 
and dangerous when iol os an underprop for the 
first. 

The whole of this question practically turns on 
the fact that medium-pressure apparatus has, in 
general, a higher factor of safety than high-pressure 
apparatus, which comes about beord as a result of 
mechanical necessities. This state of affairs applies 
even to differences in high pressures, and, as a rule, 
it may be taken that more trouble is experienced in 
the running of, say, an 11,000-volt plant than a 6600- 
volt one, this being due entirely to the higher factor 
of safety of the lower voltage, and to the necessity 
for better maintenance for the higher. A lower 
factor of safety for a higher pressure is, of course, 
not an essential of electrical working ; but, none the 
less, it is, in general, a characteristic of practice. 
It is obvious that any consideration of the suita- 
bility of high pressure for use in mines must take 
account of these facts, but on the face of it one 
would suppose that their contemplation would at 
least lead to some doubt as to the desirability of 
allowing unlimited pressures re rather 
than to the really astonishing conclusion that the 








better maintenance demanded by high-pressure 
plant is an argument in favour of its use. 

A very pertinent case may be quoted from 
practice to illustrate the unjustifiable nature of the 
argument that because higher-pressure apparatus 
demands better maintenance than lower-pressure, 
therefore it is equally suitable for use underground. 
Many of our switch-gear manufacturers have a ty 
of oil-switch which they use indifferently for 6600 
volts or 11,000 volts. Owing, however, to 6600 volts 
being much commoner practice in this country than 
11,000 volts, their turn-out of these switches for use 
on the lower voltage is much ter than for the 
higher. The switches naturally have a much higher 
factor of safety on 6600 volts than on 11,000 volts, 
and, owing to their greater employment in the lower 
voltage and the necessity of keeping prices as low 
as possible to meet the market condition, there 
is a tendency to cut down the factor of safety 
to approximate what would be good practice for 
6600 volts only, with the result that on 11,000 volts 
the switches work undesirably near their limit. 
This state of affairs is not satisfactory in any case, 
and is but another product of the intense competi- 
tion existing; but what is one to say to the doctrine 
that the switches are equally satisfactory on the 
higher voltage as on the lower, since on the former 
they demand better maintenance, as, if they do not 
get it, they ‘‘cannot be got to work at all”? This 
is practically what the Committee say, and it forms 
a blemish in what is in general a thoroughly satis- 
factory report. 

There are one or two other detail points in the 
report and rules to which we would like to draw 
attention, but we will leave these for the moment, 
as we propose later to deal with the very valuable 
tabular statement which forms Appendix B of the 
report, a statement which gives a list of all the 
fatal accidents due to the use of electricity in 
collieries between January, 1905, and June, 1910. 








MODERN DEVELOPMENTS IN PORT- 
LAND CEMENT AND TESTING. 

In days not very far past Portland cement was 
manufactured in a rather haphazard manner, and 
rule-of-thumb methods were very much in vogue ; 
as a natural consequence the product varied to a 
most extraordinary extent, even that of the same 
works varying in one week from atrociously bad to 
fairly good. At that time engineers and users 
generally were content to get a cement which passed 
one or two tests and was called ‘‘ good,” and even 
to the present time the bulk of Portland cement is 
— much on the same lines, with but few modi- 

cations or additions to the modes then prevailing ; 
the samples being labelled simply ‘‘ good” or ‘‘ bad” 
ae the results of the tests justify. But modern 
manufacture has made rapid progress, methods of 
scientific accuracy have replaced rule-of-thumb, and 
the greatly extended application of chemical] analysis 
to the raw material has enabled manufacturers to 
turn out cement of a quality that almost invariably 
earns the more preferable label. This has not, 
however, been done without introducing new prob- 
lems for the engineer and the tester, as under the 
classification of ‘‘ good” there are still as many 
grades and differences in quality as ever there were, 
and although the general average quality is on a 
much higher plane, a modern cement conforming 
to the British Standard Specification may be almost 
as ill-fitted for use in the foundations of a chimney- 
stack as the ill-balanced stuff rejected in former 
years, and yet he eflicient for work where it is not 
used in large masses. 

However nicely the constituents of Portland 
cement may be chemically adjusted, every finished 
cement has a physical character of its own. This 
character is intensified or modified by the different 
processes adopted, amongst others the various 
methods of treating the clinker, aeration, hydra- 
tion, &c. Most works have also two or more 
“marge of burning, and the product of each will 

ave distinct peculiarities, and will probably differ 
more from its fellow product than a cement made 
on the Medway will differ from one made at Rugby, 
if both are made by the same process. It is also a 
practice to blend these process cements in various 
proportions, and each blend will have its effect on 
the general quality. No quality in Portland cement 
is more sensitive to, or is more affected by, these 
processes and blendings than that of hardening ; 
contrary to general belief, the rate of hardening is 
entirely distinct from, and apparently unaffected by, 
that of setting. At any rate, so far from the rate 
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of hardening being accelerated by quick setting, it 
is in most cases in the inverse ratio—i.¢., a cement 
with an initial set of 10 minutes may be, and most 
probably will be, softer 24 hours after gauging 
than one taking 5 or 6 hours before showing any 
signs of setting. Incredible as this may appear, it 
is easily demonstrated, and has long been suspected 
by some manufacturers ; but their recommendations 
of slower-setting cements for quicker hardening 
have been received with scepticism. 

The results of a few tests will no doubt be 
interesting and help to a keener appreciation of the 
extraordinary variations in hardening qualities of 
cement. The test for hardening is conducted in 
the following manner :—A pat is made up in the 
same way and in the same mould as described 
below for the contraction test, and a rotary drill 
is made to penetrate the block, the pressure applied 
being indicated on a dial, and the resulting pene- 
tration measured in millimetres on a scale. The 
results are given in the following tables :— 


A. 


or Two SampPLes OF THE SAME MANUFACTURE 
Suppiiep aT DivreERENT Periops. 


Tested 24 Hours after Gauging. 
Pressure Applied oe of 


Trsts 


to Drill. lock. 

Ib. mm. 

No. 1 Se ine 125 19 
2 Pe asia 64 19 

Tested 48 Hours after Gauging. 
No. 1 Say x 250 19 
2 -_ ats 212 19 
No. 1 had an initial set of 180 minutes, and No. 2 had 


an initial set of 38 minutes. 
B. 
Tests or Four Sampies or DirrERENT MANUFACTURE. 
Tested 48 Hours after Gauging. 
Pressure — Penetration of 
to Drill. Block. 


lb. mm. 
No. 1 : ‘ 132 19 
2 : * 187 19 
3 , ; 236 19 
4 we 84 19 


_ The blocks are 38 mm. thick, and therefore the penetra- 
tion reached is the centre. The following test in detail is 
significant of the difference in the rate of hardening that 
may occur at varying depths. 


C. 
Pressure ~ on Penetration of 
ill. Block. 


to Dri | 
lb. mm. 
At .. 2h 1 
‘ 50 af 
” 75 5 
ae te) ite a. 94 
ey a ne 110 19 


The last 94 mm. was pierced by an extra pressure of 
10 Ib. only, and on breaking the block a stratum in the 
centre was found poe softer than the outer por- 
tions. This sample had undergone some aeration. 


D. 

Tests or Two Sampies oF DirFERENT MANUFACTURE 
WHICH ReckIveD ExactTLy THE SAME TREATMENT, AND 
Boru OF WHICH PasskpD ALL THE TESTS OF THE 
British STANDARD SPECIFICATION. 

Tested 24 Hours after Gauging. 

Pressure paeee Penetration of 
to Drill. Block. 

b. mm. 

40 19 

te 250 19 
The time of initial set of each of these samples D was 
between three and four hours. With rd to No. 1 it 
would be hard to contend that it would equally safe 
for use in deep trench work, walls behind timbering, or 

the arches of a viaduct, as No. 2. 


No. 1 
2 


Shrinkage or contraction is a serious fault, follow- 
ing in the wake of some of the modern processes, 
for which no systematic test is made, and it may 
be that the divided opinion and controversy on the 
merits of the Chitelier test arise from the apparent 
inconsistency of the test when this fault is present. 
The mistake lies in regarding it as an expansion 
test only when it is in reality a contraction test 
If the expansion in the Chitelier test is 
under 2 mm., the probability is that the engineer 
will find traces of contraction in the work done 
—slight maybe, but in bad cases a network of 
cracks or a long crack on any line of junction. In 
the laboratory this fault may be detected by 
taking a tapered ring mould 105 mm. in diameter 
at the top, 102 mm. in diameter at the bottom, 
and 38 mm. deep, filling this mould with cement 
mixed with water in the same proportions as when 


also. 


gauging for a sey ayy After forty-eight hours 
tapped smartly on the top 


the cement must 





with a mallet, and if there is contraction the 
cement will be loose in the mould, and will pro- 
trude at the bottom. On the other hand, if the 
expansion in the Chitelier is more than 6 mm., 
traces of rawness or immaturity will surely be 
found, which will disappear as the cement is aerated ; 
and a pat, when boiled, instead of instantly drying 
white, as a sound cement should when taken out 
of boiling water, will be warped or ‘‘ soggy,” or 
show cracks if very bad. In slight cases a wet 
network will be momentarily shown as the pat 
quickly dries, and a magnifier would reveal a net- 
work of fine cracks. 

Concurrently with the altered phases of the manu- 
facture of cement, we have its vastly extended uses 
and diverse variety of its application under varying 
conditions, all of which call for a closer knowledge 
and study of its physical phenomena with a view 
to the more definite determination of the eccen- 
tricities discoverable in cements -— with 
the British Standard specification. uch work 
and experiment has been donc in this direction at a 
large construction works now in progress, where 
practical necessity has required very close investi- 
gation into the cause and effect of new tendencies 
induced by modern developments, and particular 
attention has been paid to those of non-mainten- 
ance of volume and the peculiarities of hardening, 
which are surprisingly erratic In the former case the 
fault appears to be curable by aeration, but in the 
latter, so far as the experiments have been carried, 
exposure to air seems to delay the initial hardening 
still further. To whatever process this slowness in 
hardening owes its genesis, there can be little doubt 
it is immediately due to the exclusion of air, as the 
soft interior of a block hardens very quickly when 
exposed, and even in the setting the initial set is 
preceded by the formation of a brittle outer skin, 
which appears to seal it up injuriously. The defect 
is curiously intermittent, and although rotary 
cement has always been present or predominant 
in the cases observed, long intervals of immunity 
have been noticed in some pure rotary cements. 








CAISSON DISEASE. 

Wirutn the last few years much has been done 
to reduce to consistency the knowledge at our 
disposal with regard to caisson disease, and the 
change of methods resulting has undoubtedly been 
beneficial. One of the most important innova- 
tions has been that advocated by Dr. Haldane, of 
which we have on several occasions made men- 
tion in these columns. Of our experimenters 
on this subject in this country two probably 
stand pre-eminent, though several others have 
made most important contributions to the general 
fabric which is being built up. The two to 
whom we refer are Dr. J. 8. Haldane, F.R.S., and 
Dr. Leonard Hill, F.R.S. The former, in connec- 
tion with the work of the Admiralty Committee on 
deep diving, was instrumental in the adoption of 
what is now known as the stage method of decom- 
pression. We have described this method before, 
and need not therefore detail it again. Although 
this has been widely accepted as the theoretically 
correct method, since it appears to be founded on 
reasonable arguments, it has not been accepted 
as a final solution. In fact, some measure of doubt 
seems to be thrown upon it as not altogether so 
logical as it has the appearance of being. Dr. 
Leonard Hill’s work, which has extended over a 
great many years, has led him to the conclusion 
that certain modifying influences may sometimes 
be so considerable as to make the rules and regula- 
tions, drawn up for working under the stage decom- 
pression system, practically useless. 

It is accepted that the cause of caisson disease is 
the development in the blood of bubbles of nitrogen 
on decompression, these stopping the circulation in 
the system. We cannot go into detail of Dr. Hill’s 
experiments which have proved this so conclusively, 
neither is it necessary to do so, as this is now 
no noveltheory. The problem confronting experi- 
menters has, in view of this fact, been to determine 
at what rate decompression may proceed in order 
that the supersaturated blood may give up the 
nitrogen in solution in a safe manner, without the 
formation of these bubbles. The theory worked 
out by Dr. Haldane was based on relative 
pressures, decompression being made to half the 
maximum ure, and after a pause, at a rate 
sufficiently slow for the nitrogen, according to his 
calculations, to be given up to the lungs in the 
circulation of the blood through the system. This 





theory pre-sup that, each time the blood 
comes round, it is completely treated, and that 
the nitrogen contained in it is reduced to normal. 
Dr. Hill, in a paper read on Wednesday last 
at the Royal Society of Arts, advanced facts 
which suggest that this cleansing of the blood 
is not completed in one passage through the sys- 
tem. A description of the experiments on which 
this conclusion is based is naturally more suitable 
for the columns of our contemporary, the Lancet, 
than for reproduction here ; but the fact is deserv- 
ing of notice, as it has a distinct bearing on the 
treatment of the subject. 

If it takes longer than one passage through 
the lungs to desaturate the blood of the nitrogen, 
it appears reasonable, as Dr. Hill suggests, that 
anything that will promote rapid circulation 
will assist the matter. It is known that physical 
exertion causes the blood to circulate from six 
to ten times as rapidly as when the body is in 
a state of rest. The Admiralty tables, drawn up 
on Dr. Haldane’s theory, are all based on the 
action of the system of a body at rest, and Dr. Hill 
contends that the theory is therefore not complete. 
It is advised, therefore, by Dr. Hill that exercise 
should be introduced between the stages, and it is 

inted out that where this has been in vogue, 
intentionally or unintentionally, as, for instance, 
where walking or climbing has been necessary, the 
results have shown distinct improvement over 
the records kept for identical conditions, except for 
the absence of exercise. 

Another matter on which Dr. Hill’s investigations 
have thrown considerable light is the fact that the 
freeing of the blood from the nitrogen can be 
assisted by breathing, for short periods, pure oxygen. 
This assists in clearing the blood, and may not 
only safely be used in order to shorten the decom- 
pression period, but is also of service in cases of 
disease, as it will assist the cure by more rapidly 
removing the nitrogen from the blood. This fact is 
confirmed by investigations by Bornstein in con- 
nection with the Elbe Tunnel works. The conclu- 
sions of this investigator are that the same volume 
of nitrogen would be expelled from the system in 
the following relative intervals of time :— 


Uniform decompression 1 min. 
Stage decompression 0.5 to 0.6 min. 
Breathing oxygen ... 0.35 “A 
Forced breathing 0.5t0 0.9 ,, 
Light bodily work 0.2 to 0.25 ,, 
Heavy i is 0.1 t0 0.2 ,, 


This table confirms Dr. Hill’s contention that the 
decompression period may be shortened by the 
judicious use of oxygen-breathing and bodily work, 
and he recommends a stage method of decompres- 
sion in which, if possible, both these would be 
included. In the conclusion of his paper he con- 
siders that the times for the Admiralty stage system 
are unnecessarily long, and that while ‘‘the 
superiority of the stage over uniform method is not 
so marked as the Admiralty Committee maintained,” 
he finds that ‘‘a stage method can be made fairly 
safe, and is the best one to use for caissons.” This 
conclusion does not quite seem to warrant the sweep- 
ing statement made by Dr. Hill ina letter published 
by us in our issue of March 4, 1910, in which he 
said that his experiments would ‘‘ prove that the 
stage method of Dr. Haldane is unnecessary, and 
that all that is required is a long pause at + 18 lb. 

ressure.” In fact, as far as we gather, while Dr. 

aldane’s method is admitted to be a workable 
one for certain undertakings, Dr. Hill suggests a 
modified stage system for other classes of work. 
He suggests that after working at 30 Ib., there 
should be a stage at 8 lb. pressure lasting 15 
minutes, with 5 minutes for completing decom- 
pression, and, when working at 40 lb. to 45 lb., a 
stage at 15 lb. for 30 minutes, followed by uniform 
completion in 10 minutes. These are shorter times 
than hitherto advocated. 

Other points, such as the exclusion of fat men 
from caisson work, have been dealt with before, and 
are already accepted generally. We may, however, 
remark that Dr. Hill supports Dr. Haldane in his 
conclusion that the chemical purity of the air in 
caisson work is not nearly so important a matter as 
it is sometimes held to be, except indirectly. Dr. 
Haldane pointed out that the risk of CO, poisoning 
is not great, as the percentage of CO, in the alveolar 
cells falls as the pressure rises. Dr. Hill confirms 
this, while he further points out that the presence 
of large quantities of CO, in the air breathed usually 
means that the ventilation is bad, when the air 
becomes heated and the body is working under 
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unfavourable conditions. Dr. Hill’s experiments 
have proved that the mere circulation of an atmo- 
sphere laden with CO, gives considerable bodily 
relief by assisting the cooling of the body and pro- 
moting ery circulation. The insistence on low 
CO, therefore is only of reflex benefit, in that it pro- 
vides a check on the adequacy of the ventilation. A 
high wet- bulb temperature in the caisson is distinctly 
bad for the above reason, forcirculation of theaircools 
the blood, tends to lessen fatigue, and thus leaves the 
body in a better state to undergo decompression, 
the circulation and respiration being then more 
efficient than when the body is exhausted. For 
these reasons, if the wet-bulb temperatures are high, 
the volume of air delivered ‘‘should be increased, 
or electric fans used to cool the workers.” 








NEW ZEALAND RAILWAYS: REDUC- 
TION OF GRADES. 

Ir is in many respects fortunate for us of the 
present generation in this country that the growth 
of the power of the locomotive was com tively 
slow during the time that a great proportion of our 
main-line construction was being carried out. It 
is to this that we owe the easy gradients and 
curves which, for the most part, these lines now 
possess, for without them it would have been im- 
possible to carry on satisfactorily the transport of 
goods and passengers of the early and Mid-Vic- 
torian times with the engines of that period. We 
are reaping now the benefit, by these easy lines 
enabling heavy traftic of all kinds to be put 
through by modern engines at great speeds, with a 
better financial result than if the original heavy 
capital outlay had been curtailed, due to what 
might have been earlier locomotive development. 

In the colonies, however, where railways were 
commenced much later, two causes tended to pro- 
duce a different state of things: firstly, the want 
of capital, and secondly, the more advanced of 
locomotive development, which rendered practic- 
able comparatively severe gradients, and conse- 
quently much cheaper construction. Now, how- 
ever, in many cases, traffic is increasing by such 
leaps and bounds that the obstruction caused 
by these steep ruling grades is beginning to be 
greatly felt. This, of course, is naturally to be 
found in the countries where hilly districts occur, 
and we have had lately several instances of ‘‘ cut 
offs” in Canada and Australia, while in the last 
annual statement of the New Zealand Minister for 
Railways, we specially note a recommendation on 
this subject. It is easily recognised that one 
isolated severe grade may spoil a whole length 
between engine stations, the load over that length 
being either limited by the grade or helped over it 
by an additional engine, which, when the traffic is 
not very large, may stand idle for hours daily. 
Hence, considerable expense is justifiable in 
cutting out isolated steep grades in order to in- 
crease the length and diminish the number of 
trains, and consequently to reduce the train 
mileage. 

In New Zealand, as in other colonies where 
white men are employed, and their high wages 
make up such a large portion of the running 
expenditure, the reduction of train mileage is 
very important. Remembering that the New 
Zealand gauge is 3 ft. 6 in., we may quote from a 
Table in the Minister’s statement as follows, 
assuming that he is dealing with goods engines of 
average power :— 

Hauling Capacity at 20 Miles per Hour. 


Gradient. Load. 
1 in 125 tons. 
1 in 40 ie 
1 in 50 210 ,, 
1 in 60 245 _,, 
1 in 70 , ee 
1 in 80 dus _ Se 
1 in 100 : 355, 


There are in the Vuimmion, out of a total of 2717 
miles, no less than 395 miles of grades steeper than 
1 in 100, of which about 250 are on the main lines 
of heaviest traffic—viz., from Auckland to Inver- 
cargill, and the Rotorua, Thames, New Plymouth, 
and Napier lines. Of the total mileage steeper 
than 1 in 100, there are about 184 miles more 
severe than 1 in 60, including 36 miles steeper 
than 1 in 40. 

The Minister in his statement recommends to 
Parliament that a special vote be taken for re- 
grading, and that an annual sum of 25,0001. be 


to say that the table of engine-loads, and practival 
experience in connection with the Milburn bank 
in the South Island, indicate clearly that a con- 
siderable reduction in train mileage, with corre- 
sponding saving in operating expenses for all 
time, will result from carrying out the proposals. 
yam material advantages incidental to the work 
wi — 

1. Removal of necessity for double heading a 
large number of trains. 

2. Quicker transport of traffic consequent on 
increasing hauling capacity of locomotives. 

3. Increased capacity of rolling stock owing to 
reduction of time taken in transport of traftic. 

4. Reduction in train and engine mileage. 

5. Saving in operating expenses which, on the 
basis of existing business, is estimated at 25,0001. 
per annum, when the trunk-line grades are reduced, 
and this will be an increasing amount as traffic 
expands and grades on other lines enumerated are 
lowered. 

6. Increasing the capacity of existing lines, thus 
providing for largely increasing business, and 
delaying for many years the time when extensive 
duplication of portions of the main lines will be 
necessary. 

Notwithstanding some redundancy in the wording 
of this forecast of improvement, the Minister’s con- 
clusions are sound, and in connection with them, 
we find that the general recommendation of a defi- 
nite expenditure is accompanied by a specific one 
which may be stated as follows —'Phe grades shall 
be reduced to a minimum of 1 in 70 on straight 
roads and 1 in 80 on curves, and the radii of curves 
shall be flattened to 15 chains where practicable, 
and to 12 chains where it is found that the cost 
of flattening to 15 chains would be excessive. 
Judging from the above statement and the pre- 
ceding figures, probably over 200 miles will have 
to be abandoned, and as easing grades on this ex- 
tensive scale usually involves considerable extra 
length development, the new lines will no doubt 
be much longer in the aggregate. We can easily 
imagine, therefore, many years multiplication of 
the annual 25,0001. expenditure. 

This being so, it is an interesting question 
whether the New Zealand Government was origi- 
nally* well advised in the adoption of the 3-ft. 6-in. 
gauge, and the resulting comparatively inferior 
= all power available for the grades suitable to 
the configuration of a large portion of the country. 
Reverting to the load table given above, and with- 
out comparing the performances there given with 
exceptional cases, such as that of the monster 
engines of the Erie Railway, we may draw atten- 
tion to frequent instances of standard-gauge loco- 
motives on heavy grade American lines, where the 
average tractive power reaches three times that 
shown in the table. To take a particular case on the 
Cascade division of the Great Northern Railway of 
the United States, one L 1 Mallet engine deals easily 
with 1430 long tons up 1 in 100 grades, as against 
330 tons on the same grade on the New Zealand 
railways, though probably at less speed, and, no 
doubt, the heavier grades on the latter lines could 
be negotiated unaltered with much greater loads 
than the 280 tons which will be the future maxi- 
mum 1 in 70 load of the Dominion. Of course, when 
the gauge was finally settled, there were other con- 
siderations to be dealt with than haulage power. 
One of these was the su large saving in cost 
of construction, but the mere width between rails, 
as has often been shown practically since, especial] 
in Australia, has comparatively little to do wit 
the matter, cost following rather axle weights inde- 
pendently of gauge. 

Without many particulars which we do not 
possess, it would be impossible to make any finan- 
cial comparison between the cost of improvements 
in the portions of the New Zealand lines now pro- 
posed and that of what would have been incurred 
in excess of the capital expenditure had a standard 
gauge system of. similar weight-carrying capacity 
to the present one been originally adopted through- 
out. The matter is now practically beyond recall, 
but the question remains an interesting one, look- 
ing to the greater facility and less cost of subse- 
quently increasing the capacity afforded by the 
wider gauge, and the certain future expansion of 
traffic throughout the Dominion. It is easy to be 
wise after the event, but it is beginning to look 





* Accurately speaking, the original gauge was 5 ft. 3in., 
but it was abandoned after the construction of about 





spent on it, chiefly on the main lines. He goes on 


80 miles. 





as if those engineers were right who thought that, 
in Africa generally, in parts of India and Australia, 
and in Japan, where narrow lines have been made, 
it would have been wiser to have laid originally 
light standard-gauge lines equipped with light 
engines suitable to the beginning of traffic. On 
these wearing out, their strength and power might 
have been increased, in renewals from time to 
time, so as to meet, in the easiest and least expen- 
sive way, the inevitable expansion in business, 
while in India and Australia, if this had been done, 
the unfortunate break in the gauge would have 
been avoided. A corroboration of this view is seen 
in the statement, referred to in another column, 
that the British acting commercial attaché at Yoko- 
hama has reported that the Japanese Premier had 
announced the intention of the Government to 
convert the main line of railway from Tokio to 
Shimonoseki from its present gauge of 3 ft. 6 in. 
to 4 ft. 84 in. The length of the line is about 700 
miles, and the change is estimated to be very costly. 





THE EFFECT OF KEYWAYS ON THE 
STRENGTH OF SHAFTS. 

THERE were, perhaps, few things on which the 
old millwright of a generation prided himself 
more than his knowledge of shafting, pulleys, spur- 
wheels, and driving-gear, and by no means the least 
important part of his knowledge connected there- 
with was that relating to keys and keyways, their 
size, number, and position, as well as the best method 
of fitting. Many of these men, too, were firmly 
convinced that they had got some little secret con- 
nected with this branch of their art which was 
peculiarly their own, and about which they were apt 
to converse with some degree of mystery. This 
may have had something to do with the fact that 
keys and keyways have remained for so long a 
time one of the most unstandardised a in 
mechanical engineering. Even now, although the 
proper proportioning of keys was taken in hand by 
the Engineering Standards Committee, who pub- 
lished a specification in 1909, there does not 
appear to be much standard practice in the 
matter, and individual makers generally follow 
their own ideas on the subject. Although the 
question of the size and the fitting of keys has 
received a good deal of attention, it cannot be 
said that the effect of the keyway on the tor- 
sional strength of the shaft has been scientifically 
investigated. Some experiments recently carried 
out in this direction by the experimental station 
of the University of Illinois at Urbana, and pub- 
lished in Bulletin No. 42 of the university, are, 
therefore, of interest. Mathematically the subject 
is one of great complexity, but it was thought that 
an experimental study might lead to formule that 
would prove useful in most cases met with in prac- 
tice, as it was found possible to carry out tests of 
shafts of various sizes, with and without keyways, 
when subjected to torsional stress. 

For the reason that any permanent twist in a shaft 
may make the removal of a pulley a very difficult 
matter, the elastic limit of a shaft under torsional 
stress should always be taken as the measure of 
its strength. The principal tests were made on 
cold-rolled steel shafting, the diameters of the shafts 
of the series being 1} in., 1, in., 1} in., and 2} in., 
the specimens being tes under simple torsion 
and under torsion combined with bending. In the 
case of each sized shaft different widths and depths 
of keyway were tested, these being for the 1} in. 
diameter shaft, width ;'; in., & in., and ,‘; in., depth 
0.156 in., 0.156 in., and 0.234 in. respectively ; for 
the 1,-in. shaft #} in., %§ in., and #} in., depth 
0.195 in., 0.195 in., and 0.293 in. respectively; for 
the 1}§-in. shaft, width #4 in., 4} in., and #} in., 
depth 0.242 in., 0.242 in., and 0.363 in. respectively; 
and for the 2}-in. shaft, width ,% in., 14 in., and 
:*; in., depth 0.281 in., 0.281 in., and 0,422 in. respec- 
tively. In America it is the common practice to use 
a square key whose width and depth are each equal 
to about one-fourth the diameter of the shaft. 
This means a keyway that has a width of 0.25 and 
a depth of 0.125 of the diameter of the shaft. Some 
of the shafts were also tested with Woodruff keys, 
which are placed in the shaft with the greater 
cross-dimension of the key radially to the shaft, 
in a keyway having a considerably greater depth 
in the shaft than in the pulley. ost of the tests 
a to have been made with cold-rolled steel 
shafting, although turned-steel shafting was also 
used in some of the tests. The effect of two key- 





ways placed at right angles was also tried, as well 
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as the effect of the length of the keyway, and all 
keys, except those used when studying the effect 
of the length of the keyway, were cut to about four 
times the diameter of the shaft, but no keyway was 
cut longer than 8 in. 

The method of testing was to fix the shaft in an 
Olsen torsion testing-machine, and to attach to it 
long arms in pairs at different distances, one arm 
of a pair carrying a pointer, and the other a scale, 
the angle of twist between these arms being 
measured by the motion of the pointer. In this 
way the twist was measured, but, when measuring 
the combined effect of twisting and bending, to each 
end of the shaft there was keyed an arm at right 
angles to the shaft, and at an angle of 180 deg. 
with relation to the other. The shaft was sup- 
ported on ball-bearings, and projected an equal 
distance beyond each Souien at the ends. Equal 
vertical forces were applied to the arms at an 
equal distance from the centre of the shaft. The 
bending moment to which the shaft between the 
bearings was subjected was then known, and at 
the same time the twisting moment was also known. 
The distance between the bearings could be varied 
at will. The keyways were cut in the portion of the 
shaft between the bearings. 


Strength up to Elastic Limit of Shafting. 


Horse-Power at 








Diameter of A ’ Twisting . A 
Side of Keys. 100 Revolutions 
Shaft. Moment. per Minute. 
in. in. in. -Ib, 
1 } 5,980 9.5 
i fe 7,080 11.2 
1 ts 8,510 18.5 
ly Ys 9,980 15.7 
1} te 11,680 18.5 
lys 4h 13,390 21.3 
14 kt 15,550 24.7 
lyr 3 17,590 27.9 
ij i 20,190 32.0 
ly’, 43 22,600 35.9 
if hi 25,660 40.7 
1th Yes 28,500 45.2 
1 Je 32,060 50.9 
143 Y 35,350 56.1 
if 3 39,420 62.6 
148 43,180 68.5 
2 47,860 75.9 
2 i 52,140 82.7 
H i i 57,900 91.1 
2 vs 62,210 98.7 
of Ie 68,160 108.2 
2ye z 73,490 | 116.6 
23 f 80,120 127.1 
ys 86,080 | 136.6 
2} 93,470 148.3 





The results of the tests appear to indicate that 
a shaft in which there is a single keyway of usual 
dimensions—that is, not an excessively wide or deep 
one—is not very much weaker than a similar shaft, 
when tested to the ultimate strength. It was 
found in the torsional tests to destruction that after 
the elastic limit was passed there was a gradual 
closing up of the keyway, which at rupture was 
entirely aoe When large keyways were adopted 
and two keyways placed 90 deg. apart, there was a 
distinct lowering of the ultimate strength. With 
regard to the length of the keyway, it was found 
that this had no apparent effect on the strength 
of the shaft. The number of tests carried out 
on shafts with two keyways placed at 90 deg. were, 
unfortunately, very few in number, but as far as 
they went they indicated that, when the key- 
ways were placed on the same part of the shaft 
axially, they caused a reduction in strength at the 
elastic limit nearly three times as great as the reduc- 
tion in strength caused by asingle keyway. So far as 
the effect of the keyway in a shaft on the stiffness of 
the shaft is concerned, the experiments showed 
that for a set of shafts of different sizes, having the 
dimensions of the keyway kept in proportion to the 
diameter of the shaft, the size of the shaft has very 
little influence on the efficiency which was taken as 
the elastic strength of the shaft with keyway divided 
by the elastic strength of the shaft without key- 
way, and the efficiency does not seem to have been 
affected by the addition of a bending moment as 
great as the twisting momen. It was also found 
that the efficiency of a shaft with two keyways cut 
in the same plane for Woodruff keys of such a size 
that the torsional strength of the solid shaft was 
equal to the shearing strength of the two Woodruff 
keys was about the same as the efticiency of a shaft 
with a keyway the width of which was equal to one- 
fourth the diameter of the shaft, and the depth of 
which equalled one-eighth of the diameter of the 
shaft. e average efliciency of a number of tests 
was from 0.735 to 0,752 for ordinary keyways, and 
from 0.845 to 0.85 with Woodruff keyways. The 





formula which has been found to represent very 
fairly the results of the tests is, E = 1.0-0.2 wv — 
1.1h, where E = efticiency of shaft with keyway, 
w = width of keyway + diameter of shaft, and h = 
depth of keyway -> diameter of shaft. This equa- 
tion gives efficiencies slightly lower than those 
observed for keyways of small width or depth. As 
it has been derived entirely from experiments, 
however, it should not be used for points much 
outside the limits of the experiments. The limits 
of width and depth were w = 05, and h = 0.1875. 

The author of the bulletin, Mr. Ilerbert F. 
Moore, gives the table annexed, showing the 
calculated twisting moment and horse - power at 
100 revolutions per minute transmitted by cold- 
rolled shafting, with one keyway, when stressed to 
the elastic limit, the fibre stress being assumed as 
37,500 lb. per sq. in., the formula for efficiency 
referred to above being made use of. The keyway 
is supposed to be for a square key, whose side 
measures approximately one-fourth the diameter of 
shaft. No allowance is made for bending action, 
and when using the table a suitable factor of safety 
should be used. 

The factor of safety may, of course, be made to 
suit varying conditions. 








HYDRO-ELECTRIC STATE POWER- 
STATION IN SWEDEN, 

We have on several occasions referred to the 
two large hydro-electric power-stations which the 
Swedish State is constructing at the Trollhittan and 
the Porjus Falls, and with which we hope shortly 
to deal fully in this journal. A third large State 

wer-station is now under consideration, and will, 
it is thought, meet with the ready approval of the 
Legislature—viz., that at the Alfkarleby Falls, the 
last falls in the Dala River—Sweden’s longest 
stream. Not only do these falls possess a great 
capacity, but their geographical position is singularly 
favourable, for they are within a reasonable dis- 
tance of several important industrial centres, such 
at Skutskir, Osterby, Harniis, Dannemora, Harg, 
&c. The town of Giflle is only some 18 miles 
distant, and Upsala some 55 miles, both of which 
towns are likely to require a large amount of 
power, the hydro-electric station now supplying the 
former town being entirely inadequate to the re- 
quirements. 

The Swedish State, to begin with, exercised a 
wise caution in the matter of hydro-electric 
stations of its own, leaving it to private initia- 
tive to do what may be called the pioneering 
work; but now that the technical problems 
seem to have been satisfactorily solved, the 
Government is going ahead with laudable energy. 
It is satisfactory that the Alfkarleby power-station 
is likely to follow promptly in the wake of 
the two large stations already mentioned. Pre- 

ratory work in connection with the exploitation 
of the Alfkarleby Falls has been going on for 
several years. In the year 1904 Major Gagner was 
commissioned by the Government to prepare a 
plan, which was completed in 1907, but it was not 
adopted, and in the beginning of 1908 the Troll- 
hittan Canal and Water Works Company were 
instructed to prepare plans for a State power- 
station at the oan falls. The following year the 
task was transferred to the newly-formed Waterfalls 
Board, which department has now handed in its 
pro 1 to the Government. 

The Alfkarleby Falls, the last of the Dala River 
falls, situated about 5 miles from the mouth of the 
river, are divided by two islands, the Flakén and 
the Laxén, into three falls. The aggregate height 
of fallat Alfkarleby is, with low water, about 15 m. 
Beneath these falls the river flows comparatively 
smoothly, but within the 2} miles section above 
the falls there are the Stallfors Fall, about 1.75 m. 
high, the Nygardsfors Fall, about 1.5 m. high, and 
above the latter the Lanfors Fall, about 8.7 m. 
high. Of these falls, the State owns the eastern 
shore of the Nygardsfors Fall, the remainder 
belonging to the companies. 

In planning the exploitation of the Alfkarleby 
Falls it has been found that material advantages 
could be obtained by also exploiting the head 
of the two nearest falls, the Stallfors and the 
Nygardsfors. The damming of these two small 
falls entails, amongst other advan , that of 


making the basin between Alfkarleby and the 
Lanfors Fall available as a convenient reservoir 
for variable demands at the different periods during 
the twenty-four hours. The damming of the two! 





small falls will further materially reduce the ice 
trouble, to which such shallow falls are subject. 
To utilise the fall of the river between the 
Alfkarleby Falls and the sea is, at the present 
time at least, considered out of the question. 

Careful measurements have proved the average 
minimum volume of water through the year to 
amount to 170 cubic metres per second. During 
normal years a considerably greater low-water 
volume can, however, be reckoned on. — Different 
plans have been prepared for the regulation of 
the East Dala River, using Lake Siljan as a re- 
servoir. One of these plans, with some modifica- 
tions, should. allow of a normal withdrawal of 100 
cubic metres per second, which, however, in excep- 
tionally dry years might be reduced to 60 cubic 
metres per second. The Waterfalls Board is of 
opinion that, with the regulation of Lake Siljan, 
the low-water volume of the East Dala River can 
be increased from its present 40 cubic metres per 
second to 70 to 100 cubic metres per second, and, 
with the complete regulation of certain other lakes, 
to 80 to 125 cubic metres per second. Through a 
regulation of the West Dala River and some auxi- 
liaries above Ljuras a constant low-water volume 
throughout the 24 hours of 135 to 200 cubic metres 
per second may be obtained. 

In order to realise the highest financial result it 
is proposed to dispose of part of the power under 
guarantee of continuous delivery, and part subject 
to a cessation during the time of the year when the 
supply of water is low. The consumers of power 
will consequently have to be divided into two 
classes. The station at Alfkarleby ought therefore, 
in the opinion of the Waterfalls Board, to be 
planned for a minimum consumption of 200 cubic 
metres of water per second, in addition to which 
comes a variable withdrawal during the 24 hours 
of 50 cubic metres per second, or 250 cubic metres 
per second all told. 

The scheme comprises the construction of a dam 
across the three branches of the river just above the 
Alfkarleby Falls. From the reservoir formed above 
this dam the water is to be led through an inlet canal, 
about 250 m. long, to the power-station, which is 
to be located on the right shore. Below the power- 
station a short outlet canal is to be constructed into 
the river. In connectien with a bridge across the 
upper end of the inlet canal there will be an intake 
with sluices of the Stoney type. 

It is proposed, at low water, to dam up the river 
until it reaches the same level as at the lower 
boundary of the Lanfors Fall, reduced by the loss of 
fall between this boundary and the dam. The water- 
level at the lower boundary of the Lanfors, at 
low water, is 20.7 m. to 21 m., and increases 
gradually when water is more plentiful to as much 
as 26 m. with exceptionally high water. The corre- 
sponding gross height of fall at Alfkarleby varies 
from 18.5 m. at low water to about 19.8 m. at high 
water. The dam is to constitute a broken line 
extending from the inlet of the influx canal across 
the Stor Fall to the Flak6n Island, from there across 
the central fall to the Laxén Island, and further 
through the third branch to the left shore. 

The power-station, in the first stage, is intended 
to be built with a capacity of 18,000 turbine horse- 
ss plus reserve, and with the possibility of 

ing extended toa capacity of 45,000 horse-power, 
plus reserve. The cost is calculated at 8,270,000 kr., 
or about 460,0001. The second stage, with a capacity 
of 27,000 turbine horse-power plus reserve, will 
entail an additional outlay of about 30,000/., and 
the third stage will further swell the cost by some 
23,0001., making a total of about 510,000/. 

It has already been pointed out that the Alf- 
karleby Falls boast an exceptionally convenient 
location, Stockholm, for instance, lying within the 
150-kilometre circle. During the first stage of the 
power-station, Stockholm, however, would hardly 
come into account, as a preliminary calculation 
shows the following probable consumption :— 





Kw. 

Within 25-kilometre circle... = 7,000 
»,  50-kilometre circle, further 2,000 

»,  75-kilometre circle, further 2,000 

», 100-kilometre circle, further 2,000 
Let according to contract ... 4 1,800 
Total 14,800 


or about 22,000 turbine horse-power, which, con- 
sequently, more than exhausts the capacity of the 
first stage. Considering the claims agriculture is 
likely to make upon electrical energy in a not very 
remote future, and the satisfactory results recent 
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electric iron-ore smelting has yielded in Sweden, 
there is reason to believe that the full capacity of 
the Alfkarleby station will be aa needed. 

With regard to the financial results, the power- 
station, in its first stage, is expected to pay its own 
working expenses and interest on the capital sunk 
in it, but hardly any interest on the capital repre- 
sented by the water-power itself. Such return, 
however, may be fully reckoned upon when the 
capacity of the station is extended. The regula- 
tion of Lake Siljan is under contemplation, a plan 
with this end in view being af present under con- 
sideration by the Waterfalls Board. This scheme 
will further increase the capacity of the Alfkarleby 
Falls and of falls higher up the river. The time 
for completing the Alfkarleby power-station is 
calculated at 35 years. 








NOTES. 

Tue Exvecrriciry Surety or Stoke-on-TRENT. 

In our article in last week’s issue on ‘‘ The New 
Midland Railway Power-Station at Derby” we 
referred to the question of the centralisation of 
electric-power generation, which has come so much 
into prominence of late years. An instance in line 
with the tendency towards such centralisation is this 
week supplied in the report dealing with the electri- 
city supply of the County Borough of Stoke-on-Trent, 
which = been prepared by Mr. C. H. Yeaman, the 
borough electrical engineer. The report, and the 
scheme which it puts forward, are direct results of 
the amalgamation of the Pottery towns into asingle 
borough. At the present time each of the various 
towns is supplied from its own station, with the 
exception of Fenton, in which the, as yet, small 
consumption is taken from extensions of the Stoke 
and Longton mains ; but it is obvious that the amal- 
gamation opens up possibilities of the concentration 
of supply at a single point, with its well-known ad- 
vantages of improvement in load-factor, reduction of 
standing charges, and cheaper generation owing tothe 
employment of larger units. The scheme prepared by 
Mr. Yeaman follows well-tried lines, and involves 
the use of three-phase, 50-period current at 6600 
volts, supplied from a new station which is to form 
an extension of the existing one at Hanley, current 
being distributed either as low-tension three-phase, 
or low-tension direct, from static or rotary sub- 
stations. Ifthe scheme is carried out, it should but 
form the beginning of a very large system, as, apart 
from the possibility of reducing general rates, the 
area covered should contain much potential power 
demand which a large scheme would be better able 
to cater for than the present arrangement of small 
scattered stations. 


NORTHERN AUSTRALIA. 


The transfer of the Northern Territory of South 
Australis from that colony to the Australian 
Commonwealth took effect as from January 1 
last. The transfer comprised 523,620 square 
miles, or 335,116,800 acres of country. The acqui- 
sition of this great area by the Commonwealth 
Government is something of a leap in the dark ; 
but whether the Commonwealth sustains a present 
loss or not, there is little doubt that Australia, as 
a whole, will in the end benefit by the change. The 
country transferred is rich in minerals, as is shown 
by the fact that while it has been under the 
control of the South Australian Government it has 
produced gold to the value of 2,565,578). What 
is wanted is a readier means of communication in 
aud with the territory ; in other words, the great 
South to North Railway, which now stops short at 
Oodnadatta, should be completed throughout. This, 
however, is more readily said than done, as the 
construction in the roughest fashion of several 
hundred miles of line through an almost trackless 
wilderness is necessarily a costly matter. The 
development of the transferred territory will also 
be greatly assisted by the construction of an east 
to west line, so as to establish communication with 
Perth and Western Australia. But this, again, 
will involve a considerable expenditure, which 
will have to be spread over many years. Still, the 
transfer of the territory to the Commonwealth 
Government is a great point gained, as the credit 
of the Commonwealth is necessarily stronger than 
that of South Australia. One circumstance which 
contributed to the transfer of the territory to the 
Commonwealth was the tardy recognition by the 
South Australian Government of the fact that the 
Northern Territory has a very different climate 
from that of South Australia, being much more 


tropical. The Commonwealth, having now greatly 
enlarged its powers and responsibilities, will prob- 
ably be disposed to encourage a more vigorous 
immigration policy. The Northern Territory may 
have minerals, and it may be helped by more rail- 
ways; but, after all, its great need is a larger 
population. 


Tue Frencu Ratiways. 


The first French railway was opened to traffic 
in 1828, says the Moniteur Industriel ; this railway 
connected Paris with St. Germain and was 14.3 
miles in length. The following figures given by 
our contemporary show the development of the 
French railway systems over various periods. In 
1861 there were 6350 miles open to traffic; in 
1872, 11,100 miles ; in 1890, 23,000 miles ; in 1900, 
26,700 miles; and at the present time there are 
over 30,000 miles. In 1872 the number of rail- 
way passengers amounted to 111 millions; they 
numbered over 479 millions in 1909. The re- 
ceipts from passenger traftic for 1908 amounted to 
22,840,0001. ; in the same year the railways carried 
158 million tons of goods, the receipts from which 
amounted to 35,360,0001., or a total of 58,200,0001. 
The total receipts in 1910 amounted to 70,840,0000. 
Of the above total of 479 million passengers, 
20 millions travelled first-class ; 106 millions second- 
class ; and 353 millions third-class. Most of the 
systems are hardly able to bear this heavy traffic ; 
the lines, bridges, and stations have become in- 
sufficient in strength and in extent. Steps to im- 
prove the circulation and traftic conditions were not 
taken sufficiently early, owing to indecision on the 
part of the public authorities and bodies, and to 
the lack of courage on the part of the railway 
companies. These, it is true, have endeavoured 
to meet in a fragmentary way the requirements 
as a greater demand arose, but they have held 
back from all transformation work on a large 
scale, because of the gradual increase which has 
taken place in the cost of labour. They now 
have to reckon with a further increase under 
this head, owing to the higher pensions to be paid 
to the railway servants and to the lowering of the 
age limit at which the pensions are to become due. 

he agreement between the State and the Northern 
and Paris-Lyons-Mediterranean companies, govern- 
ing the guarantee of interest, expires in 1914; this 
will not facilitate matters for the two companies in 
question, and will have for effect further to delay 
their carrying out of the reconstructions which are 
necessary to place them in a position to cope with 
the larger traftic and give a better service. Paris 
is the terminus of all the large French railway 
systems, and this has many disadvantages, mostly in 
regard to delays in delivery. The want has long 
been felt of direct service lines running across the 
country, connecting, for example, the Bay of Biscay 
with the systems serving the Mediterranean and the 
East of France ; better international railway com- 
munications are also required. Heavy funds are 
needed for executing the work, but capitalists are 
commencing to fight shy of railway investments ; 
the security these offer appears likely to continue 
decreasing gradually, this ies almost sure to lead 
to the demand of higher rates of interest for future 
loans to the railways, a difficulty which the French 
Government authorities, in their unjust bias towards 
railway labour, ignore completely. 


THe Rattway Gauge In JAPAN, 


The development of Japan, from an industrial 
and political point of view, has caused many of the 
arrangements which were made in the early days 
of foreign intercourse to be ‘‘ inadequate to meet 
the requirements of the present time.” Not the least 
important of these are the railways of the country. 
It was thought that a gauge of 3 ft. 6 in. would not 
only be cheaper than the standard gauge in this 
country, but would be amply sufficient for the 
requirements of Japan ;. it was adopted after 
careful consideration, but is now found to be 
insufficient for the rapidly-growing trade of Japan. 
Something like ‘‘ a battle of the gauges ” is going 
on in the newspapers, and the Government now 
SS to reconstruct the Government railways 
xetween Shimbashi (Tokyo) and Shimonoseki u 
a wide gauge. The traffic per mile on the fine 
between Shimbashi and Maibara was 1,110,000 
passengers and 305,000 tons of goods in 1899, has 
risen to 1,845,000 passengers and 1,030,000 tons of 

oods. The corresponding figures for the section 
tween Maibara and Kobe were 1,630,000 pas- 
sengers and 415,000 tons in 1899 ; and these rose to 





2,590,000 passengers and 1,075,000 tons of goods in 
1909. Thus in that particular section the rate of in- 
crease during the period named was 200 per cent. in 
the passenger, and 300 per cent. in the goods traffic. 
Taking the entire line between Shimbashi and 
Shimonoseki the annual progress during ten years 
was 34 per cent. in passengers and 74 per cent. in 
oods. Baron Goto, President of the Railway 
rd, recently invited to meet him representa- 
tives of Tokyo journals and news agencies and high 
officials of the board, in order that he might explain 
the Government's programme for the widening of 
the railway gauge. His explanation was very de- 
tailed. The scheme involves an expenditure of 230 
million yen ; but he stated his belief that it would 
bring about improvements which would well com- 
pensate for the expense. At the present time the 
debt involved by the nationalisation of the railways 
amounts to 600 million yen, and when the esti- 
mated expenses for the broad-gavge scheme (230 
million yen) are added, the total reaches 830 
million yen. Supposing that the expenses for the 
construction of the projected line can be met by 
the yearly income, and that the yearly increasing 
rate of income holds good thereafter, it is expected 
that these debts can be paid off by the year 1972, 
with a surplus of 52 million yen. At the same 
time Baron Goto explained the general railway 
policy which would be followed by the Govern- 
ment. This included the construction of branch 
lines and the changing of the existing lines to suit 
the main broad-gauge system, and the granting of 
subsidies for the construction of light lines with 
a view to the improvement of the means of com- 
munication in country districts, and in Hokkaido. 
As for the way in which the broad-gauge line will 
be constructed, a single broad track will be laid 
alongside of the existing narrow track, and when 
the broad track has been completed, the narrow 
track will be demolished. 


ForeigN Emissariges aby Trape SECRETs. 


Too much publicity cannot be given to the prose- 
cution of, and sentences of imprisonment passed 
—. the representatives of a Continental firm 
who sought by corruption to obtain knowledge as 
to a secret process of manufacture in a Tyneside 
factory. Mr. Justice Horridge, in passing sentence 
at the Newcastle Assizes on Monday, stated that 
the offence was one which, if practised, would sap 
the morality of commercial life. The conviction 
was under an Act of Parliament passed a few 
years ago, which rendered criminal the payment 
of secret commission, and the defendants in this 
case —two men of German nationality, Kurt 
Huessener and John Schroder, of London, and 
an Englishman, John Wriglesworth Ward, West 
Hartlepool—were charged with ‘‘having unlaw- 
fully and corruptly offered a certain consideration 
—to wit, a promise of employment—to Joseph 
Weatherall, an agent of the Thermal Syndicate, 
Limited, Wallsend, as an inducement for disclosing 
the method of manufacturing silica employed by 
the said principals, and the names of persons sup- 
plying moulds to the said principals,” and also of 
offering a promise of employment to Ralph Walton, 
agent of the Thermal Syndicate, Limited. The 
statement for the prosecution was to the effect that 
the Thermal Syndicate, Limited, manufactured 
goods made from silica, which was produced by the 
fusion of silica from quartz, under intense electric 
heat. From the fusion there were moulded particular 
articles. After the commencement of these works 
factories for the manufacture of silica and the 
production of silica goods were started on the Con- 
tinent, and a company was formed in London to sell 
silicate uced by the German company abroad. 
The endant Mecswenr was the managing 
director of the London company, Schroder was a 
personal friend, and Ward a traveller for the com- 
poe: Proposals had been made by them to the 

ermal Syndicate, Limited, regarding terms of 
sale, without result. The three defendants went to 
Newcastle and interviewed Weatherall, who was a 
chargeman at the Thermal Syndicate Company’s 
works, and, according to his evidence, they tried 
to get from him details of the Thermal Company's 
process, and, in particular, information regarding 
the coils and moulds used, and the makers of the 
moulds. Weatherall, very properly, communicated 
at once with his foreman, and in subsequent in- 
terviews acted under the foreman’s instructions. 
In the second interview two mould-makers were 
named by him, but these, when applied to by 





the defendants, stated that they did not make 








290 


ENGINEERING. 





[Marcu 3, 1911. 





the moulds. A small sum of money was paid 
to Weatherall at both interviews, and, at the 
request of the defendants, he sent a parcel to 
Ward at West Hartlepool, in compliance with the 
latter’s request for a sample of the raw mate- 
rial, but this parcel was prepared by Weatherall’s 
employer. It is unn to give details as 
to the offers of employment made by the defendants 
to the workmen of the Thermal Syndicate. There 
was admission on the part of the defendants that 
they knew it would be a serious matter for a rival 
manufacturer to get hold of the information and the 
shapes and character of the moulds used in the 
Thermal Syndicate’s works. They admitted also that 
they hoped to secure information ultimately if they 
succeeded in getting the Thermal Syndicate work- 
men to go to the Continent. It is highly creditable 
that the defendants did not succeed in any degree. 
This, however, does not in any way mitigate 
their offence, and it was undoubtedly a matter of 
surprise to them that the law now enables such 
offences to he punished by imprisonment. It is 
only consistent with the fairness of British justice 
that the Judge enforced upon the jury the import- 
ance of being thoroughly satisfied of the guilt of 
the defendants, particularly as they were foreigners. 
The jury convicted the defendants, and Mr. Justice 
Horridge sentenced Huessener, who was the prime 
mover in the offence, tosix months’ imprisonment with 
hardlabour. Schroder, who was only inalesserdegree 
culpable, and was, to a certain extent, instigated by 
Huessener, whose interest was the greater, was 
sentenced to four months’ imprisonment with hard 
labour. With regard to Ward, the Judge said hehad 
‘*no doubt he was a tool, but he could not pass over 
the offence altogether,” and in his case the sentence 
was one month’s imprisonment with hard labour. 
We agree with his Lordship that the more widely 
the Aet is known the better, and, further, that it 
should be clearly understood that the payment of 
commission and the offering of bribes in any form 
is punishable by imprisonment to the extent of two 
years’ hard labour. 





= 





Tue Rvustinc or Iron.—The results of the recent 
experiments of Bertram Lambert and J. Campbell 
Thomson, of Oxford, on the rusting of iron are of some 
interest. They dealt with the purest materials procurable, 
iron, water, oxygen, and were conducted with vessels 
made of clear fused silica. The iron was obtained by 
reducing oxide (from ferric nitrate) in an electric furnace 
by means of electrolytic hydrogen. The pure materials 
did not rust when kept in contact for months; but the 
slightest impurity led to rusting, mostly within a few 
hours, even in the absence of all acid, including carbonic 
acid, the presence of which Moody had considered eseen- 
tial. Moody had also attempted to purify commercial iron, 
making use of platinum boats; that iron would, according 
to the new experimenters, contain platinum and would 
rust quickly. 





ACCIDENTS IN Facrorizs.—The report of the Depart- 
mental Committee on Accidents in places under the 
Factory and Workshop Acts was issued on Wednesday 
last, and contains some interesting figures. The com- 
mittee was appointed in 1908 to inquire into the causes 
and circumstances of the increase in the number of re- 
ported accidents in certain classes of factories and work- 
shops and other premises under the Factory Acts. At 
the time the committee was appointed there was dis- 
aes as to the increase in the number of accidents. 

he total reported accidents rose from 79,020 in 1900 
to 100,609 in 1905, while between 1905 and 1907 there was 
a further increase to 124,325, The increase in 1905 was 
specially noticeable in oprtain trades. In the textile 
trade the non-fatal accidents increased in these years by 
44.2 per cent., in metal founding by 46.07 per cent., in 
engineering, &c., by 35 percent. The increase gene- 
vals in the non-textile factories was 35.83 per cent. 
The reason given by the committee for this increase 
is that there nas been a steady enlargement in the 
area of accident risk due to the gradual growth of 
trade during the last twenty years. The degree of risk 
has also increased during — of booming trade. No 

recise measurement of the effect of these causes can, 

owever, be given. The conclusion arrived at by the 
committee is that for the ten years from 1897 to 
1907 the accident risk probably remained constant, 
and that improved inspection and greater care, re- 
sulting from the Workmen’s Compensation Act, prob- 
ably counteracted the tendency tewards more accidents 
due to an increase of machinery and greater pressure 
of work. There has been since 1907 a tendency for 
accidents to decrease, which is thought to be due to the 
Workmen’s Compensation Act, as well as to the better 
guarding of machinery and to the watchfulness of the 
factory inspectors. It is thought that preventable acci- 
dents have been lessened by improvements, and that any 
increase there may have been took place chiefly in the 
class of unpreventable accidents. The committee think, 
however, that the accident risk is higher than it ought 
to be, and that specific provisions should be added to the 
Factory Act as a preventive, - 





DIAGRAMS OF .THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
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In the accompanying diagrams each vertical line represents a market day, and each horizontal line 
represents Is. in the case of tin-plates, hematite, Scotch and Cleveland iron, and Ll. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in a from 70 Ib. to801b. The metal 


prices are per ton. Heavy steel rails are to Middlesbrough quotations. 


in-plates are per box of I.C. cokes. 








THe Surveyors’ INSTITUTION AND THE FINANCE 
(1909-10) Acr (1910).—A useful form of record of values 
and deductions under the above Act has been issued by 
the Surveyors’ Institution to its members; in order that 
the value of each separate hereditament may be filed in a 
systematic manner for future reference. Ithough the 
form, as drawn up, gives some indication of the meaning 
of the different values referred to in Section 25 of the 
Act, the council wish it to be understood that they, of 
course, recognise that members will arrive at their 





valuations by varying methods, and that in issuing the 
form of record the council wish particularly to avoid 
any appearance of seeming to dictate the manner in 
which these valuations should be carried out. It is 
thought, however, that the form may prove useful to 
many people. Copies of the form may be obtained 
from the tary, Mr. A. Goddard, 12, Great George- 
street, Westminster, S.W., at a cost of 6d. per dozen, 
3s. 9d. per hundred, or 5s. 9d. per bound volume of 
one-hundred forms, 
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GOLD-DREDGE FOR FRENCH GUIANA. 


CONSTRUCTED BY MESSRS. LOBNITZ AND CO., 





Fie. 1. 

Frencn Gurana has been for the past sixty years a 
steady producer of gold. Up to within quite recentl 
the whole output was obtained by means of ome | 
sluicing, but the amount of gold recovered by this 
rough method is now decreasing owing to the deposits, 
easy to treat in this way, becoming exhausted. Many 
attempts have been made during the last twenty years 
to replace hand-sluicing by dredging, and over twenty 
dredges have been sent out to the country, but they 
have met with little or no success. In view of this 
fact, the success recently achieved, by the Syndicat 
Mana, with a dredge on the Lézard River is worthy of 
special notice. 

The dredge, which was specially constructed for the 
work, was built by Messrs. Lobnitz and Co., Limited, 
of Renfrew, to the designs of Meesrs. Leon Delvaux and 
L. C. de la Marliére, consulting engineers, of Paris. It 
was built in about two months, which, in view of the 
fact that several of its parts had to be specially 
designed, was an excellent performance. It was tried 
under steam at the builders’ yard on May 26, 1909, 
and despatched to French Guiana in three lots. The 
transport, erection, and starting-up of the dredge was 
carried out under the personal supervision of Messrs. 
L. Delvaux and L. C. de la Marliére, engineers and 
directors of the operating company ; and although the 
parts had to be carried from the coast to the mine, a 
distance represented by a journey of from ten to 
twenty days, in very small canoes, and made up into 
over 2500 packages, none the less the dredge was 
ready for operation on February 20, 1910. This work 
again constituted an excellent performance. 

Since starting-up the dredge has been at work con- 
tinuously, day and night, and the monthly records of 
the output of gold are as follow :— 


1910. oz. 
March ... 358 
April 280 
May 668 
June... bee ra ; cote ae 484 
July. : is a ; 313 
August ... Gt ; a= eS 250 
September 478 
October... 506 
November 497 


During the whole of the time there has been prac- 
tically no stoppage, excepting for the Sunday rest, 
and the results certainly indicate the care and ability 
of Messrs. Lobnitz, who built the dredge, and the 
experience of the company’s engineers, who designed 
and worked her. 

Che main features of the dredge will be gathered 
from Figs. 1 and 2,o0n this page. She is of the open- 
connected bucket-chain type, the buckets having a 
built-up construction and a capacity of 34 cub. ft. 
each. They are emptied when passing the top 
tumbler, a special and simple emptying device, de- 
signed by the company’s engineers, Lovie been fitted, 
Which has proved very effective even in — 
ground, The screening plant is of the type whic 
has become a feature of new Lobnitz dredges, and 
consists of a propulsion screen. The arrangement is 


stated to have proved itself a marked improvement on 
the previous combination of revolving screen and 
elevator. 


The gold-saving plant consists of ten tables, 








five on each side, with riffle. The manceuvring- | 
winch of the dredge is of the well-known Lobnitz | 
type, while the main engines are of a horizontal 
two-cylinder pattern, and drive the bucket - chain 
and propulsion screen through two ‘ Titan” leather 
belts. The centrifugal pump, which is 12in. in dia- 
meter, is directly driven by a forced-lubrication two- 
cylinder high-speed engine, while a second small 
forced-lubrication engine drives a 20-ampere dynamo 
for lighting purposes. The boiler is of the water-tube 
marine type, and is fitted with a feed-heater. 

The success of this dredge should lead to the further | 
employment of such plant in French Guiana, as it has 
demonstrated that with suitable design and skilled | 
operation such machines can lead to very material 
benefit in connection with the gold indastry there. 





Tue Avustro-HuNGARIAN Navy.—The new construc- 
tion programme of the Austro-Hungarian Empire com- 
prises four ironclads, with a displacement of 20,000 tons 
each, and to cost 10,180,800/.; three ironclads (the G, the 
H, and the J), witha displacement of 3500 tons each, and | 
to cost 1,260,000/.; six torpedo gun-boats, with a dis- | 
placement of 800 tons each, and to cost 756,0001.; twelve | 
torpedo-boat destroyers, to cost 504,000/.; and six sub- | 
marines, to cost 420,000/. The programme, accordingly, 
involves an aggregate outlay of 13,120,800/. This amount 
is to be provided by credits extending from 1911 to 1916 
inclusive. 





Our Locomotive Connecrion.—The value of the loco- 
motives exported from the United Kingdom in 1910 was 
1,708,030/., as compared with 2,381,145/. in 1909. The 
value of the exports, including detached parts of loco- 
motives, to various countries last year was :—Russia, 
11,691/.; Germany, 455/.; Belgium, 839/.; France, 300/.; 
Spain, 33,495/.; other European countries, 30,796/.; the 
United States, 60/.; South America, 717,3801.; British 
South Africa, 287,432/.; British India, 330,676/.; Straits 
of Malacca, 7775/.; Ceylon, 7203/.; Australia, 16,106/.; 
New Zealand, 4102/.; and other countries, 259,720/. The 
large falling-off observable in the value of last year’s 
exports, as compared with those of 1909, was attributed 
toa sharp contraction of business with South America, 
British India, and Australia. 





INDUSTRY AND ExXuisiTIoNns.—In anticipation of a 
large international Congress, to be held in Berlin, at 
which the usefulness of exhibitions and other inter- 
national questions of a kindred nature will be discussed, 
the Swedish Industrial Union has given the matter its 
consideration, and a number of eating industrial firms 
have given their opinion on the subject. Considerable 
dissatisfaction appears to be prevalent with regard 
to exhibitions. A discussion on the question showed 
that a great many firms did not consider exhibitions in 

meral of much use, those viewed with most favour 
Coie large international and special exhibitions. It was 
urged that industry is so severely taxed in other directions 
that constant exhibiting becomes a serious matter. As 
it was difficult, however, for individual coneerns to make 
a stand, it was of great importance that industrial unions 
should act in this respect. Mr. Ljungberg, director of 
the Kopparberg Company, stated that, as far as their 
company was concerned, it had derived no direct benefit 
from exhibiting abroad, although the company does busi- 
ness in very many parts of the globe, but he thought it a 
duty to show at national exhibitions. 
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SoutH-WeEsTERN PoLyrecHnic INnsTITuTE, CHELSEA. — 
Sir Alfred Keogh, K.C.B., LL. D., Rector of the Imperial 
College of Science and Technology, will present prizes 
and certificates to students of evening classes and the day 
college on March 10, at 8 o’clock. he laboratories and 
workshops will be open to public inspection at 9.15 p.m. 





THe German Cement INpustry.—The kartel move- 
ment within the German cement industry has lately been 
further developed and consolidated. The Central German 
cement factories—fourteen in number—have formed a 
union for a period of five years, and the sales union of the 
Hanoverian Portland cement factories, which comprises 
eleven works, also holds good for five years. In addition, 
several other works and syndicates have entered into a 
kartel arrangement with the latter union, in the same 
way as the union of Central German cement factories has 
completed kartel arrangements with the same groups of 
undertakings, likewise for a period of five years. These 
agreements do not interfere with the competitive freedom 
of the different works, subject to the prices fixed ; the works 
must pay a fee to the fund of the union on the quantities 
they sell in excess of their respective allotments. This 
arrangement enables the union to compensate the works 
which do not come up to their allot deliveries. The 
fees for exceeding allotment are comparatively high, 
ranging generally between 1 mark and 1.50 marks per 
barrel of 170 kilogrammes, in the case of heavy deliveries 


| even rising to 2.50 marks per barrel. 





Gun Practice on Boarp Suip.—The recent gun 
battle-practice of the first squadron of the French fleet, 
says Le Moniteur de la Flotte, has given rise to a series 
of minor incidents which are without gravity in them- 
selves; they, however, command attention owing to their 
number, and render it necessary to ascertain the reasons 
why a few rounds fired seven months after the successful 
proving of the guns under heavy service conditions gave 
rise to such incidents. Our contemporary attributes the 
mishaps to several causes. He likens a piece of ordnance to 
any other type of engine. An engine which is allowed 
to remain for seven months without running is sure to 
give difficulty of some sort or other when it is started 
working afresh, although during its period of idleness it 
may have been maintained in good general order. The 
same applies to a piece of ordnance. The gun, of course, 
will only bear a limited number of rounds, and hence it 
must not be fired during ordinary drill. The ordnance, 
which has thus, during seven months, given complete 
satisfaction when running empty, has been found at the 
end of that period to give unsatisfactory results when 
fired. This empty running of ordnance has the dis- 
advantage in that it does not reveal imperfections 
in the gun installation, and lead to the making good of 
any slight defect, while in actual firing practice any 
slight repair would be carried out immediately. In the 

un battle-practice referred to the occasion was taken for 

ring the guns at extreme angles, and this led in some 
instances to unexpected occurrences. This is not sur- 
prising, since firing practice at such angles is not carried 
out frequently enough. Rapidity of fire, like speed of battle- 
= is an excellent quality, but there are other qualities 
no less good. The views according to which the victory 
in an artillery duel will lie with the side that is the first 
to gain contact are no doubt quite correct ; but in order 
to arrive the very first thing to do is actually to start. 
The recent minor incidents referred to above would seem to 
point to the fact that the methods hitherto followed are 
not of a nature to ensure the actual starting of gun-firing 
under every possible circumstance, and the matter re- 
quires careful attention. 
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LOCOMOTIVE WEIGHING MACHINE; MIDLAND RAILWAY WORKS, _ DERBY. 
CONSTRUCTED BY MESSRS. W. AND T. AVERY, LIMITED, SOHO, BIRMINGHAM. 


















Fig. 3. Cross SecrTion atA.B. 
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providing a means of abolishing 
oscillation and shocks. This not 
only prevents damage to the 
knife-edges, &c., but also ensures 
the tables being free for correct 
weighing, and not jammed against 
the frame. This mechanism con- 
sists of a series of locking-stops 
actuated by bevel and worm gear- 
ing by means of a hand-wheel 
shown in the illustrations. 


‘*TELEFUNKEN.” — The German 
ublication ‘‘ Deutsche Industrie- 
eutsche Kultur” has issued a 
special number, entitled ‘‘ Tele- 
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funken,” which gives general infor- 
mation on the German Wireless 
Telegraph Company and on its 
branches, facts regarding the origin 
of the Telefunken system, on its 
developments, and descriptions of 
the various apparatus and instru- 
ments used in connection with it. 
The latter are gone into in detail, 
and are carefully illustrated. Gen- 
eral views are also given of several 
installations. The publication can 
be obtained at the price of 75 pf. 
(about 8d.) from Eckstein’s Biogra- 
a Verlag, Berlin, W., or 
18 A. Siegle, 30, Lime-street, 
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long, with rails set, of course, to standard gauge. | 
They are designed on the three-lever principle, which | 
we have previously illustrated and Selestbell | 

Each steelyard is fitted with a concealed adjustment 
and each main poise is fitted with a cam adjustment , 
for raising it clear of the graduation notches. A pro- | 
tection-bar is fitted in each case, to preserve the | 
notches. All steelyards can be mechanically locked 
or released: simultaneously by one movement, thus 


A Locomotivk weighing-machine which has recently 
been installed by the Midland Railway Company at 
their Derby Works is illustrated above. This has 
been constructed by Messrs. W. and T. Avery, Limited, | 
Soho, Birmingham, and has a capacity of 168 tons, 
having twelve tables, each weighing up to 14 tons. 
Each table has a separate steelyard. e machine is 
built up of sections of cast-iron framing, planed and 
joggle joints being used. The tables are each 6 ft. 





| Tyne, 


*"* tons, an increase of 37,000 tons 
over the corresponding half-year, and a record for the 
port. A much larger increase is anticipated next year, 
when new collieries commence drawing, and with a view 
to provide for the increased shipments, the directors of 
the m Harbour Dock Company have decided to 
erect new coal staithes and —— at the South Dock. 
They have instructed Messrs. P. A. Mudd and Co., con- 
sulting engineers, of West Hartlepoo] and Newcastle-on- 

to prepare the designs and to supervise the carry- 
ing out of t the work. 
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WORKMEN’S COMPENSATION CASES. 
ScotcH APPEAL. 


Breach of Colliery Rules.—An appeal from Hamilton 
Sheriff Court was decided by the Court of Session in the 
case Of Kane v. Merry and Suachane on February 7. 
The Sheriff had decided that the accident did not arise 
out of, and in the course of, the miner’s employment. The 
applicant had evidently appealed because he imagined the 
fact that the accident was caused by his own recklessness 
did not alter the case, and he thought that, as the injury 
arose in the course of hisemployment, the employers were 
liable for payment of compensation. In this the man was 
mistaken, and his appeal was dismissed. The Sheriff found 
on the facts proved that the appellant had been employed 
as a brusher in the pit, and that he was totally incapaci- 
tated from work as the result of an accident. On October 
30, 1909, having finished his work, he came to a lie on his 
way to the bottom. At that moment some hutches came 
out from the lie, and he jumped on a hutch to get a ride 
to the pit bottom. On the way he was knocked off the 
hutch, and suffered serious and permanent injury. One 
of the rules of the colliery forbade the workmen riding on 
the hutches. Thus if the conveyance by the hutches had 
been accompanied with any negligence, the employers 
were not liable, as riding on the hutches was not a recog- 
nised means of conveyance. The miner had used it for 
his own pleasure and convenience, and he was, as he well 
knew, guilty of a breach of the rules of the colliery. The 
Sheriff had decided that in the circumstances the accident 
did not arise out of, and in the course of, the man’s em- 
ployment, and the claim for compensation was dismissed. 
The Court of Appeal upheld the decision. This case 
should be a warning that any careless breach of colliery 
rules, framed for pitmen’s safety, will prevent a workman 
from obtaining the protection of the Workmen’s Com- 
pensation Act. Due notice had been posted in the colliery. 
To rule the man could claim compensation for the result 
of his own wilful neglect would be to violate the Act. 

Accident or Disease.—The widow of a riveter claimed 
compensation for the death of her husband, employed in 
the Fairfield Shipbuilding Yard. The Sheriff soeeed her 
application, and she appealed to the Court of Session, 
with the result that the Lords of Session upheld the 
decision of the Sheriff, and refused the application. 
The unfortunate man had had an accident, a falling bar 
having cut his leg, on November 27, 1909. The doctor 
found the injury trifling. Prior to the accident the man 
was in good health, but on December 3 the doctor found 
him suffering from swelling of the leg and cellulitis, but 
he did not think the case serious. On December 6 the 
man was found dead in Jamaica-street, the immediate 
cause of death being heart failure. The Sheriff held that 
the applicant had not proved any connection between the 
— cut on the leg on November 27 with death by 
heart failure on December 6, and he dismissed the applica- 
tion, and the Court of Appeal held this was a reasonable 
conclusion. Death in this case, following so soon after an 
accident, is, to say the least, a remarkable coincidence ; 
but the medical evidence leaves no reasonable doubt as to 
the justice of the decision. The case points to the 
necessity of a wider scope of insurance which will include 
workmen’s contributions. 


Irish APPEAL Court. 

Workmen’s Compensation and Common Law Action.— 
An interesting case was brought before the Court of 
Appeal in Dublin. John Downey, a minor, sued, 
through his father, his employers, Messrs. Combe and 
Barbour, Limited, for damages at Common Law, he 
having lost his finger through the defendants at Belfast 
Foundry having omitted, as alleged, to have a machine 
properly fenced. 

Under the Workmen’s Compensation Act compensation 
had been awarded and paid for thirteen months, and the 
lad was certified fit for work. But instead of returning 
to work, he began proceedings for negligence at common 
law. The defence was that the plaintiff was estopped 
by reason of his having accepted compensation for a long 
time. The King’s Bench in Dublin decided to remit the 
action, and the defendants appealed from that decision. 

The plaintiff, who sued for damages for negligence, was 
not estopped from so doing because he had had workmen’s 
compensation under the Act, and the Court of Appeal 
agreed that if the case went to the County Court for 
damages for the negligence, as it might do, the plaintiff 
might have a double chance, for if the action for damages 
failed, he would still have the right to go to the arbitrator 
under the Workmen’s Compensation Act, and no tech- 
nical objection in this case was made to the delay in 
serving notice on the employers. 

** Serious” and ‘‘ Simple” Misconduct Distinguished.— 
It will be remembered that under Section I (c) of the 
Workmen’s Compensation Act, if it is proved that injury 
to a workman is attributable to the serious and wilful 
misconduct of that workman, any compensation claimed 
will be disallowed unless the injury result in death or 
serious and permanent disablement. 

Simple misconduct or mere negligence in cases of tem- 
porary disablement does not disentitle the workman to 
compensation. It is interesting to note a case in which 
mere negligence of a workman was pleaded by Messrs. 
Boleckow, Vaughan, and Co., at Mi cee walle f County 
Court on February 6, as a reason for not paying com- 
pensation. 

The a nage was practically surrounded by railway 
trucks when, in the course of his work, he found it con- 
venient to cross the line. He was hurt by an engine, 
which struck him as he passed, and he was incapacitated 
for some weeks. The applicant admitted that crossing the 
line was not absolutely necessary. It was so necessary, 





however, that workmen were not cautioned against doin 
so. It could not fairly be said that in doing what he di 





the workman was guilty of ‘“‘serious and wilful mis- 
conduct,” although he was guilty of simple misconduct or 
mere negligence. This was not enough to bar the work- 
man from the benefits of the Act. 


Court or Skssion. 

A Son in his Father’s Employment and Living in his 
Futher’s House is not a ‘* Workman.”—A recent case in 
the Glasgow Sheriff Court was discussed in these columns 
when a young glazier was refused compensation under 
the Workmen’s Compensation Act under exceptional 
circumstances. 

e applicant was in the employment of his own father, 
and was sent to a job at Oban. At home, in Glasgow, 
he lived with his father, and paid 17s. 6d. a week for his 

In his absence he paid nothing to his father, and 
was under no obligation to return to his rooms, which 
were not reserved. During his employment at Oban the 
applicant, Ronald McDougall, was incapacitated for a 

riod of six weeks as the result of an accident to his 
and, and the Sheriff decided the applicant was not 
entitled to compensation. The young workman appealed, 
and the case came up before the Oourt of Session on 
January 28. The accident and the incapacity which 
followed were not in dispute ; but, on a point of law, the 
father, who was the applicant’s employer, denied liability 
to pay any compensation under the Workmen’s Compen- 
sation Act. 

The whole case turned on the question, Was the son of 
the employer a “‘ workman” within the meaning of the 
Act? It will be noted that Section 13 says a ‘‘ workman” 
does not include any member of the employer’s family 
dwelling in hishouse. The workman, on going temporarily 
to Oban, where the accident occurred, still retained his 
residence in Glasgow in his father’s house, although he 
was actually paying for his lodging at Oban. The fact 
that his ordinary domicile was his father’s house dis- 
— him from claiming as a ‘“‘workman ” under the 
Workmen’s Compensation Act. 

This legal technicality may be taken to express the 
intention of the islature, for a man’s children living 
under his roof are not usually ‘‘workmen” who ought to 
be compensated for an accident. But it may be thought 
that Section 13 does not always do justice, as in this case, 
when a man living with his father at the same time acts 
in the capacity of a servant in his father’s usual trade or 
business. 

Workmen’s Compensation Act v. Action at Common Law. 
—It sometimes happens in a case of accident and injury 
to a workman that he is advised to take an action at 
common law or under the Employers’ Liability Act, and 
claim a very high rate of dam rather than go to 
arbitration under the Workmen’s Compensation Act. 
The object in so doing often is that the workman, if 
successful, may recover a substantial lump-sum. But 
he must prove that the employers have been negligent, 
and that > himself has not. Such an action is critical, 
and in the case before the Court of Session on January 28, 
McManning r. Easton, Gibb, and Co., it was again shown 
that unless he can produce the necessary evidence the 
workman does far better to ask for compensation under 
the Workmen’s Compensation Act. The workman was 
a leading hand in the contractor’s wood yard, and was 
superintending a travelling-crane at Rosyth. He was 
steadying a load of timber on the crane when the crane 
jammed him. His leg was crushed and he suffered other 
injuries. He said the crane was not properly fitted with 
a brake, and was worked with an insufficient staff. The 
contractors denied any fault, and alleged contributory 
negligence. The Second Division reversed the decision of 
Lord Cullen. The workman had failed to show there was 
negligence, and so, instead of getting his 2501. damages, 
he was advised that, as his case was defective, he should 
seek compensation under arbitration, when it is not 
necessary to prove negligence, but only that an accident 
happened in the course of the man’s employment, entitling 
him to half wages during incapacity. e court, in giving 
ieee, said the man had an undoubted claim under 
the Workmen’s Compensation Act. 

Costs of Unsuccessful Action Deducted from Compensa- 
ttion.—Another reason for workmen avoiding actions 
when they may more safely seek compensation under 
the Workmen’s Compensation Act is shown by the cases 
that came before Lord Dewar on January 27. ey were 
three actions against A. Russell, Limited, Glasgow, 
taken by the dependants of three miners who were killed 
in an explosion at Ferniegaw Colliery. The action was 
dismissed by the Lord Ordinary, who said the dependants 
ought to proceed under the Workmen’s Compensation 
Act. The amounts of compensation to which they were 
entitled were 252/., 300/., and 300/. respectively. The 
costs to which the employers were entitled in respect of 
the actions were 665/., and the dependants, instead of 
seeking compensation under the Act, having chosen a 
more expensive course by actions at law, in which they 
failed, the court had discretion to deduct the costs of these 
futile actions from the amount of compensation awarded 
by the arbitrator. The compensation awarded, 852/. 

ther in the three cases, was almost exhausted by 
the . of costs so foolishly incurred in the actions. The 
Court of Session held that the compensation due under 
the Workmen’s Compensation Act was subject to deduc- 
tion of costs wrongly incurred by expensive actions. This 
is a signal instance of the grievous mistake some r 
people make in their greed for damages. The widows 
could not prove negligence of the employers as the cause 
of the miners’ death ; on the contrary, it was discovered 
that the men, by their carelessness (smoking), had pro- 
duced the explosion which caused their death. 


County Courts. 
Where Services are Temporarily Lent.—In the Derby 


‘County Court on January 27 an interesting case was 








heard, in which a question arose as to whose servant the 
workman was. This involved a novel point of law, which 
the judge took time to consider, while expressing the hope 
that the employers concerned would cattle the compensa- 
tion due to the injured workman. The applicant, Edward 
Dumelow, a boiler-maker’s assistant, sought compensation 
from Messrs. Fletcher, of Litchurch, in whose service he 
had been for twenty - eight years. In October last, 
Messrs. Fletcher and Co. had some alterations to their 
furnaces done by Messrs. Hyslop, of Gl w, who 
chan to require the assistance of some of Fletcher's 
men, among whom was the applicant, whose services were 
lent to Hyslop and Co. by Fletcher’s foreman. In the 
course of the work the applicant was injured, and lost an 
te Notice of the accident was sent to Fletcher and Co. 

he insurance com 4 with whom Fletcher and Co. 
were insured denied liability, and Fletcher and Co. filed 
an answer that the applicant at the time of the accident 
was a workman of Hyslop and Co. The applicant 
during the period of the temporary service had given in 
his time-check to Fletcher’s timekeeper. The applicant, 
though so long nominally in Fletcher’s service, was only 
occasionally employed by them, and when he was taken 
over to work for Hyslop he was finishing work for 
Fletcher. Considering that in ordinary cases Fletcher 
and Co. would be the actual employers, the difficulty 
arises in this case that the workman was not under a 
regular contract of service ; he was on the eve of finishing 
work for Fletchers and ay! a ‘‘passing-out” check 
when he was taken over by Hyslop, under whose fore- 
man’s orders he was. This case, as the judge remarked, 
in the peculiar circumstances should be, perhaps, more 
properly settled by arrangement out of Court. It was 
obviously hard that the workman so seriously injured 
should not be compensated. 





LarGE ELevatep WaTER-TANK.—A very large elevated 
water-tank has recently been erected at the St. Louis 
(Mo.) Insane Asylum, U.S.A. According to the New 
York ype pay | News, the tower is 157 ft. high from the 

und level to the base of the connection ring, and has a 
iagonal spread of 82 ft. centre to centre of its opposite 
legs. The tank is 30 ft. in diameter, and 34 ft. 9 in. high 
at the side, and has a spherical bottom 6 ft. 3 in. deep, 
and a conical roof 8 ft. 6 in. high. The total height from 
the ground to the k of the roof is a few inches over 
200 ft. The capacity of the tank is about 200,000 gallons. 
The tower has four legs, but each leg, at about 20ft. below 
the ring supporting the tank, is branched into three parts, 
the middle part continuing in the axis of the main 
support. The tank is thus supported at 12 points equally 
8 round the circumference; the main columns are 
of H section, built up of three rolled I-beams, and each 
carries a maximum load of 500,000 lb. direct, and a 
wind stress of 75,000lb. They are proportioned for a 
unit stress of 14,0001b. per square inch in compression, for 
total load. The tank, designed for a tensile stress of 
10,000 Ib. per “wr inch, 1s made up of }-in. to yy-in. 
plates in the shell, j-in. plates in the bottom, and ,';-in. 
lates in the roof, and the tank is stiffened by a 5-in. by 

-in. by 4-in. angle-ring, having the 5-in. leg horizontal 
at the lower third point, and a horizontal ring-girder, 
24 in. wide at the upper third point. The top olap bee no 
stiffener except the 6 in. by 34 in. attachment le. The 
tower rests on four concrete — 14 ft. by 16 ft. Lin. 
at the bottom and 9 ft. 8in. high, proportioned for a 
base pressure of 3000 lb. per square foot. The columns 
are anchored to the base, although there is no uplift 
with the maximum wind pressure of 30 1b. per square foot 
on the tank, and 200 Ib. per lineal foot on ‘the tower ; 
and this, too, with the tank empty. The contract price 
for the structure erécted was 14,885 dols., exclusive of 
foundations. 





Ruopes’s Directory or PassENGER SreAMERS.—Mr. 
Thomas Rhodes has for many years done a great service 
to all interested in passenger steamships—and their name 
is legion—by the publication of his annual volume on the 
services throughout the world. This publication has 
from time to time changed its form. It began with 
almost encyclopedic knowledge pare | the steamship 
lines, articles on the principles of shipbuilding and engi- 
neering, photographs of the leading ahien, and hints for 
travellers in various seas and climates. Much of such 
information is more or less of a permanent nature, and 
consequently the editor has refrained from repeating this 
in all succeeding volumes, as those possessing the earlier 
issues can easily find the information desi Much of 
it, however, was worth repeating, and one cannot help 
regretting that exigencies of space and the increas- 
ing number of passenger ships has compelled the 
editor to eliminate these serviceable facts from later 
volumes. This year the record is confined to an alpha- 
betical list of lines, with the ships owned by each, 
and a record of all passenger ships, arranged alphabetic- 
ally, giving the dimensions, power, speed, and notes as to 
electric light, wireless telegraphy, and other such con- 
veniences. This latter record occupies nearly 350 pages, 
including some 3500 ships. There are also several 
engravings of the later ships of the more importan: 
lines. It would have been interesting, and would not 
have ets much space, if the tonnage, power, and 
speed had been given opposite the names of the ships 
arranged under the different lines. The advertisements 
in this book are of special value to the reader, particu- 
larly where they give information regarding the fre- 

uency, duration, and other particulars of the voyages. 

he book is so widely circulated that this information, 
even in the advertising pages, when well arranged, would 
be of t service to passengers. The book is published 
at 2s. 6d. net for the proprietors, Messrs. Thomas Rhodes 
and Co., by Messrs. — Er Philip and Sons, Limited, 
$2, Fleet-street, London, E.C. 
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Or recent years the Mallet type of locomotive has 
become —e popular in the United States, on 
railways where the attempt is made to work the 
maximum-load principle to its best advantage. In 
many cases, where the construction of the road 
permits, and even, according to some authorities, 
where the road is scarcely suitable, locomotives of 
exceptional power have been introduced in the last 
four or five years, and the rapid development of this 
type of engine has been one of the most remarkable 
features of recent American locomotive practice. 
Although the type had been familiar to European 
engineers for many years, it was only seriously taken 
up in the United States when the demand arose for 
units of maximum power. As with other locomotive 
developments, the earlier designs were thought to go 
about quite as far as was safe in the matters of size 
and power, but the progress of the movement has, 
with the assistance of the designer’s ingenuity, re- 
sulted in a continued increase in the units employed, 
the 2-8-8-2 engines on the Atchison, Topeka, and 
Santa Fe Railway, which weigh some 312 tons for 
engine and tender in working order, being at present 
the largest at work. 

The number of Mallet locomotives on the United | 
States roads has been increased very rapidly, not only 
by the addition of new engines, but also by conversion. 
The introduction of the new engines has displaced in 
some instances locomotives which were primarily built 
for the very sections over which the Mallet compounds 
work, and which were sometimes less suitable for other 
parts of the road. The consideration of how to put 
these earlier engines to the best possible use has led to 
some very interesting results. 

Among the railways of North America to adopt 
the Mallet compound type on a large scale has been the 
(ireat Northern Company. In the Cascade Mountains 
this company’s system has 22 miles on a grade of 2.2 
per cent. in one direction, and 37 miles on this grade 
in the other direction. The first Mallet engines were 
used on these parts of the system, and the type 
gradually poe to less severe sections of the road. 
Engines of the consolidation type were formerly used 
on these services. These latter engines had cylinders 
22 in. by 30 in., driving-wheels 4 ft. 7 in. in dia- 
meter, heating surface of 2727 sq. ft., and a grate 
area of 59 sq. ft. They had a working pressure 
of 210 lb. per square inch, and weighed very little 
short of 100 tons without the tender, so that the 
constituted very powerful machines. They handled, 
in fact, on the Cansaite Mountain division trains of 
1050 tons, and on the Spokane division trains of 1100 
tons. The Mallet compounds, which replaced them 
on the Cascade division, take trains of 1600 tons with 
much smaller coal consumption, while those on the 
Spokane division also proved more economical, and at 
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In order to increase the power of the individual units ! 
the displaced consolidations were taken in hand, the 
front truck removed, and in its place was added a 
new articulated frame, complete with cylinders, six- 
coupled wheels, anda two-wheeled leading truck. Above 
this new portion was placed a new length of barrel, 
which was coupled to the end of the original boiler- 
barrel. The new length of barrel was utilised as a 
feed-water heater, water completely filling the space 
between the tube-plates, and being forced from this 
compartment into the steam-generating section, which 
was formed of the original boiler. The consolidation 
engine was thus converted into a 2-6-8-0 Mallet engine, 
the original 20-in. by 32-in. cylinders forming the high 
pressure, and the new cylinders on the added portion 
forming the low-pressure cylinders. The new sections 
of these converted locomotives were built by the 
Baldwin Locomotive Works. In their remodelled 
form these locomotives are reported to be doing ex- 
cellent work. 

Another road which has worked on similar lines to 
those adopted by the Great Northern is the Chicago 
Great Western. This company had a number of 
‘* Prairie” type (2-6-2) locomotives, and wishing to 
secure engines of higher power, arranged for the | 
Baldwin Works to provide new front sections for 
these. They were thus converted into 2-6-6-2 Mallet 
compounds, the original cylinders and boilers being 
retained, and new cylinders, six-coupled wheels in an 
articulated frame, and a new length of barrel, added. 
The original cylinders were 21 in. by 28in. In the 
converted engine these formed the high - pressure 
cylinders. The new pair of low-pressure cylinders 
were 35 in. by 28 in. The original boiler had a heating 
surface of 3225 sq. ft., anda grate area of 49 sq. ft. 
This was undisturbed, the new length of barrel being 
utilised as a feed-water heater, which provided another 
1853 sq. ft. of heating surface. The total weight of 
the original engine and tender in working order was 


137.6 tons. This was increased in the conversion to 
208 tons. The driving-wheels were 5 ft. 3 in. in 
diameter. It may be stated that in these, and in the 


Great Northern engines, the original front two-wheel 
trucks were utilised at the leading ends of the con- 
verted engines, so that the material, which had to be 
removed to make place for the new parts, was practi- 
cally all re-used on the new section. 

The principle of conversion has been carried a stage 
still further on the Atchison, Topeka, and Santa Fe 
Railroad, on which two ‘‘ Prairie” type freight-engines 
have been converted into a single 2-6-6-2 Mallet loco- 


| by 28 in. 
\eylinders on the rear frame are 24 in. 





motive. Of this combined engine we give an illustration 
in Fig. 1, opposite, and details of the more interest- | 
ing features in Figs. 2 to 8. For these and for the | 
accompanying particulars we are indebted to our | 
contemporary, the Railway Age Gazette. The re-| 





the same time handled trains of 1450 tons. 


building of these engines has involved a considerable | 






amount of work, as they 
compounds, with four cylinders of 17 in. and 28 in. 


were originally Vauclain 


In the converted engine the high-pressure 
in. by 28 in., 
and the low-pressure cylinders on the articulated 
frame 38 in. by 28 in. The fire-box of the front 
engine was removed, and the barrel joined up with 
the barrel of the rear portion by an arrangement 
which constitutes a remarkable innovation in loco- 
motive practice. The arrangement adopted is shown 
in Figs. 2 and 8, and consists of nothing less than 
a large ball-and-socket joint in the middle of the 
length of barrel. A detail of the joint is given in 
Fig. 7. The — of the barrel over the rear frame, 
with the fire-box, serves as the steam-generating por- 
tion of the boiler. Ahead of the front tube-plate of 
this portion is a space of 12 ft. 6 in. in length. This 
space is occupied by a superheater and by a re-heater, 
as shown in Figs. 2 and 8. It isin this length that the 
joint of the barrel occurs, this being therefore a gas- 
tight joint, and not under pressure. The remaiader of 
the barrel ahead of this section consists of a feed- 
water heater section. 

Although the design is therefore not concerned with 
the formidable task of dealing with a large joint under 
high pressure, it is deserving of notice, as, if successful, 
it will abolish one of the grave troubles present with 
Mallet locomotives of great length—namely, the great 
relative displacement of the front portion of the boiler 
and the leading wheels, on curves, In this design of 
Mallet locomotive the front end of the barrel is fixed to 
the front cylinders and rests on the saddle much in the 
ordinary way. The usual slides and controlling device 
are no longer used therefore, the place of the latter 
being taken by spring pear placed on either side of the 
barrel joint, on a level with the horizontal axis of the 
boiler. This arrangement is shown in Figs. 6 and 7, 

To form the joint a spherical ring A is fitted to the 
rear end of the front section of the barrel, anda ring B 
to the back section. A sleeve C forms the union piece. 
At the back end the ball joint is completed by three 
packing-rings D and a gland-ring F. At the front end 
a packing gland E provides for telescopic movement. 

Particulars of the original locomotives and of the 
combined Mallet are given herewith :— 


Original. Re-built. 
Type... Si a e 2-6-2 2-6-6-2 
Cylinders (four) ... ...17 in. and 28in. 24 in. and 38 in. 
by 28 in. by 28 in. 
Driving-wheels—diameter 5 ft. 9 in. 5 ft. 9 in. 
Heating surface—tubes ... 3546 sq. ft. 3546 sq. ft. 
ms fire-box 195 _,, ae’ ‘os 
Heating surface — feed- 
water heater... _ —_— 2216 ,, 
Heating surface — super- 
heater... va — _ 484.6 ,, 
Heating surface—re-heater — 1063 __,, 
- total 3741 sq. ft, 7504.6 ,, 
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Original. Re-built. 
Grate area ... iis ae 54 sq. ft. 54 sq. ft. 
Working pressure ... 220 1b. p. sq. in. 2201b. p. sq. in. 
Weight in working order 


on driving-wheels 63.2 tons 129 tons 
Weight in working order, 

total engine... SS a 156.9 ,, 
Weight in working order, 

total engine and tender 144 ,, 235.6 ,, 
Wheel-base, total engine 

and tender ee ... 57 ft. 8fin. 90 ft. 1 in. 


Although this combined engine is stated to have 
proved satisfactory, it is obvious that conversion on 
these lines reduces the number of locomotives avail- 
able for service. In addition to this, the use of 
an existing locomotive for the front portion necessi- 
tates a considerable amount of waste of material, as, 
for instance, the fire-box, &c., and it is considered 
cheaper therefore, and generally more advantageous, 
to convert by adding a new front unit rather than 
by combining to existing engines, and this is being 
done on the Atchison, Topeka, and Santa Fe line. It 
may be added that while the bali joint, illustrated and 
described herewith, has been adopted in this class of 
engine, other new locomotives in use on the road have 
been designed with flexible boilers, embodying in one 
case a double-ball joint, and in another the Vauclain 
type of bellows-joint. 








Tue Traian Navy.—Six torpedo-boat destroyers, with 
a displacement of 600 tons each, are to be built for the 
Italian Government. They are to be named the Indo- 
mito, the Impavido. the Intrepido, the Impetuoso, the 
Irrequieto, and the Insidioso. Thirty sea-going torpedo- 
boats, with a displacement of 300 tons each, are to 
be added to the Italian fleet, and eleven submarines 
have also just been commenced. They are to be named 
the Nautilus, the Nereide, the Vetella, the Fantina, the 
Fisalia, the Argo, the Salpa, the Zoea, the Falea, the 
Giacinto, Pullino, and the Galiles Ferraris. 





Tue German Macuine Inpustry.—At the instance 
of the Union of German Machine Manufacturers an 
investigation with regard to the returns on capital in- 
veste aie been proceeding for some years. The work 
now covers 259 limited companies, with an aggregate 
nominal capital of 585,600,000 marks, the actually paid- 
up capital, however, amounting to 741,700,000 marks. 
This difference is accounted for by the premium paid 
on new issues of shares, by amalgamations without the 
shareholders obtaining the remunerative difference, &c. 
The proportion between the nominal and paid-up capital 
is 1: 1.27, compared with 1 : 1.26 for the previous year. 
Taking only companies that pay any dividend, the return 
on the nominal capital is found to have fallen from 7.8 
per cent. to 7.5 per cent. The number of companies 
paying no dividend, or even working at a loss, has 
increased. Dividends are only paid on 77 per cent. of 
the aggregate nominal share capital. The year 1909 
was less satisfactory than 1908, while it was also inferior 
to 1906. In view of these facts it appears that the 
German machine industry tends to become rather less 
profitable each year, and this view is not to be dis- 
proved by the fact that less comprehensive investiga- 
tions, which may refer to some exceptionally remunera- 
tive concerns, show a more encouraging result. The 
Imperial statistics show a distinctly higher average divi- 
dend than the figures dealt with above—viz., 8.32 per 
cent. for the year 1908-9 for ‘* machines, instruments, 
and ae ’ against 9.7 per cent. for the nes 
year ; but this higher figure has been arrived at by includ- 
ing electric power distribution and other firms. 





ComBinep So_pERING-IRON AND Biow-Lamp.—A very 
neat, compact, and handy appliance has recently been 
nut upon the market by Messrs. Harris and Samuel, 10, 
Deon stvent, Oxford-street, London, W., more particularly 
for the use of motorists, although it can be used for a 
variety of purpoves not connected with motor-cars. This 
appliance is known as the “‘ Universal” combined soldering- 
iron and blow-lamp. Its chief advantage is that it can be 
used in inaccessible places, where the majority of lamps 
of the kind could not be employed. It consists of a long 
tubular piece which forms the handle, at one end of 
which is a small screw for regulating the flow of petrol 
(the fuel used) contained in the tube. At the other end 
a perforated sleeve is placed which encloses the flame. 
Just below the sleeve are two lugs, which are part of 
the container tube, and these support the carrier that 
holds the soldering-bit. When the appliance has to be 
used for soldering, the bit is fixed to these lugs and 
comes into position at the end of the perforated sleeve 
covering the flame. The arrangement, however, allows 
the flame to play on the end cf the bit. When the 
apparatus is to be used as a blow-lamp only, the bit 
is removed. By a special arrangement the ——- 
bit can be used standing out in a direction axially 
parallel with the body of the lamp, or can be turned so 
that it is at right angles to it. To start the lamp the 
container tube is filled about three-quarters full with petrol 
and is then held horizontally over a petrol flame \ aren 
in a small cup provided, so that the burner part is heated, 
the valve at the end of the container tube, before men- 
tioned, being closed. When the petrol in the small cup 
is nearly burnt out the valve is unscrewed and the escap- 
ing ignites at the flame. The flame can be regulated 
as desired by means of the valve. This appliance is made 
in two sizes, one being 19} in. long and the other 14 in. 
long. The former weighs 3 lb., and the latter 2 Ib. 


CATALOGUES. 


Drawing and Surveying Instruments.—We have received 
from Mr. H. E. Hay, Peninsular House, 4, Monument- 
street, E.C., catalogues illustrating and stating prices of 
drawing and surveying instruments manufactured by 
Messrs. Kern and Co., of Aarau, Switzerland. 


Aeroplane Accessories.—A small catalogue and price- 
list of accessories for aeroplanes has been issued by Messrs. 
Handley Page, Limited, 72, Victoria-street, Westminster, 
S.W. Particulars are given of ‘“‘H.P.” propellers for 
aeroplanes and dirigibles, wire clamps, strainers, eye- 
bolts, stay-wire, running-wheels, fabrics, rubber shock- 
absorbers, aluminium sockets for struts, bamboo poles, 
steel tubing, &c. 


Fire Protection.—We have received from the Pearson 
Fire Alarm, Limited, Jewin House, Redcross-street, 
E.C., a pamphlet briefly describing the Pearson auto- 
matic fire-alarm system, and pointing out its advantages. 
A long list of users of the system is included, and numerous 
testimonials from them are printed. Prices and _parti- 
culars are also given of the Pearson chemical extincteur 
and of galvanised fire-buckets. 


Electric Cranes.— Messrs. 8S. H. Heywood and Co., 
Limited, of Reddish, near Stockport, have sent us a copy 
of a catalogue of electric cranes, giving a general descrip- 
tion of their overhead travelling cranes, with particulars 
of standard sizes for loads ranging from 3 tons to 50 tons. 
Numerous examples of these cranes and others designed 
for special conditions are illustrated, the crabs being 
shown separately. The catalogue also illustrates a walk- 
ing jib-crane, a semi-Goliath crane, and a radius jib-crane. 


Electric-Light Fittings and Advertising Signs.—From 
the General Electric Company, Limited, 67, Queen 
Victoria-street, E.C., we have received a catalogue sec- 
tion dealing with electric fittings for shop-lighting, &c. 
Illustrations are given and prices stated oF reflectors for 
lighting shop windows, show-cases, &c.; different types 
my lanterns and weather-proof connections for outside 
lighting ; a variety of illuminated advertising devices for 
inside and outside use ; and several types of ‘‘ flashers” 
for operating electric signs. Prices are also stated for 
letters and designs, constructed of wood or wire, from 
which electric signs can be made up. 


Railway Rolling-Stock, Boilers, 4&c.—Messrs. Dow and 
Wilson, 32, Fenchurch-street, E.C., have sent us a copy 
of a catalogue issued by the Blake Boiler, Wagon, and 
Engineering Company, Limited, of Alliance Works, 
Darlington, for whom they are the London representa- 
tives. The catalogue illustrates railway wagons with 
steel and wood bodies, tank wagons for the transport of 
oil and other liquids, pressed steel and diamond-frame 
bogies, railway wheels and axles, turntables and pontoon 
cylinders. Full particulars are also given of the Blake 
vertical multi-tubular boilers. They are made in thirteen 
standard sizes, in which the heating surface ranges from 
120 to 900 sq. ft., and are all suitable for a working pres- 
sure of 100 lb. per square inch. 


Temperature Control in Buildings.—A_ booklet describ- 
ing the ‘‘ Nutomatic” system of temperature control has 
reached us from Messrs. Ashwell and Nesbit, Limited, 
of Barkby-lane, Leicester. According to this system, the 
supply of low-pressure steam or hot water to several 
radiators is regulated by means of a single thermostat, 
which can be adjusted to any temperature. When this 
temperature is exceeded, the valves on the radiators are 
closed automatically, and are reopened when the tem- 
perature has dropped just below the desired degree. By 
this means the temperature is maintained without notice- 
able variation. umerous installations on this system 
have been supplied to hospitals, hotels, and other insti- 
tutions, and extracts from testimonials from the users 
indicate that satisfaction has been given. 


Turbo-Pumps.—A_ catalogue of the ‘‘ Victoria” turbo- 
= has been issued by Messrs. Jens Orten-Béving and 

0., 94, Union-court, Old Broad-street, E.C. The cata- 
logue deals with the general design of the pumps, and 
calls attention to their high efficiency rab rehability, 
which is largely increased by the absence of pressure 
stufting-boxes and thrust-bearings. Several examples 
are illustrated, including four large pumps, each deliver- 
ing 9400 gallons per minute against 250 ft. head, at 750 
revolutions per minute, supplied to the city of Toronto. 
Data and dimensions are given of standard sizes for 
high and low pressures, and tables of outputs and power 
required at different heads by multi-s igh-lift pumps, 
calculated for speeds suitable for alternating-current 
motors, are also included. The pumps are well adapted 
for boiler-feeding, and they can be supplied for this 
purpose with either horizontal or vertical shafts, to 
deliver any quantity over 3500 gallons per hour. 

Refuse-Destructors, d:c.—We have received from the 
Horsfall Destructor Cupra, Limited, 15 and 17, Vic- 
toria-street, Westminster, S.W., copies of three new lists 
they have lately issued. One of these briefly describes 


the ‘‘Tub-Feed” destructor. On this system the refuse, 
arriving in carts, is dum into a storage tub, constructed 
to hold a cartload. en full, the tub is closed and 


lifted by an overhead travelling-crane to a storage plat- 
form, where it remains until required. When a cell is 
charged, a full tub is placed by the crane on toa cradle on 
the top of the cell, the weight of the tub causing the 
cradle to descend, and at the same time operate a system 
of levers which lift and remove the charging-door from its 
seat. A little later, hinged doors at the bottom of the 
tub open and discharge the refuse into the furnace. 
Several advantages are claimed for the system, the most 
important being the great saving in labour required to 
charge the cells. Constable’s patent refuse-collecting carts 








and street-orderly trucks are dealt with in a separate 





pamphlet. Besides refuse-destructors the firm manufac- 
tures crushing, grinding, and screening plant ; elevating 
and conveying machinery; steam-engines; hydraulic and 
agricultural machinery; and plant for tube and wire mills, 
general steel works, and collieries. A list of these and 
many other products is contained in a third pamphlet. 


Gas-Producers.—Messrs. E. G. Appleby and Co., of 
10, Victoria-street, Westminster, s.W.. have sent us a 
catalogue illustrating and describing the Kerpely gas- 
producers, the manufacture and sale of which they control 
in this country. One of the special features of this pro- 
ducer is the revolving mechanical grate. It consists of a 
cylindrical part supporting an eccentric conical part with 
a flattened top. e diameter of the cylindrical part 
being less than that of the producer body, an annular 
space is left round the grate, through which s the 
ashes descend into a water-trough surrounding the grate 
and revolving with it. They are automatically removed 
from this trough by a stationary scraper. Air 1s supplied 
to the producer through slots in the conical part of the 
grate, in such a manner that the quantities delivered to 
the centre and outer parts can be regulated separately, 
and the fuel kept in a uniform state of incandescence 
over its whole area. Another important feature is 
the water-jacket provided round the lower part of the 
body of the producer. The function of this jacket, with 
which the fuel is in actual contact, is to prevent the 
formation of clinker, and thus the attention required is 
greatly reduced. These producers are suitable for con- 
tinuous working with all kinds of fuel. They are claimed 
to produce a gas cleaner and more uniform in quality than 
other producers, and also to possess a greater gasifying 
power. 


Superheaters.—We have received from Messrs. T. 
Sugden, Limited, 180, Fleet-street, E.C., a copy of their 
catalogue of Sugden’s patent superheaters for Ecoadhioe. 
Cornish, and dry-back boilers. These superheaters, 
which are fixed in the flue at the back of the Coles, con- 
sist of two steel headers, rectangular in cross-section, 
connected by a number of groups of U-shaped tubes 
8 so as to allow the hot gases to freely among 
them. Steam led into one of these And mony is superheated 
by passing through the tubes to the other header, whence 
it is delivered into the main steam-pipe. Oval hand-holes, 
with internal and external covers and metal-to-metal 
joints, are provided in the headers, opposite the ends of 
each group of tubes, so that the latter can easily be 
examined or replaced. The catalogue illustrates and de- 
scribes arrangements of dampers for the complete or 
partial isolation of the superheater during steam-raising, 
and for controlling the degree of superheat during work- 
ing. A circulating device for use where there is insuf- 
ficient room for dampers is also described. It consists of 
a connection from the outlet of the superheater to the top 
of the boiler, to allow the air and vapour present in the 
superheater and boiler during steam-raising to circulate, 
and thus reduce the temperature of the superheater. 
When the latter is working the connection may be used 
to allow a certain amount of saturated steam from the 
boiler to mix with the superheated steam to regulate the 
degree of superheat. The catalogue also illustrates and 
describes an independently-fired superheater. 


Steam-Meter.—A pamphlet illustrating and describing 
Bayer’s patent steam-meter has reached us from Messrs. 
Schiffer and Budenberg, Limited, Whitworth-street, 
Manchester. The instrument, which resembles the Deacon 
waste-water meter in principle, consists of a cylindrical 
cast-iron box containing a conical ge, in which a 
metal disc is suspended with its plane at right angles to 
the axis of the penne. The disc is balanced by a weight, 
to which it is attached by a wire passing omni astuffing- 
box in the top cover of the box. Two flanged branches 
are provided on the cylindrical box to enable the meter 
to be fitted in the steam-pipe, and steam admitted through 
one of these branches passes through the conical passage 
from the smaller to the larger end, leew the apparatus 
by the other branch pipe. The disc is oe by the 
passage of the steam to such a position that the difference 
of pressure above and below it is just balanced by the 
weight. By this means the steam is caused to pass the 
disc at a constant velocity, and thus the quantity flowing 
depends upon the pressure and the area of the annular 
space between the disc and the walls of the passage. The 
position of the disc and the steam pressure are recorded 
ona drum, so that the weight of steam flowing at any 
instant can easily be calculated ; tables are supplied wit 
the instrument for this purpose. The total flow of steam 
over a given period is obtained by finding from the 
records the mean pressure and the mean effective area of 
the opening. The instrument is made in four sizes for 
2h-in., 4-in., 6-in., and 8-in. pipes. It is claimed to be 
simple and reliable, and to measure accurately both small 
and large quantities of steam, provided the flow is not 
subject to excessive pulsations. In certain tests made on 
the Continent, the average error was between 1 and 2 per 
cent., and never exceeded 3 per cent. 








Tue TECHNICAL JOURNAL.—The January number of 
this journal, which is the organ of the Association of 
Teachers in Technical Institutions, contains, among other 
interesting articles on educational matters, a contribution 
entitled “Ohm and His Law,” by Professor W. W. 
Haldane Gee, B.Sc., written in the form of questions and 
answers. The contents of this article will be new and 
instructive to many, but if its object is to revive the 
obsolete Socratic method of giving instruction, we cannot 
wish for its success. This method of teaching was, 
perhaps, good enough for use in young ladies’ seminaries 
in early Victorian days, but we should not like to hear of 








a modern technical college being conducted on those lines, 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECOR 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE ACT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned, the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sale 
ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 

the uniform price of 8d. 

The date of the advertisement of the ance of a Complete 
Specification is, in each case, given after the abstract, wnless the 
Patent sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Speeijfication, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


19,971/10. Siemens Brothers and Co., Limited, 
don. Siemens and Halske Aktiengesellschaft, Berlin, 
Germany.) ets. (3 Figs.) August 26, 1910.— 
This invention relates mainly to a construction of electro-magnets 
by which the iron core and the coil can be very readily withdrawn 
from the yoke. For this purpose, one or more cores @ are inserted 
in the iron body yoke so as to form what is known as a “ pot- 
magnet,” and the end of each core on the side remote from the 
armature is of somewhat larger diameter than the coil ¢ ; the core 
can be screwed into the yoke, the terminals of the coil are 
attached to the iron core, so that the core and the coil can be 
quickly and easily withdrawn by loosening a single screw. This 








easy withdrawal is convenient when it is necessary to quickly 
substitute another coil for the one in operation, or when any 
repairs are required to the coil. The form of the body or yoke is 
immaterial for the purpose of the invention ; it may have one or 
several limbs, One end of the coil winding is fastened to a 
terminal fon the iron core, and this terminal may be shielded 
by a metal cap g, which protects it from any mechanical injury 
as wellas from any danger of an electrical short circuit. The 
other end of the coil, as well as the yoke, is earthed, and the metal 
cap is also preferably earthed, so that no harm could occur to 
the coils if alive conductor should make contact with the cap. 
(Accepted December 30, 1910.) 


16,152/10. E. T. Ruthven Murray, Radlett. Switch- 
mg Mechaniem. {8 Figs.) July 6, 1910.—The invention 
consists in electrical switching mechanism comprising a contact 
lever retained in one extreme position, against the pull of a 
weight or spring, by a weighted or spring-controlled detent-lever 
adapted to liberated by the movement, in one direction, of an 
actuating member, and a catch-bearing lever adapted to be moved 
by the actuating member in the reverse direction, the said catch- 
bearing lever being ted the tact-lever by a spring, 
and carrying a pivoted catch adapted to lock the contact-lever in 
the other extreme position, and to retain it whilst the said 
spring is being strained. 1 is the pivoted contact-lever; it 
carries at one end a contact 4 adapted todip into the mercury in 
cup 5, and at the other end a weight 6. The contact-lever is 
maintained in its closed position by a pivoted and weighted 
detent-lever 7. 12 is the moving element which operates tge 
switching mechanism, and is, in this case, shown as a pin sut- 
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rounded by aroller. 13 is a spring attached at one end to the 
contact-lever, and at the other end to one arm of a bell-crank 
od 14, 15. Mounted upon the second arm of the bell crank 
ever 14, 15 is a catch 16, normally maintained by gravity in the 
position shown, but capable of a limited movement about its 
pivot in a clockwise direction. In the position shown in Fig. 1, 
the pin 12 18 touching the second arm of the bell-crank lever, but 
not putting pressure upon it. There is therefore no tension on 
Spring 13. If, now, the pin 12 moves to the right to the extent 
shown by Fig. 2, it will push the detent-lever to the right and 
the contact-lever will drop into the position shown. As the 
contact-lever moves into the position shown in Fig. 2, the catch 
16 moves about its pivot in a clockwise direction, and the con- 
tact-lever is locked in its open position. On movement of the 


se 12 to the left it comes into contact with the second arm of the 
ll-crank lever, and on continued movement to the left moves 
the bell-crank lever 
tion. 


r about its pivot in a counter-clockwise direc- 
This puts tension on the spring 13, but the contact-lever 


by the catch 16. On continued movement of pin 12 to the left 
until the parts reach the positions shown in Fig. 3, the catch 16 
releases the contact-lever, and the tension on spring 13 being now 
sufficient to overcome the weight 6, the contact-lever is returned 
to the closed position. The detent-lever 7 now re-locks the con- 
tact-lever in the closed position until the pin 12 again moves to 
the right and moves detent-lever 7, as hereinbefore described. 
(Accepted December 31, 1910.) 


27,914/09. Siemens Brothers and Co., Limited, 
London, F. eath, and J. H. Bradley, 
Pl hlights. (2 Figs.) November 30, 1909. 


—This invention relates to twin searchlights, and, according to 
this invention, the horizontal brackets are each provided with a 
pair of widely-s bearings, the upper of which forms a com- 
plete ring or collar a the top of a central spindle, whilst 
the lower one consists simply of a segmental bearing, or half- 
collar, resting against the spindle. The radial arms have their 
corresponding bearings arranged close together. aand a! are the 
lamp-barrels, which are mounted in line with their approximate 
centres of gravity by means of trunnions band b!, These trunnions 
rest in bearings at the tops of crutch supports carried on 





the radial brackets d andd!, These brackets d and d! have, as 
stated, widely-spaced bearings ¢, e1, f,/!, from which they swing. 
These bearings turn on the long centre pin g suitably secured 
firmly in the top of the pedestal h. j is the main turntable for 
the projector. It is so arranged that it revolves round an annular 
projection on the top of the pedestal A. It will be seen that to dis- 
mount the barrels, it is only necessary to slightly raise each of the 
supporting brackets and barrels in turn to cause the corresponding 
bearing e or e! to clear the top of the spindle, whereupon, owing 
to the lower bearing being only segmental, and therefore not 
actually surrounding the spindle, the bracket and barrel become 
a free and ready to be lifted away. (Accepted December 
1, 1910. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


7096/10. J. Baker, Portsmouth. Magneto Ignition. 
(4 Figs.) March 21, 1910.—This invention relates to the magnetos 
for interna!-combustion engines where the armature shaft is in 
alignment with and directly coupled to the engine shaft, and 
provides means for enabling the armature shaft to be manually 
rotated independently of, and in the same direction as, the 
driving shaft, said means consisting of a sliding clutch-sleeve u 
the armature shaft, and a corresponding clutch member rigidly 
connected with the driving shaft, and means for imparting inde- 
pendent rotation to the armature shaft. The armature shaft A 
and engine shaft B are connected by a coupling consisting of the 
member C adapted to slide on the armature shaft A, and a co- 











acting member C! fast on the shaft B. D is a sleeve rotating on 
the shaft A. Internally at the end near the coupling this sleeve D 
covers a ratchet-wheel E fastened toshaft A. The ratchet-wheel E 
and an engaging pawl D are so disposed that on rotating the 
sleeve D in the direction of rotation of the armature, the shaft A 
must rotate with it, as will be clear from Fig. 2. Should shaft A 
be rotated by shaft B through the intervention of the clutch, the 
sleeve D will remain inactive. At F around the sleeve D is coiled 
a cord of easy access by the operator. At G is coiled a flat spring, 
not shown in the drawing, 80 di as to be still further coiled, 
should the sleeve D be rotated, by pulling the cord E. (Accepted 
December 31, 1910.) 

4946/10. Sir W.H. Bailey and A. J. Bailey, Salford. 
Carburettors. (6 Figs.) peraney 28,1910. This invention 
relates to carburettors of internal-combustion engines. According 
to this invention, it is proposed to make the nozzle in a cowl form 


Fig. 1. 
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and to mount it to swivel either to meet the current of air when 
no petrol would flow (unless the petrol head be increased suffi- 
ciently to overcome the effect of the velocity of the air), or to turn 





is still 


maintained in the open position, owing to its being held 





air-inlet pipe, ¢ the outlet to the engine. kis the nozzle in cowl 
shape and formed at the end of the partially hollow spindle k!, 
which is free to be swivelled so that its cowl nozzle & will meet 
the current of air, or to be turned round more or less with the 
current of air. The swivelling of the cowl is effected, in the 
example illustrated, by a pinion &* (see Fig. 2) fixed on the ex- 
tremity of the spindle £1 and ge with a sector m! on a lever 
m connected to a sector lever o geared to the throttle-valve ; con- 
sequently, when the throttle-lever ¢ actuates the throttle-valve 
the spindle k! with the cowl nozzle & will be swivelled to a corre- 
sponding or proportionate extent, and the supply of petrol to the 
engine will be regulated in accordance with its uirements, so 
as to maintain as far as practicable a constant quality or richness 
of mixture at all speeds. Instead of arranging the cowl nozzle 
k to move in conjunction with the throttle-valve, it may be dis- 
connected therefrom and be operated by ind dent tions 
from the governor, or by a hand-lever, or 
December 31, 1910.) 


48/10. J. Fiel , Gloucester. Internal-Combus- 
tion es. (5 Figs.) January 1, 1910.—According to this 
invention, a vertical cylinder engine is fitted with a piston valve 
working in a ported sleeve fixed centrally in the cylinder head and 
operated by a valve-crank overhead, geared so as to make one 
revolution to two of the main crank-shaft. A is the combustion 

pace of the cylinder. B is the valve-box consisting of a double 
shell belted to the cylinder head and making a pressure-tight 
joint therewith. C is the valve-piston coupled to the crank-pin D 





by both. (Accepted 





of the crank-shaft E, the crank-shaft working in bearings formed 
on the engine frame. The inner shell of the valve-box B is pro- 
vided with a gridded or barred port F, through which the fresh 
charge is admitted and the waste products pass out according to 
the position of the sliding-sleeve G, in which is formed the passage 
Hand ring of ports 1; the outer shell of the valve-box B has 
formed in it ports J and K which open respectively into the inlet 
passage L and exhaust passage M. The sliding-sleeve G is coupled 
to, and operated by, a pair of short-throw cranks N. (Accepted 
December 31, 1910.) 


GUNS AND EXPLOSIVES. 

30,240/09. The Birmingham Small-Arms Com x 
Limi and G. No Bi uns. 
[4 Figs.| December 28, 1909.—This invention relates to report- 
silencers, and more particularly to those silencers in which there 
is a series of longitudinally-arranged outwardly-tapering conical 
chambers, with a central hole therethrough equal in size to, or a 
little larger than, the diameter of, and in alignment with, the 
bore of the gun; each conical chamber being surrounded by an 
outer annular space or chamber. According to this invention, 
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the outer chamber 17 is ted to the inner conical chamber 
12 by means of radially-disposed holes 19 near the large end of the 
said inner conical chamber; while the said outer annular chambers 
17 are preferably connected with each other by a series of longi- 
tudinally-disposed holes or gaps 20. They are externally com- 
pletely closed and adapted to retain the gases which collect 
therein. The complete device thus may assume a somewhat 
cylindrical form, and is further adapted to be fitted or secured to 
the muzzle end of the barrel of the gun. (Accepted December 31, 
1910.) 





HYDRAULIC MACHINERY. 


29,949/10. L. V. Ro and the “Sileat” 
tomobile Syndicate, ted, London. draulic 
zy ion. [3 Figs.) an BS 1909. — 


This invention refers to that class of power transmission in which 
the driving and driven parts are connected py means of a liquid 
medium acted upon by several blades d suitably fixed to the driv- 








ing part ; the driven shaft being connected with a drum n of suit- 
able shape, on the inner periphery of which the liquid is made to 
pinge. The of the invention consists in the provision 
of adrum j normally held stationary. This drum j is concentric 
with the drum » and is of such diameter that there is a clearance 
between thedrums. The rim of the drum j is provided with 








it round more or less with the current of air, thus ee | any 
flow of petro] from minimum to maximum, as required, a is the 


or nozzles A, through which the liquid is forced by the revolving 
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blades d. _The object of the drum j is to increase the efficiency of 
the transmission and to provide for a motion in the opposite 
direction to that of the drum n. For these pu the nozzles 
A are —— of such oe that the liquid, while entering the 
nozzle in an almost radial direction, is deflected in its flow and 
made to impact tangentially on the inner periphery of the drum 
n. It is obvious that this change of the direction of the liquid 
within the nozzle causes a corresponding reaction couple on the 
drum j. As long as the latter is held stationary, the drum n alone 
will revolve ; when the drum 7 is held and the drum j is released, 
the reaction couple available on the latter will cause the drum 4 
to revolve in a direction opposite to that of the drum n. (Accepte 
December 31, 1910.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 





bs ang H. J. Thomson, Hold-Up ts. 
{3 Figs.) January 1, 1910.—This invention relates to hold-up 
magnets. These are built with lar electro t 


ag e 
electromagnet comprises two conical pieces 1, 2, of which 1 
has a projecting ring or collar 3 adapted to contact with the part 
2 rom to be secured thereto by screws. These Tyo ws form an 
annular core of }{ section for the windings 5, 6. The outer surface 
of the parts 1, 2 is preferably made spherical, and the inner surface 
may be made flat or shaped to fit the article upon which the 
riveter is to be used. One armature of the electromagnet is, of 
course, formed by the work-piece 8, which completes the magnetic 
circuit for coil 5. Coil 6, on the other hand, serves to draw against 
the parts 1, 2 an outer block 9, having an internal spherical 
surface. To this is attached the cylindrical sleeve 10, in which 
moves a second screwed sleeve 11, which can be turned by 





means of cross-bars 22. These cross-bars serve also as handles 
for carrying the device. Within the sleeve 10 fits the riveting 
tool. his has a collar 12, between which and the sleeve 11 
engages a spiral spring 13; by adjusting the spring 11 the pres- 
sure on the tool can be varied at will. When the tool is in use, its 
blows upon the rivet will tend to force the casing with the collar 
12 away from the work-piece. If this were held up directly by 
magnetic attraction, there would be serious danger of its falling 
off, for as soon as a small air.gap was brought into the magnetic 
cirenit the attraction would very greatly diminish. With the 
construction shown, however, no such air-gap appears, but the 
spring 13 is slightly compressed. The spherical form of the parts 
1, 2, and 9 permits of the tool being inclined at any direction 
within limits to the axis of the rivet, so that the head can readily 
be shaped as desired. (Accepted December 31, 1910.) 


MOTOR ROAD VEHICLES. 


29,585/09. M. McMullen and K. J. McMullen, 
Brimpton. Motor Road-Vehicles. [5 Figs.) Decem- 
ber 17, 1909.—-This invention relates to front-wheel brakes for 
motor-cars, and consists in the employment of a rotatably 
mounted coupling-rod having cams or les on its ends for the 
operation of the brakes, the cams or toggles and rod being placed 
in front or behind the centre of the wheels, so that the brake- 


















Fig. 1. 
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operating rod shall also serve as the steering coupling-rod. The 
trake-irum @ may be fitted to the spokes of the wheel, or 
formed in one with the hub b. The brakes may be of the external 
band, or, as shown, of the internal expanding type. The internal 
expanding members ¢ of each brake are piv: ly attached to a 
carrier disc d that, together with the swivelling axle-end e, is 
hinged between the forked end of the bracket of the main axle, 








which latter member e pe gmp drum @and the hub b, These 
aye e therefore move with the wheels when their angle is altered 
or steering —, so that they always remain in the same 
position in relation to the drums a. According to this invention, 
the tightening of the bands on the drums a, or the expanding of 
the internal bers c, is effected by cams f. The two cams /f on 
opposite sides of the car are connected by a torsion-rod g ng 
in front, or behind the front axle. This rod is capable of being, 
by means of an arm A, turned upon its axis, and thereby serves to 
actuate both the cams tegether, so as to effect the necessary 
contact between the bands or expanding members c and the 
drums a. At each end the rod g is fitted with a short length 
g}, coupled to the main rod g by a universal joint, and the outer 
end of these short len are directly connected to the cams /. 
The whole rod g and the short extensions g! mentioned are free to 
move endways, and form the steering coupling-rod, thus making 
it serve a double purpose. The rod g may, as shown, instead of 
being a separate rod, also form the steering coupling-rod, thus 
making it serve a double pu The steering-arm / may be 
secured to one of the carrier-discs in any convenient position, as 
will be readily understood, or the steering motion may be applied 
to this steering ling-rod. To actuate the cams/ for applying 
the brakes, the torsion-rod { may be moved about its axis by means 
of the lever A, which would be coupled by a wire or rod k to a 
hand or foot-lever, or by any other method. (Accepted Decem- 








ber 30, 1910.) 
PUMPS. 
60/10. fassphong® and Son, Limi and F. Lamp- 
don. tary Pump. (8 Figs.) January 1, 


1910.—The invention has for its object an improved valveless 
rotary pump; a@ is a cylindrical pump-casing provided with re- 
movable end covers b, b!, each of which is formed with a bearing 
v2 or 18, the bearing U2 being closed at the outer end, whilst the 
bearing b° is provided with a stuffing-box. c is the driving shaft, 
on which is fixed a cylindrical rotating yoke or body d, which fits 
the pump-casing and against the end covers. This rotating body 
dis formed with a central cylindrical division d! and with end 
walls d®, between which are formed spaces d* at right angles to 
each other, and which are open at the ends, and are bounded on 
each side of the axis with convex and concave sliding surfaces d4, 
d», struck from the same centre. Within the spaces d* are fitted 
reciprocating pistons e, having curved surfaces corresponding with 
and fitting against the surfaces d4, d5. Within each end cover is 
formed an eccentric ring shaped housing, within which is fitted 




















a rotating ring g, and each of said rings is fitted og fitting 
within one of the pistonse. As the body d is rotated, recipro- 
cating motion is imparted to the pistons e by means of the pins on 
the rings g. Each movement of the pistons e corresponds with a 
suction and delivery stroke, and as the suction and delivery ports 
a! coincide and correspond with the openings in the periphery of 
the body d, there will be a period—namely, that at each end of the 
stroke—when the yoke d will cut off communication between the 
suction and delivery ports ; at that point the action is reversed— 
that is to say, what has just completed the delivery will com- 
mence drawing in a fresh charge of water, and what was the 
suction will commence delivery. As there are two pistons, a 
boner i a action is obtained, which is equivalent to a pair of 
a pumps with four suction and four delivery valves— 
that 


to say, at every half revolution of improved pump two 
suctions and two deliveries take place. 
1 


(Accepted Decen 31, 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


6753/10. F. W. Tannett-Walker, Leeds. Valve- 
Gear. [4 Figs.) March 17, 1910.—According to this. invention, 
the expansion-valve on the back of the main slide-valve is operated 
by arod pivoted to a lever connected by a link to the piston-rod of 
the engine, and the main slide-valve is driven by a crank or 
eccentric fixed to a shaft carried by a lever pivoted on the crank- 





é e 


shaft of the engine. The valve-shaft and the crank-shaft have 
fixed to them equal pinions gearing together so that they revolve 
at the same The engine is reversed by turning the lever 
through a small angle about the crank-shaft, which causes the 
pinion on the valve-shaft to roll round the pinion on the crank- 
shaft, and go reset the valve. The lever carrying the valve-shaft, 


instead of being pivoted on the crank-shaft itself, may be pivoted on 
a third shaft driven at any desired by the crank-shaft, but the 
gearing must be so arranged that the crank-shaft and the valve- 
shaft revolve at the same speeds. a is the crank-shaft, b the piston- 
rod, ¢ is the valve-rod, and c¢! its connecting-rod that is pivoted 
to the crank-pin d2, fixed to the valve-shaft d, mounted in oben 
in the lever e, which is free to turn on the crank-shaft a. elisa 
handle for paes the lever ¢ relatively to the crank-shaft. The 
full lines show the positions of the parts when the engine is 
running forward, and the dotted lines when it is reversed. fis 
the rod of the expansion-valve, which is connected by the rod f1 
to the lever g, having its fulcrum at g! and connected by the link 
g? to the piston-rod b. (Accepted December 14, 1910.) 
10,950/10. The Stir Boiler Company, Limited, 
and Edinb (P. Sneddon, Barberton, Ohio, 
17.8.4.) Superheaters. [1 Fig.) May3, 1910.—This invention 
relates more especially to that type of steam-generator wherein the 
gases flow in up and down passes over successive sets of water-tubes 
connecting upper and lower transverse drums, the superheater 
being located in one of the passes and being provided with means 
for varying the path of the gases over the superheating tubes in 
order to vary the 9 of superheat. The invention consists in 
the combination with the particular construction of boiler here- 
inafter described, of the means described in the specification of 
Letters Patent No. 17,032/09 for varying the path of the gases 
over the superheating tubes. 2 and 3 represent upper transverse 
steam and water-drums connected by banks of tubes 4 and 5 with 
a transverse mud-drum 6. The flame and gases arising from the 
furnace 7 are directed up among the tubes 4 by the rear baffle 8, 
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and thence flow down between such baffle and the baffle 9 and rise 
among the tubes 5 to their upper end, and then pass over the top 
of the baffle 10 to the outlet flue. Between the baffles 8 and 9 is 
located the superheater, which consists of U-shaped tubes 12. 
The superheater boxes extend transversely of the setting, and 
one box is connected with the steam space of the drum 3 bya pipe 
15, the outlet pipe for the superheated steam being connec to 
the other box. The superheater is placed in the rear portion of 
the space between the baffles 8and 9, andat the peer part of the 
baffle 8 is placed the pivoted adjustable baffle-shelf 17, having an 
= ew chain leading up through the roof to a drum on the shaft 
of a chain-pulley. This chain-pulley is provided with an endless 
operating chain, which hangs down within reach of the operator, 
and by which the position of the shelf 17 may be adjusted to allow 
the gases to short-circuit more or less over the superheater-tubes, 
thus changing the amount of superheat. (Accepted December 30, 
0.) 


6059/10. The Hoffmann Manatnsturing Sompen: > 
Limi London and Chelmsford, and W. B. ir, 
Che ord. Roller-Bearings. (3 Figs.) March 10, 1910. 
—The present invention consists of a self-contained bearing for 
rollers, of which the length is approximately equal to the diameter, 
and comprises an inner and an outer ring a, b respectively, both 
of which have a grooved track c, with side flanges integral there- 
with, the flanges of one or both of the rings closely fitting the ends 
of the rollers S a sufficient distance up their sides to maintain 
them in alignment and to take side-thrust. Accurately made 
side-guides or flanges at right angles to the tracks must be 
provided at least in one ring, to keep right-angle-ended rollers in 
true alignment on such ring ; or when the rollers have to locate 
one ring to the other the side-guides or flanges must be provided 





on both rings. In the first case flanges are still necessary, accord- 
ing to this invention, on the other ring to keep the bearing 
together and maintain its self-contained character and to take side- 
thrust. To assemble such self-contained bearings having the 
solid side-flanges the method employed in connection with certain 
ball-bearings can be adopted ; that is, the inner ring may be placed 
eccentrically to the outer and the rollers be collected in the space 
left between them to the greatest number that can be got in, the 
inner ring being then pushed into a central position, and the 
rollers being around the track. In this spaced condition 
they must be held by some suitable means. In the drawing, @ 
cage d is shown, such cage being made in two parts, which are 


screwed or secured together, so that they can be laced around 
the rollers when they are in position. December 
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AIR-RESISTANCE TO PLANE 
SURFACES. 


By A. W. Jouns, R.C.N.C., M. Inst. N.A. 


Tue determination of the forces experienced by 
bodies, and particularly plane surfaces, moving 
through still air or placed in a wind has been the 
object of numerous experiments during the past 
150 years, and many discussions of the results 
obtained may be found in the records of cngineer- 
ing societies and other learned bodies. 

Although of importance in Civil Engineering, 
Naval Architecture, and Meteorology, the recent 
rapid advances in aeronautics have given the matter 
still greater importance, especially in the case of 
surfaces inclined to the direction of motion. Many 
of the works dealing with acronautics naturally 
refer to this experimental work, and quote many of 
the results. The inquiring student will, however, 
find that these results differ so greatly among them- 
selves that he is forced to the conclusion that this 
portion of the subject is in anything but a satisfac- 
tory condition. 

It may be at once stated that this conclusion is 
due principally to the scanty information given by 
writers when quoting the experiments. Generally 
the bare results only are given, and no details of 
the experiments themselves are included. This 
omission is to be regretted, for it prevents any 
rigorous comparisons of results being made, and 
often leads to the suggestion of rules or formule 
which are altogether inaccurate. 

Since the majority of those who have carried out 
experiments on air-resistance have been men who 
have spent a great portion of their lives in experi- 
mental research, it may be taken for granted that 
the results they have obtained represent, as nearly 
as practicable, those proper to the circumstances 
of each experiment, and that any explanation of 


differences in their results must be sought for in} 


differences in the experimental conditions. For 
this reason, therefore, when quoting results, writers 
on the subject should include as many of the parti- 
culars of the experiment as are obtainable. 

It is the object of this article to examine some of 
these experiments, and to show that from the cir- 
cumstances under which they were carried out, the 
results of many are of little practical value, and 
that from others interesting conclusions can be 
drawn. 

Taking the case of a plane plate moving perpen- 
dicularly to its surface in still air, or placed at right 
angles to the direction of an artificial or natural 
current of air, it is generally accepted that the force 
or pressure on the plate is given by the formula 


P = KAV?3, 


where P is the pressure, A is the area, V is the 
speed, and K is a coefficient. With A in square 
feet, V in miles per hour, and P in pounds, K has 
a value varying from 0.0025 to 0.0050, according 
to different authorities. The accompanying table 
shows in column 4 the values of K determined by 
the experimentalists whose names are given in 
column 1. Column 2 gives the dimensions of the 
plates, column 3 the speed of the air current 
relatively to the plate in miles per hour, and 
column 5 states the mode of experiment and the 
lenvth of the arm of the whirling-machine, when 
such a machine was used. The values of K have not 
been corrected for standard atmospheric pressure 
and eee seenesetit but this correction is usually 
small, 

\t will be noticed from column 5 that five differ- 
en! methods of experimenting have been employed 
—viz.: (1) The plate is carried at the extremity 
of the arm of a whirling-machine, which is rotated 
as uniformly as possible. (2) The plate is carried 
on a train or truck and moves in a straight hori- 
zontal line. (3) The plate is allowed to fall under 
the action of gravity. , (4) The plate is placed in an 
— current of air ; or (5) placed in a natural 
wind, 

\sefore proceeding further, it is desirable to notice 
errors which are liable to arise in each of these 
methods of experiment. In the case of the whirling- 
tuachine, the length of arm should be large compared 
with the dimensions of the plate. If this is not so, 
different portions of the plate will be moving with 
(ferent velocities. The mean velocity is difficult 
‘> determine, and the motion of the air past the 
p-ate is unsymmetrical and complicated. Further 
tian this, the air is given a motion which is 
partly radial, due to centrifugal action, and partly 


Air Resistance to Plane Surfaces. 























2h | 
Experi Size of al’ : Bd | 
menter. in Inches. |=" zs | - Mode of Experiment. 
Shag) 8 
eo = 
aed 
in. in. | 
Square Plates. 
Stanton ..| 1.77 x 1.77 19 .00287 Plate in an artificial 
| | current of air. 
Hagen os 2x 2 4 .003 (Whirling machineabout 
2 ft. ius. 
Borda aa 8x 8 .0039 Whirling machine about 
3 ft. radius. 
Finzi and 4x 4 22 =©.0031 Whirling machine about 
Soldati 15 ft. radius, 
Borda Ex. .¢ .0042 Whirling machine about 
3 ft. radius. 
Hagen 6x 6 4 (.0082 Whirling machine about 
2 ft. radius. 
Cailletet & 6x 6 55 -0029 Plate falling vertically 
Colardeau under action of gravity 
Langley ax.-@ 40 (.0030 Whirling machine about 
30 ft. radius, 
Eiffel 10 x 10 | Over 40 '.0029 Plate falling vertically 
| under action of gravity 
Langley 12 x 12 18 (.0032 Whirling machine about 
| 30 ft. radius. 
Dines 12x 12 14.6029 | Whirling machine about 
28 ft. radius. 
Finzi and) 12 x 12 22 ~=.0033 | Whirling machine. 
Soldati 
Thibault ..| 13 x 138 5} .0048 |Whirling machine 4} ft. 
1U8. 
Eiffel ..| 14 & 14 |Over 40 .00295 above. 
W. Froude 18 x 18 | 8to 10.0089 |Plate carried on truck 
of experimental tank. 
Marriote ..| 21 x 21 2) .0049 Whirling machine of 
43 {t. radius. 
Eiffel ..| 28 X 28 |Over 40 |,0031 above. 
Le Dantzec 394x 393) 2} |.0034 Plate falling under the 
| action of gravity. 
Finzi and) 39x 394) 22 (|.0042 See above. 
Soldati | 
Didion 394x 3894) 15 |.0032 Plate falling under the 
| action of gravity. 
Eiffel 394x 39)/Over 40 .0083 Plate falling under the 
| action of gravity. 
Stanton ..| 60 x 60 | 0 to 25.0032 (Plate in a natural wind. 
“ ..| 120 x 120! 0,, 25'.00322' Ditto Ditto 
Rectangular Plates. 
Nipher 36 x 48 60 =|.0025 |Plate carried on a rail- 
| way train. 
Rateau 12x 2 80 |.0027 |Plate in an artificial 
current of air. 
Hutton . 4x 8] 6to8 .0033 | Whirling machine 4} ft. 
radius. 
Kernot.. 44x 8 | 12t027 .0033 | Whirling machine. 
St.Loup ... 4x 8) 85  |,0029 | Whirling machine 10 ft. 
radius. 
Eiffel 9}x 194 Over 40 .0031 |See above. 
Beaufoy 6 x 12 | 3 tol4 |.0045 |Whirling machine 9 ft. 
| radius, 
Langley 6x 12 20 © (.0033 Whirling machine 30 ft. 
radius. 
Stanton 60 x 120 | 0 to 26 .00318 Plate in a natural wind. 
Stanton 1x 8 14 .0029 | Plate in an artificial cur- 
| | rent of air. 
Finzi and 4 x 12 22 .0032 | Whirling machine 15 ft. 
Soldati | radius. 
Langley 6 x 24 | 12-22 |.0083 | Whirling machine 30 ft. 
| radius. 
Eiffel 7 X 28 | Over 40 .0031 |See above. 
Stanton 3x 4.5 | 14 |.0034 | Plate in an artificial cur- 
} rent of air. 
Dines 3 x 48 | 40 |,0035 |See above. 
Hagen 1x 16 4 |,0082 Ditto. 
Stanton 15 x 9 14_—_‘|.0043 | Plate in an artificial cur- 
rent 
Circular Plates. 
Stanton ..; 2in. dia. ; 16 |.0029 Plate inan artificial cur- 
| | rent. 
Finzi and 4 in. ~<a .0032 |See above 
Soldati } 
Mannesman 5.8in. ,, | 45 |.0049.|Whirling machine 1} ft. 
| | radius. 
Hutton - 65in. ,, | 7 ~ |.€034 | Whirling machine 4} ft. 
radius. 
Renard Sin. ,, | Up to |.0042 | Whirling machine 39 ft. 
100 radius. 
Eiffel .. 1L8in. ,, |Over 40 |.0029 |See above. 
Finzi and 12in. ,, 22 =| .0084 Ditto. 
Soldati 
Eiffel  .. 226in. ,, |Over 40 .0081 | Ditto. 
Finzi and 39.37 in. ,, 22 -0042 | Ditto. 
Soldati | 
Canovette .. 39.37in.,, | 17 .0030 (Plate sliding down a 
| sloping wire. 
Eiffel -. 33in. ,, |Over 40 .0032 |See above. 
{ 





circumferential, due to whirling. The general effect 
is, that as the ratio dimensions of plate increases 
length of arm 
the value of K obtained is also increased. The 
late Colonel Renard, using a whirling-machine with 
an arm 46 in. long and with a circular plate 8 in. in 
diameter at the end of the arm, found that the 
value of K so determined was 0.0042, as compared 
with 0.0032 obtained by other experiments with 
plates moving in a straight line. In the whirling- 
machines used by Langley and Dines the length 
of arm was respectively 30 ft. and 28 ft., which, 
for the dimension of the plates they employed, 
should give results agreeing fairly well with the 
same plate moving in a straight line. In the earlier 
whirling-machines used by Marriote, Borda, Hutton, 





and others, the motion of the arm was obtained by 





a falling weight. With such an arrangement the 
arm and plate had an accelerated motion given 
them. The error due to acceleration, which is 
referred to later, was to some extent minimised, 
by allowing the arm of the machine to revolve 
several times before observing the velocity. In 
later machines uniform motion is obtained by use 
of an electric motor. : 

With a plate mounted on a train (Nipher) or on 
the truck of an experimental tank (Froude), errors 
are introduced if the plate is not mounted so as to 
be well clear of all parts of the carrier or of the 
ground or water. In the case of a train, the effect 
of natural winds has also to be allowed for. 

With a plate falling under the action of gravity, 
an error is introduced if observations are made 
before the plate attains uniform motion. The 
effect of acceleration on resistance is not at present 
properly understood, but there is little doubt it is 
important. The only formula which takes account 
of it is that due to Didion, which for units of 
pounds, feet, and seconds, gives 


Pad [ o.oos V2 +0.01 at 


With a falling plate the acceleration is positive, 
and the resistance is- increased as compared with 
uniform motion at the same velocity. From. ex- 
periments made in water it would appear that the 
resistance per unit area due to acceleration in- 
creases with the size of the plate, and thus the 
effect on large plates is relatively greater than on 
small ones. For this reason the results of Liffel 
for large plates, in which apparently the pressure 
was taken without any regard to the attainment of 
uniform motion, may be a trifle high. In the 
rn me mg of Le Dantzec and Cailletet and 
Colardeau the plates had attained uniform motion 
before observations were taken. 

With a plate placed in an artificial current of air, 
it is difficult to obtain a current uniform in velocity 
and direction, especially where the area of the 
trunk employed is small compared to the size of 
plate. The same objection applies, but with much 
greater force, to a plate shoul in a natural wind 
where, at points a short distance apart, the speed 
and direction of the air-currents may vary consider- 
ably. The speed of the currents impinging on the 
plate is thus difficult to determine. 

Turning now to the values of K given in the 
table, the largest—0.0049—is that determined by 
Marriote, and is the value upon which Smeaton 
based his well-known formula for wind-pressure— 
viz.: P = 0.005 AV*. The plate used by Marriote 
was 34 square feet in area. ‘The exact shape is not 
stated, but if square, as is assumed in the table, 
the sides were 21 in. long. The whirling-arm to 
ane” » was or was 56 in. in length, the 

imension of plate ,_. 

eaathal oom being thus about 0.4. 
This ratio is larger than that in Renard’s experi- 
ments mentioned above, and, as might be expected, 
the resulting value of K is also larger (0.0049 to 
0.0042). There is little doubt, therefore, that 
Marriote’s result is practically correct for the con- 
ditions of his experiment, but these are entirely 
different to those to which Smeaton’s formula is 
usually applied. For practical purposes, therefore, 
Smeaton’s formula is of no value. 

For the same reason, i.¢., the large value of the 
dimensions _of plate the values of K de- 

length of arm 
termined by Borda, Mannesman, Thibault, and Finzi 
and Soldati for plates of 39} in. side or diameter, 
are considerably higher than for the same sizes of 
plates moving at the same speed in a straight line 
or whirled in a machine of relatively large radius. 
The experiments of Borda* with different sizes of 
lates on a whirling-machine deserve more particu- 
ar mention, since from them D’Aubinsson proposed 
a formula, according to which the pressure on a 
late varied as the area raised to the 1),th-power. 
or the conditions of the experiments this formula 
undoubtedly holds, but it is hardly logical to apply 
it generally as was D’Aubinsson’s intention in 
suggesting it. 
ext to Smeaton’s formula that of Hutton is 
perhaps the most frequently quoted, but as usually 
given the value of K is about } more than those 
quoted in the table. The latter are, however, 


ratio 





ratio 





* Borda’s experiments with a whirling-machine gave 
the following results :— 
Surface 9 16 36 81 square inches, 





Intensity of pressure 100 109 119 129 
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taken from Hutton’s actual experiments. The 
difference is accounted for in the following man- 
ner :— Hutton, experimenting with two hemispheres 
of radii 5 in. and 7 in. respectively, found that at 
the same speeds the pressure per unit area of base 
was } greater in the Come hemisphere. He there- 
fore recommended that when age to plates of a 
larger area than 32 square inches, the value of K 
determined from experiments with the 4-in. by 
8-in, plate should be increased }. It is to be noted 
that his result for the 4-in. by 8-in. plate agrees 
with that of Professor Kernot for a plate of about 
the same size. 

Beaufoy’s results for wind-pressure are often 

uoted in works on Naval Architecture, and also in 
} nent on the subject of wind-pressure. His 
experiments were made in connection with the 
efficiency of windmills, and in them four plates, 
each 6 in. by 12in., were attached each to the arm 
of a right-angled cross, which was carried at the 
end of the arm of a whirling-machine. The centres 
of the plates were only 9 in. from the centre of the 
cross, and the edges of adjacent plates were thus 
very close together. In these conditions the value 
of K obtained was much larger than if one plate had 
been used and the air allowed a free passage around 
it. For this reason the coefficient is of little practi- 
cal use. 

Professor Nipher’s result is the lowest value of 
K in the Table—viz., 0.0025. In this case the plate 
was carried on a train, and in addition to the total 
pressure, the pressures at various points on the front 
and back were observed. The pressure on the 
front at the top edge was 4.3 1b., compared with 
3.3 Ib. at the lower edge, thus showing that the 
motion of the air past the plate was not symmetri- 
cal. This would appear to indicate that for sym- 
metrical motion of the air past the plate the coeffi- 
cient would have been larger. Possibly the plate 
was mounted in such a position that parts of the 
train influenced the flow of air past it. Mr. W. 
Froude’s result is, on the other hand, much larger 
than obtained by other observers, thus indicating 
some abnormal circumstances in his experiments. 

Taking the remaining results, it will be noted 
that for square and circular plates these are all in 
the neighbourhood of 0.003. The result of Dines 
for a square plate—viz., 0.0029.—is practically iden- 
tical with the results on square plates moving 
through water made by Colonel Beaufoy and Mr. 
R. E. Froude, when the results are reduced in the 
ratio of the densities of the two media. This agree- 
ment is of great importance, since it shows that the 
results obtained from experiments in water, and in 
which, owing to the much larger forces in opera- 
tion, less error is involved, can be applied directly 
to wind-pressure. It is generally considered that 
since air is compressible and water is practically 
incompressible, the phenomena attending motion in 
the former medium are different from those in the 
latter. It must be remembered, however, that for 
the usual speeds of experiment in air the increase 
of pressure on the front, or decrease of pressure on 
the back, is so small, compared with the absolute 
pressure of the air, that the medium acts practi- 
cally as an incompressible one. 

There are other interesting results which can be 
drawn from the table. In the first place, it will 
be noticed that for the same size and shape of plate 
the value of K diminishes as the speed increases. 
Thus for a plate 6 in. by 6 in. the value of K at 
40 miles per hour is 0.003, and at 55 miles per hour 
0.0029. Fora 12-in. by 12-in. plate the value of K 
at about 18 miles per hour is 0.0033, and at 40 miles 
0.0029. For the 4-in, by 8-in. plate at about 
12 miles the value is 0.0033, whilst at 85 miles it 
is 0.0029. Lastly, for a circular plate 12 in. in 
diameter, the value of K at 22 miles is 0.0034, 
compared with 0.00295, the mean of Eiffel’s results 
for 10 in. and 14 in. in diameter for speeds above 
40 miles per hour. The recen’ experiments of Dr. 
Stanton on large plates show a slight falling off in 
the value of K at the highest velocities of the wind, 
and his admirable experiments on small plates also 
show the same. This decrease of K with increase 
of speed for the same plate has been noted bya 
few observers, but many have not had the oppor- 
pase | of testing it, since for various reasons the 
speed has been kept constant throughout the ex- 
periments. There is little doubt, however, that for 
the same plate K decreases with increase of speed. 

In the second place, by comparing the results of 
square and rectangular plates of the same area and 
at the same speed, it will be noticed that the value 
of K increases as the ratio of the sides is increased. 





Thus Dines determined for a 12-in. by 12-in. plate 
at 40 miles per hour a value of K of 0.0029, as com- 
pared with 0.0035 for a plate 3 in. by 48 in. at the 
same speed. Stanton’s experiments on small plates 
also show the same result, a plate 0.3 in. by 3 in. 
giving a pressure per square inch of jas lb., 
whilst a plate 0.15 in. by 6 in. gave a pressure per 
square inch of ines lb., both being placed in a 
current of air moving at 21.4 ft, per second. 
Hagen also observed the same effect, and pro- 
posed the formula 
P = AV? [0.003 + 0.00004q] 

where q is the ratio of the sides of the plate. 
Applied to Dines’s 12-in. by 12-in. and 3-in. by 
48-in. plates, this formula gives the same propor- 
tionate increase in K as determined by the experi- 
ments. The largest value of qg used by Hagen in 
his experiments was 16, but if the formula is ap- 
plied to Stanton’s experiments on small plates it 
gives the same proportionate increase over a square 
plate for values of q up to 40. ’ 

A third interesting result which can be drawn 
from the table is in connection with the value of 
K for similar shaped plates, but of different dimen- 
sions. On this point there are conflicting opinions, 
some authorities a that the value of K de- 
creases with the size of the plate, while others take 
the opposite view. The experimental results, as 
usually given, are inconclusive, since they are 
generally compared without any reference to speed. 
When the latter is considered, as it should be, the 
matter is entirely simplified, as we now proceed 
to show. 

Finzi and Soldati, in their experiments on plates, 
measured both the total pressure on the front and 
the total pressure on the back. This was done 
both for square and circular plates moving at the 
same speed—viz., 22 miles per hour. The results 
are as below :— 


Dimensions of Plate. | Ratio Total Pressure on Front. | Value 


Total Pressure on Back. of K. 
4in. by 4 in. 

12 in. by 12 in. 
4in. indiameter .. 

12in. indiameter .. 


These results show that for the two different sizes of 
similar-shaped plates the motion of the air round the 
plates at the same speed is not similar. This suggests 
at once whether at speeds calculated by the “‘law 
of similitude ” the same results for both sizes would 
not be obtained. Briefly put, the ‘‘law of similitude” 
states that for exactly similar bodies whose dimen- 
sions are in the ratio L to I, exactly similar pheno- 
mena attend the motions if the speeds are in the 


ratio VL to I. The speeds so related are termed 
Mem pages - — As an example, if the 
speed of a 4-in. by 4-in. plate is 22 miles per 
hour, the ‘‘corresponding speed” of a 12-in. by 
12-in. plate will be ; x 22 = 38 miles per 
hour. If the ‘‘law of similitude” is applicable, 
the motion of the 12-in. by 12-in. plate at 38 
miles per hour will be exactly similar to that of 
the 4-in. by 4-in. plate at 22 miles per hour, and 
the value of K will be the samein both cases. Now 
for the 12-in. by 12-in. plate at 22 miles per hour 
K = 0.0033, and as we have seen above the value of 
K for the same plate decreases with increase in the 
speed, it seems reasonable to suppose that at 38 
miles per hour the value of K would be about 0.0031 
as for the 4-in. plate at 22 miles per hour. Turning 
now to the values of K given in the table, that for 
a aes 1.77 in. by 1.77 in. at 19 miles per hour is 
0.00287. The ‘‘ corresponding” speed of a 6-in. by 


6-in. plate is 19 x 
1.77 


At 40 miles per hour Langley found the value of K 
for a 6-in. by 6-in. plate to be 0.0030, which is 
slightly ter than 0.00287, but the difference is 
within the limit of experimental error. Next, 
taking a 12-in. by 12-in. plate, the speed ‘‘ corre- 
sponding” to 19 miles per hour for the 1.77-in. by 
1.77-in. plate is mf iv 
7 
Dines’s result for a 12-in. square plate at 40 miles 
per hour gives K = 0.0029, against 0.00287 for the 
1.77-in. square plate—a close agreement. Again, 
the s of a 14-in. square plate corresponding to 
19 miles per hour is 53 of a per hour, and at 





§ _ 35 miles per hour. 


x 19 = 49 miles per hour. 





about the speed Eiffel obtained K = 0.00295, which 
is slightly greater than 0.00287 ; but, as has been 
pointed out before, the neglect of the effect of 
acceleration in Eiffel’s experiments is to increase 
the value of K slightly. Similar comparison at 
‘corresponding speeds ” of the results of Stanton 
with a 0.3-in. by 4.5-in. plate, and Dines with a 
3-in. by 48-in. plate (which are sufficiently similar 
for comparison), shows practical agreement in the 
value of K. Finally, comparison of the experiments 
of Stanton with a plate of 2 in. diameter, and 
Eiffel’s with one of 11 in. diameter at the speeds 
given in the table, which are practically ‘‘corre- 
sponding speeds,” show the same agreement. 

From the examples taken it appears clear, there- 
fore, that the ‘‘ law of similitude ” can be applied 
directly to the motion of plates in air. The results 
given in the table can therefore be employed to 
obtain the value of K for similar plates of any sizes 
at ‘‘corresponding speeds.” As an example, taking 
Dines’ result for a 12-in. square plate at 40 miles per 
hour, the latter corresponds to a speed of 90 miles 
per hour for a plate 60in. square. The value of K 
for the latter, at 90 miles per hour, would thus be 
0.0029, compared with 0.0032 for speeds between 
0 and 25 miles per hour. Speed of experiment is 
therefore highly important in comparing different 
results. 

Summarising the results obtained by comparison 
of the values of K given in the table, we note :— 

1, The value of the coefficient K for the same 
plate decreases as the speed increases. 

2. For rectangular plates the value of K for the 
same speed and area increases as the ratio between 
the lengths of the sides increases, and this increase 
is generally in accordance with Hagen’s formula. 

3. For similarly shaped plates the values of K is 
the same at ‘‘ corresponding speeds ;”’ that is, the 
‘*law of similitude ” can be applied to the motion 
of plates through the air. 

t should be mentioned before concluding that 
several theoretical values of K, which have been 
ut forward by various authorities, are not given 
in the table. Of these, Lord Rayleigh’s formula 


| for the pressure on the front of a plate of infinite 


length—viz., P = 0.0024 A V*—has been found to 
agree generally with experimental results. The 
theoretical value of K » eee by Hawksley 
agrees with that of Smeaton, which, as has been 
shown, is of little practical value. With so many 
experimental results available it hardly appears 
necessary, and is very undesirable, to use theoretical 
values. In some books theoretical values of K 
are quoted as if they were experimental results. 

In this article the pressure on plates placed 
normal to the direction of relative motion has only 
been considered. A similar inquiry into the cir- 
cumstances attending the numerous experiments 
on planes inclined to the direction of motion will 
show that some of the results are of little practical 
value. If time and space permit, this inquiry will 
be attempted in another article. 





REINFORCED-CONCRETE STREET 
SUBWAYS IN CHICAGO, U.S.A. 


By Ernest R. Marruews, A.M. Inst. C.E., F.R.S. 
(Ed.), F.G.S., Borough Engineer of Bridlington. 


REINFORCED concrete has been used for many 
purposes by American railroad engineers, but for no 
purpose has its use been found to be more suitable 
than in the construction of street. subways. 

The Illinois Central Railroad Company have thus 
employed it, and the author is able here to 
describe its use, Mr. A. S. Baldwin, the chief 
engineer to that company, having kindly supplied 
him with much valuable information on the sub- 
ject. The subways have been built where track 
elevations were necessary in Chicago ; one is at 
Seventy-second-street, the others at street cross- 
ings. e special feature in these subways is the 
reinforced-concrete slabs, and of exceptional in- 
terest are Professor Talbot’s tests of these slabs. 
Before describing the latter, a few general par- 
ticulars may be given regarding the dimensions 
of the subways, also information as to the rein- 
forced-concrete beams, &c. i 

Subway at Seventy - Second - Street. — This (see 
Figs. 1, 2, and 3, page 301) is 70 ft. in width, 
face to face of parapet walls. The columns are 
spaced in transverse section, 22 ft. — and they 
are at 12 ft. 6 in. centres longitudinally. They 
are 2 ft. 6 in., 3 ft., and 2 ft. 6 in. square respec- 
tively, and are built on concrete foundations 
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(circular) carried well down. The clear height|a batter on face of }in. to1 ft. The roadway 
above road-level to underside of structure is 12 ft. | below the structure is paved with wood blocks on 
bey. abutments are of plain concrete, and are| concrete, and there is on each side of the road a 

ft. in width at base and 3 ft. at top, and have | footpath formed of concrete 6 in. in thickness ; the 
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footpaths are 10 ft. in width, the roadway 46 ft. 
The reinforced-concrete beams and slabs used will 
be described later. 

Subways at Street-Crossings.—These, it will be seen 
on reference to Figs. 4 to 8, annexed, are of a very 
different form of construction. The columns are 
spaced at 12-ft. 6-in. centres, the foundations being 
of plain concrete, 8 ft. in diameter, tapering to 4 ft. 
The columns are 3 ft. by 2 ft. 6 in. in section, with 
chamferéd corners, and are reinforced by hooping 
made of $-in. round or square plain steel bars, with 
welded joints. Vertical bars, jin. square, are inserted 
at each corner of the columns, and an additional bar 
midway on the two longest sides, the inside dimen- 
sions between the reinforcement being 2 ft. 5 in. by 
1 ft. ll in. The hoops are inserted at 8-in. centres 
vertically, and fifteen were put in to each column. 
The tops of the columns were tied into the rein- 
forced-concrete, beam resting on same by means of 
reinforcing-bars placed diagonally. e vertical 
bars previously referred to were carried down into 
the cylindrical foundations to a depth of 2 ft. 4 in. 

The beams are reirforced by the insertion of }-in. 
and 1-in. bars (corrugated) on the underside, the 
other reinforcement consisting chiefly of }-in. corru- 
gated bars spaced at various centres. Arches were 
formed, as shown in Fig. 2, and the radius of the 
semi-circular arches is 4 ft. 9 in. 

The concrete used was composed of 1 part 
cement, 2 parts sand, and 5 parts limestone (un- 
screened). It was machine-mixed, and was fairly 
wet, so that little tamping was required. The 
railroad company’s men built the structures. The 
cement used gave a tensile strength as follows :— 
neat cement at seven days, about 822 lb. per sq. in. 
The bars, when tested, showed an elastic limit of 
52,000 lb. per sq. in. 

Tests of Beams and Slabs by Professor Talbot.— 
Professor Talbot carried out, for the Illinois 
Central Railroad Company, a series of very impor- 
tant tests. The reinforced-concrete beams which he 
tested were chosen at random from a number which 
had been made by the company’s force, and were 
undoubtedly the largest reinforced-concrete beams 
yet tested. They were tested in the yard of the 
above-named railroad company at Chicago, and 
were, as shown in Figs. 9 to 13, page 304, in the form 
of slabs 25 ft. long by 6 ft. 3 in. wide by 34 in. deep, 
and each weighed about 33 tons. They had been 
made for use in the floors over the subways, which 
floors have been constructed to carry an eight- 
track railway. The longitudinal reinforcement in 
the test-pieces consi of 1-in. corrugated bars, 
twenty-nine of these being used in the width of 
6 ft. 3 in. Two forms of bending up the bars at 
the ends were used. 

It being impracticable to handle such large slabs 
in testing-machines of ordinary dimensions, the test 
was carried out by mounting one slab above the 
other, as represented in Figs. 16 and 17, page 305. 
The lower slab was turned upside down, as shown, 
being supported on balks of timber placed as 
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represented in the illustrations. The upper slab 
rested on 12-in. square timbers placed along oppo- 
site edges of the lower, so that the effective span 
on which the bending test was applied was 23 ft. 6 in. 
The surfaces of the slabs where in contact with 
these 12-in. balks were brought to up-level with 
plaster of paris, so as to ensure a fair bracing 
throughout. At one-third span from each end of 
each slab bearings for 7-in. by 14-in. yellow-pine 
timbers were also prepared by means of plaster of 
paris in the same way. These yellow-pine timbers 
served as cushions for steel girders 24 in. deep, 
which were coupled together, above and below the 
slabs, by four steel rods at each end. These rods 
terminated in cast-iron bearing-blocks, those below 
the slabs bearing direct on the girders, whilst those 
above rested on hydraulic jacks which served to 
apply the load. 
he results observed showed that the soft-pine 
blocks had, as intended, ensured a fair distribution 
of the load over the slabs. The deflection of the 
beams during test was carefully observed, whilst 
extensometers were also used to determine the ex- 
tension of the tension side of the slab, the compres- 
sion of the side in thrust, and to locate the position 
of the neutral axis. Diagrams showing the relation 
between the deflection and load in the case of some 
of these beams are reproduced in Figs. 14 and 15. 
In the latter also the readings of the extensometers 
are also plotted. In the case of beams Nos. 70 
and 71, the former was the first to fail. A crack 
near the centre of the slab was noticed under a load 
of 333,000 lb., but the first diagonal crack did not 
appear until a load of 593,000 lb. was attained. 
Failure along the line of this crack finally took 
place when the load reached 801,0001lb. In testing 
slab No. 72 the surfaces were whitewashed before 
starting the test, and this enabled the occurrence 
of tension cracks to be noted much earlier, the 
first being observed at 159,000 lb. and the first 
diagonal crack at 447,000 lb., failure finally 
occurring at a load of 840,000 lb. The manner 
of failure was quite different in the two cases. 
Slab No. 72 had diagonal stirrups, whilst slab 
No. 70 had not. Slab No. 70 yielded suddenly 
by failure along a diagonal crack, whilst in the case 
of slab No. 72 the failure was gradual, and due to 
the giving way of the steel reinforcement. Indeed, 
this slab was not actually broken, and on the day 
following the test was loaded again with nearly 
800,000 lb., the deflection being 3} in., of which 
_ nearly 1 in. was recovered on removing the load. 

The vertical shearing stress in slab No. 70 at the 
time of its failure was 209 lb. per sq. in., and at 
the time of the discovery of the first diagonal crack 
156 lb. per sq. in. In slab No. 72, which was, 
as stated, provided with stirrups, the vertical shear 
at maximum load amounted to 220 lb. per sq. in., 
and with this there was no sign of failure, the 
stirrups performing their appointed task woe 
The calculated stress on the steel reached 54,000 lb. 
in the case of slab No. 72, and was thus in excess of 
the yield-point. 

Commenting on the results of the tests, Professor 
Talbot points out that as failures by diagonal ten- 
sion are liable to take place without warning, whilst 
failures by crushing of the concrete or extension of 
the steel occur ually, the provision of stirrups 
is highly desirable in all ferro-concrete beams. 

The author is indebted to Mr. A. S. Baldwin, 
M. Am. Soc. C.E., the chief engineer to the Illinois 
Central Railroad Company, : the information 

iven in this article, and for permission to use the 
lustrations ; also to Professor A. N. Talbot for 
the extracts from his valuable report. 





A DRAWING-OFFICE FILING SYSTEM. 

A DETAILED description of a well-tried system of 
filing drawings may be of interest to those who have 
no time for experimenting, although willing to face 
the trouble of a change of system, supposing they 
felt confidence in the result. The writer can say 
that the method here described is the outcome of 
several years’ experience in an office employing 
about ten persons, and that, to tae best of his know- 
ledge, the principles could be applied with equal 
satisfaction in many larger and smaller drawing- 
offices. 

Obviously an efficient system is such that any 
data filed according to its rules can be referred to 
by whosoever cares to become acquainted with the 
latter ; that is to say, the memory of draughtsmen 
is in no wise relied upon. 

In order to make the following explanations as 


clear as possible the drawings of an imaginary firm 
of manufacturing mechanical engineers are pre- 
sumed to be under consideration, and, with a view 
to displaying the elasticity of the method of filing, 
it is assumed that the firm’s products are somewhat 
diverse in character—namely, small engines, preci- 
sion gauges, reducing gear, steam-valves, friction 
cranes, and engine governors. 

The sets of “standard” drawings present no 
difficulty, and may be grouped, according to subjects, 
in the manner to be detailed later. With draw- 
ings of special designs, or plans of special arrange- 
ments, hereafter called ‘‘ customer's drawings,” the 
matter is complicated. The reason for this is that 
not only must a ‘‘customer’s” drawing be easily 
referred to when the name of the client for whom 
it is made is known, but also a drawing bearing 
upon a particular subject must be accessible at any 
time, even when the client’s name is forgotten. 
In order to make clear this important requirement 
two cases may be quoted—i.e., on the receipt of a 
repetition order, the customer’s name is the guide 
to the drawing required to carry out the new work 
on the same lines as before. On the other hand, 
if a draughtsman has a plan to make, and wishes 
to know whether anything like it has been done 
previously, the subject must supply the necessary 
clue. The best method of dealing with subject 
classification is the crux of the whole question of 
filing drawings. hat described hereafter gives 
every satisfaction. 

Usually a book or register for entering firms’ 
names and the numbers of their drawings, coupled 
with a system of segregation for the drawings 
themselves, comprises the means adopted for 
filing drawings ; but segregation is necessarily 
ambiguous. Only those drawings representing one 
subject, such as fly-wheels or bearings, can possibly 
be segregated, and as nearly every ‘‘ customer’s” 
drawing is a combination of subjects, such as a 
fly-wheel with its shaft and bearings, there must 
soon be a preponderating ‘‘ general” division, 
and the end in view is lost, even in spite of the 
guiding rules which the staff may improvise with the 
hope of avoiding different interpretations in classi- 
fication. The following remarks refer to a system 
in the development of which segregation, the rollin 
of tracings on sticks, and other ideas have been tried 
and abandoned for that which, in practice, proved 
more efficacious. 

It will be noticed that alphabetical arrangement 
is adopted in dealing with all drawiugs, sketches, 
cards, &c., ‘‘ standard drawings” being filed 
alphabetically, according to their subject. and 
**customer’s drawings” according to the client’s 
name. Cases in which a doubt may arise as to the 
name for a drawing made for a client are disposed 
of as follows :—Drawings made for consulting engi- 
neers are ultimately filed under the name of the 
party who will pay for the goods. This rule avoids 
misunderstanding when an agent’s or consultant's 
name has become associated with the preparation 
of plans for a firm who will later appear as the 
buyer. Some firm’s names are confusing, because 
some names are both surnames and Christian names. 
Careful scrutiny will, at the outset, decide under 
which name the drawing is to be filed, and to 
avoid further trouble a note directing the seeker to 
the proper drawer is written upon the envelope, 
which might, but does not, contain the drawing 
sought for. 

ustomers’ Drawings.—Such drawings are filed 
alphabetically in paper envelopes large enough to 
receive 40 in. by 27 in.—i.e., double elephant size. 
Very small drawings are undesirable, and work 
requiring a small sheet of paper should be con- 
densed into sketch size—i.e., 134 in. by 10 in. The 
edge of each drawing nearest the front of the drawer, 
~~ a the drawings are retained, is endorsed as 

ow. 
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Drawing No. 7s00/Installation of Vertical Gog, Magog, and 
Date, 1 Jan. " Bete - Speed Steam- , London 
e. 











DESIGNATION OF A CusTOMER’S DRAWING. 


Envelopes for holding drawings are made in 
the office by antes tdibture lazed-paper 
sheets as per Fig. 1. The front a right-hand 
sides are open. In each year there is one ‘‘ general ” 
envelope for each letter of the alphabet, marked 
with a capital letter 24 in. high, at the left-hand 
front corner, near the closed side. A ‘‘ general” 
envelope holds drawings for several different firms, 








but to the extent of only one drawing to each. 
For those firms whose uirements entail more 
than one drawing ‘‘special” envelopes are used, 
the initial ey FA. only 1jin. high. Special 
envelopes are used for any number of drawings, 
but for one firm only, the firm’s name appearing 
on the envelope. 

When filing a new drawing it is first ascertained 
whether there is a ‘special ” envelope for the firm 
for whom it has been made. If not, the drawing 
goes to the ‘‘ general” envelope bearing the correct 


ENVELOPE FOR CUSTOMER'S DRAWINGS 
Fi Clos 
tg. 7. 


initial letter, providing that envelope does not 
already contain a drawing for that particular firm ; 
if it does, both the old and the new drawing are 
transferred to a new ‘‘special” envelope. 

The envelopes are retained in shallow drawers 
arranged alphabetically; the ‘‘ general” envelope, or 
envelopes, each bearing a capital letter 24 in. high, 
are at the top, and below are all the ‘‘special ” 
envelopes for that letter, then the ‘‘ general” 
envelope for the next letter, and so on. Not only 
does the use of envelopes assist reference, but 
trouble arising through the smaller drawings getting 
hidden and out of convenient reach at the back of 
the drawer is prevented. Even if the smaller 
drawings are near the back of the envelope, it is 
immaterial, since the envelope itseif is easily with- 
drawn. At the beginning of each year the previous 
year’s envelopes and drawings are removed from the 
chests, and consigned to a place of safety where 
they can easily be referred to, each year’s drawings 
being kept separately. 

Sketches.—Semi- transparent squared paper is 
used for sketches from which sag may be taken, 
the size being strictly 13} in. by 10 in. Sketches 
are filed on the same principle as ‘‘ customers’ 
drawings,” already described. The envelopes for 
sketches take the form of glazed-paper wrappers 
(see Fig. 2). They are lettered at the top right- 
hand corner, to facilitate filing in a cabinet having 
suitable drawers. There are ‘* general” and 


WRAPPER FOR SKETCHES 
Oper 


i a 


‘* special” wrappers for sketches, just as in the 
case of ‘‘customers’ drawings.” At the beginning 
of a new year the wrappers and sketches are re- 
moved to foolscap transfer filing-cases. 

Standard Drawings.—These are preferably trac- 
ings on cloth, and should be of uniform size—say 
40 in. by 27 in. They are filed in drawers alpha- 
betically, each tracing having its designation written 
along the edge nearest to the front of the drawer, 


thus, 
DESIGNATION OF A STANDARD DRAWING. 


Standard tracings are not placed in envelopes, a 
plain sheet of white cartridge paper separates each 
set of tracings of one standard article from another 
set in the same drawer. It is important to adhere 
to the icular order of the sub-divisions into 
which the main classifications of standard products 
are divided. Referring to the table of sub- 
divisions of standard drawings, given in the next 
column, it will be noticed that the main classifica- 
tion of standard ‘‘gauges” is sub-divided into 
the divisions ‘‘ exte ” and ‘‘internal,” and 
both of these again into “adjustable” and ‘‘ non- 
adjustable,” each again being sub-divided into 
‘standard ” and “‘limit.” If in writing the desig- 
nation upon a standard drawing the re 
order is maintained, the greatest facility is offered 
in finding a drawing, because having arrived at 
a group of drawi endorsed ‘‘ gauge,” “‘ex- 
ternal,” these two right-hand divisional titles are 
ignored for the remainder of the search, after, 





External. GAUGE. 





| Standard, | Adjustable. 
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say, the ‘‘standard” ‘‘ adjustable type.” 


of the recognised classification, with divisions | not. 
| drawing-office, is endorsed with the name of the 


and sub-divisions, for every standard article 
produced, as set forth in the table, are in circu- 
lation in the drawing-office. It will be seen on 
reference to this table that, in addition to the 
min divisions of each class, there is one other, 


TARLE OF SUBDIVISIONS OF STaNDARD DRAWINGS OF GAUGES 








AND VALVES, 
Standard | 
| Adjustable | 
Limit | | 
EE" EXTERNAL =| 
Standard | } 
—)| Non-adjustable 
Limit 
Standard | GAUGES, 
Adjustable 
Limit | 
es _ — INTERNAL | 
Standard | 
——) Non-adjustable | | 
Limit | 
MISCELLANEOUS 
| | 
Angle 
- - Inside screw 
Globe | 
———_ Heavy 
Angle | 
—-—— Outside screw 
Globe | 
Angle | | VALVES. 
Inside screw | 
Globe | 
“—ecen ———— Lieut 
Angle | 


Outside screw } 


Globe | 


MISCELLANEOUS | 

The other standard articles referred to—i.e., small engines, 

reducing gear, friction cranes, and engine governors—are 

similarly treated: for instance, the endorsement of a standard 

drawing in a set of steam-engine drawings might read as 
under :— 





ae ee en es 
= Single cylinder | VeRTICAL | ENGINE FE) 





common to all classes, and having in itself no sub- 
divisions. This division is ‘‘ Miscellaneous,” and 
embraces drawings of such standard parts as may 
belong strictly to one class, but not to any one 
division in that class, such as standard hand-wheels 
for various valves. 

Standard Tables.—A set of standard drawings 
is not complete without a small table giving the 
leading dimensions of all sizes of one particular 
article, for rapid reference as to the leading dimen- 
sions. The size for such tables is the same as for 
sketches, 13$in. by 10in. Prints from these 
tables are bound together in a brown-paper cover 
in such a way as to enable revised prints to be 
substituted, and new ones added from time to time. 

Illustrative Drawings.—A large number of small 
tracings are required from which prints are made 
for the purpose of describing articles forming the 
subject of quotations. These leaflet prints may be 
us small as 8} in. by 6} in. in size; they bear a 
description of the leading features of the article 
illustrated. Dimension lines are left blank, and 
dimensions are filled in as required, in accordance 
with demands from the estimating department. 

The manufacturer's name ap in such a 

manner as to permit of its being cut off, if desired, 
without destroying the symmetrical a nee of 
the leaflet. A good supply of b leaflets is 
stored in envelopes with the original cloth tracings, 
in suitable deep drawers, in the manner of a card 
index, the envelo taking the place of cards. 
Larger illustrative drawings are occasionally wanted, 
but usually there are not many of them, and they 
are kept in a drawer to themselves. 
_ Shop Prints.—Prints off customers’ tracings, bear- 
ing order number and date, are mounted on boards 
forshop use, and issued to the shop manager. Pattern 
shop prints and prints from sketches are not 
mounted. When finished with, such prints and 
sketches are returned to the drawing-office, where 
they are folded to a uniform size, and retained in 
bundles for one year. 

Advice Labels.—Every print issued from the 
drawing-office to shops bears an ‘advice label ” 
(gummed along one edge at the back). The 
shop manager, on receiving a drawing, transfers 
this label to a wire file, and can at any time 
refer and see whether a drawing for a certain job 





Copies} has passed through his hands into the shop or 


The counterfoil of the label, retained in the 


firm for whom the work is being executed, and 
pasted in a guard-book in order number rotation. 
By this means the drawing-office is able to affirm 
that a drawing for a certain shop order number is, 
or is not, in the shops, should any doubt arise. 

Cus omers’ Own Sketches.—These are occasionally 
issued to the shops direct from the order-oftice, 
and are, when done with, also returned to the 
drawing-oftice, where they are filed in pigeon-holes 
according to rotative shop order number. 

Designs in Suspense.—Drawings hitherto men- 
tioned are definitely either ‘‘standard drawings,” 
‘*customers’ drawings,” ‘‘ illustrative drawings,” 
&c., but in the process of evolving hard-and-fast 
‘* standard ” designs, drawings of a_ tentative 
character are a necessity. The standard drawers 
must not, however, be burdened with nebulous 
material of this sort. Four or five special drawers 
are therefore devoted to ‘‘ designs in suspense,” 
and preliminary standard drawings are housed 
therein in envelopes, according to the standardised 
alphabetical subject classification. Along with 
these drawings it is convenient to place any outside 
designs that may from time to time find their way 
into the drawing-office. 

Shop-Plant Drawings.—Another special set of 
drawers is required for drawings of the firm’s own 
plant, such as machine-tools, buildings, foundations, 
shafting, &c. These drawings are filed alphabeti- 
cally according to classification. If a drawing of 
this kind represents a product manufactured by 
the firm in the ordinary way of business, it is filed 
along with ‘‘ customers’ drawings,” and prints off 
same are kept with shop-plant drawings, so as to 
make these shop-plant records complete. The two 
kinds of drawings just mentioned—i.e., ‘‘ designs 
in suspense” and ‘‘shop-plant” drawings—are 
not frequently referred to, and the additional 
drawers in no way confuse reference to those more 
commonly used—i.e., ‘‘standard” and ‘‘ custo- 
mers’ ” drawings. 

The Register.—All drawings, including sketches 
and leaflets, bear a number and date, correspond- 
ing to the entry in a book, or ‘‘ register,” the ruling 
of which is here given :— 





| Name and 
Address, 


| a | . 
Drawing Kind of | Order : 
No. Date. Drawing | No. Particulars. 





ei ae 


| | | | | 
Rvuuine or Drawine-Book, OR REGISTER. 








This performs the obvious function of enabling 
any drawings to be found when the number only is 
known. A card-index to the register is kept, the 
ruling being as shown below -— 

Client’s Name and Address. 

Kind of 

| Drawing 


a jae ea 


Se Lo Se ee 
| | 


| i 
Ruuine or Carp INDEX To Reeser. 


The method already described, for alphabetically 
filing the drawings themselves, renders this card 
index to the register not absolutely necessary. It, 
however, saves time in referring to drawings several 
years old in cases where there is uncertainty as to 
the exact date. 

The Record.—In this book a record is kept of all 
drawings, sketches, or leaflets, prepared for the 
purpose of accompanying estimates or other corre- 
spondence. This record of drawings sent by post, 
together with the guard-book for drawings sent 
into the shops, renders it possible to trace the 
date and destination of every document issued from 
the drawing-office. 

The Subject-Index.—It often happens that an old 
drawing embodying a special design would be useful 
if it could be found, but that this is a difficulty be- 
cause the name of the firm, for whom the drawing 
was made, its number and date, may all be forgotten. 
The subject-index enables any drawing of a special 
design or application to be readily referred to. 
The cards are ruled as shown in the next column, 
and it is one person’s duty to examine the previous 


Order | 


No. Particulars. 


Drawing 
No. Date. 














f day’s drawings and sketches, and if these are found 


to include special features likely to be useful for 
future reference, entries, and, if necessary, sketches, 
are made upon the cards, which are filed alpha- 
betically according to the subject. After this 
subject-index has once been established, its essen- 
tial features are self-evident, and form their own 
guide to what should be indexed. 


Wors-Repucine Gear G 





Dre. No. AND | Ord, 


Name. ATE. No. 


PARTICULARS. 








Tandem arrangement 


rt 


Worm at an angle 


Cox and Co, |8120, Jan., 10) 740 








Box Bros. (8341, Feb., '10| 853 


1742.8. 














Wheel combined with diffe. 
rential gear .. .. Lodgers, Ltd.|8432, Mar.,’10) 927 








' | 
Supsxct-Inpgx Carp. 


General Remarks.— Drawings are preferably trac- 
ings on — or cloth. Temporary cartridge draw- 
ings roughed out with the object of preparing 
tracings may be retained for a time in a — 
drawer, more particularly if the paper has a clean 
side suitable for roughing out another drawing. It 
is well worth while to abandon the use of cartridge 
paper except for preliminary purposes. 

here a clearly defined filing system existe 
draughtsmen and others are willing to co-operate 
in maintaining it in good working condition. The 
habit of having drawings returned to their places 
promptly has much to do with obtaining satisfac- 
tory results. The best method of avoiding the 
displacement of drawings, due to their being filed 
away wrongly, is to arrange that :— 

1. Anybody may take drawings out of their places 
for reference. 

2. Only one authorised person must put them 
away again. 

Drawers for drawings should be shallow—1}$ in. 
deep inside for tracings, and 2 in. where a cun- 
siderable proportion are cartridge drawings. Fig. 4 


shows a suitable drawer, and Fig. 3 the chest for the 
CHEST OF DRAWERS FOR FILING DRAWINGS 











same. The chests are upon castors, C, an item 
making for cleanliness and health, since no excuse 
remains for dust collections in inaccessible corners. 
Office space may be economised by making the 
length of the drawing to be the depth of the drawer. 
The chest shown has a white-wood top, measuring 
3 ft. 10 in. by 2 ft. 8in., and standing 3 ft. from 
the floor. Sunk handles are provid at B, and 
registering dowels, to suit adjacent chests, at C. 
In the drawers, F and G are loose and fixed strips 
respectively. 
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REINFORCED-CONCRETE STREET SUBWAYS CHICAGO. 
(For Description, see Page 300.) 
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LONGITUDINAL SECTION SLABS 71 AND 72 
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The Speed and Power of Ships: A Manual of Marinc 

Propulsion. b D. W. Taytor. Two volumes. New 

York: John Wiley and Sons; London: Chapman and 

Hall, Limited. [Price 31s. 6d.] 

Mr. Taytor’s previous book, entitled ‘‘ Resistance 
of Ships and Screw Propulsion,” and published in 
1893, is well known in this country. The present 
work is not a new edition of the last, but is an 
entirely new book, having a much wider scope, and 
treating in a consistent and connected ‘manner, for 
the use of students, the theory of the resistance 
end propulsion of vessels, and giving methods, rules, 
and formule based on model experiments, which 
may be applied in practice by those who have to 
deal with such matters. 

The author has for many years directed the work 
of the United States experimental model basin, and 
the work done there is largely made use of wherever 
applicable. As might be expected, the results are 
in substantial agreement with the many published 
records of the work of other experimental establish- 
ments of the same kind. 

By the methods given in the book under review 
it will be found possible to estimate closely the 
effective horse-power required to drive a vessel 
having the form of what Mr. Taylor calls the 
‘‘standard series,” and it will also be found possible 
by the same methods to determine with fair accuracy 
the variation of resistance with change of dimensions 
of vessels upon almost any lines for which a naval 
architect may have reliable data. 

The first chapter, which is preliminary and 
general, deals with stream lines, trochoidal waves, 
the law of comparison, focal diagrams, and the 
disturbance of the water by a ship. Mr. Taylor 
has adopted the plan of keeping all his tables and 
diagrams out of the text, and bound in a separate 
volume of much larger size. These diagrams are a 
great feature of the work, and we have not before 
seen any so complete or more beautifully executed. 
Those illustrating ‘‘ sink and source” motion and 
the flow of liquids past solids of different forms 
when the flow is limited to two dimensions (the 
assumption being that it takes place between two 
frictionles parallel planes so close together that 
the space between them practically constitutes a 
single plane) are almost identical with the beautiful 
figures produced experimentally by Dr. Hele-Shaw. 

The theory of trochoidal waves receives adequate 
treatment, and some interesting comparisons are 
made between waves actually observed and mea- 
sured, and those which might be inferred under 
similar conditions from theory. Froude’s law of 
comparison is explained and, confirmed, and its 
limitations defin The section on wetted surface 
is very fully and originally treated, useful diagrams 
being given for ascertaining with much accuracy the 
wetted surface of vessels having any variation of 
breadth to depth and of fineness of form. 

A description of the use of, and method of con- 
structing, ‘‘ focal diagrams” will be found useful, 
and the chapter concludes with a section on the 
disturbance caused by a ship in both deep and 
shallow water. In this connection there are some 
very interesting diagrams showing the direction of 
relative flow of the water in the vicinity of models 
of various forms, ascertained experimentally. The 
model surface being coated om ay uichloride of 
iron mixed with glue, pyrogallic acid is ejected at 
a point of the bottom care a small hole, and this 
acid, as it passes aft mingled with the water, causes 
a smear of ink upon the model surface. The lines 
of flow past the bottom of widely-differing t; of 
models are shown, The most notable feature is the 
tendency of the water to dive under the fore body. 

The chapter on ‘‘ Resistance” will probably be 
found to be the most valuable in the volume. It 
follows up and greatly amplifies the author’s 
poe ublished work on the Resistance of 

tandard Forms ; and although it necessarily 
over a good deal 


+ Bg 
of ground which is common to all 
writers on the resistance of ships, none of it could 
be omitted in any complete presentation of the 


subject such as is aimed at here. 

In a = nee resistance, which in large 
vessels of very low s may approach 90 cent. 
of the total, and which in Godiuaey aiile of 
moderate speed is usually between 70 and 80 per 
cent., the author refers to experiments made in the 
tank at Washington to test the possibility of 
reducing skin friction by pumping air around a 
model through a number of small holes near the 





bow. The results showed that the resistance was 
always materially increased ; and Mr. Taylor is of 
opinion that although it may be ible that air- 
cushions may be successful in reducing resistance 
in vessels of the skimming-dish type, there is little 
doubt that, however much air may be forced into 
the water around a ship of ordinary form, prac- 
tically none of it remains in contact with the 
ship’s surface. 

In vessels of very high speed in proportion to 
length the wave resistance is the most important 
factor, amounting sometimes to 60 per cent. of the 
whole. In dealing with this element of resistance, 
Mr. Taylor adopts a single definite set of parent 
lines, deducing all models from these lines by varia- 
tions of dimensions and coefficients of fineness. 
By testing a practicable number of models he is 
able to determine not for one displacement only, 
but for any displacement within a certain range, 
and for any dimensions and fineness likely to be 
met with in practice, the approximate resistance at 
any practicable speed. As regards the best form 
of lines, the author agrees with William Froude 
that, generally speaking, it is desirable to make the 
bow sections of UJ shape, and the stern sections 
of V shape, thus putting the displacement well 
below water at the bow, with a narrow water-line, 
and bringing the displacement up towards the 
surface at the stern with a broad water-line. 
Carried to an extreme, this gives the hollow bow 
lines and the broad, flat stern of the torpedo-boat. 

Variation in shape of midship section has re- 
markably little influence on resistance. Thus for a 
given area of midship section and prismatic coeffi- 
cient, the midship section fulness may vary widely 
without materially affecting the speed, so long as 
the latter—expressed in knots—does not exceed 
twice the square root of the length of the vessel in 
feet. On the other hand, the relation of beam to 
draughtexercises an important influence; the broader 
and shallower the model the greater the resistance. 
The effect of the variation of prismatic coefficient, 
or, as the author prefers to call it, longitudinal 
coefficient, on residuary resistance varies with the 
speed-length ratio. For example, in two ships, 
each of 400 ft. length and of the same displace- 
ment, derived from the same parent lines, but 
differing in midship section area, and therefore in 
longitudinal coefficient, at a speed of 21 knots, 
the ship with a longitudinal coefficient of 0.64 has 
2.3 times the residuary resistance of the ship with 
0.56 longitudinal coefficient. But at 24.5 knots 
they have the same residuary resistance. At 
high speeds the ship with the fuller coefficient 
has actually the least residuary resistance. Mr. 
a explains this as follows :—A small longi- 
tudinal coefficient means large area of midship 
section and fine ends. At moderate speeds the 
ends do the bulk of the wave-making, and the fine 
ends make much less disturbance than the full ends. 
But at high speeds the whole body of the ship 
takes part in the wave-making, and the smaller the 
midship section the less the wave-making. It 
follows, he says, that for a ship of given dimen- 
sions, displacement, type of form, and speed, there 
is an optimum longitudinal coefficient or area of 
midship section, and he gives data by which this 
can be determined with close approximation. The 
remaining factor, and the one which has much more 
influence on residuary resistance than any other, is 
length. Residuary resistance always falls off as 
length increases, but because frictional resistance 
increases with length there will be a length fora 
given displacement and speed at which the total 
resistance will be a minimum. 

The series of forty diagrams showing residuary 
resistance of vessels on the lines of the standard 
series are worthy of the most careful and attentive 
study. For nearly every speed there is for a given 
displacement-length ratio a value of longitudinal 
coefficient giving a minimum resistance. 


For low and moderate speeds up to 


V 

JL 

the author recommends a longitudinal coefficient of 
— 0.5 and 0.55. When the speed reaches 
i 1.5 he would raise the longitudinal co- 
efficient to 0.65, and advises even a still fuller form 

J . 
for speeds Pt 5 2.0. These conclusions, which 


will, no doubt, come as a surprise to a good many 
people, have been borne out by tank experiments 
in Eng'and ; but it must not be forgotten that they 


=1.1 





refer to the resistance of the hull apart from the 
ropellers, and it does not necessarily follow that the 
ongitudinal coefficient giving the lowest E.H.-P. 
for a given speed will also give the lowest indicated 
horse-power, because the full form of after-body 
which must be associated with a longitudinal co- 
efficient of upwards of 0.65, may have sueh an effect 
on the flow of water to the propellers that their 
efliciency, especially in the case of turbine-driven 
propellers of small diameter, may be so low, and 
the thrust deduction so large, that the propulsive 
coefficient is less than with a hull of finer form. 

The same series of curves can be used for deter- 
mining the optimum length, for, by combining 
curves of frictional and residuary resistance for 
various lengths, a curve of their sum will show the 
length at which E.H.-P. isa minimum. Enough 
has been said on this section to show the scope and 
value of the author’s work. 

The effect of shallow water on resistance is dealt 
with, and also that of the resistance of appendages. 
Chapter III. treats of ‘‘ Propulsion.” It describes 
the method of conducting experiments with pro- 
pellers at the United States tank, and of recording 
the results. The standard series of propeller models 
tested covered variations in pitch ratio, mean width 
ratio, and blade thickness. Six different pitch 
ratios were tried, ranging from 0.6 to 2.0, and five 
different widths of blade, resulting in thirty pro- 
pellers. These thirty propellers were tried with 
four different thicknesses of blade, making 120 
variations in all. 

A comparision of the Washington tank results 
with those cariied out by Mr. Froude at Haslar was 
made last year in a paper read before the Institution 
of Naval Architects by Mr. T. B. Abell, and it was 
shown that propellers designed from the two sets of 
experiments would show little practical difference. 
Mr. Taylor confirms Mr. Froude’s latest couclusion 
that a pitch ratio of about 1.5 gives the highest 
efficiency. 

There is also a section on cavitation. This is a 
phenomenon which, as is well known, does not 
ged under any ordinary circumstances in a tank. 

r. Parsons succeeded in measuring it in a specially 
constructed tank, in which the water was both 
heated and relieved of atmospheric pressure, and 
he obtained the same figure of 11} 1b. per square 
inch of projected blade surface as had previously 
been calculated from the speed trials of the Thorny- 
croft destroyer Daring for the thrust at which 
cavitation commenced. 

Mr. Taylor has attacked the problem in a 
different way. He has made a special form of pro- 
peller with very narrow, thick blades and with a 
pitch ratio of 0.3 only, which cavitates freely in 
the tank at low pressures, and he comes to the 
conclusion that the prime factors involved in cavi- 
tation are the speed of the blade through the water 
as measured by the tip speed, and the shape of the 
blade section. He shows that the latter element is 
one of very great importance, but it may be 
objected that the form of propeller used by him 
would never be employed in practice. The pitch 
ratio isso fine and the blades so relatively thick that 
the effect of the round back is exaggerated to such 
an extent that ata tip velocity of 6000 ft. per minute, 
which is a very moderate tip s , it gives a 
negative thrust. It may be, as Mr. Taylor says, 
that the accepted theory of cavitation is inadequate 
to explain all the facts, but we think that before 
final judgment can be pronounced more exper!- 
ments are desirable on the plan geen by Mr. 
Parsons, with a propeller of normal type in a tank 
relieved of atmospheric pressure, so that actual 
working conditions are more nearly reproduced. 
Mr. Taylor arrives at the same conclusion as to the 
means of preventing cavitation as was deduced 
from the Daring experiments, although following a 
different line of reasoning—that is, to make the 
blades very wide ; they can thus be made very thin, 
and he recommends that the leading portion of the 
back should be hollow, and the leading edge prac- 
tically a knife-edge, stiffened by cylindrical ribs on 
the back. ; 

Mr. Taylor’s book as a whole is one which can be 
very highly commended. 


Jahrbuch iiber die Fortschritte auf alien Gelieten der 
Luftschiffahri, 1911. Herausgegeben_ von ANSBERT 
VorreiTer, Ingenieur in Berlin. Munich: J. F. 
Lehmann’s Verlag. [Price 10 marks. ] 

ConstpERING the rapid advance that has been made 

in aviation, the different interests involved, and the 

comparatively large number of those who are in 
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some way or another contributing to the solution 
of the problem of aerial locomotion, it is n 
to have a compilation that shall record what has 
been accomplished in the past, furnish a trust- 
worthy picture of the present, and, perhaps, to 
forecast intelligibly the progress in the future. 
Such are the aims of the year-book before us. 
Considering that it is proposed to cater for a large 
public, demanding very varied information, and that 
no earlier model existed, the arrangement is satis- 
factory ; but the character of the contents is some- 
what unequal. This is likely to be the case when 
aviators and aeronauts, engineers and manufac- 
turers, sportsmen and journalists, all want to know 
the last new step in the infant science, and what 
has become obsolete and has been superseded. In 
experimental science the present soon passes into 
the realm of ancient history, and the dream of to- 
day becomes the achievement of to-morrow. We 
will not therefore challenge the writer’s prediction 
when he anticipates that in three or four years the 
flying-machine will become as ised a means 
of intercourse as is the motor of to-day, or that the 
passage of the Atlantic will be accomplished in mid- 
air in three days. It is not always possible to indicate 
the precise direction progress will pursue, but the 
writer is quite justified in suggesting that advance 
will be memorable and rapid. We wish we could 
share with equal confidence the writer’s optimism 
when his pha anes tempts him to seein this form 
of locomotion a factor that will make war impos- 
sible, one that will abolish national jealousy, and 
remove racial enmity. Here we prefer to fix our 
attention on the present, and are reluctantly com- 
pelled to perceive that the encouragement given to 
aerial locomotion hitherto is mainly due to the 
part it can be made to play in military tactics. In 
the independent mobility, the rapid transit, the 
security from observation, the aeroplane is ex- 
pected to find a place in modern strategy, and 
become a powerful weapon of offence. Another 
factor with, ton contributed in perhaps an equal 
degree is sport, and this stimulus is quite legiti- 
mate; but to develop that side too ardently is 
likely to result in the evolution of a machine well 
adapted to break records, but not likely to prove a 
permanently serviceable type, fulfilling any useful 
purpose in ordinary life. 

hatever causes have operated to facilitate the 
study of mechanical flight, Germany can look with 
satisfaction both upon the extent and the result of 
her efforts, whether from a theoretical or technical 
point of view. We are quite prepared to accept the 
author’s statement that in the matter of ——— 
balloons Germany occupies easily the first place, 
and that in the region of dynamical flight she shares 
the premier place with France. This contention 
can certainly be supported. The amount of capital 
invested, the number of patents issued, the extent of 
the literature devoted to the subject, the number 
of schools that teach either technical construction of 
airships or the control of them when in action, 
the number of enthusiastic aviators, all testify to 
the prominent position Germany occupies in the 
new industry. In the book before us all these 
subjects receive attention in various sections, and 
the information is exhibited in a convenient 
manner. A feature in the arrangement is to treat 
the activity exhibited in each country separately. 
In this way England cuts a poor figure. In the 
two earlier sections on the present condition of 
airships, or the most sacstented flying-machines at 
present in use, a very few es are sufficient to 
record, or to dismiss, our efforts and our success. 
This is neither the place nor the opportunity to 
discuss the attitude our authorities have thought 
proper to adopt. Possibly more has been accom- 
plished than it is thought prudent to advertise, but, 
as at present informed, the general tendency to 


deplore the indifference exhibited in regard to the | 7 


new science is 7 warranted by the scanty data 
provided by Herr Vorreiter. 

The third section—that on motors—is one of the 
least satisfactory. Page after page is given up to 
illustrations, with very little explanation, and not 
sufficient care has been taken to differentiate 
between the objects sought to be attained in the 
special devices adopted. The lavishness of illus- 
tration throughout, or the generosity of manufac- 
turers, is shown by the fact that in a book of some 
500 peges there are no less than 641 illustrations. 
In this section the want of proportion between 
diagrams and letter-press is conspicuous. In addi- 
ion to the illustrations, however, there is a table 
giving numerical data concerning dimensions, speed, 


weight, &c. Thisis useful, as would be any remarks 
on the om of life of the engines. Perhaps we 
have unluckily overlooked these, but since the 
author contemplates continuous flights of ten hours 
or more, the chances of sudden breakdown, or of 
gradual deterioration, are points of considerable 
importance. The treatment of propellers in the 
same section could be expanded with advantage, 
and a discussion on the relative efficiency of various 
forms would be appreciated. But neither here nor 
in a ee section on the of flight- 
technics is the subject adequately treated. Catalogu- 
ing rather than criticism seems to have been the 
prime motive in this section of the compilation. 

Chapters on gliders, kites, free and captive 
balloons, possess sufficient detail, and we did not 
know it was possible to write so much on balloon. 
sheds and protection. Flight-fields and enclosures 
might have been included in the same section. The 
manufacture and storage of balloon-gas are large 
subjects adequately treated, and several other 
chapters dealing with subjects of less importance 
will be found to contain sufficient information. 

A discordant note is struck in the section dealing 
with the armament designed for the destruction of 
airships. Throughout we have listened with 
pleasure to the description of the many devices 
that ingenuity, seen at its best, has devised for 
improving and perfecting a machine of great deli- 
cacy—one that may have a great future before it in 
ministering to the wants of the race, in bridging 
distance, and increasing friendly intercourse. It 
is not edifying to find that pari passu with intelli- 
gent effort to overcome the many initial difficulties, 
equal ingenuity has been displayed by the artil- 
lerist in inventing machinery for the destruction 
of these ships. Others will suggest means for out- 
witting these weapons of destruction, to be in their 
turn supplanted, and in this way the never-ending 
contest between the arts of peace and the forces of 
death will be industriously waged. 
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Préface de l’Amiral Fournier. Paris: Librairie 
Vuibert, 63, Boulevard St. Germain. 





Tue Soorrty oF Motor MANUFACTURERS AND TRADERS, 
Limitep.—At a meeting of the British Manufacturers’ 
Committee, held at Maxwell House on Thursday, the 
2nd inst., Mr. Williams wasable to report that the Motor, 
Motor Cycle, and Cycle Section which he is oj ising on 
behalf of the Society for the Turin Exhibition this year, has 
already assumed the proportions of the most pecans r- 
in t. the —— = cate ge * that Exhibition. Mr 

illiams will short to Turin to take c of 
the Society’s edieetive exhibit. The British Manufac- 
turers’ Section of the Society has ye of the prin- 
ciple of a national trade mark, has nomina‘ the 
secretary of the Society as its representative tem. on 
the general council of the Register of British Manufac- 
turers, which body is applying to the Board of Trade for 





the mark in question. 
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THE great advance made in recent years in the 
application of electrical power in factories and dock- 
ards now allows the heaviest work to be carried out 
y electrical power. In many cases a considerable 
saving in capital can be effected thereby. Dry-dock 
pumping affords an excellent example of the applica- 
tion of electrical machinery in a dockyard where 
abundant electrical power is available. It is obvious 
that a large and costly steam plant, with all its 
attendant expenses of upkeep, &c., and which is only 
called upon to operate at very irregular intervals, 
affords anything but an economical solution of the 
problem. The instance of a powerful — con- 
structed and equipped by Messrs. W. H. Allen, Son, 
and Co., Limited, Bedford, for Sasebo Dockyard, is 
a good example of this particular development. We 
illustrate the plant in question in Figs. 1 and 2, above, 
and Figs. 3 to 6, on pages 309 and 312. 

The pump-house, which covers an area of 64 ft. by 
41 ft., has its machinery floor-level 29 ft. below the 
high-water ordinary spring-tide level, and- contains the 
complete equipment of three electrically-driven main 
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pumps for pumping out the dock and two drainage 
pumps, as well as the various starting resistances, air- 
exhausting apparatus for priming the pumps, and hy- 
draulic pump and motor for operating the heavy sluice- 
valves and penstocks, as shown in Figs. | and 2. 

The total discharge capacity, which is equally 
divided between the three main pumps, is 24,000 tons 
of water per hour, against an average head of 22 ft., 
the —- in this case being of Messrs. Allen’s twin- 

rallel centrifugal type, a design which enables the 

imensions of the mathineey to be kept within rea- 
sonable limits, and is better adapted to the somewhat 
higher speeds of electrical driving, where large quan- 
tities of water have to be dealt with at moderate lifts. 
The suction and discharge branches of each of these 
pumps are 42 in. in diameter, the discharge-pipe being 
connected by a breeches piece to the two separate dis- 
charge outlets of the pump-casing. 

The pump- casings are of cast iron throughout, 
divided on a horizontal plane through the chaft axis, 
the top half being easily removable for examination 
or repair (see Fig. 5). The impellers are likewise of 
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cast iron, and securely keyed to mild-steel spindles, 
which are provided with a half-coupling for bolting to 
the end of the motor shaft, and carried in white-metal 
bearings of ample surface. Small connections are 
made from the discharge volute of the casing to the 
various main glands, to prevent the entry of air to the 
pump, with a consequently poor efficiency. Glass 
water-gauges are also fitted to show when the pump- 
casings are fully primed, prior to starting up. The 
weight of the whole of the pump is borne on massive 
feet, cast in one piece with the lower half and bearing 
on a massive concrete foundation. 

The electrical motors for these main pumps are 
direct coupled to the pump spindles. They are designed 
to develop 400 brake horse-power when running at 
about 352 to 392 revolutions per minute. They are 
also capable of developing an overload of 20 per cent. 
for one hour, and 100 per cent. momentarily. 

Close to the far side of the breeches piece from the 

ump is arranged the 42-in. sluice-valve by which the 
| or ei outlet from the pump can be completely 
closed. The sluices are arranged to lift vertically, and 
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are operated by hydraulic 
power at a pressure of 750 Ib. 
per square inch, the control- 
valves for the hydraulic cylin- 
ders being placed at a conve- 
ment level on the side of the 
valve body. An indicator is 
provided so that the operator 
can see at every instant the 
exact position of the sluice. 

The two drainage pumps, 
which are situated in a well 
about 11 ft. — the level of ‘iit . 
the pump-room oor (see Fi . 3), -o. - vertical shafting. 
are of the vertiash-anledie com. SOCTION OR KK. To exhaust the air from the several 
trifugal type, the casings and impellers being of cast! pump - casings a two-throw Allen-Edwards air-pump 
iron, a8 above, and the spindle of mild steel. These| (Fig. 4) is provided, having barrels 10 in. in diameter 
have suction and discharge branches of 12 in. diameter, pai a stroke of 7in. This is driven through gearing 
and draw from a sump in the bottom of the main|from a 6-brake-horse-power motor running at 1150 
suction culvert, the lower end of the suction pipes| revolutions per minute, the air-pump making 230 revo- 
being fitted with non-return valves and strainers. | lutions per minute. 

These pumps are each capable of delivering 2500' The hydraulic pump is of the three-throw, horizontal, 


gallons of water per minute against 
a head of 60 ft. when running ata 
speed of 880 revolutions per minute, 
and are driven by vertical-spindle 
motors of 120 brake horse-power 
each, the motors being situated on 
the pump-room floor-level, and direct 
coupled to the pump -spindles by 
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single-acting type, with barrels 3} in. in diameter by 
12 in. stroke, driven through a double-reduction gear 
by a 50-brake-horse-power motor running at 705 revo- 
lutions per minute, the motor-pinion being of raw hide. 
The capacity of this pump is 50 gallons of water per 
minute at 750 lb. pressure per square inch when making 
46 revolutions per minute. 

Liquid starters are provided for each of the three 
main pumps, the drainage pumps, and the hydraulic 
pump motors ; the whole rer ing controlled from 
a switchboard having a raised platform in front, which 
commands a good view of the whole plant. 

In addition to the plant in the pump-house above 
referred to, Messrs. Allen have also supplied the pen- 
stocks for the main culverts, some P which are of 
exceptional size. They include three penstocks, 54 in. 
in diameter, of the single-face pattern, one double-face 
penstock 9 ft. wide by 6 ft. high, and two penstocks, 9 ft. 
wide by 9 ft. high, with double faces. These are all 
operated direct by steel draw-rods, as shown in Fig. 6, 
on page 312, from separate hydraulic-power cylinders, 
situated in each case vertically above their respective 

nstocks, the water service being obtained from the 

ydraulic pressure pump in the pump-house. 

In the case of the double-face penstocks the sluices 
are of the wedge pattern, and in all the seatings are 
of bronze, and the sluices are faced with bronze where 
they bear upon the seatings. 

For eath sluice, mechanical gear is provided by 
which it. will be automatically retained in position 
when at the top of its lift, a simple arrangement being 
provided for releasing this when it is desired to lower 
the sluice. 

The whole of the plant has been designed and con- 
structed by Messrs. W. H. Allen, Son, andCo., Limited, 
at their Bedford Works, and the contract was made on 
their behalf by their representatives in Japan, Messrs. 
James Morrison and Co., Limited, Tokio. The docks 
for which this pumping machinery is required were 
designed by Engineer-Admiral Oki, of the Imperial 
Japanese Navy. 





Tue German Navy.—The German ironclads Thuer- 
ingen, Heligoland, and Ostfriesland have each a displace- 
ment of 21,800 tons, and they each carry forty-four guns 
and ten submarine lance torpedo-tubes. 
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INDUSTRIAL NOTES. 

Tue Amalgamated Engineers’ Monthly Journal 
for March gives a very satisfactory report of the 
condition the society at the end of January, 
there being an increase of 357 upon the membership 
reported at the end of 1910, the total number being 
111,171, which is the highest on record, the pre- 
vious highest a gate reached being 110,967. ‘Ihe 
falling-off ca by the spell of industrial slackness, 
which existed during 1908 and 1909, has therefore been 
made good, although the advance is only 204 over 
the total reported in April, 1908. In addition to 
the increase in membership there has been a very 
satisfactory decline in the number of men on donation 
benefit, the actual unemployed members numbering 
3440, which is 1520 below the figures of last month. 
The number of men out of work now is slightly over 
3 per cent. of the total membership, which is lower than 
in any month since September, 1907. The sick members 
pete: Des 2837, being an addition of 266, and those on 
superannuation benefit increased by 3, bringing the 
number in this class up to 6052. 

The general fund has also increased ; it stood at 
181,851/. 5s. 1d. on December 31, 1910, which was a 
gain of 1880/. 15s. 7d. during the last three months of 
the year. It is thought that the gain would have 
been greater had it not been for the boilermakers’ 
dispute, which affected the members by placing many 
men on the donation and contingency benefits. At the 
end of 1909 the general fund stood at 190,596/. 3s. 1d., 
and there is still leeway to make up before the finan- 
cial position of 1908 is recovered. The superannua- 
tion reserve fund at the end of 1910 was 415,859/. 6s. 4d., 
which was an increase of 9261/. 3s. 5d. for the quarter. 

It is stated in the report that the annual meeting 
of the Federation of Trade Unions will be held this 
year on July 5 and 6, at Dundee, when the society 
will be represented by six delegates—four to be elected 
by the members and divisions, and two by and 
from the executive council. As to employment, it is 
stated that this was, on the whole, better in January 
than in December, mainly due to the improvement 
in the engineering and shipbuilding industries. In the 
403 trade unions, with a net membership of 753,040, 
making returns, 29,239 (or 3.9 = cent.) were re- 
ported as unemployed at the end of January, 1911, 
compared with 5 per cent. at the end of December, 
1910, and 6.8 per cent. at the end of January, 1910. 


Arrangements have been made by the Council of 
the Liberty and Property Defence —— of 25, 
Victoria-street, Westminster, S.W., to take over the 
machinery of the Labour Protection Association, and 
the League proposes to supply its members with ser- 
vices of a practical character where their interests as 
employers may require special police protection. In 
the past the work of the association has consisted in 
ousieing this protection for themselves and property. 
It has also taken an active part in assisting employers 
to secure suitable labour to take the place of that of the 
men on strike, and in picketing the labour-union 
pickets in order to protect the new es ag against 
violence or molestation. The council has decided to 
establish an emergency service department, which 
will be connected with the defence of free labour 
and the protection of the rights of employers durin 
strikes and labour disputes. They are also prepa 
to supply the services of private police to watch and 
guard the employers’ interests where necessary. It 
may be remembered that the Labour Protection Asso- 
ciation was formed fourteen years ago at the instance 
of the League, and in various strikes that arose im- 
mediately after its formation the Association took 
active part in assisting employers to secure suitable 
labour to take the place of strikers and in protecting 
the workpeople against the union-labour pickets. The 
League consider that the authorities are not always 
disposed to act promptly in accordance with their duty, 
especially when their action may be subjected to 
adverse criticism by Labour and Socialist members of 
local governing bodies. The intimidation of employers 
and willing workmen is, in the opinion of the ue, 
likely to become more common, unless the empluyers 
show that they are prepared to defend themselves. 
Owing to the ''rade Disputes Act picketing can now 
be carried on with the sanction of the law ; and it is 
pointed out, ina circular recently issued by the 1e, 
that at any moment circumstances may arise calling 
for prompt action, if the rights of employers are to be 
protected against labour union aggression by organisa- 
tions which are said to represent only one in nine of 
the workpeople of Great Britain. 


There is talk of a proposal to request the executive 
committee of the Amalgamated Carpenters’ and 
Joiners’ Society to organise a movenand tet the aboli- 
tion of overtime, and also for a shorter working day, 
and the Federated trades are to be approached for the 

The reason for this movement is that the 


uu 
Keamshes of the society state that it is a ‘‘crime” for 
men to work overtime so long as there are fellow 
workmen unable to obtain an ordinary day’s employ- 





ment, and that the surest and easiest way of getting a 
substantial advance in wages is by the abolition of over- 
time and the reduction of working hours. At the same 
time the number of unemployed would be decreased. 


The South Wales Miners’ Federation at Cardiff 
received several important deputations of local bodies 
on Tuesday last, and urgent appeals were made to 
them to institute strenuous efforts to bring about a 
settlement of the Cambrian Combine strike, by which 
12,000 men are affected, and which has now lasted 
nearly six months. At a meeting of the Glamorgan 
Standing Joint Committee it was reported that bills 
amounting to 4854/., tor extra police in connection 
with the strike, had been received, and all strike 
claims are not yet to hand. The chairman stated that 
it was probable that an amount of 10,000/. would be 
required to cover the claims made by tradesmen and 
householders for damage done to their premises. 

From reports received there appears to be great 
distress among the miners on strike, and influential 
deputations who have waited on the Executive Council 
of the Miners’ Federation declare that if the dispute 
is not brought to an end, hundreds of the inhabitants 
may die from want. The amount received by each collier 
is 10s. per week, and the funds are said to be rapidly 
decreasing. Moreover, tradesmen state that they can 

ive no more credit, as they are on the verge of ruin. 

he Executive Council of the Federation has decided 
to ask Mr. Askwith, of the Board of Trade, to convene 
another meeting of the masters and the men. 


In the report issued by the Northumberland Miners’ 
Executive on Friday last it is stated that it has been 
decided to lay before the mines inspectors the ques- 
tion as to whether it was a violation of the Mines 
Eight-Hours Act for a number of workmen and shifters 
to go back to work on ordinary shift after having been 
out of the pit only four hours from finishing emergency 
work, at which they had been engaged from twelve to 
eighteen hours consecutively. The Chivington Drift 
miners raised the question. In reply to the Cowper 
miners the executive said that if, previous to the 
Eight Hours Act, the wastemen at the colliery worked 
eight hours per shift on ‘‘ baff” Saturdays, they could 
not claim for them a shorter shift now. 

A curious case arose in connection with the Din- 
nington branch, from whom a suggestion had come to 
the executive that something should be done to defend 
a man who had been summoned for working with his 
lamp after the glass was broken. Naturally, surprise 
was expressed by the executive that such a suggestion 
should have been made, as the conduct of the man 
could not be too strongly condemned, for it might have 
been the cause of a serious calamity. 


Notices to cease work were last week issued to their 
employees by fifty-five employers in the Jewish tailor- 
ing trade in Leeds in connection with the dispute 
that bas arisen there, and both parties appear to 
be growing more determined not to give way. The 
notices expired on Thursday in last week, and about 
400 men, and about the same number of girls, have 
been thrown out of work. About 200 women also 
threw in their lot with the men. The trouble began 
at one workshop where the men resented the em- 
ployers working with them at the same bench, and 
doing, the men allege, the easiest part of the work. 
Such a complaint appears to be rather a curious one, 
but the situation since been put on a broader 
basis. The men now say that they will not go back to 
work except under a general improvement of condi- 
tions. No general demands have, however, been for- 
mulated yet. 


A conference between the representatives of the 
Scottish Coalowners’ Association and the United 
Engine-Keepers’ Association of Scotland was, at the 
request of Mr. Askwith, of the board of Trade, held 
in G won Friday last, in order to arrive, if 
possible, at a settlement of the present dispute over 
the hours and wages of the men. Mr. Askwith pre- 
sided, and was accompanied by Mr. F. Mitchell, of 
the Board of Trade. The whole day was occupied by 
the conference, and at the close an official statement 
was made to the effect that no settlement had been 
arrived at, and the meeting was adjourned till the 
following day. 

The adjourned conference on Saturday lasted ten 
hours, and was again adjourned till Monday. The pro- 
ceedings on the latterday werenotat an om till8 o'clock 
in the evening, when the official announcement was 
made that an agreement had been adjusted which both 
sides bound themselves unanimously to recommend 
to their constituents for acceptance. The strike notices 
were, therefore, withdrawn, and there appears to be a 
strong feeling that the new agreement will be accepted 
by the men. The salient points of the ment are 
that the number of eight-hour shifts is largely in- 
creased by a provision that, in cases where the output 
in one shift exceeds 200 tons, all the shifts for engine- 
men are to have a length of ten hours, with the excep- 
tion of those at very small mines, where it is not found 


' possible to reduce the shift to ten hours without the 
|employment of an additional man, an extra 3d. per 
'hour being payable in these cases for any time, not 
exceeding two hours, which may be worked beyond 
the ten hours. The twelve-hour shift is consequently 
abolished, and the length of shift for enginemen on 
sinking pits is to be eight hours. Except in a few 
cases, in which, in the event of disagreement, the com- 
mittee or the arbiter are to adjudicate, a standard shift 
of ten hours has been established for enginemen other 
than winding enginemen, and enginemens’ wages are to 
rise and fall with the miners’ wages. There is also a 
further provision that the agreement is to remain in 
force for five years, and that no notice to terminate it 
a be given before October 1, 1915. Pending the 
ballot of the men, it was arranged that notices which 
had been given by the enginemen should be extended 
to April 1. 


An application bas been made on behalf of the engi- 
neers in the north-west area, which includes the Clyde 
district, for an increase of wages by $d. per hour. A 
reduction was accepted by the men during the last 
two years of depression, but the old scale was restored 
in September. The present claim is brought forward 
on the ground that, although the existing scale of 
wages is normal, exceptional briskness now exists in 
the engineering trade. 


A further controversy has arisen between the Mid- 
land Railway Company and their men regarding wages 
and conditions of ade At the termination of the 
agreement under the conciliation scheme at the end of 
last year, the men declined to renew it on the old 
terms, and placed a new set of proposals before the 
company. ‘hese were under consideration until a few 
days ago, when the directors of the company received 
a deputation from the men. At the conclusion of the 
interview Sir Edward Paget informed the deputation 
that the whole of the proposals could not be accepted, 
and submitted for the men’s acceptance a series of 
counter-proposals, which included the offer of holidays 
for certain grades, ranging from three to six daysa 
year, according to the length of service, enhanced 
rates of pay for overtime and Sunday duty, and other 
concessions. It was notified to the deputation that if 
the grades affected accepted the company’s offer, 
the new conditions would be accepted forthwith ; 
but that if the conditions were not accepted, it 
would be necessary to call a meeting of the Sec- 
tional Conciliation Board No. 3, at which the appli- 
cation of the men and the proposals of the company 
would be discussed. The grades affected are goods 
guards, emergency guards, pilot guards, branchmen, 
brakesinen, sidings relief-men, train-receivers, wagon- 
sorters and-distributors, point-holders, horse-shunters, 
and tunnel-men. 

The men met at Bradford on Sunday night last to 
consider the counter-proposals put before them by the 
company, and a long report was given by Mr. G. W. 
Preece, of Leeds, of an interview the men had had with 
the directors on February 17. After discussion the 
following resolution was carried unanimously :—‘‘That 
this meeting of the men included in the Sectional Con- 
ciliation Board No. 3, of the Midland Railway, having 
considered the counter-proposals of the company, re- 
solves that we do not accept them, and that we leave 
the negotiations in regard to the proposals submitted 
by the men in the hands of the men’s deputation.” The 
company’s proposals have also been rejected at other 
meetings throughout the system, and the matter will 
now come before the sectional conciliation board. 


The meeting of the North-Eastern Railway Con- 
ciliation Conference concluded its deliberations on 
Friday last, after having adjourned from the previous 
Wednesday. It is understood that in certain cases 
improvements in the existing conditions were made, 
and that certain older cases were referred to sub- 
committees, to be discussed in detail. The question 
of the Hull fish-porters is among the latter. It is 
intended to hold another full conference in the course 
of three or four weeks, when the recommendations of 
these sub-committees will be duly considered. An 
announcement of the alterations that have been 
made will, it is understood, be made to the men 
at an early date. At present the higher grade 
pay is received after a full day’s work in the higher 
grade, but it has been agreed that where half-a-day’s 
work has been done in the higher grade, a full day’s 
wage at the rate paid to the higher grade shall 
received by the worker; but this concession applies 
only to the lower ranks, including the platform staff. 
The conditions of service of a number of parcel porters 
in the north will, it is understood, also be improved, 
and the employees at country stations, when called 
upon after hours to attend to excursion and other late 
trains, will have extra remuneration. Other cases 
were discussed, among them being the methods of pro- 
motion from lower to higher grades. 

In connection with the permanent-way men’s dispute 
the representatives from all centres attended a meeting 





held at Darlington on Saturday last, when a resolution 
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was passed condemning the company’s action in respect: 
of the impending dismissal of permanent-way men, who, 
it was declared, had accepted wages below the district 
rate on the understanding that their employment would 
be permanent. It was stated during the discussion 
that some of the men under notice had been twenty-five 
years in the company’s employ. 


As the agreement between the Great Northern Rail- 
way Company and their servants regarding the con- 
ditions of labour of certain grades not included in the 
Conciliation award expires at the end of April, the 
men wish to secure a new agreement, and have decided 
to approach the company at an early date with regard 
to it. The following are the terms which the men 
suggest :—(1) Ten hours, inclusive of meal-times, to be 
the standard day in the London district, and for those 
men engaged at the principal stations on the Great 
Northern system. (2) That one hour be allowed as 
meal-time, to be arranged between the fifth and sixth 
hour of duty. (3) That the minimum of rate-and-a 
quarter be paid for all time worked over standard 
hours of duty. (4) That a minimum of rate-and-a-half 
be paid between the hours of 12 midnight Saturday 
and 12 midnight Sunday. Demands are also to be 
made for an increase in wages for the passenger porters. 





It was unanimously decided on Sunday last by the 
railway men engaged on the Barry system to request 
the permission of the Amalgamated Society of Railway 
Servants to tender notices immediately, as the men 
allege that three of their number have been victimised. 





Following the carters’ strike, which took place 
not very long in Liverpool, a similar dispute has 
broken out at Wallasey, and the carters there 
stopped work on Saturday last. The men held a meet- 
ing on Sunday morning at Seacombe, when it was 
decided to continue the fight. Something like 300 
men are said to be involved, about 100 of whom were 
engaged in corporation work, while there are nearly 
40 non-union men working for the Council. There 
appears to be some danger that, unless a settlement is 
arrived at, the carters in Liverpool and Birkenhead, 
numbering about 6000 men, will come out in sympathy 


with their colleagues. The masters, however, seem to | y, 


be determined to stand firm, and some of them are 
said to be considering the ‘advisability of selling their 
horses. 





On Thursday in last week a conference of repre- 
sentatives of provincial and Irish employers’ organisa- 
tions and the federated unions in the printing and 
allied trades held a conference at Leeds, and the 
following terms of settlement on the hours question 
were arrived at :—In towns working 52 hours or less, 
the hours shall be reduced to 51 hours from the first 
working week in May, 1911. In towns where 52} 
hours and 53 hours are worked, the hours shall be 
reduced one hour in May, 1911, and to 51 hours in 
May, 1912; and in towns working 54 hours and above 
the hours shall be reduced to 53 in May, 1911, and 
by one hour per year until 51 hours are reached. It 
was further agreed that no movement for the reduc- 
tion of hours is to be initiated until a week of 51 hours 
is universal. Any subsequent negotiations as to hours 
are to be the subject of national agreement. The 
men’s unions will have this arrangement submitted to 
them for approval. The masters in London appear 
still to be holding out firmly on the question of hours. 
It is said that they are willing to give additional 
pecuniary advantages to the men, but with regard to 
the number of hours they remain firm. 





‘“‘STEAM-BOILER DESIGN.” 

: To THE Eprror oF ENGINEERING. 

Sir,—I quite with ‘‘Consulting Engir.eer” that 
when publishing the results of boiler tests, full particulars 
should be given; but the test under consideration was 
made by Messrs. Richardsons, Westgarth, and Co.’s 
boiler expert, for their own information, and, no doubt, 
prior to such test, they were, like your correspondent, 
“not convinced.” 

_ The facilities afforded to, and accepted by, the above 
firm to test a Yorkshire boiler, my firm offer to ‘‘Con- 
sulting Engineer,” steam-users, or boiler insurance com- 
panies, and I am satisfied that a day’s experience with 
« Yorkshire boiler would be more convincing than yards 
of correspondence. 

With reference to the missing 10 per cent. of heat during 
the evaporation test as compared with that of efficiency, 
in the last mentioned the percentage of CO, was 10.3, 
the calorific value of the fel 11,960 B.Th.U.’s. and 
the temperature of fires nearly 2000 deg.; and in the 
evaporation test CO, 15.4 per cent., quality of fuel as 
above, but the temperature of the furnaces would be a 
little over 3000deg. It is necessary to point out to 

Consulting Engineer” that the external flues of a 
Yorkshire boiler are much larger than those in common 
use with Lancashire boilers, and the superficial fire-brick 
area of the one under discussion is over sq. ft. 

f we assume the temperature of the drops one- 
half in each case between: furnaces and down-take, we 








should, in the evaporation test, be soaking the 900 sq. ft. 
area of brickwork with nearly double the weight of gases 
at 500 deg. additional temperature ; and whilst much of 
this would be returned to the boiler radiantly after the 
test, the conduction and radiation losses would of neces- 
sity be greater than with the lower coal consumption. 
As mentioned in my last letter, it is —~ possible that 
some unconsumed carbon escaped with the products of 
combustion, due to the high rate of consumption (50 Ib. 
per square foot of grate), so that the missing “tenth ” is 
not so difficult to account for as appears on the surface. 

I may not have convinced ‘‘ Consulting Engineer” on 
every point anent the 20-ft. Yorkshire boiler, but, apart 
from details, I am sure he will admit an ee of 
1373 gallons of water per hour at the rate of 19 lb. per 

uare foot of heating surface, and with 60 per cent. 
efficiency, is a very good performance, and one I, at any 
rate, have not seen equalled by a Lancashire boiler of 

ual shell diameter and 10 ft. longer. 
.* reply to ‘‘Consulting Engineer’s” query, the three 
boilers tested at the Frickley Colliery, and referred 
to in my letter of February 24, were each supplied with 
fuel of equal quality; and as each were fitted with 
Messrs. Bennis’s compressed-air furnaces, the air-spaces 
between the grate-bars may be taken as identical. In 
justice to ourselves, I would point out that the Yorkshire 

iler was fitted with seven section furnaces—i.e., seven 
steam-blowers to each furnace ; but each of the Lanca- 
shire boilers were fitted with eight sections—i.c., eight 
blowers per furnace ; in other words, 12 per cent. more 
steam was used in forcing each of the Lancashire boiler 
fires than for the Yorkshire. : . 

Under the above conditions it is doubly interesting to 
compare the average evaporations in pounds of water per 
square foot of grate area in each case: 24-ft. Yorkshire, 
306 lb.; 24-ft. special Lancashire, 281 lb.; 30-ft. Lanca- 
shire, 279 lb.; but the last mentioned was aided to the 
extent of 10.5 per cent. by being covered with composi- 
tion ; the 24-ft. Lancashire is therefore a much better 
steam-generator than the 30 ft., asany engineer can prove 
who cares to study. the subject. ; 

The value of high furnace temperatures is well illus- 
trated in the test, as during the first hour’s run the per- 
centage of CO, in the a of combustion from the 
Yorkshire boiler were 11.2 per cent. ; terminal tempera- 
ture of gases, 842 deg.; evaporation, 84001b. During the 
last hour the CO, was 16.3 per cent.; terminal tempera- 
ture of gases, 939 deg.; evaporation, 13,150 lb.; and the 
average CO, during the last four hours was over 15 oad 
cent., the respective hourly evaporations being 11,800 [b., 
12,000 Ib., 12,800 ]b., and 13,1501lb. The design of the 
orkshire boiler has proved that, by expanding the 
furnace flues, the “yo = of a boiler, for equal 
hourly evaporation can reduced one-third, and an 
increased efficiency of 8 per cent. gained. 

The ratio of | surface to grate area in the 
20-ft. by 8-ft. 6-in. Yorkshire boiler above referred 
to is 19.7 to 1; evaporation per square foot of grate, 
381 lb.; and evaporation per square foot of heating 
surface, 19 lb. The 24-ft. Yorkshire tested at Frickley 
had a ratio of 22 to 1, and adding 10.5 per cent. to the 
average hourly evaporation for lack of boiler covering, the 
duty per square foot of would have been 333 Ib. ; 
evaporation per square foot of heating surface, nearly 
15 The 30-ft. cashire boiler at Frickley had a 
ratio of 30 to 1, the average evaporation per square foot of 
get and heating surface being respectively 279 lb. and 

.2 lb. Surely these figures wil] satisfy any thoughtful 
reader that large heating surfaces are not a factor in 
economical steam-raising. 

Yours faithfully, 
. H. Casmey. 
Standard Buildings, Leeds, March 6, 1911. 





To tHE EpiToR OF ENGINEERING. 
Str,—As an engineer who was for many years engaged 
in boiler design and construction, and who is still respon- 
sible for the performance of a very large number of boilers 
now at work, I have followed with much interest the 
correspondence under the above heading which has 
recently appeared in your columns. But this correspon- 
dence oo to me to have lately got away from the 
particular point which gave rise to it—namely, the ques- 
tion as to whether or not Dr. Nicolson’s theories as to 
boiler design really afforded grounds for departing 
radically from our present practice in boiler construction. 
I have followed the correspondence closely, and I have 
also read Dr. Nicolson’s papers, but I have hitherto failed 
to get aclear idea of what Dr. Nicolson wishes us to do. 
am sure that there are a number of readers who, like 
me, would welcome a description by Dr. Nicolson of the 
form of steam-generator which he would desire to employ 
for ordinary mill purposes. Could he not, for instance, 
send to you for publication drawi: of the steam-gene- 
rator which he would recommend should be put down to 
replace, say, a 27-ft. by 7-ft. 6-in. Lancashire boiler? This 
would place his views clearly before us. 
Iam, yours truly, 


March 8, 1911. LANCASTRIAN. 








NEW PROCESSES OF WATER-SOFTENING. 
To THe Epiror or ENGINEERING. 

Sir,—Referring to the letter by ‘‘ Engineer,” following 
my letter in your issue of the 3rd inst., I cordially agree 
with him that for any softening process which requires 
any reagent whatever to deal with the sludge-forming 
carbonates of lime and magnesia (in addition to the neces- 
sary soda treatment requisite for the scale-forming sul- 
phates of lime and magnesia), lime is by far the cheapest 
and most suitable reagent. 

In the rare casce where cold softened water is neces- 
sary, the addition of lime to deal with the carbonates, and 








of soda for the sulphates, as advocated by ‘‘ Engineer,” is 
perfectly correct. 

In this country, wool-combers, dyers, and others re- 
quiring large Fra wanay of cold soft water take care to 
erect their mills where the available water is naturally 
soft, and so requires no treatment. It appears there is a 
German firm of wool-combers who have taken the strange 
course of erecting their mill at a place where the water is 
exceptionally hard, and that, after a series of complicated 
and costly treatments to reduce the hardness, this an 
firm is incurring an expenditure of 9000/. for soda-felspar 
filters to get rid of the last half-degree of javdness. 
British firms avoid all such complications and cosis by 
using naturally soft water. 

Nearly all water-softeners in this country are for boiler 
feed-water. There is always plenty of waste heat avail- 
able at boiler plants, and when the softening process 
is combined with the recovery of waste heat, the 
only mt necessary is the small quantity of ordi- 
nary -ash required to react-on the e-forming 
sulphates of lime and magnesia, and to neutralise any 
corrosive acids. The correct application of the waste heat 
ensures a rapid and complete reaction, and also precipi- 
tates the sludge-forming carbonates of lime and magnesia, 
the mechanical action of the waste heat driving off car- 
bonic acid gas, and thus converting the soluble bi-car- 
bonates into insoluble mono-carbonates of lime and mag- 
nesia, thus avoiding all occasion for lime or for any other 
additional reagent. This hot p combining mechani- 
cal purification by waste heat, and chemical ooluning by 
soda-ash only, as used in Erith’s heater-softeners, pre- 
vents scale and corrosion in boilers, no matter how hard 
the water, and incidentally saves much fuel by the 
recovery of waste heat. 

Yours faithfully, 
Shith’s Masintering O Li A am ERirTa. 
crith’s Engineering Company, Limited, 
70, Gracechurch-street, London, March 6, 1911. 





PROPELLER THRUST. 
To THE Epiror oF ENGINEERING. 

Sir,—With further reference to my recent letter on 
this subject and Mr. Turnbull's paper to the Aeronautical 
Society, I am inclined to consider that that gentleman’s 
figure of 570 1b. per horse-power is an error on a large 
extrapolation of his experimental results, and not a clerical 
error. I may point out in this connection that Professor 
Pickering did obtain 125 lb. per horse-power for a very 
small power (see ae the Air,” Aeronautical Club 
of America). Mr. Phillips’ calculation is quite beside the 
mark, as it gives the thrust, not the thrust per horse-power. 
Assuming (as is not correct) that the horse-power is thrust 
x slip speed, his figures give the horse-power as0.1 x 0.34 
+ 550, and the thrust per horse-power 1 + te == 
about 165lb. per horse-power. The mean-pitch angle of 
the propeller is about ;4, so that the resistance at the 
aerodynamic radius is yy x ~y = yhylb. The mean 
effective linear speed is about 10 ft. per second, so that 





the power is 
thy < 10 + 550 
and the thrust per horse-power = 
ts _ _ 550 x 16_ 9901». per ho 
t = natin — le rse- wer. 
te * ahs 10 piperert 


This figure is, of course, very inexact, but shows that 
the figure may be of the same order as Mr. Turnbull’s. 

As a matter of fact, the friction due to the weight of the 
a gee will — increase the horse-power necessary, 
and, of course, a thrust of 0.1]b. is quite useless for 
practical purposes. This isnot, however, the point under 
discussion. 

Yours faithfully, 
; : Herpert CHatiey. 
Imperial Railways of North China, Engineering and 
Mining College, February 14, 1911. 








Viokers’ TarL-SHart AppLiaNces.—As a further illus- 
tration of the practical working of these appliances, which 
are made by Messrs. Benjamin R. Vickers and Sons, 
Gascoigne-street, Boar-lane, Leeds, reference to which 
was made on page 219 ante, we are informed that the 
shafts of the twin-screw mail-boat Ibex and a twin-screw 
hopper, both of them being installed with the appliances, 
have recently been examined and have been found in 
very satisfactory condition. The shafts of the mail-boat 
are 104in. in diameter, with two liners running in lignum 
vite bushes, at from 140 to 150 revolutions per minute, the 
speed of the boat being 19 knots. The starboard shaft 
was fitted in January, 1901, and the port shaft in March, 
1905. The shafts were examined.in February, 1911, and the 
liners of both, as well as the lignum vite bushes, were found 
to be in perfect condition, although the steamer had run 
constantly in sandy water. The wear of the starboard 
shaft was found to be only ,'; in. in the total diameter, and 
the wear of the — bush ,4 in. bare in the total diameter. 
No new liners have been required since the appliances 
were fitted, and the bushes were last renewed in 1905. The 
tail-shafts are the original ones installed in the vessel when 
she was built in 1891. Beforetheappliances werefitted there 
had considerable trouble owing to the entry of sand 
into the bushes and stern tubes, and the liners and bushes 
had to be renewed on several occasions. The shafts in 
the hopper were drawn on the 6th ult., the ves-el having 
been at work in the sand channel near the Garston Dock, 
Holyhead, for twelve months continuously. We are 
informed that the condition of the shafts was entirely 
satisfactory, there being no signs of any wear. The sand 
in the Garston Channel is very free running, and will, it 
is said, get in where there is the smallest opening. 
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SUBMERSIBLE ELECTRIC MOTOR. 


THE peculiar limitations and handicaps under which 
electricity suffered in its early days have tended to 
disappear one by one both as theoretical knowledge 
and mechanical development have advanced. This 
progress has led to electrical apparatus winning 
for itself a place in many trades and processes for 
which it was once considered quite unsuitable, and 
has resulted in breaking down prejudices and modify- 
ing preconceptions which would have relegated it to 
laboratories and toy-shops. Its use in ship-work is 
one, however, in which it has been slow to make 
a way, owing to a well-founded fear as to its 
ability to meet satisfactorily the onerous condi- 
tions which prevail at sea. This circumstance 
adds interest to a new form of electric motor, the 
invention of Mr. W. R. Macdonald, which has been 
brought out by the Submersible Motors Syndicate, 
of 28, St. Swithin’s-lane, E.C., and of which we 
had an opportunity of seeing a sample, coupled to 
a centrifugal pump, at the Hammersmith works of 
Messrs. Gwynnes, Limited, on the 8th inst. The 
motor is submersible in the sense that not only will 
it run satisfactorily under water, but that no attempt 
is made to exclude the water from its interior. 
Indeed, arrangements are made to force water con- 
tinuously between the rotor and stator, and through 
what are practically ventilating-ducts, with the idea 
of keeping down its copper temperatures and increas- 
—= capacity. 

he motor is of the squirrel-cage type, wound either 
for two or three-phase, and it has its stator winding 
insulated and protected to stand continuous immer- 
sion in water. The rotor conductors are not, however, 
protected so fully, as the winding is arranged so that 
no part of the rotor is at a pressure differing more 
than 1.5 volts from any other part. This voltage is 
too low to electrolyse the water, which, as a conse- 
quence, acts as an insulator. A by-pass pipe, con- 
nected to the delivery side of the pump, supplies 
water to and forces it through the interior of the motor. 
This tends to keep down its temperature, and enables 
@ greater output to be obtained from the motor when 
it is immersed than when it is working dry. A certain 
amount of work is wasted in the churning of water by 
the rotor, but it is stated that this is small, and that 
the over-all efficiency of the motor compares favourably 
with that of motors working under more usual 
conditions. 

The possible applications of the invention are 
many. For marine salvage work it should be 
especially valuable, while for naval or ordinary mer- 
cantile pu the advantage of a motor and pum 
which may be completely immersed, and yet wi 
operate satisfactorily, is obvious. The device should 
also have much application in collieries for situations 
in which the failure of power supply due to break- 
downs or strikes, as recently in South Wales, will 
result in the drowning of the motors and pumps. It 
should be said that normally the motor will be con- 
trolled from the surface, but for salvage or harbour 
work, in which it is desired that it should be started 
and stopped by divers, the controlling switch is fixed 
in a sort of diving-bell arrangement forming part of 
the motor-casing, and is arranged to be operated from 
the outside. The motor may be wound for any of the 
ordinary low or medium pressure voltages. 








O1L-CARRYING VESSEL FOR THE BRITISH GOVERNMENT. 
—There has been launched from the Greenock yard of the 
Greenock and Grangemouth Dockyard Company, Limited, 
the first oil-tanker constructed to the order of the British 
Admiralty, and named Burma. She is capable of towi 
a vessel and supplying her with oil fuel, or of being tow 
by the Dreadnoughts and supplying them with oil fuel 
at thesame time. She can supply vessels alongside from 
four different positions on t' rt or starboard side. 
The vessel carries 2500 tons of fuel oil in twelve tanks. 
Forward of the engine-room is situated the pump-room 
which contains two powerful a capable of dis- 
charging 400 tons of oil per hour. In the pump-room 
there is also placed a powerful steam-driven fan for the 

urpose of exhausting from the tanks the heavy and 
Sagano. vapours which remain there after the oil has 
been discharged, so that the crew may be able to clean 
the tanks with safety. The vessel has been designed by 
the builders for an actual speed of 12 knots when at 
sea. The machinery, which will be fitted aft, is bein 
peel by Messrs. John G. Kincaid and Co., Limited. 
Greenock, 





Contracts.—The Humber Commercial Railway and 
Dock Company have placed the order for the complete 
equipment of the new granary being built at Immingham 
Dock, near Grimsby, with. the firm of Henry Simon, 
Limited, Manchester. The granary will be arranged for 
the sto; of about 20,000 tons of whens, perty in bins 
and -! on floors. The equipment will be very com- 
plete, including a 150-ton tonrelling ship-elevator, gan- 
tries, cleaning machinery, band conveyors, &. The 
length of the band conveyors approaches half a mile.— 
The Lilleshall Company, Limited, of Oakengates, Shrop- 
shire, have booked a repeat order for a steam blowing- 
engine from Messrs. William Roberts (Tipton), Limited. 





DOCK PUMPING PLANT; SASEBO DOCKYARD, JAPAN. 


CONSTRUCTED BY MESSRS. W. H. ALLEN, SON, AND CO., LTD., ENGINEERS, BEDFORD. 
(For Description, see Page 308.) 
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The engine, which will weigh about 150 tons, has a 50-in. 
diameter steam cylinder, 100-in. diameter air-cylinder, 
with a stroke of 5 ft.—The Merton Furnace Company 
have received a third repeat order from the English Crown 
Spelter Company, Limited, who are treating gradually 
increasing — of zinc-blende at their works at 
Swansea. ey put up a first Merton roasting furnace 
about six years ago, and bought a second a couple of years 
later, and arrangements have now been completed for the 
erection of a third furnace. 





“ArcH” System or Suip Construction. —Messrs. 
Osbourne, Graham, and Co. launched from their yard at 
Hylton on Thursday, the 2nd inst., the s.s. enor, 
which they have specially constructed to the order of the 
Edenor Shipping Company, Limited, of Newcastle-on- 
Tyne. She is 252 ft. long and 34 ft. 3 in. beam, and will 
carry 2200 tons deadweight. She has been built upon 
the ‘‘arch” principle of construction, and has been 
designed and superintended by Mr. Maxwell Ballard, 
the patentee, through whom this order was booked. She 
is the first vessel to be constructed under the Ayre- 

lard patents. It is claimed that this form of con- 
struction lends itself to self-trimming, to the ready 
construction of enormous hatchways, to a distribution 
of material, which increases the longitudinal strength of 
the vessel and dispenses with hold pillaring, to a deepen- 
ing of the ship at the most vital position, and the raising 
of the deck platform above the water-line to a higher 
level. Messrs. MacColl and Pollock are providing the 
machinery, which consists of triple-expansion engines with 
cylinders 18 in., 29; in., and 48 in. in diameter, and a 
stroke of 33 in., steam being supplied by two single-ended 
boilers, 11 ft. by 10 ft., working at a pressure of 180 Ib. 





Roya. Institution.—The following are the lecture 
arrangements at the Royal Institution after Haster :— 
Mr. J. E. C. Bodley, three lectures on: (1) ‘‘ Cardinal 
Manning ;” (2) ‘‘The Decay of Idealism in France, and 
of Tradition in England ;” (3) ‘‘ The Institute of France.” 
Professor Frederick W. Mott, two lectures on ‘‘ The 
Brain and the Hand.” Professor W. W. Watts, two lec- 
tures on: (1) “‘The Ancient Volcano of Charnwood 
Forest _(Leicestershire) ;” (2) ‘‘ Charnwood Forest and its 
Fossil Landscape.” Professor R. W. Wood, of the Johns 
Hopkins University, three lectures on ‘‘ The Optical Pro- 
perties of Metallic Vapours” (illustrated). Dr. Ww. N. Shaw, 
two lectures on ‘‘ Air and the Flying-Machine : ” (1) ‘‘ The 
Structure of the Atmosphere and the Texture of Air- 
Currents ;” (2) ‘‘Conditions of Safety for Floaters and 

liers.” Mr. T. orne- er, two lectures on: (1) 
“Cha Effected by Light ;” (2) ‘‘ Practical P: 
in Wireless Telegraphy ” (illustrated). Professor Selwyn 
Image, three lectures on : (1) “‘ John Ruskin, or the Seer 
and Art ;” (2) ‘‘ William Morris, or the Craftsman and 
Art ;” (3) Walter Pater, or the Connoisseur and Art.” 
Mr. W. P. craft, two lectures on ‘‘ Phases of Bird- 
Life:” (1) ‘* Flight ;” (2) ‘‘ Migration.” Mr. W. L. 
Courtney, two lectures on ‘‘ Types of Greek Women: 
Nausicaa and the Homeric Women; Sappho and the 
Eolean Poets; Aspasia and Pericles.” The Friday 
evening meetings will be resumed on April 28, when a 
discourse will be given by Professor w M. Flinders 
Petrie on ‘‘ The Revolutions of Civilisation.” Succeeding 
discourses will probably be given by Professor Martin O. 
Foster, Professor William Stirling, Professor R. W. 
Wood, Professor Gilbert Murray, Commendatore G. 
Marconi, Professor Svante Arrhenius, and other gentle- 
men. 
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PASSENGER LOCOMOTIVE FOR THE NEW SOUTH WALES RAILWAYS. 


CONSTRUCTED AT THE RAILWAYS’ 


Fee oo — 
: ie 


WORKS, EVELEIGH, N.S.W., 


TO THE 





DESIGNS OF MR. W. 


THOW, M. INST. C.F. 











On Plate XVIII., published with this week’s issue, 
we give in Figs. 1 and 2 a sectional elevation and 
half-plans of a 4-6-0 type passenger locomotive for the 
New South Wales Government Railways. A general 
view of this engine, built at the railways’ Eveleigh 
workshops, to the designs of Mr. W. Thow, M. Inst. 
C.E., the Chief Mechanical Engineer, is given above. 

The New South Wales system has considerable 
stretches of rather difficult road to work, and powerful 
locomotives are needed for the main-line service. The 
engine illustrated has cvlinders 21 in. by 26in. and a 
working "spe of 160lb. per square inch. Its 
driving-wheels are 5 ft. 9in. in diameter, and a weight 
of 48 tons 18cwt. is available for adhesion. he 
cylinders are outside, fixed to plate-frames, the slide- 
valves being arranged vertically inside the frames. 
Allan’s valve gear is used. The drive is on to the 
second pair of coupled wheels. The two leading pairs 
of drivers are equalised ; the trailing pair are pro- 
vided with independent springs. Further particulars 
are given in the table herewith :— 


Locomotive : 
Cylinders—diameter . 21 in 
Pe stroke ... see see 26 ., 
Wheels, driving—diameter ke 5 ft. 9 in. 
‘i bogie—diameter ... 5 = a 
Wheel-base—rigid ... ial we RR i xe 
“ total engine... wee ea TS 
Boiler barrel—mean diameter... Beg Wow 
Fire-box—length outside ... hed CR we 
ma width outside ... om ‘.~ i~e 
Tubes—number _... _ adh 286 
” length betweentube-plates 14 ft. 48 in 
a diameter outside ... a 1j in. 
Heating surface—tu = -- 2019 sq. ft 
‘ia i fire-box... a  - 
= a total 2174 ~~, 
ao ak sau as - ae 
orking pressure, per square inc 160 Ib. 
Weight on bogie... ae ... 18 tons 10 ewt. 
~ leading coupled wheels 16 ,, 0 ,, 
me main driving wheels... 16 ,, 13 ,, 
* trailing coupled wheels 16 ,, 5 ,, 
», total, of engine in working 
order AS ea =e ae de 
Weight, total, of engineempty ... 60 ,, 3 ,, 
Tender : 
Tank capacity 3650 gallons 
Coal capacity... “ #.. 6 tons 
Weight in working order ... .. 4l tons 4 cwt. 
» empty she ses oo ae = = & 
Locomotive and Tender : 
Wheel-base, total ... 52 ft. 4 in. 
Length over buffers... ee ante 61 ,, 32,. 
Weight in working order ... ... 108 tons 12 ewt. 
» empty me a a Se a °F oe 








PRRSONAL.—Messrs. Joseph Evans and Sons (Wolver- 
Tha nm), Limited, have appointed Mr. Charles Heal, 
M.L.M.E., formerly manager of the Dunkerton Collieries, 
near Bath, to act as their representative for the whole of 
South Wales, also the Forest of Dean, and the Somerset- 
shire coalfield. Mr. Heal is arranging to open an office 
in Cardiff, the address of which will be announced later. 
ear James Luther Greenway, of Greenway Manor, 
Nantmel, Radnorshire, and 3, Princes Gate, West Liver- 
post has been panes for = Sheriff of Radnorshire. 

© 18 a son of the late Mr. William Partridge Greenway, 
of Moseley Court, Bushbury. 


Limited, 
Liverpool Iron and Steel Works, Widnes, 


County Council since its commencement in 1889, and 
* magistrate for the county since 1892, 





4 , Staffordshire, and chairman | so forth. The pen-names of authors ; musical, sporting, 
an ng director of Messrs. Greenway Brothers, | and theatrical 
ritain Iron and Steel Works, Bilston, and | papers, jou : 
M ire. | musical critics, &c., are also given. A } 
;at. Greenway has been a member of the Staffordshire | renders all reference an easy matter. As the book is 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, February 28. 


Tue exciting event of the week in manufacturing | 
and transportation circles has been the decision of the | 
Inter-State Commerce Commission refusing to grant | 


the request of railroads to advance freight rates higher than those of any previous year. 


throughout the country. A large amount of work has 
been held in abeyance until this decision could be | 
handed down. Yesterday there was an important con- | 
ference in New York City of the representatives of the 
leading railway systems to talk over the decision, 
and to take whatever steps they might think neces- 
sary in consequence of it. While no co-ordination 
of action is possible or permissible by law, this con- 
ference will bring about a mutual understanding 
which, no doubt, will influence the conduct of the 
managers of individual systems. Nothing as yet has 
been given out as to what was said or done, but prob- 
ably before the week is at an end enough will be known 
by the public to enable an opinion to be formed as to 
whether the decision warrants or demands a curtail- 
ment of contemplated improvements. The decision is 
a very important one, and, figuratively speaking, the 
manufacturing interests that supply the railroads are 
holding their breath awaiting the decision of railway 
authorities. Some time ago several systems announced 
their intention of purchasin — + quantities of rails 
for this year’s necessities. The arriman system has 
been in the market for 100,000 tons of rails, and the 
rail-makers are now wondering whether all of these 
rails will be ordered. The New York Central and the 
Pennsylvania have ordered something like a quarter of 
a million tons, but as these orders have been placed, 
there will probably be no cancellation. Three eastern 
systems are now negotiating for some 20,000 tons of 
rails, and a week or so will determine whether the 
negotiations will result in orders or not. A large rail 
order has come from the Pan-American Railway of 
Uruguay for 45,000 tons. Daily announcement of the 
retrenchment in railroad expenditures is looked for, 
as the managers stated some time ago that an un- 
favourable decision of the Commission would force 
them into that course. Already 10,000 men engaged 
in the railroad shops of the Pennsylvania Company at 
Altoona have been relieved of overtime. An order was 
iven for the construction of fifty large ‘‘ Pacific” type 
ocomotives, but will not be executed for the present. 





Tue Suez Canat.—The transit revenue of the Suez 
Canal last year was 5,217,440/., showing an increase of 
391,7607. as compared with 1909. Last year’s transit 
revenue was e up as follows :—Commercial move- 
ment, 11,816,945 tons; ballast movement, 503,193 tons ; 
postal movement, 3,990,817 tons; and military move- 
ment, 270,943 tons. 





Tur Green-Book or Lonpon Socrery.—We have 
received a copy of this book, which is edited by Mr. 
Douglas Sladen and Mr. W. Wigmore, and is published 
by Messrs. J. Whitaker and Sons, Limited, 12, Warwick- 
lane, E.C. It contains 524 pages of general information 
on the members of London society, on Colonial digni- 
taries, a number of social directories, and also a directory 
of the diplomatic corps in London, of Privy Councillors, 
Parliament, Government, and other officials, of clubs, and 


udonyms ; the leading authors, news- 
and magazines; the leading “i, 
ex 


SWEDISH IRON. 


At the last meeting of the Union of Swedish Iron 
Works the particulars of Swedish exports of iron manu- 
facture were laid before the members, and com with 
the previous year ; the figures were exceedingly satisfac- 


tory, being 33 per cent. higher in the aggregate and 
us ye 6 exports of 
some of the more important specialities were as under :— 
1909, 1910. 
Tons Tons 
Pig iron 105,700 134,100 
Ingots.. .. 10,300 13,500 
Blooms, &c. .. 20,600 $1,400 
Billets, &c. 19,000 25,500 
Bar iron ie 106,900 141,200 
Rolled wire 21,200 33,400 
Tubes and parts 9,000 14,300 


The aggregate of the above, and some less important 
items, amounts to 421,300 tons for last year, against 
316,200 tons for the previous year. The increase, as will 
be seen from the above, ry | comes from pig iron, 
bar iron, rolled wire, and blooms ; but there is an increase 
all rouind without any exception. 

There were in operation during the last quarter of 1910 
97 blast-furnaces, 217 open-hearth, 17 Bessemer, and 53 
Martin furnaces, against, respectively, 79, 214, 17, and 47 
during the corresponding period of the previous year. 

The production was :— 


1909. 1910, 

Tons Tons 
Pig iron 448,000 604,300 
Blooms » 116,900 150,600 
Bessemer ingots 63,400 97,900 
Martin ingots 247,200 370,700 


which figures likewise show a very substantial increase — 
over 33 per cent. on pig iron, and 50 per cent. on Bessemer 
and Martin ingots. 

It was stated that at several hematite blast-furnaces in 
England a certain percentage of Swedish iron ore and 
Swedish briquettes was being used. The results were 
understood to be so satisfactory that an increased import 
of Swedish iron ore and briquettes was likely to ensue, 
to the detriment of the import of Swedish pig iron. In 
Sweden, however, the opinion has also been expressed 
that the English manufacturers of finest quality steel 
know too well what they owe to Swedish pig iron and 
other half-finished Swedish goods to make rashly any 
radical change in their raw material. 





Fioatine Docks For THE ADMIRALTY.—Messrs. Swan, 
Hunter, and Wigham Richardson, Limited, have received 
an order from the Admiralty for two small floating docks, 
each with a lifting capacity of 2000 tons. The new docks 
are to be used for _ + destroyers, and compara- 
tively small warcraft. Messrs. Swan, Hunter, and Wigham 
Richardson have also under construction at Wallsend a 
32,000-ton floating dock for Dreadnoughts. 

Tue Institution oF Crvitn ENcingers: StTupents’ 
Meertines.—At the meeting of students, held at the 
Institution on Friday, the 3rd inst., at 8 p.m., Mr. 
Frederic Shelford, B.Sc., M. Inst. C.E., in the chair, 
Mr. H. ge Hy ey Me at. Se ae 
paper on ‘‘The Lagos Harbour Survey, 1909-10.” e 
survey was undertaken to decide on the best position for 
the construction of the entrance to the new harbour, and 
to discover the amount of dredging which would be 
necessary for the accommodation of vessels of deep 
a The paper described the setting out of the 
base-lines of the —_ the methods of taking soundi 
and making borings, the setting up of tide-gauges, and the 
determination of the direction, seeete, and duration of 
currents in the harbour on flood and e b tides, with the 
measurement of the discharge of various creeks into the 
harbour. Messrs. Kynnersley, Chadwick, Meade, Hutt, 
and Gillespie spoke m the discussion following the paper, 
the chairman narrating some of his f ] experiences 





published in February, it has recorded the very latest 
appointments and alterations, 


and difficulties while engaged on similar work in the same 
| country, 
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TESTS OF A 6000-KILOWATT TURBO- 
ALTERNATOR. 


WE print below the official report of a test recently 
made by Messrs. Merz and McLellan, the consulting 
engineers to the Newcastle-upon-Tyne Electric ~— 
Company, of a 6000-kilowatt turbo-alternator whic 
has given notable results. The turbine, which has been 
built by Messrs. Richardsons, Westgarth, and Co., of 
Hartlepool, to the designs of Messrs. Brown, Boveri, 
and Co., of Baden, is of the Parsons type, having 
separate high and low-pressure casings, as had the 
original Elberfeld machine. It was designed to have 
its maximum economy at 9000 brake horse-power, with 
steam at 190 lb. gauge and at 190 deg. superheat. In 


Tue NEWCASTLE-UPON-TYNE EveEctric Supply CoMPANY, 
Dunston Power-STatTion, DunsToN-UPON-TYNE. 


Trial of 6000- Kilowatt Turbo-Alternator. 


The ¢ fficial steam-consumption trials of this plant were run on 
December 16, 1910. The contractors to the company for the 
— lete unit were Messrs. Brown, Boveri, and ., Limited, 
ondon. 

The turbine lon was manufactured by Messrs. Richardsons, 
Westgarth, and Co., Limited, of my ig to the design of 
Messrs. Brown, Boveri, et Cie., of en, Switzerland; the 
alternator was supplied by Messrs. Brown, Boveri, and Co. them- 
selves. The surface condensing plant was supplied and manufac- 
tured by Messrs. Richardsons, Westgarth, and Co.; and the 
contractors to Messrs. Richardsons, Westgarth, and Co. for the 
re gu water-pump were Messrs. Greenwood and Batley, of 
Leeds. 

Details of the plant are given in the accompanying Table I. 


Taser I, 
Turho- Alternator : 
Normal output .. 6250 kw. 
Speed oe 1200 r.p.m, 
Turbine: 


ified 


most e 





Type oe *- 
Type of blading .. 
Arrangement of steam passag: 


ical load 9000 b. h.-p. 
on : Two-cylinder Parsons 
Reaction 
H.-P. cylinder uni-flow ; L -P. 
cylinder, rtly uni-flow, 
partly double flow 
190 Ib. per sq. in. 
190 deg. Fahr. 


Specified steam pressure 

Specified superheat 
Alternator : 

Type ~ a 

Continuous output 

Voltage (terminal 

Exciter 


.. Rotating field, three-phase 
.. 7000 k.v.a,. at 0.9 power factor 
5750 volts 
Direct-coupled self-excited 
exciter 


Condensing Plant : 

Surface , 13,000 sq. ft. 

ype oa ve ee “e **Contrafio ” 
Diameter of tube—external .. in. 

Thickness of tube ‘ “s 18 B.W.G. 

Allowable circulating water 

per hour.. oe ve os 

Specified circulating water 

inlet temperature a 

Air-Pumps : 


Type 


Sn acai ‘s “3 ss = 
Volume swept through. per 
minute by air-pump plungers 
Augmentor : 
Surface : eo P 400 sq. ft. 
Preliminary unofficial trials were run on December 14 and 15 at 
various vacua and at various superheats, to determine the correc- 
tions to be applied to actual figures in order to enable the actual 
results to be compared with those specified. 
The results of the official trials are given in Table II. 


TaBie II. 


| “Se ok ae 

.,| Deo. 16 | Dec. 16 | Dec. 16 

f 9 a.m, /11.30 a.m. 2.30 p.m. 
to to to 


iT 10 a.m. 
Output from generator to bus-bars | 
(true kilowatts) .. «. kw.) 4256 

“e oe ..r.p.m.; 1210 


630,000 gallons 
60 deg. Fahr. 


.. Edwards three-throw, motor- 
ven 

3.68 cub, ft. per barrel 

1660 cub. ft. per min, 


3. 





Date 


Duratien ; 
lpm. 440p.m. 
5600 
12:0 


6257 
1210 


Steam Quality. | 
Pressure at — = “e ray 
stop-valve by gauge, Ib. p. 8q. in. | 
Sempervtare of steam at boiler side. 
of turbine stop-valve deg. F.| 
Superheat ds ee > S 
Exhaust. 
(abs.) in ome 


189 189 


559 


192 


546 
162 


549 
166 


Pressure 
in. Hg. ee on n. 
Temperature in condenser deg. F. 


Circulating Water System, 
Temperature, inlet .. deg. F. 
ee outlet . pa 


Steam Consumption. 
Total water rhour.. Ib. 
Water used per kilowatt-hour __,, 
Water used per kilowatt-hour cor- 
rected for condenser leakage lb. 
Steam consumption corrected for 
190 deg. F. superheat and 29.1 in. 
vacuum Ib, per kw.-hr. 


76 


44 
53 


75,000 
11.47) 


11.5) 


| 67,950 
| 12.1(4) 


12.1(2) 


12.1(5) 11.8(0) 





11,85) 


REMARKS. 


1 ones &. Load.—An interval of 14 hours was allowed 
between changes of load. 

2. Output.—Measured by integrating wattmeter specially cali- 
brated for the purpose. 

8. Steam Condensed.—Weighed by the permanent weigh-tanks 





installed in the power-station. 


(Signed) Merz anp McLEuLan, 


the test the superheat did not exceed 176 deg. Fahr., 
but the vacuum was high, the absolute pressure in the 
condenser being 0.90 in. of mercury. 

The tests above recorded were, it is of interest 
to note, made after the turbine had been in service 
for a period of five months, during which no adjust- 
ments were made, and the trial was thus run without 
a preliminary overhaul. This affords yet another 
instance of the remarkable manner in which the type 
of turbine in question maintains its efficiency in ser- 
vice. It should further be added that the turbine 
during the trials was not run on a water resistance, 
but was feeding the mains of the Newcastle-upon-Tyne 
Electric Supply Company, Limited. 








Botton CorPoraTION WatTER Works.—An illustrated 
pamphlet, issued by the Committee of the Bolton Cor- 
poration Water Works, gives data on the pressure filters 
at Sweetlove’s, which were opened on January 26 last. 
The filters are capable of dealing with 2,300,000 gallons 
of water per 24 hours, and have been supplied and erected 
by Messrs. Mather and Platt, Limited, under the super- 
intendence of Mr. Lewis Mitchell, A.M. Inst. C.E., 
F.G.S., the water works engineer. The installation 
comprises sixteen filters, each 8 ft. in diameter, with the 
necessary accessory plant. 


THe British Enoing, Borner, AND Exxcrricat In- 
SURANCE Company, LimtteD.—At the thirty-third annual 
peg, this company, held at the head office, 12, King- 
street, Manchester, on Friday, the 3rd inst., the chair- 
man (Mr. Longridge) stated that while the increase in 
business during the year 1910 had been highly satisfac- 
tory, there had also m a considerable increase in the 
item of claims as compared with the preceding year. 
There seemed to be no particular reason why the ratio of 
claims should have increased so much as it had done (in 
the case of dynamos the increase was nearly 25 per cent.), 
but it was somewhat remarkable that their heaviest 
losses had m on reinsurances for other companies, 
where the inspections were not undertaken by their own 
staff. Among electric motors (in which class of their 
business there was practically no reinsurance) the ratio 
of breakdown was almost the same as in previous years— 
viz., one breakdown for every eight motors insured. In 
regard to the insurance of boilers, there had been during 
the year no explosion of any boiler under their inspection. 
The rate of increase in the number of boilers in use was 
not so great as in former years, owing to so many of the 
smaller boilers being superseded by gas or oil-engines, or 
by electric motors, while in the case of large works it was 
a common practice to replace old boilers by a smaller 
number of boilers of larger size. Sir George Hayter 
Chubb and Mr. Norman Fletcher were re-elected directors 
of the company. 


Tue Knapen System oF Dryinc WALLS or BUILD- 
1nGs.—This system, which has only recently been intro- 
duced into this country, has been tested in many Govern- 
ment and private buildings in France, Belgium, and 
Germany, &c., and has, we understand, given great 
satisfaction. The system consists of the automatic ab- 
straction of moisture from walls by means of a very simple 
apparatus, the proportions of which have been determined 
experimentally. The apparatus consists simply of a tube 
of porous earthenware, of triangular section, which has 
running longitudinally through its centre a hole varying 
from 26mm. to 36mm. in diameter, according to the 
actual conditions met with. This tube is ecg in the 
wall to approximately one-half the thickness of the 
wall, and at a certain angle varying according to con- 
ditions. The outer end of the tube is flush with the 
face of the wall, the opening being covered with a 
small grid. The angle at which the tube enters the 
wall is not great (somewhere about 18 deg. from the 
horizontal) and the inclination of the tube is down- 
wards from the inside of the wall. The tubes are placed 
ina horizontal row in the wall that requires drying and at 
a distance of about 12 in. apart, but this, of course, depends 
somewhat on the condition of the wall. When built 
into the wall they are placed close to the ground level and 
are bedded in a speci rous mortar. h tube within 
its zone of action absorbs by capillarity the surroundin 
humidity ; the air in the central canal becomes saturat 
by contact with the damp walls of the tube, and increases 
in density owing to the fall of temperature resulting 
from evaporation, and consequently the saturated air falls 
to the lowest point of ae toe, where it passes into the 
atmosphere through the grating, at the same time that 
air from the outside flows in along the top of the canal to 
take its and in its turn becomes saturated with mois- 
ture. As this action goes on.in each tube there is estab- 
lished a permanent circulation of air, the rapidity of 
which depends on the differences in density between 
the air outside and inside the tube. As the wall 
surrounding the tubes is gradually dried the humidity 
in the wall penetrates the dried zone, and it is claimed 
that the complete drying effect of the system will take 
place in new buildings in a period of from 30 to 60 
days after the plastering of the walls, but in old build- 
ings the time may vary from 40 to 180 days, de- 
pending on conditions of weather, the materials of con- 
struction, and the locality of the building. We under- 
stand that some remarkable results have been obtained 
by the use of this system, and several gold medals have 
been awarded to it at different exhibitions. It is being 
introduced into this country by the Scientific Improve- 
ments Caper (Soc. An., Brussels), 53, Victoria-street, 
London, 8, W, 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
ao market was very quiet, and only one lot of 

leveland warrants domoel hands at 49s. 54d. three 
months, with buyers over. At the close sellers quoted 
48s. 8hd. cash, 48s. 114d. one month, and 49s. 6d. three 
months. Sellers of hematite quoted 65s. 9d. cash, and 
66s. 9d. three months. In the afternoon the tone of the 
market was dull, and there were no dealings in Cleveland 
warrants, the session closing with sellers quoting 48s. 84d. 
cash, 49s. one month, and 49s. 54d. three months. One 
lot of hematite was done at 66s. 6d. three months, with 
buyers over, and sellers at 66s. 74d. On Friday morning 
weakness again prevailed, and Cleveland warrants were 
dealt in at 48s. 7d. and 48s. 64d. cash, 48s. 64d. five days, 
and 48s. 9d. one month. The turnover was 4000 tons, 
and closing sellers quoted 48s. 7d. cash, 48s. 10d. one 
month, and 49s. 4d. three months. Hematite was quoted 
at 66s. 6d. three months sellers. Cleveland warrants 
were still easier in the afternoon, when 4000 tons were 
done at from 48s. 5d. to 48s. 44d. cash, at 48s. 44d. 
seven days, and 48s. 64d. one month. At the close 
the prices were 48s. 5d. cash, 48s. 7$d. one month, 
and 49s. 14d. three months sellers. Hematite was 
the turn easier at 66s. 54d. sellers three months. On 
Monday morning there was no improvement in the tone 
of the market, and some 3500 tons of Cleveland warrants 
chan; hands at 48s. 3d. cash, 49s. 04d. and 49s. three 
months. Closing sellers quoted 48s. 4d. cash, 48s. 7d. one 
month, and 49s. 1d. three months. In the afternoon 
business continued on the downward grade, and the 
dealings consisted of 2500 tons at 49s. 3d. four days, 
48s. 44d. seventeen days, and from 48s. 114d. to 48s. 104d. 
three months. At the close the quotations were down to 
48s. 14d. cash, 48s. 44d. one month, and 48s. 11d. three 
months sellers. On Tuesday morning the market, after 
opening easier, became firmer, and business was done at 
from 47s. 114d. to 48s. 14d. cash, and from 48s. 3d. to 
48s. 44d. one month. The turnover was 4500 tons of 
Cleveland warrants, and closing sellers quoted 48s. 2d. 
cash, 48s. 5d. one month, and 48s. 11d. three months. 
Sellers of hematite quoted 66s. three months. A stronger 
tone prevailed in the afternoon, but the business was 
limited to 3500 tons of Cleveland warrants at from 48s. 24d. 
to 48s. 6d. cash, 48s. 54d. and 48s. 6d. one month, and at 
48s. 7 April 20. Sellers’ closing prices were 48s. 4d. cash, 
48s. 7d. one month, and 49s. 1d. three months. Hematite 
was unchanged when the market opened to day (Wednes- 
day); Cleveland warrants were again firmer and fairly 
active. The dealings amounted to 12,000 tons at 48s. 5d., 
48s. 6d., and 48s. 5}d. cash, 48z. 74d. and 48s. 9d. one month, 
and from 49s. 1d. to 49s. 3d. three months, and closing 
sellers quoted 48s. 6d. cash, 48s. 9d. one month, and 
49s. 34d. three months. Hematite was unchanged at 66s. 
three months sellers. In the afternoon a further recovery 
took place, and Cleveland warrants advanced to 48s. 7d. 
and 48s. 74d. cash, 48s. 104d. one month, 49s. May 10, and 
49s. 3d. three months. The turnover consis’ of 5000 
tons, and at the close there were sellers at 48s. 8d. cash, 
48s. 1ld. one month, and 49s. 5d. three months. The 
following are the market quotations for makers’ (No. 1) 
iron:—Clyde and Calder, 61s. ; Gartsherrie, 61s. 6d. ; 
Summerlee, 63s. 6d.; Langloan, 64s. ; and Coltness, 82s. 
(all shipped at G w); Glengarnock (at Ardrossan), 
63s. 6d. ; Shotts (at Leith), 62s. ; and Carron (at Grange- 
mouth), 69s. 


Sulphate of Ammonia.—The firm tone is still the pre- 
vailing feature of the sulphate of ammonia market. The 
recent strong demand was the cause of the price advancing 
steadily, and now the current quotation is 14/. 7s. 6d. per 
ton for prompt delivery, Glasgow or Leith. The amount 
shipped from Leith Harbour last week was 2403 tons. 


Scotch Steel Trade.—No change of any kind falls to be 
recorded in connection with the steel industry in Scotland, 
and makers continue to be fairly well employed. Speci- 
fications are coming to hand rather more freely, but _in- 
quiries for fresh lots have not materially increased. The 
export trade is moderately active, and there are a fair 
number of inquiries in circulation. Producers of light 
material have quite a lot of orders on hand, and although 
in one or two cases specifications are a trifle slow, the 
trade on the average is quite satisfactory. 


Malicable-Iron Trade.—The scarcity of specifications is 
still the cause of a reduced number of shifts being run in 
the malleable-iron trade of the West of England. There 
is a lack of demand for new contracts, and operations are 
mainly confined to orders fixed up some time ago. No 
change has been made in prices, which are based on 
71. 2s. 6d. per ton, less 5 per cent., for crown bars. 


Scotch Pig-Iron Trade.—Scotch pig-iron makers report 
a very poor demand of late from home consumers, and in 
order to induce an improvement in buying they have 
reduced their prices. On export account good shipments 
are being made, and deliveries to consumers in the south 
are also fairly satisfactory. No change has taken place in 
the hematite position, and business continues quiet. 





Danish TorPrpo-Boat.—The first-class torpedo-boat 
Soridderen, built for the Danish Government by Messrs. 
Yarrow, of Glasgow, was launched on February 28, at 
noon, in the presence of the Danish Consul, Mr. A. 
Hagen Schow, and his wife. The vessel is 181 ft. 9 in. 
long by 18 ft. beam, and is to have a speed of 27 knots. 
She is fitted with Brown-Curtis turbines of about 4000 
shaft-horse-power constructed by Messrs. Yarrow, steam 
being supplied by two Yarrow water-tube boilers of the 
latest type. The Soridderen is to serve as a type for 
other torpedo-boats, which are being constructed in 
Denmark. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Wonderful Recovery.—The recovery of Messrs. William 
Jessop and Sons, Brightside Works, Sheffield, from the 
slump in the years 1907 and 1908 has been a remarkable 
one. The annual report just issued shows an increase of 
nearly 60 = cent. in profits, with a dividend of 10 per 
cent., the largest paid for several years. The dividend 
last year was 7} per cent., and the gross profit 46,227/., 
as compared with 72,274/. in the present balance-sheet. 
The year under review has a very good one, and in 
addition to providing such a handsome dividend the 
directors are able to put aconsiderable sum to the reserve. 


Tron and Stecl.—In spite of the dull state of the iron 
market, makers expect to do better at the end of the 
month. many contracts will then come up for 
renewal, and there may be some adjustment of prices. 
At present the official ol are nominally ruling, 
but a certain amount of business has gone through at 
lower figures. The tendency of hematite prices latterly 
has been towards weakening. Sales of common irons 
have also been restricted, but the Lincolnshire makers 
state that the exigencies of production forbid any 
price reductions. he consumption of billets and 
bar-iron is considerable. There is not much done 
in scrap. Rolling-mills have been busy for several 
weeks. The most noteworthy feature of the gene 
steel trades is the improvement in railway demands. 
Several companies are coming into the market, amongst 
them the Lancashire and Yorkshire Railway Company. 
They have placed an order for 30,000 tons with three 
local firms—Messrs. Cammell Laird and Co., Steel. 
Peech and Tozer, and Fox and Co. The Great Central 
are also requiring a considerable quantity of rails, and 
numerous inquiries are coming to d on foreign and 
colonial account. Another important branch of local trade 
which, like railway steel, has been depressed whilst other 
branches have been active, is general engineering. Some 
improvement has recently been manifested in this direc- 
tion, but in some particulars expectations have not been 
realised. A bigger demand was anticipated from Lanca- 
shire, but it is stated that the improvement in the textile 
industries there has not been long enough in operation 
for its full benefit to be appreciated. The special steel 
trades remain good, though more forward orders would be 
welcome, and wire-makers are well occupied. Sheffield 
exporters do an increasingly active trade in reaper sec- 
tions. In the Russian market particularly they have 
proved their superiority over Continental rivals, and 
exports are of big ouny- The agricultural implement 
trade generally is very flourishing, and for all kinds of 
tools there is a ready demand. 


South Yorkshire Coal Trade.—The industrial demand 
for steam coal is good and very steady, but some weak- 
ness is noticeable in the general market in regard to 
shipments. AJthough the opening of the shipping season 
in the immediate future is expected to alter this, there is 
at the present moment a good deal of ‘‘spot” coal on 
offer. llieries are maintaining a firm position, and are 
not troubling much about some accumulation of stock. 
Better prices are being obtained for slacks, which are in 
a strong position, and the activity in the coke market is 
such that buyers have some difficulty in getting supplies. 
Orders for house coal have improved during the 
month, but have not come up to expectations. Mer- 
chants appear to have been working on stock as 
much as_ possible, Po reductions. This has 
undoubtedly checked many orders that would otherwise 
have been p! There is not much change in the 
colliery position, and the scarcity of wagons is still proving 
a drawback. Prices generally are 'y, and what weak- 
ness is shown is for Be most part in the cheaper varieties. 
Quotations :—Best branch hand-picked, 14s.; Barnsley 
best Silkstone, 12s. to 13s.; Silkstones, 10s. to 11s.; Der- 
byshire brights, 11s. to 12s.; Yorkshire hards, 9s. to 
10s. 6d.; Derbyshire hards, 8s. to 9s. 3d,; washed nuts, 
8s. 9d. to 9s.; rough slacks, 5s. 3d. to7s.; second qualities, 
3s. 6d. to 4s. 9d.; smalls, 1s. to 2s. 3d. 








CaNaDIAN IrRIGATION.—The policy of the Canadian 
Pacific Railway Company is actively to endeavour to im- 
prove the lands comprised in its very extensive land grant. 
Tn 1907, the company, through a subsidiary organisation, 
brought 400,000 acres of land under irrigation, at-a cost of 
1,000,000/., and it has since sold the block thus irrigated 
for nearly 4,200,0002. Similar work has now been under- 
taken upon 750,000 acres in the Canadian North West. 
Che outlay proposed to be made is 2,500,000/. in round 
figures, it being intended to construct 1500 miles of 
canals and ditches, with secondary distributing channels. 





METROPOLITAN RaILWAYs, TRAMWAYS, AND MISCEL- 
LANEOUS IMPROVEMENTS. — Mr. Edward Stanford, of 
Long Acre, W.C., has just issued his annual map show- 
ing the character of the various improvements in transit 
facilities within the metropolitan area for which Parlia- 
mentary sanction will be sought during the ensuing 
session. The most important of these is, no doubt, the 
Greater London Railway, though the route selected for it 
eres atany single = —_ the County Council 
imits, new tramways the longest appears 
to be that from the Marble Arch to Oricklewood. Though 
promoted by the London County Council, it is, perha 

oubtful whether this scheme will be allowed to pass by 
the Board of Trade, since to do so would be to ignore the 


recommendations made in their recent report on London 
traftic, where itis pointed out that even as matters stand 
the Edgware-road is too narrow for the traffic over it, and 
the construction of a tramway along it ‘‘would be 
attended with inconvenience,” 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade,—After a period of extreme 
quietness, there is at length some improvement in the 
iron trade, and for this the favourable Board of Trade 
returns are in no small measure responsible. Buyers are 
once more coming forward, and there are quite a number 
of inquiries in the market. Traders have thrown off their 
despondency, and once more speak most hopefully of the 
near future. At the same time the production of pig iron 
is still a good deal in excess of uirements, and so long 
as this continues quotations son Seely be expected to 
advance much. Deliveries are fairly good, and should be 
better as the season advances. Sales of No. 3 g.m.b. Cleve- 
land pig have been recorded this week at 48s. 6d. for prompt 
f.o.b. delivery, and even as low as 48s. 3d.— lowest 
quotation since the beginning of July, 1909—has been 
named, but the general market quotation is 48s. 9d., and 
buyers would very readily pay 48s. 74d. No. 1, which is 
still scarce, is 52s. 3d., and the lower qualities are steady; 
No. 4 foundry is 48s.; No. 4 forge, 47s. 9d.; and 
mottled and white iron, each 47s. 3d.—all for earl 
delivery. East Coast hematite pig is quiet, but with 
steel-makers full of work, renewal of activity is looked 
for. Prominent Sheffield buyers have been on ’Change 


ra] | here this week. For this month’s delivery Nos. 1, 2, 


and 3 are obtainable at 64s. 6d., but they could not be 
bought over the second quarter of the year under between 
65s. and 66s. A trifle easier feeling is noticeable in the 
foreign ore trade, but this is only due to imports from 
the Mediterranean being obtainable on a little better 
terms in consequence of slightly lower freights. Mine- 
owners abroad are as firm as ever. Best Rubio is still put 
at 22s. 6d. ae Tees. Freights Bilbao-Middlesbro 
are fixed at 4s. 14d. Coke is very plentiful and ook. 
Average blast-furnace qualities are on sale at 15s. 6d. ex- 
ship Tees. 
Stocks and Shipments of Pig Iron.—Stocks at makers’ 

ards are increasing and Cleveland pig is also being sent 

into the public warrant stores at the rate of some tons 
r working yf the stock held there now stands at 

75,000 tons. hipments of pig iron are on a fairly 
satisfactory scale. To date this month they average 3152 
tons per working day, as compared with a daily average 
of 2720 tons to the same time last month, and 3865 tons to 
the corresponding date in March last year. 


Manufactured Iron and Stecl.—There is very little 
buying going on in the various branches of the manu- 
factured iron and steel industries, and producers complain 
of want of specifications to carry out contracts already 
made. Demand for galvanised corrugated sheets falls a 
en deal short of supply, with the result that they have 

m lowered by 10s. per ton. oe for all other 
descriptions are maintained. inci market rates 
stand :—Common iron bars, 7/.; best bars, 7/. 7s. 6d. ; 
best best bars, 7/. 15s.; packing-iron, 5/. 15s.; iron ship- 
plates, 6/. 12s. 6d.; iron ship-angles, 7/.; iron ship-rivets, 
71. 5s. to 7. 7s. 6d.; iron —" ay 7l. 7s. 6d.; steel 
bars, 6/. 5s.; steel ship-plates, 6/. 15s.; steel ship-angles, 
6l. 7s. 6d.; steel boiler-plates, 7/. 10s.; steel strip, 6/. 10s. ; 
steel hoops, 62. 12s. 6d.; steel joists, 6/. 7s. 6d.; cast-iron 
railway chairs, 3/. 10s.; light iron rails, 6/. 10s.; heavy 
steel rails, 5/. 15s.; steel railway sleepers, 6/. 12s. 6d.; and 
iron and steel galvanised corrugated sheets, 24 gauge, in 
bundles, 10/. 15s.—sheets less the usual 4 per cent., railway 
material net at works, and all other descriptions less the 
customary 24 per cent. 





Tue ‘“‘NewcastLe CHAMBER OF COMMERCE REVIEW.”— 
The first issue of this review recently appeared, and 
includes Gateshead within itssphere. The main purpose 
of its publication has been to impart some reliable infor- 
mation ing the resources of Tyneside, and it in- 
cludes a great deal of interesting information, a portion 
of which is historical, relating to the Guild the 
Exchange, and Trinity House, while the scenery of the 
neighbourhood also comes in for its share of recognition. 
On the other hand, it is quite a business book, and contains 
a merchandise and trades classified list which ought to 
prove valuable. The chief industries of the district are 
noticed, and the book is wag illustrated. It is edited 
~ § Mr. Herbert Shaw, B.A., F.R.G.S., under the auspices 
of the Newcastle and Gateshead Incorporated Chamber 
of Commerce. It is published by Sell’s Advertising 
Agency, Limited, Fleet-street, London, E.C., and is very 
well —-, An edition of 10,000 copies has already been 
issued and distributed free, but the book is sold at 2s. 6d. 





‘Tux Locomotive Enoinger’s Pocker- Book AND 
Diary, 1911.” London: The Locomotive Publishing 
rg Limited, 3, Amen-corner, Paternoster-row, 
E.C. [Price 2s. 6d.]—This little pocket-book continues 
yearly toshow improvement, and will, at its present rate, 
soon be transformed into a hand-book of data and current 
practice. At present it embraces in compact form a 
mass of information of a varied description relating to 
locomotives and their worki A general article 
summarises the factors controlling locomotive design, 
including concise treatment of such subjects as train 
resistance, curve resistance, This is followed by 
matter dealing with the proportions of locomotives, the 
weights of parts, British Standard yew ape for 
Locomotive Materials, and the leading ions of the 
Standard Indian locomotives. Balancing is accorded a 
fairly full treatment, while a ee of useful tables 
also find room in the boo follow iculars of 
modern practice and typical locomotives, folding outline 
drawings of some of the most interesting examples being 
given. The book concludes with workshop recipes, diary 





space, and general information, 








NOTES FROM THE SOUTH-WEST. 


Cardiff.—The tonnage arrivals over the week-end were 
much heavier. For the present week sellers have still 
been prepared to make some concessions, but for deli- 
veries after the 12th there are hopes of an improved 
inquiry if chartered steamers are not delayed by storm 
weather. The best large steam coal has made 17s. 6d. 
to 17s. 9d. per ton; ordinary qualities have ranged between 
16s. and 17s. 3d.; best bunker smalls from 9s. 6d. to 
93. 9d. ; and cargo smalls from 7s. 9d. to 8s. 3d. per ton. 
House coal has shown little change; the best ordinary 
— have been quoted at 14s. 6d. to 16s. 6d. No. 3 

hondda large at 17s. to 17s. 6d. ; and smalls at 10s. to 
10s. 6d. per ton. No. 2 Rhondda large has brought 12s. 6d. 
to 13s. ; smalls 7s. 9d. to 8s. per ton. Foundry coke has 
been quoted at 19s. to 22s. per ton, and furnace ditto at 
16s. 6d. to 17s. 6d. per ton. As regards iron ore, Rubio 
has realised 21s. 6d. to 22s. 6d. per ton, upon a basis 
of 50 per cent. of iron, and charges, including freight, 
insurance, &c., to Cardiff or Newport. 


Welsh Coal for Russia.—Russian Government contracts 
for the supply of Welsh best Admiralty double-screened 
coal have been secured by Messrs. Paul Boeckel, St. Peters- 
burg, and Messrs. W. Milburn and Co., of Cardiff and 
London. The quantities to be delivered are 58,000 tons 
for Cronstadt, 30,000 tons for Reval, 30,000 tons for 
Sveaborg, and a smaller quantity for Libau and Archangel. 
The price secured is 22s. 3d. to 22s. 6d. per ton, charges 
including freight, insurance, &c., and deliveries to be 
made over the Baltic season. Provision is made for one- 
fourth of the coal to be shipped in Russian steamers; in 
respect of this an additional 1s. per ton is to be paid. 


Bristol Docks. —An omnibus Bill introduced into Parlia- 
ment by the Docks Committee of the Bristol City Council 
has been under the consideration of a committee of the 
House of Commons. The Bill proposes to authorise a 
further expenditure of 109,723. upon the Royal Edward 
Dock, the borrowing of 46,8587. for the completion of the 
dock, and a further sae | of 150,000/. for general 
dock purposes. Opposition to the Bill was withdrawn on 
the understanding that the dock accounts will be audited 
by an auditor approved by the Board of Trade. 


The Swansea Valley.—There has been a good demand 
for pig. Imports of foreign steel bars have not had any 
— effect upon home production, all the avail- 
able furnaces being employed. The tin-plate works have 
been active, and an additional tin-plate rolling-mill has 
been started at the Aber Works, Lansamlet. It is pro- 
posed to build new tin-plate works at Ynisforgan, Morris- 
ton. The site chosen is close to the Midland and Great 
Western Railways and the Valley Canal. 

Welsh Coal-Mining.—Mr. J. McMurtrie, in presiding 
at the annual meeting of the Great Western Collier 
Company, Limited, at Bristol, said the company’s col- 
lieries had had a year of steady trade, and had been kept 
well employed. The falling off in production in the 
| year, in consequence of the Eight Houfs Act, 

ad been made good, the output having been increased to 
nearly 1,000,000 tons. But for the Eight Hours Act 
there would have been an even larger output in conse- 
quence of the satisfactory development of the Maritime 
pit. The profits also, which bad suffered from the effect 
of the Eight Hours Act, had aupeevet having risen 
from 35,2472. in 1909 to 58,7571. in 1910. To bring about 
this result, however, the public necessarily had to pay 
higher prices. 

More Welsh Coal.—Messrs. David Davis and Co., 
Ferndale, have acquired a la area of land in the 
Duffryn Valley, Port Talbot, and also on the eastern or 
Margam side of Port Talbot; they have started sinking 
operations, about haifa mile east of Taibach, on a farm 
known as Carregyrhew. The sinking is expected tostrike 
the Morfa seam of coal. The Cambrian Anthracite Com- 
pany, recently organised at Bristol, has commenced 
exploring ss pre tory to re-opening the old 
Blaenau Colliery near Liandebve. The vein, which is 
believed to be one of the finest takings in the anthracite 
district, was cl down some 30 years ago. If the 
result proves — ye | it is the intention of the new 
company to work the old seam on the upcast shaft, and 
to sink another shaft within 50 yards into the lower 
measures. 








An AMERICAN SuBMARINE.—The United States tub- 
marine Seal has just been launched at Newport News. 
She is intended to make ocean cruises without convoy. 
She is 163 ft. long by 153 ft. beam, and her displacement 
submerged is 525 tons. She is fitted with six torpedo- 
tubes, and will carry ten torpedoes. Her service radius 
of action will be 2500 miles. 





Tuer Testine or Inpia-Rupper.—In the report pub- 
lished in our issue of September 16 last of the rm well 8 
of the British Association at Sheffield, we described the 
ingenious machine devised by Professor A. Schwartz, of 
the Municipal College of Technology at Manchester, for 
determining the hysteresis of india-rubber. A complete 
reprint of Professor Schwartz’s paper has now been issued 
by Messrs. G. Cussons, Limited, 231, Strand, London, 

.C., the makers of the machine. This machine, it will 
be remembered, is designed to stretch the rubber gradu- 
ally to a given limit of load or a given limit of strain. 
On the attainment of this limit the load is gradually 
released. Provision is made by which an autographic 
record of the stress and strain is obtained. It is found 
that during the period of increasing loads the strain is 
not the same for a given stress as it is during the pe 
of decreasing | and the diagram thus exhibits a 
hysteresis loop, the character of which has a direct rela- 
tion to the mechanical properties of the rubber, 
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BRIDGES ACROSS THE MEDWAY AT ROCHESTER. 


(For Description, see Page 322.) 

















Fic. 1. Rocnester Bripek; a.p. 1388 to 1856. 




















Fig. 2. Rocnuester BrincE; a.p. 1856 To 1911. 

















Fie, 3. New Rocuester Bripge asout To BE ERECTED, 
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NOTICES OF MEETINGS. 


Tus PuysicaL Socrsty or Lonpon.—Friday, March 10, at 8 p.m., 
at the Imperial y - of Science. Agenda: 1. ‘‘ Demonstration 
of the Working of the Gyro ee by Mr. G. K. B. Eiphin- 
stone. 2. “Note on an Electri Trevelyan Rocker,” by Dr. 
W. H. Eccles. 3. ‘‘ Notes on the Tilted Gold-Leaf Electroscope,” 
by Dr. G. W, ©. Kaye. 

Tae Junior InstrruTion OF ENeinzers.—Saturday, March 11, at 
3 p.m., visit to Messrs. Whitbread and Co.’s Brewery, Chiswell- 
street, Finsbury, E.U.—Monday, March 13, at 7.30 p.m., at the 
Royal United Service Institution, Whitehall. Paper to be read 
on “ The Design of a Modern Brewery and Plant,” by Mr. Geoffrey 
Brooks, A.M.I. Mech. E., of Glasgow and London. 

Tue Surveyors’ InstirutIoN.—Monday, March 13, at 8 o'clock, 
a@ paper will be read entitled “‘ Judicial and Parliamentary Deci- 
sions with regard to Rights in Underground Water since 1907,” 
by Mr. H. F. Bidder, B.A, Barrister-at-Law, and Mr. W. Vaux 
Graham. M. Inst. C.E. ( jates). A di jon will follow, and 
the adjourned discussion on the D “ The Conservation of our 
National Water Resources,” by Mr. W. R. Baldwin-Wiseman, will 
also be resumed. 

Tue INsTITUTION OF MECHANICAL ENe@mngERS: GrapuaTEs’ Asso- 
cIATION.—Monday, March 13, at 8 p.m. A paper will be read 
entitled ‘‘The Balancing of Engines,” by Mr. A. J. Bremner, 
—* of London. Professor W. E. Dalby, Member, in the 
chair. 

Tus Royat Socrrry or Arts.—Monday, March 13, at 8 p.m. 
Cantor Lecture: “ Applications of Electric Heating,” by Pro- 
fessor J. A. Fleming, M.A., D.Se., F.R.S. (Lecture II.) ednes- 
day, March 15, at 4.30 p.m. ‘The Adulteration of Food,” by 
Colonel Charles Edward Cassal, V.D., F.1.C. The Right Hon. the 
Lord Mayor of London will preside. Thursday, March 16, at 
4.30 p.m. Indian *tion. ‘* Education in India,” by Mr. Claude 
Hamilton Archer Hill, LO.S., C.S.L, C.LE. The Right Hon. 
Lord Northcote, G.C.M.G., G.C.I.E., C.B., will preside. 

Tue InstiruTion oF Orvi, Enonveers,—Tuesday, March 14, at 
8p.m. Paper to be read :—‘‘The Electrification of a Portion of 
the Suburban System of the London, Brighton, and South Coast 
Railway,” by Mr. Philip Dawson, M. Inst. C.E. Students’ meeting, 
Friday, March 17, at8 p.m. Paper to be read :—‘ The Production 
of Water-Gas,” by Mr. Alwyne Meade, Stud. Inst. C.E. Mr. Henry 
Woodall, M. Inst. C.E., will occupy the chair. 

Tre Royal Sanrrary InstiruTe.—Tuesday, March 14, at 8 p.m., 
at 90, Buckingham Palace-road, when a paper will be read on 
‘*Rescue Work in Mines,” with a demonstration of apparatus in 
use, to be opened by Mr. Leonard Hill, M.B., F.R.S. The chair 
will be taken by Mr. R. A. S. Redmayne, M.8c., Chief Inspector, 
Coal and Metalliferous Mines, Home Office. 

Tue Royal Mergorowoeica Society.—Wednesday, March 15, at 
7.30 p.m., at the Institution of Civil Engineers, Great George- 
street, Westminster, 8.W., when a lecture will be delivered on 
‘*What can We Learn from Rainfall Records?” by Professor H H. 
Turner, D.Sc., D.C.L., F.R.8. (Savilian Professor of Astronomy, 
Oxford). The lecture will be illustrated by lantern-slides. 

THE INSTITUTION OF MBCHANICAL ENGtneers.—Thursday even- 
ing, March 16, at 8 o'clock (instead of March 17, as previously 
announced). The President, Mr. E. B. Ellington, M. Inst. C.E., 
will deliver his address. 

Tue Roya Instrrvrion oF Great Brirain.—Friday, March 17, 
at 9 o'clock, Mr. John H. Balfour-Browne, K.C., D.L., J.P., 
-R.L, on ‘‘ Water-Supply.” Afternoon lectures next week at 
3 o'clock. Tuesday, March14. Mr. A. E. H. Tutton, M.A., D.Sc., 
F.R.S., on ‘‘Crystalline Structure : Mineral, Chemical, and Liquid.” 
(Lecture III.) Thursday, March 16. Professor Arthur Keith, 
M.D., F.R.C.8., on “Giants and Pygmies.” (Lecture I.) Satur- 
day, March 18. Professor Sir J. J. Thomson, M.A., LL.D., 
D.Sc., F.R.S., M.R.I., Professor of Natural Philosophy, R.L, on 
“Radiant Bnergy and Matter.” (Lecture III.) 
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PREVENTION OF ACCIDENTS IN 
FACTORIES, 

Tue report of the Home Office Departmental 
Committee on Accidents in Factories and Work- 
shops may have a considerable influence on engi- 
neering workshop practice, and particularly on 
the guarding of dliosie. The Committee have 
gone carefully and judiciously into the whole ques- 
tion of the causes of accidents, and the means 
which should be adopted for their prevention ; and 
the temperate language adopted in their compre- 
hensive review of the situation will help towards 
the acceptance of the suggestions made. As the 
investigation had its origin in certain alarmist 
statements, made in the House of Commons, to the 
effect that there was a large increase in the number 
of accidents and an augmentation also in accident 
risks, it is well that the Committee should so 
unequivocally indicate their conclusion that the 
accident risk for the ten years 1897-1907 pro- 
bably remained almost constant. Any increase 
due to the greater amount of machinery in use 
and the higher pressure of working conditions 
was pear by improved inspection, by 
the greater care resulting from the adoption 
of the Workmen’s Compensation Act, and by the 
circumstance that in many instances the machine 


22/methods of themselves introduced elements of 


safety. Since 1907 there has been a tendency for 
the accident risk to decrease. 
The actual number of accidents reported, as dis- 


25 | closed by the report, shows a considerable increase, 


and it is not without significance that, including all 
factories, the number ‘of injured workers compen- 
sated under the Workmen’s Compensation Act 
equalled 27 per 1000 persons employed, and that in 
metal-working the proportion was 67.3; in engine- 
building, 65.1; in wood-working, 44.7 ; and in other 





as possible. 


metal industries, 33.9. When docks, mines, and 
transport trades are included, it is found that the 
average number is 50.7 per 1000, those in mines 
numbering 158.6 ; in docks, 90.1; in constructional 
work, 79.6; in collieries, 63.2 ; and in railways, 47.2. 
Since so much is made of the accidents in textile 
factories, due to the assumed ee of guard- 
ing of machinery, it may be noted that the ratio of 
accidents in cotton factories is 16.7 per 1000, and in 
wool factories, 8.8. These figures, however, are still 
too high, even allowing for the increased volume of 
trade, and the Committee have done well in carefully 
investigating the possibility of a reduction by the 
use of preventive measures. 

As to the contention that the risk of accident is 
augmented by increased speed of production and 
pressure imposed on the worker owing to modern 
competitive conditions, the Departmental Com- 
mittee state that they are unable to get any 
scientific evidence as to industrial fatigue, but 
think it would be instructive to take, by some of 
the recognised scientific tests, fatigue measure- 
ments of a number of workers in cotton-mills, 
with a view to discover whether there is any 
correlation between the degree of fatigue and 
the accident risk. There is no doubt that, as 
one witness puts it, ‘‘ we are all going quicker 
now.” In engineering it is undoubtedly accepted 
that higher speeds are adopted in all machine- 
tools. In wool-weaving the new looms are run 
faster than of old—at 100 picks per minute instead 
of at the eighty picks of ten years ago, while 
in silk manufacture some new looms run at 220 
picks per minute ; but it should be remembered, 
of course, that the length of the shuttle-run varies 
in different looms. We are told in the report, 
however, that the factory inspectors could not see 
that any particular machines were run so fast as 
to be dangerous, nor could they trace particular 
accidents to the speed of the machines., In their 
view, higher speed can only be regarded as a minor 
tendency towards increased accident risk. The 
trouble is that machine attendants, when engaged 
on piece - work or on the premium system, 
adopt expedients which are not prudent, and, in 
some measure, nullify the provision made for 
the prevention of accidents. One of the fac- 
tory inspectors gave cases where piece-workers 
had. put safety appliances out of order and taken 
away guards for the pu of increasing the 
output. Again, in shipbuilding work, the view 
was taken that iron-shipworkers were in too great 
haste in the erection of staging, and consequently 
involved danger of collapse. Indeed, the Com- 
mittee are so convinced of this danger that they 
recommend that the staging should be erected 
independently of the squad of men who are going to 
use it. The workers themselves, however, are, in 
large measure, free agents in determining the rate of 
output under either the piece-work or the premium 
bonus system ; for, as pointed out by the Com- 
mittee, although the desire of the employers is to 
get as good an output as possible, there appears to 
be a growing tendency among people to work more 
assiduously, with the desire, as the standard of 
living rises, to increase their earnings. The fact 
that the output always increases before the holiday 
period, when more money is wanted, is of itself 
significant. 

About 28 per cent. of the total number of acci- 
dents reported are caused by machinery, and of the 
accidents involving cessation of work for more than 
a week about 80 per cent. are due to power-driven 
machinery. This is an easily understood fact, 
because there has been such a great change from 
the old manual processes; but, at the same time, 
the Committee recognise that the improvements in 
machines and in safeguards have tended to reduce 
the accident risk. As shall be pointed out when 
we come to deal with the prevention of accidents, 
much, however, yet remains to be done in this 
direction. We note that the Committee found no 
evidence of the view, sometimes taken, that em- 
loyers feel relieved of their responsibility, both 
bem the moral and financial points of view, by 
insurance under the Workmen’s Compensation 
Act. Augmented risks, due to whatever cause, 
and indicated by increased numbers of accidents, 
involve higher insurance premiums. This is espe- 
cially brought home to those who insure by means 
of. mutual associations, which make no profit. 
Insurance companies, in view of competition, 
must take steps to keep the accident rate as low 
hese insurance companies have in- 
call attention to 


spectors, make regulations, 
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dangers, and arrange differential rates according to 
the degree of danger associated with particular iotee- 
tries and even with particular works. ©n the other 
hand, the Committee indicate that there was no 
evidence to render credible the idea that workmen 
would let themselves be injured for the purpose of 
getting compensation; but there is not the same 
certainty as to the cases of prolonged absence from 
work to ensure the necessary fourteen days’ absence 
(which is a condition of the receipt of compensa- 
tion), and also as to malingering. In any case, how- 
ever, only a small proportion of the compensation 
cases can come under this category. There is also 
less tendency on the part of workers to be careful, 
and on this point the Committee had evidence in 
several directions —notably in the removal of 
guards from machines. This was done because 
either the guard hindered the work, or the operator 
was unaccustomed to it, or because there was 
an obstinate objection to anything new. There 
are cases, too, of wanton recklessness. Witnesses, 
for instance, gave evidence of boys trying which of 
them could put his finger nearest the cog-wheels, 
and other cases of boys riding a pair of crocodile 
shears, while disregard of well-known instructions, 
such as climbing over headstocks of mules, was 
recorded by several witnesses. The Committee 
make reference to the large number of accidents 
due to the inevitable fallibility of the ‘* human 
machine,” or to the ultimate deadening of the 
faculty of attention, which leads to the brain fail- 
ing to co-operate with hand or foot. Against such 
it is necessary to take every possible precaution, 
because, apart altogether from the immediate 
economic consequence of accident, there is the 
national standpoint, which requires the conservation 
of labour which has been trained at considerable 
expense. 

t therefore becomes of the first importance that 
every preventive measure should be taken, while 
avoiding as far as ible any departure materially 
affecting inevitable economic conditions. As to 
this proviso, the Committee give full credit to the 
employers, as well as to the factory inspectors, for 
their desire to meet each other’s views, whereby 
satisfactory results have been achieved. The difti- 
culty, however, has been the lack of uniformity in 
the requirements, and the consequent handicap of 
one firm as compared with another in mecting these 
requirements. The Committee have therefore laid 
it down as of the first importance that a con- 
ference between the representatives of employers, 
pie ge and inspectors, and also, in some 
cases, of manufacturers of machinery, should be 
held at reasonable intervals for the purpose of dis- 
cussing the requirements in a ticular trade or 
in a particular district, and the best means of 
preventing accidents. Such a conference would 
deal not only with the guarding of particular 
types of machines, but the planning of works so as 
to avoid overcrowding of machinery, methods of 
avoiding injurious weight-carrying, the maintenance 
of floors in a safe condition, arrangements for 
cleaning machinery, &c., the lighting of factories, 
and other such matters. When agreement was 
arrived at regarding any condition appligable to all 
works, compliance should be enforced at once by 
prosecution under the Factory Act. This, it will be 
recognised, is a tinge | change, and requires 
careful consideration. e conference would be 
quite acceptable in an advisory capacity, and might 
support the inspectors in enforcing preventive mea- 
sures, but the decisions of the conference must not 
be regarded as superior to the requirements of the 
Factory Act, but in interpretation thereof. In 
other words, should any alternative system to 
that proposed by the conference be in operation, 
and such alternative prove satisfactory to the Court, 
there ought to be no punishment following prose- 
cution merely because the precise method of the 
conference had not been accepted. 

The whole subject of the enforcement of the law 
raises the question of the experience and ability of 
the inspectors, and the Committee have done well in 
advising that certain inspectors should specialise in 

ieee subjects, and that their special know- 
iste should be made available to the whole staff, 
and to all employers concerned, bd the publica- 
tion of reports and memoranda. is method has 
been largely adopted by the Factory Department, 
with very satisfactory results, and might be made 
comprehensive. At the same time the Committee 


consider that there should be modifications in the 
examination for appointment of inspectors, and 
in the organisation of the department generally, 





with a view of improving the efficiency of the 
inspectorate. 

e Committee enter into considerable detail in 
connection with the design and working of machi- 
nery. They contend that there should be more 
detailed specifications of dangerous parts of machi- 
nery than is embraced in Section 10 of the Factory 
and Workshops Act, 1901, and particularly that all 
cog-wheels should be guarded, if practicable, unless 
they are in such a position as will make them safe if 
up ded ; and also that all set-screws, keys, bolts, 
and all parts projecting beyond the surface of 
revolving shafting should be countersunk, or 
fenced where counter-sinking is impracticable from 
the point of view of the user of the machine. 
Indeed, the view is that the section should be 
enlarged to allow for changing conditions. More- 
over, many of the provisions which are applicable 
to self-acting mules used in textile trades ought, 
the Committee think, to be extended to other 
classes of machines. They go further, indeed, and 
enter into a consideration of the question of making 
it compulsory upon the makers of machines to 
include safeguards to meet statutory conditions 
before they are sent to the users. No doubt 
this would achieve what is aimed at— absolute 
equality. Moreover, the guards would in such case 
be less readily removable by the worker, as they 
would form an integral part of the machine. On the 
other hand, factory owners, who have given special 
attention to the guarding of their machines, have 
devised special methods which they prefer to em- 
ploy. Again, the position of the machine in the 
actory, and the use to which it is to be put, may 
affect the design and the arrangement of the parts, 
but we are inclined to the view that it would be 
preferable if the manufacturers of the machine 
could be induced to evolve satisfactory arrange- 
ments rather than that these should be introduced 
afterwards, either to suit local conditions or as make- 
shifts. There is, of course, always the difficulty that 
British machine manufacturers have a considerable 
export trade, but there will be no disposition to 
compel such exported machinery to be fitted with 
guards. Conversely, all imported machinery would 
require to be fitted with the safeguards specified. 

ven when guards are provided there is the diffi- 
culty of maintaining them in use. Employers ought 
to have inspectors of their own for this purpose, 
and the trade unions ought to encourage their 
members to see that there is no tendency on the 
part of the workers to displace or remove the 
guards. In a large weaving-shed visited by the Com- 
mittee, they found dozens of shuttle-guards either 
swinging loose with broken springs or firmly tied 
back with string, so as to render them ineffective. 
In another they noticed broken places in long 
wooden covers placed over a range of bevel-wheels 
at the bottom of speed-frames. These covers 
were wiped down from time to time, and as the 
cloth travelled along the board there was a 
liability for it and the hand to fall down into the 
moving wheels, where a gap broke the long, sinooth 
surface. In addition to the ordinary use of guards 
it was suggested that strap-forks, belt-hangers, 
starting and stopping levers within reach of the 
operator, double hand-levers on power-presses, &c., 
should be safeguarded. 

While they do not dogmatise on the question of 
the crowding of machinery, the Committee think 
that this subject requires careful consideration, and 
that in the case of new mills certain minimum re- 
quirements should be laid down. When plans of new 
factories are submitted to the local authorities for 
approval, the factory inspector, it is recommended, 
should be notified of the fact, and should be thereby 
enabled to discuss the arrangements made, not only 
in respect of the disposition of the machines, and 
the space around them allowed for access, but in 
— to satisfactory floors, stairways, ladders, and 
lighting. Lifting appliances are of equal import- 
ance; and, while enforcing the view that tackle 
should be provided wherever required, the Com- 
mittee are inclined to the view that in the case of 
young persons, and females of all ages, a certain 
maximum should be prescribed, as injury is often 
caused to willing workers in attempting to take 
more than a safe load. 

The question of cleaning machines in motion has 
had very careful consideration from the Committee, 
who are disposed to specify longer and uniform 
times during each week when the machines would 
be stopped in order to allow them to be cleaned. 
They think that a young person under fourteen 
years of age should be absolutely prohibited from 





cleaning machinery in motion, and that there 
should bea general prohibition against young persons 
between 14 and 18 years of age undertaking the same 
work. Two exceptions are made in the list pre- 
pared by Mr. Tattersall and Mr. Gill, two members 
of the Committee, who thought that the following 
rts of cotton machinery might safely be cleaned 
y young persons while the machinery was in 
motion :—The wheel ends, the front carriage wheels, 
the fallers, front boards and creels of self-acting 
mules, all fibre from end plates and front of cards 
in carding- machines, outer ends, rollers and roller- 
beams, spindles below flyers, spindle-wheel covers, 
and creels in frames. As to shafting, although acci- 
dents may occur through machines being started 
either accidentally, or on purpose, during the time 
set apart for cleaning, the Committee think that it 
would be impracticable to require that shafting 
should in all cases be stopped. There is great hope 
for the future in this respect, as the electric driving 
of machines individually not only lessens the need 
for shafting, but places within reach of all a ready 
means of rapidly stopping the machinery in the 
event of accident. 

Much that we have said applies to textile fac- 
tories, and, to a less extent, to other engineering 
works. The Committee deal also, although not so 
comprehensively, with other industries. In the 
case of iron foundries, for instance, the Committee 
make the suggestion that several matters brought 
before them os representatives of trade unions, 
should be investigated at the conferences with 
employers and employed. The matters refer to 
lighting, to the habit of laying plates on the foundry 
floor between the lines of OM so that hot metal 
falling splashes and causes burns. Similar plates 
under the furnace spout are equally dangerous. 
Foundries are often cumbered with boxes used 
for sand-casting, and men carrying ladles of 
molten metal between these boxes are liable 
to accidents owing to insufficiency of the space 
for moving about. As reyards explosions of 
steam vessels, the Committee consider that vessels 
in which steam is not generated, such as kiers, 
ovens, boiling-pans, &c., should be included, as 
twelve explosions in connection with such appa- 
ratus occurred in one year, involving the loss of 
four lives and injury to twelve others. In connec- 
tion with dock regulations, the Committee contend 
that all chains should be tested, and periodically 
examined, and annealed. In all factories special 
care should be taken against septic poison fol- 
lowing upon accidents, as cases of blood poison- 
ing tend to increase. Another useful suggestion is 
that there should be appointed under the Workmen’s 
Compensation Act medical referees, paid by the 
State, and not associated with other works or with 
ordinary practice, in order that they may examine 
claims for compensation in disputed cases. This 
would be a great gain, as there would be precision 
not only in the ascertainment of the extent of the 
injuries, but a more accurate method of classifying 
the statistics. Curiously enough, the Committee 
recognise that at present the method of collecting 
information regarding accidents is unsatisfactory, 
but they do not elaborate any scheme for its 
improvement. This work ought to be undertaken 
by the Statistical Department of the Board of Trade. 
The main point, however, is to ensure that every 
precaution is taken against the occurrence of acci- 
dents ; that these should involve the least amount of 
capital expenditure, and, at the same time, should 
not, to any grievous extent, hinder the worker in 
respect to production and wage-earning. No doubt 
disadvantages must be, to a certain extent, in- 
volved, but there is the wider issue—the conserva- 
tion of life and limb. There is nothing in the 
report to suggest that employers are not fully cog- 
nisant of their duty or are not anxious to fulfil it, 
and the proposed conference, with a view to evolving 
mechanical means of prevention, will be loyally 
supported by them, so that the future largely de- 
pends on the care and discipline with which work- 
men utilise the means that are provided. 








THE NEW SOUTH WALES RAILWAYS. 

In spite of the fact that the year (1910) covered 
by the last report of the New South Wales railways, 
was a chequered one for the State as a whole, 
owing to the internal disorganisation caused by the 
prolonged coal strike, the railways managed to 
improve materially on the results shown in the 
preceding year. The total revenue of the 
railways and tramways amounted to 6,671, 2831., 
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which was 550,000/. more than the year before. 
The railways, with a revenue of 5,485,715/. in 1910, 
brought in some 457,265/. of this increase, which 
amounts to an expansion of 9 per cent. The work- 
ing expenses at the same time increased, however, 
by about 323,5851. to 3,276,4091., so that the work- 
ing ratio has altered from 58.72 to 59.73, a change 
which appears to have been quite unavoidable in 
view of the increased expenses due to the coal 
strike and increases of pay under the Awards of the 
Wages Board. The coal strike, it may be remem- 
bered, lasted from November, 1909, till April, 
1910, and at one time during that period, though 
the railway services were maintained, it was only 
possible to accomplish this by drawing practically 
all the coal from one district, a proceeding which 
resulted in heavy haulage expenses, to say nothing 
of the inconvenience of this additional traffic at a 
season when the system is always taxed to its 
utmost capacity with streams of paying goods. 

The continual increase of traflic, in spite of heavy 
losses, such as was shown in the coal traffic in 1910, 
is extremely satisfactory. In the past seven years 
the passenger traffic of the system has increased 
65.65 per cent., and goods and live-stock by 59.08 
per cent. The coal and coke for the last year 
showed a drop of 19,3701. in revenue, and in tonnage 
of no less than 1,321,823. This lost tonnage was 
actually little more than the amount of tonnage by 
which the States’ export trade in coal shrank 
during the year, inter-State exports falling by over 
620,000 tons, and exports to foreign countries by 
586,175 tons. To show so good a result for the 
year in spite of this shrinkage of coal means that 
large expansions must have occurred in other 
directions. This was so, passenger traftic, general 
merchandise, live-stock, and grain, flour, &c., being 
the chief contributories to an increase of 477,3571., 
which was only offset by a total decrease of 20,0921. 

While satisfactory in practically every sense to 
the State, this large development of the railway 
business has led to some little inconvenience. 
Farmers and settlers complain of the inability to 
secure rolling-stock in which to make their ship- 
ments, although the railways have put into service 
a large quantity of new stock in recent years. In 
1908, for instance, 500 steel 15-ton goods wagons 
were introduced and 300 coal hopper-wagons. In 
1909 some 1064 new goods vehicles were put in 
service, and in the last year 884 vehicles were 
added to the goods stock. In the last three years, 
in fact, the number of locomotives has increased by 
198, the goods-wagon stock has increased by 2170 
vehicles, while cattle-trucks and sheep-vans have 
heen added to the number of 651. It cannot be 
said, therefore, that the authorities are doing 
nothing to meet the situation, especially when it is 
further stated that more stock is on order, includ- 
ing 1136 goods vehicles. 

The provision of ample rolling-stock is, however, 
not the solution of the difficulty. The Chief Rail- 
way Commissioner, Mr. T. R. Johnson, some time 
ago stated in public that the capacity of certain 
parts of the line had been surpassed, and that 
until this was remedied the provision of more 
stock could not wholly ease the situation. In the 
report for 1909 the Chief Commissioner referred 
to this point, and we commented upon it last 
year. The statement in last year’s report was as 
follows :—‘‘The additional stock will materially 
assist the department in the movement of traffic, 
but the rolling-stock generally cannot be worked 
with economy until many of the busy sections of 
the trunk lines have been duplicated.” The number 
of miles of railway open to traffic appertaining to 
the State system is 3643, and of this only about 
241 miles are double line. As might be expected, 
the double-line sections push out only a little way, 
comparatively, from the two ports of Sydney and 
Newcastle. In 1910, according to the report, the 
train-miles worked amounted to 15,468,026. This 
would, therefore, be equivalent to an average for 
the entire system of 4250 train-miles per open mile. 
The average density thus represented is the greatest 
shown by any Australian State, though it falls some 
800 train-miles behind the corresponding figure for 
the Natal system. The New South Wales system, 
as is well known, is made up of a number of lengthy 
ramifications gradually concentrating upon Sydney 
and Newcastle. The system running north from 
Newcastle gradually splits up into five branches, 
spreading into different districts. The western 
system has about ten branches, and all but one 
join the main line at points over 176 miles 
from Sydney. Again, the south-western system 


has about twelve ramifications, and all these 
become united more than 136 miles away from 
Sydney. The situation as regards the Sydney 
trafic may be summed up by stating that the 
traffic of two-thirds of the Ae system has to be 
crowded, as it nears the port, over two stretches, 
mostly of single line, of an aggregate distance of 
312 miles. It will be readily understood, therefore, 
that the average is no gauge of the density on these 
sections, where duplication is in serious need of 
extension. 

The proposals with regard to double-tracking, at 
present in hand, contemplate the extension of 
double line to Goulburn, 136 miles from Sydney, 
on the South-Western system; to Orange, 196 miles, 
on the Western section; and to Werris Creek, 
about 250 miles from Sydney, on the Northern 
system. This work is in hand, but apparently 
funds are not sufficiently plentiful for it to be 
pushed on rapidly. However, in 1909-10 some 
184 miles of second track were laid, and compara- 
tively little remained, at the time of the report, 
to be done to give a double line from Sydney to 
Greta, some 130 miles distant on the Northern 
system. This means that by now, or shortly, 
there will be in service a double line between 
Newcastle and Sydney. On the Western system 
work is in hand on two short sections, which, when 
completed, will give double track to Bowenfels. 
This work, of course, will vastly improve the 
capacity of the line, and it is recognised that double 
track must be carried as far at least from Sydney 
as the nearest important points of bifurcation. 

Another matter bearing on this point of con- 
gestion is the length of haul of goods. Almost 
without exception the length of haul is increasing. 
This, of course, is due to development in the back 
blocks. The longer hauls naturally mean that the 
area of dense traffic is ‘gradually being extended, so 
that double tracking must be carried further and 
further as the back blocks develop and produce 
greater volume of traflic. Seven years ago the 
average haul per ton for all classes of goods traftic 
was 63.38 miles; to-day the average is 84.69. 
The class of traffic bringing in the greatest earnings 
is that of live-stock. The average haul in this case 
was 243.76 miles in 1903, whereas to-day it is 
268.79 miles. Wool in 1903 was hauled on the 
average 259.64 miles per ton; to-day the haul is 
299.07 miles. Grain and flour on the ‘‘ up 
journey” used to average 177.47 miles per ton. 

o-day the haul for this class of traftic has increased 
to 247.08 miles. The average haul in general goods 
in 1905 was 364.18 miles per ton ; now it is 375.16 
miles. Coal and coke, which form over 60 per 
cent of the tonnage carried in normal years, 
average usually about 19 to 21 miles perton. In 
the abnormal year of 1909-10, however, when the 
percentage of coal and coke to the total tonnage 
fell to 52.89, the average haul increased by nearly 
10 miles per ton, a fact which corroborates the 
statement made above, that the coal for the railways 
was drawn at one time from one centre, at no little 
inconvenience and expense. In fact, although the 
coal traffic decreased by nearly 1} million tons, the 
total coal traffic accounted for nearly 5 million more 
ton-miles than it did in the previous year. 

Nearly all the New South Wales traffic is long- 
distance traffic, as shown by these average hauls. 
With the exception of coal and other minerals, fire- 


wood, goods c d as ‘‘C,” and miscellaneous, no 
kinds of traffic show less than 90 miles average haul 
per ton. The total traffic is represented by 8.15 


million tons carried altogether 690 million miles, 
and, as we have pointed out, this being largely 
traffic to and from ports, the greater part has to be 
worked over two or three long stretches of main 
line from which ramifications branch out at inland 
centres. 

We only recently pointed out that some of the 
New South Wales railway system extended both 
beyond the physical economical limit, and into 
districts from which the traffic could not be 
made to pay. Far more than one-third of this 
entire system does not pay. The rapid develop- 
ment of the back blocks is, of course, eminently 
desirable for the welfare of the State as a whole, 
and, doubtless, New South Wales has rea con- 
siderable general benefit by pushing her lines far 
back into the State. We showed, however, in the 
article above referred to, that, from the railway 
point of view, parts of this State belong economic- 
ally to other spheres, and supposing the railways 
to be relieved of these, attention might be concen- 








trated on providing a better service on the 


remainder. The general production and consump- 
tion of the State would not suffer by districts 
being in communication with Melbourne instead of 
Sydney. They might even be expected to improve 
owing to the reduction of economic waste, while 
the loss to the railways would certainly be reduced, 
thus making for higher all-round efficiency. 

The capital now invested in the New South Wales 
system is reported at 48,925,3481., equivalent to 
13,4301. per mile for all charges, including power, 
works, &c. By means of careful rating a balance 
is maintained, after paying working expenses, 
equivalent to rather more than 4} per cent. on 
capital. The greater part of this, of course, is 
absorbed by interest charges, but a net surplus of 
522, 2881. is left. The cost of construction of the rail- 
ways to date has averaged for the system 10,7821. 
per mile, but the cost of 1241 miles constructed in 
recent years has only run out at 35291. per mile, 
excluding, of course, rolling-stock, buildings, &c. 

Extensions into fresh districts are being pushed 
on, but during the year 1909-10 only 18 miles of 
new line were added to the system. There were, 
however, 253.5 miles under construction, and 311 
additional miles of line authorised. These lines 
will, for the most part, when completed, feed on 
to, and increase the traffic on, the already crowded 
sections, so that it would appear as though 
duplication should certainly, for the moment, have 
preference over new construction. 








RADIANT ENERGY AND MATTER. 

For his course of lectures at the Royal Insti- 
tution this year Professor Sir J. J. Thomson, of 
Cambridge, has selected the subject of ‘‘ Radiant 
Energy and Matter,” and on Saturday last delivered 
the first lecture of the series. 

In commencing his discourse, Sir J. J. Thomson 
said that he thought no apology was needed for his 
selection of a subject, since, as he was informed 
by Sir James Dewar, the last set, at the Royal 
Institution, on the subject of radiation were de- 
livered by Professor Tyndall, and formed the basis 
of his book on ‘‘ Radiant Heat and Light.” 

To every inhabitant of the solar system, whether 
of the earth or of Mars, the question, he continued, 
was one of vital importance. The planets did not 
live on their own resources of energy, but were de- 
pendent from day to day, almost from minute to 
minute, on the supplies received from the sun. 
The solar system in short was equivalent to a 
system of power distribution on an enormous scale. 
The power-house was the sun, and the method of 
distribution was practically one of wireless tele- 
graphy, since there was every reason to believe 
that radiant ene travelled through the ether in 
a form mechanically equivalent to electric waves. 
The power expended in various ways on the earth 
was practically wholly received fromthe sun. Thus 
the energy available in coal was actually solar energy 
transformed into the energy of chemical separation, 
Water powers, again, were dependent on the raising 
of the water to a high level by heat received from 
the sun. The magnitude of the energy thus sent 
us from that body was far larger than most le 
realised. Actual measurement showed that shining 
in a clear sky the sun transmitted to the earth 
energy at the rate of 7000 horse-power per acre. 
At present this energy was practically all wasted, 
being expended for the most part merely in makin 
the earth a little warmer than it otherwise woul 
be, and this effect was most pronounced in regions 
where any addition to the temperature might well 
be dispensed with. If we knew how to harness this 
energy, we could obtain from it all the power 
necessary to run the works of the world. Various 
attempts had, indeed, been made to do this, and at 
the late meeting of the British Association at 
Sheftield, Mr. Fessenden had described an installa- 
tion then in course of construction in one of the 
hotter States of the Union. In this instance it 
was proposed to use low-pressure steam-turbines, 
and it was claimed that the cost of the energy thus 
obtained would be less than half that of the cheapest 


hitherto available. However this might be, there 
was here, the speaker continued, a t resource 
for us to fall back upon when coal me scarce 


and dear, and the water powers available had all 
been taken up. 

In the present course of lectures he pro , he 
went on, to discuss the manner in which radiant 


energy was pro ted, and how the intensity of 
radiation depended upon the temperature of the body 





from which it came. On that afternoon he would,he 
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said, confine his discourse to questions concerning 
the total amount of energy coming out of a radiating 
body, at various temperatures, and would reserve 
for the next lecture questions as to the distribution 
of the energy in the spectrum, according to the 
colour of the light. For the study of radiant energy 
it was necessary to have other means of measure- 
ment than the eye. Bodies gave out radiant energy 
at all temperatures above the absolute zero, but this 
energy did not affect the eye unless the temperature 
of the emitting body was 500 deg. Fahr. to 600 deg. 
Fahr. at least. Even then by far the larger propor- 
tion of the total energy existed in a form which did 
not affect the eye and would not be perceived were 
no other means of detection available. Even in the 
case of the sun three-fifths of the energy we 
received from this body produced no impression on 
the eye. Were, however, the temperature of the 
sun doubled, only about one-tifth of the total energy 
would escape perception as light, whilst if the sun 
were still hotter, practically the whole of the energy 
would be pennersad ¢ in a visible form. With the tem- 

ratures actually at our disposal we had means of 
investigation which would serve where optical 
methods were not available, and these almost all 
depended upon the conversion of radiant energy 
into heat. 

The term ‘‘ radiant heat’’ was sometimes used, 
but was rather a misnomer, since the energy in 
question did not become heat, as we now under- 
stood the term, till it fell upon, and was absorbed 
by, some body. It would be better, indeed, to 
call this ‘‘radiant heat” electricity, as there was 
every reason to believe that radiation was essen- 
tially an electrical phenomenon. In measuring 
the amount of radiant energy, the radiation was 
absorbed and transformed into heat. Leslie had 
done excellent pioneering work in this direction 
with his differential thermometer, and he had on 
that table the instrument actually used in these 
early researches. It consisted of two bulbs sepa- 
rated by a tube filled with a coloured fluid, the 
movement of which indicated how much one bulb 
was hotter than the other. With this compara- 
tively rough instrument, as it would now be con- 
sidered, Leslie made many important discoveries. 
The thermopile, a more delicate instrument, was 
used by Melloni and by Tyndall. More delicate 
still was the bolometer, which consisted simply of 
a strip of platinum, on which the radiation was 
allowed to fall, heating the strip and changing its 
resistance. Our means of measuring electrical resist- 
ance were, the speaker said, so delicate that tem- 
perature changes almost inconceivably small could 
thus be detected. With this instrument Langley 
had made his discoveries on the amount of heat 
the earth received from the sun. The bolometer 
was followed by the radiomicrometer of Professor 
Boys This consisted of a small thermopile (see 
Fig. 1), formed out of a rod of bismuth and another 
of antimony, suspended from a quartz fibre, as 
indicated. On heating the junction a current 
traversed the wires which completed the circuit. 
This circuit lay between the poles of a magnet, and 
the wires tended, when the current passed, to set 
themselves square with the lines of magnetic force. 
With this instrument it was possible to measure 
the radiation received from a candle a mile away. 
Even this instrument was, the speaker added, sur- 
oo in delicacy by the radiometer of Professor 

icols, which was an adaptation of the well-known 
radiometer of Crookes. With this instrument 
Professor Nicols had been able to measure the heat 
received from the stars. 

For his experiments that afternoon, the lecturer 
proceeded, he would use a Féry age of the con- 
struction shown in section in Fig.2. This was lent 
by the Cambridge Scientific Instrument Company. 
The radiant energy entered at the right, and, falling 
on the concave mirror M, was reflected on to a little 
thermopile at C. This was connected up to some 
form of current-measurer. In the industrial use of 
the instrument this was an ammeter graduated to 
give temperature readings direct. Though primarily 
intended for measuring furnace temperatures, the 
instrument could also be applied to measure the 
amount of radiation from much colder bodies ; but 
then more delicate means of detecting the current 
generated were required, and he would himself 
therefore make use of a galvanometer suspended 


from the roof of the building, so as to be less 
liable to vibration. 

Before making use of this instrument, however, 
he would, he proceeded, show another method of 
detecting radiation which did not affect the eye. This 





was due to the elder Becquerel, who found that if 
a phosphorescent body, such as zinc-blende, were 
rendered phosphorescent by exposure to a bright 
light, and then afterwards exposed to radiant energy 
of a different kind, the part exposed to certain 
descriptions of ‘‘black” light became almost as 
black as if painted with a brush. This observation 
could be used as the basis of a method of detecting 
radiant energy not perceptible by the eye. The 
range of iation which produced the effect was 
not, however, very great, lying just a little on the 
infra-red side of the spectrum. 

Exposing a plate covered with zinc-blende, and 
rendered phosphorescent, to the spectrum of an arc- 
lamp, the lecturer showed that the portion which 
caught the infra-red rays became quite black. Simi- 
larly, if a sheet of ebonite were p between the 
phosphorescent sheet and the light of an arc-lamp, 
the rays which got through this opaque sheet again 
extinguished the phosphorescence, and a similar 
effect was shown to be produced by the radiation, 
which traversed a solution of iodine in bisulphide 
of carbon. Methods of detection based on these 
phenomena were, Sir Joseph continued, available 
with radiation of a certain kind, but for most pur- 
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poses it was necessary to fall back on the methods 
already mentioned, in which the radiation was 
absorbed and transformed into heat. 

A vital question, he proceeded, was the relation 
between the temperature of a body and the total 


amount of radiation given out by it. Newton 
thought that the amount of energy radiated from a 
body was proportional to the difference between 
the temperature of the body and that of its sur- 
roundings. This was true for small temperature 
differences, whatever the true law of radiation ; but it 
did not give us much help when dealing with widely 
different temperatures. Applying Newton’s law, 
Watson had estimated the temperature of the sun 
as 7,000,000 deg. Cent., which was about 1000 
times its proper value. The true law connecting 
radiation with temperature had been known for 
several years, and its discovery originated in some 
experiments by Tyndall, who measured the radia- 
tion from a _— of platinum at different tem- 
peratures, us, at 1200 deg. Cent. he found that 
the amount of radiation was 11.7 times as much 
as at 525 deg, Cent. Taking these figures, Stefan 
tried to find a relation between the two absolute 
temperatures and the amount of the radiation 
emitted. In the first case the absolute temperature 
was 1473 deg., and in the second 798 deg. Fahr. 


Then Stefan found that the ratio (wer) was about 
7 

equal to 11.7, and this suggested to him that the 

energy of radiation from a body was proportional 

to the fourth power of the absolute temperature. 

Thus, if the absolute temperature were doubled, the 





energy radiated out would be 16 times as great. 
This was, Professor Thomson continued, perhaps 


the most important law as to radiant energy yet 
discovered, and it was knewn as the fourth-power 
law. Originally discovered by Stefan, as stated, it 
had been abundantly verified since, and it had 
further been found to have a strong basis in 
thermodynamics. A discussion of this he would, 
however, defer until he had, in a subsequent 
lecture, shown the existence of a pressure due to 
radiation, as this pressure was the basis on which 
Boltzmann and others had shown from thermo- 
dynamic considerations that the radiation must 
vary with the fourth power of the temperature. 

The lecturer next proceeded to prove the law 
experimentally by means of the Fery pyrometer. 
This was first directed at a vessel of boiling water 
at 100 deg. Cent., or 373 deg. absolute, and the 
reading of the galvanometer taken. Another read- 
ing was taken with the instrument directed at a 
vessel of aniline heated to 188 deg. Cent., or 
461 deg. absolute. The temperature of the room 
being 15 deg. Cent., or 288 deg. absolute, the 
instrument, Professor Thomson said, was radiating 
energy away at a rate proportional to (288), whilst 
from the hot water it received energy at a rate 
proportional to (373)', so that the net rate of gain 
and the corresponding deflection of the galvano- 
meter was proportional to 

(373)4 — (288). 

Similarly, the deflection of the galvanometer when 
the instrument was directed to the aniline was 
proportional to (461)' — (288)! ; the ratio 

(873)4 — (288) 

(461)* — (z88y* zy 
should therefore be the ratio of the two deflections 
observed, and this, Professor Thomson showed, 
was the case. 

The fourth-power law, the lecturer continued, 
had been extended, and physicists were able to say 
not merely the rate at which radiation varied with 
the temperature, but also the actual amount emitted 
by a body at any temperature. 

Thus, according to Kaulbars, the radiation 
emitted per second from 1 sq. cm. of the surface 
of a blackened body was equal to o 64; where 
ao = 5.52 x 10— ergs, and 6 denoted the absolute 
temperature. 

If a body had a temperature of 1000 deg., there- 
fore, it emitted from each square centimetre of its 
surface 5.5 x 10’ ergs per second, or, in other 
words, gave out energy at the rate of about 
shy horse-power persq. cm. This radiation, more- 
over, came out from a very thin layer. Assum- 
ing this layer to be even as much as ;}5 mm. 
thick, then a cubic centimetre of the surface 
of a body at 1000 deg. transformed energy at the 
rate of 5 horse-power. This, which was really an 
underestimate, well illustrated, the speaker said, 
the compactness of the mechanism by which heat 
was transformed into radiation. Since the amount 
of energy coming out was so large, it was easy to 
understand the rapid extinction of light from 
small particles, such as sparks. 

One very interesting application of the equation 
just given was, he said, to the determination of the 
temperature of the sun, Though somewhat difticult, 
owing to the effects of atmospheric absorption, it was 
possible to measure the intensity of the radiation 
received from each square centimetre of the sun’s 
surface, and from this to deduce the temperature of 
the latter. The most accurate results appeared to 
make this about 6000 deg. absolute, which was much 
lower than was at one time thought. At 6000 deg. 
absolute the rate at which energy was radiated 
= square centimetre of surface was formidable, 

ing about 15,000 horse-power. How then did 
the sun keep on radiating at this rate without 
getting appreciably colder? Nowadays we always 
tried to see if radioactivity would not suffice in 
such cases. In the case of the sun the energy 
could not be supplied by radium, as the life of the 
latter was too short, being quite insignificant com- 

with geological time. 1n this respect uranium, 

ing very much longer lived, fit in all right, 
but it remained to be seen whether the possession 
of a good supply of uranium would be enough to 
supply energy at the rate required. Unfortunately, 
on alien tie calculation, it turned out that even 
if the sun consisted wholly of uranium the rate 
of energy supply would still be insufficient. The 
sun’s surface radiated ene at the rate of 
1.2 x 10" ergs per second, whilst uranium 
liberated energy at the rate of 1 per second 
per me. Hence the number of grammes of 
uranium below each sq. cm. of the sun's surface 
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would need to be 1.2 x 10", and the whole mass 
below 1 sq. cm. of the sun’s surface was actually 
nothing like as great. Hence it was necessary to 
give up radioactivity as a sufficient source of the 
sun’s energy, and in consequence almost the only 
hypothesis at present tenable was that at first put 
forward by Helmholtz. An influx of meteors into 
the sun had been suggested by some as the source 
of the solar energy. The objection to this was that 
in that case the earth must act, to a certain extent, 
as an umbrella, and calculation showed that, if it 
received a corresponding proportion of the assumed 
meteoric shower, the number received would be 
enough to make the earth red hot. Helmholtz 
had, in consequence, suggested that the energy was 
supplied by the sun’s attraction on itself. This 
hypothesis implied that the sun was shrinking at 
the rate of about 200 ft. per year, and with existing 
means of measurement there was at present nothing 
to be said against this conclusion. 








PETROL-AIR GAS. 

THE strenuousness of modern life, coupled with 
the accepted habit of not getting up very early in 
the morning, tends, in populous centres, to the 
prolongation of diurnal pursuits far into the hours 
of the night. This style of existence has both 
fostered, and been fostered by, recent advances in 
artificial illumination. Now the dwellers in outer 
darkness are also gradually becoming alive to the 
fact that lights which sufficed for our forefathers 
are not enough in these days of activity, and the 
demand for better illumination in remote and 
isolated places steadily increases. While it would, 
of course, be distinctly premature to suggest that 
the candle and oil, which figure so picturesquely 
in our metaphors for hard work, have given place 
to the more prosaic gas or electric light, it is a fact 
that in many houses these older illuminants are 
hardly to be seen. Who knows but that the day 
may come when they will be remembered merely 
by reason of sayings which have been passed down 
through the ages, much as the rushlight has 
practically now become simply an object of tradi- 
tion, or, at the most, of curiosity. It must be 
admitted, however, that the convenience of oil and 
candles for certain purposes promise them a long 
survival. 

Among the systems now claiming attention 
for isolated installations, three are, perhaps, pre- 
eminent—namely, electricity, acetylene, nw petrol- 
air gas. The introduction of metallic filament 
lamps has considerably reduced the first cost of 
small electric plants by cutting down the outlay 
on accumulators, and it is probable that for houses 
of the larger sizes this form of illuminant will 
continue to have its advocates, in spite of the fact 
that cheaper and more simply managed systems 
are at hand. As regards acetylene, reliable and 
efficient plants may be obtained of extreme sim- 
plicity, and an excellent light secured at little 
expense or trouble. With petrol-air gas an excellent 
light may also be sec at very litle cost, and 
with improved methods this system promises to 
become quite a dangerous rival to acetylene for 
many types of installations. 

The use of petrol-air gas is, of course, no novelty, 
but when used with a tlat-flame burner the gas has 
always failed to give the satisfaction now demanded 
of an illuminating agent. The adoption of the 
inverted incandescent mantle has, however, placed 
matters on another footing, and a proper petrol-air 
gas mantle light will probably satisfy the most 
exacting critic as regards the quality of the illu- 
mination. The use of the in this way enables a 
gas, of itself comparatively weak in illuminating 
power, to be employed, and the mixtures commonly 
used at the burners are no more than 1.5 to 2.5 per 
cent. of petrol to air. The best method of pro- 
viding this mixture at the burners was discussed in 
an interesting |g read, on Monday last, before 
the Society of Engineers, by Mr. E. Scott-Snell 
os a of Council). 

é flat-flame system required a so high in 
hydrocarbons that the ob of the ethan nse 
these conditions only warranted its introduction in 
exceptional cases. With the mixtures of something 
like 12 per cent. then used, petrol deposits in the 
pipes at temperatures within the ordinary limits 
met with in practice. On the one hand, therefore, 
Mr. Scott-Snell considers the gas should be so 
far below this limit that it will not deposit petrol in 
the system on its way to the burners, while, on the 
other hand, it should be a sufficiently rich gas to 





event all possibility of explosion in the system. 

e lower limit thus set appears to require a 
mixture of not less than 6 per cent. 

The use of the mantle merely demands a gas 
which shall give a high temperature on complete 
combustion, and for complete combustion it is 
found that mixtures of from 1.5 to 2.5 per cent. of 
vapour to air by volume are necessary. It is just 
such mixtures as these which give the maximum 
explosive effort, but, regardless of this fact, it is these 
very mixtures which are commonly produced in one 
type of petrol-air-gas system. On reference to 
**Q’Gorman’s Motor Pocket-Book,” for instance, we 
find that for petrol vapour, the mixture giving the 
sharpest explosion is one of 2.15 per cent., and for 
kerosene vapour 1.35 per cent. On the other hand, 
the upper limit of combustibility of petrol-vapour- 
air mixtures is placed by Redwood at 5 per cent., 
and by Sorel at 4 per cent. With the 6 per cent. 
mixture, therefore, advocated by Mr. Scott-Snell, 
the danger of explosion in the service is avoided, 
while the mixture is not rich enough for there to be 
a risk of ie in the pipes. e 6 per cent. 
mixture can be diluted at the point of illumination 
by using a Bunsen-type burner with a mantle—a 
very efticient combination, the air needed for dilu- 
tion being drawn in by the flow of gas from the jet. 
This would appear to be a more rational method of 
procedure than is followed in systems in which all 
the air is carried through the service pipes and 
highly explosive mixtures made and stored. 

A 6 per cent. gas has been found to have a value 
of about 334 B.T.U., and to give, when diluted at 
the burners, about 11.6 candles per foot. Petrol 
of 0.680 specific gravity gives a value of about 
132,600 B.T.U. per gallon at the cost of 10d., so 
that 1000 candle-hours may be had for 2.17d., as 
far as cost of petrol is concerned. The equivalent 
price of coal-gas, capable of giving 20 candle-power 
per cubic foot under the low-pressure system with 
mantles, works out at 3s. 7$d. per 1000. Under 
such conditions, therefore, which prevail in many 
country districts, petrol may compete successfully 
with gas in price. Of these figures, one is the cost 
of making the gas, and the other is the cost of 
buying it, so that the comparison is, of course, not 
quite complete. 

In the commoner methods of producing petrol- 
air gas the systems of carburation adopted allow 
a good deal of latitude in the quality of mixture 
produced, some form of regulation having to be 
introduced to contend with the variable factors, 
such as time of contact, temperature, &c., which 
affect the carburation process. In the system advo- 
cated by Mr. E. Scott-Snell a definite quantity 
of petrol is supplied to a definite quantity of air, 
and the right proportions in the mixture are closely 
maintained. The author of the paper read on 
Monday had some remarks to make on motive 
power, and advocated a weight-driven machine as 
the type which would best suit a variable demand 
without attention and without storage. He further 
pointed out that the energy required in a system 
making a 2 per cent. mixture is about 2? times as 
great as is needed in a 6 per cent. mixture system 
to get the gas through the pipes, which gives the 
6 per cent. system a slight additional advantage. 





EXPERIMENTS WITH A 10,000-VOLT 
: STORAGE BATTERY. 

In a meeting of the Réntgen Society, held on 
March 2, at 66, Victoria-street, Mr. A. A. Camp- 
bell Swinton, M. Inst. C.E., showed some very 
instructive experiments with his 10,000-volt storage 
battery. The battery, he explained, was constructed 
on the suggestion of Sir W. Crookes, made in 1907, 
when Mr. Swinton demonstrated some canal ray 
phenomena before the Royal Society, to the effect 
that it would be desirable to repeat vacuum dis- 
charge experiments with continuous battery cur- 
rents, which had not been done for a long time. 
Mr. Swinton mentioned two large batteries for such 
So. The first one was that constructed by 

arren de la Rue thirty years ago; it consisted of 
11,000 chloride of silver cells and gave 10,000 volts, 
butits internal resistance was very high, so that it 
could safely be handled; this battery was be- 
queathed to the Royal Institution, Dut finally 
broken up, as its upkeep proved too expensive. The 
other battery was that which Professor Trowbridge 
made more than ten years ago, 20,000 lead ce 

iving 40,000 volts. e should like to add that 

i r Hagen, of the Reichsanstalt has, fora period 
of quite that length, been in possession of a very 





large high-tension battery which requires elaborate 
safety appliances. 

Before constructing, together with his late assis- 
tants, Messrs. R. C. Pierce and J. C. M. Stanton, 
the battery to be described, Mr. Swinton tried a 
Volta pile arrangement, built up of dished discs of 
lead and separating rings of ebonite ; but the acid 
would creep over the of the dishes, and the 
batterywould not holdac . The actual battery 
consisted of 4800 cells, grouped into sixty sections 
of 80 cells each for the pu of charging in 
parallel off the 200-volt supply. The cells were 
contained in five cabinets holding 960 cells, arranged 
in 24 blocks, each of 40 cells. A cell was made up 
of a test-tube of glass, 4 in. long, }-in. bore, and a 
set of 40 cells was cast solid with paraffin into a 
wooden tray. The electrodes were of the Planté 
type (no pasting), and the lead sheets were cut into 
strips in a machine similar to that used for trim- 
ming photographs, and afterwards corrugated by 
bending round a shaped piece of wood; before 


being inserted in the tubes, the electrodes 
were formed in a nu battery. The sepa- 
rators were made of celluloid. he weight of 


lead in each section was 80 lb., and each block, 
including tray, wax, test-tubes, electrodes, sepa- 
rators, and sulphuric acid, weighed 84 lb., bringing 
the weight of the battery, excluding cases, up to 
nearly 1000 1b. In order to avoid bubbling, the 
battery was charged at a rate not exceeding 10 
milliamperes ; the paraffin then remained quite dry, 
the insulation was excellent, and the charge was 
well kept. Stronger currents were rarely required, 
but the battery would bear discharging at a rate of 
150 milliamperes for several minutes—which means 
a discharge of 1.5 kw. The internal resistance 
varied between 3000 and 4000 ohms, yet the dis- 
charges were dangerous ; an adjustable water resist- 
ance and a deublo-gale switch were placed on the 
top of the battery and operated by cords. 


e first experiments shown were those of the 
discharge of the battery in air. With brass-ball 
terminals, 12.5 mm. in diameter, the spark 

The resulting arc could 


wep oes about 2.5 mm. 

awn out to a considerable length, and this 
discharge was not entirely continuous, because the 
arc whistled at high periodicity. When a Leiden 
jar was connected across the arc, the spark dis- 
solved into a series of small sparks, which emitted 
a musical note that changed into a roar on in- 
creasing the capacity. The frequency was increased 
by shortening the spark-gap, and decreased by 
adding resistance to the circuit. When eleven 
half-gallon jars were coupled in parallel, and some 
yards of wet string inserted into the circuit to 
obtain high resistance, the discharges took place at 
surprisingly regular intervals, ranging from 1 second 
up to 7 seconds. A Geissler tube, put between 
the battery and the jars, lighted up brilliantly 
with the rush of current after each discharge, the 
brightness diminishing as the current decreased. 

Mr. Swinton then imitated the electro-capillary 
effect—so far unexplained, he stated—discovered 
by Lord Armstrong with his hydro-electric machine 
and later repeated with an induction coil. A 
glass vessel containing pure water was divided 
into two by an inner glass cell, as shown 
in the sketch; this cell was provided with 

an orifice, through which a thread of 

cotton was . When the current 

of 8000 or 10,000 volts and 5 milli- 

amperes was turned on, the cotton 

thread moved in the direction of the 

negative current, rising visibly like a 

snake, while the water moved in the 

opposite direction. This was what Arm- 

ay strong had observed. On addition of 

sulphuric acid to the water, electrolysis 

started, and the movement of the thread was much 

slower (Armstrong had not been able to observe it 

at all in this case), but the flow of the water was 
increased. 

Mr. Swinton passed to the mechanical effects on 
mill-wheels of mica or aluminium, which, as he had 
demonstrated in 1907, were rotated by Goldstein’s 
kanalstrahlen with the intermittent discharges of a 
Rhumkorff coil. This rotation took place when an 
intermittent spark between anode and 
cathode, no matter whether the tube was exhausted 
or not, or what the current direction. It would, 
therefore, appear that the rotation was merely due 
to the air circulation, produced by the explosive 
sparks, and was not dependent on cathode or canal 
rays. With the continuous battery current now, 
rotation did not set in until the exhaustion of the 
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tube had been carried to the degree suitable for 
canal rays; the canal rays then observed did not 
differ m appearance from ordinary canal rays, and 
the mill-wheels, placed behind the cathode, rotated 
in the direction of the canal rays as in induction- 
coil experiments. With the mill-wheel in front of 
the cathode, the mica vanes turned in the direc- 
tion of the cathode rays (away from the cathode), 
but the aluminium vanes turned in the opposite 
direction to the canal rays. This was as with 
induction-coil currents, as stated. The exhaustion 
had so far been moderate. At very high exhaustion 
the phenomenon changed. The mill-wheel was then 
entirely contained in the dark space ; a mica wheel 
was seen also to rotate in the direction of the canal 
rays, but to reverse when the vacuum fell off. The 
aluminium wheel became, at the highest exhaustion, 
so highly electrified (positively) that it was lifted 
off its point by the electrostatic attraction of the 
cathode ; hence a rotation could not be observed. 

Practically all vacuum-tube effects producible by 
high-tension electric discharges could be obtained 
by his battery, Mr. Swinton continued. The effects 
shown comprised fluorescence, the shadow of the 
aluminium cross on fluorescent glass interposed in 
the path of the cathode rays, the Birkeland spec- 
trum, Réntgen rays, &c., but the tubes should be 
‘*soft”’ for such experiments. A very beautiful 
striation was seen nm the battery current was 
sent through a straight tube, 4ft. long, 1# in. in 
diameter ; the strix were stationary or in motion, 
according to the experimental conditions. These 
verifications of vacuum-tube phenomena by means 
of high-tension continuous current, are certainly 
important. 

ome other interesting features were brought out 
during the discussion, in which Mr. Duddell, Mr. 
Phillips, Professor Strutt, Mr. J. H. Gardiner, and 
others took part. The celluloid separators, Mr. 
Swinton stated, had not given trouble ; most of the 
original separators and plates had already held out 
more than the two years that the battery existed. 
The charging currents were kept feeble in order 
to avoid ebullition ; he thought, on the whole, that 
the deposition of acid and water on the framework of 
ordinary glass cells was most destructive, and this 
could not be cured by cleaning. No creeping of the 
acid was noticed when the charging was done at very 
low intensity. The speed of rotation of the mill- 
wheels seemed to be the same with intermittent and 
with battery currents ; but a comparison of the cur- 
rent intensities was very difticult ; the continuous 
battery currents seemed to give much greater heat- 
ing effects, while the induction-coil gave higher 
ks, and it was to be borne in mind that the battery 
ad in itself a considerable capacity, being also a con- 
denser; a good spark could be obtained from the one 
end of the battery. Charging condensers in lel 
and discharging in series was very suitable for 
experimenting, and should certainly be tried in 
practical work. 

Mr. Swinton finally mentioned, in response to 
questions, some experiments on the effect of elec- 
tricity on the growth of mustard seed and cress. 
The seeds were grown upon flannel strips stretched 
between jam-pots filled with water, into which were 
dipped the wire terminals of 200-volt continuous 
currents. Two parallel sets of experiments were 
conducted, the one with and the other with- 
out electricity. The electrified seeds grew much 
faster than the others, but it was found that elec- 
tricity had nothing to do with the phenomenon ; 
it was merely the circulation of the water. When 
one pot was put higher than the other, so as to 
counteract the flow of water due to electric osmose, 
no acceleration in the growth could be observed ; 
and when the pots were put at different levels, 
without electricity, the growth was again very fast. 





ROCHESTER BRIDGES. 

Tue date of the first bridge across the Medway at 
Rochester is unknown, but a vridge was built by 
the Romans, which existed till 960 a.p, This bridge 
crossed the river at the site of the present bridge, 
and consisted of nine stone piers, p at 43-ft. 
centres, the roadway being carried by timber beams. 
It was replaced in the year 960 by a structure of 
similar design. The upper part of this bridge was 
burnt by the Earl of Leicester in 1264, during an 
attack on Rochester Castle. In 1281, during the 
severe winter, heavy floods and ice seriously damaged 
the bridge. Evidences of the remains of this struc- 


ture, in the shape of timbers, were removed from the 


In 1344-5 the restoration of the bridge was carried 
outin timber, and a draw-bridge and barbican added 
at the Strood end, but in less than three years the 
volume of traffic threatened the safety of the struc- 
ture. It was forty years, however, before it was 
replaced by a stone bridge built by Sir Robert 
Knolles and Sir John de Cobham. A down-stream 
view of this bridge, taken from the Strood bank of 
the Medway, is illustrated on page 316. 

This bridge was commenced in 1388 at a point 
40 yards up-stream from the old site. It consisted 
of ten arched spans, with one timber span at the 
centre, and a bridge chapel at the south end, the 
clear headway beneath the bridge varying from 
3 ft. to 13 ft. at high water. With various renova- 
tions and improvements this bridge stood for 460 
years, till its removal in 1856, on the completion of 
the present bridge, which is the fourth of the series. 

Queen Elizabeth made a tour of Kent in 1573, 
and stayed five days at Rochester. Her attention 
was drawn to the then ruinous state of the bridge, 
and a statute was procured for the perpetual main- 
tenance of the bridge, by which certain rents and 
revenues of lands, vested in wardens, were appro- 
priated towards repairs in addition to the then exist- 
ing arrangement, dating from Saxon times, of 
contributions from the surrounding manors and 
parishes. By a recent Act of Parliament some 
changes were made in the constitution of the body of 
wardens and assistant wardens, and the system of 
contributions was annulled. In 1801 the wardens 
applied to the Government for a loan of 10,0001. 
towards building a new bridge, but the request was 
refused. In 1818 it was decided to remove a centre 
pierand throwtwoarchesintoone. Work wasactually 
proceeding when an offer of Government aid came. 

The reason for the offer was that the Medway 
below Rochester was gradually silting up, and for 
this state of affairs the numerous piers of the bridge 
were blamed, in part at least. At half-tide three- 
quarters of the riverway was obstructed by the 
‘*starlings,” which acted asa damtothetide. With 
a variety of naval yards and basins immediately 
below the bridge it was a matter of national 
importance to keep the channel well scoured. The 
obvious remedy was a bridge with greater spans 
and fewer piers. Sir John Rennie reported on the 
scheme, and proposed a five-arch stone bridge, 
and, as an alternative, a three-arch iron bridge. 
His objection to the latter (and cheaper) type was 
the risk of barges moored above breaking loose and 
striking the narrow ribs, which were not adapted 
for such stresses. In spite of his objections the 
iron bridge was adopted, and has frequently been 
damaged by barges. 

The present bridge, which is also illustrated 
on page 316, was completed in 1856 from the 
designs of Sir William Cubitt, F.R.S., Past-Presi- 
dent of the Institution of Civil Engineers. It 
consists of three fixed spans and one opening span 
on the Strood side. e opening span was built 
to allow masted vessels to reach the upper parts 
of the river, but it has never been used. The 
main bridge is of cast iron, 485 ft. long and 
40 ft. wide. It consists of three arched spans—a 
centre arch, of 170-ft. span and 17-ft. rise, and two 
side arches, each of 140-ft. span and 14-ft. rise. 
Each arch is made up of eight ribs, and each rib is 
cast in from five to six pieces. The spandrils of 
the arches are filled with vertical cast-iron work 
members, which serve to carry the roadway plates. 
The whole is surmounted by a moulded cast-iron 
cornice, which intersects with the stone mouldings 
of the piers, and a cast-iron parapet railing. The 
roadway paving consists of w blocks laid on 
timber planking resting on the roadway plates. 
Granite flags are used for the footways. The bridge 
carries a double line of tramway, a gas-main outside 
the down-stream pet, and-electric cables for 
ower, light, telegraph, and telephones under the 
ootways. 

The river piers, faced with granite and Bramley 
Fall stone, are 17 ft. 8in. wide. Each pier rests on 
fourteen cast-iron cylinder piles, 7 ft. in diameter, 
carried down to hard chalk. These cylinders, 
together with those under the abutments, are of 
interest as being the first sunk under air pressure. 
There is a masonry approach to each end with para- 

t walls, 360 ft. long on the Strood side, and 60 ft. 
ong on the Rochester side. The total length of the 
bridge with approaches is about 1075 ft. 

The present bridge is now to be reconstructed in 
the form shown in Fig. 3, page 316, having its centre 


open-braced type. This substitution of girder for 
arch gives a much-needed increase to the headroom 
under the bridge, and this necessary increase was an 
essential reason for the reconstruction of the bridge. 
The opening at the Strood end will be amend te 
ordinary plate-girders. The girders of the main 
bridge will be spaced at 30 ft. 2 in. centres, giving 
26 ft. of clear roadway. Footways 7 ft. wide are to 
be carried on extensions of the cross-girders beyond 
the main girders, making 40 ft. in all. 

The substitution of two girders for eight ribs 
makes it necessary to provide some method of 
distributing a load from two points over a founda- 
tion designed to carry its load at eight points. 
This will be effected at the piers by means of deep 
trussed girders resting on the existing cast-iron 
skewbacks and carrying the girder bearings. There 
will be a trussed girder for each pair of bearings. 
At the abutments the load is distributed through a 
plate girder resting on three grillages. It will be 
necessary to rebuild the upper portions of the piers 
and abutments, but there will be no alteration 
in the lower parts. To meet the increased width, 
the approaches will be widened by the removal 
of the parapet walls and the substitution of an iron 
balustrade with pedestals at intervals. Portico 
entrances of grey granite will be built at each end 
of the bridge, and the ends of the girders over the 
piers are to be housed in cast-iron pilasters sur- 
mounted by ornamental lamps. 

During the whole period of reconstruction com- 
munication of all kinds is to be maintained across 
the Medway. As it is also necessary to leavea 
clear channel for navigation, it is probable that the 
new structure will be partly supported on the exist- 
ing ribs while building. The new structure will be 
built in longitudinal halves, one-half of the existing 
bridge being arranged for traffic, while the other 
half is under reconstruction. The cross-girders for 
the floor will be made in two parts and joined up 
after the erection of the second portion. 

The Bridge Wardens have decided on this re- 
construction on account— 

1. Of the insufficient headway for navigation ; 

2. Of the deterioration of the present structure 
under the heavy trafic, tramway and motor trac- 
tion, not contemplated fifty years ago. 

As regards design, the type has been principally 
determined by the necessity for additional head- 
room without increasing appreciably the gradients 
over the bridge. The contract for the reconstruc- 
tion has been let to Messrs. John Cochrane and 
Sons, and the work will be completed in about two 

ears’ time. The engineers are Messrs. Baker and 

urtzig and Mr. John J. Robson, MM. Inst. C.E. 





APPLICATIONS OF ELECTRIC 
HEATING. 

THE first of a series of four Cantor Lectures was 
delivered at the Royal Society of Arts on the 
evening of the 6th inst., by Professor J. A. 
Fleming, F.R.S., who took as his subject ‘‘ Appli- 
cations of Electric Heating.” As the matter and 
subject of this series have much in common with 
that of the Tyndall Lectures on ‘‘ Electric Heating 
and Pyrometry,” delivered by Professor Fleming 
at the Royal Institution last summer, and reported 
fully in our issues of June 10 and 17, 1910, it will 
be sufficient if we deal briefly with the present 
course. At the outset Professor Fleming referred 
to the heating effect of an electric current, and 
pointed out that this is now so generally known that 
it is usual for the daily Press to ascribe all doubtful 
fires to the effect of the overheating of an electric 
wire ; continuing, he dealt with Joule’s law, which 
connects the amount of heat produced with the 
current flowing through a resistance. He then went 
on to point out the difference between temperature 
and heat, and, exhibiting a wire made up of alter- 
nate lengths of copper and iron and traversed by an 
electric current, showed that the iron parts became 
hotter than the copper. Referring to the fact that 
the wire did not continually get hotter beyond a 
certain point if the current was kept on, he pointed 
out that this was due to the effects of radiation, 
conduction, and convection, and from this led up 
to Stefan’s law of radiation, which states that the 
energy radiated by a black body varies as the fourth 
power of its absolute temperature. 

To illustrate the nature of a black body Professor 
Fleming had three closed cardboard boxes, each 
having a different coloured interior, and each having 
a circular aperture at one side, and showed that in 
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looked black in each case, this being due to the 
fact that they absorbed all light that fell on them, 
and thus acted as black bodies. A little later on 
in the lecture Professor Fleming illustrated how 
this property of an aperture was utilised in pyro- 
metry by employing a porcelain tube with a closed 
inner end set in the wall of a furnace. 

Professor Fleming then dealt with Wein’s law, 
which gives a method of measuring the tempera- 
ture of a body by an examination of its spectruni, 
and which states that the wave - length of the 
part of the spectrum which exhibits maximum 
power multiplied by its absolute temperature is a 
constant. hen measuring temperatures by this 
method the spectrum is explored by means of 
a bolometer to ascertain the region of maximum 

wer, the wave-length of this portion, of course, 
lee determined from its colour. Professor Fleming 
then referred to the various methods of measuring 
high temperatures by means of pyrometers, de- 
pending either on alterations in the resistances of 
wires with change of temperature, on thermo- 
electric effects, or on a measurement of radiation, 
asin the Féry instrument. He exhibited a number 
of actual instruments to illustrate this part of his 
discourse. 

The lecture concluded with a brief summary of the 
modern electron theory, which suggests that negative 
electricity and possibly also positive electricity may 
be atomic, the negative electron being wane part of 
the mass of an atom of hydrogen, and the positive 
electron probably somewhat larger. A certain 
number of these electrons are supposed to be 
moving freely among the molecules of a body, 
and it is suggested that what is described as an 
increase of temperature in a body is due to the 
greater kinetic energy of these electrons, and not 
to the vibration of the molecules. The transfer- 
ence of heat along a bar, or the flow of a current of 
electricity, is explained as a general movement of 
translation of these electrons—-an electronic drift. 
It should be noted that this hypothesis is consis- 
tent with the increase in electrical resistance of a 
body with increase in temperature, since with 
increase in temperature the kinetic energy—that is, 
the velocity—of the electrons will increase, so that 
the time of free movement between the molecules 
will decrease, this giving the electrical potential 
less time to act on them, so that the electronic 
drift will be less, and, in effect, the resistance will 
be greater. The hypothesis is also consistent with 
the luminosity of a hot body, since with increase 
in velocity of the electrons the number of collisions 
will increase, which will result in greater disturb- 
ance of the ether, and light will result. 





THE SEAWEED NUISANCE IN 
BELFAST LOUGH. 

Tue seventh report recently issued by the Royal 
Commission on Sewage Disposal deals with the 
question of nuisance and possible damage to health 
caused by decaying seaweed, whose superabundant 
growth has frequently been attributed to the 
stimulating effects of a mixture of sewage and sea- 
water.* The Commission decided, on the invitation 
of the Local Government Board for Ireland, to 
investigate this special point in the case of Belfast 
Lough. It is stated in the report that for a number 
of years prior to the inquiry made by the Commis- 
sion, a very serious nuisance had been experienced 
round the shores of the lough, and the offensive 
smell complained of was attributed to the actual 
deposit of sewage matter upon the extensive 
lob-lands. Since then, however, it has been 
believed that the pollution of the lough promoted 
the excessive wth of green seaweed (Ulva 
latissima), which when it decays gives off large 
quantities of sulphuretted hydrogen. The growth 
of the weed has varied more or less with the 
amount of sewage pollution ; further, when years 
ago the sewage of the city, then comparatively 
small in amount, was discharged into the Lagan, 
and reached the lough after it had undergone an 
extensive dilution, Suniving it probably of the 
hulk of its — solids, the foreshores of the 
lough, and eir extensive mussel-beds, were 
practically free from weed. 
means taken at various 
sewage discharge, were ful 
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mission before they proceeded with their own 
investigations. 

These included detailed surveys of the lough, 
float experiments to ascertain the set and rate of 
currents, dredging and trawling in order to ascer- 
tain whether there was any mass of ulva growing or 
decaying in deep water, chemical and bacteriological 
analyses, and various experiments, among which 
were a number to ascertain the effect of the 
application of copper sulphate to the banks in 
destroying and preventing the growth of the weed. 

The main drainage works discharge through a 
wooden shoot on the Antrim side of the city, 
the shoot being parallel with the Victoria Channel, 
which now forms the outlet of the River Lagan, 
and is prolonged into the main navigation channel. 
The nuisance from smell was not so much ex- 
perienced on the Antrim side, but more especially 
on the County Down side of the channel, at a 
distance of approximately one and a half miles 
from the outlet of the wooden shoot above 
referred to. On the Antrim side, crude sewage 
had been discharged at times, owing to the inefli- 
ciency of the shoot in question; but since this 
had been repaired, and sedimentation of the 
sewage carried out, no nuisance had been com- 
plained of on the Antrim shore. The analyses 
made by the Commission of the mud on the ulva 
banks and of sewage sludge went to discount the 
theory which attributed the superabundant growth 
of the weed on the County Down side to solid 
particles in the sewage. Sulphur is, as is well 
known, an important constituent of fresh ulva ; 
it amounts to over 4 per cent. of the dried weed, 
and the high sulphur content of the mud on the 
latter side show that it is largely composed of the 
decayed weed, and not of sewage solids. 

The analyses made by the Commission led them 
to the opinion that the nuisance experienced in the 
vicinity of the County Down banks was not prin- 
cipally caused by deposits of sewage solids, and 
that the superabundant growth of ulva could, toa 
very small extent only, if at all, be due to such 
deposits. They, nevertheless, recommended that 
the sewage should be freed from the greater portion 
of its suspended solids before it was discharged 
into the lough, so as to prevent the silting up of 
the cantante channels and the de - oxygenation 
of the water. As an illustration, they contrasted 
the estuary of the Thames below Crossness with 
Belfast Lough. At Crossness there is an enormous 
discharge of the precipitation liquor from London 
sewage, but no ulva nuisance has been detected. 

In regard to the relation between mussel-beds 
and ulva the Commissioners found in several 
places that the weight of wet ulva lying on the 
dense mussel-banks was over 100 Ib. to the square 
yard of area, and the total quantity growing on the 
banks of the County Down side was more than 
sufficient to account for the quantity of detached 
fronds cast upon the foreshore. 

With reference to the chemical effects of sewage 
pollution upon the growth of ulva, the investiga- 
tions showed that this weed could rapidly absorb 
nitrogen presented to it in the form of saline 
ammonia contained in liquid sewage diluted with 
sea-water, the growth of the weed being thus en- 
couraged. Ulva could also absorb nitrogen presented 
to it in the form of nitrate, the form in which it 
would mainly be found in a well-purified effluent, 
such as would be produced by ordinary methods of 
sewage purification. ee dealing with 
the artificial growth of ulva pointed to the conclu- 
sion that while this weed could grow freely without 
any sewage pollution, the addition of nitrogen in 
a form which might be supplied by sewage was apt 
to produce rapid increase of the growth. 

e determinations made by the Commission to 
arrive at the nitrogen content of ulva are interest- 
ing in that they show how much nitrogen the weed 
is capable of absorbing when the supply of nitro- 

enous matter is plentiful, and how little nitrogen 
it requires for free growth when the supply is 
limited. The figures a in the report show 
that the proportions of nitrogen in these condi- 
tions are about as 1 to 3. While, therefore, the 
weed will readily avail itself of the sustenance 
provided by polluting matters, it can also thrive 
on the ‘‘diet” derived from sea-water which is 
not polluted by sewage. The nuisance caused 
by ulva being due to the liberation of sulphu- 
retted hydrogen, estimations were made to ascer- 
tain the sulphur content. In samples taken 
from polluted waters the percentages of nitrogen 
and sulphur were very similar, but in samples taken 





from = sea-water the sulphur content was con- 
siderably greater than the nitrogen content. Thus, 
samples with little more than 1 per cent. of nitro- 

en contained 5.83 and 5.36 per cent. of sulphur. 

e samples from Belfast Lough, having an average 
of 4 11 per cent. of nitrogen, contained an average 
of only 4.43 per cent. of sulphur. 

Mussel-beds were found to be a very material 
factor in the excessive development of ulva in 
Belfast Lough, and the experimental clearing away 
of local mussel-beds was attended with satisfactory 
results. Large areas in close proximity to these beds 
were also treated with copper sulphate distributed 
in the proportion of 14 cwt. to the acre ; this de- 
stroyed the weeds almost completely in the course 
of about one week. This effect was found to be 
only temporary, lasting about two months. The 
treatment by also killing the mussels to some 
extent assisted the actual cleansing of the banks. 
We may add here that copper sulphate has also 
been used with good results to remove alge from 
water reservoirs. 

The final recommendations of the Commission 
are that the sewage of Belfast should be submitted 
to a thorough process of sedimentation to remove 
the solids ; that it should be delivered into the main 
channel by a water-tight conduit ; that, if possible, 
the area of slob-land, on which the weed grows most 
freely, should be reclaimed ; and that, pending this, 
the mussel-beds should be dredged away, or be 
treated with copper sulphate. It is believed that 
these operations would reduce the nuisance very 
materially, although they would not entirely pre- 
vent the growth of the weed, which takes place in 
other parts of the kingdom in water which is not 
polluted with sewage. 





tural machinery exported from the United Kingdom in 
January was 67,620/., as compared with 47,561/. in 
January, 1910, and 50,074/. in January, 1909. European 
countries figured in these totals for 41,658/., 20,610/ , and 
29,275/. respectively. 


AGRICULTURAL MACHINERY.—The value of Cingdom in 


Tur Copper Market.—Messrs. James Lewis and Son 
state in their monthly report, dated the Ist inst., that 
copper has not been subject to much fluctuation durin 
the t month, the extreme prices reached for po. | 
Standard being 55/. 11s. 3d. on the 6th and 54/. 2s. 6d. on 
the 9th ult., this recession being due to what were deemed 
unfavourable American producers’ statistics at the time 
they were received, owing to the large increase in the 
stocks, although the production was on a considerably 
reduced scale, the exports being greatly curtailed. Sub- 
sequent consideration showed that the excessive exports 

reviously reported for December had been rectified in 
January, and that the increase in the stocks for these 
two months was only 5380 tons, against 9111 tons for 
January alone. Values co uently improved to 55/. 5s. 
on the 13th, and had since varied but little between this 
price and 54/. 10s. on the 24th, when the decision of 
the American Inter-State Commerce Commission to grant 
no increases of freight rates was announced, closing on 
the Ist inst. at 54/. 13s. 9d. for cash, and 55/. 7s. 6d. for 
three months prompt. The total sales amounted to about 
20,000 tons. Refined copper has been in fairly good 
demand, American electrolytic being pretty freely bought 
by home consumers at 12% to 124 cents per pound, and 
for export, chiefly to Germany, at eq to 57/. 5s. to 
571. 108 per ton c.i.f. Some business was reported in 
manufactured copper for India. 





INSTITUTION OF ENGINEERS AND SHIPBUILDERS; 
Junror Srction.—A meeting of the junior section of 
the Institution of Engineers and Shipbuilders in Scot- 
land was held in the Institution Buildings, on Friday, 
the 3rd inst., when a lecture on ‘The Mechanical 
Features of Electric Locomotives ” was read by Mr. B. 
Parker Haigh, of Glasgow University. Mr. Haigh 
pointed out that many mechanical problems had arisen 
in the design of large electric locomotives, such, for 
instance, as the collection of the current required from the 
overhead conductor, or third rail. From the point of view 
of the mechanical engineer the “single-phase” system 
promised best for high speeds, as only a single overhead 
conductor and collector were coquieal, Compared with 
modern steam practice, electric locomotives were much 
lighter for equal power. For this reason it was necessary 
to put a greater proportion of the total weight, when 
possible, on the driving-wheels. On the other hand, it 
was well known that a leading bogie was advantageous in 
affording smooth running toa locomotive. In the largest 
electric locomotives driving bogies had not been altogether 
successful, for the great height of the bogies, necessitated 
by the large motors and driving-wheels, caused great 
strains in the upper framing. Articulated locomotives 
and others with semi-rigid wheel-bases had been more 
successful. By carrying the motors on the main framing 


and driving by means of connecting-rods, it was ible 
for the werght of the heavy ota to be s fag borne, 
This arrangement was now adopted in the largest loco- 


motives. The lecture was illustrated by a number of 
jane plans of locomotives illustrating the principles 
iscu . 
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NOTES. 
Soipir1gpD PETROL. 
An interestin 

the Solidified Petroleas Company, Limited, of 
Amberley House, Norfolk-street, Strand, W.C. 
This consists of solidified petrol, in the form of 
a whitish transparent soft jelly, which can easily 
be cut with a knife or with a piece of wire. 
The material is obtained by a colloidation process, 
stearic or some similar fatty acid, being treated 
for some hours with a mineral acid, such as 
hydrochloric, and then dissolved, at a high tem- 
perature, in the petrol, the previous treatment 
rendering the stearic acid highly soluble. An 
alcoholic solution of caustic soda is then added to 
the mixture at about 80 deg. Cent., and on cooling 
the whole forms the jelly-like solidified petrol. It is 
stated that this substance, when examined under 
a microscope, is seen to have a capillary structure, 
and it is suggested that the unchanged liquid petrol 
is carried in its pores as ina sponge. This expla- 
nation of the structure of the material, however, 
appears inconsistent with the fact that the solid 
petrol has only about 80 per cent. of the bulk of 
a corresponding amount of liquid petrol. The 
material has advantages over liquid petrol, not 
only in its lesser bulk, but in the fact that it is 
somewhat safer to handle, since, when ignited, it 
does not melt, but burns in such a way that it may 
easily be put out witha a of cloth. Solid petrol 
may be used for any of the ordinary purposes for 
which the liquid is suitable, and, in many cases, 
with simpler apparatus. For instance, with internal- 
combustion engines the only carburettor necessary 
consists of a rectangular iron box having a perfo- 
rated wire-work tray wpe to its bottom and 
about half-way down. The exhaust-pipes from the 
engine are led through the box below the tray, and 
the lumps of solid petrol are placed on the tray. 
The box has a cover and an air-inlet at one end, so 
that the suction of the engine draws the incoming 
air over the surface of the petrol in such a way that 
when it leaves the box at the other end, by a pipe 
leading to the engine, it is thoroughly carburetted. 
Extra air may be added to the carburetted air by 
means of a controlling valve situated at the engine 
end of the box, while a throttle-valve for regulating 
the engine supply is also fitted. It is said that 
savings of 20 per cent. and over are found with 
engines running on solid petrol, as against the 
liquid. This may probably be explained by the 
absence of unburnt petrol in the exhaust, due to the 
impossibility of liquid being drawn into the cylinder, 
as may happen with the ordinary arrangement 
when an engine is running fast. The material 
may also be used for lighting motor-car lamps or 
with gas-mantles. In this latter case an arrange- 
ment on the lines of an ordinary paraffin lamp may 
be employed, the solid petrol being carried in a 
reservoir below the burner, and the vapour being 
drawn up by the suction of the light. The effect on 
such a lamp when it is overturned is that it simply 
goes out. An intensified light may be obtained by 
using an air-cylinder or a pump and passing the air 
to the burner, and over the petrol, under pressure. 


Variations or Quatity in Steet I-Beams. 


It would naturally be expected that tests made 
on steel taken from different parts of rolled 
sections of steel would show a considerable varia- 
tion—at any rate, in strength, if not in chemical 
composition —owing to the varying degree of work 
received by the material in the process of rolling, 
particularly in such sections as I-beams; but we 
do not remember ever having, until recently, come 
across any systematic and careful tests carried out 
with the object of showing what this variation is. 
Experiments of this nature were, however, con- 
ducted about. a year ago by Mr. Edward L. 
Hancock, Professor of A lied Mechanics at the 
Worcester Polytechnic stitute, U.S.A., and 
were the subject of a paper read by him before 
the American Society for Testing Materials. 
The matter had before been taken in hand to 
some extent by Professor Edgar Marburg ; in that 
case, however, the tests made on steel from 
standard I-beams were not many, but they showed 
considerable variation in the strength of the material 
from the web, the flange, and the root of the web. 
The tests carried out by Professor E. L. Hancock 
were made on pieces cut from standard J-beams, 
varying in size from 6 in. (13.5 lb.) to 20 in. (65 lb.), 
and. on pieces cut from three Bethlehem beams. 


The specimens were cut from the middle of the web, 





from the root of the web, and from the flange near 
the root, and they were long enough to allow of the 
use of the extensometer on an 8-in. gauge length. 


introduction is being made by | They were tested in a Wicksteed machine, and great 


care was used when inserting the specimens in the 

ips of the machine, in order to avoid eccentric 
oading ; bending of the piece, if it occurred, could 
be detected by the extensometer, which was a 
modification of the Yale-Riehle type. The results 
of the tests showed generally that the material cut 
from the web had the highest elastic limit, while 
that from the root of the web showed the lowest 
elastic limit. As a further means of studying the 
difference in structure of pieces from the web, the 
flange, and the root of the web, a small piece was 
cut from the end of each test specimen, and a micro- 
photograph of it was taken, the magnification being 
80 diameters. These showed a structure quite in 
keeping with the indications of the physical tests, 
for the web had the finest structure, the flange next, 
while the structure of the part taken from the root 
was much coarser than the other two. The difference 
was especially marked in beams that were compara- 
tively thick, such as the 15 in. (60 1b.), and the 
15 in. (80-lb.) beams. In the fracture of these, the 
smaller beams tested showed a fine structure gene- 
rally, although there were variations between 
different parts of the beam. The texture of the 
steel also indicated what parts of the section had 
received the greatest amount of work in rolling. 
Another point that was evident was that the 
elastic limit for thin or light beams is uniformly 
higher than for heavy beams, as is also the ultimate 
strength. The elastic limit was found to vary con- 
siderably, even in different parts of the flange of 
a beam. In a 24-in. (73 lb.) Bethlehem beam the 
elastic limit near the root was found to be 24,000 Ib. 
per square inch, at the intermediate part of the web 
34,000 lb. per square inch, and at the extreme out- 
side 36,000 lb. per square inch, which indicates 
greater strength with greater working. Chemical 
tests of the specimens showed a considerable differ- 
ence in the composition of the material in various 
parts of the beam, but the chemical tests appeared to 
suggest no reason for the variation in the strength. 
It must therefore be assumed that the differences 
in strength were due to the work put upon the 
metal in rolling. Perhaps the most important 
practical result of the tests was, however, that the 
material in heavy steel I-beams must not be relied 
upon as being so strong as it is in light beams. In 
some cases the variation in the elastic limit was 
over 25 per cent. 


THe Srrenetu or Buitt-Ur Cotumns. 


In recent years Professor Lilly, of Dublin, has 
repeatedly called attention to the fact that the 
safe working stress of a column is by no means 
adequately expressed as a function of the ratio of 
its length to its radius of gyration. It is, indeed, 
quite possible to design a column in the shape of a 
thin tube which will fail in detail rather than as a 
unit, the thin plating buckling locally under its 
load. The importance of these considerations, it 
should be stated, was adequately recognised by 
Fairbairn and other pioneers of metal bridge con- 
struction. Subsequent to the remarkable develop- 
ment of theoretical statics, which has unquestionably 
been of great advantage to bridge-designers as a 
whole, there has, however, unfortunately, been a 
tendency to over-emphasise the value of formulz, 
and this has led to the design of struts which, 
though they might be quite sufticient for their loads, 
if they could be relied upon to act as units, are in 
some cases dangerously overstrained in detail. 
This conclusion receives special endorsement from a 
most interesting and yaluable series of experiments, 
on the ‘local ” stresses in built-up struts, recently 
completed by Professors Talbot and Moore, of the 
University of Illinois.* Some of these experiments 
were made in the laboratory on struts, in part 
specially provided for the purpose, and in part 
taken from an old wrought-iron bridge which had 
been replaced by a new structure. In these cases 
the test could be carried to destruetion. These 
experiments were supplemented by other measure- 
ments made on a bridge in actual service, the stresses 
on certain portions of the component parts of some 
of the struts being accurately determined by extenso- 
meters. All the experiments showed that local 
stresses much in excess of the average were to be 
detected. This was particularly marked in the case 





* “The University of Illinois:” Bulletin No. 44. 
Published by the University, Urbana, Illinois. 








of built-up members latticed on both sides. A 
complete box-shaped member was not tested, but 
it was found that if the strut were built up of solid 
plating on three sides, and latticed only on the 
fourth, the intensity of the abnormal local stresses 
was sensibly reduced. With columns latticed on 
two sides serious augmentations of stress arose from 
local defects in the straightness of the channels 
which constituted the main members. Thus, in 
the case of a post in the bridge tested in service 
conditions, the observed maximum fibre stress was 
no less than 75 per cent. in excess of the mean. 
The upper chord of the same bridge had a solid 
cover-plate at the top, and was thus latticed on one 
side only. Here the maximum fibre stress was only 
20 per cent. greater than the mean. Where achannel 
is out of truth between the points at which succes- 
sive lattices are secured, its stiffness is reduced for 
this section. Consequently it passes on to the 
opposite channel part of its proper load, to be, 

rhaps, retransferred back again at some point 
ower down, where this opposite channel may in 
its turn be not quite straight. This transfer and 
re-transfer of load from one side to the other of a 
latticed strut can take place only through the 
latticing, and the consequence is that the latter may, 
as the experiments prove, be subjected to stresses 
far in excess of those which could arise from any 
eccentric application of the load to the column, as a 
whole, that. could conceivably occur in practical 
conditions. This observation seems of great import- 
ance, particularly as the strain on the lattice is 
much enhanced by the fact that it nearly always 
receives its stress eccentrically, the rivet taking its 
load on one side only. The actual forces arising 
in the lattice bars appeared in the experiments to 
be about the same as would be produced by apply- 
ing to the column a central transverse load equal to 
from 2 per cent. to 6 per cent. of the load actually 
taken in compression. As already stated, the 
strength of the latticing is reduced owing to the 
eccentric fashion in which it receives its load, and 
the nominal working stress must be correspondingly 
diminished. As the result of their experiments, 
Professors Talbot and Moore suggest that the 
lattice bars may be proportioned by the formula 

4 l 
Fags 21,400 — 45 

where P denotes load at failure in pounds, A the 


area of cross-section in square inches, and — the 


; 
ratio of the length to the radius of gyration of 
the bar. 








Tyne IRon-OrnE Imports.—The imports of iron ore into 
the Tyne last year totalled 732,000 tons, as compared with 
527,000 tons in 1909. In 1905 the arrivals were 685,000 
tons. 





_ JUNIOR INSTITUTION OF ENGINEERS.—At the last meet- 
ing of this Institution, held at the Royal United Service 
Institution, Whitehall, it was announced at the com- 
mencement of the proceedings that the vacancies caused 
by the regretted death of Mr. Nisbet had been filled by 
the appointment of Mr. B. E. Dunbar Kilburn, as chair- 
man, Mr. Percy L. Young, as vice-chairman, and Mr. 
Reginald Krall, as member of Council. The meeting 
was a combined meeting with the Architectural Associa- 
tion, to assist in the discussion of a paper on ‘‘ The 
Architectural and Engineering Features of the Royal 
Automobile Club Building,” which was read by Mr. S. 
Bylander, the engineer (vice-chairman of the Institution). 
In the first tof the paper the author dealt with the 

ints of architectural interest in connection with the 
acade, east and west entrances, and the interior of 
the building, including entrance hall, elliptical vestibule, 
east and west corridors, main staircase, &c., passing on to 
the features appertaining to the first and second floors, and 
the basement floor, including swimming-bath, turkish bath, 
&c. In describing the engineering features of the building, 
the author pointed out that skeleton framing or cage con- 
struction had been adopted as far as was consistent with 
economy. Preliminary drawings and calculations were 
made to ascertain the cheapest and best type of construc- 
tion, consistent with the architectural requirements. Two 
sets of calculations were made for the steel-work, one, 
ge compen in connection with the skeleton plans, and 
the other, accurate and final, for the working drawings. 
An elaborate system of marking the different steel pieces 
was — for the purpose of s y and accurate erec- 
tion. © paper was very fully illustrated by an appendix 
of twenty-four plates, some of them reductions of the 
working drawings. The architects for the building were 
Messrs. Mewes and Davies, and E. Keynes Purchase, in 
reference to whose work the author said that architectur- 
ally the club must take an important position among the 
many fine buildings in Pall Mall. An interesting discus- 
sion followed, in which the chairman, Mr. Gerald C. 
Horsley, ie my of the Architectural Association, 


and Messrs. J. H. Pearson, C. G. P. L. Young, 
A. G. Young, R. Marshall, W. A. Tookey, and E. J. 
Daniell took part. 
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LARGE GAS-ENGINES OF THE TWO-CYCLE 
TYPE.* . 


By Avan E. L. Cuoruton, M.I. Mech. E., 
A.M.I.E.E., &c., Manchester. 


WHEN you were good enough to ask the author to read 
before you a paper on “ Large Gas-Engines” he had to 
admit that whilst much appreciating the honour, he was 
somewhat perplexed as to the best manner in which to 
present such a paper, knowing how other writers had 
previously so very fully treated the subject ; and especially 
was this so in a paper read comparatively recently before 
you by Mr. Allen, whose knowledge of large gas-engines 
1s so extensive and complete. 

Other subsequent papers, written and read before various 
societies, dealt in some cases with a description of par- 
ticular types, but more generally with a review of the 
various engines constructed, usually with the object of 
presenting the economical advantages of the gas-engine 
over other prime movers, and to call attention to the 
extremely slow progress in the usage of such engines in 
this country, despite their acknowledged ability to use 
successfully waste gases from blast-furnace or coke-ovens, 
and producer-gas made from low-grade fuel, in the best 
theoretical way. 











B.H.P. (German). 
Producible, Utilised. 
Blast-furnace gas 1,340,000 About... 448,000 
Coke-oven gas. . 735,000 About.. 32,000 
Total 2,075,000 About.. 480,000 23 p.c. 





B.H.P. (Bririsn). 





Producible. Utilized, 
Blast-furnace gas 1,060,000 About.. 23,500 
Coke-oven gas .. 660,000 About.. 1,700 
Total 1,720,000 About.. 25,000 1.45p.c. 


It is really astonishing that, considering the amount of 
blast-furnace and coke-oven gases available and often going 
to waste, so little economical use is made of them in 
internal-combustion engines; the small extent of their 
use in Great Britain compares very badly with Germany, 
as is shown by figures recently tabulated and published 
(see Fig. 2 and 1. above). 

The reason for such a small percentage being used in 
this country is somewhat difficult to understand, and it 
hardly reflects creditably on the iron and coal industries 
in particular, especially when compared with our more 
satisfactory gas-engine progress in connection with pro- 
ducer-gas plants; for such progress has been greater 
than that of Germany, despite the handicap of high 
capital cost for plant. No figures are actually available 
to show this comparison. 

Referring more particularly to the gas-engine itself, 
and with previous papers in mind, it seems possible, 
while not treating the subject as generally as usual, to 
consider it from the standpoint as certain type, one 
which has not, up to the present, been considered in 
much detail—viz., that known as the “‘ two-stroke cycle.” 

The title of the paper has therefore been amended to 
** Large Gas-Engines of the Two-Cycle Type.” 

There are at the present time many signs of a revival 
of interest in the two-stroke engine, even for services for 
which it would not originally have been thought particu- 
larly suitable, such as motor-car driving, marine oil- 
engine-work, &c., and for these duties some authorities 
sezm to think it will be the ultimate type. A valveless 
gas or oil-engine has very real attraction on the score of 
simplicity to all engineers, and as tical experience 
increases, the value of this feature will be more and more 
demonstrated by the increased use of this type. 

At the present time large two-cycle engines in this 
country, and on the Continent, are broadly of but two 
classes—the Kértimg and the Oechelhauser. It is first 





* Paper read before the Manchester Association of 
Engineers, Saturday, February 25, 1911. 


proposed to describe generally fap gene ines of either | 
c 


class, then to deal more parti with the English 
design of the Kérting type, and onliaiens to do so in 
such a manner as to interest your members as practical 
engineers, designers, and constructors of prime movers, 
afterwards giving a brief survey of some actual plants 
mrp including some inmnaliotions of gas-engines in 
direct driving of mills, a subject of considerable import- 
ance in this district. 
The paper is therefore divided as follows :— 


1. Some large engines lately built, or in course of con- 
struction. 

2. A description of a 6(0-brake-horse-power single- 
cylinder Mather and Platt engine. 

3. Some gas-engine installations. 

4. mgine auxiliaries, exhaust boilers, &c. 
5. Possibilities for the future. 


Appendix I. Comparison of capital running cost for 
steam and gas. 

Appeadix II. Various di ms, &c. 

In passing it may be useful to consider the essentials of 
good ap orm design as stated by various constructors. 

(a) The design should, in every part, 7 without risk 
the maximum possible working loads. This can to a 








great extent be obtained by careful calculation, but more 
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sizes. For eo engines it is very often a great 
convenience if by some comparatively small alteration the 
standard size can be made to deal with an order which is 
possibly just outside it. 

In the moulding-shop this etn of founding must 
be such as to assure obtaining a sound casting at a mini- 
mum cost for material and labour in production, and 
always bearing in mind the question of convenience in 
machining. A pleasing ap; ce of the design as a 
whole should be obtained, for, outside other considerations, 
this is a desirable selling point. 

In the machine-shop, where the cost of manufacture 
principally lies, the designer’s knowledge should extend 
to practically every ine it contains; and while 
using these in the best possible manner, he must always 
keep in view the necessity of producing a high-class and 
accurately finished engine: To design without reference 
to the machine-tools available is an easy matter, assum- 
ing the necessary tools to be specially constructed for the 
purpose ; but such a design, although possibly a good 
one, would mean more costly manufacture, owing to 
increased capital outlay for such tools, unless a very large 
output could at once be obtained, so enabling these la 
tools to be fully worked A really successful design is 
one that employs a range of standard machine-tools in 
a particular workshop for the whole of their time, at 
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especially by making use of an extensive practical experi- 
ence—a great handicap for the new-comer. 

(b) The design must further comprehend the whole 
installation as to first cost in foundations, buildings, 
auxiliaries, &c., to reduce the initial capital outlay, and 
thus obtain the maximum total economy in working. 

(c) The use of material properly suitable for the duties 
called for is important ; for instance, many difficulties 
have been experienced in obtaining the right mixture of 
metal for gas-engine cylinder, cylinder-head, and piston 
castings. The experience gained by the manufacturer of 
small gas-engines is of little value in the design of many 
new of large engines, and should be entirely disregarded ; 

igh-powered gas-engines designed similarly to smal] gas- 
engines have generally been failures ; here again the new- 
comer is affected. 

(d) Ample bearing-surfaces must be allowed, much 
above steam-engine practice, to reduce wear and tear to a 
minimum. 

(ec) To arrange for the easy and rapid removal of all 
parts likely to need cleaning from the use of unclean gas, 
and generally to secure proper accessibility to all parts. 

(f) To have a simple, effective, well-arranged cooling 
system, allowing sufficient cooling to all parts, without 
undue loss of heat or waste of water. 7 

(g) To provide a method of lubrication of the ~~ 
unit type in which each unit is certain in action—i.e., has 
a fo feed of its own. 

(kh) To use a reliable ignition in duplicate. —# 

(¢) To desi the engine so that rapid machining 
methods can be applied, so reducing the selling price to 
aminimum, and completing the design in itself as to 
reduce outside costs. 

It is obvious that at a time like the present, when 
competition is so keen, these elements cannot be over- 


looked, icularly from the view of constructional cost, 
in any single part of the design ; hence the d er must 
possess considerable workshop knowledge in depart- 


ments of manufacture; and if the best and most economical 
results are to be obtained, he must have running ex- 
perience to assist him. 

He must take into account the cost of patterns, and 
how one model may in certain cases be used for different 
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economical speeds of working, and produces a high- 
class engine with the biggest output at the lowest capital 
cos 


t. 

The question of handling as regards shop cranes, 
shipping facilities, erection, &c., and other considerations, 
must also be remembered. With all these in mind, there 
is to be added efficient and close practical supervision 
based on experience. 

In gas-engine work, it has usually been proved that the 
simplest design is the best, and while this, perhaps, 
cannot always be so, still one would be pee to sacri- 
fice much for the sake of simplicity. This view was held 
strongly years ago by the author, when the particular 
design to be described later was in itsinception. At that 
time fancy trip gears, &c., for operating gas-valves were 
very common, particularly in Germany during the deve- 
lopment of the large double-acting four-stroke engine. A 
growing +. 3K of the fact that simplicity is best is 
indicated by the latest Continental designers, turning 
towards more simple gears ; for, as it amounts to reliability, 
simplicity Should be placed in front of economy. It is a 
mistake to allow some small percentage gain in gas 
economy to entirely outweigh the great advantage of sim- 
plicity of the machine, although it would seem this had 
actually been done in some cases. 

The two-cycle engine was brought out by Mr. Dugald 
Clerk in its single-acting form some thirty years ago, at 
a time when the Otto four-cycle type was held to be a 
master patent in England. By its means (two-cycle) twice 
the number of acting strokes per revolution were secured. 
This engine, however, did not prove a commercial success 
against the Otto type for the small sizes then in vogue, 
and on the Otto patent lapsing, it finally dropped out 


of use. 

The demand, however, for engines of very large power 
which sprang up, after the successful utilisation of blast- 
canara, again turned the attention of engineers to 
the possibilities of obtaining these large powers by other 
means than the Otto cycle, and first the Oech user 
and next the sae Cees two-cycle i 
were brought out. engines were oavtleuinaay in- 
tended for the-use of blast-furnace gas, but as experience 
increased their use was extended to producer, coke-oven, 
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Fic. 5. Srecener 2000-Brakxe-Horse-PowEr Biow1nc-ENGInNE. 





















































































































































Fies. 6 anp 7, 2500-Brakt-Horse-Powrr OrcHELHAUsER Gas-ENGINE; Messrs. W. BeaRpMoRE AND Co., GLASGOW. 
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Fic. 8¢ 1500-Brake-Horsg-Power Roiiine-Mitt Enoine ; Messrs. W. BearpMore anp Co, Giascow. 








Fie. 9. 600-Brake-Horsz-Powrr Enoine; Messrs, MATHER AND Piatt, Limirep, MANCHESTER. 
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end, the separate gas and air-pumps arranged alongside, 
and connected to these valves by suitable a 

In this engine the exhaust begins by the main piston 
opening the exhaust-ports at 45 deg. before the centre, 
the inlet-valve then opens, when the air-scavenger enters, 
sweeping the cylinder of exhaust products; the mixture 
follows later, the exhaust-ports being closed by the piston 
45 deg. after centre, followed by a short period of further 
charging, after which comes the usual period of compres 
sion, followed by the ignition before the centre, then the 
expansion ; thus in two full strokes the whole cycle is 
performed, with a result in evenness of turning practically 
similar to a steam-engine. A more detailed description 
“ad the charging action in the English form will be given 
ater. 

Fig. 4 shows us that the essentials of an Oechelhauser 
engine consist in a long cylinder open at both ends, with 
two mutually opposed pistons working therein, with a 
space or combustion-chamber intervening, and at their 
nearest positions containing the combustible change at 
the point of maximum pressure. The front piston is 
attached in the usual way to the middle crank-pin, and 


(2155.1) 
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and other gases, In the modern two-cycle engine the air ; out-stroke. Fig. 3 shows the arrangement of the original | uncovers a ring of exhaust-ports, or slots, towards the 
— gas are supplied by separate pum whieh disc Korting engine, with a southeast cylinder, the ex- | end of its out-stroke. The back piston is coupled to the 
their contents into the working cylinder at the end of the haust-ports in the centre and air-inlet valves at each outer or side crank-pins by means of a back crosshead 
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two side return-rods, &c., and uncovers two rings of 
admission-ports just before the end of its out-stroke, one 
for air and the other for gas. An extension of the back 
crosshead works a double-acting pump, one side of which 
supplies the gas, and the other the air charge to separate 
receivers surrounding the cylinder. 

It should be noted that the exhaust-ports are uncovered 
a short time before the admission-ports for air, so reliev- 
ing the pressure in the cylinder and permitting the influx 
of airand then of gas from the receivers surrounding the 
ports, in which they are stored at a pressure of 5 lb. to 
7 lb. per square Salk above atmosphere. The quantity of 
air admitted before the gas-ports open serves as an effec- 
tive scavenge for the products of combustion ; the combus- 
tible mixture is formed during the period the gas-ports 
remain open, when air and gas enver with intimate con- 
tact. Thereafter the pistons commence to return, and 
the gas-ports are closed first, then the air-ports, and 
shortly afterwards the exhaust-ports. 

From this action of the pistons it will be observed that 
at the commencement of compression the charge in the 
cylinder may be roughly divided into three portions. 
First, at the exhaust end a portion of scavenging air more 
or less mixed with products of combustion from previous 
explosion ; secondly, an intermediate mixture of gas and 
air aye combustion charge proper; next, and 
lastly, the sk piston or admission end a cushion of air 
admitted after gas-ports were closed. 

Passing now to a description of a 2000-horse-power 


Kérting engine, the largest power in the world at work 


Kértinc Eneine, German Desicn ; Constructep spy Messrs. MaTHER aND Piatt, Limirep, MANCHESTER. 


2000-Brakk-Horsk-Power Sincie-Criinper Gas Biow- 
ING-ENGINE, BY THE SIEGENER MASCHINENBAU SIEGEN. 
This engine is of the well-known Siegen Korting double- 
acting two cycle - , and is illustrated in ENGINEERING, 
on the two-page plate of the issue of December 24, 1:09, 
and in Fig. 5, page 326. Several of these engines have been 
ut down, and are working very successfuily in Germany. 
ey have the following dimensions :— 
Stroke... <n ... 1400 mm. (about 4 ft. 7 in.) 
Power - cylinder — dia- 


meter ... oe — DSA, Oa Tm) 
Blowing-cylinder — dia- ? 
meter ... ot .. 2560 ,. (8ft. 4in.) 


—_ as 30 to 90 revs. per min. 

ormal load 1000 cub m. (35,316 cub. ft.) 
ata pressure of 0.8 atmos. 
(11.76 lb. per sq. in.) 

As will be seen from the illustrations, the engine is 
very easy of access. Speed can be eee, and the air 
delivery varied, by simply adjusting the governor, which 
is fitted with a hand-wheel for the purpose. The whole 
a is fitted with a system of forced lubrication, the 
oil being pumped to the different points, collected, auto- 
matically filtered, and circulated again. 

When starting up, the engine 1s relieved of load by 
agen | a connection between the blowing-cylinder and 
the suction. This connection consists of 
valves, which are fitted in the 





80 far in a single cylinder :— 





Pump Sipe. 


valves are closed, ané instead of blowing back to the 
suction, the engine delivers air into the blast main. They 
may also serve another purpose if at any time it be neces- 
sary to blow at an abnormally high pressure. In such a 
case one side of the blowing-cylinder may be left perma- 
nently open to the suction, whilst the other blows at the 
required pressure. This, however, would only be neces- 
sary under exceptional circumstances. The general design 
of the engine will be seen from Fig. ie 
The connecting-rod big end is of special interest ; there 
are no long boltsinit. This design is peculiar to the Siegen 
Company, and has proved to be both convenient and very 
strong, although, perhaps, a little dearer in manufacture. 
The main tome run through from back to front of the 
engine, and are held together by means of wrought-iron 
shrunk rings. The cylinders rest on these beds, with the 
plane of the feet at the level of the centre line of the engine. 
The building of an engine of this size with a single 
power cylinder formed an important departure. Although 
there were many difficulties to be overcome, it was found 
possible to adhere fairly closely to the standard design of 
the company. Perhaps one of the most important details 
to be attended was the design of the large inlet-valves ; 
these, of course, had to be e so as to run as silently 
as ible. 





rliss type | 
blowing heads, and are | 
actuated by small hydraulicrams. These rams are bolted ' 
to the engine beds, Directly the engine has started the 


e valves are of steel, 500 mm. (19.68 in.) in diameter 
at the seat ; they have a lift of 80 mm. (3.14 in.), and are 
able to run at a speed of 90 strokes per minute without 
noise. They are driven by means of rods coupled to 
cranks in the side shaft ; eccentrics proved to be too 
unwieldy for the required stroke. These two cranks are 
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. 16. Korte Enere, Eneiish Desian ; Construcrep spy Messrs. MaTHER aND Piatt, Limrrep, MANCHESTER. 








Fic. 17. K6rtmnc Encine, Enciisx Desien ; Constructep By Messrs. MatHer anp Piatt, Liwirep, MANCHESTER. 


set at 180deg. to each other. The movement is imparted | 


to the valve by means of rolling levers, the bottom one of 
which grips on to the spindle with a sliding jaw. A 
spring alone was not considered to be sufficient, and a 
vacuum piston was therefore arranged above the valve, 
which not only assists the valve in closing, owing to the 
vacuum formed at the top of it, but also balances the 
pressure exerted on it by the pumps, and ensures silent 
closing. This design has proved to be thoroughly efficient, 
and quiet running has been obtained. 

The governing of the engine is attained by slightly 
revolving the gas-pump piston-valve, which has Ryder 
slots. This regulates the suction of the pump. As this 
valve 18 of large dimensions, the governor is not connected 
directly therewith, but moves the piston-valve of a small 

ydraulic cataract, which, in its turn, actuates the main 
piston-valve. 
Owing to the fact that engines of this type are easy to 





handle, they are specially adaptable for blowing Besse- 
mer converters. smaller engine than those described 
is now being used for this kind of work, and the results 
have been so satisfactory that the Siegen firm are now 
building a 4000-horse-power twin-cylinder engine for the 
same purpose. 


2500-Brakr-Horse-PowerR SINGLE-CYLINDER OECHEL 
HAUSER GAS-ENGINE, BY Messrs. W. BEARDMORE AND 
Co., Graseow. 


The design of a single-cylinder engine of this high power, 
by Messrs. William Beardmore and Co., is shown in Figs. 
6 and 7, page 326, which practically explain themselves. 
It will be seen that whilst this engine remains in principle 
as the original Oechelhauser type, it has 7 Soy 
improved in design and detail by Messrs. more. 
The compactness and simplicity of the design are at once 





Fry-WHeEL Sipe. 





“ta fe , : 
. .% A aght #: 


wi TT tla 








Pump Sipe. 


appacent. and must appeal strongly to the English love 
of simplicity. The principal dimensions are :— 


Stroke — -_ 60 in. 
Diameter of cylinder 48 ,, : 
Speed bab ma 80 revs. per min, 


The fact that in this type of engine all working strains 
are taken on the opposed pistons, and not transfe 
the bed, has been taken full advantage of, the usual bed 
under the cylinder being dispensed with, thus saving in 
weight and first cost. Other improvements in detail have 
been effected by Messrs. Beardmore from their extended 
experience, and in one form the cha ing = are 
placed alongside the power cylinder and driven from a 
side crank, asin the standard Kérting design. The high 
combined speed of the two pistons of this engine, together 
with the small area of surface of the combustion-chamber, 
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. very advantageous from the point of view of low heat 


08s. 

An. earlier Oechelhauser engine tested by Professor 
sae on coke-oven gave a heat consumption of 9400 
B.T.U. per brake horse-power hour, Since that time 
lower charging pump losses and other improvements 
have, no doubt, made still better results obtainable. 

Fig. 8, page 327, represents a very good example of the 
Oechelhauser type of ager ar of 1500 brake horse- 
power normal, in a single cylinder directly coupled to a 
three-high rolling-mill engaged on the production of 
— up to 40 ft. long and 6 ft. wide by jin. thick. 

Jontrary to the expectation of some expert rolling-mill 
“——. this engine has continued to drive the rolling- 
mill successfully, without trouble from week to week. 
The speed of the engine can be varied to suit the rolling 
of any particular plate, and there is no ap ce of 
—— on the engine. The actual output of the mill 
has largely exceeded the figure expected, and recently 
the plant gave evidence of its capacity by turning out 
270 tons in a nine hours’ run, an amount more than double 
the basis on which it was laid down. 


600-Brakke Horsk-Power Sincus-CyLinpDeR Gas-ENGINK 
(ENGLISH Type). 


The engine which it is now proposed to describe at greater 
onal is of the two-cycle type, Kérting patent, as 
modified, ne improved, and built by the firm of 
Mather and Platt, Limited. en this firm were origin- 
ally considering the question of building large es 
they made a very extensive investigation into the merits 
of all types then on the market, and were assisted in 
their inquiries by one of the best-known experts in this 
country. Their final selection was the Kérting engine, 
as they believed it had many points in its favour for their 

urpose, and seemed to possess great possibilities for the 

uture. The following were some of the advantages which 
appealed to them, and decided them in their selection :— 

1. That every stroke is a driving stroke, and so the 
nearest possible approach to a steam-engine is obtained. 

2. Small Cylinder.—The diameter of the working 
cylinder is much less than is requisite for an Otto-cycle 
gas-engine of the same power, and the working strains are 
smaller when com with the power given, this being 
very advantageous in large engines. 

3. Absence of Exhaust-Valves.—The piston itself controls 
the exhaust-ports ; there are no exhaust-valves, and thus 
any troubles which they might occasion are obviated. 

4. Foundations.—The foundations were simpler, smaller, 
and cheaper than those required for horizontal four-cycle 
double-acting engines of the same power. 

5. Perfect Scavenging.—A scavenging charge of cool 
fresh air, which is introduced into the cylinder at every 
stroke, entirely sweeps out the products of the previous 
combustion, thus reducing the risks of pre-ignition, and 
facilitating lubrication. 

6. Accessilility and Cleaning.—All parts, even in the 
case of large engines of 1000 horse-power and up 
are above the floor-level, and therefore readily accessible. 
This renders a thorough cleaning of the engine exception- 
ally oasy, while, owing to the horizontal design, no ladders 
or platforms are required. 
is must be considered an important point, as in 
many cases those mcg of the engine which are not 
accessible are not likely to receive attention. 

7. Ease of Starting Up.—This gas ine can be started 
up more quickly and easily and with lower air pressure 
than the usual horizontal four-cycle engine. It can, 
further, even with a single cylinder, be started inst 
load without using a friction-clutch, this advantage being 
invaluab’e for mill-driving. 

8. Steady Runni .g.—In a double-acting two-cycle gas- 
engine the numbe: oi driving strokes transmitted to the 
crank-shaft is the same as in asimilar steam-engine. It is, 
therefore, possible to use lighter fly-wheels, and to reduce 
both weight and friction. e steadiness of running and 
the degree of cyclic regularity are as good as can 
obtained from the best type of steam-engine. 

9. Continuous Running.—This design is postionioety 
favourable for continuous running over lengthy periods, 
owing to its simple design and few moving parts under 
explosion stress. 

0. Speed Variation.—The ie ps double-acting type, 
for work necessitating variation of speed, as in the direct 
driving of air-compressors, blowing-c linders, pumps, &c., 
is exceptionally efficient ; or in mill-driving, where, by 
arranging double pulleys and clutches, the engine may 
run at reduced speed for the light night load, as ignition 
takes place effectively at almost any speed, a ratio of 
4 to 1 speed reduction being easily obtained. 

11. Simplicity of Valve-Gear.—The inlet-valves are now 
operated by a single eccentric from the crank-shaft. Thus 
ya are no side shafts, cams, gear-wheels, or multi- 
plicity of rods. ‘ 

12. The engine can work with a heavy suction, such 
as there may be with a bituminous suction producer, 
without reducing the power of the engine. 


Comparison of Large Horizontal Gas-Engines of Equal 
Turning Moment 








Main Parts = Explosion | Two-Oycie. Four-Cycle. 
Cylinders (double-acting) . 1 2 
stons .. éo «a 1 2 
Crosshead ; 1 3 
Rod-packing . 1 4 
Inlet-valves .. 2 4 
Exhaust-valves None 4 
| 1 side shaft 
| 2 sets of 
Valve gear ... Leecentric 8 sets of 
and lin 











gear wheels. smooth running inside the cylinder. 
cams rods, common in Continental practice, but it is really not 


It is true the charging-pumps are additional peste to 
the two-cycle oe but such parts are not subject to 
heavy strain, and perform work analogous to the air- 
pumps of a steam-engine. The general construction of 
this engine is as follows :— 

_The cylinder is double-acting, and the front end of the 
p ston-rod, carried through a stuffing-box fitted with 
metallic packing, is connected to an external crosshead, 
a8 in ordinary steam-engine practice. This arrangement 
is the usual one for double-acting types, and is valuable 
in internal-combustion engines, as it obviates the diffi- 
culties arising from the heating of the internal cross-head 
pin, and the uneven wear of the cylinder due to angular 


Fig. 18 


























charging-pumps for air and gas; the action of these is 
something similar to that of the original meee | type, 
though the arrangement is different, and the whole com- 
bination is —— The double-acting pump for the 
gas is placed between the two single-acting pumps for 
the air. The three pone are thus in line, and secured 
to one another as well as to the engine-frame. The pump 
cylinders are separated from each other by intermediate 
valve-boxes, each of which is divided by a —_ into 
passages for the gas and air respectively, an nae ro- 
vided with automatic valves, now made easily removable, 
Fig. 10, page 327, shows a section of these pumps and valves. 

ith the object of delaying the charging of the gas 






































thrust of connecting-rod, incidental to many single-acti 
smal 9 engines. A photograph giving a gen 
idea of this engine is shown in Fig Y, page 327. 

The outside cross-head resembles that of a steam- 
congue, the two slide-blocks running in guides in either 

arranged with oil-baths. The cross-head is lubri- 

cated by a neat arrangement from oil-wells in the slide- 
block tops, the oil being fed from cups fitted to the to) 
slide-bars, and provided with a ball-valve which is open 
by the passing slide-block. 

The piston is long, affordi 


\ a good wearing surface, 
which eature, together with 


e external guide, ensures 
A tail-guide is 


necessary. 
| Pumps.—Alongside the power cylinder are placed the 





until after the scavenging by air has been effected, ports 
are ao about the middle of the gas-pump, through 
which the gas passes back to the suction side during the 
first part of the stroke, and thus delivery is delayed until 
the scavenging has been performed by the air-pump. 
When the cylinder pressure falls to atmosphere, the 
admission valve is opened, and a scavenging charge of 
pure air is sent into the cylinder by the Ket effec- 
tually clearing out the products of combustion. e gee 
er (the discharge of which, as mentioned, takes P lace 
ter than that of the ek gra now sends a supply of 
gas into the cylinder, which discharge, effectively mixing 
above the inlet valve with that of the air-pump, forms 
the combustible mixture necessary for the power stroke. 
It must be realised that the charge is of a known quantity, 
and [is put or measured in by pump piston displacement, 





















































































MARCH 10, I911.] ENGINEERING, 331 


so as effectually to prevent any loss through the exhaust- 


LARGE GAS-ENGINES OF THE TWO-CYCLE TYPE. _ | ports. The cxhaust:ports are closed by the return stroke 


of the power piston during the charging. and the mixture 
7 n ‘z j 3 = 











is then compressed, ignited electrically at two distinct 
points, and the impulse is transmitted to the piston in 
the usual way. The same cycle is repeated at each end 
of the piston alternately, the air-pump sweeping all burnt 
products through the exhaust-ports, and thus preventing 
’ the pre-ignition of the incoming charge by contact with 
} rs ‘ : hot gases which would otherwise remain in the cylinders. 

This thorough sweeping out of the burnt products by the 
scavenging charge isan undoubted advantage, and is con- 
ducive to good running and the prevention of wear. On 
the examination of cylinders after months of steady 
running, it has been proved beyond doubt the ports are 
kept particularly clean and no undue wear takes place on 
the metal between the ports. 

It is interesting to consider the reasons for the evolu- 
tion of the present English type from the original 
Kérting one. Of course, in the design of any considerable 
piece of machinery a number of factors have to be taken 
into account, the result in most cases being in the nature of 
a compromise, for no single condition, however desirable, 
can entirely govern the whole ; yet, from the oy 
gained with the first engines constructed, it was felt that 
the questions of first cost and general running of the 
engine required meeting in a more satisfactory manner 
than with the original design. 

The new designs were naturally very considerably 
influenced by the results of experience in the building and 
running of engines made to the original designs of Messrs. 
Kérting, of Germany. When in practice it was found 
that engines built on these lines were more expensive and 
complicated than the market would permit, it was neces- 
sary to seek for some method of achieving the same, or, 
a better, results of operation in a more satisfactory manner. 

It is therefore proposed to deal with the design evolved 
Fic, 22. Beps on Pianine-Macuine. from the point of view of practical construction, so that 
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oe : in a description of the main parts it can better be con- 

4 rv ee = sidered and understood. 
. _ ‘+ Main Frame.—Upon looking into the general problem 
, © Se of gas-engine design, and having in mind particularly the 
7 | iJ uestion of workshop construction as regards accuracy 
c., it was found, broadly, there were three general 


methods of constructing large engines, and these are indi- 
cated in the sketches, Figs. 11 to 13, page 327, from which 
this design was considered. There are other forms of 
modifications possible, but they were not considered at 
the time. 

Method ‘‘ A,” or the concentric type, is particularly 
favoured by the four-cycle double-acting makers on the 
Continent and was originally made by the Niirnberg 
Company. This design, although possessing in theory 
the considerable advantage of all parts fitting concen- 
trically into each other, was not looked upon favourably 
for various reasons, for it was thought that this advan- 
tage in practice would not be so apparent. Incidentally 
it calls for a special line of very large and expensive 
tools, but discounting this fact, the opinion was formed— 
though no definite figures are available to support such 
opinion—that design “‘ A,” if considered from al points, 
isa heavier and more costly construction than either 
““B” or ‘“‘C,” and in practice it does not secure any 
compensating advantage ; besides involving a very special 
and costly foundation and heavy engine-house crane, it 
is also liable to foundation troubles due to the same being 
eo cut up for exhaust-valves, &c., for uneven settlement 
would cause defective alignment, defeating the original 
object of the design. 

Method “‘ B.”—This is a design perhaps more favoured 
in this country, and was originated by Messrs. Crossley. 
The bed, instead of being all in one piece, as in ‘*O,” 
consists of two stout girders, which are more or less alike, 
and cast to the same pattern. At one end the main 

















TED = GRED= Gent bearing housings are cast integral, the other being formed 

N N N N NN with a machined face at right angles to the centre-line of 

N N N = the engine, to allow of bolting up against feet cast on the 
SEES Us SSS So cylinder. 






Special machine-tools are probably required for work 
| of such a nature—i.c., to allow of the necessary exact 
machining of the ends of these beams, and the correspond- 

ing face on the cylinder, dead square to the centre-line 
of the engine. It should be noted that all work required 
to be done at right angles to the main centre-line of the 
engine, and from which the accuracy of that line is main- 
tained, requires more than usual care in setting out and 
handling on the machine-tools to avoid an excessive per- 
centage of errors. The design is probably the lightest in 
weight of the three under discussion. ith it the area 
on the foundation is reduced, making the engine some- 
what liable to an endwise motion when at work, or to 
getting out of alignment through a possible unequal 
settlement of foundations. The question also of the 
cylinder being out of line with the beds, after first 
machining, and thus requiring re-machining, is most im- 
rtant in shop practice. (No doubt these objections will 
ve been fully met by experience.) For economical 
reasons great consideration was naturally given to this 
design, but it was finally decided to go forward with the 
considerably modified and simpler form of ‘‘C,” which in 
y= 4 features is practically the original Kérting form 
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Method ‘“‘C.”—In this design the two girders or main 
beams carrying at the forward ends main bearings, as in 
‘“*B,” are continued rearward underneath projecting 
hollow brackets of the cylinder itself ; thus the engine is 
not built up of any vertical sections, but has one whole 
frame for its full length bearing all along on the founda- 
tions ; by this means great solidity and freedom from 
vibration is obtained. The beams at the front end are 
tied together by angle-pieces cast with them, their other 
end being held rigid by the bolting on of the main 
cylinder itself. It must be remembered that with the 
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design of the engine under notice, owing to its being of 
the two-cycle type, arrangements have to be made for 
conveying the gas and air from the charging-pumps to the 
inlet-valves of the operating on ey int eo me | 
any general design under consideration). In the origi: 

Korting engine a se and connections were 
situated in the main itself, and the practice has been 
continued in the new design, with the following excep- 
tion. As originally made, separate pipes springing from 
the bed conveyed the gas and air to the inlet-valve 
casings. These pipes, being situated at either end of the 
cylinder, were objectionable in appearance ; the back one 
also caused a considerable prolongation of the main beam, 
with attendant extra weight and cost, and no compen- 
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sating gain. In the new design such exterior passages are 
incorporated in the cylinder casting itself, securing con- 
siderable simplicity, as in bolting on the cylinder to the 
faces on the main beds the joint is made for the four 


arn charging as well. 
Figs. 14 and 15, page 328; Figs. 16 and 17, page 329; 
and Figs. 18 and 19 and 20 and 21, page 330, show the 


comparison between the original Kérting and the Mather 
and Platt type. 

Considering now the machining of these main beams, it 
will be seen that they present a very straightforward job. 
There are no awkward parts to face ; the whole work can 
be dealt with on a planing-machine at one setting, so 
ensuring the relative accuracy of all parts. An illustra- 
tion is shown of two such beams being tooled on a large 
planing-machine (see Fig. 22, page 331). There is, of course, 
a certain difficulty met with in all designs—viz., the 
machining of the gap for the main bearings square to the 
centre line of the engine ; and in order that this should be 
both an accurate and economical job, a = milling 
head, fitted to one of the tool-boxes of the planing-machine, 
is fed across by the usual means on the cross-slide ; thus 
the bearings are machined out dead square with the rest 
of the work, the table of the planer being cramped during 
the operation. It will therefore be seen that with this 
design the beds are es tooled when they leave the 
planing-machine with the exception of one operation— 


+.e., boring the main bearings—and only require drillin 


and studding for the remainder of the parts to be fit 
to them. e ——_ of boring the main bearings with 
accuracy, ready for the reception of the crank-shaft, is of 


a simplified nature, and as follows :— 

In the original engines the whole frame was transported 
to a horizontal fixed boring-machine, set true in the 
same, and bored as usual. It was found, however, that 
just as much time was taken in setting the frame as in 
the actual operation of boring, und it was decided that 
more time could be saved in setting than boring, and 
economy as well as increased accuracy secured by using a 
portable boring rig. As this could be used about the sho 
wherever the engine-bed had been put do less hand- 
ling of this heavy part was necessary, and the room of 
the fixed boring-machine was also saved (see Fig. 23). 
To use the portable rig in as facile and accurate manner 
as possible, special facings with height snugs are cast on 
the bed below the bearing-gaps, the through—t.e., 
the end-facings of the bearings—are f. accurately on the 
planer in the first operation, thus only a simple boring 
operation without facing is required, and the rig can be 
easily dropped on to these snugs, so at once fixing its cor- 
rect height of centre and clamping up to the face makes it 
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dead square with the centre line of the engine. A great 
saving of time and a greater accuracy of work was the 
result of the utilisation of this device. Such beams area 
straightforward job in the foundry. 

They are, of course, no better than method ‘‘B,” 
Fig. 12, but over method ‘‘ A” considerably less room is 
taken, and the cost per hundredweight of moulding is 
less. Further, only one pattern is required for a pair of 
beams, and whilst this would be no gain for a very large | 
output, still, with the average requirements of the English | 
trade for large engines, it usually proves sufficient. 

On the Continent the author has seen large engine-beds | 
of the German, or “‘ A,” type, in the sand, and he could | 
not help being struck by the great amount of room taken 
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Niirnberg_... See No. 1, Figs. 24 and 25. 
The Korting ... See No. 2, Figs. 26 and 27. 


In the first and well-known type the main feature is 
that all the valve entrances are cast in one with the 
cylinder, the cylinder covers being of plain cylindrical 
jacketed form. 

In the second the cylinder is kept distinct in itself, and 
the covers carry the valve pockets. 

In the earlier days the greatest trouble was experienced 
with strains involving cracks round the valves; thus a 
crack in No. 1 type destroyed the cylinder, whereas in 
the second case a new cover only was required. Further, 
metal suitable for cylinder work is not always right for 
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up in the foundry, also by the large tackle, cranes, &c., | 
required for the weights to be dealt with, and the general 
heavy operating and capital costs. | 

No other important point calls for mention in the beds 
themselves, unless it be the rather peculiar coring neces- | 
sary for the formation of the gas and air passages which 
conduct from the pump line bolted on the bed side to | 
the horizontal face to which the main cylinder is secured. | 
The main crank-bearings are made to incorporate ring | 
oiling from a well, and are of the three-part type wi 
wedge adjustment ; they need no specialcomment. This| 
type of bearing, on all counts, has been found very suc- | 
cessful in practice, running with a minimum of attention 
and oil consumption. 

The Cylinder.—Double-acting gas-engine cylinders are 
broadly of two types :— 


| 


the high stress of combustion-chamber duty ; thus, for 
the first design the mixture is a compound one, but in the 
second case a suitable metal can be used for each duty. 
The author therefore prefers the second method, and as 
it was already adopted in the Kérting engines, as first 
made by his firm, it continued in use with modifications. 
In the older design, in both cases, no liner was , the 
cylinder being cast in one piece, but at an early date. 
however, the two-cycle manufacturers introdu liners 
for large’ sizes with successful results, and the obvious 
advantage of easy replacement in case of wear. The four- 
cycle makers have now brought out a design on similar 
lines. 

In the design of cylinder shown in Figs. 26 and 27 
it will be seen that a liner is fitted—it is in two parte, 
put in from both ends. In small cylinders the liner 
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has not been found at all necessary, for, apart from 
replacement from wear, considerations of strains set up 
in easting in the foundry are the main cause of its 
use in larger engines of the two-cycle le A gas-engine 
cylinder when properly lubricated and using clean gas 
shows but little wear, a 4000- e-horse-power engine 
cylinder after one year’s working showing an ave’ 
wear of +; in., and this is by no means an exceptionally 
good result. 

The cylinder has large hollow side brackets, arranged 
to give a pleasing external appearance; these carry 
within them the necessary gas and air-passages conduct- 
ing from the bed to the inlet-valve at the top, and ends 
of the casting. These passages, starting at the faces of 
the brackets which bolt on to the main beams, curve and 
come out at eitherend of the cylinder, to make joint with 
a similar facing on the cylinder cover, when the latter is 
bolted on, as shown. 

The metal of this cylinder is specially strong, as no 
consideration of internal rubbing surface has to be taken 
into account (the liner being of a different mixture). The 
exhaust outlet is carried through the swell beneath the 
cylinder, with suitable cleaning-doors on either side. The 
circulating water enters at the ends and leaves at the top 
of the cylinder, through the concealed return-pipe, to 
the bed, so securing a clean and unencumbered outside 
appearance, with an absence of pipe-work, so often made 
objectionable by a careless pipe-fitter. The cylinder is 
secured to the beds by the large bolts, and the end-thrust 
is taken up by = cross-keys, the slots for which are 
machined in the by the same type of milling opera- 
tion as the main bearings. 

It will be seen that the machining of the cylinder is a 
simple operation, involving an ordinary boring-machine 
with two double-heads, as shown in the photograph 
(Fig. 29, page 332). The planing of the feet is also simple, 
and is done on the same machine as the main beds. For 
such an operation it is an easy matter to set dead parallel 
with the bore—a very important point. The cylinder 
liner used in large engines is a special hard metal divided 
circumferentially about the middle into two portions, to 
allow for expansion. It is forced into the cylinder from 
both ends, and is held in position by the covers, the 
exhaust-ports being drilled in one-half beforehand. The 
main studs for securing the cover are of special steel, fine- 
threaded, and are put in by hand to ensure an even 
tightness. Machine studding, whilst cheap, is too way, 
and at times tends to set up strains ae a possible 
crack, as, owing to there being no accurate check on the 
drillers, the studs might sometimes be sent in too tight. 

The cylinder is lubricated from eight pipes by oil 

under pressure from an adjustable multi-plunger oiler, a 
method that has worked well in practice, being much 
preferred to the one plunger with multiple feeds. 
_ Cylinder-Corers or Heads.—The general shape of these 
is explained by Fig. 22. In the larger sizes of engines 
they are now usually made of cast steel to obtain a 
higher factor of safety, and as additional precaution 
against irregular mixtures and strains in the iron foundry. 
The author believes that many of the troubles experi- 
enced in the past with cracked parts can be obviated by 
extra care being taken in the foundry both as to design 
and metal mixture used. 

From the design of the head, it will be noted, it is 
arranged to allow for expansion when cooling after casting, 
also when at work, thus avoiding internal strains. It is 
sometimes suggested that two-cycle engines, owing to the 
greater number of active strokes, involve greater tem- 
po strainsin the cylinder covers, but the author can 

1ardly agree to such a view. The number of stresses also 
depends upon the speed, and the two-cycle engines are 
usually run slowly; further, the temperature variations 
are distributed in a better manner than those of the four- 
cycle type, where the inlet and outlet valves are at the 
same end of the cylinder. The ‘‘Gleichstrom” steam- 
engine, now being largely introduced, which works on a 
similar principle to the two-stroke-cycle gas-engine, has a 
similar temperature ient. 

_ [gnition-plugs are fitted in the side of the cylinder-covers 
in duplicate, placed directly opposite to each other, thus 
incidentally allowing of testing in position. This parti- 
cular design was adopted some four years ago, and has 
proved very successful in tice. 

From the constructional point of view it is advanta- 
geous to make the cylinder cover fit either front or back 
end, and be, in fact, good for either hand engine. This 
is secured in this design with the agen situated plugs, 
the facing carrying the ignition bracket being used on the 
other side for the cylinder oiler; the air-starting non- 
return valve is situated on the centre line below. The 
cylinder-cover is carried up at the top as shown, in order 
to form a chamber for the inlet-valve and its removable 
seat, and this portion is shaped at the end, and linable 
with the main cover joint. Thus at one operation the 
joint is made both for main cylinder and gas and air 


passages. 
(To be continued.) 





Tue Japanese Navy.—Vice-Admiral Saito, Japanese 
Minister of Marine, has informed the Japanese Budget 
Commission that a proposed expenditure of 8,800,000/. 
(to be spread over six years from 1911 to 1916 inclusive) 
will only suffice for the construction of a battleship, four 
armoured cruisers, and some torpedo-boat destroyers 
or submarines. The battleship proposed to be constructed 
will have a displacement of 24,000 to 25,000 tons. Of 
the four armoured cruisers one has been ordered from 
the British firm of Messrs. Vickers Sons and i 
Limited. Of the three others one is to be laid down at 
Yokosuka. By 1916 the Japanese Admiralty expects to 
have twenty-nine ironclads and armour-plated cruisers 
under its control. 





FOREIGN ENGINEERING PROJECTS. 


WE give below general data as to a number of colonial 
and foreign engineering projects. Further information 
concerning them can be obtained from the Commercial 
Intelligence Branch, Board of Trade, 43, Basinghall- 
street, E.C. 

Australia: The Commercial Intelligence Branch of the 
Board of Trade are in receipt of a copy of the Act, 
No. 14, of December 24, 1910, of the Queensland Legis- 
lature, providing for raising a loan of 9,991,500/. for rail- 
way extension, as follows:—For the Great Western 
Railway, a projected line, 1282 miles long, across Western 
2 d and connecting with the existing Southern, 

ery Northern i 4,177,000/.; for the 
North t Railway, a —- line 454 miles in length 
along the coast from Roe hampton to Cairns, 2,320,000/.; 
for the Southern, Central, and Northern Railways, 
2,743,500/.; for‘additional railway telegraph lines, 15,000/. ; 
for rolling-stock, 736,000/. The Appropriation Act of 
Queensland for 1910-11, No. 13, of December 24, provides 
for the payment from the Loan Fund Account of 
1,815,316. for railway construction in the southern, 
central, and northern divisions. The Age (Melbourne) 
states that the Victorian Government intend to proceed 
at once with the execution of the pier scheme for the 
improvement of the port of Melbourne. Timber is to be 
used for the piers. 


Queensland : The Commercial Intelligence Branch of 7 


the Board of Trade are in receipt of a copy of an Act, 
No. 27, of 1910, of the Queensland Legislature, authoris- 
ing the construction of a railway from Avondale, on the 
North Coast Railway, to the Invicta sugar factory. The 
length of the line is about 84 miles, and the gauge is to 
be the same as that of the State railways—viz., 3 ft. 6 in. 

Ceylon: With reference to the scheme for the improve- 
ment of the Colombo Lake at a cost of 4,400,000 rupees 
(about 293,000/.) the Board of Trade Correspondent at 
Colombo reports that the my of the Secretary of 
State has been given to the scheme, and to the proposal 
to proceed with the portion of the work in the zone north 
of the lake at once, leaving the question of the further 
development for consideration when public requirements 
call for it. The cost of the part of the scheme to be under- 
taken at once is 3,000,000 rupees (200,000/.). The devo- 
tion of 375,000 rupees (25,000/.) to the extension of the 
lakeside railway accommodation is also approved. 

Netherlands; The Nederlandsche Staatscourant pub- 
lishes the terms of an ment entered into with the 
Tramweg-Maatschappij de Meijerij, whereby the latter 
undertakes to construct light railways (1) from Veghel, by 
way of Eindhoven, to the Belgian frontier, and (2) from 
St. Oedenrode’s to Hertogenbosch (Bois-le-Duc), with a 
branch from St. Michielsgestel to Vught. The conces- 
sionary company will receive various provincial subsidies, 
as well as an advance of 288,681 gulden (about 24,000/.) 
from the State. H.M. Consul at Amsterdam reports that 
plans are under consideration by the local authorities and 
the tramway directors at Groningen for the reconstruc- 
tion of the Groningen-Zuidlaren tramway and its exten- 
sionto Annen, Eext, Grieten, and Bareveld. It has been 
suggested that benzine electro-motors should be employed 
on the line. The cost of reconstruction and extension is 
estimated at 440,000 gulden (about 37,000/.). It is ex- 

ted that the project will be decided upon by April. 
~y the Netherlands Budget Statement for 1911, par- 
ticulars of which were published in the Nederlandsche 
Staatscourant, the following items appear under the head- 
ing of ‘‘ Railways”:—176,000 gulden for the construction 
of a bridge across the Gouwe, near Gouda; 1,100,000 
gulden for a railway from Eindhoven to Weert ; 400,000 
gulden for a line from Heerlen to Valkenburg ; 120,000 
gulden for rebuilding the west viaduct at Amsterdam ; 
and 250,000 gulden for the completion of the railway from 
Gouda to Shoonhoven. (Gulden = 1s. 8d.) 

Spain: The Gaceta de Madrid contains two decrees 
approving an estimate of 620,662 pesetas (about 23,0007.) 
for harbour,works at Huelva during 1911, and an estimate 
of 609,622 pesetas (about 22,500/.) for dredging and 

meral harbour maintenance work at Santander. A 

urther decree authorises the Denia Harbour Board to 
contract a loan of 2,250,000 pesetas (about 83,000/.) for the 
urpose of carrying out urgent harbour works at Denia. 

e loan will be redeemable in 52 years. With reference 
to the concession for the construction and working of a 
railway from Alicante to Alcoy, the Gaceta notifies that, 
as no award has yet been le in t of this conces- 
sion, tenders are again invited, and will be opened at the 
Direccién General de Obras Publicas, Ministerio de 
Fomento, Madrid, on April 12. A deposit of 72,376 

tas (about 2700/.) will be required to qualify tenders. 
Cal representation is ye 5 ih 

Italu: The Sole (Milan) notifies that the Ministry of 
Public Works have sent forward applications for conces- 
sions for the construction and working of the following 
two railways—viz., from Lonate Ceppino to the Swiss 
frontier, and from Spilamberto to Bassano. 

Turkey : With reference to the call for tenders for the 
construction and working of two a H.M. Consul- 
General at Constantinople now reports that the Karaferia- 
Ibelli Railway scheme has been postponed pending further 
survey. With reference to the call by the Turkish 
Ministry of Public Works, Constantinople, for tenders 
for works in connection with the Hindié dam, 
Vilayet, H.M. Consul-General at Constantinople now 
reports that the final date for the receipt of tenders has 
been changed to April 27. ‘ 

Russia: With reference to proposed railway construc- 


Maxim, | tion in Russia, the Official Messenger states that, at a 


meeting of the Ministry of Ways and Communications, 
& programme was approved for the g out of sur- 
veys in t of the construction of 12,990 versts of 


railways during 1911, 1912, and 1913. This will comprise ! 





3340 versts in Eastern European Russia, 1500 versts in 
the south-east, 2200 versts in Central Russia, 1070 versts 
in the south-west, 270 versts in South Euro Russia, 
680 versts in the north, 340 versts in the Caucasus, 
and 3590 versts in Asiatic Russia. The Official Mes- 
senger also notifies that, at a meeting held on Feb- 
ruary 10 and 11 by the Committee for new railways, 
projects were discussed in regard to the construc- 
tion of the following new lines:—Orsha to Nijni- 
Dnyeprovsk (on the terininskoe Railway), distance 
839 versts, estimated cost 61,325,000 roubles ; from Poltava 
in the direction of Konot, distance 230 versts, estimated 
cost 18,231,000 roubles; with a branch line 112 versts long, 
estimated to cost 3,557,000 roubles ; Poltava to Lozov, 176 
versts, estimated cost 13,068,000 roubles, with a branch from 
a suitable = to Nijni-Dnyeprovsk, 50 versts in length, 
at a cost of 3,202,000 roubles ; also a line from Novgorod- 
Syeversk to Nijni-Dnyeprovsk. (Verst = 0.663 mile; 
rouble = 2s. 14d.) 

_ Uruguay: The Diario Oficial contains a decree approv- 
ing the plans submitted by the Compafiia Extensidn al 
Norte del Forrocarril Central del Uruguay for an 
extension of its line up to the Brazilian frontier. The 
same Diario contains a decree approving the estimate 
submitted by the Empresa Constructora del Puerto de 
La Paloma for the carrying out of various metal con- 
structional work in connection with the proposed ship- 
building yard at La Paloma. The estimates amount to 
800 pesos (about 1660/.). It further contains two notices 
accepting the tenders of (1) Messrs. Monteverde and 
Fabini for the construction of a bridge across the Pan de 
Azicar River, near the Barbachana road, at a cost of 
29,564 pesos (about 6300/.) ; and (2) Octavio ‘Ramos Suarez 
for the construction of bridges across the Rivers Chileno, 
Caballero, and Villasboas, in the Department of Darazno, 
at a total cost of 50,035 pesos (about 10,6701. ). 

Mexico: The Diario contains a notice to the effect that 
a 99 years’ concession has been granted to the Compafiia 
Carbonifera del Norte for the construction and working 
of a railway from Barroterdn to the Saltillito collieries. 
Eighteen months are allowed for the completion of the 
line, and during this period the concessionnaires will be 
allowed to import constructional materials free of duty. 

Brazil: With reference to the call for tenders for the 
construction and service of harbour works at Fortaleza, 
in the State of Ceard, the British Acting Consul-General 
at Rio de Janeiro (Mr. E. Hambloch) reports that the 
competition has been annulled. The Diario Official con- 
tains a decree, No. 8531, approving the estimate of 
193,445 milreis (about 13,000/.), submitted by the Santos 
Dock Company for the purchase of two locomotives, ten 
oe wageas, and other rolling-stock intended for the 

tos Harbour railway lines. It also contains decree 
No, 8529, opening in favour of the Ministry of Communi- 
cations and Public Works a credit of 700,000 milreis 
(about 47,0007.) for the construction of a railway from 
Cruz Alta to the mouth of the Ijuhy River. 

Argentine Republic: The Boletin contains a decree 

approvin the plans submitted by the Argentine North- 
Eastern Railway Company for the construction of a 
section of line from Concordia to Concepcién del 
Uruguay. It also contains a decree approving the con- 
tract entered into between the General Directorate of 
Irrigation and the Government of the province of Jujuy 
for the construction of the Las Maderas and La Cienaga 
dams, a8 well as for the establishment of water works and 
the laying of water mains. Further, a decree approving 
the plans relative to an extension of the Buenos Aires 
Western Railway from ual in a westerly direction to 
the vicinity of the Atuel River. 
_ Japan: With reference to the programme of railway 
improvement outlined in the Japanese Budget for 1911-12, 
in which is included the conversion of the Tokyo-Shimo- 
noseki line to broad gauge, the British Acting Commer- 
cial Attaché at Yokohama has now furnished details of 
the expenditure in connection with this conversion. Of 
the total estimated cost of 230,000,000 yen (about 
23,479,000/.), 44,295,000 yen is provided for rolling-stock, 
43,066,519 yen for bridges, 29,038,080 yen for rails, 
28,909,621 yen for land, 19,068,912 yen for engineering 
work, 27,066,210 yen for tunnels, ond 38,555,658 yen for 
other expenditure. (Yen = 2s. 04d.) 

Netherlands East Indies: The Nieuwe Rotterdamsche 
Courant notifies that it is proposed to increase the current 
os of the Netherlands East Indies by 1,000,000 
gulden (83,000/.), for the pu of beginning work on 
the construction of a railway from Telok Betong (Island 
of Sumatra), to run in a northerly direction to Praboe 
Moelih, where it will join a line which connects Palem- 
bang with Moeara Enim. The Bulletin Commercial 
(Brussels) notifies, on the authority of the Belgian Consul 
at a in order to cope with the rapid develop- 
ment of Djokjakarta, a railway company domiciled in 
Java have decided to construct two sections of steam 
tramway, of which one will serve the district south of 
Djokjakarta, linking up | oeng Kidoel with Koelong 
Progo, and the second will traverse the town of Djokja- 
karta, and terminate at Passar Gede. 





Tue American Society oF MecHanicat ENGINEERS.— 
The sixty-third meeting of this Society will be held in 
Pittsburg, Pa., from May 30 to June 2 inclusive. The 
American Society of Mechanical Engineers is, as is well 
known, & very and important organisation of tech- 
nical and professional engineers, with a membership of 
over 4000 in America and abroad. The headquarters 
are in New York Cy. ane Colonel E. D. Meier, St. 
Louis, is President. Last F oy the Society held a joint 
meeting in England with the Institution of Mechanical 

neers, London. A number of papers are to be read 
sat ——, ——_ h... also bg to the leading 

industria men i i 
Monel Hell ae ta, arnegie Institute, 
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SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE ACT OF 1907. 
The number of views given in the Specification Drawings is stated 
in each case po prong mentioned, the Specification is not 
vated. 
Where inventions are communicated from abroad, the Names, &£c., 
ones 7 apectbontnes cay Ke cbtained at the Patent Office, Sale 
0, 7) ns i i 
ranch, 25, ar coe? aa Buildings, Chancery-lane, W.C., at 


the uniform of 8d. 
The ies of the advertisement of the ance of a Complete 
after abstract, unless the 


Specificatwn is, in each case, given 
‘atent has been sealed, when the date of sealing is given. 
Sate 


a9 person may, at any time within two months from the 
py toy oy Hs ept of a Complete Specification, 
ive notice at the latent Offes of opposition to the grant of 4 

atent on any of the grounds mentioned in the Act. ; 
ELECTRICAL APPARATUS. 


Aktiengesellschaft Brown Boveri et 
* Switzerland, Polyphase Commutator 

5 Figs.) January 24, 1910.—This invention relates 
to compensating windings for polyphase commutator machines 
with drum armatures in which a volume of current is required in 
the stator for compensating an armature current, the volume of 
current including at least three current ny vom According to 
the invention, the compensating winding is formed by a drum- 





1768/10. 


i? 


portion A B (Fig. 3); that is to say, every six bars or conductors 
of the rotor have to be compensated by four bars or conductors of 
the stator. The bars or conductors which compensate each other 
in Figs. 2 and 8 are enclosed by the circles b. If Figs. 2 and 3 be 
compared with the diagram shown in Fig. 1, and if the vectors of 
the currents flowing.in the 6 and 4 circuits of the rotor and stator 
respectively be combined, the diagram shown in Fig. 4 will result. 
From this it will be seen that the vectorial suin of the four vectors 
of the stator currents J balances the six vectors of the rotor cur- 
rents i; that is say, the resultant of the currents i is equal to 
the resultant of the currents J and is of opposite direction. The 
two strands of the compensating winding would form two per- 
fectly independent desih or self-contained windings if they were 
not cut open anywhere, which can easily be appreciated if it is 


ints where the circles @ are shown. These two windings are, 
owever, cut open at the points indicated by these circles a, an 
the portions thus produced are so ted by the 8 Uy}, 
Ug, and ws that each brush current flows in series through one 
portion of one strand and then through a portion of the other 
strand. The stator winding can be constructed as a loop or 
multiple circuit-winding or as a wave winding two (circuit-wind- 

ing). ecepted January 18, 1911.) 
da 


179/09. A, F. Berry, Easling. Transmission an 
Disiribation Systems. (6 Figs.] October 11, 1909.—This 
invention has reference to electrical transmission and distribu- 
tion systems of the kind wherein there is used, in connection with 
a static transformer at a distributing point, an electrically- 
operated switch device, whereby, upon the load on the secondary 
distributing — falling below a predetermined value, or 
ceasing altogether, a supplementary transformer, or a controlling 
winding having considerable impedance, will be placed in series 
tion with the primary winding of the main transformer, so 








winding consisting of two or more spacially parallel st or 
conductors, the separate phase currents flowing in series through 

rts of the different strands or conductors. In Fig. 1, 7), 7, ® 
ndicatethe vectors of the three armature currents. The vectors 
J!, J2, 3indicate the line currents, which, after leaving the brushes, 
flow through the various circuits of the compensating winding. In 
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Fig. 2 the armature current #! is indicated by full lines(connecting 
the ends of the armature bars), whilst the armature current 7 is 
indicated by dash-lines, and the armature current ® by chain-lines. 
Fig. 3 shows a compensating winding which is capable of com- 
rae the armature shown in . 2. The line-currents 

1, J2, J3 flow through the compensating winding shown in Fig. 3. 
This winding is formed of two spacially parallel strands, one 
indicated by thick and the other by thin lines. The conductors 
connected to brush J! are shown in full lines, those connected to 
J? by dash-lines, and those connected to J® by chain-lines. 
Tt can —_ be ascertained from Figs, 1 to 4 that the stator field 
shown in Fig. 3 compensates the armature field shown in Fig. 2. 
Twenty-four bars or conductors are in the A, B of 


that in each case the main transformer will be put out of effective 
use without disconnecting it from the supply and distributing 
mains. The present invention has for object to protect the main 
transformers Com the effects of high-tension electricity, such as 
that due to lightning and electri surging. For this purpose, 
the relay winding a and the primary winding d of the supplemen- 
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tary transformer d,e, or the relay winding and the controlling 
winding, according to the particular arrangement adopted, are 
connected in circuit at opposite ends of the primary winding b of 
the main transformer b, ¢ ; and in {conjunction with the relay 
winding and the supplementary primary winding, or with the 
relay winding and the controlling winding, as the case may be, 
there are provided yo hp h, hi, h®, or equivalent electrical 
discharging devices, whereby dangerous high-tension electricity 
ean readily discharge to earth without passing through the 
primary winding of the main transformer, and thereby injuring 
this transformer. In lieu of, or in addition to, the spark-gaps pro- 
vided in conjunction with the windings, as just described, the 
cores of the windings, or adjacent parts of the transformer, may 
be connected to a suitable spark-gap or gaps, or to known light- 
ning-disc’ appliances, so that high-tension electricity can dis- 
charge through such parts to earth. (Accepted January 18, 1911.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


9708/10, E. W. Lewis, Coventry. Carburettors. 
{1 Fig.) April 21, 1910.—This invention relates to multiple-jet 
carburettors for internal-combustion engines. According to this 
invention, the choke-tube for one jet forms the valve cutting off 
the next jet from the carburetting chamber. The choke-tube may 
be worked automatically. The first jet A is ee concentric- 
ally with the jet-chamber, and around it may located the 
choke-tube C, which may stand vertically in a passage B of larger 
diameter. The choke-tube is formed with a flange D, which seats 
at the top of this passage, and normally cuts off the passage from 
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imagined that. the windings are initially connected at the crossing- | po 


perforated, and carries a spindle H_ surrounded by a ing J 
engaging some adjustable abutment K ; the spindle may be ope- 
rai by hand, or the valve may move automatically under varia- 
tion b. — in the carburetting chamber. (Accepted January 
18, 1911. 


MINING, METALLURGY, AND METAL- 
‘WORKING. 


16,928/10. Thwaites Brothers, Limi and G. 

. Bradford. Pneumatic Power- 
{9 Figs.] July 15, 1910.—This invention relates to pneumatic 
power-hammers having single-acting cylinders connected to the 
usual hammer cylinder by means of a valve-chamber and suitable 
rts. The invention lies in the special arrangement of the valve 


mechanism and ports in the valve-chamber and cylinders whereby 


d | all the different functions, such as the regulation of the strength 


of the blows and the holding up of the hammer and the holding 
down of the hammer, are easily brought about, and in the arrange- 
ment whereby the valve allows the pump to run free both when 
in the non-working position of the former and during holding up 
and holding down, so long as the necessary pressure is maintained 
in the hammer cylinder. A valve-chamber 4 is provided on the 
pump side with one port 5, while on the hammer side it is provided 
with ports 6 and 7 leading to the top and bottom of the hammer 
cylinder 3 respectively, with a central ety 8 leading to the atmo- 
sphere and a port 9. The valve-chamber 4 is provided with an 
outer valve 10 and an inner valve 11, the latter of which contains 
two non-return valves 12 and 13. The valve 10 is provided on each 
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side with acentral port 14 and 15, and at each end, on the hammer 
cylinder side, with ports 16 and 17, and with a further port 18, 
which with the port 9 in the valve-chamber permits communica- 
tion at certain times between the central port 15 and the port 6. 
The valve 11 is provided with a central port 19 in communication, 
by means of the non-return valves 12 and 13, with chambers 20 and 
21 respectively, while these chambers 20 and 21 are provided on 
both the pump and hammer sides with ports 22 and 23 and 24 and 
25 respectively. The valve 11 is controlled by a spindle 26, which 
is provided with a small piston 27 which works inside a dashpot, 
which at each end is provided with a spring and with ports. 
These ports communicate with ports 35 and 36 in the hammer 
cylinder. The spindle 26 is connected by a link toa bell-crank 
lever pivoted on the hammer frame and provided with a suitable 
handle and pawl device, which latter works over a rack. Between 
the bell-crank lever and the link there is preferably arranged 
means for permitting a certain amount of play so as to permit of 
the spindle 26 being operated to a limited extent independently 
of the handle or bell-crank lever. The valve 10 is connected to a 
bell-crank or similar lever operated by means of a lift-rod and con- 
trolled by a foot-treadle. (Accepted January 18, 1911.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


2278/10. Davy Brothers, Limited, and T. E. Holmes, 
Sheffield. Presses. (2 Figs.) January 29, 1910. 
—This invention relates to the well-known “ becking” — 
used in connection with the manufacture of railway wheel-tyres. 
A is the anvil of the press; B the becking-horn projecting, with 
an upward inclination, from the face of the anvil; and C represents 
atyre-ring. Dis the vertically reciprocating tup carried by the 
press crosshead, The device of the present invention comprises 
two main members : first, a long crowbar or hand lever J extend- 
ing 7 at right angles to the plane of the tyre ring Cc 
(as the latter, hanging from the becking-horn B, rests in an 
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the carburetting chamber above, except through the small choke- 
tube. The second jet-nozzle E is located in the passage B, but no 
air can pass by it unless the choke-tube and its flange is raised. 
Thus the choke-tube is formed to do duty both asa choke-tube 
and asa valve. By varying the length of the choke-tube below 
the top of the jet-nozzle, as at IF, the effect may be varied, as by 
this means the height to which the choke-tube has to be raised to 
bring it above the jet-nozzle can be varied. When above the jet- 
nozzle the velocity of the air ing the first jet is considerably 
lower, and less petrol will be drawn from this jet under such cir- 





the rotor (Fig. 2), whilst sixteen bars are arranged in the stator 


cumstances, Preferably; the top of the choke-tube is domed and | 


inclined position against the face of the anvil, as usual), the toe of 
the said lever being inserted by the operator beneath the tyre, 
at the rising side thereof, in readiness to hitch the tyre round when 
the point of the lever is lifted ; and, secondly, a suspension 
device M, K, slung from the press crosshead, and engaging beneath 
the hand lever near its toe. By means of this simple contrivance, 
as the suspension device rises along with the erosshead, whilst 
the operator (by bearing down upon the long arm of the hand 
lever J) prevents the outer end of the lever from rising, the toe 
of the lever iscaused to engage and lift the tyre C in such manner 
ag to effect the turning operation. (Accepted December 31, 1910, 
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STONE BREAKERS. Boyle's 33 “Air-Pump ’ Ventilators 


THE . BLAKE-MARSDEN” IS THE STANDARD OF THE WORLD. Have Double the Extracting Power of earlier forms. 


80 Gold and Silver Medals (all Highest Awards). LORD KELVIN. ‘I have seen several different forms of Mr. Boyle's ‘ Air-Pump’ Ventilator in actua) 
° é ) operation, and have much pleasure in testifying to their efficiency.” 1199. 


THE RESULT of 50 years’ —> ter capacity, stronger, more durable and 


more rigid than any other. ‘Used in all the leading oad Stone Quarries, Mines,| ROBERT BOYLE & SON, 64, Holborn Viaduct, LONDON. 440, Bothwell St, GLASGOW, 
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VEL. By arrangemcrt with Messrs. the Pratt & Whitney Co., V =. 
om Hartford, Conn. U.S.A. 
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Twisted from a | Phe TWISTED DRILLS. 


Flat Steel Bar. Sizes 5/g in. to 3 iv, rising in 1/64 in, 
Also m/m Sizes, 


SEND FOR LIST. 
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The cheapest, most power- 
ful, and most economical Drill 


on the market. 
ADOPTED BY OVER 50 RAILWAY CO.’S THROUCHOUT THE WORLD. 


Possesses pronounced features of decided advantage not found in any other Stone Breaker. It has the longest Isfe. 
COMPLETE STONE BREAKING PLANTS, ELEVATORS, and MANGANESE 


Mapes: beers ieecseaaan VICKERS, SONS & MAXIM, in. 


class of Machinery. 
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RAPID BOLT, RIVET, AND SCREWING, TAPPING, AND 
NUT FORGING MACHINES. | OTHER FINISHING MACHINES. 


MACHINERY FOR BRIGHT BOLTS AND NUTS. 


Agent fiir Deutschland: TH. BOOK, Elberfeld. 9091 
Agent pour la France: FERNAND PERDRIZET, 102, Rue de Maubeuge, Paris. 


H ADFI FLD’ S STEEL FOUNDRY CO., LD., 
SHEFFIELD. 
TRAMWAY TRACK WORK. STONE & ORE CRUSHING MACHINERY. 
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HYDRAULIC CYLINDERS. 
CASTINGS FOR BRIDGES. 


SOLE MAKERS of 
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THE NAVY ESTIMATES. 


Tur Navy Estimates for the coming financial 
year, and the Memorandum of the First Lord of 
the Admiralty, explanatory of these estimates, were 
issued on Th y evening, the 9th inst., on 
exactly the same date as the estimates for the 
current year were published twelve months ago. 
An examination of the figures shows that the pro- 
vision made for the maintenance of the fleet is 
moderately satisfactory; and in respect of new 
construction it must be confessed that the addition 
proposed is not a whit more than is absolutely 
essential. Many, indeed, will be inclined to the 
view that seven instead of five armoured ships 
would have been more in accordance with immediate 
necessity. The total expenditure proposed is 
44,392,500/., a net increase of 3,788,800. The 
total is the largest yet reached, and is truly a 
stupendous figure, but nevertheless unavoidable. 
The provision for new shipbuilding, for repairing 
and maintaining the Fleet, and for armament, also 
attains a maximum, being just over 264 millions 
sterling. For new construction only the total is 
18} millions sterling, including hull, machinery, 
armour, and armament. This latter figure is nearly 
2} millions more than in the current year. It is, 
however, easy to prove that these additions are 
clearly justified if we are to maintain our position 
relative to foreign Powers. In nearly every 
maritime country there has been augmentation in 
expenditure on navies, and no nation is so de- 
pendent upon its fleet as is the United King- 
dom, because, as Sir Arthur Wilson, in his 
recent note, pointed out:—‘‘The real serious 
danger that this country has to guard against in 
war is not invasion, but interruption of our trade 
and destruction of our merchant shipping ;” and 
this danger can only be met by our maintaining 
inviolable our absolute command of the sea. This, 
again, cannot be achieved without preparation in 
peace time, which involves an expenditure progress- 
ing at least proportionately with that of foreign 
Powers, and almost necessarily at a greater rate. 

In order to obviate the influence of fluctuations 
in comparison, we may take the expenditure for 
periods of five years—say, from 1900 to 1904 inclu- 
sive—during which the first step was made to create 
a new fleet in Germany. The annual total expen- 
diture on the German Navy during those years was 
10 millions sterling; but during the five years 
1907-1912 (including the estimates for next year) 
the provision averages 18} millions sterling per 
annum. We have, therefore, an increase in the 
average expenditure of 8? millions, equal to 87 per 
cent. It must be recognised, too, that the augmen- 
tation has been steady year by year—from 7} 
millions in 1900-1 to 22} millions for the ensuing 
financial year. In the case of Britain, on the other 
hand, there have been fluctuations, as shown in 

‘able III., on the next page, the causes of which 
we need not enter upon here. Thus, in the 
first quinquennial period which we have taken 
there was a range in expenditure from 31 millions 
to nearly 37 millions, and since then the expendi- 
ture dropped again to nearly 31 millions. The 
average for the first five years of the century was 
under 33 millions, whereas for the five years which 
will end with March, 1912, the average works out at 
36.83 millions, so that our rate of increase has been 
comparatively small. Moreover, it must be borne 
in mind that, while the 44,392,500/. looks so large, 
it is barely 14 millions more than in 1900, whereas 
the German estimates have increased in the same 
period from 7} millions to 22} millions sterling, our 
increase being about 50 per cent., against 300 per 
cent. inGermany. The total in the case of Britain, 
it must also be remembered, includes a large number 
of charges which are borne by the civil estimates in 
Germany ; these include pensions and similar items 
which are debited to the Navy Estimates in this 
country, and are an increasing quantity. 

A fairer estimate of the advance is in the amount 
voted for new construction, and here the advance of 
Germany is much more pronounced. In the next 
twelve months Germany is to spend 12} millions 
on new construction, whereas our vote is to be 
18} millions. During the past ten years the British 
vote for new construction and armament has 
fluctuated between 10 millions and the figure just 
named. Again, the average during quinquennial 
periods forms a fairer basis of comparison. The 
average annual sums spent on new construction and 
armaments in the British Navy during the first 
five years of the century was about 13 millions 





sterling, and for the five years ending March, 1912, 
it will be 12} millions. This is due to our diminished 
expenditure in 1908 and 1909. In the case of 
Germany the annual sum in the earlier period was 
4.68 millions, and will be for the five years ending 
in March, 1912, as much as 10 millions sterling. 
Thus, while our average has not gone up on the 
average, that for Germany has more than doubled. 
In their case there has been a steady rise from 
3.4 millions in 1900 to 12} millions for next year. 
Beyond all this there is further justification for 
augmenting our expenditure in the progress of the 
naval power of other Continental nations, which 
may become allied against us in the future, so that 
we have to consider not only the advancement of 
one single Power, but, as has always been regarded 
as essential, the possible combination of two or more 
Powers. From all standpoints the increase in the 
Navy vote cannot be regarded as other than the 
least possible consistent with safety. 

There is justification for not going beyond the 
requirement of the moment, because, in the muni- 
tions of war, perhaps more than in other branches 
of applied science, progress is continuous, and 
changes sometimes affect design to a very marked 
degree. Lord Fisher, when at the Admiralty, 
while insistent in the prosecution of his aim to 
maintain our supremacy, showed considerable pru- 
dence in delaying, as long as possible, the laying 
down of ships, to meet those projected by ‘‘ our 
friend the enemy.” Indeed, he was at times 
severely criticised, in some degree misjudged ; but 
so long as there is confidence that the Admiralty 
are well informed of each step taken by our com- 
petitors, and are conscientious in fulfilment of their 
duty to meet timeously such moves, all is well ; 
because, provided our ships are ready when they are 
needed, it is important that they should embody the 
last word in design. We are not, however, with those 
who think that it is essentially necessary for the pro- 
fessional officers of the Admiralty to know the de- 
velopments embodied in foreign design. Past history 
and the present state of tne in British 
naval construction show that they are sufficiently 
capable of anticipating in every detail developments 
which are made abroad. The consequence is that 
when our ships are laid down contemporaneously- 
even before those of our competitors—our vessels, 
when completed, are certain to be superior in all 
elements which constitute the efliciency of the 
warship. Much is claimed for foreign ships and 
foreign guns, but we are convinced that if com- 
— is made with work simultaneously put in 

and, the British product will establish a marked 
superiority. 

The new ships te be laid down include five 
armoured ships, one of which, we understand, is 
to be a battleship cruiser; and of the five, two 
(battleships) will be constructed in the Royal Dock- 

ards, leaving three to be constructed by contract. 
There will also be three protected cruisers, and 
one unarmoured cruiser—-the last to be built at 
Pembroke Dockyard, and the others by contract ; 
twenty destroyers, all to be constructed by contract ; 
six submarines, two of which will be constructed 
at the Chatham Dockyard ; two river gun-boats, to 
be built by contract ; a dépét ship for destroyers 
and a hospital ship, both for contractors. In 
addition to these fighting ships, there are a 
number of other vessels of miscellaneous non-com- 
batant types, including a mooring lighter to be 
laid down at Gibraltar, two lighters for ashes to 
be constructed at the same port, and a lighter for 
ashes to be built at Sydney; while by contract 
there will be constructed a floating-dock, two tug- 
boats, two mooring lighters, and sundry small craft. 

Perhaps the most interesting feature of the new 
work is that the warships will be laid down at an 
earlier period in the financial year than was the 
case with the new ships of the current year’s pro- 
gramme. Thus, for the two dockyard battleships, 
sums of 182,2891. and 171,51561. have been ear- 
marked, as compared with 96,0001. odd for each of 
the two vessels recently laid down in the dockyards 
under the current year’s programme ; while for the 
three armoured ships to be built by contract the 
sums ear-marked are, for each battleship, 78,0001. 
odd ; and for the armoured cruiser 70,0001., as com- 

ed with sums varying from 38,0001. to 48,0001. 
or the corresponding ships of the current year’s 
programme. The Pembroke ship will be laid down 
fairly early, as nearly 77,0001. is provided for it, 
but for each of the three unarmoured cruisers for 
the contractors rather less than 28,0001. is pro- 
vided. For each of the 20 torpedo-boat destroyers 





the sum provided is 30,0001.; for each of the four 
contract submarine-boats 40001. For the other 
ships a very small proportion of the total cost is 
arranged for, with the one exception of the dépét 
ship for torpedo-boat destroyers, for which 46,000!. 
is allocated. Thus for the new programme 
1,738,6451. is allocated, a much larger sum than 
for the equally costly list of new ships provided 
for a year ago. In the appended table we give 
the numbers of the ships building and projected :— 


TaBLE I.—Ships Building and Projected. 


Unarmoured . 
— Amount and Protected Destroyers. a 
PS. Ships. : 
In dockyards : 
To complete 2 2 2 
To advance. . 2 2 2 
To commence 2 1 2 
By contract : 
To complete 6 4 29 4 
To advance.. 3 | 3 4 
To commence 3 3 20 4 
Total. .. 18 l4 52 18 


From this it will be seen that before the end of 
the next financial year there will be completed six 
battleships, two armoured cruisers, four unarmoured 
or protected cruisers, 29 destroyers, and six sub- 
marine-boats, which constitute quite a satisfactory 
addition for any year. But it must be remem- 
bered that we will be profiting by the pressure 
which was brought to bear on the Admiralty and 
the Government fifteen months ago, when it was 
realised that Germany had taken measures to 
anticipate the programme originally arranged for, 
and had laid down some of the ships in advance 
of the naval law. Thus the Admiralty, while 
providing unreservedly for four armoured ships, 
arranged for laying down four more armoured ships 
in the event of the conditions abroad justifying this 
step. These provisional ships were laid down, and 
thus the total of protected ships to be completed 
within the next twelve months includes eight ships. 
Progress, too, has been stimulated in the provision 
of torpedo-boat destroyers, so that we have 28 
vessels to be added within the closing financial year, 
and 29 during the ensuing year. us within two 
years ending March, 1912, we shall have added to 
the Fleet ten armoured ships, of which seven are 
battleships and three armoured cruisers ; twelve 
a or unarmoured cruisers, of which nine 

elong to the ‘‘ Town” class ; 57 destroyers ; and 
nine submarine-boats. This, for two years’ work, 
is quite satisfactory, but there are those who con- 
sider, and that rightly, that it is by no means in 
excess of the requirements, and that this rate of 
augmenting the Fleet should continue. 

As regards the ships to be completed during the 
next year, the progress made has been most satis- 
factory, notwithstanding interruptions in the con- 
tractors’ yards, due to the prolonged dispute with 
the iron-shipyard workers. An examination of the 
details given in the estimates shows that in the case 
of the Orion, which is being built at Portsmouth 
and engined by the Wallsend Company, the. pro- 
gress has been quite up to expectation, while’ in 
respect of the Lion, which is being built at Devon- 
port and engined by the Vickers Company, ail the 
money voted for the hull has been earned, while 
the Vickées Company have succeeded in earning a 
larger sum than was originally anticipated, so that 
there is every reason to believe that both shi 
will be commissioned by November next. In the 
case of .the Hercules and Colossus, which were 
ordered early in the financial year 1909-10, the 
Palmers Company and Messrs. Scott have made 
satisfactory progress. The former ship has completed 
her steam trials, and the latter is now running her 
steam trials, and it is not improbable that, although 
the date of delivery does not expire until July, both 
ships will be ready for commissioning before the 
Coronation Review at Spithead. As to the four 
contingent ships, the money vote has on the average 
been more than earned, so that here again there 
is a certainty of all the four ships being completed 
within two years of the laying of the keel, exclud- 
ing unexpected contingencies. In the case of the 
colenesinn-bante under order at Chatham the prob- 
able expenditure of 137,5001. falls short by nearly 
40,0001. of the sum voted. As regards the sums 
allowed for the unarmoured ships to be completed 
there is evidence, from the financial statement, of 
slight delay. But the First Lord’s statement 
to the effect that notwithstanding labour troubles 
‘*it is expected that nearly all the vessels affected 
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will be completed by their contract date” is 
reassuring. 

Very little information is given in the Navy 
Estimates regarding the dimensions or estimated 
total cost of the newer ships. The Neptune, which 
has already been commissioned, is the latest ship 
of which dimensions are given, and here the total 
cost is stated to be 1,715,2581., including arma- 
ment. The displacement of the Dreadnought was 
17,900 tons, and her cost was 1,813,100/.; but it 
must be remembered that this vessel was con- 
structed in record time, and that consequently the 
cost was higher. In the next ships laid down—the 
vessels of the Bellerophon class—the displacement 
was increased to 18,600 tons, and the cost worked 
out at 1,750,000/. The next shi f the St. 
Vincent class—were 19,250 tons and were cheaper, 
the average being about 1,700,000/. Although the 
displacement of the oe age is increased to 19,900 
tons, the price is little more. It must not be 
assumed, however, that this advance in displace- 
ment can proceed without increase in cost, because 
the earlier ships were constructed when material 
was at a low price, owing to the general depression 
in trade. In the case of the Orion, which has a 
displacement of 22,500 tons, the total cost, exclud- 
ing guns, is nearly 200,000/. more than in the 
case of the Neptune, or 1,769,8941., and there 
is every prospect that, including the guns, the 





be worked, or add proportionately to the cost of 
the mountings and machinery. It will be recog- 
nised, of course, that the greater area to be covered 
by armour is an important factor in connection with 
the first of these items ; and it should not be for- 
gotten that our manufacturers have lately materially 
added to the resisting power of the armour, owing 
to the addition of some of the rare metals alloyed 
with steel, and to superior methods of heat treat- 
ment. Cost has, of course, been increased as a 
direct consequence. 


TaBLe II.—Sums Voted for Various Works. 





! 
1911-12. 1910-11. 1909-10. 





Material for dockyard work— ee ae £ 
Metals and metal articles .. .. 1,117,600 1,016,000 974,400 
Electrical, torpedo, &c., apparatus 483,500, 484,000 | 460,200 
Fuel for Fleet on on . . 2,097,500 |1,991,000 1,748,300 

Contract work— 


Propelling machinery .. 4,225,401 |3,907,357 3,028,57 
Auxiliary machinery an .. 102,962 103,047 170,968 
Hulls ne os as . .|4,307,220 |3,602,008 1,954,922 
Armour - a “ . .|2,482,807 2,755,133 997,164 
Gun-mountings and air-compress- 

ing machinery me .. 2,570,910 1,541,002 1,646,739 
Shore machinery - 400,000 235,000 225, 


Naval armaments— 


Guns .. os ae - 1,160,000 1,003,300 711,000 
Projectiles and ammunition 1,210,000 800,000 770,000 
Torpedoes and gun-cotton 308,600 | 329,000 268,400 
Small-arms ~~ “ 428,000 | 235,000 243,400 








over 2} millions sterling. The greater number of 
armoured ships building has also conduced to the 
rise of the sum voted for armour. The total— 
nearly 2} millions—is, however, considerably less 
than in the current year, which is explained by 
the fact that last year armour-plate manufacturers 
were called upon to provide material for eight 
armoured ships, which they have done most ex- 
peditiously, while next year the number of ships 
to be fitted with armour is five—those secentiy 
laid down—and arrangements must be made for 
protective material for five more to be laid down 
eight or nine months hence. It is obvious from 
the figures that while the armour-plate makers 
are busier than for some years, their capacity is by 
no means taxed to their full extent. In the case of 
gun-mountings, however, the conditions are dif- 
ferent. One million sterling more is to be spent 
this year on gun-mountings, gun-shield armour, 
and on air-compressing machinery necessary in 
connection with armament. The vote suggests 
that the Admiralty will, within the next twelve 
months, take the wise precaution of ordering gun- 
mountings for vessels to be laid down in connection 
with the programme of 1912-13. In any case the 
earmarking of a sufficient sum for this important 
unit of armoured ships is commendable, as it 
enables the Admiralty to arrange with our ord- 
nance firms to work at their greatest producing 


TABLE III.—STATEMENT SHOWING THE NUMBERS BORNE AND THE ACTUAL EXPENDITURE ON BRITISH NAVAL SERVICES 


FOR THE YEARS 1902-3 TO 1909-10 (INCLUSIVE) AND THE ESTIMATES FOR 1910-11 AND 1911-12. 
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1902-08 121,870 6,075,015 | 2,022,613 | 243,007 18,183) 96,764 | 62,381 264,171 2,848,812 | 4,435,818 7,601,950 | 3,252,152 1,064,174 | 412,676 298,744 | 780,900 | 1,165,850 | 353,817 6,950 31 pn 
1908-04 | 125,948 6,356,710 | 2,363,431 | 254,706 |14,290| 110,999 | 68,714 | 287,454 | 3,043,217 | 4,719,033 10,832,371 | 3,065,059 | 1,440,200 | 496,626 | 309,863 | 791,617 | 1,191,713 | 357,010 6,464 | 35,709,477 
1904.05 | 130,490 | 6,785,785 | 2:410,030 | 283,164 14,409] 137,745 | 68,183 | 378,879 | 3,019,571 | 5,260,189 |10,071,514 | 3,615,816 | 1,551,630 | 530,268 | 329,149 | 805,888 | 1,219,841 | 375,615 | 21055 | 36.59.6831 
1905-06 | 127,667 6,835,909 | 2,157,427 | 265,457 |13,279] 151,076 | 73,083 | 385,060 | 2,625,285 | 4,905,075 7,781,483 | 2,858,131 | 1,798,635 | 497,529 342,201 | 882,798 | 1,229,098 | 397,750 | 2,565 | 33,151.841 
1906-07 | 127,431 | 7,064,837 | 1,865,994 | 253,274 12,857| 155,706 | 62,328 | 346,201 | 2,490,448 | 3,002,134 8,388,514 | 2,725,458 | 1,759,972 | 404,174 347,034 | 840,779 | 1,276,138 | 384,596 | 1,554 | 31,472'087 
1907-08 | 127,228 7,025,029 | 2,036,956 | 254,442 12,879] 160,198 | 60,342 351,495 | 2,717,202 | 3,345,921 7,452,262 | 2,106,795 | 2,453,573 | 359,012 357,686 | 857,668 | 1,820,856 | 375,292 3,548 | 31°951'156 
1908-09 | 127,009 7,158,415 | 2,374,422 | 258,803 12,521| 158,369 | 66,836 | 365,969 | 3,025,074 | 4,010,655 7,174,464 | 2,081,361 | 2,172,744 | 430,744 365,904 868,666 | 1,334.730 | 366,615 | 10,017 | 32'181'309 
1909-10 | 127,968 7,241,953 | 2,422,677 | 247,161 |11,240] 143,932 | 66,788 363,444 | 3,141,887 | 4,336,938 9,137,848 | 2,452,122 | 2,677,200 | 456,991 | 384,819 | 893,882 | 1,372,186 | 378,529, 4,428 | 35,734,015 
1910-11*, 181,000 7,889,400 | 2,500,300 ,900 10,900] 157,400 | 69,200 372,500 | 3,444,100 | 4,614,100 12,395,400 | 2,781,000 | 2,995,300 | 459,000 | 388,800 | 924,500 | 1,430,400 | 407,500; . | 40,603°700 
1911-12*| 134,000 | 7,511,500 | 2,618,800 | 270,900 3,900] 150,500 | 72,000 ,000 | 8,541,500 | 4,955,400 14,365,300 | 3,721,000 | 3,065,300 | 532,000 | 406,400 | 926,300 | 1,468,200 | 395,500 | 44,392,500 


total cost will be quite a quarter of a million ster- 
ling more, because, in addition to the higher cost 
of guns, there is increased expenditure involved 
in the gun-mountings. The latter costs, however, 
do not by any means increase in the same propor- 
tion as the power of the ordnance. The contract 

rice, for instance, for the five mountings for the 

eptune—each with twin 12-in. guns—is 383,0001., 
as compared with 420,000/. for the five turrets of 
the Orion, manufactured for 13.5-in. guns. It 
must be accepted, therefore, that the firms who 
manufacture gun-mountings are reducing their 
costs to a most satisfactory extent by superior 
methods of manufacture. 

As regards armoured cruisers, the conditions 
exactly correspond. The three vessels of the 
Invincible class, which were built under special 
conditions, and without the usual competition 
among constructing firms, cost on an average about 
1,750,0001., whereas the Indefatigable, which has 
1500 tons greater displacement, being 20 ft. longer, 
cost only 1,536,0001. The Lion, however, which is 
enormously more powerful, not only in gun-power, 
but in machinery power, in order to give a speed of 
28 knots, instead of 26 knots, promises to cost quite 
2,000,0001., as the estimate, excluding guns and 
ordnance stores, is 1,875,2441. The difference, 
however, in the case of the gun-mountings is, in 
this instance, only 30,0001., the total cost he four 
turrets being 313,266/. for 13.54in. guns, as com- 
yared with 287,038/. for the four turrets of the 
fndefatigable, to take twin 12-in. guns. The propel- 
ling machinery, notwithstanding that the power is 
nearly doubled. is costing only 453,000/., as com- 
pared with 363,0C0/. But the hull, in view of the 
greater length (660 ft., as against. 555 ft.), is to cost, 
including armour, 940,000/., as compared with 
650,0001. This conforms with the general laws 
(1) that increased length is one of the principal 


factors in the augmentation of cost ; (2) that the 
machinery charges do not increase pro rata with the 
power, especially in the case of turbines; and (3) 
that the increased weight of the guns themselves 
does not decrease the facility with which they can 














* Estimates. 


Turning to the details of the vote for shipbuilding 
(No. 8), we find that under nearly every heading 
there are important additions, all of which prove 
the desire to advance as rapidly as possible the con- 
struction work already decided upon. In Table II., 
above, we have set out the amount to be expended 
in some of the more important items in connection 
with dockyard and contract work, as well as naval 
armaments. 

As compared with five years ago, the amount 
spent for material for the dockyard ships has 
doubled, and, it should be noted, this does not 
include armour ; while, as compared with two years 
ago, the increase is quite 20 per cent. The vote 
for electrical, torpedo, and other apparatus is a 
fairly stationary sum ; while the important item of 
fuel for the Fleet goes on steadily increasing, the 
advance in five years being half a million sterling. 
This affords some indication of the extent of battle 
practice undertaken by the ships, and is a vote 
which everyone will commend, as it conduces 
greatly to the efficiency of the material placed 
at the disposal of the personnel of the Fleet. The 

ropelling machinery noted under contract work 
includes, of course, the engines and boilers for the 
dockyard-built ships. Five years ago the vote was 
about 2} millions sterling, and it has since advanced, 
as shown in the table, to nearly 4} millions sterling. 
In respect of auxiliary machinery, however, there 
has not been the same increase ; indeed, a reduc- 
tion is shown as compared with four or five years 
ago, the total four years ago having been 217,0001., 
which is more than double that for the ensuing year. 
But on this item there is not the same proportionate 
increase as in the total, since the cost of capstans, 
windlasses, steering gear, tire appliances, &c., does 
_ stag proportionally to the displacement of 
the ship. 

The increased cost of hull, however, is an item 





which must advance with the addition to units under 
construction and to size. This item fluctuates con- | 
siderably. In 1908-9 the total was only 1} millions | 
sterling, whereas for next year it is to be over 
4} millions sterling, the addition in two years being . 





capacity in order to meet the future demands of the 
new shipbuilding programme. 

As regards armament itself, no information is 
vouchsafed as to the number of guns to be ordered, 
which is, perhaps, justifiable in the interests of 
secrecy. The total vote for guns is only 157,000I. 
more than in the previous year, although 450,000I. 
more than two years ago. It is always difficult to 
criticise this vote, because it is undesirable to 
expose to foreign naval authorities the extent of our 
reserve in armament. But it would seem from the 
evidence that a sufficient sum is not being provided, 
especially in view of the extent of gun-practice and 
the wear of guns, and the importance of maintaining 
these guns at the highest efficiency. The vote for 
projectiles and ammunition is 40,000/. more than 
in the preceding four or five years, which should be 
regarded as fairly satisfactory. As regards tor- 
pedoes and gun-cotton for use in these, there is an 
actual decrease of 20,0001. as compared with a 
year ago, although the total is still 40,0001. more 
than two yearsago. Here, again, there is room for 
some doubt as to whether the Admiralty are adopt- 
ing a sufficiently advanced programme, in view of 
the recent acceptance of the 21-in. torpedo; but 
there is not sufficient evidence to justify criticism. 
The amount voted for small-arms, torpedo material, 
maintenance, &c., appears satisfactory, being 
245,0001., which shows a steady advance from the 
114,0001. of five years ago. 

The total of each of the votes, is recorded in 
Table III. Vote A indicates the number of the 
personnel of the Fleet, which is to be increased to 
the extent of 3,000. There is a decrease of one flag 
officer, 20 coastguardsmen on shore, and 225 royal 
marines ; but against this there is to be set an 
addition of 35 commissioned ofticers, 79 subordinate 
officers, 145 warrant officers, 1870 petty officers and 
seamen, and 1117 boys. The First Lord, in his 
Memorandum, indicates that further instructions 
have been promulgated with a view of securing 
greater general uniformity in the training of mid- 
shipmen entered under the new scheme, and that 
the first group of officers will, on passing the neces- 
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ay Sc > attain the rank of sub-lieutenant! changeability of the auxiliary machinery and sepa- 
in 


ynext. Nothing is said regarding improving 
the status of existing engineers in the Fleet. It is 
inted out that there will be an increa-e in the 
number of chief artificer engineers, while ten have 
been advanced to chief rank, which is four more 
than in the preceding year. The new rank of warrant 
mechanician has been instituted, and five mecha- 
nicians have been promoted to warrant rank. 
The examination was the same, it is stated, as 
for the rank of artificer engineer, and ‘‘ the result 
was very satisfactory.” The number of these war- 
rant mechanicians is to be increased, and promo- 
tion will be made in due course. The training 
of boy artificers at Chatham was transferred to 
Devonport in July, and at the same time the 
mechanicians’ training was transferred from Devon- 
port to Chatham. Certain small improvements 
have been introduced into the curriculum of the 
boy artificers. The First Lord’s statement says :— 
‘*In continuation of the policy of extending the 
opportunity of obtaining warrant rank beyond those 
classes of naval ratings to which hitherto this privi- 
lege has been restricted, warrant rank has now 
been introduced for the armourer and electrician 
branches, and the rank of commissioned warrant 
officer has also been established for the latter. The 
opportunity has also been taken to assimilate the 
service qualification for the advancement of elec- 
tricians to the rating of Chief Electrician to that in 
force for engine-room artificers.” 

As regards the other votes recorded in Table III., 
it will be seen that nearly all show increases, but 
most of these additions are automatic, in view of 
the greater number of ships and of the personnel. 
Thus the wages bill has gone up 221,1001.; victual- 
ling and clothing by 118,500/., in part because of 
increased prices; the medical establishment by 
70001.; scientitic services by 28001., due to the 
increased number of charts, chronometers, &c.; 
the naval reserve by 15,5001; the miscellaneous 
effective service by 73,000/., due to increased re- 
quirements for e money, pilotage, and to the 
Coronation Review ; the Admiralty Office vote by 
17,6001., consequent upon additional staff and pro- 
gressive increases due to length of service; the half- 
pay and retired pay by 1800/.; pensions by 37,8001. 

n one or two votes, however, it will be seen that 
there has been a decrease, the most gratifying 
being that appertaining to martial law, this 
decrease being 70001. This is consequent in part 
to reduced requirements for naval prisons at home 
and abroad, due to the closing of prisons in various 

rts; but, in this connection, the First Lord, in 

is Memorandum, makes special reference to the 
improved behaviour of the personnel of the Fleet. 
The sum for education services is less by 69001., 
due to decreased requirements for the training of 
naval cadets, and to the absence of provision for 
the Royal Naval College at Devonport, which has 
been closed ; while there is a decrease in civil super- 
annuation, compensation allowances, gratuities, 
&c., to the extent of 12,0001. 

The only other detail to which reference need be 
made is that appertaining to works. Under this 
heading there is an increase of 70,0001. The works 
at Simon’s Bay have been concluded ; these works 
have been fully illustrated and described in En- 
GINEERING. The Dover works, too, have been com- 
pleted ; they also have been fully illustrated and 
described in ENGINEERING ; this applies also to 
the Keyham Dockyard extension. The Gibraltar 
Dockyard extension works have been finished. The 
most important works in progress are those at 
Portsmouth and Rosyth. During the next financial 
year there is to be spent on the new lock and dock 
at Portsmouth 268, -» which will leave over half 
a million ew to complete the undertaking, 
while 70,0001. will be spent in preparing accommo- 
dation for the battleship floating dock, which will 
be delivered from the builders before the end of 
the financial year. So far, about 350,000/. has 
been expended on the Rosyth naval dépét, and 
the awe during the coming year is to be 
325,0001. ; some idea of the amount of work yet to 
be undertaken is suggested by the fact that the 
further amount required to complete the work is 
~,689,3001. In addition 38,0001. is to be spent next 
ar or m a. “ 

word more may be said regarding the machine 
of the Fleet. The First Lord, in his Seuatiutens 
practically omits all reference to machinery ; but, 
in the Statement of Works appended, it is pointed 
out that the Brown-Curtis turbines of the cruiser 
Rristol gave satisfactory results on trial ; that inter- 


rate parts of the main machinery is being pro- 
vided for in vessels of each type; that additional 
machine-tools have been added to the equip- 
ment of the Assistance and Cyclops; that all 
boilers for armoured ships are being titted to burn 
oil in conjunction with coal, as a consequence of 
success in the smaller ships ; that the torpedo-boat 
destroyers of this year’s programme are —— 
to burn oil only, and that improvements have been 
| made in the oil-burnin fittings ; and, further, that 
experiments at Haslar have enabled a reduction to 
be made in the excessive amount of smoke pro- 
duced when burning bituminous coal in the fur- 
naces of water-tube boilers. As regards internal- 
combustion engines, the following quotation, 
although it does not convey anything very de- 
finite, is yet interesting -—‘‘ Valuable experience 
with the oil-driven dynamo cngines fitted in His 


ELECTRIC POWER ON THE NORTH- 
EAST COAST.—No. II.* 
Swrrcn-Gear. 

Distribution System.—The original distribution 
system of the Newcastle-upon-Tyne Electric Supply 
aw dealt only with part of the city, and con- 
sisted of armoured concentric cables, laid direct in 
the ground, conveying single-phase alternating cur- 
rent at 2000 volts pressure, the transformers being 
situated on the individual consumer's premises. In 
time neighbouring consumers were grquped together 
until finally a network of low-pressure mains was 
laid throughout the city. When, in the year 1900, 
the Newcastle Company and the Walker and Wall- 
send Union Gas oe awe undertook to supply 
electrical energy along the banks of the Tyne 
outside the city, a system of 5500-volt three-phase 





trunk mains, drawn into ducts, was laid down, and 
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Majesty’s ships has been obtained, and the results 
are being closely watched. The initial difficulties 
experienced with the engines of motor-boats using 
heavy oil are being gradually overcome. Small 
petrol or paraffin-driven motor-boats have been 
supplied to two vessels of the destroyer class 
and have proved very useful. All new torpedo- 
boat destroyers will be provided with similar 
boats.” 


In the department of administration, it is pointed 
out that a committee has been appointed, with Sir 
James L. Mackay, G.C.M.G., as chairman, to 
inquire into and report upon the numbers and 
organisation of the Royal Corps of Naval Con- 
structors and certain cognate questions. 





Frenow Prorit-SHARING.—Times have been good of 
late for French coal-mining capitalists, and the Blanzy 
Company, is about to distribute 48,000/. in gratuities to 





its workpeople. 





the supply was reorganised. The trunk mains 
were looped into sub-stations containing static or 
rotary transformers, where the three-phase current 
was transformed from 5500 volts down to 440 
volts for use in works and shipyards, and 480 and 
500 volts direct current for power, lighting, and 
traction. When the North-Rastern Railway con- 
verted its suburban lines to electric traction, addi- 
tional high-pressure mains were laid to feed 
the railway sub-stations, from which direct cur- 
rect at 650 volts was delivered to the third 
rail. Later, as the companies began to give 
a supply in bulk in County Durham, and the 
first generating - station for utilising waste heat 
from coke-ovens was erected at Blaydon, addi- 
tional 5500-volt cables were laid over the high- 
level bridge at Newcastle. So long as the supply 
was confined to the works on either side of the Tyne 


* The first article appeared on February 24, 








338 


ENGINEERING. 


(Marcu 17, 1911. 





this pressure was considered adequate, but the 
commercial results from the operation of the Car- 
ville generating-station encouraged the Newcastle 
and Durham Companies to seek business further 
afield, and it was decided to adopt a pressure of 
20,000 volts for long-distance transmission. Step- 
up transformers were installed at Carville, from 
which 20,000-volt cables were carried across the 
river in a tunnel specially built for the purpose, 
to feed the Durham Company’s system. The 
Newcastle Company also laid a 20,000-volt trunk 
main from Carville northwards, to feed the North- 
umberland colliery district. In the meantime the 
Cleveland and Durham Electric Power Company, 
who, at their Grangetown station, near Middles- 
brough, generated current at 11,000 volts, were 
sale extending their system, and it was decided 
that greater economies and additional security of 
supply would be obtained by joining up the systems 
of all the three power companies. Hence the 
20,000-volt system in County Durham, which had 
hitherto been used for supplying in that county, 
was extended through a tunnel built by the company 
under the River Wear to the north bank of the 
River Tees. Here, by means of 20,000 to 11,000- 
volt transformers at the Casebournes sub-station, 
the system of the Cleveland Company was joined to 
that of the Durham Company, and hence to that 
of the Newcastle Company. A second trunk main, 
giving a duplicate connection between the northern 
and southern area, is about to be laid. 

While these developments were taking place in 
the remoter “pate of the area the original 5500- 
volt system of mains along the north bank of the 
Tyne was rapidly becoming loaded up, but it wae 
relieved by the erection of the Dunston power- 
station on the other side of Newcastle from Carville. 

In addition to the 11,000-volt network at Middles- 
brough 11,000-volt networks are, it will be seen 
from the map given in Fig. 8, on page 337, also in 
use in the northern colliery district between Blyth 
and Seaton Delaval, and also in County Durham 
between Blaydon and Consett. 

In the neighbourhood of the waste-heat stations, 
where current is usually generated at 3000 volts, 
this pressure is often used without transformation 
for driving the larger motors. Some of these small 
3000-volt networks are shown in Fig. 8. 

Transmission System.—There are thus large and 
important systems of mains supplying current at 
no less than four different transmission pressures 
in this district. The principal mains at each 
pressure are shown in the map, together with the 
generating stations and larger sub-stations to which 
they are connected. Some of the smaller networks 
are omitted for the sake of clearness. Each pres- 
sure has its own type of cable and switch-gear, and 
the arrangement of the sub-stations depends on 
the pressures employed in each case. Occasionally 
three pressures, or even four, are to be found in 
the same building. As the design of all the details 
of these systems embodies a good many novel 
features resulting from the experience of the com- 
panies’ engineers, it will be of interest to describe 
separately the apparatus used for each pressure. 

'o summarise, the general particulars of the com- 
bined system are as follow :—Three-phase current 
at 40 cycles per second is generated in the various 
power-stations connected to the system, of which 
there are twelve. At the large stations the generat- 
ing pressure is 5500 volta, but in the waste - heat 
stations energy is generated at 3000 volts, while at 
Grangetown (one of the Cleveland Compeny’s 
stations) it is generated at 11,000 volts. In some 
of the stations it is at once transformed up to 
11,000 or 20,000 volts, at which pressures it is trans- 
mitted throughout the district to the various sub- 
stations, where it is transformed down to 11,000, 
5500, 3000, 600, or 440 volts, or to direct current, 
as the case may be. It will be convenient to con- 
sider the generating-stations’ switchboards first, 
5500 volts being the pressure of the more im- 
portant ; but before doing so, it is necessary to con- 
sider briefly the cable system and the development 
of switch-gear generally, a subject to which less 
attention has mn given than its importance 
merits. 

Switch - Gear. — However good the generatin 
apparatus, and however soundly constructed an 
laid the cables may be, they are always liable to 
accidental damage, and the only safeguard against 
occasional failure of supply lies in a proper design 
of the switch-gear. The original switchboards used 
in electric supply -stations, and adopted at the 
Pandon Dene station, consisted of marble or slate 





panels with the switches fixed on to them. The 
connections were made by means of wires at the 
back of the board, generally with little regard of 
method. The amount of power to be dealt with 
was comparatively small, and air- breaks were 
adopted, with the result that failures and fire were 
not infrequent. When the power developed in 
generating-stations increased, as at the old station 
of the London Electric Supply Corporation at 
Deptford, very bad arcing occurred during switch- 
ing operations ; this led Mr. Ferranti to develop his 
cellular construction for single-phase working, in 
which a concentric cable was brought up through a 
series of slate cells, one above the other, to bus-bars 
at the top of the board, without any crossing of 
connections and with slate divisions between the 
switches. Great as was the improvement repre- 


board a few feet high, as in the earlier stations, it 
is more than 30 ft. over all, and in four storeys, 
extending from floor to roof of the engine-house. 
The cal .es are brought up directly underneath their 
own panels and carried up vertically without cross- 
ing, as in the earlier Ferranti boards. Similar 
switch-work is also used in the older sub-stations of 
the Newcastle Company. A general view of the 
Carville board is given in Fig. 9,on Plate XIX. A 
corresponding type of gear with this has been 
adopted at Dunston. 

Parallel with the introduction and extensive use 
of cellular gear in America and in this country, a 
panel switch-gear had been developed in Germany, 
and Messrs. Brown, Boveri, and Co. and the Allge- 





meine Elektricitéts Gesellschaft, by enlarging the 
panels and enclosing the apparatus at the back of 
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sented by this board, it was not in its original form 
sufficient to deal with the larger powers sub- 
sequently used, and an oil-break was found to be 
necessary, and was added. In this form Ferranti 
switch-gear was, and is, successfully used up to 6000 
volts and to control many hundreds of horse-power. 
In time, however, the steady increase in the 
amount of power to be dealt with by switches led 
to the replacement of slate by cellular construction 
in brickwork or concrete. This system was adopted 
in the United States about 1900, the switches, 
which broke circuit under oil, being operated either 
neumatically or electrically from a small control- 
at a distance. The switchboard adopted at 

the Carville generating-station represented a further 
development of this cellular construction, in which 
the connections were systematically laid out so as 
to avoid any crossing of cables, and instead of a 


|the panel in metal screens, have both produced 
| satisfactory types. Examples of such gear by these 
| makers are to seen in the sub-stations on the North- 
| Kast Coast. 

In the development of sub-station work, however, 
it was found that neither the cellular type, as 
adopted at the earlier stations, nor the panel type 
were entirely ‘‘ fool-proof,” and both necessitated 
regular cleaning, with the potentiality of accidents. 
An improved switch - gear, developed recently, 
obviates this, and up to several thousand horse- 
power, at least, it has shown itself very satisfactory 
with pressures up to 20,000 volts. This is known 
as the Reyrolle ‘* Ironclad” or ‘‘ Armoured” gear, 
and has been largely, though not exclusively, 
adopted in the generating and sub-stations on 
the North-East Coast for pressures up to 12,000 
volts; it is now being used at 20,000 volte, 
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Its adoption means considerable saving in space, 
and, in addition, it is quite ‘‘fool-proof,” and 
requires practically no cleaning. The switches 
themselves are enclosed in oil, and arranged so that 
they cannot be touched, or even withdrawn for 
inspection or cleaning, until the circuit is broken. 
An example of this gear, in use at one of the 
generating-stations, is illustrated in Figs. 10 and 11, 
on Plate XIX. It is proposed now to describe the 
main-station switch-gear at Carville, and then briefly 
to deal with the switch-gear and equipment of the 
different types of sub-stations. 

6000-Volt Switch-Gear at Carville-—At Carville 
6000-volt current is led by three single-core lead- 
covered cables from the terminals of the alternators 
to the bottom chambers of the switchboard. Here 
three sealing-bells are fixed, from which rubber- 
covered cables carried by porcelain supports proceed 
vertically through the various chambers or storeys 
up to the bus-bar gallery at the top of the building. 
Briefly described, the switchboard consists of four 
storeys, making up a total height of 30 ft., the top 


| oil-break contacts have operated. From the main 


| oil-break switches the cables pass to the front of 
the switchboard wall and to the bus-bar selector 
switches, by means of which each generator may be 
connected to either of the two sets of bus-bars. The 
bus-bars run along the back of the gallery, one set 
vertically above the other, the individual bars being 
separa by means of horizontal concrete parti- 
tions. There is a bus-bar isolating-switch connecting 
each cable to each bus-bar. 

The feeders are treated in almost the same way 
as the generator circuits, each having, however, in 
addition, a feeder isolating-switch in its lower 
chamber, and spark-gaps. The main generator 
switches are operated from the control-board situate 
on the main switchboard gallery facing the engine- 
room. The operation of the governors of the various 
turbines and the field-circuits of their exciters are 
also controlled from this board. The feeder-switches, 
however, are operated from the control-room. 

The Control-Room.—In the office building situate 





outside the engine-room is the control-room. From 
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two being devoted to the two sets of bus-bars, the 
third to the main switches, and the lower one to the 
instrument transformers, sealing-bells, and dividing- 
boxes. The gear for each cable is separated from 
its neighbour by vertical 
the top to the bottom of the switchboard, the cross- 
ing of cables being entirely avoided. The whole 
construction is of moulded concrete, painted white, 
the cells being cased in by iron doors. The gallery 
at the back of the board is approachable only 
through locked doors. The cables from the gene- 
rators immediately above the points where they 
enter the lower chambers are connected through 
isolating switches to the potential transformers 
placed in concrete cells. The cables then proceed 
thfough current-transformers, and pass through the 


rtitions which run from | 


this room the operation"of the whole network of 
mains, covering several hundred square miles, 
numerous generating-stations, and some hundreds 
of sub-stations, is controlled. It isin full telephonic 
communication with all points of the system, by 
means of the company’s private telephone network, 
to which more than 300 instruments are connected. 
An interior view of this room is given in Fig. 16, 
on page 338, while Fig. 17, on the same page, shows 
the diagram of the network of mains, which forms a 
feature of the room. This diagram, whose situation 
in relation to the control-board can be seen in 
Fig. 16, keeps the whole system of mains and 
feeders, and their condition at any time, continually 
| before the system engineer. The operating-board 
| deals only with the important feeder cables at Car- 





floor in porcelain insulators to the main oil-break | ville, and its operation represents but a small part 


switches situated on the storey above. 
switches, of British Thomson-Houston manufacture, 
are of the remote-controlled oil-break type, operated 


These | of the numerous operations which are constantly 


taking place in different parts of the system. At 
any moment the system engineer in charge may be 





by means of springs, which, directly the switch | rung up and informed that 5000 or 10,000 addi- 


operates, are wound up by a small direct-current | tional horse- 


wer will shortly be required, as some 


motor ready for the next operation. A very quick | of the plant in a distant generating-station is about 
make and break is thus obtained. Signal-lamps are | to be shut down, and he gives the necessary 
arranged to show whether the switch is open or instructions to the station engineer. Or he may 
closed. The actual break is obtained by means of be informed that certain switching operations have 
copper rods which pass into steel oil-pots and engage |to be made in a sub-station 10 or 15 miles 
with contacts placed at the bottom under the oil. | distant, for which his sanction has first to be 
The main contact is made or broken in air after the | obtained. 





In fact, he is in touch every moment 





with the whole of the changes taking place in the 
connections and operation of the system, all of 
which are immediately registered by him on the 
control diagram, so that at any moment he can tell 
the exact position of all main switches throughout 
the system, and what cables and machinery are in 
use or ‘‘dead.” He is, in fact, in the position of an 
American train-despatcher with the most complex 
network of Jines imaginable. 

As already stated, this control-room at Carville is 
at present used as the central point from which 
the whole of the network is operated. There is, 
however, a second control-room at the new power- 
station of the company, which has recently been 
completed at Dunston. At the present time the 
main function of this is the operation of the 
machinery and feeders at Dunston itself, although 
it is so arranged that, if desirable, it can ultimately 
be used to replace the control-room at Carville. 
It will be seen from the map given in Fig. 8 that 
the two main stations of the company are connected 
by 6000-volt cables both along the north and south 
banks of the river; they are also connected by 
20,000-volt cables indirectly through the network 
in County Durham. The 6000-volt network was 
the one first laid down, and was used for supplying 
the various factories and works along the north 
side of the Tyne, where the operation of the New- 
castle-upon-Tyne Electric Supply Company com- 
menced. Power is transmitted at this pressure to 
a large number of sub-stations, and transformed 
down to either 3000, 600, or to 440 volts, as the 
case may be. 

Sub-Station Switch-Gear.—The switch-gear used 
in the sub-stations is of various types. In the 
earlier stations Brown-Boveri gear was used, of 
the type shown in- Fig. 12, on Plate XX., which 
illustrates the interior of Pandon sub-station. 
Cellular switchboards of this class, containing oil- 
break switches of German or American design, were 
employed in a number of the earlier sub-stations. 

his type of gear has answered well, but it 
occupies a considerable amount of room, is not 
entirely ‘‘ fool - proof,” besides requiring constant 
cleaning. To overcome these objections the power 
companies have, as the result of their wide expe- 
rience of high-tension working, evolved a type 
of switch-gear which, besides obviating both these 
faults, has several other advantages. A brief refer- 
ence to this gear has already been made, but its 
importance in connection with the successful opera- 
tion of these large high-tension networks is so great 
that it merits more detailed attention. In this 
gear the designers have entirely abandoned the use 
of slate or marble panels or bare conductors of any 
kind, and substituted a metal framework and box, 
in which all the conductors are encased. The 
cables enter by ironclad trifurcating - boxes fixed 
underneath the gear at the back, and inside of which 
are fitted the current-transformers. The actual 
oil-switch is mounted on a carriage running on 
steel rails or brackets at the side, so that it can be 
withdrawn for examination, complete with its 
operating-gear, oil-tank, &c. This breaks contact 
on two knife switches, the live contacts being at 
once automatically covered by two cast-iron flaps. 
It isimpossible to break contact, however, until the 
main oil-break switch has been opened, and impos- 
sible to close the oil-break switch until the switch 
has been replaced in position in the contacts. The 
oil-break switch contacts consist of rows of small 
separate blocks about 4 in. in width, arranged with 
self-cleaning sliding contacts. Illustrations of this 
switch-gear are given in Figs. 10 and 11, already 
camel to, in Figs. 14 and 15, on Plate XX., 
which shows the gear as fitted in the Philadelphia 
generating-station, and in Fig. 18, on this page, 
which shows the arrangement of the Armstrong 
Whitworth sub-station. Fig. 13, on Plate XX., is 
of interest as showing the original switchboard in 
Pandon Dene generating -station, the contrast 
between this board and that shown in Figs. 14 
and 15 being very marked. 








TRAVELLING STAGES FOR HARBOUR 
WORK. 

In carrying out certain marine works recently, 
difficulties were encountered by the contractors— 
Messrs. W. Hill and Co., of 58, Victoria-street, 
Westminster—which resulted in the work being 
performed by means of appliances constituting a 
distinct departure from those hitherto employed 
for similar purposes, The works in question were 
the improvement of the entrance channel to the 
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South Harbour at Peterhead, the construction of south to east to the North Sea, and heavy seas|also as interfering with the navigation, which de- 


concrete breakwaters at Whitby, and the deepen 
ing of part of the Naval Harbour at Dover. 
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The workfat Peterhead consisted in deepening 


the entrance channel to the South 
entailed boring and blasting over a 


and wideni 
Harbour, an 


considerable area, The site was exposed from 





broke with practically full force on the site in| manded that the channel should be ca 
south-easterly and southerly gales. Even in fine being quickly cleared when required. 
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weather the water was more often than not con- 
siderably disturbed. It was n that the 
plant used should be able to carry all the requisite 
tools, and also be able to stand exposure to waves, 
which in heavy gales are estimated to range from 
15 ft. to 25 ft. in height. At first the type of 
boring barges used by the contractors on other 
works of a similar character was tried, and 
though found to be sufficiently seaworthy, the 
periods for which these could be worked were 
so limited as to result in excessive loss of 
time. Spud barges were considered too risky, 
owing to the rapid rise of the sea during gales, 
and the dangers attending the use of ae in 
exposed waters. The cost of a satisfactory spud 
barge to meet the conditions at Peterhead was 
thought to be excessive, and the use of any kind of 
temporary fixed staging was impracticable, not 


divers and submarine rock-drills was also out of 
the question commercially, and it was thought that 
the conditions could best be met by a locomotive 
stage designed and patented by Messrs. W. Hill 
and Co. and Mr. R. A. Piercy, the rights of which 
for the United Kingdom are vested absolutely in 
the former. 

The work at Dover consisted in deepening the 


| north-eastern portion of the harbour, where there 


is a bottom of bare chalk, and where the frequent 
disturbance of the water greatly interfered with 
the progress of boring and blasting when done from 
ordinary barges. At Whitby the conditions as 

8 exposure were similar to those at Peter- 
head, although the Soar, or Whitby Rock, a shallow 
ledge to the north-east of the site, probably shel- 
tered the work from the heaviest waves. Here, 
owing to the bed being hard shale, covered only 





only on account of cost and attendant risks, but 


in places by a thin layer of sand and shingle, there 
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would have been considerable difficulty in obtain- 
ing a hold for ordinary staging so as to make it 
strong enough to withstand gales. The same type 
of movable staging was therefore used at Whitby, 
but of different design to meet the different condi- 
tions of the work. 

The locomotive stages used in these works con- 
sist of two framework structures, one within the 
other, and each provided with four spuds. They 
are shown diagrammatically in Figs. 1 to 10, of 
which Figs. 1 to 7 show the stages in elevation, 
and Figs. 8 to 10 show plans. Each group of 
spuds carried by the two frames is able to take 
the whole weight of the stage, while the others 
are lifted off the ground and moved within certain 
limits in either direction. The spuds are mounted 
in vertical guides, one at each corner of the frames, 
which are rectangular in plan. A third essential 
member of the stage consists of another rectan- 
gular frame, shown in the plans, Figs. 8 to 10, 
which moves within the larger outer frame, and 
inside which the smaller frame can be traversed. 
This frame is provided with rollers at each end, 
which run on girder-tracks on the outer frame. It 
is strong enough to bear the weight of either the 
inner or outer frame. The sides of the rolling- 
frame consist of girders spanning the outer frame 
transversely. ese girders provide tracks for 
rollers on the inner frame. Motion is thus provided 
in two directions, the rolling frame moving on the 
outer frame in one direction, and the inner frame 
moving on the rolling frame in a direction at right 
angles to the former motion. 
direction is dependent upon the difference in size of 
the inner and outer frames. 

The small diagrams make the sequence of opera- 
tions clear. Supposing all the frame spuds to be 
down, the inner may be raised and the inner 
frame moved longitudinally and crosswise, if neces- 
sary. When the inner frame has been moved int 
the desired new ition, as in Fig. 3, or to its 
furthest limit in the desired direction, its spuds are 
lowered, and those of the outer frame raised (Fig. 5). 
When clear of the bottom the outer frame may then 
be moved forward, and, if necessary, crosswise rela- 
tively to the inner frame, which for the time carries 
the whole weight. 

The Peterhead stage, of which we give an illus- 
tration in Fig. 11, was designed to carry five heavy 
Ingersoll drills, with the necessary runners, 
winches, pipes, and other gear, and to provide a 
platform for the working crew, power for the 
drills being supplied from the shore by means of 
congualedl air led through pipes. The whole of 
the gear was carried by the inner frame. The 
outer frame was 34 ft. 6 in. long. with a width of 
23 ft.5in. It stood 26 ft. 1 in. high, and was con- 
structed of steel joists and angles, with gusset and 
corner plates. The side members forming the 
track for the rolling frame were of 10 in. by 6 in. 
by 42 Ib. section. At each corner the spuds moved 
vertically through holes cut in the corner plates at 
the upper, middle, and lower levels. The rolling 
frame measured 23 ft. 10 in. by 23 ft., the side 
members being of 10 in. by 6 in. by 42 lb. section, 
whilst the end members were rather lighter. At 
each corner of this frame two heavy rollers were 
placed, vertically 1 ft. 7 in. centre to centre, and 
set to run on the upper or under side of the girder 
tracks of the outer frame ; similar provision was 
also made on the inner frame, which measured 23 ft. 
long by 15 ft., and was 29 ft. Bin. high. The 
rollers on the inner frame ran on either the per 
or under side of the cross-tracks of the rolling 
frame, according to the movement being executed. 
The hauling of the frames was done with winches 
and wire-rope tackle. The spuds, placed at the 
corners of the frames, were of 12in. by 12 in. pitch- 
pine timbers, 39 ft. long for the outer, and 43 ft. 
long for the inner frame. At the top each was 
fitted with a 44-in. screw, about 14 ft. long, running 
through a nut carried in bearings in the frames. 
These spud-nuts were worked by hand with bevel 
gear, and the spuds were forced down to take the 
weight of the structure, or lifted, by turning 
the nuts in the required sense. 

The possible movement with this stage was about 
6 ft. in both directions. On good ground the com- 
plete operation of moving this distance forward and 
sideways, if necessary, could be accomplished in 


half-an-hour. On bad ground it took longer. It|sides of both frames were 3 ft. above low water, ; 
be|chalk and becoming jammed. To 


does not, of course, matter how uneven the bottom 
is for working a stage of this kind, provided the 
limiting lena of the screws be not exceeded. The 
stage can always be kept level by working the spud 


Travel in either S 


gear. The total weight of the Peterhead stage was 
about 50 tons. The blasting charges used in the 
operation were put into the holes and fired simul- 
taneously from the stage without moving it. No 
damage resulted, although a charge of about 4 lb. 
of dynamite was used per hole, the work, however, 
being always covered by 6 ft. to 20 ft. of water. 
The two stages used at Whitby were constructed 
on the same principle. They are illustrated in 
Fig. 12, page 340, on Plates I. and XXIL., on 
this page, and on e 342. Of the photographs 
reproduced, Figs. 15, 17, 18, and 22 are given by 
the courtesy of the Whitby Gazette. From these 
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figures it will be seen that the stages are con- 
siderably larger, and, while being ae to 
be light in proportion to their size, special atten- 
tion was given to minimising the resistance offered 
to heavy seas. The two stages were alike, the 
forward travel, or stride, being 10 ft., while a 
side travel of 3 ft. provided for the adjustment 
of the centre line of the work. In this case the 
outer frames were 48} ft. square and 33 ft. high. 
These stages are shown in plan in Fig. 12, and in 
elevation in Figs. 13 and 14. The rolling frame 
measured 46 ft. 3 in. by 31 ft. 1 in., and the 
inner frame ft. by 40} ft. The latter was 
of the same height as the outer frame. All 
the top girders, as well as the gear, were 21 ft. 
above high water, so as to be well out of the 
highest wave. The lower bracing girders at the 


those at the ends being 5 ft. higher, so as to 
well clear of the work, as will be explained later. 
The spuds of these frames were 16-in. by 16-in. 
Oregon pine logs, about 37 ft. long, their corners 











being protected by 3-in. by 3-in. by 4-in. angles, 
and the lower ends shod with heavy shale shoes of 
a gee pattern. The top of each spud was fitted 
with a strong casting to take the spud-screw; which 
was 5} in. in diameter, and had a length of 21 ft., 
allowing a lift of 20 ft.6in. The nuts were 8 in. 
deep, and were turned by worm-gear by electric 
motor, shown in Figs. 13 and 14, but not in Fig. 12. 
Figs. 16 and 23 give views in which these various 
features can be made out. The time required for a 
complete move was very considerably reduced by 
thus being able to work the spuds at a much higher 
speed than would have been possible by hand. On 
good grounds the distance travelled in 10 hours 
with an inexperienced crew was 300 ft. ; later it 
was found that a complete move of 10 ft. could be 
made in 15 minutes. The total weight of each 
stage, including the crane, was about 130 tons. 
Both stages were built under a crane on the 
West Pier, close in shore, and ‘‘ walked” out to 
their respective sites for commencing the new 
breakwater. The path followed by one is marked 
in the chart in Fig. 19, which also shows in heavy 
line the new works constructed by the use of 
these stages. Fig. 16 shows one of the stages in 
rocess of walking out, from the position in which 
it was erected, the footsteps left in the sand 
being clearly visible. The west stage travelled 
about 1000 ft., and the east stage 3600 ft., cross- 
ing the harbour mouth on its journey, during 
which it described, as shown in Fig. 19, a circle of 
about 300 ft. radius round the West Pier Light- 
house. No difficulty was experienced in travelling 
over any part of the sea-bed, but progress was 
slightly slower for a short distance seawards of the 
low-water mark, where the spuds went down a 
distance of about 19 ft., and the full length of the 
screws was used. When travelling over the 
hard sand shorewards of the low-water mark, so- 
called sand-shoes were placed under the permanent 
shoes, giving a base of about 12 sq. ft. to each 
spud. These prevented any settlement taking 
place of more than about 4 in., even with water 
washing round the base. Figs. 15 and 18 show the 
stages near the pier-heads. 
The general idea with these Whitby stages was to 
keep them at the head of the work in progress, 
ually moving them seawards. Their ition 
relative to the work may be gathered from Fig. 20, 
annexed, from Fig. 17, and Fig. 22, page 342. Each 
stage was provided with a travelling conveyor, with a 
total jib-length of 100 ft. This ran on two tracks 
laid on the main cross-girders of the outer frame at 
46-ft. 3-in. centres (Figs. 13 and 14), The conveyor 
lifted material off the completed end of the break- 
water and deposited it where wanted (Fig. 20). Power 
to work the motors on the crane and stage was carried 
by cable from the pier-head to a small tower erected 
on the conveyor at about 70 ft. above high-water 
mark, The cable connection is just visible in Fig. 15. 
A section of the pier extensions is shown in 
Fig. 21. The shuttering for the foundations of the 
new breakwaters was set within the structures, as 
shown in Fig. 20, the inside clear dimensions being 
25 ft. by 35 ft. 9 in. It was for this feature of the 
work that the lowest end cross-girders were placed 
on a higher level than the lowest longitudinals (see 
Figs. 13 and 14). The concrete was first laid up 
to a height of about 3 ft. 6 in. above low water, 
and after completion of this work the stage was 
moved on. The concrete above the 3-ft. 6-in. level, 
as well as the timber superstructure, was continued 
outside the stages in sections of suitable length, 
as will be noted in Figs. 17 and 22. The stages 
carried the divers’ pumps, grabs, and other neces- 
| ear for excavation work, &c. 

n Fig. 18 a view is given of the stages in dee 
water at the ends of the piers in fairly rou i 
weather. It was found that when hit by abnormally 
heavy seas nothing more than a slight vibration was 
noticeable. The crest of the waves has never been 
known to reach the top girders, neither have the 
stages been shifted by heavy seas. Should excep- 
tionally severe conditions arise, a few minutcs’ 
work suffices to bring the stages out of all danger. 

The stage being used by the Admiralty at Dover 
is practically the same as the Peterhead stage 
shown in Fig. 11, except that some alterations were 
made in the travelling and spud gear, and that 
shoes of a special type were fitted to the spuds in 
order to prevent them slipping down fissures in the 
revent this 
short pieces of timber were securely bolted across 
the lower end of each spud to form a foot or base 
large enough to span any hole of this kind, into 
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which they might otherwise have sunk. At Dover 
it has been found possible to bore and fire eight sets 
of five holes each during the twenty-four hours, 
the débris being subsequently removed by dredger. 
No interruption whatever has been caused by bad 
weather. 





FEED-WATER HEATING ON 
LOCOMOTIVES.—NO. IV 

In the article published in our issue of the 3rd inst., 
page 271, the subject of coal economy obtained by 
the use of feed-water heating on locomotives of the 
Egyptian State Railways was discussed. It was 
likewise noted there that advantage might also be 
derived from the system by the heavier loading of 
the locomotives. In Table VII., page 272 ante, it is 
shown that engine No. 711, fitted with feed-heaters, 
handles trains of one or more coaches above those 
taken by her sister-engines not so equipped. This 
is also the case with engine No. 694, of which we 
gave illustrations in an earlier article, while it is 
corroborated by Tables V. and VI., page 272, given 
in connection with the trials of engines Nos. 711 
and 695. Engine No. 694 has been consistently 
used on trains of schedule weight above that for 
which her class was built, and we believe it to be 
a well-substantiated fact that these engines are 
capable of being employed on heavier work, or 
will show a saving at equal loads. That this should 
be so would appear probable from a consideration 
of the thermal conditions. We pointed out in the 
first article of the series (page 143 ante) that an 
engine supplied with feed at such temperatures as 
are realised in these locomotives might be expected 
to show an economy of from 14.6 to 15.7 per cent. 
over the injector-fitted engine, solely by reason of 
the high feed temperature. 

That these high temperatures are attained is 
clearly shown by the two logs of runs given in Figs. 
33 and 34 on page 343. Of these two figures, 
the first shows an average feed-water temperature 
throughout the run of 269} deg. Fahr. In this 
diagram it will be noticed that the temperatures 
are high except where stops and slacks occur. If 
the pump is used throughout the run, this is only 
to be expected, for the reason that when steam is 
shut off the exhaust-steam heaters are of no service, 
while the volume of the hot gases passing through 
the smoke-box heater is also reduced. The latter 
heater, however, still performs a useful amount of 
work, and the water entering the boiler is at no 
time shown to be so low as that fed from an injector. 
It is ordinarily the custom with these engines to 
stop the pump before and during station stops, and 
for these intervals to use the injector. efinite 
instructions were at first issued on this point with 
a view to maintaining the injector in working 
order, and also in order to do away with the noise 
of the pump working at stations. This practice, 
however, means, of course, that for the time 
being the engine is fed with colder water, while 
in the meantime the temperature of the water 
in the smoke-box heater steadily rises until on 
occasions it approximates to that of the boiler. 
When records are again commenced for the delivery 
from the heater, very high temperatures indeed 
are noticed. Fig. 34 gives a temperature log for 
a run on which the pump and injector were worked 
in this way. The record-sheet for this and other 
runs, unfortunately, makes no mention of the start- 
ing and stopping of the injector, so that the curve 
is necessarily shown broken. The possible use of the 
injector has been represented by the dotted lines 
at about the correct figure for the temperature of 
delivery from the injector. It will be evident 
that with this method of working the fluctuations 
of feed temperatures are greater than if the pump 
be in continuous use, a temperature of 279 deg. 
Fahr. being, portage, followed by a _ sudden 
drop to 175 deg. Fahr. or so, and this again 
being followed by an immediate rise to, perhaps, 
360 deg. Fahr. for some 40 gallons, after which 
the temperature gradually settles down again to the 
average. When the method is as indicated by 
the log shown in Fig. 33, the pump being used 
throughout, the changes are not so sudden, and of 
much smaller range. It will also be evident that 
in the dual system of working, represented in 
Fig. 34, the average recorded temperature would 
be higher than the actual average feed tempera- 
ture, as the record does not take into consideration 
the intervals during which the feed temperature 
was low on account of the use of the injector. 
These logs, which have been chosen as typical 





TRAVELLING STAGES AT WHITBY HARBOUR WORKS. 
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of the two systems of working, fully corroborate|a boiler supplied with hot feed could evaporate 
the claims made for average temperatures of about | about 22 per cent. more water per hour than one 
270 deg. and even more. fed by an injector. Though these conditions are 
As already pointed out, with such temperatures | not strictly comparable to road conditions, we have 
about 15 per cent. or so economy should be secured. | thought it of interest to plot out the characteristics 
The boiler is actually relieved of this amount of| according to the method given in Henderson’s 
work by being fed with hot water instead of cold. | ‘‘ Locomotive Operation,” for two engines differing 
It is reasonable to suppose, therefore, that if pushed | only to this extent in steaming capacity. These 
to its maximum capacity the boiler, aided by the| curves are plotted for engines whose chief parti- 
feed-heating system, will do proportionately more | culars are identical with those of engine No. 694, 
work. Thus the addition of this appliance is | illustrated in our previous article. 
virtually equivalent to providing the engine with a| The curves thus obtained are plotted in Fig. 35, 
boiler of 15 per cent. greater capacity. The pro-| page 343, drawn to a horizontal scale of miles per 
vision of a larger boiler would naturally have the| hour, the vertical scale being one of tractive 
effect of postponing the drop in the engine’s| power. A curve of differences is re-drawn from 
‘* characteristic” which occurs at the point when / these, in the curve ABC in Fig. 36, this giving 
maximum boiler capacity is reached. Stationary | the additional tractive power possessed at various 
evaporative tests made on the Egyptian State Rail-| speeds by the feed-heater engine. This is trans- 
ways, in which smoke-box vacua equivalent to those|lated into an ‘‘additional load” curve X YZ, 
obtained in running were maintained, showed that! plotted also in Fig. 36. In order to obtain the 
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‘atler curve use has been made of the formule for 'tender-engine and deducted, the balance being 
train - resistance suggested by Mr. L. H. Fry.* treated as tractive force available for additional 
These formule, deduced by Mr. Fry, approximate | carriage load. The curve X Y Z therefore gives the 
the mean results of a number of experiments by | calculated additional load behind the tender which 
Continental engineers, and therefore are probably | the feed-heater engine can take. 
fairly applicable, as far as modern knowledge | The curves do not, of course, pretend to be other 
“oes, to the type of rolling -stock used on the |than qualitative interpretations of what is to be 
gyptian State Railways. As the feed - heater | expected from a theoretical consideration of the sub- 
— is rather heavier than the other, this ject. The method adopted of obtaining the curves 
actor has been taken into account, the engine- in Fig. 35 is only approximate, while our imperfect 
knowledge of matters affecting train resistance also 
~ | probably introduces additional error. The fact also 
| that the deductions are based on figures obtained 


resistance having been calculated fora four-coupled 





* The Engineer (vol. cvii., pages 310 and 335). 











in stationary evaporation tests, and not under road 
conditions, would also militate somewhat against 
any claim put forward for these curves as repre- 
senting actual results. Nevertheless, they show a 
fair agreement with actual experience. The right- 
hand end of the curve X Y Z is the most interest- 
ing, as the engine taken is an express working at 
average speeds of well over 40 miles per hour. At 
45, 50, and 60 miles per hour the curve X Y Z shows 
that the heater engine should be able to handle 
extra coaches to the weight of 67.5, 50.7, and 29.3 
tons at these respective speeds. Actual records of 
three years’ working show that engine No, 694 with 
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heaters has averaged in regular service tare train- 
loads 73 tons heavier than those taken by the 
other fourteen engines, without heaters, of her class. 
The service records for engine No. 711, of a slightly 
different class, for three years, also show that that 
engine has been ordinarily handling, with the help 
of the heaters, tare train-loads behind tender 50 
tons greater than the average taken by twenty-nine 
other sister - engines without heaters. Figures 
relating to this are given in Table VII., Article III. 
(vide page 272 ante). The results therefore corre- 
spond closely to the calculations thus made. 

The point was briefly referred to in the first 
article of this series that the feed temperatures 
realised do not vary greatly under different condi- 
tions of loading. A moment’s reflection will show 
that this is not improbable. When the load is 
heavy and the engine working hard, a great deal 
of water is passing through the heaters, but, on 
the other hand, the cut-off is later, the smoke- 
box vacuum greater, and the volume of hot gas 
passing through the flues increased. At the same 
time the temperature of the gases leaving the 
boiler tubes is slightly raised, so that, correspond- 
ing with the increased flow of water through 
the heaters, there is a larger flow of hotter gas 
through the heater tubes. ithin a certain range 
of loading these factors apparently off-set one 
another. 

The lower coal consumption of the feed-heater 
engine brings the rate of firing in this engine down 
to a point on the evaporation curve at which the 
boiler performance is much better than at the 
rate of firing necessary in the non-heater engine. 
Each pound of coal does, in the heater engine, much 
more useful work than is done in the non-heater 
locomotive. This point probably has a bearing on 
the fact that with the feed-heater engines some 
economy in water has been recorded. The engine not 
being pushed in the same way, conditions inside the 
boiler are probably quieter, and less water is most 
likely carried over with the steam. The easier rate 
at: which, with equal loading, the boiler is required 
to work has another effect. In the first article of 
this series it was pointed out (page 143 ante) that 
the economy obtained in practice with feed-heater 
engines using exhaust steam was in excess of that 
which can be traced to improved thermal conditions. 
The softening of the blast by reducing the volume 
of the exhaust passing through the blast orifice has 
a decidedly beneficial effect on the coal consumption, 
vermitting the use of a thinner and more eflicient fire. 
‘he actual improvement due to this is, of course, 
very difficult to gauge. Much of the loss due to a 
hard blast is in unburnt coal carried into the 
smoke-box and ejected from the stack. The soft 
blast reduces both these losses considerably, though 
to what actual extent the amount of sparks and 
cinders ejected from the chimney is reduced it is 
impossible to say. 

tis found that the amount of ash that collects 
in the smoke-box of the heater engines on the 
Egyptian State Railways is only about one-third of 
that which accumulates in the smoke-box of the non- 
heater engines. The composition of the ash also 
varies in the two classes of engine. It has been 
collected in a large number of cases and weighed. 
In each case it was sifted with a sieve made of the 
wire netting used in the smoke-box. 

Before dealing with this data collected on the 
Egyptian State Railways, some reference may be 
made to what has been written on this subject by 
Dr. W. F. M. Goss. In his book entitled ‘* Loco- 
motive Performance,” Dr. Goss states that his tests 
showed thatas the total spark loss increased the re- 
lative proportion passing out of the stack increased. 
The proportion varied, but it appears from the 
figures given in that book and elsewhere by Dr. 
Goss, that at rates of firing equivalent to express 
speeds the amount passing out of the stack may 
be as much as 2} or 3 times the amount retained 
in the smoke-box. On the other hand, with 
lower smoke-box vacuum, the quantity passing 
out of the stack sometimes even fell short of the 
amount collected in the smoke-box. Now the 





standard Egyptian State Railway express four- 
coupled engine has wire netting in the smoke-box, 
but no deflector plate, as had the engine on which 
Dr. Goss’s tests were made. The baffling is there- 
fore less, and the proportion of cinders passing out 
of the smoke-box would probably at least equal that 
in the Purdue tests. It will perhaps be fair, there- | 
fore, in the following remarks to suppose that the 
cinders ejected amount, in the ordinary Egyptian | 
State Railway engine, to at least twice the cinders | 


collected in the smoke-box, while on the heater- 
fitted engine, with the blast reduced, and the 
additional baffling provided by the heater in the 
smoke-box, the ejected cinders will certainly not 
be more than equal to the amount retained. Every- 
thing points, as a matter of fact, to the ejected 
cinders being even less than this in the case of the 
heater-engine, but the proportion above is taken 
so as not to favour this engine in the comparison. 

It has been found that the non-heater engines 
collect in the smoke-box on an average 2.173 lb. of 
cinders, while the heater-fitted engines accumulate 
only 0.796 lb. per mile, these figures giving the 
average for over twenty-two trips for each class 
of engine. Of the former figure, 26.9 per cent., 
and of the latter amount only 16.6 per cent., is 
unable to pass through the sieve of mesh equal to 
that of the smoke-box netting. In other words, 
the probability is that, in the non-heater engine, 
a much larger proportion of the small materml is 
ejected, and the actual disparity of conditions for 
the two engines is probably greater than the 
measured amounts indicate. 

From a number of determinations that have been 
made of the calorific value of smoke-box cinders 
collected from these engines, it appears that the 
large ash, which will not pass through the mesh, 
has a value of 12,893 B.T.U. per pound, and the 
small of 12,200 B.T.U. The value of the cinders 
collected in the smoke-box amounts therefore in 
the case of the heater engine to 9803 B.T.U. per 
mile, and for the non-heater engine to 26,918 
B.T.U. per mile. The coal used has a value of 
14,372 B.T.U. per pound, so that translated into 
pounds of coal the heater engine smoke-box ash is 
equivalent to 0.682 lb. of coal per mile, and for the 
non-heater to 1.87 lb. per mile, or a saving on actual 
measurement of about 1.2 1b. per mile. In Table V. 
(Article III., page 272 ante) coal consumptions of 
30.2 lb. and 38.2 lb. per mile are given for heater 
and non-heater engines under similar conditions 
of loading. A saving of 1.2 lb. on the consump- 
tion for the non-heater engine, due to reduction 
of the smoke-box ash, would thus be equal to 3.1 
per cent. This is the saving deduced from actual 
measurement of the smoke-box ashes. 

If the assumptions made above, with regard to 
the ash ejected from the stack, are fair, the saving 
is in all probability much greater. Thus, if the 
ejected ash for the heater engine equals that re- 
tained, the total loss by ash (taking the ejected 
ash at the value of the ‘‘small ” that passes through 
the mesh) would be about 19,514B.T.U., equivalent 
to 1.357 lb. per mile for that engine. For the non- 
heater engine—assuming, in accordance with the 
conclusion reached above, that twice the amount 
retained is ejected in this type of engine—the 
corresponding value would 79,940 B.T.U., 
equivalent to 5.56 lb. of coal per mile. Thus 
the saving in the case of the heater-engine comes 
out under these assumed conditions at 4.21 lb., 
which is about 11 per cent. on the consumption 
of the non-heater engine. The economy arising 
from some source other than that of purely thermal 
conditions was shown, in the first article, to be 
consistently 6 per cent. for each of the Gaines, 
Drummond, and Trevithick systems, and it, there- 
fore, appears not at all improbable from the above 
deduction that the whole, or most, of this 6 per cent. 
is traceable to the reduced loss by unburnt coal. 
The missing 6 per cent. would, in fact, be accounted 
for if the cinders ejected from the stack were taken 
for both engines as equal to the amount which 
accumulates in the respective smoke-boxes. This 
would undoubtedly favour the non-heater engine, 
and would not be doing justice to the other. 

At one stage of the experiments made on the 
Egyptian State Railways, it was found to be neces- 
sary to make some provision so that the ashes 
which did accumulate in the smoke-box should 
not clog the netting. In Article II. (page 211 
ante) the final arrangement adopted was described 
and illustrated. This took, it will be remembered, 
the form of a small hopper below the smoke- 
box, into which the cinders were led by a shoot. 
This arrangement is well shown in Fig, 37, page 
343, taken from a model. Before it was recognised, 
however, that the cinders were so few as to make 
such a plan reasonable, a successful attempt was 
made to clear the smoke-box at intervals en route. 
For this purpose the apparatus depicted in Figs. 38 
to 41 was used. A shoot was fitted, as shown in 
Fig. 38, leading down to a tumbler-cock, below, to 
which was fixed an ejector. The ejector is shown 
to a larger scale in front view in Fig. 39, and 








in part section in Fig. 40. This appliance was 
provided with a steam-branch connected by a pipe, 
with a valve on the boiler-front. The tumbler and 
ejector steam supply were interlocked, so that they 
were worked together. The steam and ashes from 
the ejector were carried in a delivery-pipe toa point 
below the ash-pan, Fig. 38, where the pipe was 
fitted with a cone and return passage shown toa 
larger scale in Fig. 41. On the lower side of the 
return passage a slot gave access to the discharge- 
casing. The object of this arrangement was to 
ensure the effectual soaking of the ashes before 
final discharge. The water of condensation from 
the exhaust - heaters was also led into the ash- 
ejector by the small side connections shown in 
Fig. 39, and this assisted in effectively extinguish- 
ing the ejected cinders. The ashes which tended 
to bank up against the front netting-wire were, 
on the opening of the cock, drawn down and 
ejected while running, the operation being con- 
trolled from the foot-plate. This ejector was used 
every ten minutes or so, and kept the smoke-box 
clear of ashes. 

The reduction in the quantity of smoke-box 
cinders is due probably to two causes. The two 
obvious causes are the soft blast and the even distri- 
bution of the draught over the boiler tubes. The 
use of some of the exhaust steam in the feed- 
heaters reduces the volume passing out of the 
blast-pipe. As the feed-water is heated to about 
212 deg. Fahr. in the exhaust heaters, it would 
roughly require the use for the purpose of some 
12 per cent. of the exhaust. The reduction of the 
volume of the exhaust by 12 per cent. would be 
virtually equivalent to an enlargement of a 4} in. 
blast-pipe to one of just over 4} in. in diameter, or 
of a 4? in. blast to one of over 5 in. in diameter. 
The blast, as a matter of fact, in the central 
chamber of the smoke-box is very much lower than 
in the ordinary engine. In the chimney chamber it 
is about equivalent to—or, perhaps, slightly higher 
than—in the ordinaryengine. In the heater engines 
it runs from 6 in. to 8 in. in the chimney chamber, 
and from 3 in. to 4in. in the central chamber of 
the smoke-box heater, while in the corresponding 
non-heater engines the smoke-box vacuum is about 
5.25 in. to 6 in. 

This softer blast operates very efticiently on 
account of the even distribution of the hot gases 
thrdugh all the boiler tubes. In the ordinary 
engine the distribution is uneven as a rule, the 
gases passing most readily through the tubes in the 
vicinity of the intense vacuum near the blast-pipe 
top, while the lower tubes often do practically no 
work. A photograph reproduced in Fig. 42, page 
346, was taken to show the distribution of the 
draught in the central smoke-box chamber of one 
of the Egyptian State Railway feed-heater engines. 
The smoke-box door was replaced for the purpose 
by a plate-glass front, and thin ferrules, with light 
streamers attached to them, were inserted in some 
of the tubes. A blower ring, fed with steam from 
another engine, was inserted in the outer or chimney 
chamber so as to reproduce conditions equivalent 
to those of the induced draught from the blast. On 
turning on this jet it was found that streamers of 
practically uniform length, for all positions in the 
tube-plate, were drawn out horizontally, showing 
the draught through the boiler tubes to be ex- 
tremely even. -This test was confirmed by water- 
gauge, a man inside the closed smoke-box testing 
for all positions. 

The objection has been raised to this return-flue 
form of smoke-box that the baffling effect of the 
heater, and the enclosure of the blast in a separate 
chamber, is detrimental to the working of the loco- 
motive. This is not, however, supported by the 
results obteined. The heater engines have con- 
sistently done better work than those not so fitted, 
and if properly proportioned no sound objection to 
the arrangement on this score can be sustained. It 
may be mentioned that a somewhat similar smoke- 
box arrangement is in use on the most powerful 
Mallet and other engines of the Atchison, Topeka, 
and Santa Fe Railway. In these engines the blast- 
pipe is closed in, and the exhaust ejected into a 
separate chamber, which is practically a downward 
continuation of the chimney. The only means of 
access to this chamber for the fiue-gases is through 
return flues in a-superheater. The principle is 
similar, but the method of putting it into practice 1s 
different in the two systems. The fact remains 


that it has proved successful in some of the most 
powerful locomotives in the world, and that inde- 
pendent claims have been made for the Santa Fe 
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system, which in every ae confirm those made 
for the Egyptian State Railway system. 

In the course of the development of the feed- 
water heaters, attention was naturally directed to the 
selection of the best proportions for the smoke-box 
heater-tubes. The investigations were limited in 
all cases to a practical bearing on the working of 
the engines under service conditions, and with the 
object of improving a definite form of apparatus 
in a particular manner, and they were pushed no 
further than the point at which they would give 
the desired information. 

In Figs. 43 and 44, on page 346, we illus- 
trate two portions of a model constructed to 
explain the method of securing the data wanted. 
These figures show the use of six thermometers. 
One thermometer was placed at A, so that the 
bulb was in the inner flue chamber in front of the 
tube area, and therefore in the direct passage of 
the hot gases leaving the boiler-tubes.. The four 
thermometers B, C, D, and E penetrated into 
the outer or chimney-chamber, and thus gave the 
temperature of the gases leaving the smoke-box 
heater tubes. The sixth thermometer was set in the 
boiler feed-pipe near the clack. With the engine pre- 
pared in this way a number of trips wererun. At the 
commencement of the test all the heater-tubes were 
in service, but as the trial proceeded tubes were 
plugged up ten ata time, and put out of use. At first 
very large variations in temperatures recorded by 
the thermometers B, C, D, and E were noticed. 
These variations became less and lessas the number 
of tubes plugged increased, until a point was 
reached where uniformity was practically reached, 
while the temperature of the gases leaving the 
heater was not raised. This gave the desired in- 
formation with regard to the aggregate flue area 
desirable, which was found to be an amount equal 
to the chimney area plus a small margin. e 
matter was then carried somewhat further, and 
while the flue area was kept at the desired amount, 
the heating surface increased again. This was done 
by using tubes of smaller internal diameter and the 
same external diameter. Everything pointed, in 
these trials, to the superiority of small tubes, which 
gave much the higher temperatures to the feed- 
water, and lower temperatures for the waste gases, 
the over-all efficiency of the boiler and feed-heaters 
being considerably improved. The over-all saving 
of heat due to the lower temperature of the gases 
escaping by the chimney will not be discussed at 
this point, though with a reduction of something 
like 200 deg. in the temperature of the smoke-box 
gases it must be evident that more of the heat pro- 
duced is turned to useful account than is commonly 
the case. 

Some reference may be made in closing this article 
to the effect of the use of feed-heaters on the boilers 
of the engines. Although much of the water used 
on the sections on which these engines have worked 
was hard, no trouble from deposit has been found 
even after months of working. It would ap 
that the salts are thrown down in such fine form 
that the particles are swept through to the boiler, 
provided the velocity of the water in the heaters is 
great enough, and that these particles are then 
either carried off with the steam or flushed out 
when water-changing or washing out. As explained 
in a previous article, provision is made for blowing 
the heaters through, and this is always done when 
washing out. The bulk of the carbonates would 
eerie precipitated in the exhaust-steam 
heaters. e feed-heater boilers show up much 
cleaner inside than the others. If the deposit is 
carried over in the steam, it would seem to be in an 
extremely fine form, for no harm is done by it, as 
far as can be discovered, to the valves, pistons, 
&c., of the engine. The division-plates inserted 
in the exhaust heaters were introduced for the 
purpose of increasing the velocity of the water, and 
so hindering the settlement of a deposit. The 
object seems to have been attained, and there is 
nothing more than a slight discoloration of the 
metal surface after long periods of working. 

With regard to boiler troubles, very little work 
has been needed on the feed-heater engines. There 
has been no trouble from leaky tu or from 
broken stay-bolts. It is further reported that, 
for some reason, which is not quite evident, there 
has been no internal furring up of the tubes on these 
engines while running. This, if characteristic of 
feed-heater engines, would give this type of locomo- 
tive an advan’ in long trips, on which it is not 
unusual for the tubes of ordinary engines to become 


completely blocked by this formation. 





The practical utility of feed-heating for locomo- 
tives has been supported above by means of data, 
in the collection Of which all reasonable care has 
been taken to ensure accuracy. Though satisfactory 
from many points of view, during the lengthy tests 
it became abundantly clear that modifications, in 
the direction of making the smoke-box apparatus 
more efficient and less cumbersome, could be advan- 
tageously introduved, and these we shall deal with 
at a later date. The systems dealt with up to this 
point formed intermediate developments leading to 
a type of smoke-box a tus which, with slight 
modification, is suitable either for feed - water 
heating, or moderate superheating, under both of 
which’ conditions considerable’economy is realised. 





‘**‘STEAM-BOILER DESIGN.” 
To THE Eprror oF ENGINEERING. 

Sir,—In reply to Mr. Casmey’s letter of March 6, 
taking the Frickley colliery boilers first, we were led to 
suppose, from previcus letters, that the draught was due 
to chimney pull alone, and that the Yorkshire boiler 

d certain merits which enabled it to burn more 
coal than its competitors. We now learn for the first 
time, I believe, that jets were used, also that tLe fiues 
were larger in the Yorkshire settings, so that it is 
quite possible that the Yorkshire boiler construction had 
nothing whatever to do with the larger coal consumption, 
accompanied by larger evaporation. > 

Mr. Casmey states that covering one of the Lancashire 
boilers gave it an advantage of 10.5 per cent. I very much 
doubt if the saving was anything like as much on this 
account, and wonder what method was employed to 
calculate within 4 per cent. with sufficient accuracy to 
justify the use of the data in argument. 

Referring to the evaporation test where 10 per cent. of 
heat was unaccoun for, I still ask: Where are the 
superior heat-absorbing p rties of the Yorkshire boiler, 
which has such large flues that the brickwork can (so Mr. 
Casmey says) absorb millions of B.T.U.’s ina six-hours’ 
run—this absorbed heat being returned (?) by radiation, 
probably in the night, when the heat is not wanted ? 

Mr. Casmey has given us certain data which are, 
apparently, based on assumptions—not facts ; therefore, I 
hesitate to accept his conclusions about the superior 
steaming and evaporative qualities claimed for his boiler. 

Yours faithfully, 


March 15, 1911. ConsvLTING ENGINEER. 





** PHOTO-ELASTICITY.” 
To 1HE Epitor OF ENGINEERING. 

S1r,—I have only just learned of the article on ‘‘ Photo- 
Elasticity,” by Professor Coker, published in your issue of 
January 6. The author is quite right in starting from the 
admirable researches of Maxwell; but if he would have 
taken the trouble of looking through the literature of later 
times, he would have found there nearly all the results of 
his own researches. 

The lines of principal stress pois by the pressure 
of an edge on the surface have been dealt with in a much 
more precise manner by Professor Carus Wilson in the 
Philosophical Magazine of 1891. Some time later Pro- 
fessor Mesnager, in the Annales des Ponts et Chaussées, 
1901, and in two papers read before the Paris and Buda- 
pest Con for Testing Materiale, in 1900 and 1901, 
treated this fundamental problem, together with many 
other problems of ‘‘ photo-elasticity,” in such a perfect 
and complete manner that scarcely anything can be 


added. 

The problem of curved beams has been treated by myself 
in a paper read before the Austrian Association of En- 

ineers and Architects in 1902, and published in the 

ournal of this Association in 1904, and some time later in 
a paper read before the Fifth Congress of the Interna- 
tional Association for Testing Materials, Brussels, 1906. 
This last paper contains a great number of photographs 
showing how the neutral ay ep | as a distinct 
black line—shifts under the influence of different curva- 
tures and of repeated stress. Some of these photographs 
were taken, as I pointed out then, from xylonite models, 
which Professor Coker now suggests again. You will 
also find in this paper a description and photograph of 
the optical a: ment used by me, with the two quarter- 
wave plates which Professor Coker proposes now. 

As to the colour phenomena in strained transparent 
bodies, the author is perfectly right in suggesting their 
use for educational purposes; but I doubt whether any 
positive deductions can be derived from his photo- 


hs. 

“"— 1905 I showed a method of producing these pheno- 
mena in such a way that the distribution of stress is to 
be seen, not only, as the author says, with a limited 
amount of experience, but at the first glance, the parts 
extended in one direction appearing blue, the parts com- 
pressed in the same direction appearing Pag t A paper 
presented by Dr. Dimmer and myself to the Fifth Congress 
of the International Association for Testing Materials 
contains reproductions of colour pectareeee. esent- 
ing some straight beams, a notched beam, and a 
under different stresses. I include copies of this and o 
the above-named paper. 4 : 

As you always give full attention to technical re- 
searches published in any part of the world, Mr. Coker 
could have found detailed accounts of my work in your 
issues of November 4, 1904, page 618 (“‘ Double - 
tion under Mechanical Stress and the Neutral Zone ”) ; 
October 26, 1906, page 566 (‘‘ Transmission of Forces to the 
Interior of Elastic Solids; Demonstration by Polarised 





Light ”),; January 11, 1907, e 56 (‘‘ Natural Colour 
Pho phs of Interference Effects in Glass under 
Stress”). 

Yours faithfully, 


HONIGSBERG. 
Wien, Siidbahnhof, March 6, 1911. 


[On receipt of the above letter, we forwarded a copy of 
it to Professor Coker, who has sent to us the following 
reply.—Ep. E.] 





To THe Eprror or ENGINEERING. 
Sir,—With reference to Herr. Hénigsberg’s letter, I 
should like to point out that the article om 1 for ENG1- 
NEERING was intended to describe the general features of 
optical methods of investigating stresses which-are known 
to be of importance ; and although I was not aware of the 
work which: he and Dr. Dimmer had done, yet the brief 
sketch I gave contains all essential features of their 
methods, with, perhaps, the exception of their device for 
qualitatively distinguishing areas in tension from areas in 
compression. On referring to the report of the Fifth 
Co of the Association for Testing Materials in the 
library of the Institution of Civil Engineers, I find that 
their paper was ted as the letter states, but it was 
ap ntly not published, as only a brief reference is given. 
rewster suggested the optical investigation of loaded 
models of the arch rings of bridges early in the nineteenth 
century, and Carus Wilson mentioned his use of .quarter- 
— plates for obtaining circularly polarised hght in 
91. ‘ 

Although Herr Hoénigsberg states that he doubts 
whether any itive deductions can derived from 
my mem I have, nevertheless, succeeded in 
making’such deductions, and a paper describing a number 

of quantitive results is now in the Press. 
T am, Sir, yours faithfully, 
March 14, 1911. E CoKER. 





‘*ATR RESISTANCE TO PLANE SURFACES,” 
To THE EpitTor or ENGINEERING. 

Sir,—In my article on ‘* Air istance,” appearing on 

299 of your issue of March 10, there is a slight error. 

gael originally proposed by Hagen (Poggendorf’s 

Annalen, 1874) includ as the perimeter of the plate 

instead of as the ratio of the sides, asstated in the article. 

The modified —e formula gives such excellent results 
that it appears preferable to the original: . 

T am, Sir, yours — 
A. W. Jouns. 


104, Huron-road, Cone Tooting, London, S.W., 
March 14, 1911. 








Mrre.ess-Digse, O1-Encine.—In view of the great 
interest now — taken by engineers and power-users 
in oil-engines of the Diesel type, it is interesting to note 
that Messrs. Mirrlees, Bickerton, and Day, Limited, 
Hazel Grove, near Stockport, have recently executed 
orders, or have at present on hand, or in course of con- 
struction at their works, forty-three sets of their Mirrlees- 
Diesel oil engines, aggregating 5039 brake horse-power. 
Among these are two sets of 500 horse-power, one for the 
Diesel Engine Company and the other for the London, 
Brighton, and South Coast Railway Company, for whom 
also an engine of 375 horse-power is being built, while an 
engine of corresponding power is being made for the 
Manekji Petit Mills, Bombay. The other engines range 
in power from 50 to 200 horse-power. 


PERSONAL.—We have been asked by the Electric and 
Ordnance Accessories Company, Limited, Chesterton. 
road, Aston, Birmingham, to state that they have 
appointed Mr. Arthur W. Wingate, Gisburn, Clitheroe, 
as their sole agent for the sale of Duralumin in Lancashire, 
Yorkshire, Westmorland, and Cumberland. The makers 
are now able to supply this alloy in the form of bars, wire, 
sheets, strips, solid-drawn tubes, angles, tees, channels, 
sectional metal, forgings, erm &c.—Messrs. 
George Turton, Platts, and Co., Limited, Sheffield, state 
that, in order to meet the demands of their increasin 
business in London, they have made grrameomneste wit 
Messrs. Willis, Stewart, and Co., 65, New Broad-street, 
E.C., to act as their representatives for special districts. 
This will in no way affect their London office at 110, ° 
Cannon-street, E.C., under Mr. G. Percy Wainwright, 
who will continue as hitherto. 





Messrs. Drummonp Broruers’ Dinner to THEIR 
Emp Loyrrs.—On Friday last the employees of the well- 
known firm of Drummond Brothers, Limited, near 
Guildford, were entertained at dinner in Guildford by the 
firm. The company numbered 264, and a very pleasant 
evening was spent. The chairman of the directors, Mr. 
E. E. Pullman, presided, and was cupperted by Mr. A. 
Drummond (managing director), Mr. G. Hickman (director 
and assistant general manager), the Mayor of Guildford, 
and other gentlemen. The extraordinary irom made 
by this firm during the last few years is well-known, their 
high-class machine-tools being at work in all parts of the 
world. Itis not yet ten years since they started work 
with one man and a boy, but in two years’ time they 
decided to become a limited company. At that time they 
had an engine that 1 = 34 power. From their 
commencement the firm have never looked back, and are 
now a name for good design and accurate work. At the 
present time their buildings cover acres, and they 
pny | between 220 and 250 men. After the usual loyal 
toasts had been drunk, that of ‘‘ The Firm” was proposed 
by Mr. W. Triggs Turner, and the toast o «Phe Em- 
ployees” was proposed by Mr. A. Drummond. The chief 
eature of the ev , however, was the presentation to 





Mr. A. Drummond by the employees of a silver tea 
and coffee service of Georgian design. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 8. 

Tux developments of the past week have shown 
another of those sudden turns of the market which so 
often surprise both manufacturers and consumers. 
It has frequently happened in recent years that 
demand saleby collapsed and as suddenly revived. 
For upwards of a year past the iron and steel industry 
has been in a declining condition. The stronger 
interests resolved at the outset to combat that condition 
by the maintenance of prices substantially at the 
rates prevailing during the previous year of activity. 
Numerous efforts were made to bring about a reversal 
of that policy. but, with some trifling exceptions, it 
was maintained. Within the past two or three weeks 
the natural and anticipated reaction has set in, even 
in advance of the heavy buying movement of the rail- 
roads, which it was counted on would open the flood- 
gates ofdemand. The only present uncertainty is as to 
whether the heavy demand of the past two weeks will 
continue during the spring and summer months. Last 
week blast-furnace capacity was increased 5 per cent., 
and by the close of this, or the opening of next, week 
all the steel capacity of Pittsburg and Eastern Ohio will 
be at work. The Carnegie Steel Company has recently 
started all its open-hearth capacity full time ; much of 
it has been idle since last May. More orders for steel 
cars have been placed in the Pittsburg district during 
the past ten days than during any light period since 
January 1. There has been, and will be, no cancella- 
tion of steel-car orders as has been rumoured. Both 
basic and Bessemer pig are once more active, and two 
sales alone aggregated 60,000 tons for delivery over the 
next four months. It is not so easy to place orders for 
steel billets as was the case two weeks ago ; a harden- 
ing tendency in prices is apparent all round. The 
tin-plate industry has suddenly met with a stimulatin 
influence for forward delivery, and all of the miils wil 
now run steadily until the early summer. The last 
idle tin-plate mill at Wheeling wus started last week. 
Two independent concerns have just placed contracts 
for extensions. Plants making steel hoops and cotton 
ties are now working to 80 per cent. of capacity, and 
will soon be working full time. 





ROYAL METEOROLOGICAL SOCIETY. 

Tuer monthly meeting of this society was held on 
Wednesday evening, the 15th inst., at the Institution of 
Civil Engineers, Dr. H. N. Dickson, President, in the 
chair. Professor H. H. Turner, F.R.S., gave a lecture 
on ‘*‘ What Can We Learn from Rainfall Records?” 

The origins of a large number o agg agro of the 
most diverse kinds, are indicated by the periods of 
certain vibrations or oscillations. The familiar adver- 
tisement of a terrier hearing “his master’s voice” in a 








(For Description, see Page 342.) 
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gramophone, and the identification of the substance | 


causing the light of a nebula far away in the depths of 
space, provide us with two examples: in the first the 
periodicities are those of waves of sound; in the second, 
of waves of light. The periods of vibration are 
very different, that of sound being roughly a billion times 
that of light. If we lengthen that of sound in a similar 
ratio we come to the longest periodicities hitherto studied 
by our limited eg those of the planets and 
variable stars. ere, again, we can recognise causes by 
their periods; but the machinery for recognition is very 
different. In the case of light-waves a simple apparatus 
—viz., & prism—performs the analysis for us; in the case 
of sound we have the proper delicate apparatus in our own 
ears ; in the case of the Trager periods we must use cal- 
culations, but the underlying principles are the same: in 
the calculations there are strict analogies to the ‘‘ reson- 
ance” which the ear employs, and to the “‘ bright lines” 
of a spectrum. 

The method of calculation was indicated long ago by 
Fourier, but a noteworthy new departure was taken some 
years ago by Professor Schuster in insisting that the 
calculations must be made, not merely for specially 
selected or suspected periods, but for all periods between 
certain obvious limits. The result can then be displayed 
as a “‘periodogram,” which is strictly analogous to a 
spectrum. This method has been applied under the 
superintendence of Professor Schuster and the lecturer 
to the rainfall records of Padua (175 years) and Greenwich 
(90 years), besides Klagenfurt and Oxford (50 years), all 
periods between 20 months and 5 months having n 
examined, as well as some others. The resulting indica- 
tions are not very positive, but include several features 
well worth further study, especially in the Greenwich 
rainfall, where periodicities of 597 days and 150 days 
(possibly a quarter of the former) seem to be fairly per- 
sistent, as well asa short one of 25 days ; but these are 
not reproduced in the Padua records—at any rate, not 
exactly. There are doubtful periods of 591 days and 
147 days, which, again, are possibly related by the ratio 
of 4to1. (The sborter periods near 25 days have not 
been investigated, as daily records are required.) It is 

ible that the periodicities change slowly with the 
a -sng in a manner suggested by the cloud-belts on 
Jupiter. 








SouTH-WEsTERN PoLYTECHNic INSTITUTE, CHELSEA.— 
The fifteenth annual distribution of prizes and certificates 
gained by students of the evening classes and day college 
of this Institution during the session 1909-10 took place on 
the evening of Friday last, the 10th inst. The proceedings 
commen with a mme of vocal and instrumental 
music, after which the chair was taken by Mr. W. Hayes 
Fisher, M.P., chairman of the governing body. e 
report of the principal (who was unavoidably absent) was 
read by Mr. J. B. Coleman, head of the chemical depart- 
ment. The report showed that the satisfactory character 
of the work of the Institute had been well maintained 
during the session, a large number of successes having been 
obtained by students in London University examinations 
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particularly. The prizes and certificates were then handed 
to the successful students by Sir Alfred Keogh, K.C.B., 
LL.D., Rector of the Imperial College of Science and 
Technology, who afterwards add the meeting. In 
his address Sir Alfred referred chiefly to the pressing need 
for co-ordination in the system of technological education 
in London—a need which will, we believe, be generally 
admitted by all conversant with the subject. After votes 
of thanks had been aoe and seconded, the audience 
dispersed to inspect the aboratories and workshops of the 
Institution. Experiments and demonstrations calculated 
to interest the visitors were in progress in the physical, 
chemical, and electrical departments, and all the machi- 
nery in the engineering laboratories was shown in motion. 
We noticed two important additions to the equipment of 
the latter department—viz., an SO, refrigerating-machine 
and a 10-horse-power gas-engine with suction-gas plant. 
The evening was in every way a complete success, and the 
latter part of the function particularly should benefit 
the Institution by bringing its work and resources to the 
notice of a large number of persons. 





Tue InstiTuTe OF MARINE Enoineers.—The annual 
report of the Institute of Marine Engineers for the year 
ending January 31 last shows a satisfactory state of things 
in the Institution, and that the work during the session 
has been well maintained. The membership now stands 
at 1229, which shows a net increase of 54 for the session. 
Attention is called to the fact that the membership 
has increased 30 per cent. during the last five years. 
Five awards were made during the session 1909-10, which 
were as follow :—The Denny Gold Medal to Mr. J. Clark 
(Member) for his paper on ‘‘ Cylinder Losses and the Adia- 
batic Expansion of Steam with and without Superheat ;” 
The Lloyd’s Register Scholarship of 50/. per annum, tenable 
for two years, to Mr. James D. Boyle (Graduate), of Forfar, 
apprentice engineer with Messrs. Rankin and Blackmore, 
Greenock ; the Stephen award of 2/., open to the 
Associate Members’ Section, was gained by Mr. James 
S. Gander for his essay ‘‘ Notes on the Propeller-Shaft ;” 
the Richie award to the value of 2/., open to the Graduate 
Section, was gained by Mr. C. V. Lewis for his essay on 
‘*The Steam-Engine Condenser ;” prizes to the value of 
30s. and 10s. were gained by Mr. Robert Riddell (Graduate) 
and Mr. Walter Smith (Graduate) respectively, for essays 
on the same subject ; and the Open Competition award 
to the value of 2/. 2s., juemned | by Mr. Robert Clark 
(Companion), and open to Graduates of the Institute and 
Apprentice Engineers, was awarded to Mr. George 
Turner, of Mon ton, Northumberland. The experi 
mental department of the Institute fulfilled a very useful 

urpose in the direction of testing samples, fuel tests 
oe been conducted, and the calorific values obtained 
of samples submitted by members on evenings set apart 
for the purpose. There were fifteen papers and lectures 
during the year, and five concerts were given, which 


Proved very popular, 
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WATER-BALLAST MOTOR ROAD-ROLLER. 


CONSTRUCTED BY MESSRS. BARFORD AND PERKINS, ENGINEERS, 
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Wuttst road surveyors have erally recognised 
the truth of the old adage that A stitch io dass 
saves nine,” considerable difficulty in acting on the 
maxim has been experienced in the past. Much of 
this has now been removed by the use of the motor road- 
rollers introduced by Messrs. Barford and Perkins, 
of the Queen-Street Iron Works, Peterborough, a 
recent example of which we illustrate herewith in 
Figs. 1, 2, 3. The machine as now made is fitted with 
® tank holding 150 gallons of water, in addition to 
that required for cooling the engine cylinders, whilst 
a bunker suspended behind the back roll will carry from 
12 ewt. to 15 ewt. of road metal. Thus equipped the 
roller constitutes in itself a complete road-repairing 
plant, which, moreover, requires, in the case of minor 
Pager the services of two men only, one to drive and 
a © other to fill up the holes with the metal carried on 
the machine. The patch can be watered from the tank 
and rolled to a surface in the usual way. 
én machine weighs 8 tons laden. Both rolls are 
~ ard cast iron, and the back roll is arranged to take 

» cwt. of water ballast, if desired. The framing of 


the machine is built u i i 

p out of 5-in. by 2}-in. heavy 
steel channels firmly cross-braced ing-heac 
Raped rece y cross . The steering-head 


and will allow the front roll to 
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oscillate transversely through a considerable angle, so 
that the machine can pass over uneven surfaces with- 
out straining the frame. Springs are also fitted to the 
back roll so as to relieve the engine and driving gear 
of road shocks. 

As will be seen from the plan, Fig. 2, the engine 
has its crank-shaft parallel to the rolls. A section 
through the gear-box is represented in Fig. 3. The 
speeds provided for are 1 and 3 miles per hour, either 
backwards or forwards. The gear-wheels are of steel, 
machine-cut, and run enclosed in an oil bath. The 
gearing is sufficiently low for the roller to climb with 
certainty a gradient of 1 in 5. Every movement is 
under easy control from the driver’s seat, which also 
serves as a tool-box. The engine has two cylinders, 
and is rated to give 16 brake horse-power when running 
at 850 revolutions per minute. Ordinary paraffin oil 
is used as fuel, though a little petrol is employed in 
starting up. The ignition is by low-tension magneto, 
and the cylinders are cooled on the thermo-syphon 
principle. Chains are used to transmit the drive from 
the gear-box to the back roll, by which the propulsion 
of the machine is effected. The connection between 
the steering-wheel and the two-part front roll is also 
effected by means of chains, thus giving the flexibility 


needed when the roller traverses uneven und. 
The brakes fitted are two in number, a band brake 
being fitted on the intermediate shaft for use ordi- 
narily, whilst for emergencies a second brake, acting 
on a drum on the back roll, is supplied. A detachable 
awning, constructed of galvanised steel, is provided to 
protect the driver from the weather. 





HIGH - SPEED TWO-STAGE AIR -COM- 
PRESSOR WITH AUTOMATIC MULTIPLE 
PLATE VALVES. 

TxIs compressor, which we illustrate on page 350, is 

of very simple and compact construction, the chief 

feature, however, being the valves. The apparatus is 

shown in Figs. 1 and 2, which are respectively a 

longitudinal vertical section and a transverse vertical 

section. Fig. 3 is a longitudinal section through the 
piston, and Figs. 4 to 8 are details of various parts. 

A perspective view of the compressor complete, repro- 

duced from a photograph, is shown in Fig. 9. 

As will be seen from our illustrations, the low-pres- 
sure cylinder is formed on the top side of the trunk 
piston, the high-pressure cylinder being formed bv the 
annular s below the shoulder of the trunk. Each 
cylinder has one inlet and one outlet valve, the valves 
and valve-seats being removable. The valve-chamber is 
cast together with the cylinder at the back or side of 
the machine, as is shown in Figs. 1 and 4, and the four 
valve-seats are held in position by one through bolt, 
which allows the valves and the seatings to be easily 
removed from the valve-chamber. In Fig.. 1 the posi- 
tion of the: bolt that fixes the valve-seats is clearly 
shown. Each valve usually consiste of six thin steel 
plates. The two plates next the valve-seat are made 
eer flat, and the remaining four are slightly 

uckled, and so form a reliable spring, which, owing 
to the length of the material forming the spring, is 
not liable to break. The number of plates and the 
amount of the buckling is arranged to suit the air- 
pressure and the speed at which the compressor works. 

Each valve, its seating and guard, can be easily removed 

when inspection is necessary. An automatic governing- 

valve can be fitted on the main air inlet for controlling 
the output of the machine, or an automatic governing- 
valve may be fitted on the discharge-pipe, arranged in 
such a way that when the air-pressure in the air- 
receiver exceeds that required, the discharge-pipe is 
opened to the atmosphere and the air is drawn into the 
compressor and discharged without being compressed. 

A check-valve is placed in the air main, so that the 

contents of the receiver are not discharged into the 

atmosphere when the compressor is running unloaded. 

Various parts of these valves when taken to pieces 

may be seen in Figs. 5 to 8. The trunk piston is of 

two diameters, as is clearly shown in Fig. 3, each 
diameter being fitted with rings to fit their respective 
cylinders. The cylinder ends and valve-chest are 
completely jacketed. All the bearings are arranged for 
forced lubrication, oil under pressure being supplied 
by a small valveless pump, worked from a crank at 
the end of the crank-shaft. This pump is shown in 

section in Fig. 1. 

The intercooler is of the usual construction, the 
cooling surface being formed by a nest of ?-in. bore 
seamless brass tubes, which are secured to brass tube- 
plates at each end by screwed ferrules and packed 
glands. Although the volumetric efficiency of this 
type of machine is lower than with some other types, 
the horse-power required to compress each cubic foot 
of free air delivered to the receiver is low, which is a 
very important point in air-compressor design. We 
understand that these compressors operate very satis- 
factorily at speeds up to 600 revolutions per minute. 
They are constructed by Tilghman’s Patent Sand-Blast 
Company, Limited, Broadheath, near Manchester. 








Tue TELEPHONE IN GERMANY.—While, in most coun- 
tries, the telephone becomes almost every year a cheaper 
and more democratic institution, the movement in Ger- 
many is in the opposite direction. A Parliamentary Com- 
mittee there has recently drawn up new rates of payment 
which are considerably heavier than before. At present a 
first-class telephone in Berlin costs 180 marks (9/.) per 
annum, with an unlimited number of calls; a smaller 
telephone costs 100 marks (5/.) a year, with a charge of 
5 pfennig (rather more than 4d.) for each call. According 
to the new regulations every subscriber has to pay a 
standing subscription. varying according to the extent 
of the system (100 marks = 5/. in Berlin), together with an 
additional charge for calls. In Berlin this latter charge 
has been put at 7 marks (3/. 15s.) for not more than 
calls in the year, 140 marks (7/.) for 2000 to 4000 calls, 200 
marks (10/.) for 4000 to 6900 calls, 250 marks (12/. 10s.) 
for 6000 to 8000 calls, and 300 marks (15/.) for 8000 to 
10,000 calls in the year. For more than 10,000 calls a 


second apparatus would be required. Instead of paying 
these lump-sum charges the subscriber has the option of 
paving 4 pfennig (about $d.) call. The new charges 


will, of coursé, more particularly affect the large con- 
sumers, if the word may be used in this connection, and 
they have given rise to much dissatisfaction in industrial 





and commercial circles. 
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THE LATE COLONEL JOHN PENNYCUICK. 


WE regret to have to announce the death of Colonel 
John Pennycuick, C.8.L, late R.E., which took place 
on the 9th inst., at the age of seventy, at his residence, 
Silourie, Camberley. The d officer was the 
son of Brigadier-General Pennycuick, who was killed 
at the battle of Chillianwalla, and he himself served 
with distinction in the Abyssinian Campaign, and in 
the Public Works Department in India. 

Colonel Pennycuick was born in January, 1841, and 
received his education at Cheltenham College and 
Addiscombe, the military seminary of the East India 
Company. Qualifying for the Engineers in December, 
1858, he went out to India as a lieutenant in the 
Madras Engineers in November, 1860. About eighteen 
months later he was transferred to the Public Works 
Department, in which he reached the grade of execu- 
tive engineer in 1866. During the whole of his civil 
engineering work in South India there was only one 
interlude—when he joined the Abyssinian Campaign in 
1867, remaining in it to its close in 1878. e was, 
on account of his services in this expedition, mentioned 
in despatches and received the medal. In 1881 he 
became Superintending Engineer, and Deputy Chief 
Engineer and Under-Secretary to the Government in 
1883. He was made colonel in 1887, and reached the 
headship of his department in 1890, this post carrying 
with it the Secretaryship to the Government. 

It is with the diversion of the Periyar River that 
his name is chiefly associated, for this great work 
may be said to have been very largely due to his skill 
an ener, It was an undertaking the beneficent 
nature of which will, perhaps, be t appreciated 
by future generations, for he turned a great river 
which ran down one side of a mountain range, and 
led it by means of a tunnel through the Western 
Ghats across to the opposite or eastern slope of the 
range, where its waters now supply the extensive 
Madura district. This great work included the 
construction of a huge masonry dam across the 
upper waters of the Periyar River, in the territory 
of Travancore, so as to form a lake, the waters 
of which were led through the tunnel previously 
mentioned. The work is perhaps best known among 
engineers as the Periyar irrigation project, and was 
very fully described by us on es 654, 689, and 713 
of our fifty-fourth volume. The first scheme in 
connection with this work dates back a century ago, 
but nothing was seriously taken in hand till about 
1882 or 1883, when estimates were prepared for the 

resent work. The Indian Government was at first 
inclined to defer operations, but they received every 
encouragement from Colonel Pennycuick, who even- 
tually, in 1888, came to this country to select machinery 
for the work. Many difficulties had to be faced, as the 
country was almost uninhabited and very inaccessible, 
the climate bad, labour scarce and transport difficult. 
The foundations of the dam were carried away many 
times before the masonry was finally built to a level 
above the influence of floods. The undertaking, which 
cost over 600,000/., was the subject of a paper read 
before the Institution of Civil Engineers by Colonel 
Pennycuick and Mr. P. R. Allen, on January 26, 1897, 
which gained for the former the Telford Premium. 

The subject of our memoir served 54 years at the 
head of the Madras Public Works Department, and 
was at the same time a member of the local Legisla- 
ture. He was also Dean of the Engineering Faculty of 
the University of Madras. He was created aC.8.I., and 
a few months afterwards, in January, 1896, he retired. 
There were times during which he did not appear to 
get on very happily with the Government of India, 
as his views sometimes clashed with theirs. His 
services were, however, recognised, and he was 
appointed in September, 1896, to the post of Presi- 
dent of the Royal Indian Engineering College at 
Cooper’s Hill, with the understanding that combined 
with it there should be the Chair of Engineering. After 
two years, however, he was relieved of the latter, as 
he found he could not do justice to both posts. Some 
time later he went out to Queensland to advise the 
Government on the prevention of damages by flood in 
the Brisbane River. 

Colonel Pennycuick married Grace, daughter of 
Lieutenant-General Chamier, C.B., R.A., in 1879. 


oe 








AGRICULTURAL Macutnery. —Tke value of the agri- 
cultural machinery exported from the United Kingdom in 
lar ig was 93,308/., as compared with 63.362/. in Feb- 
ruary, 1910, and 55,646/. in February, 1909. The principal 
shipments were made to European countries, but South 
America also imported agricultural plant to the value of 
92662., as compared with 12,2852. and 12,715/. 





Tur STAFFORDSHIRE IRON aND Sree. INsTITUTE.— 
The sixth meeting of the above institute for the present 
session will be held at the Institute, Wolverhampton 
Street, Dudley. to-morrow, the 18th inst., when Mr. J. 
Kent-Smith bap eee ron ‘*Commercial Vanadium 
Steels.” The chair will be taken at 7.15 p.m., and the 
lecture will be illustrated by lantern-slides, 





THE LATE PROFESSOR J. H. VAN’T HOFF. 


A GREAT physical chemist and one of the pioneers of 
modern electrochemistry away in the person 
of J. H. Van’t Hoff, Professor of Chemistry at the Uni- 
versity of Berlin, who died at Steglitz, a suburb of 
Berlin, on the Ist inst. Chemists will justly claim 
him as a colleague ; to the world at large he was, how- 
ever, better known for the share he had in building 
up and developing the theory of ionisation and dis- 
sociation, the foundation of which had been laid by 
Faraday, Clausius, and others of a past generation. 

Jacobus Hendrikus Van’t Hoff was born at Rotter- 
dam, on August 30, 1852, and did not therefore com- 
plete his fifty-ninth year. He had intended to become 
an engineer ; but his studies at the Universities of 
Leiden, Bonn, Paris, and Utrecht were devoted to 
various branches of natural science. In 1876 he was 
a lecturer on physics at the Veterinary College 
of Utrecht. Two years later he went to Amsterdam 
as B son of chemistry, mineralogy, and geology, 
and the directorship of the new institute for chemical 
5 gem at Amsterdam was offered to him in 1888. 

e occupied this position until 1896, when he was 
called . the ty tare A of Berlin as —— of Hog 
try ; the new ratory was especia. ui or 
hive The Prussian ye Peet der W le ny had 


shortly before elected him a member, He remained in| 1 


Berlin, and the sl generation therefore knew him 
as a German professor, more particularly also because he 
was, after 1887, associated with Professor Ostwald— 
from the Russian Baltic provinces, then at Leipzig— 
in editing the leading journal of physical chemistry, 
the Zeitschrift fiir Physikalische Chemie. Nota few of 
Van’t Hoff’s t works were, however, written in 
French. Of these we mention his ‘‘Chimie dans 
l’Espace” and ‘Dix Années dans l’Histoire d'une 
Théorie,” works of the highest importance, enunciating 
the foundations of the theory of stereochemistry ; 
further, his ‘‘ Etudes de Dynamique Chimique ” and 
** Lois de l’Equilibre Chimique.” hat he published 
subsequently was mostly written in German, in the 
language in which he was then lecturing. His official 
duties were exceptionally easy, and left Ris time almost 
entirely at disposal for research. 

Van’t Hoff gave early promise of capacity and 
originality. As a youth of seventeen he was admitted 
to the University of Leiden without having passed 
the matriculation examination, and he was onl 
twenty-two years old when his work on the disposi- 
tion in space of the carbon atoms of organic com- 
pounds attracted universal attention. He regarded 
carbon as intermediate between the positive and nega- 
tive elements, and owing to this circumstance and to 
its tetravalency as capable of forming so great a 
variety of compounds. As some of these compounds 
were perfectly symmetrical, their carbon atom, he 
suggested, must occupy the centre of a tetrahedron, 
and if the four corners were not occupied by the 
same elements, peculiar cases of isomerism (isomers 
are different compounds containing the same elements 
in the same a pg left and right-handed sym- 
metry, &c., would arise. The grouping of the atoms 
in the molecule and the grouping of the molecules in 
space would affect all chemical and physical properties ; 
how optically active and optically inactive combina- 
tions might be explained, he showed as early as 1874, 
simultaneously with Le Bel. Stereochemistry arose 
from these researches. 

Thermodynamics furnished him the means of attack- 
ing most of the problems of physical chemistry. 
Raoult had shown that the addition of molecules of 
salts to solvents like water lowered the freezing-point 
of the solvent by adefinite amount per molecule. Van’t 
Hoff gave the theory. He calculated, in 1885, how 
much energy should be gained by adding pure solvent 
to a solution, and he found the analogy of the pheno- 
mena with the pressure that gases exert on their walls. 
Examining the experimental data of Pfeffer on osmotic 

ressure, he recognised that the osmotic pressure of a 

iluted solution was independent of the nature of the 
solvent and obeyed the gas laws ; that is tosay, that a 
certain weight of cane-sugar, ¢.g., dissolved in water, 
exerted the same osmotic pressure that the sugar 
would exert if evaporated in the same volume after 
removing the water. Isosmotic solutions would thus 
contain the same number of dissolved molecules in 
equal volumes. This was practically an extension of 
Avogadro’s law—that equal volumes of gases at the 
same temperature and pressure contain the same number 
of molecules—to diluted solutions. These rules, how- 
ever, were only to hold approximately for diluted solu- 
tions ; — were not proposed as principles. But they 
were derided, especially in this country, until better 
understood ; while Arrhenius, observing that the 
osmotic pressure of certain compounds, known as 
electrolytes, was twice as large as it should be, 
advanced the theory that these molecules (or some of 
them) were dissociated into two ions, each of which 
exerted a pressure like a molecule. Thus Van’t Hoff 
became connected with modern electrochemistry, and 
he contributed a great deal to the experimental basis 
of the new views, 





Osmotic pressure is now explained on other grounds, 
but the question remains controversial. Van’t Hoff 
subsequently extended his arguments to gases, study- 
ing the vapour pressure depressions produced in solu- 
tions by adding non-volatile substances, as well as to 
solid solutions, alloys, complex salts and their hydra- 
tion, and, in general, to problems which are now com- 

rised under the phase law, and as to which Gibbs and 
zeboom and Van’t Hoff first took the lead. The 
saline deposits of the sea in particular engaged his 
attention in the later years of his life. It was Van’t 
Hoff who, in investigating the laws of mass action, 
velocity of reactions and kinetic equilibrium, intro- 


duced the symbol = (instead of the usual =) to indi- 


cate that the reaction could proceed in both ways (was 
reversible), and —> that it was irreversible and could 
p in one direction only. His principe de 
Céquilibre mobile says, that if a system be heated at 
constant volume, the equilibrium will be shifted in a 
direction such that the reaction will continue under an 
absorption of heat. 

Professor Van’t Hoff was honorary member of many 
academies and learned societies. The Prussian Order 
Pour le Mérite was conferred upon him in his early 
Berlin days. Among other distinctions he valued 
most highly the Nobel Prize, which he received in 
901, and the Helmholtz Medal of the Prussian 
Academy, which is only awarded on rare occasions. 
This last honour came this year, when he was on his sick 
bed. The lung affection, to which he succumbed, had 
troubled him for two years, and had finally obliged 
him to give up work. is remains were cremated at 
Hamburg. 





Esquimatt.—The construction of a large dry dock at 
Esquimalt, British Columbia, is to be commenced at once. 
Messrs. W. F. Bullen and H. F. Bullen, of the British 
Columbian Marine Railway Company, of uimalt, have 
been in Ottawa in connection with an application for a 
Dominion subsidy for the construction of the dock, which 
is to be built in consideration of the future requirements 
of the Pacific naval station. 





Moror Fire-Boat ‘‘Gamma.”—On Friday last, the 
10th inst., —— the courtesy of Messrs. John I. 
Thornycroft and Co., Limited, we had the opportunity 
of being present at a demonstration on the Thames of the 


Y|above new motor fire-boat. The Gamma has been con- 


structed for the London County Council, the order 
having been procured in a competition initiated by the 
Council in order to discover the t design of fire- 
float to satisfy the special conditions of service existing 
on the Thames. The vessel was built at Southampton 
and came round te London by sea, being only once 
stopped on the journey, owing to heavy fog. Although 
only ft. long, the vessel proved, we understand, very 
seaworthy. She was constructed under the supervision 
of Lieutenant Sladen, the Chief Officer of the London Fire 
Brigade, who was responsible for the working out of 
the design of the pumping arrangements. Messrs. 
Wells and Kemp were the consulting engineers on 
behalf of the London Fire Brigade. In this boat the 
same motors are used for propulsion and for drivin 
two Gwynne’s high-pressure centrifugal pumps, eac 
pump having a capacity of 600 gallons per minute at a 
pressure of 1201b. per square inch. Among the special 
conditions laid down, the draught was not to be more 
than 3 ft. 9in. The guaran speed with two Thorny- 
croft D/4 type, $e beuke beseagower paraffin-motors, 
driving twin-screws, was 10 knots, with the fuel-tanks 
full, and an outfit amounting to 3 tons on board. There 
is accommodation provided for three men, with a clear 
height in the cabin of about 6 ft. 6 in. Reserve fuel- 
tanks are arranged in such a manner that the service tank 
can be filled by means of a semi-rotary pump. The machi- 
nery consists of twin sets of oil-motors, each developin 
80 brake horse-power at 700 revolutions per minute. Eac 
motor is connected through a standard reversing gear toa 
dog-clutch, which can connect the main motors either to 
the propellers or through two-to-one gearing to the pump- 
driving shaft. The motors have each four cylinders, with 
a diameter of 8 in. and a stroke of 8 in., and are of the 
makers’ standard type. They are started with com- 
pressed air. During the first few minutes petrol is used 
as fuel, but as soon as the exhaust gases have sufficiently 
heated the vaporiser, petrol gives place to ffin. When 
no petrol is available, the vaporiser can be heated with 
a blow-lamp. The pumps are driven through Voith flexible 
couplings, and are situated at the forward end of the 
motor-room. They are of the four-stage centrifugal type, 
and run at about 1450 revolutions per minute. There is 
a suction-box built in the hull at each side, the two boxes 
being connected by an 8-in. pipe, and to this two 6-in. 
branches are attached, the arrangement being such that 
both pumps can draw from either suction-box while the 
other is being cleaned. On the deck there is a monitor, or 
radial delivery, which can be turned in any direction. 
To this a 2h-in. nozzle is attached. There are, in addis 
tion, connections for eight hose-pipes to 1-in. nozzles. 
The trials were of a severe character, and in all cases 
satisfactory results were achieved. Each pump had to 
run for a period of ten hours, during the first two hours of 
which the output had to be 600 gallons per minute at 
120 Ib. per square inch pressure, and for the remainder 
of the time 500 gallons per minute at 120 Ib. per square 
_ Electric lighting has been provided throughout the 
vesse 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was firm, and 3500 tons of Cleveland 
warrants were done at 48s. 114d. one month and 49s. 6d. 
three months. Closing sellers quoted 48s. 9d. . 
49s. one month, and 49s. 64d. three months. In the 
afternoon the market was easier, and Cleveland war- 
rants were dealt in at 48s. 7d. cash, 48s. 8d. seven days, 
48s. 9d. eighteen days, 48s. 104d. one month, and 
49s. 5d. three months. The turnover was‘ 4000 tons, 
and at the close there were sellers at 48s. 8d. cash, 48s. 11d. 
one month, and 49s. 5d. three months. On Friday 
morning the market was rather weak, and a small busi- 
ness of 2000 tons of Cleveland warrants was put through 
at 48s. 6d. cash, 48s. 7d. ten days, 48s. 10d. and 48s. $d. 
one month, and 49s. 34d. and 49s. 3d. three months. 
Sellers’ closing quotations were 48s. 6d. cash, 48s. 9d. 
one month, and 49s. 3d. three months. Prices receded 
further in the afternoon, when 2000 tons of Cleve- 
Jand warrants changed hands at 48s. 4d. and 48s. 3d. 
cash, 48s, 64d. and 48s. 6d. one month, and at the 
close the quotations were 48s. 34d. cash. . one 


month, and 49s. three months sellers. On onday 
morning the market opened with a steady tone, and 
Cleveland wesrrants were done at 48s. » an 


48s. 64d. and 48s. 7d. one month. The turnover was 
limited to 2000 tons, and the close was strong, with sellers 
at 48s. 5d. cash, 48s. 8d. one month, and 49s. 2d. three 
months. The afternoon session was very quiet, and the 
total dealings only amounted to 1500 tons of Cleveland 
warrants at 48s. 5d. cash. Closing sellers quoted 48s. 5d. 
cash, 48s. 8d. one month, and 49s. 2d. three months. On 
Tuesday morning the market was quiet, but Cleveland 
warrants were firm, and 2000 tons changed hands at 
49s. 3d. three months, with sellers over at that figure, 
and at 48s. 6d. cash, and 48s. 9d. one month. In the 
afternoon no dealings of any kind were recorded, and 
sellers of Cleveland warrants quoted the turn easier, 
at 48s. 54d. cash, 48s. 84d. one month, and 49s. 24d. 
three months. When the market opened to-day (Wednes- 
day) an easier tone prevailed, and the business was 
confined to 2500 tons of Cleveland warrants at from 
48s. 5d. to 48s. 4d. cash, at 48s. _ twelve days, and 
49s. 24d. three months. Closing sellers quoted te, 44d. 
cash, 48s. 74d. one month, and 49s. 14d. three months. 
In the afternoon weakness continued, and 2000 tons 
of Cleveland warrants were done at 48s. 34d. cash, 
48s. 4d. five days, and from 48s. 64d. to 48s. 6d. 
one month. At the close of the session sellers were 
quoting 48s. 34d. cash, 48s. 64d. one month, and 49s. 04d. 
three months. The following are the market quotations 
for makers’ (No. 1) iron :—Clyde and Calder, 61s. ; Gart- 
sherrie, 61s. 6d. ; Summerlee, 63s. 6d.; Langloan, 64s. ; 
‘and Coltness, 82s. (all shipped at Glasgow); Glengarnock 
(at Ardrossan), 63s. 6d.; Shotts (at Leith), 62s. ; and 
Carron (at Grangemouth), 69s. 


Sulphate of Ammonia.—A fairly good demand continues 
to |p sso for sulphate of ammonia, both for immediate 
and forward lots, and a rise in value has again to be re- 
corded. The price quoted to-day is 147. 10s. per ton for 
— delivery, Glasgow or Leith. The shipments from 

ith Harbour last week only amounted to 27 tons. 


Scotch Steel Trade.—The conditions in the Scotch steel 
trade are practically unaltered, but aren are manag- 
ing to keep their works going s ily, owing to specifi- 
cations being fairly plentiful. The king of new 
business, however, is not anything like what it should be, 
and as quite a number of new contracts have recently 
been secured by Clyde shipbuilders, a much better 
demand for heavy material was expected before this. 
The export trade continues steady. Business in light 
steel and structural sections is good, and makers are 
being kept busy, although in one or two cases a slight 
increase in the number of specifications would be welcome. 
Prices all over are quoted without change. 


_ Malleable-Iron Trade.—W eek after week the malleable- 
iron makers in the West of Scotland have been expe- 
riencing much difficulty in keeping their works employed, 
and this hand-to-mouth existence is still general. how 
business is scarce and very difficult’ to secure, and this 
latter state of matters is due in some measure to the 
strong competition from Belgian’makers. Prices are un- 
changed, and are based on 7/. 2s. 6d. ‘per ton, less 5 per 
cent. for crown bars. 

Scotch Pig-Iron Trade.—The_ Scotch pig-iron trade has 
not materially improved and local buyers are not placing 
orders as freely as might be expected considering that 
quotations are rather easier at present. The export 
trade is fairly good, and consumers in England are also 
taking in fair quantities, but all round there is room for 
expansion. The demand for hematite is still very slow, 
and deliveries are not up to production. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
_ Hull Coal Returns.—After so many months of record 
figures, the coal traffic through Hull last month showed 
u decrease. The total—441,376 tons—compares with the 
February total of a year ago of 460,544 tons. Comparing 
the first two months of the year with the same period of 
1910, there is not much difference ; February’s decrease 
being made up by the 525,930 tons dealt with in J: anuary. 
T he exports last month to foreign ports amounted to 
212,566 tons. Less business was done with Germany, 
Holland, and Italy, but France and South America took 
arger ton Coastwise exports amounted to 78,555 
— - against w yee J of — — the collieries 
sent increased tonnages, and Denaby and Cadeb: 
Main again headed the list. r ae 





South Yorkshire Coal Trade.—The industrial demand 
for hard coal is still very good, and some consumers are 
taking extra quantities on contracts. Some inquiries are 
also being made for forward contracting for the second 
half of the year, and price advances are being quoted. 
Hards for shipment are not going away so well, but 
owners are looking forward to the shipping season, 
which is expected to open shortly. Last week it was 
stated that large orders for Yorkshire and Derbyshire 
hards, particularly the former, had been given on 
behalf of the Norwegian State Railways. 0. 
prices were stated to be about 11s. 6d. and 11s. per 
ton respectively. With the coming of longer days 
transactions in gas-coal have diminished. Slacks and 
steam nuts are in good demand at fairly steady prices, 
and there is a lively inquiry for coke. Except : for 
best qualities the position in house coal is quiet. In the 
inferior grades there is very little doing. Some of the 
collieries have considerable stocks. A or spot lots are 
being offered, but otherwise prices are unchanged. Small 
house nuts of the best quality meet with a steady sale. 
Latest *Change quotations are:—Best branch hand- 
picked, 14s.; Barnsley best Silkstone, 12s. to 13s.; Silk- 
stone, 10s. to 11s; Derbyshire brights, 11s. to 12s.; 
Yorkshire hards, 9s. to 10s. 6d.; Derbyshire hards, 8s. to 
9s.; washed nuts, 8s. to 9s.; rough slacks, 5s. 3d. to 7s.; 
seconds, 3s. 6d. to 4s. 9d.; smalls, 1s. to 2s. 6d. 


Iron and Steel.—The iron market this week, followin 
indications of the past month, is still further Pramentiw 4 
In spite of the activity in thesteel trades, very little iron 
is being bought, and that only in small parcels. Although 
official quotations are unchanged, many makers have 
accepted reductions. Where the makers adhere to the 
official price-list they are getting practically no fresh 
orders. Of course, steelmakers with large quantities of 
work on their hands could not maintain this attitude of 
aloofness but for the fact that their requirements were 
pretty well anticipated under their last contracts, andsome 
of them still have stocks in hand. There isa out- 
ut of Derbyshire foundry iron. The South Yorkshire 
r-Iron Association again decided to continue the 61. 15s. 
quotation, and it is stated in some quarters that there is a 
better outlook for bars. In finished iron generally there is 
not much alteration. Scrap is still quiet. A prospect of a 
busy time next year for the heavy trades is contained in 
the increase of the Naval Estimates. In the meantime, 
the three local armament houses are well occupied. There 
are indications that heavy engineering is in for a better 
time. Some satisfactory orders have recently been 
received locally for steel forgings, and the steel foundries 
are pretty well employed, though still feeling the effects 
of Continental competition. In general trade all branches 
are not on the same level of prosperity, but there is no 
real cause for complaint. The export of steel specialities 
is continually growing, and amongst the Colonies an 
important trade is being done with Australia. American 
demands are sormewhat smaller, owing to causes over 
which the English merchant has no control; but as 
counterbalancing this, trade with Russia grows in a very 
satisfactory manner. Makers of tools, tool steel, files, 
twist-drills, wire, &c., are mostly all well occupied. A 
notable revival is taking place in the hand-tool trade. 
After a period of severe stress, makers, now better 
uipped to meet the demands of the buyer, are receiving 
a large quantity of orders, principally from abroad, where 
Sheffield edge-tools are coming into their own again. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron ee See con- 
tinues to characterise the northern iron trade. Uperations 
are on a very limited scale, buyers being very cautious 
in their dealings, yet it is some gratification to learn, as 
indicating some confidence in the future, that any inquiry 
on forward account elicits higher quotations than are 
named for early delivery. The most unsatisfactory feature 
of the market is the fact that production is considerably 
in excess of requirements, with the result that stocks are 
steadily accumulating. Especially is this the case so far 
as Cleveland pigis concerned. The price of No. 3 g.m.b. 
Cleveland pig iron is put at 48s. 6d. for early f.o.b. 
delivery, but many merchants are pressing sales at that 
figure, and some would doubtless accept 48¢. 44d. No. 1, 
which is still scarce, stands at 52s. ; whilst No. 4 foundry 
and No. 4 forge are each 47s. 9d. ; and mottled and white 
iron, each 47s, 3d.—all for early delivery. Anything but 
satisfactory accounts are given of the East Coast hematite 
branch of the staple industry. Sales are very slow. 
Nos. 1, 2, and 3 are on offer at 64s. 6d. for this month’s 
delivery, and it is understood that that price might be 
shaded. There is nothing doing in foreign ore, consumers 
being over-bought, but sellers stili take a firm stand, and 
they keep quotations nominally on the basis of 22s. 6d. 
ex-ship Tees for Rubio of 50 per cent. quality. There 
is an abundant supply of coke, and average blast-furnace 
qualities are offe reely at 15s. 6d. delivered here. 


Stocks and Shipments of Pig Iron.—In addition to the 
stocks of Cleveland pig iron in makers’ yards, of which 
there is no public return, Messrs. Connal and Co., the 
warrant-store keepers, now hold 580,000 tons, the increase 
this month being at the rate of some 900 tons per working 
day. Shipments of pig iron to date this month average 
3159 tons per working day, as compared with 2998 tons 
for the previous month, and 3307 tons for the correspond- 
ing part of March last year. 

Manufactured Iron and Steel.— Little new can be 

of the manufactured iron and steel industries. 
Orders are exceedingly scarce just now, but producers 
have fairly good contracts made, and are not dis- 
posed to lower quotations, In some branches com- 





plaints are made that ifications for contracts made 
some time ago come slowly to hand. Common iron 
bars are 7/.; best bars, 7/. 7s. 6d. ; best best bars, 7/. 15s. ; 
packing-iron, 5/. 15s.; iron ship-plates, 6/. 12s. 6d.; iron 
shi gles, 7/.; iron , a 1, 5s. to 71. 7s. 6d.; iron 
sole qitten, 6l. 17s. 6d.; iron boiler-plates, 7/. 7s. 6d.; 
steel bars, 6/. 5s.; steel ship-plates, 6/. 15s.; steel ship- 
angles, 6/. 7s. 6d.; steel boiler-plates, 7/. 10s.; steel — 
61. 10s.; steel hoops, 62. 12s. 6d.; steel joists, 61. 7s. ; 
cast-iron railway chairs, 3/. 10s.; light iron rails, 6/. 10s.; 


. | heavy steel rails, 52. 15s. ; steel railway sleepers, 6/. 12s. 6d. ; 








and iron and steel galv d corrugated sheets, 10/. 15s. 
—sheets less 4 per cent. f.o.b., railway material net, and 
all other descriptions less 24 per cent. 





NOTES FROM THE SOUTH-WEST. 

Cardif.—Tonnage arrived tolerably freely over the 
week-end, but the market not recovered a very strong 
tone, and buyers for early shipments have been able to 
secure reductions from quoted prices, especially for lower- 
class coal. The best large steam coal has been quoted at 
17s. 6d. to 17s. 9d. per ton, while secondary qualities have 
— 4 between 16s. 6d. and 17s. 3d. per ton ; best bunker 
smalls 9s. 6d. to 9s, 9d. ; and 


—- smalls 8s, to 8s. 6d. 
per ton. House coal has shown little change, the best 
ordinary qualities having made 14s. 6d. to 16s. 6d. ; No. 3 


Rhondda 17s. to 17s. 6d., and smalls 10s. to 10s. 6d. 
per ton. No. 2 Rhondda large has brought 12s. 6d. to 13s., 
and smalls 7s. 9d. to 8s. per ton. Foundry coke has 
realised 19s. to 22s., and furnace ditto 16s. 6d. to 17s. 6d. 
per ton. As regards iron ore, Rubio has made 21s. 6d. 
to 22s, 6d. per ton, upon a is of 50 per cent. of iron, 
and charges, including freight, insurance, &c., to Cardiff 
or Newport. 


South Welsh Coal.—The shipments of coal from the 
six principal Welsh portr—Cardiff, Newport, Swansea, 
Port Talbot, Neath, and Llanelly—in the first two months 
of this year were :—Cardiff—foreign, 2,674,026 tons ; 
coastwise, 382,184 tons; total, 3,056,210 tons. Newport 
—foreign, 751,580 tons; coastwige, 106,105 tons; total, 
857,685 tons. Swansea—foreign, 494,083 tons ; coastwise, 
40,530 tons; total, 534,613 tons. Port Talbot—foreign, 
251,951 tons; coastwise, 19,913 tons; total, 271,864 tons. 
Neath—foreign, 27,531 tons ; coastwise, 28,137 tons; total, 
55,668 tons. Llanelly—foreign, 29,485 tons; coastwise, 
5079 tons; total, 34,564 tons. The aggregate shipments 
from the six ports to February 28, this year, were, accord- 
ingly, 4,810,604 tons. 

Dowlais.—The Goat Mill has had a large output of 
billets, rails, and sleepers, while the Big Mill has n 
well employed upon -plates, light railway matéricl, 
and colliery props and angles. A ai a order for rails 
was completed by the Goat Mill on Friday. The output 
of coal has continued good. 


Penarth Pontoon.—The pontoon of the Penarth Pontoon, 
Slipway, and Ship - Repairing Company, Limited, is 
greatly increasing the ship-repairing facilities of the port 
and Channel. The Ardgryfe steamer, which has recently 
been dry-docked upon the pontoon, is one of the largest 
steamers which bas ever entered Penarth Dock, being 
415 ft. in length over all. She was raised out of the 
water in 55 minutes. 


Powell-Duffryn Steam-Coal.—The annual meeting of the 
Powell-Duffryn Steam-Coal Company, Limited, was held 
on Friday. Mr. Shaw, K.C., presided, and moved the 
adoption of the report and balance-sheet. In doing 
80, be said some of the men and the Press were 
“down on his back,” because of what they called the 
enormous profits of the ampey. When they worked 
the profit out it came to only about 2s. per ton of the 
output. That was not an outrageous profit, consider- 
ing that the prices for some time of the year were 15s. 
per ton, and the men were getting increased wages. The 

rofits made were the result of the conservative policy 
ollowed by the Board, which had enabled it to put down 
the finest plant in the country, so that the company was 
able to make gains which would not be made otherwise. 
They were able to make use of products which were 
absolutely wasted before. Instead of being accused of 
making enormous profits, they should have the credit of 
working very hard to make any profit at all. 





Tue Larcest CRANE IN THE WorLD. — The largest 
cantilever crane which has yet been erected has just been 
tested at the Imperial Japanese ef Dockyard, Yoko- 
suka. This crane, which was designed and constructed by 

essrs. Cowans, Sheldon, and Co., Limited, of Carlisle, 
is capable of dealing with a working load of 200 tons at a 
radius of 95ft., and it was satisfactorily tested with a 
load of 250 tons at that radius. It is the | t crane 
that has up till now been built, but the same firm are at 
present erecting for the Japanese Navy, at Kure, one with 
a working power of 200 tons at 105 ft. radius, to be tested 
with a load of 250 tons. Hitherto the largest crane in exist- 
ence has been the 160-ton cantilever crane, yey 
Messrs. Cowans, Sheldon and Co., for H.M. Dockyard, 
Devonport, and tested witha load of 240 tons at 95ft. radius ; 
that power being much greater than was obtainable by an 
crane previously built. Even now the nearest approac 
to it is one which is being constructed for a Clyde ship- 
building yard, to lift 200 tons at 75 ft. radius, and to be 
tested to 250 tons. It may be interesting to compare the 
gradual growth in power of such cranes, which 1s due to 
the increased size of battleships, as shown by their foot- 
tons capacity. In the last-named crane this will be 
(250 tons at 75 ft. radius) 18,750 foot-tons ; in the 160-ton 
crane at Devonport (240 tons at 95 ft. radius), 22,800 foot- 
tons; in the 200-ton crane at Yokosuka (250 tons at 965 ft. 
radius), 23,750 foot-tons; in the 200-ton crane at Kure 
(250 tons at 105 ft, radius), 26,250 foot-tons, 
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TWO-STAGE AIR-COMPRESSOR WITH AUTOMATIC MULTIPLE-PLATE VALVES. 
CONSTRUCTED BY TILGHMAN’S PATENT SAND-BLAST COMPANY, LIMITED, ENGINEERS, MANCHESTER. 
(For Description, see Page 347.) 
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ELECTRIC POWER ON THE NORTH-EAST COAST. 


(For Description, see Page 337.) 
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Fic. 9. SwitcHBOARD IN THE CARVILLE STATION OF THE NEWCASTLE-UPON-TYNE ELectric Supply Company. 


























Fie. 10. Back View. Fic. 11. Front -View. 





**TroncLtap ”’ SwitcH-GEAR FOR GENERATING-STATION. 
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NOTICES OF MEETINGS. 


Tas Instirvre oF Marie Encivesrs.—M » March 20, at 
‘Modern Developments in British and tinental Oil- 


.m. 


ry . 
fessor J. A. Fleming, M.A., D.Sc., F.R.S. (Lecture III.) 
Wednesday, March 22, at 8p.m. ‘The Manufacture of Portland 
Cement,” by Mr. Arthur Charles Davis, F.C.S., Assoc. Inst. O.E. 

Tue Instrrvtion oF Crvi. EnGineers.—Tuesday, March 21, at 
8 = Paper to be further discussed : -‘‘ The Electrification of 
a Portion of the Suburban System of the London, Brighton, and 
South Coast Railway,” by Mr. Philip Dawson, M. Inst. C.E. 
Students’ visit, Wednesday, March 22, to the Chingford Reser- 
voir under construction for the Metropolitan Water Board. 
Students’ meetings, Fridays, March 24and 31, at 8 p.m. Lectures 
on “‘ The Uses of Chemistry in Engineering,” by Mr. James Swin- 
burne, F.R.S., M. Inst. C.E. Dr. W. ©. Jnwin, Vice- ident, 
will occupy the chair on March 24, and Mr. Alexander Siemens, 
President, on March 31. Members of all classes of the Institution 
are invited to attend these lectures. 

Tue Liverpoot ENGINEERING Society.—Wednesday, March 22, at 
8 pm. at the Royal Institution, Colquitt-street, when a paper 
will be read entitled ‘‘ Developments in Gas-Making,” by Mr. 8. 
Glover, M. Inst. C.E. 

Tue Instirurion or EscrricaL Enommers. — Thursday, 
March 23, at 8 p.m. ‘“ Electricity Meters, with Notes on Meter- 
jm a by Mr. H. A. Ratcliff and Mr A. E. Moore, Associate 

embers. 

Tue Puysicat Soourry or Lonpon.—Friday, March 24, at 5 p.m., 
at the City and Guilds (Engineering) College. Agenda: (1) “A 
Sensitive Thermo-Regulstor,” and (2) ‘‘ Experiments on the Mea- 
surement of Electrolytic Resistances using Alternating Currents,” 
by Mr. H. F. Haworth, Ph.D., M.Sc., B.E. (3) “‘ Oscillatory 
Currents in Coupled Circuits;” and (4) ‘‘Some Radio-Telegraphic 
A tus in Use at the City and Guilds (Engineering) College,” 
by lessor G. W. O. Howe, Sc., M.Sc. 

Tue Roya Insrrrotion or Great Barirain.—Friday evening, 
March 24, at 9 o'clock. ‘‘ The Sidereal Universe,” by Sir David Gill, 
K.C.B., LL.D., D.Sc., F.R.S., Past-Pres. R.A.S.,M.R.I. Afternoon 
lectures next week at 30’clock. Tuesday, March21. Mr. Aurel Stein, 
C.LE., Ph.D., D.Lit., D.Sc., on ‘‘ Explorations of Ancient Desert 
Sites in Central Asia.” (Lecture I.) Thursday, March 23. Pro- 
fessor Arthur Keith, M.D., F.R.C.S., on ‘‘Giants and Pygmies.” 
(Lecture II.) Saturday, March 25. Professor Sir J. J. Thomson, 
M.A., LL.D., D.Sc., F.B.8., M.R.L, Professor of Natural Philo- 
sophy, R.L., on “‘ Radiant Bnergy and Matter.” (Lecture IV.) 
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THE PROFESSION OF MECHANICAL 
ENGINEERING. 


Tue mechanical engineer is only just struggling 
into his rightful position as a professional man. 
The long delay is largely due to the poverty of our 
language. We have no words that briefly differen- 
tiate between the science and the practice of mecha- 
nical engineering, or between the man who devises 
and the man who executes moving constructions in 
metal. Even the terms ‘‘ engineer” and ‘‘ engine ” 
are dangerously alike, and seem to suggest that there 
is something akin between the designer and the 
thing designed, as if the former were only a glorified 
machine rather than an intellectual being. The 
public call any man an engineer who deals with 
machinery even in the humblest capacity, and there 
is no other designation for his master, or for the man 
whose talents call into existence the labour-saving 
appliances which form the basis of modern civilisa- 
tion. The civil engineer does not suffer from this 
confusion to the same extent. The wielder of the 
pick and shovel has never been known as an engi- 
neer ; he’ has been a navvy ever since the early 
canals were constructed. The great firms who 
construct railways, docks, and harbours are called 
contractors. A fairly clear line is thus drawn 
between the intellectual and material sides of the 
work, and civil engineering has long been recognised 
as a profession, just as is military engineering. Of 
course, this distinction between mechanical engineer 
and civil engineer ignores the broad definition con- 
tained in the charter of the Institution of Civil 
Engineers, and confines the latter term to the 
popular conception of the man who deals with fixed 
structures and earthwork. The fact remains, how- 
ever, that the mechanical engineer ranks below the 


355 | civil engineer in the eyes of the world, and is often 


confounded with the artisan. 

When one reviews the immense work which the 
mechanical engineer has done, and tries to con- 
ceive how the world would exist if even one-half of it 
were removed, the great injustice of confusing the 
engineer with the mechanic becomes apparent. But 
the remedy is not so easy to devise. Of course, 
examples are to be found abroad in countries where 
engineers are divided by government and univer- 
sities into grades and sections, into which entrance 
But such a 
procedure is foreign to our ideas, and the time is not 
yet ripe—probably it never will be—for converting 
engineering into a closed profession, into which 
entrance can only be found by examination. For the 


pres.nt the matver lies in the hands of the enginecr- 





ing societies. It is their business to render admission 
to their ranks the equivalent—and more than the 
equivalent—of the titles which foreign engineers 
obtain from their governments, so that it will 
become difficult for engineers to obtain respon- 
sible positions while remaining outside such bellies. 
This state of affairs has already been attained by 
the Institution of Civil Engineers, and a conside- 
ration of how the same result may be achieved by 
the Institution of Mechanical Engineers formed 
the basis of the excellent presidential address 
delivered last evening before that body by Mr. 
E. B. Ellington. This address will be found 
printed in extenso on another page of this issue, 
and will well repay perusal we all mechanical 
engineers who take a pride in their calling. 

he Institution of Mechanical Engineers is the 
oldest body of its kind, and stands second amon 
the fifty institutions and societies in the Uni 
Kingdom which have to do with engineering in one 
or other of its branches. If ever the mechanical 
engineer is to be ised universally as a pro- 
fessional man, it must be through the efforts of 
this institution. It has already a fine house, which 
is about to be enlarged om | to stand side by 
side with the new building of the sister-institution; 
it has a long roll of membership, abundant funds, 
and a reputation which has undergone a notable 
advance during recent years. Membership is 
counted an honour and a privilege, and therefore 
the Council can exercise a rigid scrutiny as to 
those they admit. . The more difticult the entrance 
the greater attraction it presents, and the greater 
the credit attaching to membership. There is, 
however, much difficulty in defining the qualifica- 
tion which entitle a man to be regarded as a 
mechanical engineer. He may confine himself 
solely to designing plant, and may get it executed 
by contractors, just as a civil engineer does with 
structures and earthworks. Or he may not only 
design, but also construct, which is by far the more 
usual plan. Or, again, he may be more interested 
in the commercial side of a manufacturing business 
than in the technical side, and yet have had a good 
technical training. It is impossible to reject a 
man of sufficient experience belonging to any of the 
above-named classes, although in the last case there 
may sometimes be room for doubt. When there 
are several partners in a successful business, it is fair 
toassume that each man takes the department for 
which he is best fitted, and it is not easy to decide 
how far his knowledge extends in other directions. 
It would not be difficult to find instances of engi- 
neers who have gained admission to institutions on 
account of the difficulty of discriminating between 
their work and that of their coll es. 

Mr. Ellington insists that the first qualification 
for admission should be knowledge and experience in 
the theory and practice of mechanical engineering, 
and in this he is certainly right. A little considera- 
tion will show that such a test would weed out a vast 
number of men who now pass as engineers. Both 
knowledge and experience are wanted in each of 
two separate matters—theory and practice. Large 
numbers of manufacturers, managers, draughtsmen, 
engineers-in-charge, foremen, and mechanics would 
find the fourfold barrier im ble, and would 
begin to realise the difference between a profession 
and a calling. There is undoubtedly a fession 
of mechanical engineering, but it can only be entered 
by intellectual avenues. We do not mean neces- 
sarily colleges and universities, although these have 
their uses, and often serve as short cuts. It is 
by constant acquisition of knowledge, by untiring 
inquiry into the causes of phenomena, by careful 
comparison of facts with theories, and generally by 
a lavish expenditure of thought, projected both 
forwards and backwards, that the engineer is made, 
and is differentiated from the mechanic, whose 
range is both narrower and less deep. Neither in 
the college, the drawing-oftice, nor the workshop 
alone can this intellectual equipment be acquired. 
As Mr. Ellington says, ‘‘No one can design 
machinery properly who has not had large expe- 
rience of its manufacture.”’ “Similarly, no one can 
design it successfully who is-ignorant of the physical 
theories governing its action and the endurance 
of the metals of which it is composed. Further, 
the economic conditions under which it is to work, 
and the competition from other forms of mechanism 
with which it will have to contend, must be known 
to the designer. It needs an apprenticeship which 
lasts longer than any known to law to attain to 
all this knowledge, and an enthusiasm much beyond 
that measured in the terms of a fair day's work 
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for a fair day’s pay. The profession of engineer- 
ing, like all other professions, is not merely a means 
of earning a living ; it is the expression of a type 
of mind that finds a delight in enduing dead matter 
with forms and capabilities that simulate life and 
consciousness, 

It is clear that knowledge and characteristics 
such as we have referred to can never be tested by 
examination any more than generalship can be de- 
monstrated in manceuvres. The only touch- 
stone of military ability is actual conflict, and it is 
—_ by a review of an engineer’s work, carried out 
under the hard conditions of practical life, that his 
powers can be appraised. If he has not been able 
to gain so much success in subordinate positions as 
to lead to his being entrusted with more and grow- 
ing responsibility, there is grave reason to believe 
that there is some defect in his character, or in his 
abilities, which precludes him from deserving pro- 
fessional rank. It may happen on board ship that 
the second mate is a better navigator than the 
captain, but if he remains second mate as years go 
by, it is as fairly certain that he has found his ulti- 
mate vocation, and is not fitted to hold supreme 
command; The keen eye of the shipowner looking 
out for dividends is a better test of nautical ability 
than all the Board of Trade examinations. It is 
thus reasonable for the council of an engineering 
institution to demand from candidates evidence 
that their abilities have been sufticiently demon- 
strated to cause people to believe in them, and to 
back their belief by their money. 

When such a test is applicable it is conclusive. 
Unfortunately, it cannot always be used, particularly 
in mechanical engineering. There are men who 
succeed by inheritance to the ownership of great 
works, or of large interests in them. Even in 
limited companies, as we showed in a recent 
article, the hereditary principle is not without 
power, and sons or nephews find openings made for 
them which they could not obtain by open competi- 
tion. To all appearance they are holding the reins 
and guiding the enterprise, while in reality they 
are dependent on their subordinates to conduct the 
business for them. It is difficult for a council to 
find any test that will negative the claims of such 
men to be considered professional engineers. How- 
ever, little harm is done by their admission, for, 
at least, they play the part in public quite well, 
and it is only a few people who know the truth. 
There are not so many engineers born rich that 
we need distress ourselves, because their money 
is sometimes counted to them for professional 
righteousness. 

Examinations, objectionable as they often are, are 
not without their good points, and we find that Mr. 
Ellington recommends them for entrance to the 
grade of associate member. The great advantage of 
a man finding his path to a desirable end barred by 
an examination is that it obliges him to take stock 
of his knowledge, and to fill up the gaps. There 
are certain things that every mechanical engineer 
should know in the early part of his career. Some of 
these are interesting to him, and some are not. Some 
are acquired easily, and some only with difticulty. 
It is only in human nature to pay less attention to 
those which are uninteresting and difficult. Unless 
they are certain to appear in an examination paper, 
they may be relegated to that convenient season 
which never arrives. There is, further, much 
knowledge that can only be acquired early in 
life, It requires leisure, pliability of mind, and, 
above all, the absence of business care and worry, 
to permit of its attainment; and if the opportunity 
be allowed to pass, it may never be gained again. 
If, however, the examinations be conducted in 
a reasonable spirit with the object of finding out 
the candidates’ attainments, and not of tripping 
them up by tricks and traps, there is perhaps 
no objection to them being adopted to some 
extent as the tests for entrence to the lower 
division. Failing them, there is no such certain 
criterion of judgment, as there is in the case of 
full membership. Young men cannot be expected 
to have attained to success. Some develop late ; 
others employ themselves in laying a firm and 
broad foundation rather than in building upa rapid 
career ; youth, too, has its temptations and follies, 
which for a time hinder progress. A council must 
depend ely on reports by friends and well- 
wishers, who sometimes state what they hope 
rather than what they think, and thus it may be 
led to accept. the indolent and the vicious. An 
examination, as a collateral test, at least weeds 
out the incompetent and the idle, 





An institution like that of the Mechanical Engi- 
neers has, however, a wider and more important 
duty than that of merely choosing its members with 
care. There is a limit to the scrupulousness with 
which its selections can be made. A technical society, 
like a man, ‘‘must live,” and in enforcing too high 
ome ions it may be committing suicide. It has to 

ll the gaps made in its ranks by death and resigna- 
tion, and also to give evidence of sturdy growth. 
Tests that will shut out good average engineers 
do not fall within the limits of practical politics. 
The great object of an institution is to raise 
in professional knowledge the whole body of 
engineers which it represents ; to make the pace 
by gathering information from all sources and dis- 
tributing it among its members ; to foster friendly 
competition in excellence ; to bring the best men 
to the front, so that others may take them as a 
standard of comparison ; to encourage the inter- 
change of opinion ; to stimulate legitimate contro- 
versy ; tocultivate a sense of professional responsi- 
bility and etiquette; and in every possible way 
to bring about a steady improvement in the know- 
ledge and capacity of the mechanical engineer. 
It is only in this way that an industry can be 
converted into a profession, and a line of demar- 
cation drawn between those who follow it as a 
trade and those who lead the way into new paths 
of progress. The greatest work done in this 
respect by the Institution of Mechanical Engineers 
— we had almost said by any institution—is the 
splendid series of researches carried out under 
its auspices, These have not only added to the 
knowledge of the world, but have demonstrated 
that engineers can carry on physical inquiries from 
their own point for themselves, and that they have 
higher aspirations and ideals than merely making 
money. The results of these researches have been 
given freely to all, and afford ample evidence that 
the mechanical engineer is not satisfied to be 
merely a mechanic. 





ARMAMENTS AND ARBITRATION. 

AFTER an eight-hours’ debate, the House of 
Commons, on onday, unanimously passed a 
resolution to the effect that the House viewed with 
profound anxiety and regret the continued necessity 
of the maintenance by this country of large arma- 
ments, and would welcome the establishment of 
international arrangements under which the great 
Powers would simultaneously restrict their warlike 
preparations. This is a pious wish, but nothing 
more, and the debate brought us little nearer the 
realisation of this millennial idea. The first step 
towards a mutual reduction of armaments is a 
correct understanding of the situation. As the 
Secretary of State for Foreign Affairs said, the 
frank exchange of information between Govern- 
ments, through their naval attachés, would guard 
against any surprises; it would convince each 
nation that none was trying to steal a march on 
the other ; it would convince other nations of the 
intentions of each country, and it would have a 
pacific effect generally. we take the case of 
Germany, there seems a recognition in part of this 
idea. In 1900 the naval law laid down their pro- 
gramme, which was openly modified in 1906 and 
again in 1908, the former amendment increasing the 
number of large cruisers by six, and the latter 
augmenting the number of battleships to be built 
by four, so that in 1913 Germany would have 21 
Dreadnoughts, and in 1920-a fleet including 58 
capital ships of less than twenty years old. No 
one can resent Germany taking such action. As 
Sir Edward Grey said, ‘* The German Naval Law 
has been laid down by Germany because she thinks 
it necessary for her own purposes, within her own 
power, and due to herself, to have a strong navy.” 
On the other hand, if there had been a free inter- 
change of information, we should have known to 
what extent their building programme had been 
accelerated two years ago, ome thus there would not 
then have been a period of anxiety in this country 
which led to an agitation and to the use of recri- 
minatory language unworthy of this country and 
unpleasing to Germany. 

At the same time we should consider whether 
our naval policy is sufficiently clearly defined to 
restore confidence in Germany, and pave the way 
for a mutual understanding as to shipbuilding pro- 
grammes. Three or four years the late Prime 
Minister deferred the building of the ship which 
ultimately became the Vanguard, in order to en- 
courage Germany to modify her programme. Two 





years ago our programme should have consisted of 
eight ships, but the laying down of four of these 
was made conditional upon contingencies. They 
were duly ordered, and to that decision few could 
or can now take exception. While Germany has 
been steadily ordering four capital ships per 
annum, we have vane between two a eight 
per annum, and although, as the First Lord of 
the Admiralty put it, the Board ‘‘advixe the 
building of ships in particular numbers and to a 
—~ size and cost, in order to enable the 
ritish Navy to secure that in all contingencies 
we shall have the freedom of the highways of the 
sea,” we prefer Mr. Balfour’s interpretation of the 
motive—namely, that ‘‘ what every country has to 
do must bear a relation to what other countries — 
its neighbours, its friends, its possible rivals, and 
its possible enemies—are doing at the same time.” 
This, at least, is a more definite basis. Thus, when 
the German Naval Law was established, the duty of 
the Admiralty was simplified, and when there were 
subsequent accelerations, active measures could be 
taken to make up leeway. We have all along con- 
tended that obvious determination to maintain our 
ition, relative to that of the next strongest 
ower, must tend toa recognition that our action 
is not ‘‘recriminatory,” but consistent only with 
the ensurance of national safety, and also with the 
promotion of international confidence. Thereismuch 
in what Lord Charles Beresford said: ‘‘ Directly 
this country entered on a path of economy, or made 
an attempt to ask Germany to reduce her arma- 
ment, the results have been an immense increase 
in the shipbuilding programme of Germany.” 
Whether this be so or not, it is possible that a 
movement contrary to international interest is 
open to misunderstanding and is often regarded as 
sinister. 

Mr. Balfour was right, therefore, in expressing 
profound disappointment that the real purpose of 
the debate in the House of Commons had not been 
fulfilled—the enunciation of ‘‘the best and cheapest 
methods by which this country can be made secure 
from all threats of invasion and danger to com- 
merce,” and by which the ‘‘ dependencies of the 
Empire can be made secure from every kind of 
hostile demonstration.”” The public would appre- 
ciate a clear exposition of our policy, and such, 
too, would help towards the establishment of a 
fuller confidence on the part of Germany in our 
pacific intentions. Germany need not resent 
a thoroughly progressive naval policy in this 
country, in view of the activities in her own 
arsenals, Of the justification afforded for the 
great increase in the British Naval Estimates, clear 
indication is given in our analysis of these estimates 
on page 335 of thisissue. To such justification Mr. 
McKenna added further facts on Monday last— 
that in the past three years Germany had spent on 
new naval construction and armaments 29,365,000. 
to our 34,531,0001. ; that in six years the increase 
for these votes had been equal to 166 per cent. 
in the case of Germany, and 16 per cent. in the 
case of Britain ; and that in personnel the addition in 
six years had been 19,245 in the German Navy and 
510 in the British Navy. But these advances in 
the case of Germany are only consistent with the 
intention laid down in the German Naval Law of 
1900, and its amending laws of 1906 and 1908. 
Has our policy the same degree of consistency’ Is 
it prosecuted in a straightforward way! The 
preamble of the German Naval Law clearly states 
their policy :—‘*t Germany must have a fleet of such 
strength that even for the mightiest naval Power 
a war would involve such risks as to jeopardise its 
own supremacy. For this purpose it is not abso- 
lutely necessary that the German fieet should be 
as strong as that of the greatest sea Power, because 
generally the greatest sea Power will not be able 
to concentrate all its force against us.” Mr. Balfour 
brought the terms of this preamble into juxta- 
position with a quotation from the Memorandum 
recently issued by the Admiralty, and purporting 
to give the views of the First Sea Lord, Sir A. K. 
Wilson, on the defence of the Empire from inva- 
sion. Sir Arthur, of course, enunciated as a first 
principle of strategy that our defence depended 
primarily and essentially on the adequacy of our 
naval power to maintain the mastery of the seas, 
and the quotation which Mr. Balfour made had 
reference to the possibility of enticing part of our 
fleet away by any strategy. Sir Arthur said that 
such was possible, but even if the enemy ‘“‘suc- 
ceeded in drawing off half the fleet, the other half, 
in conjunction with destroyers and submarines, 
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would be quite sufficient to sink the eee part 
of his transports, even if supported by the strongest 
fleet he could collect.” In referring to this state 
ment, Mr. Balfour contended that, according to the 
view of the First Sea Lord, our fleet in home 
waters ought to be in ordinary times twice as 
strong as the fleet of any Power that could be 
brought against us in the North Sea. He desired 
to know if that were the policy of the Government. 

Apart altogether from the line of reasoning sug- 
gested, it is clear that our only safe standard, in the 
arrangement of our shipbuilding programme, is to 
ensure at any future date the possession by Britain 
of two keels to every keel commissioned by the next 
strongest naval Power. That is a policy which could 
be easily understood by the merest tyro in this 
country and by any one in Germany. Only when a 
standard has been laid down, and is consistently 
pursued, can there bea clear understanding or any 
approach to a mutual agreement as to the extent of 
armaments ordered. Sir Edward Grey, in reply to 
this, would not go further than recall the phrase of 
the First Lord of the Admiralty to the effect that 
the British standard is ‘‘a fleet sufficient to hold the 
sea against any reasonably probable combination.” 
It is scarcely necessary to labour the point that the 
very indefiniteness of this standard must lead to 
misunderstanding and to that keen and jealous 
watchfulness which misinterprets any action not 
obviously plain. 

But even if a better understanding were created 
by more fully revealing our policy and the standard 
which we are determined to maintain, it does not 
follow that an agreement for a mutual reduction of 
armaments can be arrived at. Sir Edward Grey’s 
assurance regarding our friendly relations with 
foreign Powers was most gratifying. Still more 
important is his belief that such friendship with 
this or that Power need not estrange us from others. 
‘*We have the strongest desire to see our friends 
on good terms with other Powers, and we regard 
such understandings without jealousy and with 
satisfaction.” He quoted with approval from the 
German Chancellor’s recent speech that they also 
desired to avoid rivalry in regard to armaments, 
and that the non-binding pourparlers which have 
from time to time taken place between the British 
and German Governments have heen conducted on 
both sides in a friendly spirit. Sir Edward em- 
phasised the statement that in any possible naval 
agreement with Germany the Government have 
been given to understand that the German Naval 
Law must be, in the long run, carried out. ‘‘I 
am sure,” he says, ‘‘ that if I held out any hope to 
the House that, by agreement, Germany would 
part with her Naval Law, or alter it, I should be 
contradicted at once by the German Government.”’ 
There is only left, therefore, the frank interchange 
of information between the two Governments, and 
this would, at least, allay anxiety, and prevent 
periods of panic, which only tend to incense public 
opinion in each country against the other. In 
these circumstances the Foreign Secretary was 
right in his view that the change cannot be wrought 
by one nation—especially a nation so important as 
ourselves—dropping out of the competition. ‘*Ido 
not think,” he said, ‘‘ we should serve the world- 
purpose of reducing the general rising level of expen- 
diture ; on the contrary, I think it might very well 
happen that if one nation dropped out, it might give 
a spurt to expenditure in some others.” 

The tide of expenditure is rising in all countries. 
The representatives of the Government indicated 
that our estimates had reached the high-water 
mark, but this was conditional upon the pro- 
grammes of other Powers following their intended 
course. This is one of those unfortunate predic- 
tions which should not have been made, because an 
increase in our expenditure in the future is tant- 
amount to an announcement that we think others 
have gone too far, a view which can only irritate 
the nation in question. The burden of taxation 
may in all countries bring adjustment some day, 
especially if advance is made towards the adoption 
of arbitration in national disputes. Here, again, 
the views of Sir Edward Grey were interesting, 
perhaps encouraging. He quoted statements by 
the President of the United States of America to 
the effect that ‘if we can negotiate and put through 
mage agreements with some other nation to abide 

y the adjudication of International Arbitration 
Courts in every issue which cannot be settled by nego- 
tiations, no matter what it invol ves—whether honour, 
territory, or money—we shall have made a long step 
forward by demonstrating that it is possible for two 





nations at least to establish between them the same 
system which, by the process of law, has existed 
between individuals cle government.” Certainly, 
as Sir Edward Grey states, if two of the greatest 
nations in the world were to make it clear to the 
whole world, by an agreement of such a character, 
that they would, under no circumstances, go to 
war, the effect would be beneficial. Even if a 
third nation threatened either of the Powers, both 
could combine. But we have a long way to go to 
reach this possible happy condition. Moreover, 
it will only be reached if the initial step is taken 
by astrongly armed Power. In international, asin 
private, disputes, proposals for peaceful negotiations 
win more favour when put forward by the stronger 
disputant. We may seek peace, but it can only be 
ensured by preparing for war. While we individually 
and collectively take every conceivable precaution 
against death, pestilence, fire, and storm, we readily 
pay high premiums for the insurance of life and 
property against these and other ills. War is almost 
an inevitable pestilence, and, as Lord Charles 
Beresford pointed out this week, ‘‘ adequate naval 
defence is our life.” Moreover, two years ago Sir 
Edward Grey enforced the view that ‘‘ there is no 
half-way house in naval affairs between complete 
safety and absolute ruin.” This holds even with a 
complete interchange of views, and also in the face 
of possible national agreement for arbitration. 





RADIANT ENERGY AND MATTER. 

On Saturday afternoon last Professor Sir J. J. 
Thomson, F.R.S., of Cambridge, delivered at the 
Royal Institution, Albemarle-street, the second of 
his course of lectures on ‘‘ Radiant Knergy and 
Matter.” 

On the last occasion, he had, the lecturer said, 
discussed some views which had been put forward 
to explain whence the sun derived the enormous 
energy it radiated, which, according to various esti- 
mates, ranged from 10,000 to 15,000 horse-power 

er square foot of its surface. In his previous 
ecture he was afraid that he had said per square 
centimetre in place of per square foot, but he had 
meant the latter. He had shown that even if it 
were supposed that the sun consisted entirely of 
uranium, the most radioactive of the metals which 
had a sufliciently long duration, the rate of supply 
would not be enough to account for the energy 
actually given out. It was, of course, just possible 
that at a temperature of 6000 deg. absolute, bodies 
became radioactive which were not so at the tem- 
perature of the earth. We had, however, no evi- 
dence in favour of this view, but must, neverthe- 
less, regard the matter as still open, although 
experiment was rather against it. All attempts to 
vary the rate of radioactivity by temperature 
changes had hitherto yielded negative results. 

This radiation from the sun, Professor Thomson 
proceeded, travelled away through space, a small 
portion of it falling on the planets. Of the energy 
they were thus continuously acquiring the planets 
saved but toasmall amount. The earth, for instance, 
did not retain any appreciable quantity, giving it 
back to space again, also in the form of radiant 
energy. 

It was possible to form an estimate of the tem- 
perature a body would acquire under the influence 
of the sun’s radiation, if it lost just as much ene: 
as it received. Professor Poynting had thus cal- 
culated the temperature of the different planets on 
this hypothesis. In this calculation there were 
some uncertain factors, icularly as to the quan- 
tity of radiation reflected. In the case of the earth 
this was an appreciable amount. Making, how- 
ever, the most probable allowances and estimates, it 
appeared that Mercury would have a temperature 
oF 467 deg. absolute, or 194 deg. Cent., Venus, one of 
368 deg. absolute, or 95 deg. Cent., whilst the corre- 
sponding figure for the earth was 290 deg. absolute, 
or 17 deg. Cent. In this case the calculation could 
be checked, and the figure given represented very 
well the average temperature of the earth. Cal- 
culated in the same way, the temperature of Mars 
came out as — 38 deg. Cent., or far below the 
freezing point of water. This appeared unfor- 
tunate for the canals, but he believed that Mr. 
Lowell had ways of meeting the difficulty. The 
temperature of Neptune, calculated in the same 
manner, was — 215 deg. Cent., so that this planet 
presented exceptionally favourable conditions for 
the conduct of low-temperature research. In this 
connection the question also arose as to what would 
be the temperature of a body exposed to starlight 





only. Astronomers estimated starlight as equiva- 
lent to jmic Of bright sunlight ; and, taking this 


as the basis of the calculation, it appeared that a 
body exposed solely to the radiation of the stars 
would acquire a temperature of 10 deg. absolute. 

The main portion of his last lecture, he pro- 
ceeded, had been devoted to showing the connection 
between the total amount of radiation given out 
by a black body, and the absolute temperature of 
that body. All the most recent experiments showed 
that the amount of energy radiated per square 
centimetre of surface could be represented by the 
5.32 x 10— 6 ergs per second. e erg WAS a con- 
venient unit for purposes of calculation, but was 
too small for engineering purposes, one erg being 
about the amount of energy exerted by a common 
house-fly when it crawled up a window-pane a height 
equal to the breadth of one’s finger-nail. 

The expression above given for the radiation from 
a black body had been applied in a most ingenious 
way to the measurement of the temperature of 
furnace fires, and the like, by means of the Féry 
nears In this instrument the light from a 
urnace was focussed by means of a mirror on to a 
thermopile, which thus received a fraction of the 
total radiation emitted by the body to which it 
was directed. It was thus necessary merely, 
as it were, to look at a furnace with the in- 
strument in order to determine its temperature. 
As he had stated last time, the fourth-power law 
had originated in some calculations made by Stefan 
on some experiments made long ago by Tyndall. 
It had since been shown that this law was the only 
possible one in accord with thermodynamics. 

This conclusion resulted from a consideration of 
the pressure due to light. In fact, all radiant 
energy exerted a pressure on a body which absorbed 
it. is was almost self-evident when light was 
thought to be a stream of small icles movin 
with great velocity. If such particles were absor 
by a body, the latter would be pushed forward, 
the effect being equivalent to a pressure exerted 
on the body. When the undulatory theory was 
introduced, however, it was not clear that there 
would be any similar pressure if light were a wave- 
motion. In fact, this very point had been taken 
as a crucial distinction between the old and the 
undulatory theory. The experiment had been 
tried by Bennett, who allowed light to fall on a 
delicately suspended disc, and fortunately, perhaps, 
for theory, had failed to detect any motion. We 
now knew that had more delicate methods been 
adopted, the result would have been different ; but 
had this been the case, the experiment would have 
been almost a death-blow to the undulatory theory. 
It was not till long afterwards that it was shown 
that on the electric magnetic theory also radiation 
must exert a pressure on bodies which absorb it. 

It was somewhat remarkable that many of the 
more recently-discovered properties of light were in 
many respects more easily explained on the old 
corpuscular theory than by means of its successor, 
and this question as to the momentum of radiation 
was an instance in point. Maxwell, however, showed 
that if light were an electro-magnetic disturbance, 
a beam of it must a certain amount of 
momentum in the direction of its motion, and was 
accordingly, in this regard, mechanically equivalent 
to a stream of particles. Hence, when light was 
absorbed, all its momentum was communicated to 
the absorbing body as a pressure. This was not 
likely, however, to lead to any practical incon- 
venience. On an average-sized man standing in 
full sunlight the total resultant pressure only 
amounted to about 4 milligramme. It was indeed 
a great triumph that these excessively small effects 
should have been demonstrated, and measured 
within a few per cent., with laboratory apparatus, in 
which the total force acting was but _'_ part of 
a milligramme. i 

The effect in question, Professor Thomson pro- 
ceeded, must be distinguished from that which 
caused rotation in Crooke’s radiometer. When this 
was first invented, the effect was believed to be due 
to light pressure, and the instrument was sometimes 
referred to as a mill driven by light. Further work 
showed that the forces in operation had a different 
origin, the motion observed being due to the com- 
munication of momentum between the hot plates 
of the rotating part and the colder walls of the 
containing vessel. It was, the lecturer proceeded, 
easy to distinguish between a purely domestic affair 
of this kind and an effect due to an external cause, 
such as was the pressure due to light. In fact, 
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any effect due to the action of the glass in pushing 
particles of air against the vanes could not produce 
rotation of the apparatus as a whole, a self-con- 
tained system being incapable of acquiring momen- 
tum. It would be as impossible for the radiometer 
effect to produce rotation of the instrument as a 
whole, as for the passengers facing the engine in a 
train to assist in propelling the latter by hitting those 
on the opposite seats. Action was balanced by reac- 
tion ; and, if the vanes moved round in one direction, 
then the casing, if freely suspended, would turn in 
the other. This, the lecturer showed, was the case 
by suspending a radiometer complete from a fine 
wire. When exposed to a strong light he showed 
that, whilst the vanes rotated in one direction, the 
bulb of the instrument moved round slowly in the 
other. 

This radiometer effect, Sir Joseph continued, 
was one of the difficulties which be to be got rid 
of in experiments on the pressure of light. Its 
effect was very large as compared with the latter. 
Another difficulty arose from convection currents. 
If the air in the vessel used got warmed, currents 
were set up, which acted with forces which were 
almost infinite in comparison to the light pressure 
to be measured. These could be got rid of by plac- 
ing the apparatus in a vacuum, but this made the 
radiometer effects worse. The problem was thus 
a difficult one. The radiometer effects could, how- 
ever, be avoided by taking udvantage of the fact 
that they were purely a domestic affair, and that if 
the vane were rigidly connected to its containing 
vessel they would cancel out. 

This was done, the lecturer continued, in the 
apparatus devised by Professor Poynting. In this 
the vanes to be subjected to the pressure of light 
were rigidly connected to their mica case, the 
whole being suspended in a vacuous vessel from a 
quartz fibre. The mica absorbed very little of the 
radiation, and its temperature therefore remained 
much the same as that of the outer vessel. On 
exposure to light the pressure on the vanes caused 
the whole of the mica vessel to deflect, the amount 
being measured by a spot of light reflected from a 
mirror. 

The pressure due to light was, the speaker con- 
tinued, first detected by the Russian physicist 
Lebedeff, and a little later Nicolls and Hull 
succeeded in getting a very satisfactory agreement 
with the predictions of theory. On the theory that 
light consisted of a stream of ticles, there was 
also a pressure produced, but different in amount, 
so that the experiments made served to discriminate 
between this theory and the electro- magnetic 
theory. With the former the pressure produced 
would be just twice as much as with the latter. 
Hence, if we could trust our experimented results 
within a margin of 50 per cent., it was ible to 
determine which theory best satisfied the experi- 
ments. Messrs. Hull and Nicolls found their 
results in close agreement with the requirements of 
the electro-magnetic theory, the difference not 
amounting to 10 per cent. 

Since light exerted a pressure it was possible to 
conceive of an engine operated by this pressure. 
The amount of power produced might not be at all 
formidable and would make no show in the indus- 
trial world ; but all such engines, whether large or 
small, were subject to the same laws, since there 
was not in thermodynamics one law for the rich and 
another for the poor. a then a cylinder 
fitted with a piston and filled with light instead of 
with gas. This light would exert a pressure on the 
piston. Calling the energy of. the light per unit 
volume E, then the pressure per square centimetre 
on the piston was numerically equal to } E by the 
electro-magnetic theory, whilst in the case of a gas 
filling the cylinder it would be 3 E. 

Suppose now the piston was allowed to rise so 
as to alter the volume below it by the amount v'. 
Then the work done would b» pvr'. At the same 
time, however, in order to fill up the space left 
behind and thus keep the temperature constant, 
energy equal to E v, must also be supplied. 

Hence the total supply of energy must be 

pv! + Ev’, or since p = 4 E 
we had 
pvi+ Ev = 40, 

But it was shown in thermo-dynamics that in 

that case we must have* 


, * [Engineers will recognise the equation better in the 
orm 
L. ‘ =vdp, 
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where 6 denoted the absolute temperature. 

Integrating we got p = 4} E = c T‘, which was 
the fourth-power law. 

The existence of this pressure due to radiation 
had, Sir Joseph continued, been put to a — 
many uses as an explanation of phenomena. us 
it had been supposed sufficient to account for the 
existence of comets’ tails, and Arrhenius had sug- 
gested that it served to regenerate the available 
energy of the universe, now being continually dissi- 
pated in various ways. For his own part he thought 
a littlé too much had been made of the fact that 
light produced a pressure, and that the application 
of a little cold arithmetic would show that the 
hypotheses framed were hardly warranted by the 
facts 


As for comets’ tails, it was, of course, true that 
light from the sun would exert a pressure on small 
opaque bodies, which, if sufficiently minute, might 
be repelled, in spite of gravitation. Gravitational 
attraction was proportional to the volume of a body, 
whilst the light pressure was proportional to the 
surface. Hence, if the bodies were made smaller 
and smaller, we must at last come to a size 
when the repulsion due to light would exceed 
gravitational attraction. For this repulsion to 
come into play, however, the light must be 
absorbed. If the particles were transparent, there 
would be no repulsion. If a comet's tail consisted 
of dust, then, no doubt, the light pressure would 
sweep out this dust from the doorsteps of the sun. 
If, however, the tail were gaseous, then to get the 
gravitation balanced by the light pressure this light 
must be absorbed. It could be shown that the light 
pressure due to the sun was one ten-thousandth of a 
milligramme per square centimetre, and hence if 1 sq. 
cm. had a mass of one-tenth of a milligramme behind 
it, the at pressure would just balance the attrac- 
tion. Hence ,}; milligramme must suffice to absorb 
all the light incident on 1 square centimetre. No 
gas was, however, known which was capable of doing 
this. Hence, if the comet's tail were gaseous, one 
could hardly conceive that its repulsion was due to 
the pressure of the sunlight. 

This pressure of light formed an excellent illus- 
tration of Le Sage’s theory of gravitation, which 
assumed that all masses in the universe were being 
bombarded by particles coming from all directions. 
Each mass would, therefore, shield its neighbour 
from some part of the bombardment it would 
otherwise receive, and hence the two would be 
impelled towards each other. The same kind of 
thing happened in the case of radiation pressure. 
Two cold bodies placed within a warm enclosure 
would each shield the other from a certain pressure 
it would otherwise receive from the radiation from 
the walls, and the two would tend to move as if 
attracted to each other. If, on the other hand, the 
bodies were hotter than the enclosure, they would 
repel each other. Professor Poynting had thus 
shown that two globes, each of 20 cm. radius, and at 
the temperature of boiling water, would, if radiating 
freely into cold space, repel each other with a force 
exactly equal to their gravitational attraction. 

It might be asked, he continued, whether this 
effect was not a serious thing for experiments on 

ravitational attraction, and undoubtedly it would 
so if the walls of the enclosure in which such 
experiments were made were at the absolute zero 
of temperature, or much cooler than the apparatus 
experimented with. In the actual conditions of 
the experiment, however, the radiation pressure 
eancelled out. 








ARMY AERONAUTICS. 

Tue statement made by Mr. Haldane in the 
House of Commons on Tuesday last formed a 
marked and pleasing contrast, in so far as it con- 
cerned aeronautics, to that delivered by the Secre- 
tary of State for War on August 2, 1909. Only 
twenty months ago, in recommending in Com- 
mittee of Supply a vote of no more than 36,4641 , 
Mr. Haldane went into some detail in defending 
the then comparatively passive attitude of the 





the well-known relation between the specific volume of 
steam and its latent heat. This gives L = T ae . v, and 


L being the total ene added at the temperature T is 
the equivalent of 4 p v! above.—Eb. E.] 





Government with regard to this matter. In view 
of what had already been and what was being 
done in other countries, the inactivity here was 
the cause of a great deal of concern, though 
Mr. Haldane tried to dismiss the subject placidly 
by reference to the fact that we had been behind 
others both with regard to submarines and motor- 
cars, but had ultimately acquired a sound national 
position in both these lines. This illogical attitude 
is frequently met with, people asserting that other 
countries might just as well be allowed to go to 
the expense of doing our experimental work, and 
that then weshould go in and win. While it is easy 
to find instances in which we have done this with 
success, and Mr. Haldane’s examples were not ill- 
chosen, it must be remembered that the creed is 
not by any means a safe one, for examples can also 
be cited not quite so greatly to our credit, in which 
the industry here has never picked up. 

In 1909 Mr. Haldane had a great deal to say 
about the little that was then being done by the 
Government with regard to dirigibles, and nothing 
at all to say to the credit of the aeroplane, although 
M. Blériot had only a few days previously crossed 
the Channel on his machine. en the official 
view was that some day aeroplanes might become 
useful, but that for the time only dirigibles needed 
to be discussed. The faults of the aeroplane were 
considered to be so great that it was to all intents 
and purposes valueless, and could for the time be 
ignored. The Secre for War complacently 
stated that they had ‘‘relegated the aeroplane 
to a very much inferior position to the dirigible, 
whether rigid or non-rigid, as an instrument of 
war.” ‘‘The aeroplane would have to be able,” 
he said, ‘‘to fly much higher and with greater 
security before it could be used for war purposes.” 
With others, we pointed out that this attitude 
hardly tallied with the promise given by the rapid 
progress of the aeroplane, and disclosed a meagre 
appreciation of the march of events. Within a 
few weeks of Mr. Haldane’s statement of 1909, we 
chronicled records for height and distance for the 
aeroplane which were sufficiently impressive in view 
of the short space of time that had elapsed since its 
début, and certainly appeared to warrant the position 
we had taken up. To-day our view that the aeroplane 
deserved greater attention is proved to have been 
fully justified. During the last year the aeroplane, 
improved, but in essentials similar to those in use 
in 1909, has successfully achieved feats which 
should make the most hardened unbeliever stop 
and think. The cost may have been heavy and the 
results even yet far from the practical ideal, but 
the rapidity of progressin handling these machines is 
certainly suggestive of ultimate success. In distance, 
in passenger-carrying, in the niatter of height, the 
records of 1909 have been far surpassed, while other 
feats, such as landing on or starting from a warship, 
or the water surface, bomb-dropping, &c., all — 
to improved control and efficiency. The machines 
have Testher been tried for despatch-carrying and 
for scouting. 

In November, 1909, we chronicled a record for 
distance of 144 miles by Mr. Farman, and various 
achievements in the way of high flying, all, however, 
below 2000 ft. Now, only sixteen months later, 
the record for distance stands at 365 miles, that for 
height at 10,000 ft. to 11,000 ft., while passengers 
are frequently carried across country or from town 
to town, and oversea flights are common. One of 
the most notable town-to-town flights, for instance, 
was the recent one from Paris to Bordeaux, 
3224 miles, accomplished at a flying speed of 
61 miles per hour, or a journey speed of 38 miles 
per hour. In the meantime, what has been done 
with the dirigible? This class of machine, com- 

ratively speaking, has advanced but little. Re- 
Seeneaie have been introduced, but the achieve- 
ments of the past year did not notably exceed 
these of 1909. The inherent disabilities of this 
type of machine are serious, and we still await, 
although not without hope, for practical demon- 
stration that designers have been able to reduce 
their effects in a marked degree. : 

In view of the foregoing, Mr. Haldane’s state- 
ment on Tuesday was decidedly interesting. The 
paltry sum of 30,0001. of 1909 has now swollen to 
the more appropriate figure of 133,300l., in addi- 
tion to money voted for the research-work of the 
Technical Committee. The pitiable ee of 
1909, of the Army possessing an engine and a car, 
and only needing a gas-bag, is now replaced by the 
report that, of dirigibles, the Army possesses the 
Beta, the Gamma, and the Delta (the latter 
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nearing oomgneire. and also the Morning Post 
Lebaudy, and the Clement-Bayard. ‘‘ We have,” 
said Mr. Haldane, ‘‘as many dirigibles as we 
can work at present, but we shall increase the 
number.” 

We consider, however, still greater proof of the 
awakening to the strides made in aeronautics to 
be given by Mr. Haldane’s report with regard to 
aeroplanes. With the official views as they were 
in 1909, when the War Office ed practically 
only part of a machine of the type to which faith 
was pinned, it is not surprising that little was 
then done with the aeroplane—a machine in which 
no faith was reposed. To-day, however, all this 
is altered. Mr. Haldane reports that five aero- 
planes have been purchased, and are available for 
practice, and four others are ordered for early 
delivery. This is a welcome change. It is said 
that three of the machines are respectively of 
the latest patterns of the Paulhan, Farman, and 
Havilland designs, the two others being a Wright 
and a Bleriot, so that experience may be had with 
a variety of types, while the machines on order 
are from the British and Colonial Aeroplane 
Company, Bristol. ‘‘ We shall see how we get on,” 
says Mr. Haldane, ‘‘ and we shall be able to buy 
more as soon as we geton with them.” In view of 
this candid attempt to rectify the effect of past 
neglect, it may, perhaps, seem unkindly to point 
out that experience, even with machines such as 
they were in 1909, would have provided us by now 
with a large corps of efficient pilots instead of the 
mere nucleus at present available. ‘‘ We are 
behind and we are only just beginning to pick up,” 
said Mr. Haldane in 1909. The same is still true 
to-day, though happily the signs now give far 
greater hope than they did at the date of Mr. 
Haldane’s apology to which we have perforce 
referred. 








APPLICATIONS OF ELECTRIC 
HEATING. 

At the Royal Society of Arts, on the 13th inst., 
Professor J. A. Fleming delivered the second of 
his series of four Cantor Lectures dealing with 
‘Applications of Electric Heating.” This second 
lecture was concerned with the various forms of 
electric furnaces which have been devised at diffe- 
rent times, or by different inventors. Professor 
Fleming began by pointing out that such furnaces 
could be divided into two groups, the first depend- 
ing upon the heat generated in a body, owing to 
its resistance, when a current was passed through 
it, and the second depending on the heat obtained 
directly from an electric arc. In the first of the 
two groups, the necessary heat could be conveyed 
to the material which was being treated either by 
bringing it into the neighbourhood of a body carry- 
ing the current, or by passing the current directly 
through the material itself, or by inducing a secon- 
dary current in the material in an induction furnace. 
In the second group the heat could be conveyed to 
the material either by bringing it into the neigh- 
bourhood of an are playing between independent 
poles, or by using the material itself as one of the 
poles for the arc. 

_ Professor Fleming then went on to describe and 
illustrate, by means of lantern-slides, the various 
types of furnace. He pointed out that the arec- 
furnace was the earlier invention of the two forms, 
and that Siemens, in 1879, had melted 22]b. of 
steel by means of an arc playing on to it in a 
crucible. The energy consumed in this experiment 
went to show that electric smelting was not neces- 
sarily impracticable on account of generating costs, 
but, none the less, the experiment was not followed 
up at the time, probably owing to the impossibility 
of obtaining the large amount of electric ene 

necessary for operations on a commercial scale. 


Professor Fleming then described the Stassano|M 


furnace, invented twenty-five years after that of 
Siemens, in which the charge was melted in a refrac- 
tory chamber by an arc playing above it. He 
stated that this furnace was auelte of melting a 
ton of steel with an expenditure of 1300 Board 
of Trade units, and that it was in practical opera- 
tion at the Royal Arsenal at Turin. He then 
described the Héroult arc-furnace, developed in 
1899, and stated that it was capable of converting 
1 ton of pig iron or scrap into steel with an expen- 
diture of 800 to 900 Board of Trade units. 

Professor Fleming then went on to deal with the 
question of the reduction of ores in the blast- 
furnace, and stated that although the chief field of 





the electric furnace up to the present had been in 
the production of high-class steels, it was also 
capable, in suitable circumstances, of competing 
with ordinary processes for the production of pig. 
The matter all turned on the cost at which electric 
energy could be produced, and it was only in 
Norway and Sweden and other countries rich in 
water power, and in which coal was relatively dear, 
that such electric reduction of ores was likely to 
come into operation. He described the Keller 
electric blast-furnace, and stated that it was capable 
of producing 1 ton of pig for from 2000 to 2200 
Board of e units. The last are furnace 
described by Professor Fleming was the Girod, in 
which the current from a carbon electrode 
fixed in the roof of the furnace, through the charge, 
and out by metal electrodes in the bottom of 
the hearth, the are playing between the carbon 
electrode and the surface of the charge. He pointed 
out that one claim made for this furnace was, that 
as there was only one electrode projecting from its 
upper side—that: is, only one pole of the electric 
circuit exposed—there was less likelihood of short- 
circuits with it than with some other types. 

Dealing with induction furnaces as the next 
branch of his subject, Professor Fleming pointed 
out that they avoided the objection sometimes 
raised against arc furnaces, that the charge 
might be contaminated with carbon. He illus- 
trated the principle of their action by means of a 
small working model, with which he heated a strip 
of copper to redness, and melted solder. He then 
went on to describe the various types, beginning 
with the first arrangement, as suggested by Mr. 
Ferranti, and leading up to the Kjellin and Frick. 
He pointed out that furnaces of these types cannot 
start and heat up the charge until there is a com- 
plete metal connection forming the secondary 
circuit, and stated that it was usual to insert a ring 
of iron in the melting-trough to start the circuit, 
or else to pour in a charge of molten pig. Pro- 
fessor Fleming gave the consumption of a Kjellin 
furnace as about 900 Board of Trade units per ton 
of steel produced. He referred to the fact that the 
ring of molten metal in furnaces of this class shows 
a tendency to narrow itself in places in a way that 
may lead to interruption of the circuit. This 
phenomenon, known as the ‘‘ pinch effect,” he ex- 
plained as due to the attraction exhibited between 
two parallel circuits, each carrying current in the 
same direction, and suggested that the attraction of 
the various parts of the charge upon other parts 
would lead to the drawing together of the sides, 
and the consequent narrowing of the band of 
molten metal. 

Professor Fleming then went on to point out 
that the power factor of pure induction furnaces 
was comparatively low, and that it could be 
improved by combining the pure induction arrange- 
ment with what was practically a resistance furnace. 
The Rochling-Rodenhiiuser three-phase furnace 
was the best-known example of this type. This 
furnace started operations as a pure induction 
furnace, but after the charge was melted part of 
the primary current traversed the material, and 
assisted to keep it molten, as in a resistance furnace. 
He also described a combination furnace known as 
the ‘‘Paragon ;”’ this was also a_ three-phase 
furnace, but was a combination of a resistance with 
an arc arrangement, and not a resistance with an 
induction one. He pointed out that one claim 
made in general for three-phase furnaces was that 
the load on the generating plant was somewhat 
steadier than with other types, since it was 
improbable that the load on all the phases would 
vary together. 

The lecture concluded with a description and 
an exhibition of examples of small electric furnaces 
intended for laboratory work. These were of the 
Heraeus indirect-heating resistance type, lent by 
essrs. J. J. Griffinand Sons, in which a platinum 
spiral is wound over a porcelain tube and insulated 
outside with asbestos or esia, the substance to 
be treated being placed inside the tube. A Moissan 
arc furnace, lent by Messrs. Marryat and Place, 
was alsoshown. In this, the material to be treated 
was placed in a crucible which was exposed to the 
effect of an arc between two carbon rods converging 
in a cavity formed inside a box lined with mag- 
nesia bricks. Referring to the question of the 
determination of the size of the carbon rods for 
such a furnace, Professor Fleming remarked that 
it was an interesting problem in maxima and 
minima, since, as the carbons became smaller their 
electrical resistance increased, so that there was 





more energy lost in internal heating; but as they 
were made larger their heat conductivity increased, 
so that more heat was lost by conduction. 








NOTES, 


Exectro-MetTaLturGicaL InpusTRIES IN Norway. 


A CONSIDERABLE number of electro-metallurgical 
concerns are springing up in Norway, thanks to the 
development of the country’s hydro-electric power- 
stations, and the present year is likely to witness a 
further important advance in this direction. Some 
of these industries showed no great onward strides 
during last year, whilst others can point to material 
extensions. Amongst the former is the calcium- 
carbide industry ; the export of carbide during 
1910 amounted to about 50,000 tons, against 
48,352 tons in 1909 and 36,895 tons in 1908. 
The export, which comprises almost the entire 
production, represents only half the aggregate 
capacity of Norway’s carbide factories ; owing to 
the unsatisfactory state of the market, some works 
have been lying idle, whilst others have con- 
siderably reduced their output. The exports 
from Norway of ferro-silicon during last year was 
about 5000 tons, or about double the quantity 
exported during the previous year, but also as 
regards this article there is over-production, with 
the result that markets and prices have been un- 
satisfactory. ' The output and export of cyanamide 
shows a marked increase on the year, owing to the 
factory at Odda only coming into full swing in the 
course of the year. As a result the export was 
upwards of 5000 tons, against only 750 tons during 
1909 ; of aluminium, the output has been about 
doubled, amounting for last year to 860 tons, against 
486 tons the previous year. The electric current is 
used for the reduction of oxide of aluminium 
imported from abroad. At the electro-thermic zinc 
works at Sundlékken the output during the year 
(the works only got into operation in the 7 part 
of last year) amounted to some 4000 tons of electri- 
cally refined metal of superior quality. The raw 
material, unrefined zinc or zinc ore, has been 
imported principally from Greece and Australia. 


Tue Concrete INSTITUTE. 


The sixteenth general meeting of this Institute 
took place last week at Denison House, West- 
minster, 8.W., the chair being occupied by 
Sir Henry Tanner, F.S.0., F.R.I.B.A. After 
the election of new members, Mr. F. E. Went- 
worth Shields, M. Inst. C.E., read extracts from 
a report of the Science Standing Committee on the 
subject of the rusting of steel inside a concrete 
covering. The report was the result of inquiries 
that were sent to a large number of the members of 
the Concrete Institute, to municipal engineers and 
surveyors, dock engineers, and ra saat engineers, as 
well as to contractors and others who use concrete, 
or about 1000 inquiries in all. In compliance with 
these, 111 replies were received, and included 
among the returns of definite observations there 
were twenty-six cases of rusting mentioned as 
eoming under notice, and forty-three cases where 
no rusting had been found. The conclusions arrived 
at were that reinforced concrete will last as long as 
plain concrete in any situation, provided that certain 

recautions are taken during its construction. 
These precautions are as follow :—(1) The materials 
of the concrete (cement, sand, and stone) must be 
of good quality, and must be carefully mixed in the 
proper proportions, so as to be practically water- 
proof and air-proof. The mixture must be fairly 
wet and well punned into position. The aggregate 
should be as non-porous as possible, and no aggre- 
gate should be used that has any chemical action on 
the steel, and the whole of it should pass through a 
}-in. mesh. A covering thickness of }in. is the 
least that should be allowed, and in case round or 
square bars are used, a good rule is to make the 
thickness not less than the diameter of the bar. 
An increase of 50 per cent. in the thickness should, 
however, be given where the structure is ex 
to the action of damp air or water, and the size of 
theaggregate may be reduced so as to provide a 
dense skin. Where very severe conditions exist 
the concrete may be covered with some impervious 
coating as an extra precaution. (2) The arrange- 
ment of the steel reinforcement should be such 
that there shall be sufficient space between one 
piece and its neighbour to allow the concrete to 
pass so as to surround every part of the steel com- 
pletely. During the process of ramming the con- 
crete the steel reinforcement should firmly 
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supported, so as to avoid displacement. The steel 
should in no case be oiled or painted, and any thick 
rust there may be on the bars should be scraped 
and brushed off before the bars are placed in posi- 
tion. (3) The scantling of the various members of 
the structure should be sufticient to prevent ex- 
cessive deflection, and, if electric mains are laid in 
proximity, great care should be taken that no 
current is allowed to pass through the reinforced 
concrete. Fresh water should be used in mixing, 
and aggregates charged with salt should be iste 
The recommendations here given refer only to the 
prevention of corrosion of the steel, and not to 
fire-resistance or any other property of reinforced 
concrete. Other interesting particulars are, how- 
ever, given in the paper. 


New DEVELOPMENTS IN THE StTEAM-TURBINE. 


The roll of Friday evening lecturers at the Royal 
Institution is remarkable for its wealth in names 
distinguished in every branch of science, both pure 
and applied. Amongst these, few will rank higher in 
the eyes of posterity than that of C. A. Parsons, who 
on Friday last described some very notable depar- 
tures which have been made in steam-turbine prac- 
tice within the last few years, and which promise 
very considerably to enlarge the industrial field of 
this type of prime mover. In the smaller class of 
land turbines the high-pressure end of the reaction 
turbine has always been less satisfactory than the 
intermediate and low-pressure sections. The blade 
speed being low, the number of rows required to 
abstract from the steam the desired amount of 
energy has been large. This has lengthened the 
turbine, reducing the stiffness of the shaft and 
making it necessary to increase the clearances cor- 
eer: By replacing the high-pressure section 
of the smaller class of turbines by a velocity com- 
pounded wheel a very stiff rotor is assured, and 
under the special conditions of the case the efficiency 
of the high-preesure section isnot materially changed. 
In naval work the mixed type has special advantages 
in simplifying the problem of economical working 
at low — as well as at full power. In some 
cases it been proposed to use two or more 
of these velocity compounded wheels, before pass- 
ing the steam on to the reaction blading; but this 
arrangement, as Mr. Parsons pointed out in his 
lecture, is not so good from a mechanical stand- 

int as the use of a single wheel only. This 
impulse-reaction turbine has undoubtedly a future 
before it. Perhaps the most interesting of 
Mr. Parsons’s lecture was that devoted to a descrip- 
tion of the results which have been obtained with 
geared turbines. In this matter, as Mr. Parsons 

inted out, the pioneer was Dr, de Laval. The 
argest of his geared units was of but moderate out- 

ut patotorat with the 900 horse-power of the 

espasian. At his lecture Mr. Parsons showed the 
pinion removed from the latter vessel after having 
served to drive the ship over 12,000 miles. The 
total wear did not exceed 2 mils, and apparently 
the gear would outlast the ship. As compared 
with the original machinery, the geared turbine 
has shown an economy of 22 per cent. The boilers 
and propeller are the same. The latter is run at 
70 revolutions a minute, the turbine s being 
1400. The great saving in weight by the use of a 
high-speed turbine is obvious. The efficiency of 
the gearing is so high that it is very difficult to 
measure the frictional loss, a transmission dynamo- 
meter of the usual type not being sufficiently 
sensitive to afford reliable results. A measure- 
ment of the rate at which heat generated in 
om leads, ‘om to the conclusion that 
the efficiency is over cent. One t 
advantage of the ed ‘alias at sea lies os the 
fact that racing is impossible. Many years ago 
single-cylinder marine engines, fitted with a fly- 
wheel, were in use on the Holt Line, and it was 
found that the inertia of the flywheel greatly 
diminished the tendency for the engine to race in 
a seaway. With the geared turbine the flywheel 
effect of the pate wow rotor is such that even if 
the propeller completely emerges, the s does 
not increase by more than 15 per cent. before the 
propeller returns again to its element. Perhaps a 
still more noteworthy example of the effectiveness 
of modern gearing is afforded by the example Mr. 
Parsons quoted of an exhaust-steam turbine of 750 
horse-power, which he has supplied to drive a plate- 
mill in Scotland. Here, a double-reduction gear is 
used, the turbine running at 2000 revolutions per 
minute, and the mill at 70. There is also a 
100-ton flywheel running at the same speed as the 





rolls. The energy stored in the rotating system is 
such that work can be given out for a short time at 
the rate of 4000 horse-power, and the maximum 
deceleration at the end of each roll is only 7 per 
cent. Mr. Parsons’s first experiments with geared 
turbines are now several years old, and he states 
that the results so far have been so uniformly 
satisfactory that he believes the system may be 
epplied successfully to turbines generating many 
thousand horse-power. 


PETROLOGY AND PETROLEUM. 


divided there is probably none to which greater 


interest attaches than to petroleum exploration ; and | 


if it be true, as it is sometimes said to be, that 
the unexpected adds a zest to life, then the seeker 
for petroleum should have his full share of happi- 
ness, for his occupation will certainly bring the 
many surprises so attractive to certain minds. The 
characteristics of every oil-field are its own, and 
special peculiarities belong to each petroleum. It 
is therefore easy to understand that the subject is 
one capable of affurding an almost inexhaustible 
supply of matter as the basis of a technical paper or 
address—in fact, it would require very many papers 
and addresses to make known all the many inte- 
resting facts connected with the subject. One 
such paper, entitled ‘‘ The Relationship of Struc- 
ture and Petrology to the Occurrence of Petroicum,” 
full of valuable matter, was recently read before 
the Institution of Mining and Metallurgy by Mr. A. 
Beeby Thompson, and it shows much careful study 
of the matter in hand. We can, however, in a 
short notice, only refer very briefly to some of the 
points brought forward by the author. The 
chief interest of the subject is, of course, geo- 
logical, and geological in a way calculated to 
excite curiosity and encourage further investiga- 
tion. The author roughly describes the more 
general structure which characterises the important 
oil-fields of the world, and then outlines some of 
the strictly local features which modify petroleum 
distribution, a knowledge of which features is of 
the greatest importance to all engineers connected 
with petroleum exploration. We may mention 
some of the conclusions to which Mr. Thompson 
has come. It must be borne in mind that there 
are few strata which are free from faults; the 
vertical displacements may vary from a few inches 
to many feet, and their effect upon the distribu- 
tion of oil in the vicinity depends much upon the 
nature of the beds and the presence or absence 
of water. Where water-saturated clays are plenti- 
ful, faults have not often an injurious effect on 
local saturation ; but where dry, hardened shales 
are found there may be an area of much reduced 
oil saturation. Where strata are inclined, the oppo- 
site sides of a fault often have different values, the 
—, side being that in which the beds descend 
rom the line of cleavage. This is attributed to 
the ascending action of the oil and its accumula- 
tion on the side against the closed line of fissure. 
There appears now to be little doubt that faults are 
mainly responsible for the phenomenal output of 
occasional wells sunk among a group which gave 
no unusual yield, gas and oil being forced ieee 
a fault into a well that has been bored to a con- 
siderable depth amidst prolific oil-sands. When an 
action of this kind is once set up in a rich territory 
along a line of weakness, the effects may be far- 
reaching, as in Baku, where hundreds of thousands 
of tons of sand mixed with other débris, and 
hundreds of millions of cubic feet of gas, have 
accompanied the ejection of about 100,000 tons of 
oil. According to Mr. C. W. Washburne, in a 
bulletin of the United States Geological Survey, 
the Florence oil-field of Colorado owes its existence 
to joints or fissures in a bed of shale free from 
sand or porous beds. Erratic results are also met 
with when there is an occasional change within 
short distances of oil-saturated sands or sandstones 
to hard calcareous rock, almost impervious to 
liquids, a feature that has been noted in some of 
the oil-fields of Russia, America, Burma, and Peru. 
Petroleum is rarely found quite free from water 
in a state of nature, and in prolific oil-fields the 

mtage of water is often large ; indeed, speak- 
ing generally, the highly productive oil-fields pro- 
duce more water than the oil-fields of small output. 
Some sands yield oil at certain points and water at 
others, and it is a curious fact that occasionally a 
group of wells, in which each well yields a good output, 
will, within a few hours, change entirely from oil to 
water, indicating some subterranean landslide that 





has suddenly admitted large volumes of water that 
had previously been excluded. Indeed, as before 
stated, the industry appears to be made fascinating 
by its uncertainty and by the unknown risks that 
are run by the workers, for poisonous gases 
frequently overpower the workmen before danger 
is expected ; air is sometimes drawn into the wells, 
and explosions consequently occur through the 
formation of explosive mixtures. The author of 
the paper therefore remarks that there is in ccn- 
nection with an oil property enough to exercise 


. 4 bhe ingennity of the engineer. 
Among the many branches into which mining is. 








THE GERMAN BAR-IRON INDUSTRY. 
Tue German’ Bar-Iron Convention has now definitely 
come to an end, owing to the position taken up by the 
Hoesch [ron and Steel Works with reference to a general 
price regulation. The above works objected to this, and 
the majority of the other works did not see their way 
to agree to « prolongation of the convention without 
such regulation. The cessation of the convention is not 
aa to bring about a further decline in prices, as the 
works ai present are fully employed, and it has been 
stated that the prices of the convention were not always 
strictly adhered to. It is also ascertained that several 
large works did not care for a convention as far as home 
trade was concerned ; what they wanted was an export 
arrangement, consisting in the doubling of the export 
wemium—that is, 12 marks per ton. The works be- 
onging to the Steel Union were to pay 4 marks, and 
the outside works 14 marks per ton of their production, 
the export remuneration were to be defrayed from 
these contributions. This would simply mean that in 
many cases one of two neighbouring works had to 
pay 4 marks while the other only had to pay 14 marks 
r ton, in which case the latter, of course, would get off 
4 marks per ton cheaper than its competitor. The 
export premium system, also apart from this, is a most 
difficult, not to say impossible, matter to carry through, 
inasmuch as the works which g° in for export would, of 
course, do a splendid business ny confining themselves to 
export, whilst those which did but little export trade, 
or perhaps none at all, would be the sufferers ; they would 
have to pay for the export, but lose the support of the 
convention at home. e argument of the other side is 
this, that by assisting the export, the export price will 
rise, which will rid the home market of additional quan- 
tities, and thereby help to raise the home price. 
far, the experience with the export premium, however, 
points in the opposite direction. Since last summer, 
when the export allowance was commenced, prices gave 
way so much, not only on the international market, but 
also on the home market, that the whole convention, in 
the end, collapsed. Last year’s export allowance arrange- 
ment was a calamity for the convention, and an increase 
of the export premium would only have made matters 
worse. 








French Mecuanicat Inpustry.—The profit realised 
by the French Mechanical Construction Company (late 
Cail) last year was 68,290/., as compared with 114,640/. in 
1909. Notwithstanding the reduction in last year’s profit, 
the dividend for the year was maintained at 16s. per 
share, after adding 27,440/. to the ordinary and special 
reserves. 

“THe UniversaL Execrrica Directrory.”—‘‘The 
Universal Electrical Directory” has, with its 1911 issue, 
reached its thirtieth annual publication. A record of 
this sort is evidence of the value of the book, and of the 
fact that it.has established a position as a standard work 
of reference in its particular sphere. As usual, the 
directory has been carefully revised for the new edition, 
while this year a new feature appears for the first time in 
the separation of the London from the provincial names 
in the British alphabetical section. The entries in the 
directory now total 33,900 names, covering this country, 
the Colonies, the Continent, and the United States. The 
work is published by Messrs. H. Alabaster, Gatehouse, 
and Co., of 4, Ludgate Hill, E.C., at a price of 14s. 6d. ; 
but a special edition, covering the home, colonial, and 
general sections only, is published at 10s. 





Tue Late Mr. Witiiam Isaac Tayior.—We regret 
to have to record the death of Mr. William Isaac Taylor, 
M.I. Mech. E., M.I.N.A., M.I. Mar. E., M.I. Elec. E., 
which occurred suddenly on Friday last, the 10th inst., 
at his residence, The Firs, Bush Hill Park, Enfield, Mid- 
dlesex. Mr. Taylor was in his sixty-second year. He 
started life as an engineer in January, 1863, when he 
entered, as an apprentice, the engineering works of 
Messrs. Losh, Win, aan Bell, Walker-on-Tyne ; he 
served four years in the fitting-shops and two years in the 
pattern-shop. He then entered the drawing-office of the 
same works, where he remained for a period of seven 
years, ultimately rising to the position of head draughts- 
man and assistant m r. He left the service of 
Messrs. Losh, Wilson, a Bell in 1876 with 2 =e So 
establish a consulting engineering practice in Newcastle- 
on-Tyne, in mete en, with Mr Alfred Goodman, a 
business which he continued for a period of two years, on 
completion of which he accepted the position of engineer 
and manager of the Barmoor Colliery, near Lowick, 
Northumberland. From 1882 until quite recently, Mr. 
W. J. Taylor acted as London manager for, and was a 
director of, Messrs. Clarke, Chapman, and Co., of 
Gateshead. For a long time, and up till the date of his 
death, he had acted as London representative of the 
Darlington Forge Company, Limited. 
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INDUSTRIAL NOTES. 


AccoRDING to the Board of Trade Labour Gazette, 
issued yesterday, employment generally improved in 
February, and was much better than a year ago. 

The shipbuilding and engineering industries con- 
tinued to improve, and are now wellemployed. There 
was also an increase of employment in all the textile 
trades (except linen), and in the porcelaiv, china and 
earthenware industry. The coal and iron-mining 
industries continued to be well employed. °, The brick, 
building, woodworking, and furnishing trides showed 
an improvement, which was partly seasonal. 

The improvement in February, as compared with 
a year ago, was especially marked in the. iron and 
steel, tin-plate, engineering, shipbuilding, cotton, 
glass, furnishing, and woodworking trades. There 
was little change in coal and iron-mining, and there 
was a decline in the jute and lace trades. 

In the 398 trade unions, with a net membership of 
757,430, making returns, 25,030, or 3.3 per cent., were 
returned as unemployed at the end of February, 1911, 
compared with 3.9 per cent. at the end of January, 
1911, and 5.7 per cent. at the end of February, 1910. 

Returns from firms employing 468,037 workpeople 
in the week ended February 25, 1911, showed an 
increase of 1.4 per cent..in the amount of wages paid 
compared with a month ago, and of 6.9 per cent.’ com- 
pared with a year ago. 

The changes in rates of wages taking effect in 
February affected 77,000 workpeople, of whom 71,000 
received increases and 6000 sustained decreases.. 
Amongst those whose wages were increased were 
20,000 iron-puddlers and millmen in the Midlands, 
and 33,000 workpeople in shipyards in various parts of 
England and Scotland. The reductions affected 3650 
deputies, mechanics, enginemen, and firemen in the 
coal-mining industry in Northumberland, and 2200 
ironstone quarrymen and blast-furnacemen in North 
Lincolnshire. The computed effect of the changes 
was a net increase of 5000/. per week. 

The most important disputes in progress during the 
month were those involving 13,000 coal-miners in the 
Rhondda Valley, 3400 coal-miners at Burnley, 4500 
cotton operatives at Padiham, 4500 jute-workers at 
Dundee, and 3000 compositors, &c., in London. The 
total number of workpeople involved in all disputes in 
progress during February, 1911, was 46,646, or 10,412 
more than in January, 1911, and 11,128 more than in 
February, 1910. The time lost during the month by 
these workpeople amounted to 586,300 working days, 
or 26,300 more than in January, 1911, and 47,500 more 
than in February, 1910. 

Six fresh cases were reported under the Conciliation 
Act, involving tramway workers at Manchester, car- 
penters and joiners at Wigan, the printing trades in 
London, colliery enginemen in Scotland, Jewish 
tailors at Leeds, and boot and shoe operatives at 
Wigston. Arbitration awards were issued relating 
to painters at Leicester and steel-melters at Stoke-on- 
Trent. 


The monthly report of the Steam-Engine Makers’ 
Society for March, like the two that have this year 
preceded it, gives an encouraging account of the state 
of trade, with a corresponding decrease in the number 
of the unemployed on the books, side by side with a 
steady growth in membership. The branch returns 
show the low number of 162 out of work, which is a 
percentage of only 1.2 of the total membership. This 
is highly satisfactory, for the figure is lower than has 
been experienced since the years 1899-1901, when the 
average ageere of the unemployed for those three 
years was actually under 1 per cent. of the total 
membership at the time. Since those days, however, 
the membership has increased 50 per cent. It is 
hoped that the present year will show the lowest 
percentage of unemployed, the largest influx of new 
members, and an improvement in the finances. The 
latest Bcard of Trade figures for other societies with 
which this may be compared show a percentage of 
3.9 unemployed in the engineering trades, and upon 
the North-East Coast, although trade has been much 
improved, there is still the large percentage of 7.9, 
while the Oldham, Blackburn, and Bolton districts 
show 7.6 per cent. As a set-off to these unfavour- 
able figures, however, trade is exceptionally good 
in the Midlands and the South, the average per- 
centage of unemployed being not more than 2.0. The 
opinion is expressed in the report that were it not for 
the systematic and often excessive overtime, in not a 
few instances, the engineering trade unions of the 
country would be able to show unemployment figures 
at nearly vanishing point at the present time, and, 
moreover, those members who are unfortunately on 
short time in many of the railway centres would be 
able to find more profitable employment elsewhere. 
There are out of employment this month 115 fitters 
or erectors, 27 turners, 7 pattern-makers, 1 draughts- 
man, 1 millwright, 2 smiths, and 9 sea-going engineers, 
and 287 ou the sick list—or a decrease of 27 in the 
members unemployed, and 4 in the number of sick. 
There are also 41] superannuated members. 





jout of work. Tr 





A satisfactory account of the state of trade is also' 


to be found in the monthly report of the United 
Pattern-Makers’ Association just issued, for improve- 
ment appears to be steady, and the number of 
members signing the vacant- books is a steadily 
diminishing quantity. At the end of February there 
were 291 members signing these books in the various 
branches, as compared with 338 when the January 
reports were sent in. At the beginning of the present 
month there were 4 per cent. of the total wanhenile 
e on the North-East Coast is, 
however, very irregular, and, taken collectively, the 
district is said to be the worst of any in which the union 
is interested. Of the 1136 members in that district, 
84 are on the books, or a percen of 7.4. Some 
branches in the district describe e as being good, 
but in others it is said to be just as bad, and it is 
thought that a redistribution of members is required. 
According to the report, trade on the Clyde is good, 
while on the Mersey it is dull. As a month ago, 
Barrow and Belfast continue to maintain the high 
standard of employment which has characterised 
both centres for some considerable time, and the 
Manchester district makes fairly good returns. 
There is a slight improvement in other districts 
of Lancashire, and from Yorkshire also the re- 
—_ show an improved condition of trade. In the 

idlands things are in a very flourishing condition, 
and there are very few members long out of work in 
that district. During the last few weeks trade has 
also improved in the London district. There appears 
to be a general all-round movement towards an increase 
in wages, which in some cases has been successful. 





According to the monthly returns issued by the Asso- 


‘ciated Blacksmiths’ and Ironworkers’ Society, the four 


weeks ending February 25 showed an increase of 42 in 
the total membership, the actual figures being 2932 at 
the end of January, and 2974 at the end of February. 
At the end of last month there were 58 members idle, as 
compared with 11] at the end of January, while the 
number of members on idle benefit on the same dates 
were 101 and 189 respectively. There was a slight 
decrease in the number. in receipt of superannuation 
benefit, the returns for the end of February and the 
end of January respectively being 123 and 124. There 
was an increase of one in the number of members 
on the sick-list in February as compared with 
January. There was a distinct improvement in the 
income during the month, the total during the 
four weeks in February being 677/. 4s. 14d. against 
541/. 18s. 2d. in ee and there was a satisfactory 
decrease in the expenditure during the corresponding 
four weeks in February, compared with the four weeks 
of the previous month, the expenditure for Februa: 
being 494/. 14s. 4d., and for Tense, 762/. 15s. 54d. 
—a difference of 268/. ls. 14d 


. 





There is trouble in the pottery trade in Stafford- 
shire, and the ultimate issues of the dispute are com- 
plex, so that the result is not easy to foretell. At 
present, however, the position can be stated fairly 
clearly. There was appointed in 1908 a board of 
conciliation for the Staffordshire china and earthen- 
ware manufacturers and operatives. It was formed 
of ten representatives of the master potters and ten 
representatives of the operatives, and it had from its 
foundation a number of trade rules. The object of 
the Board was defined as the investigation and settle- 
ment, as between employers and operatives, of all 
questions of wages or any other matters (with a few 
important exceptions) that affect their respective 
interests, and that may be referred to it from time to 
time by one party or the other. One of the rules 
(No. 18) states that ‘‘no alteration shall be made in 
the rules except at the annual meeting,” proper notice 
of any proposed alteration having been given. The 
Board worked successfully from 1908 until January 2, 
this year, there being no disputes. On the latter date, 
however, a number of proposed amendments to the 
rules were brought up. They were presented by the 
operatives, and some of them were agreed upon, while 
others were withdrawn by the. proposers. To the 
remainder the employers objected. There was a 
sharp difference of opinion which, during the last 
few weeks, has developed rapidly, until at the present 
time a strike is threatened, and the handing in 
of four weeks’ notices by the operatives began on 
Monday last; 3000 notices, affecting 9000 of the 
50,000 operatives, were lodged, and others were handed 
in later. The manufacturers held a meeting at Stoke 
to consider the question, and it was decided to 
submit the matter to Mr. Moon, K.C., Counsel of the 
Spesker of the House of Commons, who is the inde- 

ndent chairman of the Pottery Trade Conciliation 
eed. It is said to be many years since a crisis so 
acute faced the pottery trade of North Staffordshire. 
The dissolution of the rd means a return to the old 
methods of settlement—i.c., strikes and lock-outs. 
It is said that Messrs. Doulton and Co., Limited, have 
at present in hand the King’s order for 100,000 beakers 
for his child guests at the Coronation celebration, and 
much anxiety is felt that the work may be delayed. 


| occurred on the 





At present, however, Messrs. Doulton’s works are not 
affected by the dispute, so that this order may not be 
interfered with. 





On Wednesday in last week another sectional strike 
orth-Eastern Railway at Newcastle, 
some forty men being involved, the cause being of the 
eame trifling kind that has produced so much unsettle- 
ment in the Iabour world of late—namely, the removal 
by the foreman of two brass-cleaners from the work 
they were en on, because their work was not 
satisfactory, the men being at the same time told that 
they coul back to ordinary cleaning work. The 
men refu to perform this other work, and were 
suspended. The remainder of the men then left 
the premises in a mage 4 with the two who were 
the cause of the trouble. The night shift also refused 
to work, and stated that they intended to remain out 
unless the two men were reinstated. The men who 
struck are members of the General Railway-Workers’ 
Union, and are said to have a considerable number of 

ints on which they think their condition should 
be remedied. After three days, however, the 
masters’ terms were accepted. 1t was pointed out to 
the men by Mr. Raven, the chief mechanical engineer, 
that as they had previously declined the offer made 
by the company, he had been compelled to promise 
employment to a certain number of men, and he would 
therefore not uire as many of the old hands as 
would otherwise have been the case, but he would 
re-engage those of the longest service, on the under- 
standing that each man took up the work the foreman 
gave him to do, and that on pain of summary dismissal 
the men engaged during the strike must not be 
molested. . These terms were accepted by the men, 
and work was resumed on Saturday and on Monday 
last. 





In connection with the movement there is in the 
Labour Party to oppose the second reading of the 
Great Northern Railway Bill, on the ground that the 
company had ~~ py contracted out of the award 
recently made by Lord MacDonnell, the following 
statement was circulated among members in the House 
of Commons by the company in support of the second 
reading :— 

**Tt is unedrstood that the opposition has no rela- 
tion to anything contained in the Bill, but the company 
have, it is alleged, in the case of many of their servants, 
py | contracted out of the award recently made 
by Lord MacDonnell in pursuance of the conciliation 
scheme, which was arranged by Mr. Lloyd George in 
November, 1907. This is not correct, as it was only 
in response to numerous deputations from the com- 
pany’s servants asking that they might be allowed to 
remain under the terms and conditions in operation 
before the award, that the company made the ~~, a 
ments complained of. The company felt compelled by 
every consideration to accede to the men’s request, and 
having done so, it is not possible for the company to 
go back on their word. e arrangement so made by 
the company with their men does not in any way 
preclude the latter from accepting the benefits of the 
award in lieu of their old contracts of service should 
they at any time desire to do so.” 


Sir Francis Hopwood has been appointed jointly by 
the Great Northern Railway Company of Ireland and 
their sérvants to arbitrate in all matters in dispute as 
to the hours of labour and wages outstanding between 
the company and their men. 








It is understood that it was reported in Belfast on 
Monday last that, in reply to a deputation from the 
Irish Transport and General Workers’ Union with 
reference to the alleged sweating and other grievances 
which affect the workers engaged in the transport of 
= in various parts of land, Mr. ©. F. G. 

asterman, M.P., promised that inquiries should be 
made into the several complaints, and that an official 
should be sent to Ireland. He also stated that a 
Commission would be appointed to inquire into the 
alleged sweating of the linen workers in Ulster. 


It is thought probable that, if the result of the 
ballot of Scottish colliery engine-keepers on the ques- 
tion of accepting the terms drafted at the recent con- 
ference, under the presidency of Mr. Askwith, of the 
Board of Trade, should end in a rejection of the agree- 
ment, another conference will be arranged before the 
men’s notices are tendered again. 


On Thursday in last week a conference took place 
in Edinburgh between the Executive Board of the 
Shipbuilding rey oe Federation and the Standing 
Committee of the Shipyard Trade Unions in order to 
receive the ballot of the various unions on the > 
plementary one agreement which led to the 
settlement of the lock-out last , and also to 
discuss the relation of non-union labour to shipyard 
disputes. The conference terminated, however, with- 
out anything being definitely decided, and wes conse- 
quently adjourned indefinitely. It is understood that 
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the discussion on the non-union labour question was of 
a preliminary nature. Neither was anything done 
with regard to the application of the Wear ship- 
smiths for admission to the National Shipyard Agree- 
ment, 





It has been decided by the executive committee of 
the Amalgamated Society of Railway Servants to 
place the onus of further appeals in connection with 
the Osborne litigation on the shoulders of Mr. Osborne. 
As things now stand Mr. Osborne can compel admis- 
sion to membership of the society. It has also 
been decided to approach the Parliamentary Com- 
mittee of the Trades Union Congress to ascertain to 
what extent the affiliated unions are prepared to assist 
the Amalgamated Society of Railway Servants finan- 
cially in case it is ultimately decided to carry the case 
to the House of Lords. 





The ranks of the unemployed, caused by the strike 
of London printers, have been increased by the 
members of the Society of Lithographic Printers, 
numbering about 300, whose notices expired on Satur- 
day last, and who on the same day left work. It is 
stated that the bookbinders have agreed to come out 
on Saturday next. It is also expected that nearly 200 
girls associated with the lithographic and bookbinding 
trades will leave work this week. 





SINGLE-PHASE ELECTRIC TRACTION ON 
THE BRIGHTON RAILWAY. 

At the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, March 14, Mr. Alexander 
Siemens, President, in the chair, the paper read was 
‘The Klectrification of a Portion of the Suburban 
System of the London, Brighton, and South Coast Rail- 
way,” by Philip Dawson, M. Inst. C.E. The following 
is an abstract of the paper :— 

In 1903 the company obtained Parliamentary powers to 
electrify their line, and instructed the author, as their 
consulting electrical engineer, to report to them on the 
advisability of electrifying their suburban er. He 
was to consider the question of experimentally adopti 
electric traction on their line between Victoria an 
London Bridge—known as the ‘‘South London” line—on 
which, since the London County Council had taken over 
the tramways and adopted electric traction, a very serious 
loss of traffic had been experienced. The third-rail 
continuous-current system was, as far as the Brighton 
Company was concerned, not adapted for general use, 
nor was it in accordance with the requirements of the 
chief engineer of the company, Mr. Charles L. Morgan, 
M. Inst. C.E. In accordance with the recommendations 
contained in the a the single-phase alternating cur- 
rent, with overh conductors at a pressure of 6700 volts 
and a frequency of 25 cycles per second, was decided 
upon; tenders were called for electrifying the South 
London line in 1905, the contract being let on March 30, 
1906. The first electric train ran on January 17, 1909, 
and the full public service was inaugurated on December 1, 
1909. The selection of the single-phase system was at 
the time very severely criticised by many engineers, and 
foredoomed to failure; but thirteen months’ regular 
working has entirely justified its adoption. The distance 
between London Bridge and Victoria is 8.7 miles, and 
the trains accomplish the distance, including ten inter- 
mediate stops of 20 seconds each, in 24 minutes. The 
results obtained on the South London line were so satis- 
factory that the Brighton Company decided to extend 
the system from Battersea to the Crystal Palace and 
Selhurst, and from Peckham Rye via Tulse Hill to the 
Crystal Palace, thus bringing the total length of route 
electrified to 23 miles, which is equivalent to 62 miles of 
single track. 

The minimum drop in the earth-return is limited by 
the Board of Trade to 20 volts, and it is to be noted that 
neither the Lancashire and Yorkshire nor the North- 
Eastern Railways have any such limits imposed upon 
them, as they were electrified without requiring to obtain 
special Parliamentary powers. The system of distribu- 
tion and feeding was specially designed to meet these 
requirements,:and series booster-transformers were used, 
which have — excellent results, the return drop being 
well within the —— limits. The current for }; enon 
the trains is furnished to the Brighton Railway Company 
by the London Electric Supply Corporation from their 
power-station at Deptford. They deliver the current on 
to the railway company’s property at Queen’s-road and 
Peckham Rye, where it is metered for payment. 

The rolling-stock of the South London line comprises 
16 motor-coaches, each equipped with four 115-horse- 
power Winter-Eichberg compensated repulsion motors, 
and 32 trailer-cars, the trains being made up in units of 
two, three, or four coaches as required. e rolling- 
stock for the extension now nearing completion com- 
prises 30 motor-coaches, each equipped with four 150-horse- 
power Winter-Eichberg motors, and 60 trailer-coaches, the 
train units being composed of two, three, four, six, or 
nine coaches. Difficulties have been experienced, par- 
ticularly in America, with the overhead uctors ; but 
owing to the flexibility of the design employed, no trouble 


has been experienced, and the extensions are being con-/ 


structed to exactly the same design as those originally 
got out for the South London line. The diameter of the 
trolley wire is 4 in., and it is supported by two catenary 
wires, by means of oan eer insulators of a t 

not hitherto used for railway work. Owing to the 
fact that at Victoria Station porters had to get on to 





the roofs of the carriages in order to light gas-lamps, the 
height of the conductor is 20 ft. in this station and at 
London Bridge; whereas the normal working height is 
16 ft., and the lowest position under certain low bridges 
is 13 ft. 9in. Double insulation is used Gummo, and 
the only type of insulation employed is porcelain. 
underframes of the coaches consist of plate girders, and 
the carriages 
country, being fitted with side doors and having a passage 
way between compartments. 

he motors have four poles and are fitted with six sets 
of brushes. The air- ap of the motors is 3 mm. and the 
Phage speed is 750 revolutions per minute, although 
the motor is capable of developing torque at s 8 
higher than this. The gear-ratio adopted, after the most 
careful calculations, as the most suitable for the service, 
is 4.24 to 1. The actual current taken per motor at 
starting on the low-tension side is 210 amperes, with 
a power factor of 29 per cent. Each motor-car is fitted 
with two main transformers, rated at 220 kilowatts 
each, one for each pair of motors. None of the high- 
tension circuits on the car are accessible except when 
the collector-bows are lowered and when all the high- 
tension r is earthed; the collector-bows are kept 
against the trolley wire with springs which are brought 
into operation by means of a piston worked by com- 
Pp air. The contact-surface is aluminium and easily 
renewable, one contact-strip running 5000 to 6000 miles 
and taking practically all the wear ; after thirteen months’ 
running no a wear can be measured on the 
trolley-wire. The cama of the bow-strip against the 
trolley-wire varies between 8 lb. and 121b. The control of 
all the motors on the train is effected by means of con- 
tactors placed on each motor-car and worked by a master- 
controller in every motorman’s compartment, on the 
multiple-unit control system, in every way similar to that 
in use with direct-current motors. The repair-shops are 
situated at Peckham Rye, and all maintenance and repai 
of the electric trains are carried out here. These shops 
are fitted with electrically-driven travelling - cranes, 
machine-tools, capstans, &c., and all the motors, as well 
as the lights, are taken off the single-phase traction cireuit. 

The cverhead conductor has interfered very little with 
the signalling system. 

The motors were tested very carefully by the author at 
the maker’s works, and, in addition to the ordinary 
measurements, a test was made on a complete equipment 
rigged up as for service conditions, with an artificial load 
on the motor. As much as 180 horse-power was re- 
peatedly thrown suddenly on and off without any tendency 
to flash over. The largest starting-torque measured was 
265 kg.-m. (1847 lb.-ft.). A series of tests were made to 
show the heating of the motors under varying loads, 
with the following results, the motors being run with 


open covers, the temperature rise not ex ing 75 deg. 
mt. (167 deg. Fahr.) :— 
Load. Time for Temperature 
Horse-Power. to rise 75 deg. Cent. 
Hr. in. 
187 0 417 
149 0 37 
129 0 46 
117} . = 
91 1 50 
633  # _ 1 BO 
57 ; .. Continuous 


For the trial runs between Battersea Park and Peck- 
ham Rye, a three-car train, consisting of two motors and 
one trailer, was used, being loaded up toa total weight 
of 146 tons. It was run continuously for twelve hours 
with 20-second stops at each station, and covered in this 
time a distance of 173.58 miles, the average length of run 
being 0.79 mile. At the conclusion of this run the maxi- 
mum rise of temperature of any part of the electrical 
equipment was 66 deg. Cent. (151 deg. Fahr.). During 
this test the following results were obtained: Power- 
factor, 80.8 per cent.; maximum current at starting, 126 
amperes; average acceleration, from 0 to 25 miles per 
hour, 1.75 ft. per second; and the power consumption 
on the train (which was a new one), 73 watt-hours per 
ton-mile. All the measurements showed that the test 
results were within the guarantees, After the train 
had run for some time further tests were taken, which 
showed a considerable improvement as regards energy 
consumption, measurements at the distributing room at 
Denmark Hill showing, in the case of « single trip from 
Victoria to London <a an energy consumption of 
65.7 watt-hours per ton-mile for a schedule speed of 22 
miles per hour, including 20-second stops at each station. 
The influence of a long run on the energy consumption is 
shown by the fact that for a through non-stop trip from 
Victoria to London Bridge at an average speed of 37 
miles per hour, the energy consumption was 34.4 watt- 
hours per ton-mile, the maximum speed reached during 
the run being 50 miles per hour. The following are some 
of the weights of the various component parts of this 


train :— 
Tons Cwt. Qr. Lb. 
The complete motor-car on rails... 5 19 3 0 
One motor-bogie without motors 7; 2s 
Motor-coach body and underframe 
without electric _ _ 19 16 2 16 
Total weight of electric gear, 
including bows, wires, lighting, 
compressor, &c., for one motor- 
coach (four motors) i ai 18 . 4: & 
It is interesting to note that for a four-motor equipment, 
consisting of 150-horse-power motors for the extension, 
the total weight is only increased by 19 cwt., thus showing 
the improvements which have been made in the design 


of the equipments. 
The cite obtained during actual running more than 


themselves are of a new type as regards this | to 





confirm the test results. Thus the average energy con- 
sumption measured at Queen’s-road ey the current is 
metered) for the first eight months of 1910 was 75.4 watt- 
hours per ton-mile, no allowance being made for weight 
of passengers carried or for shunting or empty running ; 


The | the a pd given, furthermore, includes the energy used 


for light and power at the repair-shops, and all losses due 
leakage, &c. Tests made to ascertain the efficiency 
between the high-tension bus-bars of the power-station 
and the trains showed that this was equal to 96.6 per cent., 
a@ very ae figure. Calculations made from the 
results obtained —s the running show that the effi- 
ciency of the.system during controller notching is very 
high, the figure for this being 67 per cent. The traffic 
results obtained have been as satisfactory as the technical 
results. Thus, the increase in the number of passengers 
carried by the electric service, as compared with those 
carried previously by steam trains, was during the first 
month’s working—namely, December, 1909—over 54 per 
cent., and the month of December, 1910, showed an 
increase of over 125 per cent. 

The service on this railway is an exceptionally heavy 
one, as shown by the fact that for the first year’s running 
the mileage per motor-coach owned, including all spares, 
as well as those undergoing the annual overhaul, averaged 
58,000 miles per annum. As 8 the maintenance of 
the electrical apparatus, the first thirteen months’ experi- 
ence show no reason why the maintenance of single-phase 
should be higher than that for direct-current apparatus. 
The system is certainly more economical than the direct- 
current system as regards energy consumption at the 

wer-station, as well as rds first cost. Experience 

as shown it to be eminently suitable, not only for long- 
distance work, but particularly for working in and out 
of large terminal stations, with their necessarily com- 
plicated approaches, and for short-distance work, such 
as has had to be encountered on the South London line. 

The principal contractors were the Allgemeine Elektri- 
citits lischaft, of Berlin; all the overhead work has 
been carried out by Messrs. R. W. Blackwell and Co., 
and the rolling-stock was constructed by the Metro- 
politan Amalgamated Carriage and Wagon Company, of 
Saltley, Birmingham. Great credit is due to the con- 
tractors for the excellent way in which the work has been 
carried out. 





Contracts.—Messrs. Jens Orten Béving and Co., 94, 
Union-court, Old Broad-street, London, E.C., have re- 
cently received an order from the Tucuman Power Com- 
pany for three Francis turbines of 1000 horse-power, and 
two of 200 horse-power, working under a head of 328 ft. 


THE AUSTRALIAN Navy.—Admiral Sir Reginald Hen- 
derson has completed his inspection of the Australian 
harbour and defences, and has presented his report. This 
states that the first object of the Australian Navy is to 
support the Empire’s command of the sea, its secondary 
object being to protect Australian ports and shipping 
from hostile raids. The report recommends the division 
of ship construction into quinquennial periods. The 
fleet, when it reaches completion, within twenty-two 
years, is to consist, including the unit now in hand, of eight 
armoured and ten protected cruisers, eighteen destroyers, 
and twelve submarines. The total cost is to be 23,000, 000/. 
When complete the fleet will involve annual charges 
amounting to 4,794,000/., and will require 15,000 officers 
and men. The report further recommends that the Com- 
monwealth, either by Government or private enterprise, 
should ae down the plant required for the manufacture 
of shipbuilding material, ordnance, ammunition, and so 
develop the plant that all the necessary material, includ- 
ing the largest pieces of ordnance, can be made in Aus- 
tralia. The fleet is to be divided into the Zastern and 
Western commands; the primary bases will be Sydney 
and Fremantle, with nine other bases. 








Tue Firer ANNUAL AND Nava. YrAR-Book, 1911.— 
This publication, which is now in its sixth year, is com- 
piled by Mr. Lionel Yexley, and is issued at 1s. net by 
The Fleet, Limited, of 411A, Harrow Road, W. As it 
gives very comprehensive information regarding the 
navies of all Powers,.as well as general articles on current 
naval questions, it is probably the cheapest shilling 
book issued in connection with the Navy. The progress 
of ships under construction for the various Powers is 

iven, in addition toa list of vessels in commission of each 

‘ower, and information rding the estimates. We 
take exception, however, to the frontispiece being entitled 
**The Enemy : The German High Sea Fleet Manceuvring 
in the North Sea.” The picture is spirited, and is im- 

ressive of the new fleet of our neighbours across the 
North Sea, but the title is one which should not be used 
in such a way inst a friendly Power. The various 
articles forming the first part of the book are this year 
unsigned, but one fully realises that Mr. Yexley is the 
author of several, notably the ‘‘ Review of the Events of 
the Year ” and of ‘‘ Lower-Deck Promotions.” Those who 
know of the great sympathy of Mr. Yexley for the 

sonnel of the lower deck will readily understand that 

e advocates a fuller recognition of the claims of the 
superior men of this branch of the service to promotion, 
and many will agree with him. There is an article, too, 
on ‘‘ Courts Martial,” the author, of course, pleading for a 
reform of the present system. ‘‘The Battleship of the 
Future” is largely founded on Rear-Admiral Bacon's 
paper before the Institution of Naval Architects, and 
expresses, perhaps, a less optimistic view than did earlier 
issues of the ‘“‘ Annual” recording the date when we shall 
have the funnelless, smokeless battleship. A chapter is 
devoted to the “ Repair of Dépét Ships of the Fleet,” and 
to ‘*Colonial Navies,” while ‘‘The Making of Modern 
Ordnance” is a description of the Coventry Ordnance 
Works, with several -executed illustrations, 
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LARGE GAS-ENGINES OF THE TWO-CYCLE 
TYPE.* 


By Avan E. L. Cuoruton, M.I. Mech. E., 
A.M.I1.E.E., &c., Manchester. 
(Continued from page 333.) 

Valves and Valve Gearing (Valves and Method of 
Driving).—In all double-acting gas-engines, whether four 
or two-cycle, a side or lay shaft, driven from the main 
crank-shaft by screw or bevel ing, is the usual method 
of operating the valves. Such a general arrangement for 
double-acting engines was fo from that of the hori- 
zontal drop-valve typeof steam-engine, as made by 


of cast steel, for, owing to the nature of their duty, it was 
feared that the built-up type with keys would ultimately 
work loose. They have run with great success, and show 
but little wear since the first. 

The inlet-valves themselves are of the plain mushroom 
type, operated direct through the “‘ crocodile” levers as 
indicated, and have a suitable air dashpot to ease their 
return on to the seat. The whole arrangement of valve- 
cage, seating, dashpot, &c., is shown raised in Fig. 30. 
It is a simple gear, and is generally as in ordinary gas- 
engine practice. It does not occasion any special work 
in tooling, being easily dealt with on a combination turret- 





lathe with accuracy and at economical rates. No special 
arrangements for grinding in are necessary, as it is a 

























155.) 


Messrs. Sulzer and Co., and was very common on the 


Continent. | gr 
The early Kérting engines built in England were on | inlet-valve is common to 

se their running that certain | charging cycle, controlled by the gas 
e from a two- | making this perfectly satisfactory for all ordinary duties, 
of gas-engines. The | and retaining at the same time the utmost simplicity. 


this model, and it was 
conclusions were drawn, which, though m 
cycle type, are yet common to all ty 
objections to the cam-shaft form of valve-gear were :— 

1. Noise of the driving gearing. 

2. Unequal wear due to sudden action of cams. 

3. Bad effect on governing, if the governor is driven 
from it, for same reason. 

4. Torsional spring of side-shaft. 

5. Cost, upkeep, and renewals. 

Dealing first with the governing, it seemed that to get 
the very best effect for running alternators in parallel, 
and to produce, for mill-driving, the Moscrop line, so dear 
to the Lancashire manufacturer, that the governor must 
be driven direct from some steady rotational part, such as 
the crank-shaft, and that driving from the side-shaft and 
its irregular angular movement must be avoided. 

_ As the engine is of the two-cycle type, no awkward, 
inaccessible exhaust-valves have to be operated, and one 
valve-stroke only for each power-stroke is required, and 
that only to operate the admission-valve. The possibility 
of greatly simplifying the whole valve-drive was apparent, 
and resulted in the evolution of the modified gear shown 
in Fig. 30, above. Such r, with practically no altera- 
tions, has been used ever since it was first put to work five 
years ago. The whole arrangement incidentally is, of 
course, cheaper than the old side-shaft type, to which it is 
much preferable, as having fewer parts, and, generally, 
being op and and better in action. , 

_ It will be seen that it consists of a simple eccentric on 
the crank-shaft driving direct through a rod on to a pair 
of rolling levers on the front inlet-valve, the back inlet- 
valves being driven from these by a connecting-rod, as 
shown on the figure. These levers are made in one piece 





_*“ Paper read before the Manchester Association of 
Engineers, Saturday, February 25, 1911. 


CRANK WEBS BORED STANDARD 
SIZE & SHRINKAGE ALLOWANCE 
LEFT ON SHAFT Yooo 


common fact that this valve rarely indeed requires re- 
inding, running quite satisfactorily for years. The 
both gas and air, a very peculiar 
and air-pumps, 


For possible cases where higher efficiencies with rich gas 
may be required, and to meet oceasional demands, an 
additional gas-valve is sometimes fitted ; but this is really 
hardly worth while, for it reduces the simplicity ; and if 
economies are to be made, experience has shown that 
such should not be attained by reducing the simplicity in 
the engine, a fact which has been kept in mind throughout 
the whole of this design. 

Crank-Shaft.—The crank-shaft used on this engine and 
on all other sizes is of the built-up type. When this 


In getting out the design, now standard, it was found 
that in practice these conditions have been well fulfilled, 
and the results were very satisfactory. 

From the drawing of the 1200-brake-horse-power twin- 
cylinder engine crank-shaft, shown in Figs. 31 and 32, 
below, and the ea of a 600-brake-horse-power 
shaft (see Fig. ), the design can be quickly 
understood. The combined crank and balance-weights are 
of caststeel. The remaining parts of the cranks are most 
simple bar forgings, so it is an easy matter to turn and build 
up such a shaft in a short time, amply ahead of the pro- 
gress through the shops of the other of the engine. 

Mr. George Hughes, a former President of this i 
tion, lately read a paper, in which he gave most interest- 
ing information re built-up cranks for locomotives; the 
particulars were naturally very interesting to the author, 
therefore he proposes. to give some details of this type 
of shaft running on duties as onerous in their nature as 
that of a locomotive. 

Comparing the mt standard as shown, it will be 
noticed that it.is different from Mr. Hughes’s locomotive 
crank, in that no screw-pins or keys are fitted in the joint 
between the pin and web. From experience it was found 
that these were not necessary and might a do harm. 
Simple round pins, however, were used in the first shafts 
made.. At a later date a consulting engineer, fearing 
the built-up crank, had square-type ke tted, but. now 

1 such devices are dropped and the necessary grip 
obtained with a shrinkage increased to ,},y, the results 
in practice proving quite satisfactory. 'o stand such 
shrinkage the web is kept. very deep round the pins. The 
argument with this type is that the use security 
pins, machined out after the crank is built up, cut away 
or broke the metal immediately round the pin, and there- 
fore reduced its shrinkage. grip, thus losing what is gained 
by the key. It will be notsogd that the same general 
ideas of simplicity and reliability have been carried out in 
the crank-shaft, thus no 6il banjos are attached, 
and consequently are not liable-to come loose, suitable 
ways for lubrication being formed in the back of the 
crank-webs. Thus the whole cémbination is simple and 
cannot get out of order. 

In machining, the parallel faces of the crank-webs are 
first planed and the webs are then bored out on a vertical 
boring-mill, the hole for the crank-pin being bored out 
exact size,and that for the shaft somewhat less. The 
crank-pin is then shrunk in, and, after cooling, the whole 
is very carefully set in a horizontal boring-machine, where 
the shaft hole is bored out, after which the two remainin 

rts of the shaft are shrunk in. A specially contacted 
evel is used for this work. 

The whole shaft is then tried up for truth, and comes 





out remarkably accurate, being quite as good, or perha 
better than any solid crank-shaft. Moreover, a A samen 
tively small lathe can usually deal with all the circular 
parts, a very great difference from the size of lathe neces- 
sary for turning a forged shaft. 

The Crosshead.—The general arrangement is as in Figs. 
34 and 35, 360, which explains itself. The whole 
design allows of easy and accurate machining ; also permits 
easy end adjustment of the piston and rod by means of 
the double nuts. It, however, necessitates a double 
bearing to the small end of the connecting-rod, which, 
though more costly to construct, is in common and suc- 
cessful use in marine and some land practice. 

The oiling to the crosshead pins has been previously 
described, and is on steam-engine lines, as shown on 
the sketch. The construction, generally, is of a well- 








design of shaft was brought out some six years ago it was 
a distinct novelty for internal-combustion work. Certain | practice. 
experiences made with large name ae at an earlier Regarding the water-circulation, the cross-head pin is 
date, particularly as regards the safety of the balance- | hollow, and conducts the cooling-water from one pipe of 
weights then fitted, and their liability to come loose, | the double-trombone, secured to an extension on one side, 
led to this design, quite outside it being a stronger and | to the hollow piston-rod, and thus to the piston; the 
more reliable construction. svete | return coming p smeene an internal tube back to the other 
The crank-shaft of a large gas-engine is usually forged | pipe of the trombone. The slide-blocks, the underside 
in one piece, and needs a very large lathe to turn it ; it | of which are white-metalled, run in planed ways in each 
also takes a great time to perform this and subsequent | beam, as shown, and are lubricated by oil-wells, at the 
operations, thus preventing quick delivery, for it is almost | ends and underneath. 
impossible to stock it, particularly if the engine has to be| Connecting-Rod.—This is, in general, of a well-known 
used for mill or similar driving where the long end of the | marine form, and calls for but little comment. In the 
shaft is such a variable quantity. The balance-weights | manufacture at first of such rods it was found that, besides 
usually fitted were, however, the principal source of | being expensive, they took as long to machine as the 
trouble, and in the earlier yt these were very liable | remainder of the engine. A detailed investigation proved 
to fly off (the securing bolts failing by fatigue), and in | this to be largely due to the drilling for bolt-holes, and 
some cases had done so. omic : | machining curves of radius at the small end. These 
A design was therefore required in which :— | difficulties were eventually got over for the curves, and 
1. Balance-weights could not get loose. _ | by dealing with the small A as per Fig. 36. 
2. Majority of parts could be stocked, thus ensuring| Piston and Rod.—This is also well explained by the 
quick delivery. . . sketch, Fig. 37, page 360. The piston is a simple hollow 
3. Preferably to avoid a large lathe being required to | casting, sometimes with internal ribs tangentially arranged, 
turn the whole shaft. | to allow of expansion and contraction ; it has a white metal 


understood steam-engine type, and has done well in 
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bearing-shoe underneath, and is attached to the rod in a | 
no way, as shown. 

In larger engines the ends of the piston are made 
separately of steel, the body alone being of cast iron. 
This allows of better cooling through the thinner walls, 
increased strength, and easy renewal of the body, if 
necessary. The rings used are eight in number, of plain 





large nuts to the crosshead, thus allowing of easy end 
adjustment. The return water tube is fitted internally as 
described. The whole design calls for no further showing. 
The piston is machined in a specially strong chucking- 
lathe, the eight grooves ee cut at one operation by a 
multiple tool (see Fig. 38). The rod is first bored out in 
&@ manner similar to a gun, lubrication being forced in at 
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Ramsbottom type, made of cast iron with joint-pieces. 


The whole arrangement runs well in practice. In earlier | la’ 


years considerable trouble with pistons was experienced 
chiefly through cracking, due to unequal stresses set up 
in casting and when at work. These were doubtless 
caused any through errors due to. inexperience, but 
now the whole matter has straightened itself out, each 
trouble being remedied in detail as it arose. 
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an 4 Ib, to 180 Ib. pressure, and then finished in an ordinary 
e. 


Charging Pwmps.—A photograph of these is shown, 
Fig. 39, page 361, and their action explained fully earlier 
in the A section is given in Fig. 10,* which ex- 
plains the construction. The three pumps—two single 
and one double-acting—are simple light castings, and are 








The piston-rod is of special steel,! and is attached by 


usually machined in a boring-mill. The valve-boxes which 
tie them ther and secure them to the main frame 
were originally of a very simple type, but cleaning troubles, 
due to dirty gas, have involved stoppages; hence the 
present design, with easily removable valve-cages. These 
valves in the form of cages can be taken out and replaced 
in a few minutes by a spare set at any time. They are 
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practically the only change necessary on the engine for 
cleaning, and effectively protect the inlet valves and main 
eylinder from dirt, which would, of course, cause wear. 
The valve-boxes are in many cases water-cooled for high- 
value gases. The pistons of the pumps are of a plain ordi- 
nary type, presenting no unusual feature in tooling, the 
front air-piston being longer than the back one, as it acts 
as a slide for the small end of the pump connecting-rod. 

Governing.—The standard design is as shown in the 
sketch, Fig. 40, page 361. Its essence is simplicity, and 
the author is quite willing to admit that as regards pump 
efficiency a more theoretical arrangement of the trip, or 
variable cut-off type (such as is sometimes fitted), is quite 
possible, but such involves considerable complications, and 
an increase in number of parts liable to wear or “‘ tar up,” 
and cannot, in his. opinion, secure any materially better 
governing than the really simple arrangement used. In 
principle this is a by-pass governor, the movable wing 
valve A controlled from the governor (direct driven from 
the crank-shaft) allowing more or less of the charge in 
the gas-pump to be by-passed to the other end, thus 
regulating the amount going forward to the main cylinder, 
according to the load. ; ! 

This governing is extremely effective, for, acting as it 
does on the charge stroke of the pump, it is but one 
stroke off the actual ignition in the main — 
whereas all four-cycle engines are two strokes off, owing 
to the previous suction of the charge being the governed 
stroke. a4 } 

In the particular engine under description similar wing 
valves on the air-pumps control the air for the mixture 
(the scavenge is a constant), and they can be varied with 
respect to each other at will. Usually these valves are 
not necessary, and are not fitted in the smaller engines. 
In large engines they ensure a certain firing at both ends 
of the cylinder at dead-light load, and so facilitate running 
and synchronising for alternator work. 

Ignition.—The ignition must be considered one of the 
most important points in the design of an engine, for 
from records taken from earlier engines it was found to 
be the most frequent cause of stoppages. The design 
now in use has been evolved from experience with many 
other types. It is peculiar to this type of engine, inas- 
much as no rotary parts are available near the cylinder to 
drive it. The most suitable drive is from the valve-gear, 
and the point of ignition is effectively controlled by means 
of a small trip arrangement, as shown. This consists of 
a raciprocating plate carrying trip-pieces which catch and 
move the magneto armature, the release of which is con- 
trolled by an adjustable wedge-piece ; the whole of the 
parts are case-hardened. 

Trip-magnetos are used with leaf spring return, the 
whole mounted as indicated in Fig. 41, page 362, with 
a suitable removable covering-box to prevent damage. 
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The point of ignition can be easily varied by the hand- | der being placed tandem, and operated through an exten- 
wheel beneath as required, and can Le connected to the sion of the piston-rod. In this work the two-cycle 
governor if necessary. Other types of ignition have been | engine has been much exploited and proved very success- 
tried, as the high-tension, but, so far, the one indicated | ful, owing to its special suitability, and the large speed 
has proved most suitable for general service. No doubt variation possible, giving a down to one-quarter 
the fact that it is self-contained and uires no external | maximum 5; , The qpeed velestion may be effected 
supply of current is a strong recommendation. automatically by the pressure in the main air-receiver 

e engine, asa whole, is shown in photograph, Fig. 42, | acting on a suitable valve, and it is interesting to watch 





Fie. 38. Turnixe Piston Grooves. 








| installations for mills are not as numerous as they might 
be, probably owing to the poameg of the mill building 
| boom before the engine had reached full maturity for this 
| class of work ; still, where a good case can be shown there 
is always a strong probability of the installing of the gas- 


engine. 
7 the other hand, the iron works and collieries, 
although often having waste gases available, and thus 
not needing to instal a producer (as does the mill-owner), 
have turned almost a cold shoulder to the gas-engine, 
in. this respect comparing very unfavourably with Ger- 
many, where, as has been shown, the iron-masters have 
largely applied the gas-engine for blast-furnace work. 
In Great Britain it has been more the fashion to instal 
mixed and low-pressure turbines, having lower first cost 
and itting a retention in use of a lot of old plant. 
This latter point seems to be much prized by many people 
in this country. 
The large British gas-engine maker has thus been forced 
to consider other duties, and what was thought by German 
gus engineers to be the last field for gas-engines—1.e., mill- 
riving—has received his keen attention. In such work 
undoubtedly England has led the way, a credit to Lan- 
cashire, if not to the iron industry. Most of the first 
attempts at mill-driving were for small powers, and with 
engines of the single-acting type, where a clutch was 
necessary to start, and even then, owing to inadequate 
starting arrangements, much time was sometimes lost, 
and a bad name earned for ag seer by their inability 
to get away to time. The later troubles experienced in 
mill-driving have been very largely confined to the 
producers, or to effects caused he unsatisfactory 
state of the gas—as to cleanliness, —delivered to the 
engine. There is no question that producer makers with 
experience made on small types, for the usual duties of 
those -engines, did not realise the difficulties and 
demands of mill-driving work where stoppages were of 
such great moment. us plants, whilat all right in 
principle, were not sufficiently well thought out in detail, 
and enough consideration had not been given to all the 
possibilities that might arise during the running of the 
lant under the care of an ordinary attendant. The 
atest constructions, however, can fully meet all the 
demands required for this class of work. The essential 
conditions for successful mill-driving seem to be (given 
a thoroughly good producer) :— 
Certain starting (against load). 
Even turning. 
Close governing. 
Reliability. 
Simplicity and ease of cleaning the whole plant. 
The engine must exactly perform the work of the 
usual steam-engine in the same reliable way. 
These are problems of —7 considerable + ~~ and 
their completely successful realisation in the first or 
second installation can hardly be expected ; but, like 
every other difficulty, continual application is the only 
way to bring complete success in every detail. The 
amount of success achieved in the initial installations 
has been so great as to be a matter of very considerable 
satisfaction. Particulars for some gas-engine installa- 
tions for :— 
(a) The generation of electrical power; 
(6) Blast-furnace and other blowing ; 
(c) Pumps (direct driven) ; 
(d) Mill-driving ; 

are given below. 


Some INSTALLATIONS ILLUSTRATING THE ADOPTION OF 
Gas-EnGInES FOR VARIOUS WorkING CONDITIONS. 


Figs. 43 to 45, page 363, illustrate a gas-driven electric 
power-station for providing electric current for use in 
three adjacent collieries. The engines are supplied with 
coke-oven gas of the following composition and calorific 
value, from which the tar, ammonia, and benzol are 
extracted : 





Per Cent. 
Hydrogen (H) .. in a - - 40.94 
Carbonic oxide (CO) .. : ‘= 6.25 
Marsh (CH4) i mi - se 29.34 
Heavy hydrocarbons(Cn Hon)... ee 2.91 
Percentage of combustible constituents. . 79.44 
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page 362, erected in the shop. It will, when set to , such an engine operating at various speeds to meet the 
work, drive a direct-eurrent dynamo on a very variable | demands under this automatic control. 

load, and will operate with gas from by-product coke-ovens, | In this district the direct driving of mills for various 
such gas having a calorific value of about 450 B.T.U. | industries with the regularity and even turning of a steam 
(lower scale) per cubic foot. engine has long been an attractive ition to engi- 
neers. This is not to be wonde at when the vast 


_ _INSTALLATIONS. number of cotton and woollen mills is taken into account, | 
Large gas-engines have been most generally used for the | the admitted keenness of whose management in economy | 


direct driving of dynamos or alternators, successful | of running makes the possibilities of the gas-engine as a 
parallel running being now quite easily obtained, either | coal-saver so attractive, though the general low cost of 
with other gas sets or steam-operated plants. Probably | coal in the North of England is # factor which sometimes 
the most important application of large two-cycle engines | makes it difficult to show such a good case as is possible 
is for blowing work for blast-furnaces, the blowing cylin- | im districts where the fuel is more costly. Gas-engine 














| Carbonic acid (CO,) .. = - oa 3.01 
Nitrogen (N) .. = va ee 17.56 


| 100.00 


Calorific value British thermal unite J Higher. Lower. 
cubic foot at 15 deg. Cent. and 760 milli- 
metresHg .. oe es -_ os 


583.6 475.6 
The engines are each capable of developing a maximum 
| of 650 brake horse-power, and are coupled direct to con- 
| tinuous-current dynamos wound for volts. The load 
is a constantly varying one, but special attention has been 
iven to the governing to secure a low speed variation. 
fe will be seen from the illustration that the auxiliary 
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LARGE GAS-ENGINES OF THE TWO-CYCLE TYPE. 
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plant and the necessary piping are placed in the base- 
ment. Thisgives the engine-room a very neat appearance. 
The cooling-water scheme is particularly suitable for 
installations where clean water is scarce. The discharge 
from the engine-jackets is pumped to the top of an open 
type cooling-tower, the pa we water being collected in a 
tank, the underside of which is fixed about 26 ft. above 
the engine-room floor-level, so as to give sufficient head 
to the cooling-water to carry it through the engine-jackets. 
The water is consequently used over and over again, a 
small connection being fitted to the tank to make up for 
evaporation losses. 


Couiiery Gas Powkr-StatTion. 

For power purposes, an electric station driven by gas- 
engines arranged to run in pvrallel, and supplied with gas 
by two pressure-producers, has been installed. These 
producers are specially interesting in that they success- 
fully burn ‘‘ Bastard ”.coal, which is a fuel of very low 
grade, and for the ordinary sale purposes useless. The 
engines have twin cylinders, arranged with cranks at 
90 deg. to each other. 

The alternators are direct coupled to the engines, and 
the excitation for them, and the power for all the 
auxiliaries on the gas plant, as well as all the lighting of 
the power-station and mine, are supplied by a syn- 
chronous motor generator set when the engines are 
running, and by a small steam-driven set when starting 
up. The alternators supply current for a large motor- 
driven ventilating-fan, and a powerful haulage gear, also 


electrically driven by motors connected through flexible N 


couplings. 

The haulage is of the endless-rope type, and is one of 
the largest electrically driven in this country. High- 
tension three-phase current at 2300 volts and 25 cycles 
is used, and the power is conveyed by overhead alumi- 
nium conductors, not only to the mine which the power- 
house principally supplies, but also to two other coal-pits 
at a distance from the power-house. 


Evectric Power-Station By Messrs. W. BEaRDMORE 
AND Co. 

Messrs. Beardmore have a gas-driven electric power- 
station designed to develop continuously 1500 brake 
horse-power by means of Oechelhauser gas-engines. The 
plant includes the cleaning apparatus required for remov- 
ing tar and dust from the crude gas. 


(To be continued.) 








Tue ScuinprRuing CoaL-WasHING Procrss.—A_ pro- 
mising modification of the Allard grid, used for removing 
slate and other flat particles from nut coal, has been in suc- 
cessful operation for nearly a year at the Mansfeld Colliery, 
near Langendreer, in the Ruhr district. The simplifica- 
tion is due to P. Schéndeling, of that colliery, and is 
described by Grahn in Gliick Auf! of December 3 last. 
The coal passes down a chute, about 24 ft. wide, on toa 
grid which is inclined upwards. The bars, triangular in 
section, have a length of about 2 ft., and oy spread out 

ening from 
3mm. to8mm. The water current, assisted bya rose placed 
in the chute, forces the coal against the bars and turns 
the flat pieces of slaty matter more and more edgeways, so 
that they slip through the bars into the receptacle below, 
in which a bucket-conveyor moves upwards. The recep- 
tacle may be provided with a suction pipe in order to hasten 
the washing process, A shaft, set with knives, is mounted 
above the grid, to clean it occasionally. About 120 tons 
of coal are treated daily in this way, and yield 5 tons of coal 
slate, containing up to 70 per cent. of combustible matter 
good enough for the boiler furnaces. The installation, 
including a coal-screen and the conveyor, is driven by a 
1,5 electric-horse-power motor, 


GEAR ARRANGEMENT. 


FOREIGN ENGINEERING PROJECTS. 


WE give below a list of colonial and foreign engineering | 
projects, for some of which tenders are asked. Furthe: 
information concerning them can be obtained from the | 
Commercial Intellig Branch, Board of Trade, 73, 
Basinghall-street, E.C. 

Canada: H.M. Trade Commissioner for Canada (Mr. 
R. Grigg) reports that tenders will be received by Mr. 
W. F. Heal, city clerk, Moose Jaw, Saskatchewan, up to 
8.30 p.m. on April 10, for (1) the supply and erection of a 
complete sewage-disposal plant, including a pump-house, 
sedimentation-tanks, and percolating-filters, and of a 
trunk-sewer and water-main (Contract A); and (2) the 
supply of two electrically-driven centrifagal-pumps and 
auto-starters, complete with all piping, connections, &c. 
(Contract B).. Plans and specifications may be obtained 
from the city engineer, Moose Jaw. Those for Contract A 
will only be supplied upon receipt of a deposit of 25 dols. 
(51. 3s.), which will be held until the return of the plans 
and specifications. H.M. Trade Commissioner points 
out that works similar to those described above are being 
undertaken in small towns all over the west of Canada. 
In many cases the time allowed for the submission of 
tenders is very.short, and Mr. Grigg suggests that British 
firms interested might do well to make arrangements that 
would enable them to act with the necessary promptness. 

Italy : Gazzetta Ufficiale of February 25 notifies that 
tenders will be opened on March 31 by the Direzione 
Generale delle Ferrovie dello Stato, Rome, for the 
construction of the ninth section of the Minturno to 
aples portion of the new railway from Rome to Naples. 
The total length is about 24 miles, and the cost of the 
undertaking, including the boring of the Posillipo Tunnel 
and the building of Chiaia station, is put at 3,000,000 
lire (120,0002.).-. The Gazzetta of February 27 notifies that 
tenders will be opened on April 6 by the before-men- 
tioned Direzione for the construction of 10 miles of line 
from (1) Sant’Anna to Bivio Sciacca, and (2) Bivona to 
Alessandria, both forming part of the Sicilian comple- 
mentary railway system. he total cost is estimated at 
2,355,000 lire (94,200/.). Although the foregoing two 
contracts will in all probability be awarded to Italian 
firms, the carrying out of the works may involve the 
purchase of some materials out of Italy. 

Spain: With reference to the notice which appeared 
on page 235 of the Board of Trade Journal of February 2, 
relative to a call for tenders for drain works for 
Madrid, the Commercial Intelligence Suakel the Board 
of Trade is notified by the Spanish Consul-General in 
London that seven pamphlets annexed to the conditions 
for the submission of tenders for these works may be 
inspected by firms interested at the Consulate-General, 
40, Trinity-square, London, E.C. 

Portugal : The Handelsberichten (The Hague) of March 2 
notifies, on the authority of the Netherlands Consul at 
Oporto, that under the name of the Junta Autonoma das 
Obras da Cidade do Porto, a corporation has been formed, 
with the sanction of the Oporto city authorities, for the 
pu of carrying out important public works, including 
the building of new streets, municipal buildings, harbour 
improvements (comprising the installation of cranes and 
other loading and unloading appliances), the construction 
of a city tramway, &c. 

Belgiwm : The Bulletin Commercial (Brussels) of 
March 4 notifies, on the authority of the Belgian Lega- 
tion at The Hague, that the following tramway projects 
are on foot in the Netherlands :—(1) the construction of 
a tramway (petrol-motor system) from Gouda to Utrecht; 
(2) the conversion of the Venlo-Tegelen-Steijl horse 
tramway into a steam tramway, for which Mr. A. Wen- 
denhorst has applied for a concession. 

Servia: The Nachrichten fiir Handel (Berlin) of Feb- 
ruary 23, states that plans and estimates have been pre- 
weer under the direction of the Servian Ministry of the 

nterior for draining the Matschva, a portion of the ter- 
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ritory in the north-west of Servia. A Bill relative to the 
undertaking is to be drawn up and presented to Parlia- 
ment. 

Brazil; With reference to the notice on page 106 of 
our last volume, relative to harbour works at the 
port of Victoria, State of Espirito Santo, the British 
Acting Consul-General at Rio de Janeiro (Mr. E 
Hambloch) has forwarded the following further par- 
ticulars of the projected improvements, actual work on 
which has not yet begun. redging of the bar to give 
a channel 1500 metres long and 50. metres wide, with 
a minimum depth of 84 metres, Dredging of the Vic- 
toria bank, to give a. channel 1260 metres long, 50 metres 
wide, and 84 metres deep at lowest tide. Construction of 
two dykes, submerged at mean tide, with a total length 
of 1225 metres, and averaging 3.20 metres in height and 
2.50 metres in width. Construction of a quay for small 
craft, 355 metres long, and with 44 metres of water along- 
side at lowest tide; and of a quay for ships of greater 
tonnage, with a length of 775 metres, and a depth of 
water alongside of 84 metres ; these quays are to be fitted 
with cranes, lifts, and all modern loading and discharging 
appliances. Construction of a bridge 400 metres long, 
with eight arches, and including a revolving span 
12 metres in length; the steel superstructure is to be 
supported by eighteen cylindrical steel columns; the 
bridge is to be crossed by the Sul de Espirito Santo and 
Victoria-Diamantina Railways, the trains stopping ata 
station on the island of Victoria. Construction of three 
large two-storied warehouses near the station. 

Fiji: The Fiji Royal Gazette of November 4 publishes a 
memorandum as to the conditions under which the 
Government would be prepared to grant a concession 
conferring exclusive rights to any corporation for a period 
of 25 years to supply electricity to the public for lighting 
and power purposes, and toestablish and work an electric 
tramway, within a radius of five miles from the Post 
Office, Suva. 








50-Pex1op Monopuase Tramway AT St. AvoLp.— 
The electric tramway which joins the small town of St. 
Avold, in German Lorraine, to its railway station, has 
only a length of 2.6 km. (1.5 miles), but is interesting as an 
example of a monophase railway driven by three-phase 
current of 5000 volts and 50 periods per second. The 
track is almost throughout on a gradient of 50 in 1000 (74 
in 1000 maximum), and there is not much traffic. Par- 
ticulars of the plant, which was built by the Bergmann- 
Elektricitiits-Werke, of Berlin, will be found in the 
Elektrotechnische Zeitschrift of January, 5, 1911. Current 
is obtained at 7 pfennig (0.84d.) per kilowatt-hour at a 


| colliery 6 miles distant. As the current demand is very 


irregular, the overhead line—one wire—is fed from two 
transformers, placed about 600 m. from the termini, with 
monophase current at 750 volts. There are two motor- 
carriages and trailers. The carriageis fitted with two 60- 
horse-power motors (6 poles) for 700. revolutions, each 
weighing about 2.5 tons, together with its toothed gearing, 
Current is taken up with a double-contact rod. 
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Fig.43 


(For Description, see Page 359.) 
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Figs. 43 To 45. 


THE INSTITUTION OF MECHANICAL 
ENGINEERS. 
Address by the President, 
Mr. Epwarp B. ELiineton.* 


THE main considerations in selecting a subject for the 
customary address of your President should be to ap 
to the greatest number of the members, and, if ible, 
to secure some permanent value to the Institution. 
these days of encyclopedic knowledge and its applica- 
tion, there is manifest failure before me if I attempt 
to give you anything in the nature of a general réswmé 
of the pro of engineering science during the period 
with which I have had personal acquaintance with the 
subject. Such an address could no doubt be made in- 
teresting by some authors, and serve to pass an hour’s time 
in the comforting contemplation of the marvellous pro- 
gress of the mechanism of life; but I doubt whether it 
would —_ of the slightest value to anyone, and I am 
sure if I myself attempt it I shall only bore you. 

An alternative before me was to address you on the 
subject of the particular branch of engineering to which 
I attached myself some forty years ago, and to which I 
and a few of my compatriots have devoted ourselves ever 
since. I do not know what may be the fate of the distri- 
bution of hydraulic power in the future. It may be 
destined to occupy a permanent, even if subordinate, posi- 
tion amongst the various means which are available for 
the transmission of energy, or, as a friend of mine has 
humorously suggested, it may so completely pass into 
the limbo of forgotten industries as to not even find a place 
in the Rg ny Britannica,” when the next edition 
is forthcoming. at any rate, is clear, that hydraulic 
power itself, apart from a particular method of applica- 


* Delivered on Thursday, March 16, 1911. 
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tion, is, after the sun, the most lasting source of energy, 
and the most easily adapted to the wants of mankind of 
any of the great powers in the world. I believe I could 
make an address on my own subject interesting and 
useful, but I have decided against it. The fact is, that 
it would be impossible for me to deal adequately with it 
without appearing as an advocate of a particular system. 
I have often, both in written and spoken words, suc- 
, as I thought, in being strictly impartial and 
scientific, but I have found, almost invariably, that what 
I have said has been at once discounted as emanating 
from an advocate. I do not intend, therefore, if I can 
help it, to doan injury to the Institution by yom! our 
President open to that charge while occupying this chair. 

If I am to be debarred from addressing you on the 
subject of the general a of engineering, and also 
on the particular progress of the special branch of engineer- 
ing about which finer most, it would seem that I should 
be without a text at alland have to wander on in a maze 
of smal] talk which would exhaust you and myself. How- 
ever, there is a subject which should be of great interest 
to all of us and, if my discourse should not prove of value, 
it will be due tothe manner in which it is presented, and 
not to the subject itself. I desire to direct your thoughts 
to mechanical engineering in general, and its relation to 
other branches of engineering, also in particular to the 
purposes and objects of this Institution, and its relation 
to other engineering institutions. 

Mechanical Engineering.—Owing to the great advance 
that has been made in the mechanical arts and especially 
in engineering during the period since the Smeatonian 
Society was formed in 1771, it was inevitable that these 
great ny should be reflected in the associations of 
engineers formed to promote their common aim. - 
neers have to know more and to be more completely 
trained than in the past. Their life has become more 








TYPE. 





complicated and serious,.and in the United Kingdom 
alone there are now over fifty institutions and societies 
which have to do with engineering in one or other of its 
branches. Our institution, as it is the oldest, claims also 
to be the most representative body of mechanical engi- 
neers in the country, but so far as I have been able to as- 
certain there is no definition of what exactly a mechanical 
engineer is, or exactly in what respect mechanical 
engineering constitutes a special branch of the profession. 
have placed upon the wall a drawing of possibly the 
oldest example of mechanical engineering work now 
extant. The drawing, which will be published in the pro- 
ceedings, has been _ by Mr. James P. Maginnis, 
M.I. Mech. E., who has presented it to the Institu- 
tion. It represents a bronze pump in the British 
Museum, found at Bolsena, in Etruria, and attributed to 
Ctesibius, a barber of Alexandria, who lived in the third 
century B.c.* He was probably a contemporary of 
Archimedes, the inventor of a screw for raising water. 
Curiously enough, a pump constructed on the same 
rinciple as Ctesibius’ was unearthed a few years ago 
esi the excavations at Silchester, the old Romano- 
British city situated not far from Reading. This pump 
was a ane | cruder affair, made of wood and lead, but un- 
doubtedly was an effective force-pump, and su ts that 
force-pumps were in considerable demand at the time of 
the Roman Empire. Indeed, there was an edict promul- 
gated in Rome at this period, by which every citizen was 
required to keep a fire-engine of some sort in his house.t 
The dawn of mechanical engineering appears to have been 
heralded by machines for the pumping of water. 

An early example of mechanical engineering in this 
country was the erection in 1582 of a pumping engine 
under the first arch of the old London Bridge, worked b 
water-wheels driven y i, rise and fall of the tide. tt 
is interesting to note that at this period it was a Dutch- 
man, Peter Morice, who executed the work, which again 
suggests the importance of water to the making of 
mechanical engineers. 

Water-wheels, one would imagine, must have been in 
use from very early times, but evidence such as that of 
the ancient pump is wanting. Undoubtedly there was 
also machinery of some sort used in the building of the 
monumental works in Egypt and the East, and the 
ancient chariots exhibited no mean amount of mechanical 
skill. Nevertheless it is, I suppose, the fact that ‘‘ could 
a man who lived in England but a hundred years ago 
now revisit his country, he would in mechanical art find 
s change far greater than the whole progress from the 
creation to the time at which he lived.”§ 

A curious fact in the history of development of mecha- 
nical engineering is that the priests of the ancient religions 
seem to have been acute pet em ta and invented man 
contrivances for deluding the people—an art in which 
some of the mechanical engineers of the day are not 
“ae deficient. i is - . 

ile apparent ere have nm millwrights, me- 
chanicians, and philoso hical instrument makers from 
early times, mechanical engineering as a profession is 
clearly of quite recent origin, and engineering organisa- 
tion starts with the Smeatonian Society. ext to the 
Smeatonian, which occupies a position of ease and. con- 
tent in a pleasant backwater of the present, the oldest 
and most comprehensive of engineering institutions is, of 
course, that of the Civil Engineers. ere there is more 
substantial ground on which to rest. Civil engineers 
were differentiated from military ineers, and the latter 
when on the active list are not eligible for corporate 
membership of the Institution of Civil Engineers. The 
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comprehensiveness of Tredgold’s definition of engi- 
neering is obvious. It may be taken to apply to the 
whole content of civilisation, and engineering in fact 
emerged with the first dawn of civilisation. Man, 
as has been well said, is a tcol-making animal. The 
first being who made a tool was the first engineer, and 
inaugurated, unknown to himself, the art of engineering. 
Such a reflection may be useful in making us realise the 
all-embracing character of engineering in connection with 
our life to-day, but is not otherwise very helpful in our 
actual circumstances. The Institution of Civil maeaom, 
at its first inception in 1818, now nearly a century distant, 
ised its true function ; while perhaps it can hee om be 
said that it has always acted up to its ideal, there has 
never been a time in its honoured career when it has not 
striven to maintain its character of the representative 
Institution of Engineering in this country and in the 
Empire at large. ‘To-day it is more than ever alive to its 
duties in this respect, and is doing all in its power to 
improve the status of engineering. It admits to its 
privileges all engineers, whatever may be the branch of 
the profession in which they may be engaged, who can 
prove through their qualifications a right to be called 
civil engineers at all. / : 

When the wide ramifications of modern engineering, 
and the extraordinary number and variety of the problems 
with which engineers have to deal, are considered, it will, 
I think, be a to everyone that it is quite impos- 
sible for a single institution to deal at all adequately with 
every branch of engineering. In 1818, and for many 
years afterwards, it was almost inevitable that special 
importance should have been given to the great works of 
construction, such as roads, bridges, harbours, docks, 
lighthouses, &c., and that mechanical engineering, which 
was of very recent growth, should have been relegated to 
the position of the Cinderella of the art. The Insti- 
tution of Civil Engineers became associated in the public 
mind with a particular, even if a supremely important, 
branch of engineering; and, in fact, while rarely for- 

tting its true function and its splendid ideal, it has 
throughout its career been not only maintaining the 
prestige of its representative character of general engi- 
neering, but has been a special exponent of the great 
constructional works of the character that I have named. 
I suppose, if that Institution could go back and make 
use of the experience gained in the course of its history, 
it would have organised itself on somewhat different 
lines, and would, to a great extent, have avoided the over- 
lapping of work and multiplicity of societies which the 
present system, or want of system, has rendered in- 
evitable. It is, however, open to question whether, after 
all, the science of engineering and the country generally 
has not benefited by the wholesome incentive of the sepa- 
rate and additional societies that have been formed. The 
réle of the Institution of Civil Engineers can now only be 
fully met by the several branches of engineering science 
being separately organised under acknowledged “‘ entente 
cordiale” with the parent Institution. The oldest and 
most important branch of engineering, next to the con- 
struction of the primary means of communication and of 
health, is undoubtedly mechanical engineering. 

In 1849 Joshua Field, then the President of the Insti- 
tution of Civil Engineers, in the course of his address 
said: ‘ Mr. George Stephenson was well known to us all. 
He was also President of a kindred society, the Institu- 
tion of Mechanical Engineers. That Institution prin- 
cipally directs its attention to new inventions in the 
mechanical and manufacturing processes, whilst the com- 
munications brought before us are chiefly accounts of 
executed works in civil and mechanical engineering. 
Thus these two societies embrace the whole science, and 
by combining their efforts, with mutual goodwill and a 

fect understanding, they may and do confer os 

nefits on the public. Mr. Stephenson practised both 
as a mechanical and a civil engineer, and attained equal 
eminence in both branches of the profession.”* 

Sir William Fairbairn, in a lecture given in 1859, ‘‘On 
the Rise and of Civil and Mechanical Engineer- 
ing,” states: ‘* When I first entered London, eon peg 
— (i.e., in 1812), there were no Mechanical Engi- 
neers.” 

But what is really the special characteristic function of 
mechanical engineering? This will perhaps be made 
clear by considering the nature of works which cannot be 
considered as within its scope. Roads, bridges, railways, 
docks, harbours, dams, coast defences, are typical ex- 
amples of so-called Civil Engineering, and you will not 
fail to notice that they are all of a foundational and 
stationary character ; they are built for something else to 
run over or into, or simply as retaining structures. They 
belong essentially to the order of buildings, and not to 
the order of machinery. Nearly all works of this character, 
though of primary importance, require to be supplement 
by apparatus which it is the function of the 
engineer to supply. J Spiel ; 

e essence of Mechanical Engineering is ‘‘ motion,” 
while the essence of Civil Engineering is ‘‘rest.” The 
life of a road is in its motors; a railway exists for its 
traffic, which cannot be carried without the co-operation 
ef the two t branches of the engineering profession. 
Docks and harbours are the direct results of the develop- 
ment of mechanical engineering in its application to ocean 
traffic, and the great dam at Assouan illustrates the 
importance of the mechanical engineer in providing the 
means of regulating the flowing water of the Nile. 

Again, water works, se isposal works, works, 
and caenaey undertaki which would perhaps 
not generally be considered as typical examples of 
mechanical engineering, are, in fact, very largely depen. 
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followed me so far, you will 
in my mind. I have little doubt about the correctness of 
the views I have been expressing, and I may remind you 
of the great importance which the Institution of Civil 
Engineers now attaches to mechanical training in work- 
sbops. What then is the function of our Institution, and 
are we living up to the position which, from the nature of 
the case, we ought to occupy ? 
ness of the parent Institution of Civil Engineers renders, 
as I have already said, the existence of specialised institu- 
tions a necessity, and the hall-mark of membership of 
these institutions, which are equal] important in their 
respective spheres of influence, should 

be recognised as the diploma of the special branch of 
engineering concerned. Can it be said that the qualifica- 
tion at present required from candidates for admission to 
our Institution would warrant such an assumption? 








commercial element will 


dent on the mechanical engineer for their efficiency. 
Wherever machinery is required, there the mechanical 
engineer is wanted ; but it 1s lay | far from my intention 
to suggest that every maker or dr 
mechanival engineer. I want to make it clear that 
mechanical engineering, looked at from the professional 
side, is of equal importance with any other branch for the 
successful carrying out of the great engineering works of 
the day, and is even more comprehensive. I quite 
recognise that there are many difficulties in laying down 
a hard-and-fast line of division, and that it may be prac- 
tically impossible to say definitely whether, for instance, 
the permanent way of the railway is an example of 
mechanical engineering or not. In naval architecture, 
where exactly does the speciality of the naval architect 
end, and the function of the mechanical engineer com- 
mence? In the carrying out of a great electrical under- 
taking, again, it is impossible to draw a line and say, 
“‘ Thus far electrical engineering, and beyond it mecha- 
el a practical outcome of — oy ym pin met 
t nearly every ineer, in order to ully equip 
for any special ihe 7 ] 
engaged, should have some right to be considered a 
mechanical engineer. 


iver of machinery is a 


of engineering on which he may 


Qualifications of Mechanical Engincers.—If you have 
begin to realise what I have 


The very comprehensive- 


be such that it can 


Now I am coming to close quarters on this question. 


I quite admit that the ideal of mechanical engineerin 
which I am endeavouring to p! i 

to extremes, might produce results which would be 
disastrous to the future of our Institution. The great 
difficulty is to distinguish between a mechanical engineer 
and a good artisan on the one hand, and the commercia. 
man on the other. Substantially I am maintaining that 
mechanical engineering is a profession ; but, like all pro- 
fessions not appertaining to what are known as the 
Liberal Arts, there is a great deal of buying and selling 
and artisan work mixed up withit. A very large number 
of men are employed in various capacities as managers, 
draughtsmen, engineers-in-cha: foremen, and others, 
who have really no grounds for being considered mecha- 
nical engineers, but who in considerable numbers seek 
admission to our Institution. 


fore you, if carri 


With regard to manufacturing, mechanical engineering 


has to do so largely with machinery, and the knowledge 
and experience required is necessarily accumulated to so 
great an extent in the works where the machinery is made, 
that manufacturing will and ought to enter largely into 
the practice of mechanical engineers. Workshop practice 
itself is recognised as an important part of mechanical 
engineering. Therefore, rules which may be especially 
— to consulting engineers are not of much service 
w 

For example, the distinction that exists between consult- 
ing engineers and contractors in the construction of docks 
a railways is not usually present when machinery has 
to ut 

not whe supplies the designs as well as the plant. Of 
course, there are a large number of distinguished mecha- 
nical engineers who are not engaged in selling what they 


en applied to the majority of mechanical engineers. 


own. It is the manufacturer more often than 


roduce; but I think I may say, without fear of contra- 
iction, that no une can cesign machinery properly who 


has not had large experience of its manufacture. 


There are numerous problems on the scientific side of 


engineering that lie at the very foundation of successful 
design which need research. These problems can, pos- 
sibly, only be fully dealt with when those cane on 
them are without a direct interest in the practical uses of 
their solution. All such work has for its aim and object, 
however, practical use, and it is becoming more and more 
os that those who have to help engineers in their 


ifficulties should themselves have more than a passing 


a ney ap with workshop practice. 


or the great ong Sy mechanical engineers the 
) present, and the Institution 
will fail in its duty to the profession, and lower the status 
of its members, if it does not control that element, and 


cal] require evidence of knowledge and experience in the 


theory and practice of mechanical engineering, quite apart 
from other considerations. I hope I shall not here 
misunderstood. I believe commercial training and expe- 
rience is desirable for all engineers. Itis quite impossible 
for an engineer en; in practical work to sever himself 
from the commercial factor. He is, in nearly everything 
he does, face to face with the problem to find out the 
least costly way of obtaining the required result, and 
has to answer the question, “ Will it pay?” But while 
the commercial factor is then of very great caeeoanen, 
the candidate for engineering honours should be an 
engineer first and a commercial man second, and it is 
particularly to be desired that our Institution should not 
confer corporate privileges on any other grounds than 
cal engineering knowledge and experience. 

The bye-laws of the Institution have laid down the 
minimum qualifications required to be fulfilled for ad- 
mission to its several grades. The application of these 
bye-laws rests with the Council, but it is impracticable for 


be | remind you 





the Council to interpret them in a sense which does not 
accord with the general view of the members of the Insti- 
tution. There is obviously considerable latitude in 
determining what constitutes a good general and scientific 
education, and what should be the nature of the respon- 
sibility attaching to the ition occupied by the candi- 
date to enable the Council to submit his name to ballot. 
You will no doubt all agree that a mechanic in charge of 
an engine and boiler is not for that reason to be con- 
sidered a mechanical engineer. This case is put rather 
neatly by Disraeli (Lord Beaconsfield) in a decidedly 
scurrilous article written some seventy years ago on the 
ministers of the day. He says of one of these: “‘ Asa 
sort of extenuating compensation for the Cimmerian 
gloom of his unlettered mind, they assure us he is a man 
of science. ... We believe he has an air-pump in his 
house. A fine qualification this for the part he 1s play- 
ing. He would make a first-rate conductor of an 
omnibus.” 

There can be no doubt that the status of membership 
of our Institution depends upon the care which is exer- 


be | cised in admitting its members, and I desire to submit to 


your consideration whether the time has not arrived when 
all the younger men who desire to join as associate 
members should be obliged to furnish clear evidence of a 
general and scientific education up to some such standard 
as is required for admission to the Institution of Civil 
Engineers. In the event of adoption of a specialised 
examination of candidates not otherwise qualified, it 
would, no doubt, be found desirable that there should be 
certain distinctive features which would take the line of 
attaching great importance to workshop practice and the 
cost of work, so that the passing of such examination 
would give a guarantee of early training in the special 
subjects of mechanical engineering, as distinct from the 
more — diploma of the parent Institution. 

As I have intimated already, any action which the 
Council may desire to take in this direction must first 
receive the cordial support of the members of the Institu- 
tion, and I should like to add that I am throughout this 
address oy my personal view of the whole subject, 
and that what I say must not be taken as implying 
anything beyond that, or that I am speaking for my 
colleagues. 

It will, I imagine, be evident to us all that there is a 

t deal too much uncertainty attaching to admission. 
here is a great want of some definite test of eligibility, 
particularly in regard to the e of Associate Member- 


l = - which is so intimately related to training. 
u 


ll membership is not nearly so difficult to deal with, 
as the class of members is confined to men of greater age, 
and considerable experience and responsibility, and = 
presumably, whether with or without early training of a 
recognised character, have acquired in the course of their 
career a certain recognised position in the profession. 

In reference to the grade of Associate Members, it is 
increasingly uncommon for young men at the age of 
twenty-five to have much responsibility in engineering ; 
but at the same time, if our Institution fully lived up to 
its ideal, every mechanical engineer would desire to 
become attached to the Institution at as early an age as 
possible as an associate member. Shakespeare, with pro- 
phetic instinct, gives us some sound advice*: ‘‘ Know 

ou not, being mechanical, you ought not walk upon a 
bouring day, without the sign of your profession ? ” 

On the ground, however, of experience and responsi- 
bility alone, very few can be expected to qualify for 
admission much under the minimum age for full member- 
ship. What then should be the main idea of the qualifi- 
cation for associate members? Clearly there should be a 
thorough training in mechanical engineering, supple- 
mented by a certain period of actual work done subsequent 
to training, but that work can hardly be expected to be 
of such a responsible character as would be essential in 
the case of a candidate who had not undergone the full 
training desirable. 

T have t sympathy with the young men in the pro- 
fession who are doing what they can in subordinate posi- 
tions, and who often, with Pron § training and application, 
have lacked the opportunity for much responsibility. 
it is known that the Institution requires a good education 
and a thorough engineering training as a preliminary to 
associate membership, the election of a candidate to that 
position at an early age, and when occupying a subordi- 
nate post, may be a great assistance to him towards 


——e that position. 

raining of Mec i <p penn tata ty aye years 
there has been a great deal of controversy as to the proper 
training of engineers ; and it may not 4 amiss if I tell 
you my own view of the matter, and something of my 
own personalexperience. I became a pupil in the ’sixties, 
and entered the works of John Penn, as you know, one of 
the very early Presidents of our Institution. I should 
like to say here how pleasant it isto think that my former 
chief occupied that position. Parenthetically, I may 
as a curious coincidence, that only last 
month Mr. Aspinall, on vacating this chair, exp 
the gratification he felt.in the fact that his former master 
was also a Past-President.. To resume, when I went to 
Penn’s, I had just left school, and it was considered the 
correct thing to go straight into the workshop— in fact, 
there was really no choice at that time—specialised edu- 
cation in engineering, except in the Navy, was almost 
entirely absent ; and while theoretical studies might be 
pursued at the Universities, practically all those who 
went in for mechanica) engineering passed straight into 
the shops. There was a considerable number of pupils 
at Greenwich, who, aljegetber, must have cost their 
parents a large sum. ith —— to a great mone, the 
whole affair was a pure waste o time and money. Every 
opportunity was given in the works to learn the business, 
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and John Penn himself was always ready to assist when 
approached, but whatever one learnt had to be picked 
up. The more serious-minded formed a little society, 
and, while. there was plenty of the rough-and-tumble of 
early life, a { many evenings were given up to what 
might be called self-regulated studies of a general theo- 
retical engineering character, with the assistance of 
drawing-boards and text-books. 

This sort of thing went on for two or three years, the 
latter part of the time, when engaged in erecting plant 
on board ship and attending trial trips, being, I think, 
the most productive period. After this I went into the 
drawing-office, and soon found that the brains of the 
whole business were there. It was run under the super- 
intendence of a very able man who was perhaps known to 
some of the older members—Mr. R. V. J. Knight ; and 
it is an undoubted fact that I learnt more in six months 
in that office than in the whole of the rest of the time. 
Further, in a few months I had responsible work to do, 
and was very proud of myself when I had given to me 
the arrangement and ordering of the whole of the engine 


and boiler piping and fittings of H.M.S. Volage 
mention this use it is typical of a bygone time and 
practice. 


I have always felt that the first eighteen months of my 
time was more or less wasted, and that that a should 
have been passed at some college. I hold strongly the 
opinion that it is best for the majority of youths who are 
about to commence their engineering training to go to 
college on leaving school. It is a critical time of life, and 
the comparative restraint of college life is then of great 
value, while the studies are pursued under conditions 
which are not far removed from those at school. 

There is a great deal of difference of opinion on this 
question. Some consider that workshop training should 
come before college, and some think the concurrent or 
‘‘sandwich” system is desirable. The latter does not 
commend itself to my judgment as satisfactory as regards 
the workshop part of it, though from the collegiate point 
of view I can well believe it may be. It must tend, I 
think, to prolong the period of training unduly, as the 
student, on leaving college, would, I should think, in 
many cases have to undergo a further period of proba- 
tion in works en on the — branch of engineer- 
ing to which he desired to attach himself. 

The whole danger in the modern system of training 
engineers seems to me to lie in the effect it has of deferring 
the time of responsible work to too late in life. Young 
engineers nowadays start their life’s work two or three 
years later than they did fifty years ago, even if very 
much better equi for that work. 

It must never be forgotten that it is ‘‘ the man behind 
the gun that counts,” and if young men are tied too long 
to the “‘apron-strings” of tuition, individual energy, 
dash, and courage may wane. Therefore I feel that the 
examination period should be got over as soon as pos- 
sible, consistently with sound work, and the practical 
training which follows should be more specialised in the 
branch of engineering selected. I quite agree that where 
the college courses permit part of the long vacations 
could be most usefully spent in works, but it is somewhat 
difficult to arrange for such temporary admissions. 

I am strongly op to early specialised training in 
the sense that boys should be taught a smattering of 
engineering. There are boys who have a natural aptitude 
for certain studies. Broadly speaking, however, there 
are only two kinds of minds and temperaments—the 
mathematical, or scientific and utilitarian, and the 
classical, or literary and artistic. I suppose everyone’s 
mind is more or less a flux of those two elements in 
different proportions. Individuality is due to the pre- 
ponderance of one over the other. However that may be, 
it is the boys’ minds that want training at school, and 
what they learn of the subjects of study is of minor 
importance. 

was discussing this subject some years with a 
late headmaster of Clifton College, and he told me that 
in his own experience he had found that boys on the 
classical side, when they went over to the modern side 
during the latter part of their schooling, in order to 
specialise in certain subjects, would beat the boys on the 
modern side in those subjects, though the latter had been 
working at them for years. An explanation offered was 
curious and bears upon this question of early training 
—namely, that the boys on the classical side were better 
taught and had learnt better the art of learning. 

I believe at the present time there is no difference of 
opinion on one point—namely, that engineers are not 
made at college or at the technical schools. The function 
of these immensely useful institutions is to furnish the 
students with the intellectual tools required in the course 
of their work, but the students must subsequently learn 
how to use these tools inthe workshop and in the office. 

ere are large numbers of young men who cannot get 
the advantage of a collegiate training and who enter works 
as ordinary apprentices. I am very far from desiring 
that such should feel that because ‘of this they cannot 
look forward to joining the institution. There are 
generally facilities to be obtained in technical schools 
for evening clasees, and most employers are anxious to 
help on creas lads, who, if they show promise, will 
have drawing-office experience a: for them. There 
1s no reason why they should not be able by sustained effort 
to fulfil the requirements, and, if they do, they aie not 
unlikely, as picked men, to go far and render great 
service to the Institution. It can be no one’s wish that 
rules should keep such men out, but, as I said earlier in 
this address, the Institution is intended for mechanical 
engineers. The test for admission should be high, both 
from the point of view of 1 and technical education 
and of practical work. It should always be kept in mind 
that the members of this Institution ought to have had 
not only a good theoretical and practical knowledge of 








mechanical engineering, but should 
control of i 


be F nay ae ~ for the 
) —— and the workmen em- 
ployed in m. Therefore, ny | should have gone 
through the training and have had the prelimina’ 
experience which might be expected to fit them for suc 
control. 

Graduates.—If there are difficulties in regard to the 

ualification of candidates for the honour of admission as 

embers or Associate Members, I am not sure that 
there are not serious difficulties with regard to the 
Graduate class. It is a source of gratification to know 
that this is a flourishing branch of the Institution, but 
it is capable of great extension both in point of numbers 
and in usefulness. From the particulars which one finds 
in the applications for admission which comes before the 
council, it would oqpees that there are many hazy ideas 
afloat as to what isthe kind of training which graduates 
are expected to be obtaining. 

The whole object of the Graduates’ class is to make a 
way through which young men may enter without further 
difficulty the inner courts of the Institution, and the 


[| | stricter the rules are which govern admission to the class 


of Associate Membership, the more important it mes 
to wf down as clearly and in as detailed a manner as 
possible the minimum qualifications as to education and 
training which has to be acquired during the graduates’ 
life from 18 to 25 years of age. 

In the case of our Institution especially, I am of 
opinion that a well-consid and specialised examina- 
tion in mechanical eee | for graduates between the 
age of twenty-one and twenty- five would be of great service 
to many, and be of great advantage to the Institution. 
The pomes of such an examination, or its equivalent, 
outside the Institution, together with a sufficient works 
and office training, would then give an immediate entry 
into the Associate Member class, provided the candidate 
was engaged in engineering work. 

Older candidates seeking admission, who might not 
possess the minimum credentials, would have to wait until 
their experience and position warranted a waiver. I am 
quite aware that an examination test taken alone isa 
very poor guide to real knowledge or ability, but this 
Institution is not at all likely to give too little weight to 
practical work. An examination of the kind indicated 
would, at any rate, entail a considerable amount of study 
of the theoretical side of engineering, including workshop 
practice. 

I do not come before gee to-night with a cut-and-dried 
scheme. I have been throwing out hints or scattering 
seed in the hope that it may bear fruit in the future, 
and may be the means of creating a body of opinion 
amongst the members on which the Council may take 
aption. 

Research and other Matters.—A very important part of 
the Institution’s work in recent years has been that of 
research. Our proceedings bear witness to the valu- 
able work that has been accomplished. Research com- 
mittees have conducted investigations in riveted joints, 
alloys, friction, gas-engines, marine-engine trials, the 
value of the steam-jacket, and the steam-engine. At the 
present moment there is not quite the same activity, with 
the exception of the alloys research, but it is to be ho’ 
that the next ten years will be equally productive. There 
are many unsolved problems relating to mechanical engi- 
neering on which research is needed. One very important 
subject is the fatigue of metals, another is the question of 
vibration of machinery and the methods by which it can 
be avoided or its influence restrained. There are ques- 
tions relating to the problems of the navigation of the 
air. There appears to be very little data available in 
regard to water-hammer, and another question in which 
I am particularly interested is the effect of compound 
stresses on cast-iron pipes. 

It was not, however, to suggest subjects of research 
that I have referred to this branch of the work of the 
Institution, but to call attention to the fact that there is 
a considerable amount of independent research going on 
under the auspices of different institutions without any 
attempt at co-ordination. The work would be more 
effectively and economically done if these different bodies 
would organise themselves something after the manner 
of the Engineering Standards Committee, which, with 
the support of the five leading engineering societies, has 
done such remarkable and excellent work, and which will 
undoubtedly remain a permanent organisation of the 
engineering profession. 

ere is nothing so efficacious as research to make one 
realise what a number of different de ents of know- 
ledge and opinion are brought into play in order to solve 
these engineering problems, and what an amount of co- 
ordination between science and practice is needed to secure 
real success. Our Institution through its organisation 
and membership should exhibit a like catholicity. 

There is a class of Associates of this Institution which 
has been specially designed with the object of securing 
the support and assistance of men who, while not me- 
chanical engineers or even engineers at all, have interests 
common to engineering, and who are experts in special 
departments of knowledge from which engineers can take 
toll. For some reason this class of Associates has not 
much increased in numbers of late. There has apparently 
been an idea abroad that an Associate of this Institution 
was someone who was an engineer of a sort, but not a 
good enough man to be a Corporate Member, whereas the 
real idea of the bye-law relating to associates is that no 
engineer can be an associate, and that the position is 
one that is intended to convey that the person who occu- 
pies it is i as something of a master in some 
other cognate branch of science or of the practical arts. 

The question has been raised whether this idea of the 
status of associate is the most useful, and whether the 
interests of this Institution would not be better served 
by sacrificing to some extent the idea of eminence con- 








veyed, and regard principally the occupation of the candi- 
date. My own view is: t the better the status of 
membership, the more ~~~ = it becomes to guard the 
entry to the Institution 7 the Associate door. Here, 
again, it is the opinion of the members generally that 
must determine the policy to be pursued. 

Another matter of importance to members of this Insti- 
tution, which has been under the consideration of the 
Council for some time past, is the — of the publi- 
cation of Mechanical Engineering Abstracts. There is a 
strong body of opinion amongst the members in favour 
of the proper). To be of value this work must be 
thoroughly well executed, and in a convenient form for 
reference. As in the case of research, the need of co- 
ordination is felt, and it is to be hoped that means ma 
be found to focus the whole of the engineering wor 
of this character for distribution to the various institu- 
jee which are interested in the special branches of the 
subject. 

It has been felt by the Council that there is a good deal 
yet to be done to make the library of the Institution fully 
available to the members, and a card-catalogue is now 
being made with the advice and assistance of a librarian, 
Mr. Peddie, who has a unique reputation in this sort of 
work. In these busy days there are few who can give 
the time to independent research in a library, however 
well arranged and indexed, and it is not perhaps as 
widely known amongst the members that the library staff 
is ready to render assistance in searching the library on 
behalf of members seeking information on special sub- 
jects. This kind of work is excellently done and is most 
useful, as I can testify from personal experience. 

Apart from all these questions which I have been dis- 
cussing, the social element has a very important bearing 
on the work of such an Institution as ours. What really 
is at the bottom of all this extraordinary development in 
recent years of institutions and societies of men and 
women engaged in all kinds of occupations? It is essen- 
tially our gregarious nature which is in evidence. This 
is shown not only in the general desire for association 
with one’s fellows, but in the particular desire for comrade- 
ship with those engaged in similar occupations. Senti- 
ment, I take it, was the prime mover, and the economic 
value of the social element was a later discovery of 
science. The touch of fundamental human nature which 
‘*makes the whole world kin” is a splendid heri from 
the past, and the social instincts correct the evils that 
arise from the fierce one. which exists in many 
departments of industrial activity, and help to soften 
the oolagy pitiless doctrine of the “‘survival of the 
fittest.” ere is clearly no progress apart from that 
fact, but what these institutions teach us socially is to 
‘play the game.” I have alluded already to ‘rules of 
conduct,” and drawn attention to the great difficulty of 
formulating detailed rules of universal application ; but 
while “rules of conduct” may vary, there is no doubt 
in any one’s mind that men who do not “ play the game ” 
are rightly punished by social ostracism. 

It is one of the functions of engineering institutions to 
promote the re ny and goodwill of rivals in the severe 
competition of their lives. There is nothing, I think, 
which we in Great Britain and in the Empire at large are 
prouder of than the sporting instinct of which we are the 
acknowledged exponents. That instinct should have free 
play in our business as well as in our pastimes, and I am 

roud to believe that our Institution exemplifies this 
Soctsine in a very emphatic way. 

It is, however, about time that I should bring this 
rambling discourse to a close, and it is only a natural 
sequence that I should wind up by reminding you that 
the practical work of the Institution cannot be adequately 
carried on without large funds and a well-furnished home. 
The Institution has grown in a very remarkable d 
since it first entered this building twelve years ago. ere 
were then about 2700 members, showing an increase of 
about 1000 in the previous twelve years. The present 
number is 5700, so that the membership has been more than 
doubled, and the annual income has increased from 83000. 
to 15,6002. My own service on the Council commenced 
shortly after the occupation of the new building, and 
I can speak from personal knowledge that the incon- 
venience and restriction, particularly of the office accom- 
modation, was felt from the first. If om Jor can quite 
understand that, with the present work of the Institution, 
the conditions have become really intolerable. 

An opportunity of acquiring a site at the corner of 
Prince’s-street and Old Queen-street occurred two or 
three years ago, and a building was about to be com- 
menced which would have given useful additional offices, 
when it seemed desirable to defer the whole matter pend- 
ing the settlement of the plans of the new building of the 
Institution of Civil Engineers. On several occasions 
duri aN ten years it had been suggested that we 
should purc 


the Storey’s-gate Tavern, and eventually, 
as you are aware, this property has been acquired, so that 
the Institution is in ion of the whole frontage to 
Prince’s-street from Storey’s-gate to Old Queen-street. 
The setting back of the new building of the Civil Engi- 
neers has removed the former insuperable difficulty of 
building to a sufficient height, but has introduced another 
and most difficult problem—namely, how to harmonise 
the elevation of the new building in Prince’s-street with 
that of the Civil Engineers, and in such a way that the 
new part will also architecturally accord with the old. 

It seemed to the Council pre-eminently a case for com- 
petitive di s, and I am very glad that it has been 
possible to exhibit on the walls to-night the four designs 
which have been submitted. It is probable that certain 
modifications will have to be made in the plans; and 
until the old building, No. 1, Great -street, is 
removed, it may be that the whole building cannot be 
completed, but sufficient can be executed without delay 
to give the Institution the additional accommodation 
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that is wanted. There will be an enlarged entrance-hall 
and staircase. The secretarial offices will be on the 
ground floor, a committee-room and other offices on the 
mezzanine, and a council chamber—forming, in fact, a 
continuation of the library—on the first floor. At the 
resent time it is necessary to close the library to mem- 

rs when the Council is sitting. Part of the floors above 
will be available for letting. A good second staircase is 

rovided which will serve these floors and be available 
or the use of the Institution, and give circulation on 
gala nights. : 

There can be no question as to the great improvement 
that will be effected by these works in promoting the 
convenience and comfort of the members. The Institu- 
tion will, on completion, possess a home of which, by 
reason of the nobility of its design and the beauty of its 
detail, the members may be proud, and they will further 
be able to feel that they have only done their duty in 

lacing the finishing touch to what may be expected to 
be one of the most notable corners in the Metropolis. 

I refrain from telling you what it is going to cost, as at 
the moment any estimate is unreliable; but there is no 
reason for supposing that there will beany more financial 
ditticulty in executing this work than there was twelve 
years ago in connection with the existing building. The 
annual charges will necessarily be larger, and with in- 
creasing demands on the funds of the Institution for 
such objects as I have mentioned in the course of my 
address, a larger income will be required. 

It must not be overlooked that while the Institution, 
even in numbers, is likely to benefit largely by an im- 
provement in the status of membership, it is quite pos- 
sible that a strict interpretation of the bye-laws may at 
first lead to some check in the rate of increase of member- 
ship, so that if you want all these things, and desire to 
see the Institution take its proper place as the acknow- 
ledged representative of mechanical engineering in this 
country, you must, if required, be prepared to give it 
adequate support, and make some sacrifices to endow it 
with the necessary funds. 

This is not the occasion on which to enlarge in any 
detail on financial matters. We have in the past been 
taught that money is the root of allevil. It is equall 
true to say it is the root of all good, and I doubt if it is 
possible to point to any expenditure of money on any 
object which is more essentially and absolutely good as 
in supporting such an Institution as ours. The only end 
to be served is that of promoting the honour and pros- 
perity of the profession to which we belong, which is 
inextricably bound up with the prosperity and , not 
only of our own national industries, but also with the de- 
velopment of civilisation in the world at large. It may 
be said that such a statement is altogether too idealistic, 
and that if good work is to be done, there must be a suffi- 
cient personal reward to the workers. I would answer 
that good work is rarely wanting in reward, but I would 
like to appeal to the experience of most engineers whether 
in fact their best work has not been done mainly for the 

leasure of doing it, and that where the desire of imme- 

iate gain is prominent their work deteriorates. I think 
the history of the work of many successful inters 
illustrates this point. The painter’s early work, when 
he is trying to please himself and obtain recognition, has 
acertain value which is lost when the money comes pour- 
ing in, and is only regained in later life when the money 
ceases to attract. 

This sort of experience is also shown on a larger scale 
in the history of ourowncountry during the development 
of mechanical engineering in the last century. The work 
of our oe of 100 and more years brought 
the world to our feet, the country became wealthy beyond 
the dreams of avarice ; the quality of the work produced 
deteriorated, and other nations fo The present 
generation, when power seemed to be failing, is recovering 
the position, and its success is on the soundness 
and superiority of its work. That is the only basis, I 
believe, on which the future prosperity of Great Britain 
can depend. Our ambition throughout should be to 
make the best of everything, and, if we succeed, the world 
will be again at our feet within the necessary limit of our 
means of production. That surely is a ‘‘ consummation 
devoutly to be wished,” and if we, as an Institution, act 
wisely, we shall. exercise an important and salutary 
influence on the future development of the industries of 
our country. 








Our LocomorivE Exrorts.—The past year showed a 
considerable falling off in our locomotive shipments, the 
value of the engines exported during the twelve months 
having been 1,708,050/., as compared with 2,381,145/. in 
1909 and 2,729,965/. in 1908, We practically lost the 
Australasian markets last year, and considerable con- 
traction was observable by the shipments made to South 
America. The South African demand experienced a 
considerable improvement, but this was neutralised by 
less business having been done with British India. The 
value of the locomotives despatched to South America in 
1910 was 717,380/., as compared with 904,750/. in 1909 
and 881,078/. in 1908. The colonial demand has been as 
follows during the last three years :— 


Colonial Group. —_ wg = 
British South Africa .. 287,452 37,293 11,726 
British India. oe 345,654 659,800 582 
Australasia “ ee 20,208 462,598 388,179 


The past twelve months were certainly attended with 
many disappointments to our locomotive builders. As 
for the future, there would appear to be some prospect of 
« further revival in British th Africa. The value of 
the locomotives ex from the United Kingdom in 
January was 192, » a8 compared with 142,320/. in 


January, 1910, and 246,628. in January, 1909. 





CATALOGUES. 


Arc-Lamps.—A small catalogue of are-lamps has come 
to hand from Messrs, Giesseue Brothers’ z= Works, 
Limited, Caxton House, Westminster, 8.W. This cata- 
logue gives full particulars, with prices, of open and 
enclosed arc-lamps and “‘ Caxton” flame arc-lamps. Acces- 
sories, such as line and substitutional resistances, choking- 
coils, transformers, and spare parts, are also listed. 


Arc-Lamps.—We have received from Arc Lamps, 
Limited, Sphere Engineering Works, St. Albans, Herts, 
a catalogue of Davy arc-lamps. Particulars are given of 
the ‘‘Sunrz” flame arc-lamps, which are made in various 
patterns ; one type will burn for 35 to 40 hours with one 
trimming. A large selection of ordinary enclosed arc- 
lamps for all purposes is also included in the catalogue. 
Prices for the lamps and for accessories, such as carbons, 
globes, &c., are stated. 

Motor-Cars.—Messrs. Rolls-Royce, Limited, 14 and 15, 
Conduit-street, W., have sent us an attractive album 
containing four coloured plates, intended to assist cus- 
tomers in the selection of motor-car bodies, and colours 
for them. The illustrations have been reproduced by 
the three-colour half-tone process from natural colour 
photographs taken direct from the cars on Lumiére auto- 
chrome plates, so that they are the results of chemical 
and mechanical processes only. 

Phosphor - Bronze, Anti-Friction Metals, and other 
Alloys.—A booklet giving particulars of the various 
alloys they manufacture has reached us from the Phos- 

hor-Bronze Company, Limited, 87, Sumner-street, S.E. 

he booklet contains some notes on the general pro- 
perties and the foundry treatment of phosphor-bronze, 
and also gives particulars of the different grades and 
forms in which it is supplied. The company also sup- 
plies gun-metal, phosphor-tin, phosphor-copper, manga- 
nese bronze, aluminium-bronze, aluminium castings, and 
every description of white anti-friction metal, as well as 
solders and metals for the printing trades. 


Resistances.—Mr. H. H. Cressall, 13, Summer-row, Bir- 
mingham, has sent us a copy of a large varnished wall- 


Y | sheet, giving prices and particulars of Schniewindt’s 


patent resistance-nets, which consist of a wire or strip of 
resistance material interwoven with asbestos cord to form 
a flat strip or sheet. They are used for motor-starters, 
controllers, and regulators, and also for heating. It is 
claimed that these nets are cheap, strong, and con- 
venient, have perfect insulation, and dissipate the heat 
quickly. Tables showing the weights, resistances, cur- 
rent-carrying capacities, and other properties of wires of 
five different resistance alloys are given on the sheet. 


Water-Softencrs.—From the Kennicott Water-Softener 
Company, 4, Broad Street-place, H.C., a catalogue of 
water-softeners has reached us. This catalogue first deals 
generally with the principles of water-softening, calling 
attention to the importance of a supply of pure soft 
water for boiler-feeding and for various industrial pur- 
poses, and then illustrates and fully describes in detail 
the firm’s two ty of cold-water softeners and their 
heater-softener. Siasteutions of numerous examples of 
all types are included, and particulars of their working are 
given in most cases. The catalogue consists of separate 
— fastened into a cloth-bound binding-case, so that 

ter literature can be added when issued. 


Motor-Cars.—From the Wolseley Tool and Motor-Car 
Company, Limited, Adderley Park, Birmingham, we 
have received a copy of their 1911 car catalogue. The 
catalogue, which is a high-class production, well printed 
and illustrated, gives a specification with a full-page 
illustration of each of the seven chassis manufactured by 
this firm. These include five four-cylinder models rang- 
ing from 12-16 to 40 horse-power and two six-cylinder 
models of 24-30 and 50 horse-power. Particulars of all 
these cars were given in our issue of November 4, 1910, 
on page 627. The carriage section of the catalogue illus- 
trates the company’s range of standard body designs, and 
includes fifteen different styles ; full particulars of hoods, 
wind-screens, and other accessories are also given in this 
section. The catalogue states the prices of the chassis, 
bodies, and various accessories, and gives all other infor- 
mation likely to be required by intending purchasers. 


Parcel-Conveyors.—Particulars of their system of raising, 
lowering, and transporting boxes and packages in ware- 
houses and factories have reached us from the Chain- 
Belt Engineering Company, Colombo-street, Derby. 
The packages. are placed on horizontal trays suspended 
from two se endless chains in such a manner that 
the trays always remain horizontal irrespective of the in- 
clination of the chains. The latter are driven slowly by 
sprocket-wheels, and the parcels are thus carried to their 

estination, where they are removed by hand without 
stopping the conveyor. In one of the arrangements 
illustrated fingered trays are carried by the moving chain, 
and the package is placed on a stationary grid, the bars 
of which extend between the fingers of the moving tray, 
which thus picks up the parcel and carries it to the 
required point, where it is unloaded by means of a similar 
arrangement. The grid at the unloading point isinclined 
- as to allow the package to slide down to a table or the 

oor. 

Reinforced-Concrete Construction.—We have received 
from Messrs. William Moss and Sons, Limited, Queen 
Anne’s Chambers, Westminster, S.W., a booklet illustra- 
ting examples of contracts for reinforced concrete struc- 
tures recently executed by them. These include floors, 
roofs, bridges, race-stands, water-towers, reservoirs, &c. 
The booklet also calls attention to the firm’s form of re- 
inforcement for beams. The tension member consists of 
a small rolled-steel joist, with the lower flange broader 
than the upper one. Theshear-members are steel stirrups, 


the ends of which are passed through and fixed in holes in 

the web of the tension-bar. Among the advantages 

| claimed for the system it is mentioned that the shear 
members can be spaced exactly as required, and that they 

bind the concrete to the tensile reinforcement indepen- 

a of adhesion. It is also stated that there is no 

ibility of the reinforcement being accidentally moved 

| from its correct position while the concrete is being laid. 


| Electric-Motor Controllers.—Two leaflets relating to 
| electric-motor controllers have reached us from Messrs. 
| A. Reyrolle and Co., Limited, of Hebburn-on-Tyne. 
| One of these illustrates a new line of controllers, star- 
| delta switches, &c., for alternating-current and direct- 
| current motors. These have been specially designed for 
| heavy service in mines and shipyards, and for operating 
cranes ; they are suitable for all pressures up to 650 volts, 
| and can be supplied in capacities up to 500 horse-power. 
The other leafiet deals with the firm’s double-revolution 
drum-type starter regulators, in which only one handle 
is required for starting the motor and regulating its speed. 
In starting up the handle is brought to the startin 
position, and left there for a few seconds, during whic 
the current gradually increases, owing to a special resist- 
ance, until the motor starts. The starting resistance is 
then cut out by completing the first revolution of the 
handle. On commencing the second revolution an auto- 
matic switch short-circuits the starting resistance, and 
puts the shunt-regulating resistance in series with the 
motor field-circuit. The speed of the motor can then be 
increased by continuing the motion of the handle, which 
increases the resistance in the field-circuit. These starters 
are standardised in sizes iY to 50 horse-power at 500 
volts, but larger sizes can be supplied. They are pro- 
vided with no-voltage and overload cut-outs, and also 
with a push-button release for stopping the motor. 


Electricity in Mines.—Messrs. J. H. Holmes and Co., of 
Newcastle-on-Tyne, have issued a circular illustrating and 
describing the Holines-Alderson fire-damp safety cut-out, 
which has been designed to ensure the safe working of 
electrically-driven machinery in mines. The device can 
be arranged to give visible or audible notice, and to cut- 
off the supply of current to the motors, before a dangerous 
quantity of explosive gas has accumulated; it can be 
adjusted to operate when 2 per cent., or any greater 
epee f of fire-damp is present. Its action depends on 
the well-known property possessed by platinum of increas- 
ing its temperature by catalytic action in the presence of 
hydrogen and other gases. The detector proper com- 

rises two compound metal strips, each placed above a 

eating coil, one of which is of platinum, and the other 
of a metal having no catalytic properties ; the heating 
coils are in series with each other, and a small current 
flows through them continuously. Each of the metal 
strips is fixed at one end and provided near the free end 
with a contact, the ends of the two strips overlapping a 
little, so that the contacts come one above the other. 
Normally the heating effect of the two coils is equal, 
so that the strips bend upwards to an equal extent, and 
the contacts remain a constant distance apart. In the 
presence of fire- damp, however, the heat produced by 
the catalytic action of the platinum coil increases the 
temperature of the compound strip above it, so that this 
strip bends more than the other one, and thus the con- 
tacts meet, and complete a circuit, which is employed to 
break the motor-circuit, and to light a warning-lamp. 
The apparatus is locked or sealed, so that the motor can 
only be restarted by a responsible official, who would, of 
course, first satisfy himself that safe working conditions 
had been restored. It is pointed out in the circular that 
with this device it is possible to use open or protected 
type motors, which have a larger output for a given 
weight and cost than Stalipanaienl, or flame-proof 
motors. 





Diamond Tools for Grinding-Wheels: Erratum.—On 
page 264 of our issue of February 24 last, we referred 
to a booklet published by the Carbon Tool Company, 
relating to their diamond tools for shaping and truing 
abrasive wheels. We regret that the firm’s address was 
there given as 15, Stanley-road, Earlsdon, Coventry, 
whereas it should have been Albany-road, Coventry. 
The former address was that prin on the booklet, 
but during the interval which occurred between the pub- 
lication of the booklet and our acknowledgment of it 
the business was transferred to Albany-road, Coventry, 
which is the present address of the company. 








DanisH SUBMARINES AND TorPEDO-Boats.—The two 
new Danish submarines—the Havmand, which is being 
built at the yard of Messrs. Whitehead and Co., Fiume, 
and the Havfru, which is being built at the Royal 
Dockyard, Copenhagen—will both be fitted with sub- 
marine sound-signal appliances having an audible range 
for a distance of 4000 metres in all directions. Two 
new torpedo-boats—one built at the yard of Messrs. 
Schichau and Co., Elbing, and the other at that of 
Messrs. Burmeister and Wain, Copenhagen—are about 
to be launched. 





Orr CoNCENTRATION.—We are informed by the Ore 
Concentration Company (1905), Limited, that the 500-ton 
Elmore Ore-Concentration Vacuum Plant at Sulitelma, 
after two years’ continuous night and day work, is again 
being enlarged with increase of capacity up to about 900 
to 1000 tons per 24 hours, thus constituting the largest 
flotation plant in the world for treatment of copper ores. 
The plant consumes for each ton of ore treated only 2.7 lb. 
of common fuel-oil and no acid. The Elmore vacuum 
process has found wide application for the treatment of 
ores of antimony, arsenic, copper, copper-gold, lead, 
molybdenum, tin (complex) zinc, and zinc-lead. 
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‘‘ ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE AOT OF 1907. 

The number of views given in the Specification Drawings is stated 
omen — where none is mentioned, the Specification is not 
illust: 

Where envontions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sale 

‘Seok 25, — a’ Buildings, Chancery-lane, W.C., at 





the uniform pri 2 
he date of the advertisement of the Sap oye of a Complete 
Specification is, in each case, given after abstract, unless the 
Patent has been , when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the t of a lete Speeification, 


ip fica 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grow mentioned in the Act. 


ELECTRICAL APPARATUS. 


1598/10. Siemens Brothers and Co., Limited, 
London, and C. R. Riber, Blackheath. Telephone 
Receivers. [1 Fig.) January 21, 1910.—This invention relates 
to telephone-receivers fitted with dished or buckled diaphragms. 
In the present invention, a flat metal plate is wu for the 
diaphragm, the dishing being effected, as shown in the drawing, 
by clamping the plate between the receiver body and the cap, 
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both the edges 3 and 4 of which are curved or coned as shown, 
instead of being flat. When the parts are clamped together, the 
strain put upon the one 1 causes it to buckle outwards, or 
in a direction away from the magnets 5, as shown in full lines. 
When the magnets are active and adjusted to the correct distance 
therefrom, the attractive force will tend to pull the diaphragm 
back to the position shown by the dotted line, which is approxi- 
mately a flat plane. (Accepted January 25, 1911.) 


4262/10. Siemens Brothers’ Dynamo Works, 
Limited, London, and W. Parker, Stafford. 0- 
Electric Machines. [1 Fig.) February 21, 1910.—This in- 
vention has reference to dynamo-electric machines for voltage 
transformation provided with split or divided poles and extra sets 
of brushes placed on the commutator in positions which are inter- 
mediate to the positions of the main or usual sets of brushes. 
According to this invention, such a machine has a drum armature, 
at least two adjacent main poles divided or split into two poles, 
and one or more sets of intermediate brushes acting on armature 
conductors situated substantially opposite the divisions or splits 
in the main poles. The armature is denoted by A, the main 
brushes by B+ and B - respectively, and the intermediate 
brush by 06, the —- poles by m, and the generating 
poles by g. The two field windings on each motoring pole 
are denoted by H and T respectively, and the three field wind- 
ings on each generating pole by B, O, and D respectively. 
The supply tors are denoted respectively by K + and K -, 
and the various connecting leads with the arrow-marks show 
clearly the method of connecting up, and the direction of the 
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currents, In the present example the polar embrace of the 
generating poles g is less than that of the motoring poles m. The 


various field-windings a, 80 arranged, proportioned, 
and connected, that the magnetic flux from any motoring 
and generating pole together is approximately tant at all 





loads, and consequently, for well-known reasons, the speed of the 
armature is approximately constant at all loads with a constant 
primary voltage. The field-windings are also so arranged that as 
the load increases, the magnetic flux from each generating pole g 
decreases in a manner which produces the desired characteristic 
curve between secondary volts and current. The system of field- 
windings shown in the drawing has been found to be a suitable 
one, and it consists, firstly, in two separate windings H and T on 
each motor-pole. H is a shunt-winding connected across the 
positive supply-lead and the brush b. As the secondary volts fall 
when the current increases, the volts between B + and b in- 
crease, and so the ampere-turns supplied by coil H increase. 
The same effect occurs with coil T, which is connected in series 
with the brush B -. The current in coil T is the difference 
between the generated current and the supply current. As the 
secondary volts fall away, the output of the machine falls also, 





the input current falls, and the current in coil T increases rapidly. 
Thus the motoring-poles are strengthened as the secondary volts 
fall away. Two of the windings on the g tor-poles—namely, 
Band magnetising coils. Bis a constant shunt-coil con- 
nected across the main supply, and supplies a constant number of 
ampere-turns on all loads. is in series with the main supply- 
1 K +, and has its maximum effect on full load, thus helping 
to neutralise the armature reaction demagnetising ampere-turns. 
C is a demagnetising coil, and is in series with coil T, and its de- 
magnetising action increases very rapidly as the generated current 
increases and the secondary volts fall, thus preventing an exces- 
sive output current on a short-circuited secondary. Also coils D 
become weaker as the input current falls after the normal working 
portion of the curve has been . The effect of all the coils 
described, working together, is to produce the desired curve 
between secondary volts and current, the armature s re- 
maining constant. By means of a shunt-regulator in coil B the 
war on full load can be varied as desired. (Accepted January 25, 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


509/10. T. J. Heske' Variable-Speed 
Gear. [4 Figs | January 8, 1910.—This invention relates to 
variable-speed and reversing-gear devices, and consists in the 
construction and disposition of parts whereby there is a direct 
drive between the driven and driving parts through a clutch, said 
elutch consisting of a plurality of rotary planetary members 
circumferentially mounted between and rolling on said parts, and 
of means whereby the clutch can slip and vary the speed of the 
driven member. A and A! are two standards bolted to the base- 
- B. C is the driving-shaft which carries a flan; disc-clutch 

. E is the driven shaft, carrying at its end a disc F, which is 
fastened to the shaft E. Around disc F bevelled rollers G are 
placed. The pins H are fastened to the circular casting I, which 





is free to revolve around the driven shaft E and disc F on the |’ 


rollers G. The casting I carries parallel rollers J, which are 
encircled by the spring steel brake-band K. From the standard 
A! a cylindrical projection N is cast concentric with the shafting, 
and on this projection a thread is cut, on to which the nut O is 
screwed.~- To put the clutch in operation, a rod Q is pulled and 
causes the nut O to be partly unscrewed. The nut presses against 
the revolving disc D, causing it to tighten upon the bevelled rollera 


























Q 
A 6 D 
v, - 
‘A H NA 
c 
_ | a g 
- | 

















| 
— 


G. If the shaft C is now revolving, the rollers G will revolve around 
thedisc F. When the pressure upon rollers G is sufficient to over- 
come the resistance inst the driven shaft E, the shaft E will 
commence to revolve in the same direction and at a depend- 
ing upon the pressure exerted upon the bevelled rollers G, up to 
the point when the rollers will cease to revolve on their own axes, 
and the driven shaft will then turn at the same speed as the 
driving shaft. An increase of resistance against shaft E will 
cause the rollers G to again revolve, and the driven shaft will slow 
down while the resistance lasts,and again resume full ed when 
it is removed. When the bevelled rollers G with the shaft E are 
in motion, they carry the casting I along with them, and any 
resistance placed upon its revolution will retard the shaft E up to 
the point when the shaft E ceases to revolve. To do this pressure 
is applied to the spring brake-band K. When the pressure of the 

ring brake-band K on the rollers J is sufficient to further retard 
the bevelled rollers G and the casting I, the shaft E will com- 
mence to revolve in the opposite direction up to the point when 
the bevelled rollers cease to revolve around the shaft E, and only 
revolve on their own axes. Then the shaft E will revolve at its 
maximum s§) in the opposite direction to the driving shaft C. 
(Accepted January 18, 1911.) 


MOTOR ROAD VEHICLES. 

evens, Booper and Co. (Coachbuilders), Limited, 
and C. J. London. Wind-Screens. [4 Figs.) 
February 18, 1910.—Wind-screens for motor-cars, and particularly 
the upper portions of the same, are required to be fitted so that 
they can usted and fixed in any position or at any inclina- 
tion desired. According to this invention, the frame of the 
screen @ turns, and is su , on centres which consist of a 
pair of horizontally-extending cylindrical bosses c, having screws ¢ 
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projecting axially therefrom. On the end of these bosses are a 
number of closely -spaced depressions or holes d arranged in a circle, 
of which the screw before mentioned is the centre. The canopy 
supports or other uprights ) with which the car is furnished are 
fitted with cups d, adapted to receive the horizontally-extending 
bosses of the screen, and provided with holes for the passage of 
the axially-projecting screws. The interiors of the cups are pro- 
vided with one or more round-topped fixed studs or projections g 





adapted to engage with one or more of the depressions in the 
bosses above mentioned. Fly-nuts A are provided on the axial 
screws outside the cups. When the nuts are slack, the screen may 
be rocked on the bosses to any position desired, and when adjusted 
the nuts may be screwed up, thereby clamping the bosses in the 
cups and fixing the studs of the latter in engagement with the 
depressions of the former, so that the parts are incapable of move- 
ment. The wind-screen frame is secured to the joint by means 
of special corner-plates i which are riveted cn the back of the 
bosses. (Accepted January 18, 1911.] 


PRINTING AND ALLIED MACHINERY. 


389/10. A. H. Walker and F. W. Wood, London. 
Die-Printing Presses. (4 Figs.) January 6, 1910.-—This 
invention relates especially to embossed printing and embossed. 
printing presses. According to the invention, the ink is applie 
to the die in the form of a spray, which may be effected, in the 
case of varnish or oil-ink, by means of a jet of air, and, in the case 
of water-colours or liquid bronzes, by means of a jet of steam, or 
air, or other suitable The spraying device is shown secured 
to what is known in the Johnston die- as the inker-bracket. 
This device consists of a body 2 provided with a channel 3, the 
upper part of which is partially closed by a slotted plate 4. Into 
the channel 3 there open a series of upwardly-inclined air or 
equivalent jets 5, all, at their lower ends, opening into a 
port 6, and each provided with a valve, by means of which the 
supply of air thrcugh the respective jet can be regulated or com- 
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pletely cut off. Within the channel 3, and extending upwards 
into the slot 8, to near the upper face of the plate 4, there are 
secured a series of vertical jets 9 (preferably corresponding in 
number to that of the air-jets 5) all opening into a port 10, 
which connects with another common port 12. Ink is supplied 
through the jets9. The port 6 is connected with a supply of air 
under pressure, and the jets 9 are in connection with an ink-reser- 
voir 27. When valves controlling the supply of air and ink are 
opened, the ink is caused to issue from the jets 9, and the air, 
which, at the same time, is delivered through the jets 4, atomises 
this ink and delivers it in a fine spray uniformly over the surface 
of the die then passing over it ; the closing of the valves is coin- 
cident with the passage of the rear edge of the die over the slot 8. 
After the die has been inked as aforesaid, it is subjected to the 





usual wiping process to remove the superfluous ink therefrom. 
(Accepted January 18, 1911.) 
PUMPS. 
Ez. 8. G. Rees, Wolverhampton. Rotary 


12,829/10. 
Ejectors. (3 Figs.) May 26, 1910.—The invention relates to 
an ejector, condenser, or the like apparatus, in which water is 
discharged in impinging streams so as to form a fan-like sheet 
or sheets of sprayed water. According to this invention, the 
velocity of the impinging streams is produced, and their direction 
controlled by means of two oppositely-rotated centrifugal pumps 
or reverse turbines, As shown, the impinging streams of water 
are obtained by a pair of oppositely-rotating reverse turbines. 
Water is delivered to the fixed annular shells s at one point of 











02629 
the periphery of which is a number of nozzles s1, through which 


the water is ejected in streams into rapidly-rotating wheels ¢, 
having vanes t! so curved as to fling the water at a high velocity 
and in streams which converge at a comparatively small angle 
within a chamber u, which communicates with the space to be 
exhausted. The fan-like sheet of sprayed water formed’ by the 
impinging streams is directed into a contracting-pipe v of flat 
section aperture, which in turn delivers to an expanding pipe v! 
of similar aperture, carrying with it the gas cnwalael fh the 
impinging streams. (Accepted January 18, 1911.) 


RAILWAYS AND TRAMWAYS. 


3503/10. A. Spencer, London. Vacuum Brake 
Apparatus. (4 8.) February 12, 1910.—The pistons of the 
operating cylinders of vacuum brakes of a type commonly 


employed for railway vehicles are connected to the brake - 
rigging by means of piston-rods that extend through the lower 
ends of the brake-cylinders. The object of this invention is 
to provide a amas to prevent leakage of air into the 
brake-cylinder below the age when the brakes are “off.” For 
this purpose, a rubber pac ing-ring, according to this invention, is 
formed or provided with two or more internal annular bearing- 
beads or the like, having curved or flat bearing-faces, suitably 
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spaced apart. As heretofore usual, the packing-ring can be 
arranged in a box fixed to the lower end of the brake-cylinder, and 
an outer supporting ring of metal can be fitted in the box between 
rubber flanges of the king ring, both the box and the ring 
being formed with suitable holes for the admission of air to the outer 
side of the packing-ring between the flanges thereof. The ring in 
cross section is of channel section, and the web of the channel is 
ormed with two inwardly-extending beads a of approximately 





Prt SS QE[S 


¥ 






semi-circular cross-section, the space between the beads approxi- 
mately corresponding to the distance each bead is located from 
the corresponding end of the ring. The web of the ring is or may 
be bulged outwardly between the inwardly-extending bearing 
beads a, as shown at b. c¢ is the box fixed to the lower end d of 
the brake-cylinder, e the outer supporting ring fitted between 
flanges f of the packing-ring and g the brake piston-rod. (Accepted 
January 18, 1911.) 


3011/10. The British Thomson-Houston Com: > 
Limi London. (General Electric Company, Schenectady, 
U.S.A.) Electric Braking. [1 Fig.) February 7, 1910.— 
This invention relates to the operation of alternating-current 
commutator-motors as generators to return energy to the source 
for braking, and consists in connecting the motor-armature to the 
source, separately exciting the motor field with current approxi- 
mately in phase with the voltage of the source, varying simul- 
t ly the tion between the motor-armature and the 
source and the a of the current supplied to the motor 
field to vary the braking torque, and varying the strength of said 
current independently to adjust the motor-voltage for different 
oo. A represents the armature, B the field-winding, and C 
the usual compensating winding of the motor. D represents a 
transformer through which the motor may be connected to the 
source of Current. E represents the armature, and F the field- 
winding of an exciter. G represents a transformer supplying the 
exciter field F. H represents a phase-controlling device. The 
primary of transformer G is connected in shunt to the armature A 
and compensating winding C, so that the voltage impressed on 
the transformer primary is always the same as that on the motor- 
armature circuit. A contact d is connected to one terminal of 
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the motor-armature circuit, and, by en ment with different 
points on the secondary of transformer D, varies the ratio of 
transformation of this transformer. A contact g is arranged to 
vary the number of turns of the secondary of transformer G in 
circuit with the field-winding F, and thereby to adjust the voltage 
impressed on this field-winding. The contact g is for the purpose 
of adjusting the excitation for different speeds, while the con- 
tact d is for the purpose of controlling the braking torque. 
A ing for a t that the motor is running at a given 
speed, and the contact g properly adjusted for that speed, it will 
be seen that any movement of contact d varies the vol on 
the motor armature and on the excited field simultaneously, so 
that if the transformer G is properly proportioned to give the 
correct excitation at that certain speed with the contact d in one 
position, correct excitation will be given with the contact d moved 
to any other positi Co juently, the motor excitation having 
been adjusted for the proper 5; the contact d may be placed 
so as to impress a low voltage both on the motor armature and 
on the primary of transformer G, and then the contact may be 
moved so as to increase this voltage and thereby to increase the 
braking torque, the motor excitation remaining at the proper 
value for all positions of the contact so long as the motor speed 
remains constant. (Accepted December 31, 1910.) 








2538/10. F. Owen, Liverpool. Tramcar Ventila- 
tion. [2 Figs.) July 27, 1910.—This invention relates to the 
ventilation of tramears, and consists in providing means whereby 
a thorough ventilation is effected, and, at the same time, any 
draught is entirely prevented. In- carrying out the invention, 
there is arranged in the roof of the vehicle a tube A, the ends of 
which communicate with the open air. Inside this tube is a 
second tube Basa fixture. This tube B is somewhat shorter in 





























length than the tube A, and at one end thereof a tapering nozzle 
C is provided, a coupling bein on the outer tube for the 
purpose of enabiing the nozzle to inserted or withdrawn as 
required. Holes E are provided in the outer tube A, and these 
communicate with the inside of the vehicle, or compartment. 
The nozzle ©, at its junction with the inner tube B, is provided 
with a disc or ring, in which holes are provided, the nozzle extend- 


nozzle tapering or conical in form is to enable a more perfect 
withdrawal of the vitiated air from the inside of the vehicle ; and 
the inner tube B, also being hollow in construction, allows the 
fresh air to pass through, and after passing the joint D creates a 
vacuum, which latter sucks up the foul air through the holes C in 
the pipe or tube B. The mode of operation is as follows :—The 
vehicle moving in the opposite direction to the arrows causes air 
to enter at a and pass through the inner tube B into the outer 
tube A, and the vacuum thus crea by the moving of the 
vehicle causes the foul air in the compartment to pass upwards 
through the apertures E in the outer tube A, and through the 
holes or apertures in the ring attached to the nozzle C and out 
through the exit at the end of the vehicle. (Accepted January 
18, 1911.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


30,078/09. R.Allen, Caversham. Packing-Rings. 
(20 Figs.] December 23, 1909.—This invention relates to the type 
of packing wherein the slackness due to the wear between the 
sking-rings and the sides of their grooves is taken up by an 
inextensible or uncut follower-ring, which is moved axially iby 
wedging means, such as a bevelled spring ring. The invention 
consists in mounting follower-rings between the packing-rings, 
and moving the follower-rings apart axially to take up wear by an 
expansible wedge-ring interposed between the follower-rings. The 
invention also consists in the combination with the improved 
packing of expanding wedges, which are themselves expanded by 
other wedges actuated by springs. The invention further con- 
sists in the employment with a packing of the type set forth of a 
floating ring or rings mounted ina groove provided between the 
packing and the end of the piston, the floating ring being adapted 
to allow the working fluid to expand into the groove, and servin, 

at the same time to intercept dirt or solids. The piston is forme 

with an end portion of reduced diameter, such reduction being in 
three steps or stages in descending order from the part of greatest 





diameter. On the stage a! the packing-rings), bl, b2 are mounted ; 
on the next stage a? is a sleeve c and inextensible floating-ring d ; 
and on the next step a® is the junk-ring e. The sleeve c abuts 
against the junk-ring, and against a shoulder on the part al. 
Between the junk-ring e and a radial enlargement on the sleeve c 
an annular grove / is formed for the reception of the ring d, which 
is hollowed out interiorly and provided -with radial perforations. 
The ring d is made a normal sliding fit in the cylinder-liner 
situated at the rear, or pressure, end, a considerable clearance 
being left between the ring and the bottom of the groove 
f. The packing-riogs b, L!, b2, which may be expanded by wedges, 
are held between the radial enlargement of the sleeve c and 
a shoulder on the piston. Alternately with the packing-rings 
are arranged inextensible rings’ g, between which the packing- 
rings are guided, and h is an expanding ring of wedge-shaped 
cross-section, which is adapted to act on the bevelled face of the 
adjacent ring g to take up any side wear of the packing-ring 
grooves or packing-rings by axially adjusting the rings g by which 
the piston-ring grooves are formed. (Accepted December 31, 1910.) 


565/10. J. H. Eastwood, Cleckheaton. Feed-Water 
Heater. (4 Fiys.|' January 8, 1910.—This invention relates to 
feed-water heating devices, which also act as generators when the 
feed is inactive. According to the present invention, the feed- 
water heater consists of multi-tubular devices consisting of top 
and bottom headers or water compartments connec’ by up- 
standing tubes in the downtake and side flues or equivalent parts 
of the boiler setting. The multi-tubular devices are connected 
up so that the feed water, as is usual in devices of this type, flows 
in a direction counter to that in which the flue gases pass. The 
multi-tubular devices are arranged against the outside walls of the 
respective flues in which they are arranged, and the upstanding 
tubes connecting the top and bottom water compartments are 
curved over to conform to the shape of the roof, while the upper 
water-box is arran to lie against the boiler-plates, the amount 
of contacting surface between the upper water-box in this case 
and the boiler-plates being reduced to a minimum by the arrange- 
ment of small projections from the upper water-box which simply 
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lean against the boiler-plates without being secured thereto. 
Against the outer wall of each side flue d, rove | preferably resting 
in a recess formed in this wall, there is arranged a lower water- 
box g, while an — box 4 is carried by tubes) curved to conform 
to the curve of the roof of the flue The water-box g is con- 
nected to the water supply 0 at the outlet end of the flues, and is 
also connected near the inlet of the flue by a pipe p to the boiler 
itself, at a point near the bottom of the same. The water-box h 
at the inlet end of the flues d is connected with a pipe r, which 
is led down into the flame-bed c. These pipes r are taken back 
over the flame-bed c, and each ted to a bott water- 
box arran in the downtake a, one on each side of the 
usual mid-feather, and connected by upstanding tubes w 
to a top water-box v. The water-box v is provided with a 
connection to the point at which it is desired to introduce the 
now heated feed water to the boiler. It will be obvious that the 
feed water will first pass into each box g in the flues d and up 
th the pipes j to the box A, from thence by pipes r along the 








ing somewhat beyond the coupling. The object in having the 


flame to the box 8, then into the box v and into the boiler. 


On the other hand, if the feed-pump be stopped, and no fresh 
water pum in by the pipes o, the circulation in this system 
of pipes will still be maintained owing to water flowing out of the 
boller te the box g in each flue d; and instead of being a feed- 
water heater, the system of pipes becomes an additional means for 
heating up the water in the boiler and so greatly increase the 
efficiency of the same. (4ccepted January 18, 1911.) 


7480/10. G. H. P Swindon. Steam-Traps. 
(2 Figs.) March 26, 1910.—This invention has reference to steam- 
traps of the float type, and provides a trap of this type wherein 
the float is prevented from moving when no steam or water is 
passing into the same, thereby reducing the risk of the trap 
getting out of order. The casing of the trap is made in two parts, 
the lower part a being formed as a well, and provided at its base 
with webs b, on which the float c rests when the valve d is closed, 
asshown. Cast in one with the part a is a stirrup-shaped valve- 
guide formed with holes, in which the hinge-pin of the float-lever 
is mounted, The upper portion h of the casing is also well-shaped, 
and is formed with an inlet for steam and condensed water. The 
two parts of the casing are provided with flanges, so that they 
can be secured together by bolts. The valve-seat is constituted by 
a plug m, removably screwed into the base of the casing part a 
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and the spindle of the valve d, which is preferably of the taper pin 
type, is provided at its upper part, where it is displaced and 
widened out, with an overhanging portion n formed with a knife- 
edge extending parallel to the hinge-pins of the float-lever, and 
adapted to abut against the float-lever g. A pin p, upwardly ex- 
tending from the part », works through a hole in the guide e, and 
effectively guides the valve in its movements. q is a spring 
threaded on the pin p,and arranged between the guide e and 
the valve part ». When the float e is down, no water being in 
the casing, it rests upon the webs b. As the float is lifted, move- 
ment is at once transmitted tothe valved. At a suitable part the 
base of the casing, for example at r, is, or may be, fitted with a 
gravity or thermostatic trap, to ensure that when the steam is 
cut off, any condensed water that may not be sufficient to lift the 
float will be drained off, to facilitate which the part of the casing 
at which such trap is situated may be slightly lower or recessed. 
(Accepted January 18, 1911.) 


497/09. R.Harrison, London. Turbines. [5 Figs.) 
October 14, 1909.—This invention refers to turbines depending 
for their operation upon the action, through a comparatively 
_ arc of rotation, of two or more steam jets issuing more 
or less tangentially from the circumference of the rotor or the 
casing, and acting upon vanes upon the inner circumference 
of the cylindrical casing or the periphery of the rotor, the 
steam nozzles, exhaust openings, and vanes being arranged 
in such a manner that no exhaust opening shall be open to 
any section of the annular channel between the cylindrical 
casing and the rotor until the steam has been cut off from 
such section. The invention has for its object to produce 
a turbine having the steam nozzles, exhaust openings and con- 
necting channels so arranged that the work to be done by the 
steam shall be distribu over two or more stages arranged 
round the circumference of a single rotor. The rotor a has fix 
to its periphery vanes d!, d2, d*, and d4. The first and second 
nozzles gl, g? and exhaust openings e¢}, e2 are in the casing). A 
channel /! leads the exhaust steam from the exhaust opening e! 
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to the second nozzle g2. Each section of the annular channel is 
formed by the periphery and side flanges of the rotor a@ and the 
inner circumference of the casing b and two vanes. Live steam 

from the inlet passage g to the nozzle g! ; the issuing jet 
impinges upon the vane d! and continues to act thereon until the 
exhaust opening e¢! is uncovered to the annular section a! by 
the beyond it of the vane d!. At the instant that ¢! is 
encovered, the nozzle g! is closed to the annular section a! and 
opened to section a+ by the of the vane d4 beyond the 
mouth of the nozzle gl. When the exhaust opening ¢! communi- 
cates with the annular section a', the exhaust steam therefrom 
is led by the channel h' to the second nozzle g*. The further ex- 
panded steam issuing from the nozzle g? then acts upon the vane 
@ until the passage of the latter beyond the exhaust opening ¢°, 
when the exhaust from the section a” is carried away by the = 
h3 to the condenser or to the atmosphere. As previously de- 
scribed with reference to the nozzle g', at the moment the annular 
section a2 is opened to the exhaust opening ¢? the nozzle g* is 
closed to the section a2 and commences its action on the vane d', 
the action of the nozzle g! commencing upon the vane d° at the 





same time. (Accepted January 25, 1911, 
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THE RECONSTRUCTION OF THE 
QUEBEC BRIDGE. 
By Frank W. Skinner M. Am. Soc. C.E. 
Tue new Quebec Bridge is now being built on 
the same site as the original bridge, the design and 
collapse of which were described in ENGINEERING, 
vol. Ixxxiv., page 329 et seq. It is the only bridge 





The original bridge, famous for its 1800 - ft. | flanges latticed hy 3-in. by 3-in. angles. The bottom 
channel span, longer than any other in the world, | chord panel lengths varied from 50 ft. to 68 ft., 
was of cantilever construction, 2800 ft. long between | and the maximum cross-section was 842 sq. in. 
anchorages and 3240 ft. long over all, and was/ All of the superstructure was fabricated at the 
designed for two railroad tracks, two electric car| shops about 600 miles from the site. The south 


tracks, a driveway and two side-walks on a single 
floor 150 ft. in the clear above the water. It had 


|anchor-arm and nearly half of the main span had 


been erected, cantilevering out about 730 ft. from 


two 500-ft. anchor-arms, two 562}-ft. cantilever|the south pier, when, on August 29, 1907, the 









i. 
==. 


aN 
Sen v 


AQ br ON 








Fic. 1. 













—_— —— 





View oF THE OrIGINAL Brince on Aveust 28, 1907, SHortLtY Berore rts CoLLaPsE. 
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crossing the mighty river between Montreal, 160 
miles above, and the Gulf of St. Lawrence, 350 
iniles below. It is located about 8 miles west of 
(uebec, and will connect the tops of steep sand- 
stone banks about 200 ft. high and 3300 ft. apart, 
where the water, 200 ft. deep in the centre channel, 
has a minimum width of 1800 ft., an average tide 
of 14 ft. to 16 ft., a current of 7 miles per hour, is 
navigated by many ocean-going vessels, and in 
Winter is covered with heavy ice. 
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arms, and a 675-ft. centre suspended span, together 
weighing about 40,000 tons, and built entirely of 
medium, open-hearth carbon steel. Its general 
character is well shown in Fig. 1, above, which 
is reproduced from a photograph taken shortly 
before its collapse. The pin-connected trusses were 
67 ft. apart, and 315 ft. in maximum depth, with 
top and bottom chords in parabolic curves. The 
bottom chords, 4} ft. wide and 5} ft. deep, had 
four webs, each made of a built channel, with their 








Marin Memper sy THe Oxy-ACETYLENE JET. 


lower chords in the anchor-arm trusses failed by 
buckling, and the 17,000 tons of superstructure 
then erected fell, killing 75 of the 86 men at work 
on it. Views of portions of the wreck with men 
at work cutting up the massive members into sizes 
more convenient for transport are shown in Figs. 2 
and 3, annexed, and by Fig. 4, on page 370. 

The New Structwre.—The rebuilding of the bridge 
was assumed by the Department of Railways and 
Canals of the Dominion of Canada, and Mr, H, E, 
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Vautelet, of Montreal, chairman and chief engineer, 
Mr. Maurice Fitzmaurice, of London, England, and 
Mr. Ralph Modjeski, of Chicago, were appointed as 
a board of engineers in charge of the design and 
construction. 

They prepared the design shown in outline in 
Figs. 5 to 9, page 372, and invited bids for a new 
structure proportioned for the same traffic as the 
original bridge, but with far greater live and dead- 
loads and smaller maximum unit stresses. Greater 
stability was secured by spacing the trusses 88 ft. 
apart on centres, change which made the old 
piers (entirely uninjured by the collapse) inade- 
quate. New piers have therefore been designed, 
with their centre line 15 ft. from the old centre 
line of the bridge, as shown in Figs. 10 and 11, 
page 372. The new north pier is 5 ft. clear of the 
old north pier, longitudinally, and the new south 
pier, being designed to be carried partly on the 
foundations of the old south pier, is 15 ft. longi- 
tudinally away from the latter, on centres, thus 
fixing the distance of 1758 ft. on centres for the 
new main span. The engineers considered dif- 
ferent features of design and construction, involv- 
ing different lengths of anchor-arms, and invited 
bids on them and on alternative designs to be sub- 
mitted by the bidders; therefore the location of the 
anchor-piers was undecided when contracts were 
awarded for the construction of the main piers. 

The regular official design* was for a superstruc- 
ture 3232 ft. long over all, and 2930 ft. long between 
anchorages, with two 586-ft. anchor-arms, two 
586-ft. cantilever arms, and a 586-ft. suspended 
centre span, of a total estimated weight of about 
145,000,000 lb., including the short approach spans. 
The cantilever arms have nickel-steel trusses with 
straight chords, are 298 ft. deep over the main 
piers, and 114 ft. deep at the suspended span, and 
are adapted for erection between main piers by the 
process of building out. The suspended span has a 
maximum clearance of 159.3 ft. above high tide. 

Features of Official Design.—This design differs 
from the old structure most notably in length and 
width ; increased dead and live loads, decreased 
unit stresses, use of nickel steel, straight line 
chords, type of web system, uniform panel length, 
proportionate lengths of suspended span and canti. 
lever arms, and in the arrangement of the chords 
and floor-beams. 

The top chords of the anchor and cantilever 
armsare made with two tiers of eye-bars, one above 
the other. The rectangular bottom chord, 10 ft. 
wide, tapers from a depth of 8 ft. at the main pier 
to 5 ft. at the extremity, and is made of four built 
channel-webs connected by a continuous latticed 
centre horizontal diaphragm, and by continuous 
cover-plates between the top flanges of the inside 
webs and between the bottom flange of each inside 
web and the adjacent outside web, with flat lattice 
bars between the bottom flanges of the inside webs, 
and between the top flanges of the inside webs and 
the top flanges of the adjacent outside webs, thus 
leaving either the top or the bottom of each space 
between webs open for riveting. The webs are 
also connected at panel points, and intermediately 
by vertical transverse diaphragms, intended chiefly 
for stiffening the chords during construction. The 
largest chord piece has a cross-sectional area of 
2037 sq. in., weighs 160 tons, and has a full length, 
central longitudinal field-riveted splice. 

The main posts weigh 900 tons each, are about 
300 ft. long, and are seated on riveted pedestals 
19 ft. high, which weigh 500 tons each. Some of 
the bottom chords and inclined posts having the 
greatest stresses are reinforced, and the stresses are 
distributed in them by web-stiffening angles, radiat- 
ing from the pin-holes. The chords are spliced at 
panel-points, where they have half-hole bearings on 

ins 18 in. in diameter. The floor-beams love 
vouble solid webs, 10 ft. deep, are field-riveted to 
the vertical posts through long hitch angles, and 
are also provided with pin connections to the 
trusses to facilitate erection. 

The Board of Engineers submitted to bidders an 
alternative design, in which provision is made for 
the erection of the centre suspended span on false- 
work, after which it is to floa under the 
cantilever arms, and hoisted up complete by tackles 
suspended from them, and connected to them per- 
manently with expansion joints. The theoretical 


* [It is, we understand, not 


official” design will ultimately 
alternative, submitted by independent engineers, is 


under discussion at the moment of writing.—Ep. E.] 


oy certain whether this 
the one adopted, as an 





advantages of this feature are the great reduction 
of maximum erection stresses and SS Bagge 
reduction in the weight of the cantilever an 
anchor-arms, which permits the length of the 
anchor-arms to be economically reduced to 502 ft., 
and brings the estimated weight of the superstruc- 
ture between anchorages to about 130,000,000 Ib. 
A very important saving of one or two years’ time 
would be effected by the erection of the centre span 
simultaneously instead of subsequently to that of 
the cantilever arms. The problem of handling the 
enormcus centre suspended span in the fierce 7-mile 
current, exposed to strong winds, and of hoisting 
it over 150 ft., is, however, without precedent. 
Compared with the double-track 1710-ft. span of 
the Forth Bridge, which more than any other 
bridge approaches to its length, the official 1758-ft. 
design is proportioned for a working load 2.98 times 
and a test-load 4.33 times as great, and it weighs 
2.3 times as much per lineal foot. The live loads 
ae lineal foot are 13,340 lb. for Quebec and 4480]b. 
or the Forth ; total dead-loads per lineal foot of 
cantilever, 49,150 lb. Quebec, and 21,860 lb. Forth ; 
weight of steel in structure for each pound of live 
load carried, 3.69lb. Quebec, 4.77 lb. Forth. 
Substructure.—The old anchor-piers, on dry land, 
were built of heavy ashlar masonry and concrete 
backing, and after the collapse were in perfect 
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condition, without the least settlement or displace- 
ment. They are not long or heavy enough for the 
new structure, and are not in the right position ; 
therefore they will be entirely removed, and the 
stone will be saved to use in the new piers. The 
old main piers, 1800 ft. apart, in water 10 ft. deep 
at low tide, were built in the summer of 1904-5. 
Each contained about 16,000 yards of masonry, 
and was built on a wooden pneumatic caisson, 
measuring 49-ft. by 150 ft. by 25 ft. high. The 
north pier caisson was sunk through very refractory 
hard-pan and boulders to a depth of about 50 ft. 
below high.tide, and the south pier caisson to a 
depth of 80 ft. The north pier has been removed 
to below low-water level, and below that elevation 
will not be disturbed. 

The centre of the old south pier is 15 ft. longi- 
tudinally and 15 ft. transversely from the centre of 
the new south pier, and its caisson will be enclosed 
on the shore side and up-stream end by an L-shape 
structure, made of one 31-ft. by 153-ft. and one 
30-ft. by 85-ft. wooden pneumatic caisson sunk to 
the same depth as the old caisson. The cofferdams 
above the working chambers will be back-filled, the 
walls next the old pier will be removed, the old 
= will be cut down to low water, and a 79-ft. by 

80-ft. caisson will be sunk enclosing the lower part 
of it, and extending over the new caissons; the 
remainder of the old masonry will be removed down 
to the top of the old caisson, and the new pier will 
be built up on the old and the two lower new 
caissons. 

The North Main Pier.—This pier is. located 57 ft. 


also | longitudinally south of the old pier, thus affording 


a clearance of 5 ft. between the old and new 





caissons, and permitting the new caisson to be sunk 
safely to rock at a depth of about 97 ft. below 
ordinary high tide. The 55-ft. by 180-ft. caisson, 
68 ft. high, although much larger than most pneu- 
matic caissons, is not as large as the 172-ft. by 
102-ft. Brooklyn Bridge caissons. Its structural 
details are shown very fully in Figs. 12 to 44, on 
Plate XXIII., published with our present issue. 

The working chamber, 8 ft. high, has a cutting- 
edge made of long lengths of lap-spliced 30-in. by 
30-in. Oregon fir, with the inner corner bevelled 
45 deg. At the corners of the caisson the cutting- 
edge timbers are halved and mitred, and are 
—— by triangular shoes 2 ft. 6 in. deep (see 

igs. 29 and 30), of riveted plates and angles set 
flush with the outer surface of the timber. These 
shoes constitute all the protection for the cutting- 
edge except what is afforded by a 6-in. by 12-in. 
horizontal oak wearing plank on the lower surface 
(see Fig. 31). The inner upper corner of the cutting- 
edge is rebated 9 in. to receive knee-braces, and the 
feet: of a solid course of vertical timbers which form 
the inner face of the wall of the working chamber, 
and extend above the deck to bond with the hori- 
zontal wall timbers, which are laid up in a solid 
course from the cutting-edge to the top of the 
caisson. The horizontal timbers are, as shown in 
Fig. 12, sheathed with 3-in. diagonal planks 
extending up 25 ft. above the cutting-edge, and 
covered with 3-in. vertical caulked planks extending 
to the top of the caisson. 

The working chamber is divided by a centre 
longitudinal bulkhead wall and by eight transverse 
bulkhead walls into eighteen 19-ft. by 25-ft. com- 
partments, communicating with each other by 3-ft. 
by 3-ft. holes through the walls (Figs. 12 and 33). 
The bulkhead timbers are framed into each other 
at intersections, and the transverse bulkheads are 
king-post trussed by pairs of adjustable screw-end 
diagonal rods passing through the wall timbers, 
and seated on steel bearing-plates at the intersec- 
tions of the bulkheads. The end walls are braced 
on each side of the longitudinal bulkhead, by tri- 
angular bulkheads, with their inclined lower edges 
reaching from the cutting-edge to the top of the 
first transverse bulkhead. Intermediately between 
the bulkheads the cutting-edge is braced by single 
and double knee-braces, respectively 2 ft. and 3 ft. 
apart in the clear. The bulkheads act as a system 
of girders supporting the deck from the exterior 
walls of the caisson. The deck, 30 in. thick, is made 
of one solid longitudinal and one transverse course of 
timbers, separated by two courses of crossed diagonal 
tongued and grooved planks. Above it the caisson 
is divided into ninety 10-ft. by 10-ft. panels by longi- 
tudinal and transverse struts dovetailed into the 
outer walls. Some of the transverse struts 13 ft. and 
16 ft. above the deck are replaced by seventeen plate- 
girder stringers 60 in. deep, and by seventeen 54 in. 
deep, from the railroad and highway floors of the old 
bridge. Their lengths were so nearly right that they 
required only thin filling-pieces between the caisson 
walls and their hitch-angles, through which they are 
bolted through alternate holes intended for field- 
rivets. In the upper 39 ft. of the caisson the struts 
will be omitted and the walls will be braced against 
the exterior png by a heavy battered concrete 
retaining-wall built against the inner faces of the 
caisson and leaving the interior unobstructed, so as 
to permit more rapid deposition of the concrete and 
provide a monolithic pier construction. The steel 
girders and concrete retaining-wall are not shown 
in the engravings, because the latter were prepared 
from blue-prints finished as quickly as possible to 
facilitate the building and launching of the caisson, 
and not revised to correspond with the final design 
of the upper part of the structure. The caisson 
walls wil ™ extended by a detachable cofferdam 
built up as required to an elevation always main- 
tained a few feet above high tide. 

The caisson is made chiefly of 12-in. by 12-in. 
yellow-pine timber lapped and halved at the 
corners, planed on contact surfaces, and secured by 
1-in. vertical drift-bolts and by horizontal screw- 
bolts. The joints in the walls and roof are caulked 
with tar and oakum. The caisson contains about 
3,000,000 ft., B.M., of timber and 70 tons of bolts, 
and will require nearly 50,000 barrels of cement 
for the concrete filling. It is equipped with six 
men and material locks on steel shafts, 3 ft. in 
diameter, with flanged and gasketed connections 
bolted to the deck. The working chamber is pro- 
vided with numerous small pipes for electric-light 
and telephone wires, for hydraulic pressure, and 
for blow-off service, and receives compressed air 
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through three pipes 7 in. in diameter, with swinging 
check-valves just below the deck. 

Building and Launching the Caisson.—The caisson 
was built and launched at the contractors’ yard at 
Sillery, on the north shore of the river, about 
3 miles below the bridge site. The cutting-edge 
and bulkhead walls were assembled (see Figs. 45 
and 46) on a false-work of horizontal timbers sup- 
ported about 10 ft. above the ground on vertical 
shores, with footings of timber on rock. Under 
the cutting-edge the ts, from 13 ft. to 20 ft. 
apart, were each e of four 12-in. by 12-in. 
timbers. The interior shores were single pieces of 
12-in. by 12-in. timber on the line of the centre 
longitudinal bulkhead, and intermediate between 
the transverse bulkheads. The caisson timber was 
planed and framed in a steam saw-mill in the yard, 
and the bolts and spikes were driven by pneumatic 
hammers into holes bored by pneumatic bits. 

The Caisson House.—-The caisson was built during 
very severe winter weather, when it would have 
been impossible to work to advantage without pro- 
tection ; therefore it was constructed in a tempo- 
rary 70-ft. by 200-ft. wooden house, 60 ft. high, 
having 12-in. by 12-in. vertical wall-posts, con- 
tinuous below the y~ yg of the caisson to 
footings on the rock similar to the shores under 
the caisson. The tops of these posts were knee- 
braced to 12-in. by 12-in. caps, serving as girders 
to carry the main roof trusses of 20-ft. rise, 40-ft. 
apart, with light intermediate trussed rafters 4 ft. 
apart. The walls and roof were sheathed with 
detachable panels of 1-in. boards, nailed to cleats 
and covered with tar-paper. These panels were 
removed to give more light, as the construction 
of the caisson advanced and the weather mode- 
rated. The house was erected and taken down by 
derricks travelling alongside, and the timber and 
sheathing panels were match-marked and stored for 
use next winter in the construction of the south 
pier caissons. Although it required quite a large 
quantity of timber, the cost of the house was little 
more than that of the labour involved in framing, 
erecting, and removing it, because the timber was 
of commercial sizes, and not cut into short lengths or 
much injured, so that it was as good as new timber 
for many uses that the contractor will have for it 
in his varied and extensive work. The house 
afforded clearance outside each long wall of the 
caisson for a service track, on which timber was 
delivered from the framing-shed, ready to assemble 
in position. In extensions outside the tracks were 
installed ten hoisting-drums geared to longitudinal 
shafts driven by a steam-engine in the power-house 
at one end of the caisson, where were installed the 
steam boilers, pumps, and air-compressor. The 
hoists operated whip-lines rove through sheaves 
suspended from the roof trusses, by which the 
timbers were quickly handled. 

Launching the North Caisson.-—The cutting-edge 
of the caisson was assembled in a horizontal plane, 
supported on the vertical shores already mentioned, 
and after the walls had been built up on it to a 
height of about 22 ft., and it contained altogether 
about 1600 tons of timber and bolte, four 250-ton 
and four 125-ton hydraulic jacks, and four 70-ton 
screw-jacks, were setunder it (see Figs. 45 and 46), 
and released the shores, which were removed. This 
allowed the river side to be lowered by the jacks 
about 3 ft. (which took three days), and seated on 
cribbing on five lines of launching-ways about 
180 ft. long. : 

Each of these ways was made of five 12-in. by 
12-in. timbers in two courses, thoroughly bolted 
together and laid to a grade of about 11 per cent. 
They were wedged to a bearing on the horizontal 
tops of battered concrete piers, about 12 ft. apart, 
having footings on rock. The river ends of the 
ways were extended about 30 ft. by horizontal 12-in. 
by 12-in. timbers, laid on the river bottom mud, 
about 6} ft. above low tide. 

The upper surfaces of the ways were planed, 
painted with boiled oil, and covered with hot tallow 
and plumbago, to lubricate them for the sliding 
cradle of 6-in. by 12-in. oak planks, on which the 
caisson was seated. The lower ends of the cradles 
took temporary bearing against inclined foot-blocks 
bolted to the ways, and the upper ends had steel 
hooks locked in position by transverse horizontal 
keys engaging the upper ends of the ways. When 
the keysand foot-blocks were removed, the caisson 
was started by four 350-ton inclined hydraulic 
ene set be gee — paai, and four 70-ton 
crew-jacks paralle the ways, reacting against 
timbers bolted to the ways as indicated in Figs. 47 








and 48. The caisson was provided with an un- 
caulked false bottom of planks fixed under the bulk- 
head walls so as to diminish its draught at launching. 
It started down the ways before all the jacks were 
in operation, and entered the water in a few seconds. 
The caisson was commenced on March 3, 1910, and 
was launched at high tide on July 7, after which the 
walls were built up 6 ft. higher before it was towed 
to the bridge site. When launched it had a 
draught of 5 ft. 4in., which was increased to 12 ft. 
after the working chamber was filled with water 
leaking through the false bottom. It is shown in 
process of construction in Fig. 49, page 373, and 
afloat, on its way to its final location, in Fig. 50. 

The caisson was floated into its approximate final 
position over a hole previously dredged to a depth 
of about 30 ft. below low water by a 77-yard 
bucket, and it was enclosed on three sides by a 
false-work pier prepared to receive and protect it. 
The fourth, or up-stream, side of the caisson was 
immediately enclosed by an extension of the pier, 
and the caisson was moored against the strong 
tidal currents by six up-stream and -three down- 
stream heavy steel cables about 1000 ft.long. The 
ends of the cables passed through the caisson walls, 
and were looped around the horizontal braces above 
the deck. The cables were adjustable by four-part 
tackles, by which the caisson was maintained with 
about 1 ft. clearance from the pier on each side. 
The up-stream cables were anchored to a great 
boulder and to two cribs filled with stone, and were 
supported at intervals on rafts. 

Substructure Plant.—As it is unsafe to leave tem- 
porary structures in the river, exposed to the move- 
ment of heavy ice in the spring, it was intended to 
sink the caisson to rock, and complete it up to a 

int where it could be safely exposed to the ice 

fore the close of the season of 1910. Therefore a 
very large plant, of an estimated value of more 
than 200,000 dols., was installed by the contractor 
on the shore, and on top of the high bank opposite 
the pier. The plant is designed to be ample for 
sinking the caisson with the greatest ‘possible 
rapidity, and to fill it with concrete at the rate of 
1000 yards in 24 hours, and will be transferred 
to the opposite side of the river, for the south cais- 
son work, when the north pier is completed. 

A large false-work pier = been built out from 
shore to and enclosing the caisson, and has a heavy 
plank deck supported on wooden beams and some 
steel — from the old bridge, all of which are 
carried on pile bents and on a number of timber 
cribs filled with stone. The river bottom is so 
hard, and is so much obstructed by large boulders, 
that it was impossible, even with a 3000-lb. hammer, 
to drive the piles to a penetration of more than 
3 ft. or 4 ft., in water having a maximum depth of 
about 25 ft., arise and fall of 16 ft., and subject toa 
current of 7 miles per hour. The piles were therefore 
abundantly cross-braced down to low-tide level, and 
additional stability was secured by the use of the 
cribs. Double lines of standard-gauge tracks on 
the pier form loops around the caisson, and con- 
nect it with the concrete plant on shore about 
600 ft. away. 

Near the false-work pier the power-house is 
located on a concrete platform, 30 in. thick and 
about 130 ft. long, laid on a heavy rock-fill just 
above high-tide level. It contains four 24-in. by 
30-in. air-compressors, six 100-horse-power hori- 
zontal boilers, and one 2-in., one 3-in., one 4-in., 
one 7-in., and two 10-in. steam-pumps cross con- 
nected for interchangeable service for boiler-feed, 
water-supply, hydraulic-pressure, fire and caisson 
service as required. Adjacent to the power-house 
is a bunk-house, dining-room, and a small shop 
equipped with machine-tools for simple construc- 
tion and repair work, and with the electric-light 
dynamo. The contractors’ office is on the false- 
work pier, and the engineer’s office is on top of the 
bank, where there are also located camps for the 
men, stores, amusement-hall, store-houses, repair- 
shops, and stables. 

The water supply is pumped from the river through 
three separate risers to three 12-ft. by 12-ft. wooden 
tanks, 8 ft. high, one of which is located just above 
the boilers ; the other two are located on top of 
the bank, on 15-ft. towers, giving a head of nearly 
200 ft. at low-tide level. nd is excavated by a 
steam-shovel in a pit about 20 miles away, and is 
delivered on standard-gauge dump-cars drawn by 
locomotives. Rock is taken from a large spoil-pile 
produced by the excavation of a cut through the 
top of the bank for the railroad which will cross 
the bridge. Timber is delivered by boats ; almost 








all other materials are received on the top of the 
bank, where there is a good highway to Quebec and 
a railroad, and are shot down the bank or lowered 
on a platform elevator-car operated by a winding- 
engine and cable on an inclined plane set at an 
angle of nearly 45 deg. 

Nova Scotia soft coal is dumped through a 4-ft. 
by 11-ft. shoot to a bin near the boiler-room, 
whence it is delivered to the boilers on 2-yard side- 
dump cars on a track about 5 ft. above the boiler- 
room floor. Two narrow-gauge tracks on top of 
the coal-shoot have balanced cars, on which the 
cement is delivered to the concrete-mixing plat- 
form. Sand and rock are delivered from the top of 
the bank in shoots similar to the coal-shoot, except 
that they have no tracks on top. 

Rock is delivered to its shoot from the surface 
of the ground and from an overhead platform, on 
which carts can be driven from the spoil-pile. The 
sand-shoot has a storage capacity of over 100 yards, 
which is used instead of constructing additional 
bins. The rock-shoot delivers to the charging- 
platform above two rotary crushers with a capacity 
of about 1000 yards in 24 hours, and fixed near the 
top of the bank, as shown in Figs. 51 and 52, 
page 373. The crushers break the stone to a 
diameter of 2in., and deliver it over j-in. mesh 
screens to a storage-bin of 200 yards capacity. 

The 1 : 2}: 5 concrete is mixed in a battery of 
Ransome machines under a charging - platform, 
where for each batch four bags of cement and a 
measured quantity of sand are charged and mixed 
dry, after which the requisite measured quantities 
of broken stone and water are added, and the 
whole mixed 2} minutes longer and delivered from 
the machine into 1l-yard steel buckets hauled by 
horses to six stiff-leg derricks on towers 10 ft. 
high, at the end of the pier, on both sides of the 
caisson, which command it and serve the air-locks, 
besides handling the timbers with which the walls 
of the caisson are built up as the caisson is sunk. 

The 12-in. compressed-air main from the power- 
house to the caisson is carried on the pier in a 
12-in. by 24-in. cooling-box (Fig. 53), which is 
kept filled with river water pumped in fast enough 
to maintain it at a temperature only a few degrees 
higher at the outlet than at the inlet. Caisson 
excavation and concreting were maintained con- 
stantly by successive gangs of ‘‘sand-hogs,” most of 
whom came from the United States. ‘The cost of 
sinking the caisson each successive foot after it is 
well started is estimated at 8000 dols., including 
materials. 

The deposition of about 2000 yards of concrete 
in the caisson loaded it so heavily that it grounded 
on the bottom at low tide, but floated at high tide. 
While the irregularities of the bottom were being 
levelled to secure uniform bearing for the cutting- 
edge, both caisson pumps broke down, and the 
large amount of leakage into the caisson above the 
roof of the working chamber greatly increased the 
load on the cutting-edge, and developed stresses so 
great that the caisson was broken or distorted, and 
it became impossible to maintain air pressure in 
the working chamber. Excavation was therefore 
suspended in September for the season ; the con- 
crete already deposited in the caisson was removed, 
and preparations made to float the caisson on an 
unusually high tide into a dry dock for examination 
and necessary repairs, which, although preventing 
any more caisson sinking during the season, will, 
it is said, not necessarily delay the ultimate comple- 
tion of the bridge. 

Removing the Old Superstructure.—The cantilever 

rtion of the wrecked old bridge, weighing about 
5000 tons, is nearly all submerged in very deep 
water, where its removal is unnecessary and almost 
impossible, and will not be attempted. The 9000- 
ton anchor-arm was entirely exposed on the rocky 
river bottom at high tide, and formed a very con- 
fused and irregular mass, about 80 ft. wide, 500 ft. 
long, and up to 40 ft. high, of very heavy inter- 
locked members, so twisted and tangled that it 
a red impossible to extricate them by ordinary 
Saket. once of rivets were sheared off, 
and most of the riveted members were broken, 
torn, split, and distorted, but none of the eye-bars 
were broken, and few of them were disconnected, 
and the whole mass hung together, so that there 
was little opportunity to disconnect and remove 
any separate members entire. 

As it was n to clear away all the exposed 
steel, and a little of that submerged near the south 
main pier, where the new pier is to be constructed, 
a contract was awarded for the removal of about 
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10 lb. by reducing valves, and the acetylene being | for thicknesses of steel below and above 14 in. 


ignited produces a heat of 6300 deg. and rapidly | The long eye-bars are cut in two at the centre for 
raises the steel to a red or white heat, when it is | convenience in handling, and the largest riveted 
turned off, and the oxygen being played on it|members are cut both longitudinally and trans- 
oxidises the steel and cuts a slot about 4 in. wide | versely. A 2-in. by 10-in. eye-bar was cut through in 
through metal up to 6 in. thick if necessary, at the | 110 seconds, using 8 cub. ft. of oxygen. The amount 








Fic. 49, Carsson IN CouRsE oF CONSTRUCTION. 


















































COAL CHUTE 
(ares i) 


rate of 10 to 20 sq. in. per minute, consuming, on 
this work, about 1500 cub. ft. of oxygen (costin 
about 3 cents per cub. ft.) per torch per day. Ag 
idea of the character of the cut will be obtained 
on reference to Fig. 2, page 369. 

The acetylene costs very little, and two men are 
required for each of the two torches. Different 
size nozzles and different gas pressures are used 
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of oxygen used is probably excessive on account 
of the difficulty experienced from leakage, which 
necessitated the use of special }-in. flexible steel 
hose. 

The work has been done with an average force of 
twenty-five men, and as the contractors receive a 
lump sum of 40,000 dols. plus the steel removed, 
and it only costs about 1 dol. per ton to cut the 


rivets out of the scrap by hand, the contract is a 
profitable one. 

Tests of Model Compression Members.—In order 
to demonstrate the ultimate strength of the prin- 
cipal compression members in the official design of 
the new bridge, the Board of Engineers had a set 
of 16 models of lower chords and inclined posts 
made, as large as could be broken in any testing- 
machine in America, and tested to destruction, at 
a cost of over 40,000 dols. They were fabricated 
from nickel steel, with carbon-steel rivets, and were 
mostly one-quarter of the linear dimensions of the 
full-size members, which they copied in every 
particular. This necessitated the rolling of plates 
and angles to very thin and accurate dimensions. 
The rivets were chiefly 34; in. and } in., and were 
all driven by very small pneumatic hammers in 
holes drilled from the solid. 

The tests were made in a direct-acting hydraulic 
machine of 2,800,000 Ib. capacity, which proved 
inadequate to break the largest pieces until they 
were deliberately weakened by cutting away part 
of the cross-section. Although the engineers 
required only the determination of the ultimate 
strength, the Phoenix Bridge Company, who were 
the contractors for the old bridge, took a very deep 
interest in them, and fabricated and tested the 
models with great care, keeping an elaborate set of 
records of compression, loads, deflections, elastic 
limit, &c., which afford data of great value for the 
study of large compression members under heavy 
stress. 

The largest and most interesting models were 
those of the cantilever arm lower chord, which, in 
the official design, has a maximum cross-sectional 
area of 2037 sq. in., and, according to the result 
of these tests, should endure an ultimate stress 
of 115,701,000 Ib., as against a breaking load of 
22,634,000 lb. in the 843 sq. in. lower chords of 
the old bridge. The largest models measured about 
20 in. by 25 in. by 36 ft. long, weighed over 10,500 Ib., 
had a sectional area of 57 sq. in., and developed an 
ultimate strength of 56,800 lb. per square inch, 
and an elastic limit up to about 44,000 Ib. 

Each of the four webs of the chord to which the 
model corresponded is made with two deep vertical 
plates stitch-riveted together, and has T-shaped 
flanges, each made of two angles, reinforced in each 
top flange by a side web-plate and a cover-plate. 
There is a cover-plate on the bottom centre flanges, 
and two cover-plates on the top side flanges, thus 
making the section resemble an inverted rectangular 
trough between two upright troughs. The uncovered 
flanges are latticed, and the webs are connected 
on the centre line by a horizontal latticing of flat 
bars riveted between two lines of full-length angles 
oneach web. They are also connected by vertical 
transverse diaphragms a few feet apart. 

Pin pressure is distributed the full width of 
the webs in the heaviest pieces by solid plate dia- 
phragms, and pairs of stiffening angles back to back, 
riveted to the webs, radiate from the pin, which 
takes direct bearing on their bored converging ends. 

As very few mills can roll plates of the dimen- 
sions required for the webs of the largest chords, 
the efficiency of spliced web-plates was investigated 
by making two of the models with web-plates 
having two full-length longitudinal joints spliced 
by shop-riveted double cover-plates. These speci- 
mens failed at about 48,600 lb. per square inch, 
while the single-piece web-plate specimens could 
not be broken by the maximum machine load, 
giving them a unit stress of 50,134 lb., and after 
being weakened by holes drilled through the web 
to secure a breaking point, they endured a stress of 
63,990 lb. per square inch on the reduced section. 
Except where the models were drilled to reduce 
section, failures occurred at or near the transverse 
diaphragms. 

Increments of compression were measured by 
compressometers reading to yap, in. direct, and 


to in. by vernier. One was applied to each 


10,000 
side of the specimen on the horizontal centre line, 
and countetell octutentialle of a brass tube fixed at 
one end by a set-screw to a connection bolted to the 
test-piece and at the other end, usually about 20 ft. 
distant, moving back and forth over a spindle 
fixed to the test-piece. The rod was weighted to 
| develop frictional contact with the spindle and 
revolve it, thereby turning an index needle with a 
dial graduated to five-hundredths. These machines 
were carefully tested and compared and the averages 
of their readings were taken. When the compresso- 
, meter readings and pressures were plotted they gave 
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lines which were straight for a long distance from the 
origin and then curved slightly downwards, indicat- 
ing an elastic limit lower than that recorded in the 
test. The modulus of elasticity computed from them 
in two cases was 28,300,000 lb. and 28,800,000 Ib. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

Ow Thursday last, March 16, a meeting was held 
of the Institution of Mechanical Engineers, at which 
Mr. E. B. Ellington delivered his Presidential 
Address. At the close of this address, which we 
reprinted in our last issue, Mr. Ellington made a 
few remarks concerning the extension of the Insti- 
tution buildings. The plans which had been sub- 
mitted to the Senna by the four selected architects 
were exhibited on the walls at the meeting. The 
matter, Mr. Ellington said, had been under the con- 
sideration of a special committee for some time, and 
that afternoon they had made a recommendation, 
which had been adopted by the Council, with the 
result that one of the designs had been accepted. 
The successful architect was Mr. James Miller, who 
happened also to be the architect of the rew building 
of the Institution of Civil Engineers. That fact he 
thought an augury for the successful carrying out 
of this important work. 


Vore or THANKS. 

Sir William White said it was his pleasing duty 
as the senior past-president present to propose 
that a vote of thanks be given to the President for 
his most interesting address, and that he should 
allow it to be published in the Proceedings. Mr. 
Ellington had devoted so many years and so much 
good work to the Institution that any suggestions 
which he might make as to what would promote 
increased usefulness and prosperity of the Institu- 
tion in the future, or any observations he might 
make on the training of engineers, deserved the 
closest attention. Those who were on the Council 
knew, perhaps, more fully than members generally 
could io, what Mr. Ellington had done for the 
Institution. He was sure that past-presidents 
would bear him out when he said that, as chairman 
of committees, and also for the reason that there 
had been three presidents in succession who were 
non-resident in London, the Institution owed a 
very great deal to Mr. Ellington. The fact that 
the Institution drew so largely from members who 
were non-resident in London, both for the Council 
and for the Presidency, was, he thought, a source 
of great strength, and he hoped that the practice 
would always be continued. It nevertheless re- 
mained true that, in the detail work of the Insti- 
tution, there should be associated with the Institu- 
tion’s staff an element of guidance, advice, and 
control from among those resident in London. In 
dealing with these matters, and certain special 
matters which had arisen during the last few years, 
Mr. Ellington had done a great deal, and he 
desired publicly, on behalf of the Council, to 
make that acknowledgment. When, therefore, the 
President came forward and made suggestions, 
he would repeat that the members of the Insti- 
tution would do well to give careful heed to 
them. It happened that he (the speaker) was Presi- 
dent of the Institution when its quarters were 
transferred to the present building. Since then the 
numbers of the membership had more than doubled, 
the income had nearly doubled, and the graduate 
class, which they were then able for the first time to 
help in the way that had long been desired, had 
gre into a most useful, and increasingly useful, 

ranch of the membership of the Institution. 

The remarks which Mr, Ellington had made were 
not open to discussion ; that was one of the privi- 
leges of a presidential address. The meeting had 
shown marked signs of approval when, in the course 
of his address, Mr. Ellington had said that he 
thought the time had come when newcomers should 
have to pass an examination. It was remarkable 
how those who were inside favoured the adoption 
of stringent measures as to the admission of others 
to the Institution. The question of compulsory 
service in the national defence found its strongest 
advocates among the men who were too old to 
serve. All were, of course, agreed that if the 
Institution was to fulfil its purpose, the Council 
and the members—for, as the President had 
said, the Council could not move without the 
support of the members—must be continually 





raising the standard of qualification for admission. 
With regard to the new building, it was not an, 


easy task to frame the conditions for a competition | 
such as that which had taken place, and had) 
brought about the design which the Council had | 
accepted, and which would make the home of the | 
Institution one of which they might all be proud. | 
He wished to point out that all that work had | 
been carried through under the chairmanship of | 
Mr. Ellington, and it would be very pleasant if the | 
extension could be completed and opened during 
the term of the President’s office. Although 
criticism of the address was barred, he felt com- 
pelled to point out that one of the President’s 
quotations was not quite correct. Mr. Ellington 
said that we have been taught that money was the 
root of all evil ; the teaching really referred to the 
‘*love of money.” Thus righting the text, he 
might be allowed to urge that the investment in 
connection with the extension was one that would 
help the future of the Institution in a way that 
could hardly be estimated, and he sincerely hoped 
that all who Loeil the Institution, and belonged to it, 
would join in the work and give it their best help. 

Mr. Henry Davey (Vice-President) seconded the 
vote of thanks proposed by Sir William White. 
The Institution of Mechanical Engineers had, he 
thought, three good things—the Institution, the 
building in which they were housed, and a good 
and capable President. The President had been 
intimately associated with the development of the 
Institution and with its prosperity, and had done 
much towards the attainment of the good position 
which the Institution now enjoyed, and he had 
also done excellent work in connection with the 
extension of the present building. The amount of 
work thus done by Mr. Ellington could not be 
realised by anyone who had not sat with him on the 
committees and at the Council table. He had the 
greatest eae in seconding the motion. 

Mr. Ellington, in reply, said that he had listened 
with mingled astonishment and pleasure to what 
had been said of his work for the Institution during 
the past ten years. He deeply appreciated these 
remarks; he could only wish that he deserved 
them. The fact that he had given a great deal of 
time to the work of the Institution was largely 
accidental, as he had been readily available to the 
calls of the Secretary. The remarks which had 
been made gave him great encouragement, and he 
could only sincerely hope that when the time came 
for him to vacate the chair he would have earned 
an equally cordial acknowledgment as he had 
received on entering office. 

The President then brought the proceedings to 
a close by announcing that the Anniversary Dinner 
of the Institution would take place on Thursday, 
Aptil 27, and particulars would be issued shortly. 
The next general meeting would be held on Friday, 
April 28, when two oe would be read upon gas- 
producers. Also, Mr. Ellington announced that 
two lectures on ‘‘ Carbon in Iron” would be read 
by Dr. Rosenhain, the first on Tuesday, April 11, 
and the second on Tuesday, April 25. 


FOUNDRY PLANT AND MACHINERY. 
No. XXIV. 
By JoserH Horner. 


Boxes designed on the general model of Figs. 345 
and 346, and 349 and 350, on page 273 ante, are 
square, oblong, circular (Fig. 352, annexed), and 








polygonal. The last two are made with the object 
Fig, 351, {X Lv 
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of saving sand, space, and time, which would be 
occupied in ramming circular work in square boxes. 
Boxes are also made in other shapes to suit 
special work, and always the economies of sand, | 
space, and labour are primary considerations. Thus, 
two oblong portions set at right angles is the form 
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of box used for long pipes with quick bends. . For 
the regular eighth m2 quarter bends the boxes may 
be shaped. like an are of a circle, or with flats 
approximating to the curve. For branch pipes the 
box sections are at right angles. For long straight 
pipes and columns with flanged ends the box ends 
are usually enlarged in order to economise the sand 


| spaces and the rammings. Fig. 353 shows one half 


of a box made for column moulding, open in the 
joint face. The enlarged end A takes the capital, 
the end B the base with mouldings. Fig. 354 isa 
transverse section of the box, and Fig. 355 an end 
view. For the same reasons the sides of Pipe and 
column-boxes are frequently made sloping, so lessen- 
ing the sand spaces away from the joint faces. 
Figs. 356 and 357 show a flask of this character 
suitable for ordinary pipes with sockets and spigots, 
or with flanges. Sometimes boxes for flanged pipes 
of standard lengths are enlarged slightly at the ends 
in the same way as the ends in Figs. 353 and 355, 
but in alesserdegree. Another example is that of 
the box, Fig. 358, for a railway chair, where one 
part is tapered to lessen sand space. 

The bars or stay arrangements in Figs. 353 to 
357 are, it will be noticed, different from those in 
Figs. 346 and 350, on page 273 ante. Instead of flat 
bars in the bottom, vertical bars are used exactly 
like those in the top. This is done because these 
boxes are specialised in so far that only cylindrical 
work is moulded in them, while Figs. 346 and 350 
represent boxes for a general run of patterns, most 
of which will have flat areas, and will fill up much 
of the space in the bottom box. But special work, if 
mainly flat, would often have boxes with bottom as 
well as top bars vertical, and both alike, as in Figs. 
359 and 360. 

Yet again, the bars in these examples are of the 
same depth all the way along the boxes. But when 
standardised patterns are tapered longitudinally, 
or curved, or of irregular shapes, then the bars are 
shaped to follow the outlines, but kept away from 
the pattern ? in. at all places. Moreover, the 
arrangement of the bars in plan in these figures is 
shown as for stock-boxes. But the regular spacing 
will be departed from if necessary for the purpose 
of clearing flanges or feet, or projections or branches, 
or for making special sand-joints to facilitate with- 
drawals. The spaces in the middle of Figs. 347 and 
352 are the only examples of this kind shown, being 
for venting the central bosses of castings, the vent- 
pipes coming out at the centre, or for uncovering 
the bosses to cool them. The ends in Fig. 359 are 
left open to clear flanges. Further, although the 
joints are all shown plane, numbers of special 

xes have curved joints, or sloping joints, to follow 
the psttern and the sand-joints. In ordinary 
boxes for general use such joints are made in the 
sand only, which would be standing upwards or 
downwards in top or bottom, entailing extra work, 
and sometimes a little risk. 

Boxes of the kind in Figs. 353, 354, 356, and 357 
are usually provided with the looped handles C, in 
addition to the swivels D at the ends for turning 
them over by, when the boxes are too long to be 
slung in the crane slings, and also in some cases 
for lowering them by sling-chains into a casting-pit 
for upright pouring. The box parts can be turned 


Fig. 352. 


about readily by hand when the swivels are sup- 
ported on vee’d trestles during the cleaning up of 
moulds, coring, chapleting, &c. , : 
Long boxes which have to be lowered into pits 
for casting on end usually have back-plates bolted 
to them to sustaiu the sand against the great liquid 
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pressure. Flanges E, Fig. 354, are then cast down parts stored flatwise. Even the work of bolting | rigidity enough to withstand the severe strains due 


the backs of the box 
are bolted through the slot-holes seen. The back- 
plates are perfectly plain, of a suitable thickness 


ts, to which the back-plates may be saved by casting the bars somewhat shorter 


than the width between the sides and wedging 
them in as in Figs. 362 and 363. 


to ramming, turning about, bedding on the sand - 
floor, and pouring. A flimsy box will twist and 


As the bars in| warp under these stresses, with fracture of the 


—say from 1 in. to 1} in.—and are, of course, only | Figs. 361, 362, and 363 are cast flatwise and in open | mould-sand or displacement of cores. Pouring 
puts excessive strains on a large top part, conse- 


bolted up after the boxes are rammed and the 
moulds completed. Cylinder-boxes are often made 
to receive back-plates. But they are not required 


sand, the chamfer of the hole is placed wholly on 
the lower side in moulding. Though this is an 
example of an oblong box suitable for cylindrical 


in shallow work, because the pressure is not) work, the same method of building up is adopted 


severe, as itis in deep moulds. Boxes for hydraulic 


cylinders cast on end should have back-plates, or | 
else sand should be rammed around them in the | 


pits. 
Fig 353 
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for large square boxes, or boxes nearly square, 
which may also have flat bars in the bottom. xes 
may be built up thus in an inexpensive manner 


when two or three castings only are required, which, | 


uent on the liquid pressure over the large area. 
rge boxes are not rigid enough in themselves to 
withstand this, and they have to be loaded all 
over, otherwise the metal will be from 4 in. to 
} in. thicker than measurement of the pattern and 
the mould would show. 
Ample taper is given to all parts—sides, ends, 


fo) 


i] 




















pee 


























































































































































































































an 

z..0 OU lz a 
Fig 

Fig. 364 : ( 2 | | | 
vc a= e 
_ s- ([Llon 









































































































































Fies. 358 to 355. Typrcan CoLumn-Box. 


Box ror Frat Castings. 


__Holes are seen in the ends of the boxes in Figs. 
305 and 357. The central hole is made large enough 
to allow of the passage of a core-bar. The flanking 
holes in Fig. 355 are for the placing of runners and 
risers, Or if a mould is cast horizontally, they are 
convenient openings for vents for the mould, the 
core-bar taking only those from the core. 

These large boxes occupy a good deal of space in 
yard or shop, and their dimensions are unalterable. 
Large boxes are, therefore, built up in some cases 
when they are not in frequent request. Thus the 
example in Fig. 361 is built of separate sides, ends, 
and bars. Such a box can be extended lengthwise 
by attaching extra pieces to the sides. It can be 
widened by substituting new ends and bars. Pockets 
for flanges, capitals, or bases, or enlargements of 
any kind, can be cast, and bolted to the ends. And 
when not in service the box can he unbolted and the 


Fics, 356 anp 357. Tyricat Prre-Box. 





Fics. 361 to 363. A Box Burr Up. 


for reasons already stated, it is undesirable to mould 
in the floor. Often bottom bars are omitted 
entirely and the sand is carried on loose grids, with 
rods to assist in supporting it. Boxes like this, 
however bulky, occupy, when taken apart, little 
storage space, which space becomes terribly con- 
gested in an old foundry. Frequently rigid column- 
boxes are made with loose ends, to permit of 
extensions. Thus the box sides will have outside 
flanges at the ends, to receive temporary ends 
bolted to them. To lengthen the box, an i 
tional piece of the same, or a different cross-section, 
is bolted to the flanges (Fig. 364). If this is not 
done, a box of greater length than necessary may 
have to be used for short columns, and either sand 
is wasted, or a temporary wooden bar is driven in 
at the length required to retain the sand. 

Boxes must be so proportioned as to have 





Fic. 358. A CHarr-Box. 
Fie. 364. A Box Lenotuenen. 


addi- | bars. 





Fras. 359 anp 360, Spectra. 


and bars—as the boxes are moulded in the floor, 
the larger ones frequently with a few pattern parts 
only, and often poured in open sand. Theroughe: 
the interiors of boxes, the better they hold the 
sand. Their moulds are sometimes purposely 
roughened over by cross-hatching with the point 
of the trowel. 

The proportions given in the engravings are accu- 
rate. In the smaller and larger boxes thicknesses 
will range from about in. to 1} in. in sides and 
The bars are generally slightly thinner 
than the sides. If sides are, say, 1} in. thick, the 
bars may be about 1 in, at the top, tapering to 
about ? in. at the edge next the pattern. The 
depths of boxes must vary to suit the patterns, 
but for general service they are about as drawn. 
The depth of the top part (Figs. 345 and 349, 
page 273 ante) should not be less in proportion to 
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area than that indicated in these figures. The 
larger the area the deeper must the be, in 
order to afford sufficient rigidity to enable it to 
resist the liquid pressure tending to produce 
spring. These, too, are plain tops, which are not 
occupied by any portions of the mould, but are 
traversed with bars within ? in. or 1 in. of their 
joint faces. If any considerable portion of the 


Fig. 366. 


a hole each time a new piece of work has to be half-ton weights on the central portion of a large 
moulded, ly to receive a deep cinder-bed for box. The dimensions of these parts vary with area. 
venting. The provision which it affords for bolting For an 8-ft. or 10-ft. box the bars composing the 
the top down to being its primary function, it is grid A will have a cross-section of not less than 2 in. 
made to suit a standard top B of a size which is square, and the binders E will be 5 in. to 6 in. in 
most frequently in request fora given class of work; depth, and other dimensions in proportion. The 





so thatit may measure 6 ft., 8 ft., 10 ft., or 12 ft. box is seen provided with swivels for turning, and 

square. The stiff cast-iron bars C are slipped into handles for the sling chains, and the stakes a by 
Fig.266. Fig. 367. 

i fi Mt 2 


a a 








COWOo ooo 



































TOTS IETOTT 


' toon tavec er 














(Cee 
































aan. 





Fig. 369. (\__ 7 





WAMU LLALLLI LLL ITI ly 
4G 
23 





[ 


' 
' 
' 
' 
' 








gaze) \oJ 








— 


Yom 


873. 








a 








=; -— 











Fies, 365 to 368. Permanent PRovIsION FoR 
Deep Beppep-Iz' Work. 


Fies. 369 to 372. Wrovusut-Iron Boxzs. 


mould occupies the top, so lessening the depth of | 
the bars, the box must be correspondingly deepened, | 
as in Figs. 354, 357, and 359. 

The appliances in Figs. 365 to 368 illustrate a | 
permanent provision for bedded-in work, and pre- 
cautions taken to prevent or lessen greatly the 
springing of tops. With regard to the first, the 
grid A, Fig. 365, seen broken in plan in Fig. 368, 
is laid down permanently, chiefly for bolting the 
top box down to, but partly to avoid digging out 


grid, the to 
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Fics. 373 to 375. Box with ANGULARLY-RECESSED 
Srmpes to Retain THE SAND. 


Figs. 376 to 378. 




















Brass-Movutpers’ STANDARD 
X. 




















Figs. 379 anp 380. Sranparp Form oF SNaP- 
Fiask. 








fonesy 





which it is located are shown in Fig. 367. Attempts 
are made to lessen the dead weight of boxes, 
either by casting them thinner than is common 
practice and stiffening them with ribbings, or by 
making them in wrought iron or steel. Fig. 369 
is an example of a ribbed box, the section 
of aside being shown enlarged in Fig. 370. The 
section is rolled and bent, and welded at the 


recesses in the grid and there wedged ; they receive 
the bolts D that secure the top box, and 

through slots in the ends of stiff binders E which 
are laid across the top of the box. In the absence 
of the means of bolting down afforded by the 
of the box part B would have to be 
loaded nearly all over its area with weights, which 
would occupy some time in loading, and would not 





be quite so efficient as the stiff binders E. Even 
with these it is usual to load about half-a-dozen 





corner. Fig. 371 is another section of a ribbed 
box-side. Fig. 372 shows a wrought-iron or steel 
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ADJUSTABLE TRUSSING-BELL FOR CASK-MAKING. 


CONSTRUCTED BY MESSRS. A. RANSOME AND CO., LIMITED, ENGINEERS, NEWARK-ON-TRENT. 








(For Description, see Page 379.) 
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box of a ribbed section formed by bending a single 
rolled plate and welding. A good many plain 
wrought-iron boxes—i.e., unribbed—are used in 
small dimensions, but not in large sizes. They 
lack the rigidity which is so essential. A box 
which springs is liable to cause fracture of the sand, 
and to allow portions to drop out. 

Bars or stays are essential in all boxes, except 
the smallest. In these the function of the bars is 
fulfilled by ledges round the internal edges, like 
those in the middle part C, Fig. 349 (page 273 
ante). A great improvement in this is the form 
in Figs. 373 to 375 (page 376), in which the sides 
are made of angular section and crossed with 
shallow ribs. This box has flat handles, and is 
used extensively by brass-moulders. 

The regular brass-moulders’ box is shown in 
Figs. 376 to 378 as closed for pouring. The narrow 
internal ledges are seen in Figs. 377 and 378. These 
boxes are set on end for pouring through one of the 
holes in Fig. 378, and the sand would be forced out 
if the mould-boards A, A were not clamped against 
the box sides by the thumb-screws. 

A good deal of brass-moulders’ work is done in 
hinged wooden boxes. In Britain, iron boxes alone 
are used in the iron foundry, the suap-flasks ex- 
cepted. In Canada and parts of the United States, 
where timber is plentiful, many are made of timber. 

Figs. 379 and 380 show a snap-flask made of 
wood, a type the employment of which has grown 
amazingly in recent years. Its development has 
been fostered by the great advances in moulding- 
machine practice. When, as is often the case, 
hundreds of small moulds represent one day’s out- 
put, the problem of stock-boxes, for every mould, 
Suggests their abolition. A few snap-flasks will 
suflice for hundreds of moulds. They are hinged 
at A and locked at B, so that they can be instantly 
closed for ramming, or opened for the release of 
the mould, The mould has an iron ring rammed 














in it near the outside to bindthesand. The halves 
of the mould are weighted for pouring on a floor 
away from the moulding-machine or bench. The 
work which can be dealt with thus is limited to 
that of small dimensions, scarcely exceeding that 
which boxes of 16 in. or 18 in. across will take, 
because the coherence of the sand is limited. But 
that covers a very large proportion of castings, and 
within that range the snap-flask has appropriated 
a large proportion of the total. 








THE NATIONAL PHYSICAL 
LABORATORY IN 1910. 

Tur annual meeting of the General Board of the 
National Physical Laboratory was held at Bushy 
House, Teddington, on Friday last, March 17, when 
the report of the Executive Committee for the year 
1910 was presented. Sir Archibald Geikie, K.C.B., 
presided, as President of the Royal Society and 
ex officio chairman of the Board, and, together with 
Lord Rayleigh, chairman of the Executive Com- 
mittee, and the Director of the Laboratory, Dr. 
R. T. Glazebrook, C.B., F.R.S., received the nume- 
rous visitors, The tank building, now completely 
equipped, made a very impressive reception-hall. 

Ten years have passed since the Laboratory was 
opened. To render new space available it was 
then only necessary to cut down some trees in the 
orchard or to sacrifice certain flower-beds of the 
Bushy House grounds, which are situated in a 
corner of Bushy Park. At present, however, the 
conditions are materially changed. The experi- 
mental tank, the recent extensions, notably of the 
engineering department, the new metallurgical 
building now rising, thanks largely to the genero- 
sity of Sir Julius Wernher, and a new projected 
building for the administration and for optics, will 
occupy practically all the available space. The 
income of the Laboratory during the past year has 








risen to 28,0761.; of this sum 19001. comes from the 
Treasury grant for aeronautics, and 13271. from the 
Institution of Naval Architects, for the tank; the 
receipts for work done have increased to 15,3631. 
(14,2411. in 1909), although the new arrangements at 
the Kew Observatory, to be mentioned later, have 
involved some loss. On the other hand, the expendi- 
ture for the year has also grown to 28,2981., and 
exceeds the income by 222/. From the summary, 
compiled by Dr. Glazebrook, we see that the 
Treasury grants for the years 1900 to 1910 have 
altogether amounted to 57,7501. ; this sum does not 
include the special grants of the Jast two years— 
viz., 15241. and 3423/., for aeronautical experiments. 
The total income for the same period from dona- 
tions, subscriptions, and fees for work done, has 
amounted to 105,3811. 

The value of the machinery and apparatus pre- 
sented to the Laboratory, or made in the Labora- 
tory, is not considered in these sums. The visitor 
cannot fail to notice the practical arrangements 
everywhere adopted, and it is not too much to say 
that the Laboratory has practically been planned, 
equipped, and fitted out by its own staff. Although 
on the whole the staff has kept faithful to the 
Laboratory, there have been some changes. Mr. 
H. H. Jeffcott has left the ee division, 
which he had organised, to become Professor of 
Engineering at the Royal College of Science, 
Dublin, and his place has been taken by Mr. J. E. 
Sears, M.A., of St. John’s College, Cambridge. 
Several assistants have been transferred to the 
Meteorological Office, which has taken charge of 
the meteorological work at the Kew Observatory, 
and additional appointments have been made, 
especially in the tank and aeronautical a 
ments. Including stokers, boy-clerks, caretakers, 
laboratory boys, &c., the Laboratory now employs 
altogether 141 persons. 

No one who is familiar with the growth of the 
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National Physical Laboratory, and who is acquainted 
with the character and amount of the work now 
being carried on there, can, we think, avoid being 
struck with the urgent necessity which exists for 
the provision of adequate accommodation for the 
administrative staff. At present the accommoda- 
tion is miserably insufficient, and the manner in 
which the work is divided between a number 
of offices, widely separated, and many of them 
most inconveniently situated, can only result in a 
great amount of worry and inconvenience—with 
its consequent loss of valuable time—from which the 
staff should be relieved without delay. The 
admirable way in which the work is done, in spite 
of these drawbacks, speaks volumes for the energy 
of the director and the devotion of the staff to 
their duties ; but the conditions are such as 
should not exist, and we trust that it may be 
possible to effect a radical improvement at an early 
date. We may say at once that the controlling 
authorities most fully recognise the necessities of 
the case, and it is only the want of funds which 
stands in the way of the provision of the necessary 
accommodation. What is really required is the 
erection of a spacious block of buildings in a central 
position, containing offices for the director and the 
heads of departments, together with drawing- 
offices, offices for the computing staff, and so on. 
With these offices should be combined suitable 
departments for the reception of materials, instru- 
ments, &c., to be tested, and for their packing and 
despatch to their owners after they had been dealt 
with. This receipt and despatch of goods of various 
kinds has now Sent an important section of the 
work of the Laboratory, and it is work which will 
continue to increase in the future, so that ample 
space should be provided for it. Such a block 
of buildings as we have referred to would, 
with their equipment, probably cost some 20,0001., 
or rather more. Towards this sum a_ portion 
of the recent Treasury grant of 5000/1. (made in 
connection with the expetises incurred in carrying 
out the transfer of a portion of the work of the 
Laboratory from Kew) may possibly be available ; 
but, speaking broadly, the se A is urgently 
in want of about 20,0001. to expend in the improve- 
ment of the administrative facilities. That the 
sum would be well spent we are certain, and we 
are also certain that the expenditure would be most 
advantageous to the Laboratory from a commercial 
point of view, and would enable it to effect sub- 
stantial economies in various branches of its work. 
We, of course, hope that the Treasury grant above 
referred to may, in due time, be followed by others, 
for the Laboratory is particularly deserving of 
Government support ; but, nevertheless, the erec- 
tion of administrative buildings affords an excellent 
opportunity for all interested in the welfare of this 
national institution to give substantial aid to its 
development, and we trust that it may be possible 
at an early date to record that the authorities of 
the Laboratory have benefited by generous dona- 
tions towards the cost of the much-wanted additions 
to which we have referred. 

In our review of the work done at the National 
Physical Laboratory in 1910 we shall have to refer 
to the previous year’s work, noticed in our issues of 
March 25 and April 8, 1910.* We begin with the 
Engineering Department. 

Rusicmring Department (Superintendent, T. E. 
Stanton, D.Sc., M. Inst. C.E.; Messrs. C. Jakeman, 
L. Bairstow, J. R. Pannell, R. G. C. Batson, 
A.M. Inst. C.E., A. Bailey, B.Sc., H. Booth, B.A., 
J. H. Hyde, C. J. Eden). Wind Pressure ; Friction 
of Air in Pipes.—Dr. Stanton has continued the 
comparison of the maximum pressure produced by 
the wind in two Dines tubes (about $ in.) in parallel, 
with that egg in a single tube, throughout 
the year. The fifty observations made on the new 
tower, at a height of 65 ft , with tubes 350 ft. apart, 
represent the maximum pressures recorded on the 
single and double tubes in the same interval of 
time, which varied from helf an hour to twenaty- 
four hours. The results are checked in two ways, 
by reversing the connections to the recorders, so 
as to eliminate leaks, friction, &c., and by making 
a similar set with the single tube placed on the 
other tower, so as to eliminate screening of the 
one tower by trees, &c. As a rule, the parallel 
tubes record smaller pressures than the single 
tubes, the former pressures ranging from 55 to 75 
per cent. of the latter. This, it must be under- 
stood, refers to maximum pressures in certain 





* See ENGINEERING, vol. lxxxix., pages 385 and 435, 





periods, not to simultaneous pressures. The ex- 
periments are being continued with clusters of six 
tubes, and clusters of twelve tubes may be tried 
so as to obtain mean pressures over an area of 
5000 sq. ft. 

The experiments on air currents in pipes (Dr. 
Stanton and Mr. Pannell) have been confined to 
investigating the dimensional influence on the 
friction. The investigation of the heat transmission 
in pipes is to be takeu up again. So far pipes up 
to 2in. in diameter have been used, and vertical 
pipes of 5 in. in diameter are now being fixed up 
and joined to the ventilator by a bend of some 
lengths ; Pitot tubes are inserted through the wall 
of the pipe. The observations confirm Threlfall’s 
discovery that for any given pipe the law of distri- 
bution of axial velocity over any section is indepen- 
dent of the rate of flow, provided the section of 
pipe under examination be sufticiently far from the 
origin of the pipe. Some of the 2-in. pipes and 
smaller pipes have been roughened throughout 
inside or provided with double internal screw- 
threads, and it has thus been proved that the 
total discharge from the pipe cannot be calcu- 
lated merely from the velocity of the centre 
filament| without a knowledge of the roughness 
factor. The calculations are further complicated 
by the fact that the index n of the velocity in 
the expression: for the friction is a function also 
of the pipe diameter. Grindley and Gibson found 
nm = 1.25 for }-in. pipes, and n = 1.84 for 2-in. 
pipes ; a further increase in the diameter would, 
according to Stanton, not raise the value of mn. As 
regards smooth pipes the experiments confirm the 
observations which Osborne Reynolds made for 
water in 1888, and Zahm for flat plates in air in 
1904, that the frictional resistance at constant 
temperature is proportional to 1"—* v*, where | is the 
linear dimension of the pipe. 

Welded Joints ; Alternating Stress at High Fre- 
quency ; Abrasion —The inquiry into the strength 
and etticiency of welded joints (Dr. Stanton and Mr. 
Pannell), undertaken on the instigation of the 
Institution of Civil Engineers, is being continued. 
Ninety specimens had been supplied by seven firms ; 
but in view of the very unsatisfactory character of 
most joints, other firms have been appealed to, and 
fatigue, alternating stress and impact tests are made 
in addition to tensile tests. For this purpose a large 
Wohler machine has been built to take specimens 
1 in. in diameter, and loads of 1000 lb.; it is driven 
by a 5-brake-horse-power motor, and gives 2200 
reversals per minute. As the ordinary set-screws 
were useless for holding the specimen with heavy 
loads, the specimen is gripped in a split conical 
bush, locked by a nut at the end of the spindle. 

The resistance of materials to alternating stresses 
(Dr. Stanton) has been determined on the Wohler 
method at 2200 reversals, and also at 100 and 200 
reversals per minute, and the conclusions already 
reached have been confirmed*—namely, that the 
range of stress is not altered by the speed, and that 
neither high nor low carbon irons and steels are 
weaker at high than at low speeds. The contrary 
view of Osborne Reynolds and J. H. Smith (of 
Belfast) seems to be due to the particular method 
employed. 

The abrasion tests (Dr. Stanton and Mr. Batson) 
are now made with a modified machine. The 
specimen used takes the form of a double cone. 
It is held between guides and placed between 
three double-conical rollers, the line of contact 
with the rollers having a length of }in. The modi- 
fication increases the slip between the specimen 
and rollers and also the amount of material abraded 
about ten-fold, so thata test is completed in twenty 
minutes, during which about $ gramme would be 
abraded from a steel rail ; the results are not very 
concordant so far, however. When the material is 
soft, little is abraded in the initial stage, while the 
surface is much deformed. After a while the 
specimen settles down. The curves plotting the 
amount abraded on a time base therefore keep first 
horizontal with soft materials and rise afterwards, 
and the limiting inclination of the curve is the 
measure of the resistance to abrasion. 

Elasticity of Long Wires at Varying Temperatures 
(Mr. Batson).—The research undertaken for the 
Post Office, the India Office, and the National Tele- 
phone Company has been completed. It concerns 
copper and bronze wires from 0.194 in. down to 
0.049 in. in diameter, stretched in a galvanised 
water-trough, 50 ft. in length, by means of a clever 
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clamp of Dr. Stanton’s. The modulus of elasticity 
and the linear expansion coefficient have been 
determined both on the 50-ft. length and on short 
specimens of 6 in. within the temperature range 
— 12 to + 60 deg. Cent. In the case of copper 
wire of 0.158 in. the modulus is 13 x 10°lb. per 
sq. in. measured on the whole length, and 
17.7 x 10° lb. on the short specimen. In thinner 
wires the discrepancy is less marked. The dis- 
crepancy seems to be due to kinks, and was only 
noticed in wires when under the first loading. The 
wire was uncoiled by fixing the free end to the 
floor and rolling the coil for 50 ft., one hand always 
gripping the wire, to prevent it slipping out. It 
was found almost impossible, however, to prevent 
the formation of some kinks. When the material 
was slightly overstrained on the first loading to take 
out the kinks, the discrepancy vanished. 

Shock Tests of Screw-Threads (Mr. Batson).—The 
Screw-Threads Committee has selected four screw- 
threads for experiments—viz., the British Standard 
Fine (I.), the British Standard Whitworth (II.), the 
United States Standard Sellars thread (III.), and 
the United States Vee threads (IV.); the former two 
have an angle of 55 deg., the latter two of 60 deg. 
The tests are made in a Stanton machine, in tension 
and on shear. The weight falls on a plunger which 
transmits the shock to the lower end of the 
specimen, which is held vertically, so that it is 

ulled apart; in the shear test the screw lies 

orizontally, and the blow strikes the side of the 
nut of the screw. The 165 screws tested, of 2 in. 
diameter, were obtained in five materials : a com- 
mercial mild steel (a), 24 tons maximum stress per 
square inch, 40.5 per cent. extension on 2 in. ; 
three steels of Messrs. Armstrong, Whitworth, 
and Co. (b, c, d), of 29.5, 40, and 53 tons, and 39, 
28, and 19 per cent. extensions; an oil-hardened 
steel of a motor company (e), of 86 tons, and 12.5 per 
cent. extension. The screws were made from chasing 
tools obtained from Messrs. Armstrong, Whitworth, 
and Co. (British threads) and Messrs. Churchill and 
Co. (American threads). The results bring out the 
superiority of the British fine thread (I.). Taking the 
number of blows to break a (I.) specimen as 100, the 
others come out (arranged as above) in the order 
76, 83, 78 (a) material ; 100, 68, 67, 78 (b) material; 
100, 87, 55, 14 (c) material. As regards the («) 
material, these results agree well with the tensile 
tests of l-in. screws conducted by Mr. Matthews, 
100 (I.), 74 (II.), 70 (III.). The very hard (d) and 
(e) materials did not give concordant values. 

Testing High-Pressure Gauges.—Mr. Jakeman has 
constructed a simple dead-weight gauge for testing 
high-pressure gauges up to 400 lb. per square inch, 
The essential part of the device is a plunger, exactly 
yéo 8q. in. in area, which fits into a screw-block, 
and which carries above a massive cap ; the plunger 
is, in other words, a rod projecting from the cap. 
The block is screwed into a vertical tube fixed to 
the horizontal pipe, joined to a high-pressure pump. 
There are several of these tubes, and the gauge to 
be tested is also screwed to the pipe. Over the cap 
is then pushed a cylindrical sleeve, closed above to 
rest on the cap; the sleeve is provided below with 
a flange, on which weights (ring discs) are placed, 
until the weights balance the hydraulic pressure. 
The indications are accurate within 0.2 lb. per 
sq. in. The steam research is being continued by 
Mr. Jakeman and Mr. Bailey. 

Stream-Lines.—Mr. C. G. Eden conducted two 
demonstrations on stream-lines. In these water 
tlowed veryslowly—at a rate of 2 in. per second about 
—through a conduit 10 ft. long, 3 in. wide and deep. 
A little plate of brass, } in. square, was held in the 
water so as to face the current at an angle ranging 
from 20 deg. to 50 deg. The plate was painted on 
both sides with Chinese white or condensed milk, 
and the white particles came off in pulsating loops, 
reminding the observer of smoke-rings. The trough 
was illuminated from above. In the other demon- 
stration a horizontal jet of red ink was directed 
against the plate. The eddies furming at the back 
of the plate and the loops appeared green with 
light from above, and were very beautiful. 

Aeronautus (Dr. Stanton, Messrs. L. Bairstow, 
H. Booth, J. H. Hyde, F. H. Bramwell, D.Sc., 
W. E. G. Sillick, B. Melville-Jones, B.A.). Con- 
siderable progress has been made in the aero- 
nautical investigations referred to the Laboratory by 
the Advisory Committee ; most of the results remain 
confidential, however, until the presentation of the 
official report to Parliament. The Imperial College 
of Science and Technology, aided by the Women’s 
Aerial League, have founded three scholarships on 
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aeronautics. The holders of these, the last three of 
the gentlemen named above, are doing good service. 
Among the researches in progress are some on the 
lift and drift of models and the influence of the 
shape of the propeller, and of the blade thickness 
and diameter ratio on the efficiency of the propeller, 
both in air and water-channels. A rope-brake is 
being fitted to the whirling arm, which we described 
last year, and with the aid of a new motor a pro- 
peller-shaft speed of 4000 revolutions per minute 
is obtained. The stability of dirigibles, the 
influence of fins, the eddies in the tail region of 
dirigibles, are being studied, also with the aid of a 
circular water-tank which can be rotated. The 
horizontal and vertical components of the wind 
pressure have been measured on eleven models ; 
three Ratmanoff model propellers for the balloon 
factory have been completely tested on the whirling 
table. The motor-testing plant for the Alexander 
Motor Competitions has already been noticed in 
our columns ; this research is to be resumed. 

Air Swirl in the Neighbourhood of the Whirling 
Arm.—The air in the neighbourhood of the whirling 
arm is set in circular motion, and the velocity of 
this swirl was estimated, by means of a Pitot tube, 
at about 2 miles per hour. A more exact deter- 
mination was desirable, since 2 miles on an arm 
velocity of 35 miles per hour would affect the 
reliability of the velocity of the arm with regard 
to the air considerably. But this determination was 
not easy, because anemometers do not measure 
speeds of less than 1 mile per hour. A 6-in. Biram 
anemometer, lent by Messrs. Davis and Son, was 
calibrated by fixing it to the arm, which was moved 
slowly, at less than 4 miles; the air had to be 
neglected in this calibration. The anemometer was 
afterwards fixed to the floor at various levels, below 
and above the arm, and it appeared fairly reliable 
for speeds exceeding 1 mile per hour, though its 
position in the square room made some difference ; 
but it would sometimes stop in air currents of that 
velocity. The fina] swirl speed thus determined 
(for an arm velocity of 35 miles per hour) was 2.1 
miles per hour, and the speed proved proportional 
to the arm velocity. In check observations the 
anemometer was fixed to a pole and carried round 
the room in a direction opposite to the arm motion; 
the figures thus obtained agreed with those previ- 
ously found. The speed of the air current into 
which the propeller is entering—which is the 
essential feature of the experiments—would thus be 
somewhat smaller. 

A second method for determining the swirl was 
then tried. When a radial tube rotating about a 
point 0 has its outer end bent at right angles, so as 
to form a Pitot tube facing the direction of motion, 
and moves at velocity v, then the pressure at the 
centre 0 of the arm will be $ pv” less the centrifugal 
head (acting in the opposite direction), which is also 
4pv*. But the velocity relative to the air will be 
V, and the pressure at 0 will hence be $ p (V?—v’). 
If 0 be connected to a gauge, the swirl can be read 
off at this gauge. In the experiments the Pitot 
tube is inside a perforated Dines tube, and }-in. 
lead pipes lead, one from the Pitot tube to the 
mercury seal at the centre 0, and the other from 
the annular space also to the seal, from which 
other lead pipes are taken over to the observer’s 
table and gauge. The maximum swirl thus mea- 
sured was 1.6 miles per hour, instead of 2 miles by 
the other method. The smaller value was, how- 
ever, confirmed by further measurements of the 
swirl at various levels, and has therefore been 
accepted. 

Balloon Fabrics.—The testing of rubber, silk, 
&c., for balloons, has been continued in the way 
indicated last year, in an Avery fabric-testing 
machine loaded with shot. Specimens 6 in. long 
and 2 in. wide seem to be most suitable, smaller 
specimens giving higher values. As the variations 
in strength are generally gradual, it is advisable to 
cut specimens from different portions of the sample; 
individual values then may differ by 20 per cent., 
while the group means will agree within 2 or 3 per 
cent. In the bursting tests sleeves30in. long and5in. 
wide are closed by solid-flanged brass discs, and 
both the longitudinal tension and the internal 
pressure are recorded at the instant of bursting. 
The axial load is determined in the Avery machine. 
As regards the influence of small tears on the 
strength of the fabric, it is found that the stress at 
which a wounded specimen gives way depends on 
the size of the wound, but not on the size of the 
specimen, provided that the latter be greater than 
the “‘danger rectangle,” which is of the order of 


ten times the linear dimensions of the wound. 
Repeated tensile stress (loading) has no influence 
on the ultimate strength, provided the test take 
more than two minutes ; when the loading is rapid 
(fracture in ten seconds), the strength will be 16 per 
cent. higher than at slow loading, while repeated 
quick loading will reduce the strength by about the 
same amount ; these latter experiments were made 
with unproofed balloon silk. Other tests of balloon 
fabrics are conducted in other departments of the 
Laboratory. 

It is interesting to note that the Parsons steam- 
turbineof the engineeringdepartment is now worked 
at full power throughout the day, and remains in 
remarkably good condition after nine years’ service. 

Tank Department (Superintendent G. 8S. Baker, 
M. Inst. N.A., Messrs. G. H. Millar, B.A., and 
J. L. Kent).—As a report on the national experi- 
mental tank is to be —- by Mr. Baker to 
the spring meeting of the Institution of Naval 
Architects, and as we have described the tank and 
the interesting model-shaping machine, we will 
not enter into details on this occasion. The tank, 
550 ft. long, 30 ft. broad, 13 ft. deep, is provided 
with two ‘‘docks” at the north end. The surface 
of the water is 4} ft. above the surrounding ground, 
and 2? ft above the level of the gangways on both 
sides of the tank. The tank was filled with water 
to a final depth of 12} ft. on the days September 13 
to September 29, slowly, because the water supply 
was limited ; the water has not been renewed since. 
The 5000 tons of water caused the bottom of the 
basin to settle slightly, especially in the middle, and 
the walls to fall in, as if the walls had been moving 
inward about fulcrums lying in the lower lateral 
edges of the basin. It was thought that the walls 
would move inwards at first, and outwards again 
after the water had risen above the surrounding 
ground level, but the inward movement con- 
tinued. Both the vertical movement—an increase 
in the depth—and the horizontal movement—a 
reduction in the width of the basin—are, however, 
so small that it required very careful measurements 
to determine them. Both the movements amount to 
0.08 in. For the horizontal movement measure- 
ments were taken with the aid of boards at four 

ints, and with the aid of invar tape at two points. 
The boards had been seasoned to a damp atmosphere 
for a fortnight before the filling, “erm 4 
in the tank. 

The towing carriage was in movement last Friday. 
Power is supplied by a 52-kw. motor-generator, from 
Messrs. Dick, Kerr and Co., fed from a battery of 


ept sprayed 


consists of two bridges, joined by longitudinal 
platforms, all built in iron. The total weight is 
14} tons, half of which lies above the wheels. 
There are four motors on the carriage, one in each 
corner, and the motion is automatically retarded at 
the end of each run by a frictional brake on each 
wheel, which cuts off the driving current. The 
track rails resting on the walls are 32 ft. apart. The 
trolley line is along the east wall of the building. 
The maximum speed will be 17 miles per hour. 

A novelty, so far not mentioned in our columns, 
is the small tank by the side of the large one, for 
experiments in still water, when the model is towed 
by a wire weighted outside, or in flowing water, 
when the model is held fixed, fore and aft, at the 
end of adynamometer. This tank forms a conduit 
58 ft. long, 5 ft. wide, and 3.3 ft. deep, in the 
parallel portion, and is fitted with wells, 16 ft. deep, 
at both ends. The north well contains the rotary 
pump, which delivers 4500 cub. ft. per minute, 
equivalent to a water current of 2.57 knots in the 
tank. The water returns to the pump through an 
underground culvert. The weights mentioned are 
—" or raised for propelling or retarding the 
model. They descend into pits at the north end, and 
their pull is transmitted to the model by a fine 
wire. The speed of the model will, in the large 
tank, be recorded with the aid of a clock, marking 
half-seconds, and electromagnets whose circuits are 
closed by catches along the rails fixed 20 ft. apart ; 
in the small tank tuning-forks will be utilised for 
determining the speed. There are slots for dia- 
phragms in the walls of the small tank, to prevent 
eddy currents. Mr. Baker has found that an 
arrangement similar to that of the small tank was, 
in its main features, proposed by C. Gore one 
hundred years ago. 

The large models are made in lengths from 
14 ft. to 20 ft., and the paraffin-wax which is used 
contains a little bee’s-wax and also stearin. The 





addition of the latter lowers the melting-point 


55 cells, and actuating four motors. The carriage | bo 


from 128 deg. to 125.7 deg. Fahr. and makes the 
wax harder and whiter. The machine can turn out 


models 25 ft. in length. The general arrangements * 


of the tank, carriage, and model-machine, the com- 
position of the wax, the dimensions of the models, 
&c., differ somewhat from those with which the 
classical work of Froude has familiarised naval 
architects. The Froude dynamometer allows the 
model a certain amount of freedom in the fore and 
aft direction, balancing the pull against counter- 
weights and a spring. At Uebigau, on the Elbe, 
the models of the ‘‘ Kette” are towed in a fixed 
position (while rigidly attached to the carriage). 
Mr. Froude has modified this method at Haslar, 
and experiments are to be made in this direction 
at Teddington. The programme of work comprises 
the study of the suitable shape of cargo and pas- 
senger vessels, of the influence of the bow form on 
the diverging system of waves, and of the wake, and 
the repetition of Froude’s experiments on friction. 


(To be continued.) 








ADJUSTABLE TRUSSING-BELL FOR 
CASK-MAKING. 

On page 845 of our issue of June 26, 1908, we pub- 
lished a description of a patent trussing-bell for making 
casks, which was invented by the Associated Port- 
land Cement Manufacturers. Since that time, how- 
ever, the appliance has been much improved, and is 
now fitted with adjustable segments enabling it to 
deal with a large variation in the size of cement 
barrels, &c. ; allowing, for instance, of a variation of 
as much as 25 per cent. in the contents of an ordinary 
cement barrel. 

In the illustrations we now publish on page 377, 
Fig. 1 shows one of these bells with adjustable segments, 
by means of which the trussing-cone can be varied to 
suit various sizes of barrel within wide limits. The bell 
is adjusted for different sizes by merely raising or 
lowering the wedges A, which are placed round the 
inner circumference of the casing, and are clearly shown 
in Fig. 1, which is a view of the two halves of the bell 
opened out by turning on half of the pivot b. The 
wedges are actuated by the screws B, which move 
them up or down as uired, the wedges acting on 
suitably inclined pieces F on, and at the back of, the 
adjustable segments C. As will be seen from the illus- 
trations, each screw actuates two segments, there being 
eight segments in all round the circumference of the 
bell. The segments are drawn back when the bell 
has to be enlarged by means of springs, one of which 
is shown at G, Fig. 2. The screws B are turned 
simultaneously, and at the same speed, by means of the 
appliance shown in Fig. 3, which is placed on the top of 
the apparatus, the top of each screw engaging with a 
x spanner carried by the part Fig. 3. These spanners 
are fixed to tooth pinions which engage with a common 
spur-wheel, so that they move equally when the spur- 
wheel is turned. The arrangement will be understood 
from Fig. 3. One of the box spanners has on its spindle 
a hand-wheel, by means of which it may be turned. 
This action causes the spur-wheel to turn and so 
actuates the remaining three pinions and screws. 
Fig. 4 is a part section through the box spanner and 
the pinion with the hand-wheel shown attached. The 
electro-magnets that hold the hoops in place while the 
barrel is being trussed may be seen at F, Fig. 1, there 
being two to each segment. 

This bell can be applied either to machines with the 
magnetic system, for trussing direct into permanent 
hoops, or to ordinary machines in which thick tem- 
porary truss-hoops are employed. It can be used with 

reat advantage on all kinds of slack barrels and the 
fighter kinds of semi-tight casks. If desired, one head 
can be permanently fixed in its proper position in the 
cask during the operation of trussing. The improved 
appliance described is the invention of the Associated 
Portland Cement Manufacturers (1910), Limited, and 
is made by Messrs. A. Ransome and Co., Limited, 
Newark-on-Trent. 








Tuer National ExecrricAL MANUFACTURERS’ Asso- 
CIATION (INCORPORATED).—The sixth annual general meet- 
ing of the above Association was held at the building of 
the Institution of Electrical Engineers on February 28. 
The chairmam, after mentioning that the membership had 
practically doubled in the previous twelve months, went 
on to refer to the question of objectionable clauses in 
contracts, and sta that a standing committee of the 
Incorporated Municipal Electrical Association and the 
National Electrical Manufacturers’ Association was about 
to be formed, which, it was hoped, would be able to deal 
satisfactorily with the matter. He also mentioned the 
forthcoming electrical exhibition at Olympia, and stated 
that applications for space were coming in very satisfac- 
torily, the amount already allotted exceeding that at the 
previous Olympia Exhibition. A number of matters 
were afterwards discussed by the meeting, among others 
a@ pro ] that an assistant secretary should be appointed 
in order to deal with the growing work of the Association, 





The matter was finally left to the Council, 
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120-H.-P. WOLSELEY EIGHT-CYLINDER AEROPLANE MOTOR. 
CONSTRUCTED BY THE WOLSELEY TOOL AND MOTOR-CAR COMPANY, LIMITED, ADDERLEY PARK, BIRMINGHAM. 


(2/7S.A) 


At the Aero and Motor-Boat Exhibition, which opens 
to-day, the Wolseley Tool and Motor-Car Company, 
Limited, Adderley Park, Birmingham, are exhibiting, 
pee other things, two motors specially designed for 
aeroplanes or dirigible balloons. These we iNustrate 
on the present and opposite pages, where Fig. 1 shows 
a section of a 120-horse-power motor of this class. This 
motor is of the eight-cylinder V type, the cylinders 
being arranged in two groups of four, and set at 90 deg. 
Two opposing cylinders work on to each crank. The 
bore of the cylinders is 5 in. and the stroke 7 in. The 
cylinders are of the separate type, mounted on an 
Gasdiaiens crank-case. The cylinders are of high- 
carbon steel machined and ground, and the combustion- 
chambers, of close-grained cast iron, are screwed into 
the cylinder tops. The jackets are of spun aluminium, 
screwed and jointed to the combustion-heads, the 
bottom joint being made with dermatine rings. Both 
inlet and exhaust-valves are mechanically operated 
by a single cam and rocking lever, this lever being 
worked off the cam-shaft by a plunger and tappet-rod. 
The cam-shaft shown in the upper part of the casing in 
Fig. 1 is driven by steel , the whole being totally 
enclosed. The crank is of Vickers’ nickel-chrome 
steel, carried in three bearings. The connecting-rods 
are of similar material as the cranks, oil-hardened, the 
big ends being white-metalled. The pistons, of drawn 
steel, machined and ground, are provided with three 
rings, of which the top one is cast iron, and the others 
broad rings of phosphor-bronze. Of the latter, one is 
fitted immediately below the cast-iron ring, and the 
other below the gudgeon pin. 

The carburettor is of the float-feed and spray type, 
with annular float. It is fed under pressure by means 
of an air-pump. Auxiliary air for the carburettor is 
taken from the crank-chamber, The total weight of 





this engine complete, with dual magneto, water-pipes 
on engine, pumps, &c., but exclusive of fly-wheel and 
exhaust-pipes, is 580 lb. On a four-hours’ bench test 
this engine, running at 1150 revolutions per minute, 
develops 120 brake horse-power, with a maximum of 
140 for a short period. 

Tn Fig. 2 is given an end drawing of a 60-horse-power 
motor designed exclusively for aeroplane purposes. 
Generally aking, the design is similar to that 
of the 120-brake-horse-power type described above, 
except that the exhaust-valves are mechanically 
operated, while the inlet are spring-loaded suc- 
tion-valves. This engine also has eight cylinders. 
They are of 33-in. bore and 5}-in. stroke. e cylin- 
ders are built up in the same way as in the larger 
engine, and of similar materials, the jackets being of 
spun aluminium. The cam-shaft, cams, and gearing, 
as in the 120-horse-power engine, are totally enclosed. 
The carburettor is also of the same type as that of the 
larger engine. It is shown in Figs. 3, 4, and 5, from 
which the arrangement of float feed and spray will 
be clear. The auxiliary air-valve is fitted with a dash- 
pot. Ignition is on the Bosch dual system, com- 

rising high-tension magneto, and coil and accumulator 
or starting. Cooling circulation is maintained ¥ 
pump, oat Wadena forced to the bearings throug 
the crank-shaft by means of rotary pumps. This 
engine weighs 300 lb. Running at 1 revolutions 

r minute it develops continuously on a four-hours’ 
ab test 60 brake horse-power, and will give a 
maximum of 75 brake horse-power for a short time. 





Tue Conorete Institute. —The offices of the Concrete 
Institute will be removed from 8, Waterloo-place, S8.W., 
to Denison House, 296, Vauxhall Bridge-road, West- 
minster, S.W., on March 25. The next ordinary general 


CYLINDERS. 
5 In. 
7 In. 


Bore 
Stroke 


meeting of the Institute will be held at the new offices 
on Thursday, April 6, 1911, at 8 p.m., Sir Henry Tanner, 
I.S.0., F.R.1.B.A,, presiding, when Mr. C. Percy Taylor 
will read a paper entitled *‘The Reinforced-Concrete 
Pier at Swanscombe,” to be illustrated with lantern-slides. 


Tue InstiITUTION oF CiviL ENGINEERS: STUDENTS’ 
MErTINGS.—At the students’ meeting held at the Insti- 
tution on Friday, the 17th inst., at 8 p.m., Mr. Henry 
Woodall, M. Inst. C.E., in the chair, Mr. Alwyne Meade, 
Stud. Inst. C.E., read a paper entitled ‘‘ The Production 
of Water-Gas.” The paper describes the different plants 
commonly used for the manufacture of the gas, and com- 
pares the product with -gas and suction-gas in its use 
as an illuminant and a fuel. The discussion was opened 





by Mr. J. Russell, who was followed by Messrs. L. Y, 
| S$. A. Bevington, R. W. Brims, A. Eastmond, H. V. Hutt, 
|and A. R. Montagu. The chairman briefly addressed the 
| meeting on the general advantages and disadvantages of 
the use of water-gas, with especial reference to its value 
in English practice. 


Post-Orrice ExecrricaL ENornggrs.—At the sixth 
|ordinary general meeting of the Metropolitan Centre of 
the Institution of Post-Office Electrical Engineers, held 
at the Institution of Electrical Engineers on March 13, 
Mr. H. R. Rivers-Moore read a paper on ‘‘Small Prime 
| Movers.” Commencing with an outline of the differing 

rinciples of momentum and impulse working, Mr. Rivers- 
ieee proceeded to illustrate briefly their application in 
Then, confining himself to 
ines of the piston t he described the main 
ign and the methods of governing in small 

‘assing on to Sseeenel-cemmunten cagmnes, 
| the slow-speed and oil types were very fully de- 
| scribed, and A ag two-stroke and ~~ 17 
engines. A discussion followed, in which Messrs. E. W. 
| Rees, J. Coxon, and D. H. Kennedy took part, to which 
| Mr. Rivers-Moore replied. 


| the case of steam-turbi 


| pressure e 
eatures of 
steam-engines. 
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60-H.-P. EIGHT-CYLINDER AEROPLANE MOTOR. 
CONSTRUCTED BY THE WOLSELEY TOOL AND MOTOR-CAR COMPANY, BIRMINGHAM. 
(For Description, see opposite Page.) 
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and semi-finished steel. The inter-State commerce deci- 
NOTES FROM THE UNITED STATES. | sion has not had the anticipated effect. The unfilled 


PHILADELPHIA, March 15. | tonnage of the United States Steel Corporation is now 

Tue steel trade has taken a rebound which has | the largest since last August—namely, 3,400,537 tons. 
manifested itself in quite a rush of orders, some of | Pig-iron production, which fell to the rate of 19,700,000 
them calling for delivery as late as the third quarter tons last year, has recently recovered to an average 
of the year. The chief activity, of course, is in crude | production of 24,350,000 tons, while the highest point 











Corporation has 68 per cent. of its furnace capacity in 
blast, against 464 per cent. on January 1. These 
figures represent the condition in many lesser interests, 
and all are feeling the impetus of expansion. At 
the same time there is no general rush for material, 
crude or finished. The great buyers, from the rail- 
roads down, are purchasing more liberally, and will 
not anticipate their wants beyond prudent limits. 
Finished materials such as wire have been advanced 
1 dol. per ton, while bars and merchant steel stay at 
| the old level. There is more or less dissatisfaction 
| with the slow expansion, even in face of the marked 
improvement. A new Congress meets in a few days, 
| and it is the intention of the leaders to enter upon a 
revision of tariff duties, though their plans and 
purposes have not been announced. The Lower House 
is Democratic, while the Senate is barely Republican. 
This extra session was called to endorse reciprocity 
with Canada, which it will do, though a powerful and 
determined opposition is being fomen and organ- 
ised under the surface. No doubt a bitter fight will 
be made against reciprocity, but it is booked to win. 
Railroad returns show a continuance of average earn- 
ings. Speculative influences are quiet. Rothschilds 
and Morgan are having some trouble in Mexico, where 
there is always sufficient latent discontent to stir up 
revolutions to order. While Mexico is nominally a 
my * mag it is in point of fact a monarchy, with Diaz 
as king. It is the fact that outside countries have 
immense investments that makes the present situation 
intensely interesting. 











BROOKE’S MOTORS AT THE AERO AND 

MOTOR-BOAT EXHIBITION, OLYMPIA. 

At the Aero and Motor-Boat Exhibition, which 
opens at Olympia to-day, Messrs. J. W. Brooke and 
Co., Limited, Adrian Works, Lowestoft, are showing 
several motors, of which we give illustrations on 
384. Of these, Fig. 1 represents a 28-horse-power io. 
cylinder motor with c ude 4} in. in diameter and 
a 4}-in. stroke. At revolutions this motor develops 
about 34 horse-power. The cylinders are in pairs 
spaced some way apart, in order to allow for a large 
centre bearing for the crank. The valves are all 
interchangeable, and on one side of the cylinders. 
The carburettor is on the opposite side. Ignition is 
of the Bosch dual magneto type. The timing-wheels 
are enclosed, and run in oil. Forced lubrication is 

rovided to all the main bearings, the oil being drawn 
rom a sump under the crank-chamber and delivered 
through a strainer. The circulating pump in this and 
other Brooke’s engines is carried on an extension of 
the cam-shaft cover, and the fitting is self-centering 
if it should be necessary to take it down. 

In Fig. 2 a 4-horse-power pumping set is illustrated. 
This consists of a 4-horse-power petrol motor, with 
cylinders of 38-in. bore and 4}-in. stroke, developing 
4% horse-power, coupled direct to a ‘“ Tan-Gyro” 
pump on the same cast-iron base-plate. The pump 
has @ capacity of 310 gallons per minute against a 
total head of 20 ft., running at 900 revolutions per 
minute. The suction and delivery connections are 
5 in. in diameter. The water for cooling the engine is, 
in this set, arranged to draw from, and deliver to, 
the centrifugal pump iteelf. Fig. 3 shows a two- 
stroke motor of small power, designed to compete 
with a cheap American motor of this class. A simple 
motor of this class should undoubtedly prove suc- 
cessful, even if great fuel economy is not obtained ; for 
the ease with which it can be started, and the few 
parts to give trouble, render it very acceptable in 
many cases where the more complicated four-stroke 
type would not be adopted. float feed carbu- 
rettor, fitted with an automatic air-valve, is provided. 
No vaporiser is used, and the throttle-lever is the only 
control needed. A gun-metal pump of the plunger 
type, driven from a cast-iron eccentric on the crank- 
shaft, is provided for the circulation. The magneto is 
of the Bosch pattern, driven by phosphor-bronze and 
hardened-steel worm gears. For stopping the motor 
the magneto is fully retarded when a contact-pin 
comes against a spring and earths the magneto. 

The illustrationsy Figs. 4 and 5, show a 14-horse- 
power light-duty three-cylinder motor, of 3}-in. bore, 
which has developed, on a constant run, a horse-power 
of 29.1. This motor, when working at this output, is 
stated to develop very little vibration. The weight of 
the whole motor, with circulating pump, magneto, car- 
burettor, and fly-wheel, has been kept down to 220 lb. 
With this object the water-jackets have been made of 
copper-sheet, except just round the valves. The inlet- 
~aies are overhead, and are operated by light tappet- 
rods. The circulating pump is of the type already men- 
tioned in connection with the motor illustrated in Fig. 1. 





New German Bar-Iron Convention.—At the instance 
of the firm of Gebriider Stumm, the works concerned in 
the manufacture of bar-iron in the Saar, the Lorraine, 
and the Luxemburg district have formed an independent 





bar-iron convention, in lieu of the | convention 
within this branch, which has just eaiaguel. 


reached last year was 31,600,000 tons. The Steel - 
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‘*ATR RESISTANCE TO PLANE SURFACES.” 
To THE Eprror OF ENGINEERING. 

Sir,—In Enoineerine of March 10, under the above 
heading, Mr. A. W. Johns gives an interesting tabula- 
tion of experimental results relating to the force experi- 
enced by a plate of circular or rectangular form ex 
normally to a uniform wind of velocity V. If P, be the 
mean force per unit area (analogous to a pressure), P; is 
approximately as V2—say, 

P, = K V2. 

In a su uent discussion Mr. Johns appeals to the 
‘law of similitude,” which he regards as “Pp icable when 
V is proportional to the square root of the linear dimen- 
sion L. There seems to be some misconception here. 
As is well known from the work of W. Froude, the 
above law applies to the wave-making resistance of ships, 
but this is because such waves are propagated under the 
influence of gravity. In a question gravity 
does not enter; and, if we could put the compressibility 
and viscosity of air out of account, dynamical similarity 
would impose no restriction upon the velocity and 
linear dimensions. Complete geometrical similarity bein 
presupposed, K would be absolutely independent of bot 
these quantities, and would be simply proportional to 
the density of the fluid. 

It is probable that for velocities less than, say, one- 
quarter of that of sound the compressibility of air may be 

isregarded ; but it might be expected that viscosity would 
need to be considered. In that case dynamical similarity 
requires that the product L V remain constant—a different 
law altogether. p 

The question here raised is considered in the Report 
of the Advisory Committee for Aeronautics, 1909-10, 
page 33, but is not yet entirely cleared up. A further 
memorandum is now before the Committee. 

March 19. R. 





THE DIVERSION OF THE PERIYAR. 
To THE Eprvor OF ENGINEERING. 

Sir,—I am sure that all engineers who have any know- 
ledge of the matter will wish to associate themselves with 
you in your tribute to the memory of the able and ener- 
getic officer who carried the Periyar project to a suc- 
cessful conclusion—Colonel Pennycuick. Some of us, how- 
ever, will be unable to agree with your statement that 
nothing was seriously taken in hand till about 1882 or 
1883, because it does not recognise the value and import- 
ance of investigation work, and the first practical designs 
in such a work as this, and particularly in this case. 

The names of several engineers are closely associated with 
a large amount of difficult and very dangerous investigation 
work, and with the preparations of plans and estimates, 
of which Mr. A. T. me writes in his book **.. . 
the essential features of the scheme were retained . . .’ 
The substitution of a masonry dam for the earthen dam 
then proposed was, of course, an important modification ; 
but in so far as this was done on account of the difficulty 
and expense of controlling the river during construction, 
any criticism of the proposed earthen dam is subject to 
the consideration that, as stated in your obituary notice, 
‘*The foundations of the dam were carried away many 
times before the masonry was finally built to a level above 
the influence of floods.” 

In Mr. Mackenzie’s book, ‘‘ The History of the Periyar 
Project,” we read as follows :—‘* The idea of diverting the 
Periyar into Madura has existed for an unknown time, 
but merely as an idea. No inquiry was made into its 
practicability till 1808, when the late Sir James Colwell 
visited the neighbourhood. . . . The subject was mooted 
ina desultory manner from time to time, and in 1850 a small 
dam and channel were actually begun . . . Lut the work was 
stopped by fever among the coolies, and by the excessive 
wages demanded by them. . . . It was not till 1862 that 
the project was revived by Major Ryves, R.E., in a prac- 
tical form. This officer and Major Payne spent several 
seasons in local investigations, experiencing great difti- 
culty from the uninhabited and inhospitable nature of the 
country, the incessant rain, the absence of paths,. the 
dense jungle and elephant grass, the swarms of leeches, 
and also from the fever, which was eS during 
the dry months. In 1867 Major Ryves submitted de- 
tailed proposals, including an earthen dam, 162 ft. in 
height. An escape was to be made at 142 ft. above 
the river-bed, and the water was to be diverted into the 
valley of the Vaigai by a cutting through the watershed 
me having its sill 17 ft. below the escape crest and a 
maximum depth of cutting of about 52 ft.” 

Then follows a description of Major Ryves’ proposals 
for controlling the river during the construction of the 
dam, including the making of a rough stone dam with an 
opening of 45ft. in width, and four syphons 4 ft. in dia- 
meter, and the use of halved bamboos lashed together and 
weighted with stones, as a protective covering during 
floods. ‘‘The details of the scheme described.” writes 
Mackenzie, ‘‘ came in for consicerable criticism, although 
there was a general concensus of opinion as to its advisa- 
bility ; but it was re ised that the available informa- 
tion was as yet insufficient, and further investigations 
were committed to the charge of Lieutenant Pennycuick, 
R.E., and, after that officer's departure to England on 
medical certificate in 1870, to the late Mr. R. Smith. . . 
As the situation grew clearer it became evident that the 
expense would be much greater than had been imagined, 
and that it would be hazardous to attempt to control the 
river during construction in the manner proposed by 
Major Ryves. ough the essential features of his 
scheme were retained, numerous modifications were 
suggested.” 

So much for the work begun in 1862. Mr. Mackenzie 
then relates that in 1872 Mr. R. Smith submitted a 


scheme for an earthen dam 175 ft. high, to be made by 





the silting process, a tunnel 7000 ft. long, under the 
watershed, and some works of distribution. The execu- 
tion of these works was opposed by General Walker, 
R.E., then chief engineer, mainly because there was not 
sufficient experience of the silting process of dam build- 
ing, and the advisability of building a masonry dam was 
mooted, and a further report called for from Captain 
Pennycuick and Mr. Smith. We now come to 1882, 
when Major Pennycuick, relieved of other duty for the 
purpose, took up the matter and submitted, in the same 
year, a report and estimates, which were sanctioned, and, 
with subsequent modifications, carried out. 
The actual work was not begun till 1888, and the plans 
of 1882 were preceded by those of 1872, while it was ten 
ears before that when, as related by Colonel Pennycuick 
imself in his paper read before the Institution of Civil 
Engineers in 1897, ‘* the question was taken up in earnest 
by the late Major Ryves, R.E., who submitted the out- 
line of a scheme sufficiently promising to justify the 
Government of the day in ordering it to be worked out in 
detail.” 
Yours faithfully, 
March 21, 1911. REGINALD Ryves. 








DEPRECIATION OF BUILDINGS AND 
MACHINERY. 
To THE EpitToR OF ENGINEERING. 

Sir,—The writer of the letter ap ing on page 257 of 
your issue for February 24 is evidently under a serious mis- 
apprehension as to the object of making allowances for 
depreciation, when arriving at the sum which is to repre- 
sent the estimated net profits of a manufacturer over a 
given period. 

Mr. H. F. Donaldson, on page 231 of your issue for 
February 17, stated that his experience was that a sum 
equal to 10 per cent. of the present value of the machinery 
must be devoted each year to the purchase of new machi- 
nery, if it is intended to maintain the business in a 
satisfactory and stable condition. 

Mr. A. W. Price reads into this statement an intention 
to withdraw from the business each year a sum equal to 
10 per cent. of the current value of the machinery, and 
invest this elsewhere at 5 per cent. compound interest. 

In so doing I consider that Mr. Price makes two false 
——— first, the rate of interest he suggests is 
much higher than could be obtained from the investment 
of the money (in such securities as directors would be 
justified in purchasing for the purpose in view); and 
secondly, in assuming that money could be withdrawn 
from the business in this manner without reducing the 
capacity of the plant to maintain its turnover (in the face 
of changes of design and of increased demands on the 
part of customers for better and cheaper products). 

As the same idea of expecting some advantage from 
interest on the accumulating depreciation fund is favour- 
ably discussed in your editorial of May 3, 1907, page 586, 
vol. lxxxiii., I thought it worth while to write to express 
my opinion that in a properly-managed and progressive 
concern there can be no such accumulations worth men- 
tioning, because the money ought to be regularly spent in 
improvements. 

I remain, yours truly, 
DanikL ADAMSON. 

Hyde, Cheshire, March 17, 1911. 








Tue Nortu German Lioyp.—The revenue of this 
company last year was 1,907,530/., as compared with 
1,644, 966/. in 1909. After providing for working expenses, 
and writing down capital to the extent of 1,021,975/., the 
council of administration recommended a dividend at the 
rate of 3 per cent. per annum upon the company’s share 
capital of 6,250,000/., 10,9002. being carried to the reserves, 
and 15,000/. to the renewal fund. The company did not 
distribute any dividend for 1909. 


THe Raitway AccipEentT AT WAVERTREE JUNCTION. 
—The Board of Trade report on the railway accident 
which occurred at Wavertree Junction, near Edge Hill, 
on the London and North-Western Railway, on January 9, 
has just been issued. This report was drawn up by 
Lieut.-Colonel H. A. Yorke. The accident occurred to 
a passenger train travelling from Liverpool to Garston, 
which came into collision with a light engine standing on 
the same line opposite the signal-box. There are two 
fast and two slow, and five goods lines at this point, and 
the passenger train ran into a light engine which had 
been assisting a previous train and been detached 
therefrom. The accident was due to the signalman not 
putting his home signals at “Danger” before he gave 
* Train out of section” back, and accepted the second 
train, the points and signals both giving the second train 
the road for the platform where it was due to stop. The 
collision was thus due to the regulations for block work- 
ing not being adhered to. On this the inspector com- 
ments as follows:—‘‘The best way in which errors of 
this sort can be guarded against is by the introduction of 
the track circuit combined with automatic or semi-auto- 
matic signals. But to introduce this method of signalling 
upon English railways would involve the expenditure of a 
very large sum of money, and would take a considerable 
time to carry out. Supposing this were done, the natural 
result would be to cause a large decrease in the number 
of signalmen employed, and to lessen the responsibilities 
and status of those remaining. If everything were e 
‘fool-proof,’ men of skill and intelligence would no longer 
be ———— for manning our railways. Signalmen would 
be well advised to show, by loyal and intelligent adherence 
to the rules and regulations (each one of which is 
upon experience), that they can give as good results in 
the handling of traffic with safety as is claimed for 


automatic signalling.” 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market was flat, and about 5500 tons of 
Cleveland warrants were dealt in at 48s. 2d. and 48s. 14d. 
cash, 48s. 34d. seven and eight days, 48s. 5d. twenty-one 
days, and 48s. 104d. three months. At the close 
sellers quoted 48s. 2d. cash, 48s. 5d. one month, and 
48s. 1ld. three months. In the afternoon the market 
was dead idle, and sellers of Cleveland warrants 
were quoting 48s. 14d. cash. 48s. 44d. one month, and 
48s. 1ld. three months. On Friday morning Cleve- 
land warrants declined further, and 2500 tons changed 
hands at 48s. and 47s. 114d. cash, and at 48s. 3d., 
48s. 34d., and 483. 24d. one month. Closing sellers quoted 
47s. 114d. cash, 48s. 24d. one month, and 48s. 84d. three 
months. Buyers of hematite offered 64s. 74d. cash, and 
65s. 6d. three months, and sellers quoted 64s. 104d. cash, 
65s. 2d. one month, and 635s. 9d. three months. The 
afternoon session was quiet, and only 1500 tons of 
Cleveland warrants were done at 48s. 84d. three months, 
with sellers over at that figure, and at 47s. 114d. cash, 
and 48s, 24d. onemonth. On Monday morning the market 
was steady in tone, and Cleveland warrants, amounting 
to 4000 tons, were put through at 47s. 11d. cash, 
47s. 114d. four days, and 48s. 2d. one month. Closing 
sellers quoted 48s. cash, 48s. 3d. one month, and 48s. 9d. 
three months. In the afternoon there was very little 
doing, and only one Cleveland warrant changed hands at 
48s. 84d. three months, with sellers over at that figure, 
and at 48s. cash and 48s. 3d. one month. Hematite was 
quoted at 64s. 5d. cash buyers, and 65s. 14d. one month 
sellers. On Tuesday morning the market was steady, and 
a fair business was done in Cleveland warrants at 
78. 114d. and 48s. cash, 48s. 24d. one month, and 48s. 8d. 
three months. The turnover was 5500 tons, and sellers’ 
closing prices were 48s. cash, 48s. 3d. one month, 
and 48s. 8$d. three months. One lot of hematite was 
done at 64s. 6d. cash, with buyers over at 64s. 5d. The 
afternoon session was quiet, but Cleveland warrants were 
firmer. The dealings consisted of 3000 tons at 48s. 1d. 
cash and six days, 48s. 3d. one month, and 48s. 9d. three 
months, and closing sellers quoted 48s. 1d. cash, 48s. 4d. 
one month, and 48s. 10d. three months. When the 
market opened to-day (Wednesday) the tone was again 
firm, and 2000 tons of Cleveland warrants were dealt in 
at 48s. 1d. cash and 48s. 4d. one month, with buyers over, 
and sellers at 48s. 14d. cash, 48s. 44d. one month, 
and 48s. 104d. three months. One lot of. hema- 
tite was done at 64s. 10d. fifteen days. In the after- 
noon the market was quiet, and the dealings were 
limited to 1500 tons of Cleveland warrants at 48s. 1d. 
cash, 48s. 4d. and 48s. 34d. one month. At the close 
of the session the advance of the morning was lost, 
and sellers quoted 48s. 1d. cash, 483. 4d. one month, and 
48s. 10d. three months. The following are the market 
quotations for makers’ (No. 1) iron :—Clyde and Calder, 
61s. ; Gartsherrie, 61s. 6J.; Summerlee, 63s. 6d.; Langloan, 
64s.; and Coltness, 82s. (all shipped at Glasgow) ; Glen- 
garnock (at Ardrossan), 63s. 6d.; Shotts (at Leith), 62s.; 
and Carron (at Grangemouth), 69s. 


Sulphate of Ammonia. — The sulphate of ammonia 
market has been rather quieter during the past few days, 
and the price has e off from last week’s high level. 
The current quotation to-day is 14/. 7s. 6d. per ton for 
prompt delivery, Glasgow or Leith. The amount shipped 
from Leith Harbour last week was only 7 tons. 


Scotch Steel Trade.—Little change can yet be reported 
in the Scotch steel trade, and producers state that speci- 
fications from local shipbuilders are not over plentiful 
this week, although sufficient to keep the works mode- 
rately well employed. The general demand for plates is 
fair, but that for angles is poor. New business is scarce, 
and a goodly portion of what is coming into the market 
is being secured by merchants who are in a position to 
shade producers’ current official rates, and orders amount- 
ing to several thousand tons.of material for shipment to 
the Colonies have been booked this week by the former. 
The makers of light sheets and thin plates are well 
employed both on home and export account, while the 
demand for structural sections is on the increase. In the 
latter connection inquiries already received, coupled with 
reports to hand from Canada, all point to a large con- 
sumption in that Colony in the near future. 


Malleable-Iron l'rade.—The condition of affairs in the 
malleabie-iron trade of the West of Scotland has not im- 
—. and some makers say that they are actually worse 

uring the past week. Broken time is general owing to 
the scarcity of specifications. New home orders are 
almost unknown, but inquiries from Canada, for spring 
shipment, have lately raised makers’ hopes of an early 
improvement in that direction at least. 


Scotch Pig-Tron Trade.—Consumers of Scotch pig iron 
are still holding back, and consequently there is still some 
dullness in the trade. Deliveries against contracts are 
keeping up fairly well, and quite a lot of material is being 
ship) mer Hematite continues in quiet demand 
with prices unchanged. 

Shipbuilding,— An order for a steel screw passenger and 
cargo steamer, for service on the River Amazon, has just 
been secured by Messrs. Murdoch and Murray, Port 
Glasgow. 

Institution of 
—On Tuesda 


Engineers and Shipbuilders in Scotland. 
night the sixth general meeting of the 
Institution of Engineers and Shipbuilders in Scotland 


was held at the Institution head art, Elmbank- 
crescent, Gl w, when Mr. E. Hall-Brown, vice-presi- 
dent, occupied the chair. The office-bearers for sessions 
1911-14 were nominated as follows :—President, Mr. E. 
| Hall-Brown ; vice-presidents, Mr. R,. A. MacLaren, Mr. 
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J. Howden Hume, and Mr. Thomas Bell; members of 
Council, Mr. Henry A. Mavor, Mr. Leslie Denny, Mr. 
Henry Mechan, Mr. James Brown, Mr. P. N. Cunning- 
ham, and Mr. Lawrence MacBrayne. A _ paper on 
‘Means for Economising Fuel and Utilising Waste Heat 
in Malleable Iron and Steel Works” was afterwards read 
by Mr. Thomas B. Mackenzie. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Unsatisfactory accounts 
are given of the pig-iron trade. Business is practica!ly at 
a standstill, buyers and sellers alike holding off, and a 
general opinion prevails that the best step producers of 
Cleveland pig could take would be to reduce the output, 
for the excessive supply is the cause of the present low 
quotations. Makers, however, are not disposed to adopt 
this — S preferring to continue the excessive production, 
in the _ of improved early demand, to going to the 
expense of restricting the output. No.3 g.m.b. Cleveland 
pig is quoted 48s. 3d. f.o.b., at which figure both makers 
and merchants are prepared to sell, whilst No. 1, which 
continues scarce, is 51s. 94; No 4 foundry and No. 4 for 
each 47s. 6d. ; and mottled and white iron each 47s.—all for 
early delivery. Very few inquiries for East Coast hematite 
pig are reported, but deliveries on contracts made some 
little time ago are — good. Nos. 1, 2, and 3 are on sale 
at 64s. 6d. for early delivery, and that price is recognised 
as the general market quotation, though it is understood 
that purchases might be made from some second hands at 
64s. 3d. Foreign ore is still idle. There have been few 
transactions for some time past. ers here declare 
that the mine-owners abroad take as firm a stand as ever, 
and consumers report that they have heavy stocks, and 
are not likely to buy for some time tocome. Under these 
circumstances quotations are quite nominal, and they 
remain on the basis of 22s. 6d. ex-ship Tees for Rubio of 
50 per cent. quality. Coke is plentiful, and average blast- 
furnace kinds are offered freely at 15s. 6d., delivered at 
Tees-side works. 


Stocks and Shipments of Pig Iron.—Stocks of pig iron 
are still steadily accumulating. In addition to the iron 
stocked in makers’ yards, Messrs. Connal and Co., the 
warrant storekeepers, now hold over 580,000 tons of Cleve- 
land pig iron, the additions to the stock there this month 
being at the rate of over 700 tons per working day. Ship- 
ments of pig iron are on a pret north scale, Yo date, 
this month, they average 3407 tons per working day, as 
compared with a daily average of 3083 tons to the same 
date last month, and an average of 3411 tons per working 
day for the corresponding part of March last year. 


Manufactured Iron and Steel.—There is very little new 
to report concerning the finished iron and steel industries. 
In many branches a lot of work is being turned out, and 
some departments promise to be kept very busily em- 

loyed for some months to come. Specifications for ship- 

uilding material are being given out rather more freely. 
Principal market quotations stand :—Common iron bars, 
7l.; best bars, 7/. 7s. 6d.; best best bars, 7/. 15s.; packing 
iron, 5/. 15s.; iron ship-plates, 6/. 12s. 6d.; iron ship- 
angles, 7/.; iron ship-rivets, 7/. 5s. to 7/. 7s. 6d.; iron 
boiler-plates, 7/. 7s. 6d.; steel bars, 6/. 5s,; steel ship- 
plates, 67. 15s.; steel ship-angles, 6/. 7s. 6d.; steel boiler- 
plates, 7/7. 10s.; steel strip, 6/. 16s.; steel hoops, 67. 12s. 6d.; 
steel joists, 6/. 7s. 6d.; cast-iron railway chairs, 3/. 10s. ; 
light iron rails, 62. 10s.; heavy steel rails, 5/. 15s.; steel 
railway sleepers, 6. 12s. 6d.; and iron and steel galvanised 
corrugated sheets, 24-gauge, in bundles, 107. 15s.—sheets 
less 4 per cent. f.0.b.; railway material, net ; and all other 
descriptions less 24 per cent. discount. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Big Profits. —Shareholders in two of the largest firms in 
Shettield have every reason to be satisfied with the results 
of the past year’s working. As far as Messrs. Cammell 
Laird and Co. are concerned, their recovery after a long 
gent of depression is nothing less than remarkable. 

he big profit earned shows the resources and the vitality 
of the company, and with good trade prospects for this 
a the outlook for the shareholders is a very much 
brighter one. It must be remembered, too, that these 
results have been obtained although conditions have not 
been universally favourable, for a serious handicap was 
aa upon work in the shipyards by the boilermakers’ 
ock-out, lasting from September to mber last. As 
regards Messrs. Vickers Sons and Maxim, the statements 
made at the last annual meeting were sufficient to indi- 
cate that the year would be one of prosperity. So events 
have proved, and the firm’s a give another 
illustration of a business capable of very great expansion. 
The big orders announced a year ago have not all come 
into the profits, and there is a great quantity of work 
stillon hand. This promises an even greater develop- 
ment within the current twelve months. An interesting 
proposal is made by the directors to change the name of 
the company to Vickers Limited. It has recently been 
Stated that Sir Hiram Maxim resigned his post as a 
special director a little time ago, the resignation to take 
effect on his 71st birthday. 


P American Ci ae ——— ts are made ~—- 
ime to time, in to American competition in tools, 
that the English makers are Taeutngeeing in meeting 
the requirements of various markets. The reflection is 
intended to act with ial force upon Sheffield. In the 
city’s interests it suey to pointed out that the majority of 
tool-makers have for years made a careful study of the 
requirements of their different customers, and usually 





make and stock a large variety of patterns. If, however, 
the consumers choose to buy the undercut American 
article, and reject the superior, better-made Sheffield tool, 
it is ultimately their own loss. Of course, in the meantime, 
it means less trade for the English maker; but there are 
now signs that consumers all over the world are coming 
round again to their preference for the best article. It is 
true the tendency is to expect the tools somewhat cheaper, 
but the larger number required gives the manufacturer 
the opportunity to secure a paying profit. 


South Yorkshire Coal Trade.—The position of affairs in 
the steam-coal market has not changed much on the week. 
Industrial inquiries are the most satisfactory feature, and 
the supplies going to manufacturers remain of large 
quantities. Shipments are weaker, but this condition 
cannot last long now. Owners are waiting for the opening 
of the Baltic ports for a revival in this branch of trade. 
Except for inferior qualities, prices on the whole are 
steadier. Of lower-grade there are considerable 
stocks at some of the collieries. Steam-nuts and best 
slacks are selling well at good prices. Here also, however, 
cheaper qualities are in a weaker position. There are 
plenty of coking smalls on the market. In house-coal a 
cold week has had the effect of increasing business at 
local dépots. Collieries are, most of them, working better 
time, and larger ordering has had the effect of making 
some reduction in stocks. London inquiries have been 
more satisfactory. Prices generally are steady, but cheap 
coal has not been going away at all well, and lower 

uotations have been accepted. Prices on the Sheffield 

xchange at the week-end were:—Best branch hand- 
picked, 14s.; Barnsley best silkstone, 12s. to 13s.; silk- 
stone, 10s. to 11s.; Derbyshire brights, lls. to 12s.; 
Yorkshire hards, 9s. to 10s. 6d.; Derbyshire hards, 8s. to 
9s.; washed nuts, 8s. to 9s.; rough slacks, 5s, 3d. to 7s.; 
seconds, 3s. 6d. to 4s. 9d.; smalls, 1s. to 2s. 3d. 


Tron and Steel.—So far as new contracts are concerned, 
the iron market during the week has been exceedingly 
quiet. Among consumers of both hematites and common 
irons there appears to be an intention to wait for definite 
price reductions. Selling prices have mn weaker for 
two or three weeks, but official quotations have not 
undergone much change. Most of the steelmakers are 
fully covered under contract up to the middle of the 
year, and can afford to hold back forward orders. There 
is only a small inquiry for the Lincolnshire and Derby- 
shire irons. Some improvement in finished iron is 
largely accounted for by work on material for railway 
wagons. The general aspect of the steel trades is a 
matter for congratulation. Railway - steel manufac- 


turers in the locality are in the full enjoyment of the] p,. 


improved conditions for which they have waited so 
long. Now that several English companies have entered 
the market, and there are orders from abroad, notably 
South America and India, the aspect of this branch of 
trade is quite changed. Some of the rail-makers are 
working overtime, and in the tyre, axle, and spring de- 
partments there is a ag emg improvement. In 
the heavy trades generally there is plenty of activity. 
Most of the large firms are well occupied, and the rolling- 
mills are exceptionally busy. A lot of work is being done 
in malleable castings. The inquiry for crucible steel for 
home consumption is stated to be unsatisfactory. File- 
makers are very well employed, but are by no means full 
up with orders. Work is plentiful in the majority of 
the lighter trades, especially in agricultural implements 
and parts. 





THE MercanTILE YEAR-Boox.—The full title of this 
useful publication is ‘‘The Mercantile Year-Book and 
Directory of Exporters, 1911.” It is edited by Mr. Walter 
Lindley Jones, F.R.G.S., editor of The Mercantile Guar- 
dian, and is published at he paiee of 10s., | Mr. Lindley 
Jones and Brother, 16, St. Helen’s-place, E.C. It gives 
the names and addresses of London firms, the classes of 
me they deal with, and the ports to which they ship. 

imilar data are given for colonial and foreign firms. The 
book covers over 600 pages. 





Sun-Prints.— Many users of papers for ‘‘ blue-printing” 
have experienced the difficulty of keeping the sensitive 
sutesal to good condition for any long period of time, 
and to overcome this drawback in the process the Tech- 
nical Paper Company, of 26, Red Lion-square, W.C., are 
now bringing out a series ef ferro-prussiate, ferro gallic, 
and ‘‘aquatone” papers for making blue and brown 
prints. e have seen some prints made on paper nine 
months after coating, which were undistinguishable from 
those made on the most recently sensitised papers. Five 
different thicknesses of paper are coated for each process, 
all being of British make (an unusual feature in this class 
of material), and all withstand the roughest handling in 
the washing and in the workshop afterwards. 





A 2000-Horsk-Powrer HorizontaL Digset Encing.— 
A 2000-horse-power Diesel engine, the largest of its type, 
has been installed in the municipal electricity works of 
Halle-on-the-Saale, in Prussia. These works possess 
already five steam-engines, each of 1500 horse-power. 
The addition of a Diesel engine was decided upon by the 
manager of the electricity works, Mr. Jung, because a 
Diesel engine can be quickly started, and will be useful 
as a reserve and in emergencies, such as a coal famine pro- 
duced by a strike. The engine was built by the Machinen- 
fabrik Augsburg-Niirnburg A.G., at Augs , and is the 
1700th Diesel engine installed by this firm. e exhaust 
from the Diesel engine is to be utilised for the boilers. It 
is a four-cycle, double-acting, two-cylinder tandem engine, 
which, running at 150 revolutions per minute, develops 
from 1600 to 2500 horse-power. The ine drives a con- 








tinuous-current generator of the Allgemeine Elektricitits- 
Gesellschaft ; the fuel is ooal-tar oil. 


NOTES FROM THE SOUTH-WEST. 


Cardif.—There has been no improvement in the 
demand for large descriptions of steam coal for early 
loading, and purchasers have been enabled in some cases 
to obtain a discount from the quoted figures. The best 
large steam coal has made 17s. 3d. to 17s. 9d. per ton, 
while secondary qualities have ranged between 15s. 9d. 
and 17s. per ton; best bunker smalls have brought 
9s. 9d. to 10s.; and cargo smalls, 8s. 6d. to 9s. per ton. 
The house-coal trade has presented no new feature; the 
best ordinary household qualities have made 14s. 6d. to 
16s. 6d.; No. 3 Rhondda large, 17s. to 17s. 6d., and smalls, 
10s. to 10s. 6d. per ton. No. 2 Rhondda large has been 
quoted at 12s. to 13s., and smalls at 7s. 9d. to 8s. per 
ton. Foundry coke has realised 19s. to 22s., and furnace 
ditto, 16s. 6d. to 17s. 6d. per ton. As regards iron cre, 
Rubio has brought 21s. 6d. to 22s. per ton, upon a basis of 
50 per cent. of iron, and charges, including freight, insur- 
ance, &c., to Cardiff or Newport. 


Great Western Ratlway.—The Great Western Railway 
Company contemplates the erection of additional engine- 
sheds at Westbury (Wiltshire). Accommodation for 
eighteen to twenty “—— is required to relieve the 
sheds at Trowbridge, which will be principally used for 
passenger locomotives, while goods engines will be dealt 
with at Westbury. A good supply of water has heen 
— and a pumping-station and reservoir have been 
erected. 


Portsmouth.—No important new work is to be commenced 
at Portsmouth Casing TOGh-28, but works already in hand 
or projected are to ushed forward. Upon the new 
lock and dock an expenditure of 268,500/. is to be made ; 
the total cost of the works contemplated will be 1,300,000/. 
An expenditure of 70,000/. is proposed for providing 
accommodation for the floating dock. 


Water Supply of Bristol.—The Royal Sanitary Institute 
held a a A at Bristol on Friday, Colonel Nolter in the 
chair. Mr. J. A. MacPherson, chief engineer of the 
Bristol Water-Works Company, read a paper on modern 
methods of purification. Mr. MacPherson said it had 

n demonstrated that water underwent great improve- 
ment by being impounded in storage reservoirs before 
filtration. The best authorities asserted that if the 
storage was of sufficient duration it destroyed the microbes 
of water-borne disease. In this matter the Bristol Water- 
Works Company was speciaily well provided, having 
double storage for a large portion of its water. That 
from the Yeo Valley was stored in the Blagdon reservoir 
first, and then pumped to impounding reservoirs at 
row, where it was again stored, together with the 
other waters there impounded. All river waters, and 
that from many gathering-grounds, should, even after the 
beneficial effects of storage, be filtered before deliver 
for supply. The filters were ten in number, and extend 
over 78 acres. The company had made many experiments 
with regard to sand, and the bulk of that which it now 
used was obtained from pits in the lower green sand at 
Leighton Buzzard. 


Dowlais.—The Bessemer, the Goat Mill, and the Big 
Mill have not been running full time ; the Goat Mill has 
been engaged upon tin bar, heavy section steel rails and 
billets, while the Big Mill has turned out light section 
rails, angles, curves, &c. The collieries have been well 
employed, and there has been a large output. 








Pic 1n GermMaNny.—The production of pig in Germany 
and the Luxembourg in February was 1,179,109 tons, x 
ee with 1,091,351 tons in February, 1910. The 
total of 1,179,109 tons, representing the output for Feb- 
ruary, this year, was made up as follows:—Casting pig, 
235,774 tons; Bessemer pig, 28,570 tons; Thomas pig, 
739,201 tons; spiegel and steel pig, 133,860 tons; and 
puddling pig, 41,704 tons. 





BRITISH AND CONTINENTAL O1L-ENGINE Practice.— 
In the course of a paper entitled ‘‘ Modern Developments 
in British and Continental Oil-Engine Practice,” read 
before the Institute of Marine Engineers on the 20th 
inst., the author, Mr. E. Shackleton (Associate Member), 
called attention to various makes of engines, using crude 
residuum or intermediate oils, and stated that the prin- 
cipal advantages of the oil-engine over the steam-engine 
for marine work were the reduction in the space occupied, 
elimination of stand-by losses, 50 per cent. reduction in 
the amount of cooling water required, minimum of time 
and labour in replenishing fuel, the practical elimination 
of firemen and trimmers, and less weight of machinery. 
There were, on the other hand, the disadvantages that the 
engines were dependent on compressed air to effect re- 
versing (except in the case of Holinder’s motors) and 
starting; they required extra good bed-plates or sole- 
plates on shipboard, they were fairly high-revolution en- 
gines, and the failure of the compressed-air supply would 
entail inability to start or reverse. There was the disadvan- 
tage of a clutch in the engines directly reversible, and the 
engines generally were not so easy to handle at low to 
as steam-engines. He thought, however, that these objec- 
tions were now in a fair way of being overcome. If 
anthracite coal or coke were available in all parts of the 
world at reasonable prices, the rivalry offered by the gas- 
engine to steam would be greater than it is; but the author 
thought that it was surprising that the builders of large 
ines in this country not made any definite 
attempt to offer marine engines, either for oil or gas, of 
such powers as were nae for an ordinary tram 
vessel. Various makes of engines were then described, 


their advantages and disadvantages being alluded to. 
The discussion of the paper was adjourned until the 





autumn session. 
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BROOKES MOTORS AT THE AERO AND MOTOR-BOAT EXHIBITION, OLYMPIA. 
CONSTRUCTED BY MESSRS. J. W. BROOKE AND CO., LIMITED, ENGINEERS, LOWESTOFT. 
(For Description, see Page 381 ) 
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THE WILLESDEN RAILWAY 
ACCIDENT. 

Tue Board of Trade report has been issued 
during the week on the fatal accident which 
occurred at Willesden Station, on the London and 
North-Western Railway, on December 5 of last 
year. This report has been drawn up by Colonel 
H. A. Yorke, who conducted the inquiry. It 
is not altogether conclusive in its findings, but 
raises several rather interesting questions. The 
accident was apparently wholly due to the mistake 
of a signalman, but as to the exact nature of 
the error committed by him there is a conflict of 
evidence. The effect of this mistake, however, 
was clear enough, for it resulted in a train from 
Watford receiving a clear home signal at Willesden, 
allowing it to run into the station while another 
train was still at the platform for the same line. 
On the signalman’s own admission, the mistake was 
his, but his explanation of what occurred does not 
tally with the evidence of other witnesses. The 
Inspector is undecided between two conclusions, 
remarking of the signalman that ‘‘if he mistook 
one lever for the other, as he says, it shows that he 
was paying scant attention to his duties. . . . If, 
on the other hand, he lowered the home signal 
for the 8.30 train—i.e., the second train—inten- 
tionally, he violated the regulations for block 
working.” Although the exact cause is indeter- 
minate, Colonel Yorke draws several morals from 
this regrettable accident. The first has reference 
to the oft-repeated assertion that there should 
be two men in important signal-boxes as checks 
one upon the other. At the time of this accident 
there were two men on duty in this box, both fully- 
qualified signalmen, one with ten years’ experi- 


383 | ence in that very box, while the other had n 


a relief signalman for the last five years. The 
second man was, itis true, only learning the work at 


386 | the box in question, but, being an experienced man, 


he would, of course, fully appreciate the responsi- 


= bility of the work and understand the routine. He 
388 


was, in fact, managing the instruments in the box 
at the time. It is pointed out that in the presence 
of two men of experience the accident was not 
avoided, and that ‘‘it is by no means improbable 
that the division of responsibility between the two 
men was in some way or other the cause of the 
accident.” 

It will be known to all who read of the accident 
that the piers of an overbridge at the west end of 
Willesden Station interfere with the view from the 


399 | box of the platform at which the accident happened, 
400 | While, on account of the curvature of the line, the 


bridge also obscured the view of the driver of the 
second train as he ran into the station. In order 
to remedy the defective view from the box, Colonel 








Yorke recommends the rebuilding of the bridge, 
or the removal of the box to some new position. 
He points out, however, that an effective track 
circuit could be arranged in conjunction with the 
next box, so that with a train anywhere between 
the two the home signal admitting to the platform 
could not be lowered. The use, however, of 
Mansell wheels for passenger stock is something of 
a disadvantage in track circuiting, and it is found 
necessary to bond the tyre and centre in order 
to get a good circuit. Until this bor “ing is com- 
pleted track-circuiting could not Le considered 
reliable, for although when coming to a stand with 
the brakes hard on, the current passing might be 
strong enough to serve, on the release of the blocks, 
unless the engine was in the section, the current 
would probably become so weak as to be useless. 
This bonding is being carried out on the London 
and North-Western Railway, as the stock can be 
dealt with. For the present the company has titted 
an electric lock on the home si admitting to 
the platform controlled from the box ahead. is, 
Colonel Yorke points out, is effective so long as 
the home signal is returned to ‘‘ Danger’”’ behind 
a train. If it is kept off, the lock, of course, is 
ineffective. 

When discussing the sometimes doubtful value 
of the records kept by train-booking boys in 
signal-boxes, the Board of Trade Inspector draws 
attention to the fact that such boys frequently do 
not appreciate the reasons for these duties, with the 
result that the entries are carelessly made, and, 
when wanted, the records cannot be relied upon. 
It should be a comparatively easy matter, as 
Colonel Yorke suggests, to abolish—-in the interests 
of accuracy—this work by booking-boys altogether. 
An automatic recording instrument could very 
well be arranged in connection with the block 
instruments, so that all signals given and received 
would be recorded on a tape. Time could be 
marked on such a record much more accuratel 
than is usually done in any train-book, and a well- 
designed recorder would be more serviceable than 
some of the complicated books, The suggestion is 
worthy of attention, and the evolution of a work- 
able arrangement should not be impracticable. 

So much for the prevention of similar accidents. 
With regard to the mitigation of the serious results 
should some failure still occur, Colonel Yorke has 
some remarks to make on the subject of the tele- 
scoping of coaches. Telescoping is due, as is well 
known, to the frame of one vehicle mounting over 
that of the next, and this, with the usual side- 
buffer system, is difficult to prevent. It should 
not be so difficult in the case of close-coupled 
vehicles, while something might also, pone be 
done with the ordinary stock, where the distance 
from body to body is about 4 ft. In American 

ractice special types of collision platforms have 
Chem introduced with the express object of pre- 
venting the destruction of the end of the car- 
body. One such device, the Hedley platform buffer, 
used here, we understand, on the Metropolitan Dis- 
trict Railway, consists of the provision of a strong 
buffer-casting on the end of the car-platforms, with 
deep horizontal corrugations, so that the car-plat- 
forms interlock, and cannot rise one above the other. 
In a collision on the Interborough Rapid Transit 
Company’s line, in New York City, a practical 
demonstration of the value of this device was given 
in 1908, two cars so fitted remaining undamaged, 
while cars with the common platform telescoped. 

Although this is a simpler matter to arrange in the 
case of close-coupled central-buffered stock, some- 
thing of the kind might be done with the ordinary 
European stock. When the side buffers are fully 
compressed, as they probably have to be before 
one coach can mount over the buffers of another, 
they are forced in until the back of the head is hard 
up against the buffer-casing. If something in the 
way of interlocking castings could be arranged to 
engage just before the buffers are pushed hard 
home, the range of the buffing would, under ordi- 
nary conditions, be very little reduced, while the 
arrangement might prove nearly as effective as the 
device now used on the central - buffered stock. 
Whether any device would be really effective 
in a serious collision is another matter. Probably 
the springing of the vehicles is indirectly re- 
sponsible for a good deal, the springs giving on 
severe impact, with the result that the blow is not 
transmitted in a straight line through all the gear 
of the train. The directions of the forces not being 
then in line, if the cars did not telescope, their ends 








would rise, making an inverted Y with the ground, 
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when the final damage might be even more serious 
than in the case of telescoping. Colonel Yorke 
suggests that increasing the depth of the head- 
stock from 9 in. to 18 in. might an advantage. 
Although this might improve matters to some extent 
with close-coupled stock, it is, we think, question- 
able whether it would be of much value in the ordi- 
nary case. Though we have no actual facts to go upon, 
it appears probable that with a shock sufficient to 
make one set of buffers climb over the other, the 
buffer faces would be so damaged, or the shanks so 
twisted, that the face would meet the headstock at 
an angle. If the buffers actually had climbed, the 
face would probably make an angle with the vertical 
such that it would tend to glance upwards on 
striking the headstock. Evidently a headstock 
would have to be made much deeper than 18 in. to 
prevent it being overidden in such a case, and if 
made very deep, it is questionable whether it could 
be made to stand in a collision which had already 
done serious damage to the buffing gear. 





HIGH VACUA IN MARINE ENGINE 
PRACTICE. 

THE questions raised in Mr. D. B. Morison’s 
paper, * read on November 25 last before the North- 
East Coast Institution of Engineers and woe 
builders, are so important that there is ample 
justification in recurring to the subject, in the light 
of the various criticisms made during the discussion, 
which was continued on the evenings of December 
16 and January 27 last. In the course of this 
discussion, objection was taken in more than one 
quarter to the author’s contention that a recipro- 
cating engine could utilise economically a vacuum of 
as much as 28 in., and it was shown that in the 
experiments by Messrs. Belliss and Morcom, and by 
Mr. Mellanby, quoted in the paper, that the gain 
appeared to be a continuously diminishing one, as 
the vacuum was increased from 24 in. or 25 in. up 
to 28 in. This, in Mr. Morison’s view, merely indi- 
cates that the ports and passages of the engines in 
question were unsuited to the greater volume 
of steam which corresponds to the higher vacua. 
The question still remains, however, whether it is 
practicable commercially to build engines which 
shall not exhibit the characteristic in question. 

Some experiments on a Browett-Lindley engine, 
of which the results were contributed to the dis- 
cussion by Mr. F. ©. Gibbons, are from this stand- 
point of great interest. In this case it was 
found that increasing the vacuum from 24 in. to 
27 in. reduced the steam consumption from 12.6 Ib. 
per brake yokg ste per hour to 11.95 lb., and 
the run of the figures indicated that the rate of 
saving would apparently be fully maintained for 
an increase of yet another inch in the vacuum. 
Contirmatory evidence of this was supplied by Dr. 
Weighton in his experiments on the quadruple- 
expansion engine at the Armstrong College. This 
has been provided with a new low-pressure cylinder 
having ports and passages intended to fit the 
engine for working with high vacua. The trials 
showed that if the steam consumptions per horse- 
power were plotted against the vacuum in the con- 
denser, the curve obtained on increasing the vacuum 
from 25 in. to 28} in. was practically a straight line, 
and that at the higher vacuum the consumption 
was 5.1 per cent. less than at the lower. On the 
other hand, as Professor Weighton pointed out, for 
the same effective pressure, in the high-pressure 
cylinder, the total power was increased for the 
same increase in vacuum by 5.9 per cent. The 
increase of power is thus relatively greater than 
the saving in steam, a result which may possibly be 
in part due to greater valve leakage with the lower 
vacuum, 

Nevertheless, it appears probable that only a 
fraction of existing marine engines would be capable 
of responding as they should t» any notable in- 
crease in the vacuum beyond the usual working 
standard of 25 in. With them, as with the engine 
tested by Mr. Mellanby, the curve connecting steam 
consumption and degree of vacuum will bend over 
and become nearly horizontal long before the 
vacuum in the condenser reaches 28in. It should, 
however, be noted that a somewhat similar charac- 
teristic is observed even with steam-turbines, 
although at the worst these are capable of making 
far more effective use of an increase of vacuum than 
can the best possible reciprocating engine. A 


comparison between the exhaust branch of, say, 





* See ENGINEERING, vol. xc., pages 779 and 809. 


a 1500-kilowatt turbine and a 2000-horse-power 
engine is in this connection very instructive, and, 
apart from the impracticability of carrying the ex- 
pansion during the working stroke of a reciprocating 
engine much below 8 lb. or 10 lb. absolute, it would 
be quite impossible to give the exhaust as easy 
a path to the condenser as it gets in the case of 
a turbine. An exhaust-valve opens necessarily 
gradually, so that the net area available for 
flow is not measured by that of the port into the 
cylinder. Animprovement in this respect can be 
effected by the use of double-ported valves, as was 
suggested by Mr. James Andrews in his contribu- 
tion to the discussion on Mr. Morison’s paper. At 
the best, however, the fact that the ‘‘toe of the 
diagram ” is always missing in the case of a recipro- 
cating engine will always make it impossible for the 
reciprocating engine to rival the steam-turbine in 
its utilisation of high vacua, however ample and 
easy the ports and passages from the low-pressure 
cylinder to the condenser. 

As we have said, it is probably only a fraction 
of existing marine engines which can be run with 
advantage at high vacua, so that, on the whole, Mr. 
Morison’s suggestions would seem to have their 
bearing mainly on the design of new engines 
rather than in the improvement of the working 
efficiency of those already built. That being so, 
it appears likely that the proposed new type of 
low-pressure cylinder, or, indeed, the whole engine, 
will find a serious rival in the geared turbine, with 
which such noteworthy results have been obtained 
on the Vespasian. ith turbines, even the most 
strenuous supporters of the existing system of 
operating marine engines at low vacua will admit 
the advantage of a departure from current con- 
denser practice. Here, again, however, the turbine 
should “ designed for the vacuum at which it is 
intended to be used. Cases are known in whieh 
builders have constructed turbines with very costly 
low-pressure ends, enabling exceedingly high vacua 
to be used with good economy. Such turbines are 
for the present, however, not commercial articles ; 
and consequently, though a turbine designed for a 
28-in. vacuum will, it is true, show a considerable 
improvement in its steam consumption if the vacuum 
is raised to 29 in., its ‘‘efticiency ratio” will be 
lowered. Some instructive data in this connection 
were contributed to the discussion on Mr. Morison’s 
paper by Mr. G. S. Swallow, who gave the following 
figures showing the difference between the actual 
and theoretical economy of steam consequent on 
raising the vacuum step by step from 27 in. to 
293 in., the turbine being designed for a 28} in. 
vacuum :— 


Increase of Theoretical Saving Actual Saving in 
Vacuum. in Steam. Steam. 
in. in. Per Cent. Per Cent. 
27 to 28 6.8 5 
2 ,, 2 11.4 6 
29 |; 295 16.0 6.6 


It will be seen that for the increase from 27 in. 
to 28 in. the economy effected is quite a reasonable 
fraction of the amount theoretically due. For the 
increase from 28 in. to 29 in., however, the saving 
is little over one-half of the theoretical, whilst on a 
further increase of 4 in. the reduction in steam con- 
sumption falls to but two-fifths of what it theoreti- 
cally should amount to. No doubt, if customers 
are prepared to pay the piper, turbine-builders will 
be able to supply turbines yielding a good fraction 
of the theoretical gain on increasing the vacuum 
by the last 4 in. tabulated, though some builders 
already find it advantageous to construct the low- 
pressure end on the double-flow principle for vacua 
not exceeding 28} in. 

Whilst it must, we think, be regarded as definitely 
established that a reciprocating engine can be de- 
signed so that a considerable economy of steam will 
result on increasing the vacuum from 25 in. to 28 in., 
it, of course, by no means follows that this will result 
ina saving of fuel, which, after all, is what the 
shipowner pays for, his water costing him, in com- 

rison, next to nothing. A high vacuum means a 
ow hot-well temperature, and if the feed, either 
in whole or part, has to be raised to the pumping 
limit by the use of live steam, a moderate vacuum 
will generally mean a lesser coal bill. It was on 
this head that the most serious attack was made 
on Mr. Morison’s conclusions. There seems, in 
fact, to be great uncertainty as to what the steam 
supply to the auxiliaries amounts to in average 
marine-engine practice. The figures quoted are 
most discordant, yet are not necessarily mutually 





exclusive. 


In recent warship trials the auxiliaries have 
used fully 20 per cent. of the total steam, with 
the machinery running at three-quarters power, 
which is a fairer criterion to take than the ratio 
at full power, when the use of forced draught 
may increase the output of the main machinery to 
an astonishing degree. Again, in the case of the 
Otaki, the auxiliary steam was found to be far 
more than sufficient to raise the feed up to the 
pumping limit, although in this case the hot-well 
temperature was but 72.5 deg. Fahr. Mr. Weir, 
however, maintains that, in his experience—and it 
is an exceptionally wide one—the auxiliary steam 
is commonly not more than sufficient to heat up 
the feed from 125 deg. Fahr., corresponding to 
a 25 in. vacuum. Probably in tramp service very 
much depends upon the way in which the auxiliary 
machinery is maintained. The steering engine in 
particular is often in a very exposed position, so 
that condensation is large, and the valve leakage 
also, there is reason to believe, often becomes very 
serious, 

In any case, however, it seems poor economy to 
turn auxiliary steam, whatever its amount, direct 
into the condenser. Each pound of steam from the 
auxiliaries will carry with it into the condenser 
between 1000 and 1100 B.Th.U. Of this, even 
with a vacuum of 25 in., but 125 units will be 
recovered, the remainder being discharged over- 
board with the circulating water. If, on the other 
hand, the exhaust be used to heat the feed, almost 
the whole of the heat in it may be recovered. 
It has further to be borne in mind that auxiliary 
machinery is often a little neglected, and, if coupled 
up to the condenser, the glands are apt to leak air, 
thus reducing the efficiency of the main plant. 

Mr. Morison further suggests that none of the 
drains should be discharged into the condenser. 
The quantity of steam condensed in the first three 
cylinders of a quadruple-expansion engine is con- 
siderable. In the case of the Saxonia, for instance, 
it would seem that the first three cylinders had an 
efficiency ratio of 84 per cent., assuming the steam 
98 per cent. dry on entering the steam-chest. 
Hence, on entering the low-pressure receiver, the 
steam must have contained about 13 per cent. 
of moisture which was at a temperature above 
the boiling-point. If this water passes into the 
condenser, it will be cooled, and must have its 
temperature raised again before it is fed into the 
boiler. The presence of moisture in the steam is 
objectionable, any way, as there seems to be little 
doubt that valve- leakage is largely responsible 
for the ‘‘ missing quantity” in ordinary indicator 
diagrams, and water leaks much more readily than 
does gas or vapour. Excellent results have been 
obtained with jacketed engines, in which one- 
seventh of the total steam passed through the 
jackets. It seems probable that in this case much 
of the economy was simply due to the prevention 
of condensation inside the cylinders, with a conse- 
quent reduction of valve-leakage. 

Of course, one of the difticulties met with in all 
refinements in engine-room practice is that of 
initial cost. If it be cheaper in first cost to turn 
auxiliary steam and drainage direct into the con- 
denser, this system will continue to be used for 
the smaller sized plants, whatever its theoretical 
defects. The importance of this question of first 
cost in the case of tramp steamers was well 
emphasised by Mr. P. A. Mudd in discussing 
Mr. Morison’s proposals. He remarked that at 
the most Mr. Morison proposed to save but 7s. 
per day in the case of a tramp steamer burning 
20 tons per 24 hours. If the boat can be kept in 
good employment, this sum might be the equivalent 
of 701. to 801. per annum, which, however, is small 
compared with the total running cost and with the 
effects of fluctuations in the freight market. In 
view of the liability of such steamers to be laid up 
or detained at ports, owners will not agree to any 
considerable increase in capital costs. With large 
liners in constant employment matters stand, of 
course, on a different basis, and coal economy 
becomes worth striving for even at a sensibly 
enhanced initial outlay. 








RADIANT ENERGY AND MATTER. 

In opening his lecture at the Royal Institution 
on Saturday afternoon last, Sir J. J. Thomson, 
F.R.S., said that on the last occasion he had 
explained that the radiometer effect constituted a 
very great difficulty in demonstrating the existence 





of a pressure due to light. When light fell on a 
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delicate vane, the vane was warmed, and when its 
temperature thus became different from that of the 
walls enclosing it, effects were obtained, due to 
the communication of heat from the warmed vane 
to molecules of the gas inside the bulb. These 
in their turn gave up this heat to the walls of 
the enclosure, and, flying back, were reheated again 
at the vanes, and the result was that a torque was 
established between the system of vanes and the 
bulb containing them. On the last occasion he 
had described how Professor Poynting had elimi- 
nated this effect by fixing the vanes rigidly to their 
mica enclosure, the whole system being suspended 
from a quartz fibre and deflected as a whole by 
the light pressure falling on one of the vanes. 
Sir James Dewar had arranged for him an experi- 
ment in which this radiometer effect was got 
rid of in another way. Evidently, since this effect 
arose from the presence of gas in the vessel, if 
this gas were entirely removed, the radiometer 
effect would disappear. To make the effect negli- 
gible it was, however, necessary to remove practic- 
ally the whole of the residual gas, which was by no 
means an easy matter to accomplish. Sir James 
Dewar had, however, prepared for him a radio- 
meter in which the vacuum was so good that the 
radiometer effect was absent. This was done by 
forming the radiometer bulb with a small narrow 
branch containing charcoal, and immersing this 
stem in liquid air. 
The lecturer then showed that, on exposing this 
radiometer and an ordinary one to the same source 
of light, the vanes in the former remained stationary, 
whilst the latter spun round rapidly. On next 
removing the clin of liquid air from the stem 
already mentioned, and thus allowing the charcoal to 
warm up, the mercury vapour then liberated inside 
the bulb was sufficient to set the vanes in rotation, 
whilst on replacing the liquid air they again came 
to rest as the vacuum became perfected by the 
condensation of the mercury vapour in the pores 
of the cooled charcoal. A vapour pressure of less 


than -—— 


1,000,000 
sufficient to produce rotation of the vanes. 

Taking account of the existence of this light 
pressure, it was — he continued, to prove, 
as he had shown last week, that the total amount 
of energy radiated from a black body must vary as 
64, where @ denoted the absolute temperature. 
This law, he proceeded, told us everything about 
the quantity of the radiation, but nothing as to 
the influence of temperature on the quality of the 
radiation. Here, however, the effect was even 
more marked than it was on the quantity. By 
quality of radiation was meant, he proceeded, the 
character of the spectrum of the radiant energy. 
If such energy were allowed to pass through a 
rock-salt prism, which was transparent to most 
kinds of radiation, a spectrum was produced. If 
the radiation proceeded from a very hot body, such 
as the lime in the limelight, a certain amount 
of the spectrum would be visible to the eye, which 
could see a certain distance towards the red end 
of the spectrum, and also for a certain distance 
towards the violet. In the case taken, however, 
this visible portion was a very minute fraction of the 
whole radiation. In fact, the visible spectrum 
covered only above one octave, the longest wave- 
lengths visible being 0.75 », and the shortest about 
0.42, where » represented ;gy5 millimetre. On the 
other hand, Rubens and Woods had recently 
demonstrated the existence of waves having a 
length equal to 108 »—that was to say, comparable 
with 5 millimetre—and there was no reason to 
believe that this was a limiting value. Probably, 
indeed, a hot body sent out radiations the wave- 
lengths of which extended to infinity in both direc- 
tions. It was interesting, he said, to determine the 
distribution of energy in such a spectrum. This 
could be done by moving a very fine platinum wire 
from point to point of the spectrum, and then 
measuring electrically the temperature it acquired at 
each point. This procedure gave an indication of the 
energy distribution, and if the results were plotted 
against wave-lengths as abscissee, a curve such as 
that indicated in Fig. 1 was obtained, in which the 
verticals were proportional to the energy of the 
radiation of corresponding wave-length. This 
reached a maximum at a particular value of the 
wave-length, and, as would be seen, the curve 
‘“*tumbled down” from this maximum extremely 
rapidly on the side of the shorter wave-lengths. 
Curves, such as the foregoing, drawn for a number 
of radiating bodies, were all similar in character, 


of an atmosphere was, the lecturer said, 








but the position of the maximum ordinate moved 
very rapidly towards the side of shorter wave- 
length as the temperature rose. The wave-length 
of maximum energy, the speaker continued, was 
connected with the temperature of the radiating 
body by the following equation, 


Amax. ¢= 2940, 


where Xnax. denoted the wave-length in », and 6 
the absolute temperature in Centigrade degrees. 
Thus, for the sun, which had an absolute tem- 
perature of about 6000 deg., the wave-length of 
maximum energy was about 4», which lay in the 
yellowish-green part of the spectrum. At 16 deg. 
Cent., or 289 deg. absolute, the equation gave 
Amax. = 10 nearly, which was far beyond the 
visible portion of the spectrum, the limit of which 


Fig.t. 
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on the red side was about 0.75 p, any gee | to 
a dull crimsovu. Hence, increasing the absolute 
temperature, from that of the lecture-room to that 
of the sun, shifted the wave-length of maximum 
energy from 10, to $4. 

The relative amount of energy in different parts 
of the spectrum, Sir Joseph continued, varied more 
rapidly with change of temperature than did the 
total energy. If the temperature of a body were 
raised from 300 deg. absolute to 600 deg. absolute 
(which was just below the limit of visibility), the 
total radiation would be multiplied by 16, but it 
by no means followed that the energy of each con- 
stituent of the spectrum was increased in the same 
ratio. In fact, by such a rise of temperature the 
energy in certain of the very short wave-lengths was 
multiplied by millions, and, in brief, the multiplier 
was extraordinarily different in different parts of the 
spectrum. 

It was interesting, the speaker continued, to note 
the abrupt fashion in which the energy curve 
tumbled down on the side of the shorter wave- 
lengths, and to exhibit this more strikingly he 
had prepared the following table showing the pro- 
portion of the total energy which lay to the left of 
a spectrum, having 1.8 1 as the wave-length of maxi- 
mum energy :— 


Wave-Length i. 
Amax. = 184% 


max. 


Energy in Waves 
Shorter than i. 
rho 
5 “max. 1 yoo 

10 Amax, 1,000,000 
Referring again to Fig. 1, it would, the speaker 
continued, be seen that by far the larger propor- 
tion of the energy lay on the side of the longer 
wave-lengths. At higher temperatures, however, 
the proportion of energy in the visible spectrum 
and on the ultra-violet side increased, as was shown 
by the following figures :— 
Absolute Proportionate Proportionate 
Temperature. Energy Lying Energy Lying 
deg. Cent. Beyon » = 0.74. Beyond A = 0.5 u. 
1 


1500 10,000 40,000 


2000 ibe , i. 
2500 ay "ee. 
3000 ry ay 
4000 i's 


It followed, therefore, that, in using an incan- 
descent lamp with a filament at 1500, only about 

1 . +4: 
woo Part of the total energy supplied was utilised 
as light, the remainder — spent in heating 
up the bulb of the lamp. the filament were 
raised to 2000 deg. absolute, then the energy 
lying on the short-wave side of the extreme red 
was 1 in 100, and 1 part in 13,000 lay beyond 
the yellowish-green, to which the eye was most 
sensitive. With a temperature of 3000 deg. abso- 
lute one t in eleven of the total energy lay in 
the visible spectrum, and when the temperature 
was 4000 deg. absolute, nearly one-third of the 
energy lay to the left of the red extremity of the 








visible spectrum, and one-thirteenth in the portion 
most useful for vision. Thus, with low temperature 
sources of radiation only about on of the energy 
was usefully applied ; with the carbon arc, on the 
other hand, having a temperature of about 4000 
deg., nearly one-third was utilised. It was on 
account of the higher temperature at which they 
could be run that metallic filament lamps were so 
much more efficient than the carbon filament lamps. 
With the latter having a temperature of about 
2000 deg. absolute, only about 1 per cent. of the 
energy served to produce light. 

To illustrate the small correlation between the 
total amount of energy radiated and amount utilis- 
able for purposes of vision, the lecturer next placed 
a thermopile between a limelight and a red-hot ball, 
each source heating an opposite face of the instru- 
ment. He showed that in the conditions of the 
experiment the thermopile indicated that it received 
equal heat from the two sources when about mid- 
way between them. Substituting then a photo- 
meter for the thermopile, he showed that it was 
impossible under any conditions to get a balance 
between the light from the ball and that from the 
limelight. No matter how close the photometer 
was moved to the ball, the side exposed to the lime- 
light was always much the brightest, showing that 
asa light-producer the limelight was enormously 
the more etticient of the two radiators. 

The temperature at which radiation first affected 
the eye was, he said, a matter of considerable 
interest. No matter how carefully one might 
prepare the eye by previous sojourn in a dark. 
room, it was impossible to perceive by it any 
radiation from a body at the temperature of boiling 
water. If the temperature were gradually raised, 
however, there came a stage, pretty much the same 
for all bodies, and within narrow limits for all 
individuals, at which light was perceived. All 
agreed that this first perception was not. red, though 
the sensation was differently described by different 
people. His own view was that this first per- 
ceivable radiation was not a colour sensation at 
all in the sense in which we got colours at higher 
temperatures. If the experiment were tried, it would 
be noticed that the light was best seen when the 
source was looked at, not directly, but out of the 
corner of the eye. This circumstance, he thought, 
gave a clue to what the nature of the first impres- 
sion really was. In the retina there were two sets of 
structures—viz., rods and cones—the latter being 
concerned in the sensation of colour. The rods 
apparently were affected by radiation slightly before 
the cones. Hence the first effect of radiation, as 
the temperature rose, was on the rods only, the 
impulse being insufticient to affect the cones. This 
explained why this first perception of light was 
best seen out of the corner of the eye. In normal 
conditions the eye naturally focussed for the 
‘** yellow spot,” which was the part most sensitive 
to colour, and consisted nearly wholly of cones. 
Thus if the rods were first affected, the eye ought 
to perceive the radiation with the rods, and not 
with the cones, and the image should therefore be 
formed on the retina at a point where the rods 
were more plentiful, and not on the yellow spot. 
Evidently it would follow that animals which ‘‘ saw 
in the dark” should cultivate rods rather than 
cones, and his zoologist friends informed him that 
the eye of the owl was remarkable for the extremely 
os roportion of rods as compared with cones. 

robably the owl might not in a faint light see any 
distinct colour, but it saw something good enough 
for its own purposes where ordinary mortals would 
see nothing. 

The sensitiveness of the eye to different colours, 
the lecturer proceeded, varied in a most extra- 
ordinary way. Langley had made an estimate of the 
energy required to excite various colour sensations. 
Taking as unity the energy required to excite the 
sensation of dull crimson red, then jg) of this 


amount would suftice for the yellowish green. It 
was remarkable that the sensitiveness of the eye to 
light was greatest for the wave-length of maximum 
energy in the solarspectrum. It would, he said, be 
interesting, were it possible, to investigate whether 
the eyes of such animals as had remained unaltered 
for long geological periods had a maximum of 
sensitiveness to the light of the same colour as we 
had. If the sun’s temperature had changed within 
the geological period covered by the life-history 
of such organisms, it was possible that the latter 
would prove to have a maximum of sensitiveness 
for some colour other than the yellowish green. 
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From the table already given above it would, he 
continued, be seen that the ene radiated from 
most incandescent bodies lay nearly all in the non- 
luminous portion of the spectrum. In the case of 
the arc light nine-tenths of the energy supplied and 
paid for was wasted. The ideal to aim at in illumi- 
nation was the production of radiation confined to 
the colour to which the eye was most sensitive. 
Engineers had not yet succeeded in doing this, but 
there were certain lowly animals which had solved 
the problem for themselves, the firefly, for example, 
producing light most efficiently. 

The spectrum of the firefly had first been investi- 
gated by Langley, whose results were very remark- 
able. He had given the diagrams, Figs. 2 to 5, 
below, showing the amounts of total and of useful 
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energy radiated from different sources. Of these, 
Fig. 2 represented the energy distribution in the 
spectrum from a gas flame, the useful portion of the 
energy lying to the left of the dotted vertical. In 
the case of the firefly it would be seen that every bit 
of the energy radiated lay in the proper place, 
nothing being wasted either in the production of 
heat or of ultra-violet rays. It seemed, therefore, 
that the future of lighting might lie in the finding 
of some substance capable, when suitably excited, 
of producing light like the glow-worms, without the 
expenditure of energy in long waves. 

hat heat was not a n concomitant of 
light could, he continued, be shown by the follow- 
ing experiment. The apparatus (Fig. 6) used was 
a vacuum tube having a receptacle for liquid air 
formed initat A. On exciting this tube, Professor 





Fig. 6. A 
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Thomson showed that filling the cup A with liquid 
air in no way affected the production of the light. 
There was no dark space formed near the walls of 
the cup, though the temperature there must have 
been very little above that of the liquid air. 

The sensitiveness of the eye to small amounts of 
energy was, the lecturer continued, exceedingly 
remarkable. In the greenish yellow the expendi- 


ture of... of an erg could be distinguished by 


100,000,000 
the eye. If vision were due, in the first place, to 
chemical changes produced by the light, it could be 
shown, if these changes were of the same order as 
those to which we were accustomed in the labora- 
tory, that the amount of matter decomposed by 
this amount of energy could not exceed a few 
thousand individual molecules. The eye must, 
therefore, be extraordinarily efficient in detecting 
chemical changes, if this were actually what it did do 
in the act of seeing. On the other hand, others held 





that chemical actions were not involved, but that 
in the eye there were systems capable of taking up 
any kind of vibration, and being set into resonance 
by it. If the action were primarily chemical, the 
fact that the changes were produced only by light 
of short wave-length constituted a difficulty. There 
was, however, one view of light on which this 
difficulty would not arise, and this was coming into 
favour with many physicists, who held that radia- 
tion was built up of a number of different units of 
energy somewhat resembling the particles in the 
old corpuscular theory. The energy of the light 
was concentrated into these individual units, the 
amount in each unit being more the shorter the 
wave-length of the light. If this were so, it would 
be easy to understand how it was that chemical action 
was excited by light of short wave-length only. If 
the change in question required more energy than an 
individual unit porns 9 it would not be effected, 
and as the units corresponding to the shorter wave- 
lengths contained the most energy, it was with 
these that chemical activity should be associated. 





APPLICATIONS OF ELECTRIC 
HEATING. 

Tue third of Professor J. A. Fleming’s four 
Cantor lectures dealing with ‘‘ Applications of 
Electric Heating,” which was delivered on the 20th 
inst. at the Royal Society of Arts, treated mainly 
of the various manufacturing processes which 
depend upon, or are assisted by, electric heat- 
ing. The first dealt with was the manufacture 
of carborundum, Professor Fleming pointing out 
that this was an example of an industry which 
owed its very existence to the possibilities of electric 
heating. The process on which the industry was 
based was discovered by Acheson in 1891, while 
engaged in an experimental attempt to make 
diamonds, and at the present time from 7 to 10 tons 
of carborundum per day were produced at Niagara. 
The material was formed by a chemical reaction 
between sand and coke when subjected to extreme 
heat in an electric furnace. In the process the 
material formed its own resistance, the furnace 
consisting simply of a brick structure filled with a 
mixture of the sand and coke through which the 
current was passed, a granulated-coke core being 
arranged through the centre of the mass in the 
first instance to start the circuit. The furnaces 
actually used produced about 4 tons of carborundum 
in 24 hours and took 7000 amperes at 100 volts. 
Professor Fleming also described the manufacture of 
graphite from anthracite coal in the Acheson fur- 
nace. This regen depended on the fact that all 
forms of carbon were converted into graphite if 
made sufticiently hot, to illustrate which fact he 
pointed out that the tip of an arc-lamp carbon would 
mark paper after use, although it would not when 
new. Some 2000 tons of graphite were now manu- 
factured annually at Niagara, the process having 
become of great importance owing to the exhaustion 
of many natural plumbago deposits. The material 
was used, among other purposes, for the manufac- 
ture of lubricants. 

Professor Fleming then went on to describe the 
electrical reduction of aluminium from its ores. He 
pointed out that the process was, to some extent, 
electro-chemical and was less simple than those 
previously described, since aluminium combined so 
readily with oxygen that its oxide could not be 
reduced simply by hot carbon, as with some other 
metals. Aluminium, indeed, would take oxygen 
from oxide of iron at a high temperature. The 
electrolytic reduction was carried out in a Héroult 
cell consisting of a box lined with carbon and having 
a metal plate in the bottom to form one of the 
poles, the other being formed by a bundle of copper 
rods dipping into the cell from above. The cell 
was filled with cryolite—a double fluoride of alumi- 
nium and sodium—and fluorspar. This mixture, 
which was first melted by the current, had the 
property when liquid of dissolving the alumina, 
which was fed into the top of the cell. When the 
alumina was in solution the current passing through 
the cell electrolised it, and the pure aluminium fell 
to the bottom and was drawn off through an orifice. 
It was essential that the pressure should not rise 
above about 5 volts, otherwise the cryolite was de- 
composed. In these cells about half the energy was 
spent in the electrolytic action and half in keeping 
the mass liquid. The manufacture of aluminium 
by this process was now carried on a large scale 
in many parts of the world, with the result that 
whereas, in 1886, the total world production of 





aluminium was 3 tons, at a cost of 2/. 12s. 6d. 
a pound, in 1906 the total production was 12,000 
tons, and the cost 1s. 10d. a pound. 

The next process described by Professor Fleming 
was that employed for the manufacture of calcium 
carbide. He pointed out that this material was 
made from lime and coke in a furnace similar to 
that used in the production of carborundum. Many 
plants had been put down for its manufacture, but 
the demand for it had not altogether realised 
expectations, as its use for the production of acety- 
lene for lighting had not advanced so rapidly as 
had been anticipated ; fortunately, however, calcium 
carbide had found a second important purpose in the 
manufacture of fertilisers. In Norway, in particular, 
a material known as calcium cyanamide, which 
formed a valuable fertiliser, was being manufactured 
by passing nitrogen, derived from the atmosphere, 
over heated calcium carbide. From this Professor 
Fleming passed on to the manufacture of quartz glass. 
He dwelt on the value of this material owing to its 
ability to withstand severe and sudden local heat- 
ing and sudden cooling, and illustrated its value in 
this respect, as compared with ordinary glass, by 
heating test-tubes of the two materials in a Bunsen 
flame and plunging them into water, the glass being 
shattered and the quartz uninjured. The fusing of 
quartz for the manufacture of quartz glass presented 
some difticulties, owing to the formation of bubbles 
in the material, but it was successfully carried out 
by using a closed steel box for the furnace and 
carrying out the process under pressure. The 
manipulation of the material in the manufacture 
of test-tubes, &c., involved no greater difficulties 
than were met with in the case of ordinary glass, 
except those necessarily following from the higher 
temperature of working. A number of quartz 
crucibles and other objects constructed by Messrs. 
J. J. Griffin and Sons were exhibited, a particu- 
larly beautiful a consisting of a quartz 
thermometer, with which temperatures up to 500 
deg. Cent. could be measured. 

With the idea of illustrating the importance of 
electric reduction which allows steel mixtures of 
extreme accuracy to be obtained with certainty and 
ease, Professor Fleming concluded his lecture 
with a short description of the part played by 
carbon and other ingredients in the manufacture 
of steel. He pointed out that vanadium and other 
alloys, suitable for mixing with molten iron for the 
paaee of special steels, were now made in 

rge quantities in electric furnaces. 








THE LATE LORD AIREDALE. 

At the age of seventy-six years, after a life as 
fruitful in good work and great influence as it was 
full of inspiring energy, Lord Airedale died sud- 
denly in Paris on the 17th inst., his decease follow- 
ing upon a heart attack, which commenced in the 
train while he was on a journey from Beaulieu to 
Paris. Accompanied bya son and daughter, he was 
returning to Leeds from a sojourn in France, when 
he was suddenly seized with cardiac affection. He 
reached Paris, but with little hope of recovery, and 
died at the Hotel Meurice, notwithstanding that 
every medical measure was resorted to. While com- 
merce generally, and the Yorkshire iron and engi- 
neering trades in particular, have thus lost a most 
active captain of industry, there is the consolation 
which comes from the reflection of a full life’s 
work, which has had considerable influence not only 
in metallurgy and mechanical engineering, but in 
that wider administrative work essential to industry 
and to the well-being of an industrial community. 
The work done has been recognised by many 
honours bestowed by Governmental, professional, 
and civic institutions, the most prominent being 
the baronetcy, which was conferred on him in 1886, 
his election as a Privy Councillor in 1906, and his 
elevation to the Peerage as the first Baron Airedale 
of Gledhow in 1907. 

The subject of our memoir was born on Sept- 
ember 22, 1835, second son of the late James Kitson, 
who, three years before that date, had commenced 
in a small way the engineering works which sub- 
sequently developed into the extensive Airedale 
Foundry, now one of the most prominent in England, 
and a great factor in the prosperity of Leeds. Kitson 
began his business two years after Stephenson had 
built his ‘*‘ Rocket,” and ised that he could at 
least supply some of the units of locomotives. His 
workshop was part of the ground floor of a weaving- 
mill at Hunslet, and here his first locomotive was 
built during the year of the birth of his second 
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son, who became Lord Airedale. From this point | 
onwards the family prospered. The subject of 
our memoir was brought up in the atmosphere 
of mechanical engineering. He obtained the earlier 
part of his education at the Wakefield Prepara- 
tory School, proceeding later to University College 
in London, where he continued until nineteen 
years of age. His father had, by ingenuity and 
courage, developed his business, and taken com- 
plete possession of the whole of the weaving-mill 
and extended the boundaries. He recognised that 
the supply of reliable Yorkshire iron for mecha- 
nical engineering was important to success finan- 
cially and otherwise, and 
he therefore purchased 
the Monk Bridge Iron 
Works at Holbeck, which 
had been founded two or 
three years before, and ¢ 
placed it in complete 
charge of his two sons, 
the eldest—the late Mr. 
F. W. Kitson, and the 
second son, Mr. James 
Kitson, who ultimately 
became Lord Airedale. 
There was thus afforded 
to both young men a 
splendid opportunity for 
the development of the 
qualities essential to suc- 
cess as leaders of indus- 
try, and it may at once 
be said that those quali- 
ties were early displayed, 
not only in business, but 
in the social improve- 
ment of the workers. 

The iron works pros- 
pered, and even to the 
end one recognised that, 
amidst wider interests 
and greater responsibili- 
ties, Lord Airedale still 
gave first place to his old 
luve—the manufacture of 
Yorkshire iron. Indeed, 
his sympathies were 
metallurgical rather than 
mechanical, and he lost 
no opportunity—as, for 
instance, in his Presi- 
dential Address to the 
Iron and Steel Institute 
—of enforcing the con- 
sistentreliability of York- 
shire iron, At Monk 
Bridge there were pro- 
duced ‘*‘ plates to support 
a tensile strain of 22 tons 
on the square inch, with 
an elongation of 16 per 
cent. lengthways and 20 
tons tensile strain cross- 
ways, with an elongation 
of 10 per cent. ; and York- 
shire bars 24 tons, with 
an elongation of 25 per 
cent.” ‘lhe Monk Bridge 
Works occupied a very 
large part of the time of 
the two partners, but, 
unfortunately, in 1877, 
the elder brother died, 
and, as a consequence, 
the younger brother had 
not only to take com- 
plete control of the iron 
works, but had also to 
assist his father in the 
wider responsibility of 
the engineering factory at Hunslet. It is signi- 
ficant of the relationship between the Kitsons and 
their workers that the twenty-fifth anniversary 
of the association of the firm with the Monk 
Bridge Works was signalised by the presentation of 
an address from the workers to the subject of our 
memoir, in which they stated :—‘‘The success of 
the works is mainly due to your own prominent 
business capacity, decision of character, and up- 
rightness of conduct, qualities which have made it 
a pleasure to us to work under your direction, and 
have stimulated us to use our best exertions to 
help and prosper you.” The jubilee of the works, 
celebrated in 1904, was made the occasion for pre- | 


sentations of gifts, amountin 
12001., by the chief to the room Bo and their wives, 
and Sir James Kitson, as he then was, took a special 
pride in the fact that out of the 715 men then em- 
ployed at the works 92 had been continuously 
engaged at the works for from 25 to 45 years, three 
from 45 to 50 years, and one for the full half 
century. 

We have given prominence to these evidences of 
happy relationship between Lord Airedale and his 
workers because they exemplify an outstanding 
trait in his character. It was the same, too, with 
the employees at the works at Hunslet. This 





From a Photograph by Messrs, Elliott and Fry. 
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establishment developed to such an extent that | 


the works now cover a dozen acres, and afford 


in the aggregate to | 


locomotives they established other branches of 
business, notably stationary engines for driving 
mills and electric generators. Locomotives have 
been built for almost all countries and for all 
services, and are to be found making the railway 
journey. across the Andes and other mountain 
ranges, as well as on the swamps of South America 
and the plains of India. 

Lord Airedale was intimately associated with 
many of the technical societies. He became a 
member of the Institution of Civil Engineers in 
1876, and served some years as a Member of 
Council; at the meeting of the Institution on 
Tuesday last a vote of 
condolence was passed. 
He became a member of 
the Institution of Mecha- 
nical Engineers in 1859. 
When the Institution met 
in Yorkshire, Lord Aire- 
dale was always a pro- 
minent member of the 
Reception Committee, 
and displayed his charac- 
teristic qualities of hos- 
pitality. But the Iron 
and Steel Institute had 
first place in his regard. 
This is not surprising, 
because of his early asso- 
ciation with the produc- 
tion of Yorkshire iron. 
He was one of the original 
members of the Institute, 
served for a long time on 
the Council, was Vice- 
President, and President 
in 1889-91, during two of 
the most notable years in 
the history of the Insti- 
tute, as in the first year 
the members officially 
visited the Paris Exhibi- 
tion and the great iron 
district of the Loire, and 
in the second year held 
their autumn meeting in 
America, in association 
with institutions there. 
It fell to Lord Airedale 
to represent the Institute 
in these international 
visits, and no one was 
better fitted by tact, per- 
sonal appearance, and 
the gift of public speak- 
ing, to maintain the 
dignity of the Institute. 
The service thus ren- 
dered was recognised at 
a dinner given in his 
honour, when he was pre- 
sented with a beautiful 
vase. The late Sir Henry 
Bessemer at that time 
was anxious that the Bes- 
semer Gold Medal should 
be presented to Lord Aire- 
dale, but the latter put 
his veto on the proposal. 
Later, however, in 1903, 
there was appropriate- 
ness in this—the highest 
honour of the Institute— 
being conferred on him 
by the President of that 
year, Mr. Andrew Car- 
negie, an old friend of the 
Kitsons. Lord Airedale 
was also President of the 
Tron Trade Association. 

Early in life the subject of our memoir recognised 
his responsibility to the general community as an 


employment to 2000 workmen, while the example | employer of labour, and followed his father’s ex- 
of enterprise set has made Hunslet only second | ample in devoting a large part of his time to the 


to Glasgow as the most im 
building district in the United 


rtant locomotive- | advancement of social and educational movements. 
ingdom. Although | As early as 1862 he, along with others, instituted 


the co-partnery was converted into a limited | the Model Dwellings Scheme in the town, securing 
liability company in 1886, Lord Airedale con- | ground, offering guarantees, and encouraging the 
tinued to take a most active part, having for|workers to erect dwelling-houses on a sound 


his assistants his eldest son, Mr. A. E. Kitson, | commercial basis. 


and his nephew, Mr. Fred. J. Kitson. 
company have continued the 
which so greatly conduced to t 
of the Kitson family. 


e 


Some 20,0001. were involved. 


The | The workmen were required to pay one-fifth of 
pupae policy |the total cost of their house, borrowing the re- 

early prosperity |mainder from the Leeds Permanent Building 
In addition to building Society, and repaying the loan by instalments in 
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lieu of rent. This is a common practice to-day, but 
was not received with so much favour fifty years 
ago. To the cause of education, too, he devoted 
much of his time, organising one of the earliest 
mechanics’ institutes in the country, and for seven 
years he served as the honorary secretary of the 
Yorkshire Union of Mechanics’ Institutes. Through- 
out life he devoted much attention to the edu- 
cation question, in both elementary and higher 
branches. There was appropriateness in the 
decision of the University of s to confer on 
him—in October, 1904—the honorary degree of 
Doctor of Science, not only because he had helped 
towards the granting of a charter to the old 
Yorkshire College, and liberally supported its 
funds, but because of the work which he did to 
advance science and industry. He was also active 
in developing the commerce of Yorkshire, and 
was for two years (1880-1881) president of the 
Chamber of Commerce. He was made a J.P. for 
Leeds and for the West Riding early in the eighties, 
and had the signal honour of being elected to the 
civic chair in Leeds in 1896-7 by the Conserva- 
tives, who were then in power, notwithstandin 

that he was an ardent Liberal. During his mayora 
year Queen Victoria granted to Leeds the dignity 
of a Lord Mayorship. As Lord Allerton, who had 
been an active agent in securing this fresh mark of 
Royal favour to Leeds, said on the occasion, ‘‘ No one 
has been permitted to play a more important part in 
the progress of Leeds than the first Lord Mayor of 
the city.” He was one of the earliest to join the 
Volunteer movement when the first corps was 
formed in 1859, and he became captain and con- 
tinued in the service for twelve years, occupying 
later an honorary rank. 

We have already incidentally referred to politics; 
Lord Airedale was more in the public eye in later 
years because of his political work. He was, 
indeed, at the head of the party organisation in 
Yorkshire for many years. e tendered his hos- 
—* to many distinguished politicians, and 

imself played no mean part in the Legislature. 
After an unsuccessful attempt to enter Parliament 
for Central Leeds in 1886, he succeeded, six years 
later, in being chosen for the Colne Valley, and sat 
for this constituency until elevated to the Peerage 
in 1907. 

He was a Unitarian, and devoted much of his 
time to religious affairs. He was philanthropic, and 
many schemes owe their success to his generosity ; 
in private charity he was liberal, but always sought 
to foster that independence on the part of the 
people which he regarded as equal to energy, in 
advancing personal and nationalinterests. Indeed, 
one of his watchwords was, ‘‘ Be bold, be enter- 
prising—enterprising pays.” 

Lord Airedale was twice married; first, in 1860, 
to Emily, daughter of Mr. Joseph Cliff, Wortley, 
Leeds, who died in 1873, and,’ secondly, in 1881, 
to Mary, daughter of the late Mr. E. Fisher Smith, 
of The Priory, Batley. His heir is his eldest 
surviving son, the Hon. Albert Ernest Kitson, of 
Cober Hall, Cloughton, Scarborough. 








THE INSTITUTION OF NAVAL 
ARCHITECTS. 

THe spring meeting of the Institution of Naval 
Architects, which begins on April 5, promises to be 
of very considerable interest. Perhaps the most 
popular subject to be considered is the application 
of Diesel engines in sea-going vessels. As is well 
known, quite a number of vessels are being built 
in this country to be propelled by various designs 
of internal-combustion engines ; and although the 
“med per cylinder in no case exceeds 200 or 300 
rake horse-power, the consideration of the desi 
of these several engines is opportune. On the Con- 
tinent there are several large cylinders being con- 
structed, ranging up to 1000 or 1200 horse-power 
per cylinder, and it will be a great advantage 
if Mr. Dana, the secretary, with his characteristic 
energy, succeeds in inducing representatives of these 
Continental firms to contribute to the discussion the 
results of their experience in the manufacture and 
trials of the large units. The author of the paper, 
Mr. J. T. Milton, the Chief Engineer-Surveyor of 
Lloyd’s Register, has made several visits to the Con- 
tinent in order to inspect the work in progress, and 
to consult the manufacturers with regard to the draft- 
ing of rules for the classification of ships with oil- 
engines. He has thusan intimate knowledge of the 
work in progress, and the paper should, therefore, 
be of international interest. This paper is down for 





consideration at the morning*meeting"on Thursday. 
On Wednesday, when the first session is to be held, 
warship design will, in accordance with general prac- 
tice, take precedence. On this occasion the paper 
to be contributed is by Professor J.J. Welch, M Be. 
(formerly at the Admiralty, and now the occupant 
of the Chair of Naval Architecture at the Newcastle 
College), and is on ‘‘ The Problem of Size in 
Battleships.” The title affords abundant scope for 
debate, and those who consider that the present 
tendency to increase in size is being carried too far 
ought to have a ‘‘ field-day.”” The second paper is 
by the Hon. C. A. Parsons, C.B., and his colleague, 
Mr. R. J. Walker. It is intended to give the 
results of twelve months’ experience with geared 
turbines in the cargo steamer Vespasian. It will 
be remembered that Mr. Parsons touched upon this, 
as well as many other subjects, in his Royal Institu- 
tion Lecture (see page 356 ante), but now full details 
will no doubt be given. The other paper of this 
session is also by a member of the Royal Corps of 
Naval Constructors, Mr. G. S. Baker, who is in 
charge of the National Experimental Tank at Bushy, 
and in his paper he will deal with the tank and its 
equipment. Atthe Thursday meeting, and following 

r. Milton’s paper, there will be two contributions 
—one by Mr. F. H. Alexander, and the other by 
Mr. J. Montgomerie, B.Sc., dealing with the ques- 
tion of the strength of ships, the former having for 
his subject ‘‘The Influence of Longitudinal Distribu- 
tion of Weight on the Bending Moments of Ships 
Among Waves,” and the latter ‘‘ Considerations 
Affecting Local Strength Calculations of Ships.” 
The evening meeting on Thursday promises to be 
one associated with propellers, the first paper, by 
Dr. R. E. Froude, being on ‘“‘The Acceleration in 
Front of a Propeller,” and the second, by Engineer- 
Lieutenant A. Turner, on ‘* An Investigation into 
the Stresses in a Screw-Propeller Blade.” On 
Friday the first paper is by Dr. Frahm, who will 
deal with the revival of an old idea, of introducing 
tanks in ships to minimise their rolling in a seaway. 
Dr. Frahm seems to have succeeded where others 
have failed, and the results of his application— 
which were briefly dealt with in a recent number 
of ENGINEERING, vol. xc., page 832—form a topic of 
considerable interest to naval architects and ship- 
owners. Dr. H. 8. Hele-Shaw and Mr. F. Leigh 
Martineau read the second paper on ‘‘ Steering- 
Gear Experiments on the Turbine-Yacht Albion.” 
Mr. 8S. B. Ralston will give a ‘‘ Description 
of a Stability and Trim Calculator,” and Mr. 
C. E. Inglis will read a paperon ‘‘General Pro- 
positions and Diagrams Relating to the Balan- 
cing of the Four-Cylinder Marine Engine.” At 
the evening meeting on Friday Professor E. G. 
Coker will deal with ‘‘The Determination, by 
Photo-Elastic Methods, of the Distribution of 
Stress in Ships’ Plating,” and Mr. M. Ballard will 
give ‘‘Some Notes on a New Design of Merchant 
Vessel.” The only other remark which may bé 
made in connection with the proceedings of the 
session is that, in consequence of the lamented 
death of the late President of the Institution (Earl 
Cawdor), the annual dinner will not be held this 
year. 





Tue Simpton.—The Italian Government has authorised 
the construction of a line to unite Domodossola, the Italian 
outlet of the Simplon, and rno, on the Swiss side of 
the Lago Maggiore. Work on both sides of the frontier 
— be commenced in the spring, and is to be completed 
ny 1914. 





TEMPERATURES.—We understand that the s.s. Olympic 
and s.s. Titanic are being fitted with a large number of the 
Fournier instruments, for the purpose of showing various 
temperatures as requi by the engineers. ore than 
12,000 ft. of tubing are u on each vessel to centralise 
the various dials on the starting-platform of the engine- 
room. 





‘*MoneL” Metat.—Under this name the Bayonne 
Casting Company, of Bayonne, N.J., U.S.A., are intro- 
ducing a new a, for which remarkable pbysical pro- 
perties are claimed. The alloy contains 67 per cent. of 
nickel, 27 per cent. of copper, and 6 per cent. of other 
metals, principally iron and manganese. As cast, it is 
stated to have a tensile strength of 70,000 Ib. per sq. in., 
a figure which, in the case of rolled metal, is raised to 
80,000 Ib. or 100,000 Ib. per sq. in. In ap ce the 
metal resembles nickel, and it is said to be incorrodible, 
and well suited for machine parts which come into con- 
tact with salt water, and also for valves and fittings 
subject to superheated steam. It can be forged, brazed, 
and sold , and also electrically welded. The metal 
has been adopted by the United States Government for 
the propellers of the North Dakota and the Florida, and 
also for the nozzles of steam-turbines. 


TRIALS OF H.M.S. ‘‘ HERCULES.” 


Buiut at Jarrow by Messrs. Palmer, who made the 
whole of the turbine machinery and Yarrow boilers 
(18 in number), this battleship ran her preliminary 
steam trials on February 28, having come direct from 
the Hebburn dry dock, where she received the final 
touches and shipped new propellers, of dimensions 
found by experience to give good results in previous 
vessels of this class. On completion of the preliminar 
trials and anchor trials off the Tyne the ship anchored, 
and early on the morning of March 2 commenced a 
thirty-hours’ trial at seven-tenths full power, equal 
to about 17,000 shaft horse-power, finishing up off 
Plymouth. Six runs were made on the measured-mile 
eourse at Polperro, the speed recorded being 19.6 
knots. The steam pressure at this speed in the high- 
pressure belt was 1401b. per square inch, the vacuum 
28.8 in., and the revolutions 296 per minute, the shaft 
horse-power being 18,000. 

On March 6 the vessel proceeded to carry out an 
eight-hours’ full-power trial. During this test runs 
were made on the measured-mile course, and a speed 
of 21.5 knots was easily attained, the shaft horse- 
power being 28,700, and revolutions 335 Lp minute. 
The ship then proceeded to Portsmouth, and the astern, 
circle, and steering trials were carried out en route. 

Entering Portsmouth Harbour, the gunnery crews 
from the Excellent came on board, and had several 
days’ exercise before carrying out the severe gun 
trials. Both the gun and torpedo trials were also in 
every way satisfactory, and the Hercu'es returned to 
Jarrow, having satisfactorily completed her full pro- 
gramme without the slightest hitch. Mr. Twaddle 
represented the shipyard at Jarrow, and Mr. Reed the 
engineering department, during the trials, which were 
also attended by Mr. H. Hall, the new assistant to the 
general manager, Mr. A. B. Gowan. The Hercules 
is the first of the battleships with the three engine- 
room arrangement, and is also fitted with Weir’s 
“«Uniflux” condensers and dual air-pumps, the vacuum 
guarantee being exceeded. There was a total absence 
of vibration in the engine-rooms, and Messrs. Palmer 
are to be congratuated on the success of this, their first 
turbine battleship. 

The Colossus, a sister-ship, built and engined by 
Scotts Company, of Greenock, is now running her 
official trials. In the latter case, measuring-tanks are 
fitted temporarily to measure the steam consumption 
of the turbines and auxiliary engines. The Colossus 
has the Babcock type of steam-generator. 








INDUSTRIAL NOTES. 

TuE report of the Associated Iron-Moulders of Scot- 
land for March has recently appeared, and contains 
figures relating to the condition of the society at the 
end of February, or the four weeks from January 28 
to February 25. At the latter date the membership 
all told was 7960, compared with 7841 at the end of 
the previous month, which shows an increase of 119. 
This increase is stated to be largely due to the return 
of men who had left the society. The severe depression 
in trade recently experienced caused men to run out, 
who, when things improved, returned to the fold. The 
society urges the motto ‘‘ no card, no work,” maintain- 
ing that men should not be allowed to reap wages 
when they will not pay to retain them. For the four 
weeks ending February 25 the net income was 22921. 
14s. 5d., and the expenditure 1653/. 4s. 64d., which, 
when deducted from net income, shows a gain of 
639/. 9s. 104d., being a weekly gain of 159/. 17s. 5d. 
The total amount paid in superannuation since the 
foundation of the society in 1840 is 183,461/, 18s. 114d. 





The Amalgamated Tool-Makers appear to be in a 
flourishing condition, to judge by the monthly report 
of the society for March. The total number of 
members at the end of February stood at 4816, com- 
pared with 4023 at the end of February last year, or 
an increase of 793 in the twelve months. The number 
of unemployed men at the same time decreased from 
112 in February, 1910, to 56 at the end of last month. 
This decrease of 56, or 50 per cent. in the year, in the 
unemployed is a very satisfactory feature. The gain 
in members during the last month was 140, and the 
increase in the funds 1050/. On the first birthday of 
the society—in February, 1883—there were 78 mem- 
bers, and the benefits paid were nil, and the reserve 
fund was 70/.; on the last birthday—on February 27— 
the membership, as before stated, stood at 4816, and 
the amount that had been paid in benefits and in propa- 
ganda and educational work amounted to 110,000/., 
and the reserve fund had grown to 20,300/. ‘The 
society is now affiliated to the Trade Union Congress, 
the General Federation, the Labour Party, the Ship- 
building and Engineering Federation, the International 
Metal. Workers" Educational Association, the Housing 
Reform Council, and Ruskin College (Oxford). . 

On the question of unemployment the report points 
out that in spite of trey trade and accumulating 
wealth the Board of Trade returns declare that 44 per 
| cent, of the best organised workers in Britain are un- 
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able to obtain situations, and these returns do not 
include persons on strike, or locked out, or sick, or 
superannuated, nor do they take into account the 
unemployed amongst the nine or ten millions who 
are altogether unorganised. It is maintained that 
much of this evil rests with the State, one of the 
directions in which something could be done being that 
of encouraging afforestation. This view appears to 
be founded on the report of the Royal Commission on 
this subject, and there is no doubt that it is only the 
State that can properly take in hand this subject, 
owing to private enterprise being quite unable to sink 
the large amount of capital required, which would be 
subject for many years to no return. ‘There is no 
doubt that much could be done in afforestation that 
would greatly benefit the country, but we fear that 
many people are inclined to be too optimistic in this 
connection, and that it would fail to satisfy all the 
expectations as a preventive of unemployment. 





The monthly report of the United Society of Boiler- 
Makers and Iron-Shipbuilders for March shows that 
there were 2053 members signing the books at the end 
of February last, as compared with 2477 at the end of 
January—an increase of 424. The number of members 
on sick fund amounted to 1242 at the end of February, 
as against 1084 in January—an increase of 158. There 
were 2379 members on superannuation in February, 
compared with 2392 in January.. The expenses for 
February amounted to 5503/. 16s. 7d., as compared 
with 5114/. 17s. 6d. in January, or an increase for 
February of 358/. 19s. ld. At the end of the quarter 
the arrears of members were the lowest on recurd for 
many years. 





The branches of the Amalgamated Carpenters and 
Joiners’ Society have had an ~~ proposal sub- 
mitted for their consideration. It relates to the hours 
of labour and rate of pay. It suggests that the whole 
of the employees in the federa shipbuilding yards 
should make a movement in the direction of obtainin 
a reduction in hours of labour, and the abolition o 
overtime. In the proposed new scheme the workin 
hours are from 7 a.m. to 5 p.m. on ordinary days, an 
7 a.m. to 12 noon un Saturdays, the rate of pay to be 
38s. per week. 


The cost of the South Wales coal strike is now 
being brought home to the people of Glamorganshire, 
for last week the Glamorgan County Council sanc- 
tioned an increase of 3d. in the rate, now making 
2s. 44d. in the pound. The extra money that had to 
be raised to meet the cost incurred by the disturb- 
ances during the xe year was 28,500/. The cost of 
extra police and their maintenance, exclusive of the 
expense attached to the — of the Metropolitan 
Police, was 19,670/., and the riot claims amounted 
to 5000/, in addition to the normal expenses connected 
with the county police. The County Council object 
to pay the cost of the Metropolitan Police, and will, 
it is said, resist any claim in that direction. Claims 
amounting to between 6000/. and 8000/. sent in by col- 
liery proprietors and others for loss of profits through 
the strike have already been repudiated by the Finance 
Committee. With regard to the cost of the Metro- 
politan Police it seems only right and fair that the 
district where the disturbance took place should bear 
the burden of restoring order. 

A step towards the settlement of the long-standing 
dispute between the Cambrian Coal Trust and their 
12,000 workmen was taken last Monday, for the 
executive of the Council of the South Wales Miners’ 
Federation resolved to take a ballot of the men upon 
the terms of agreement already submitted by the 
Trust. One of the conditions is that in the event of 
the new prices proving inadequate, and the owners 
failing to carry out their promises to rectify griev- 
ances, it shall be open to the men again to refer the 
dispute to the council for future action. 

On Friday last there were again signs of unrest among 
the miners in the Rhondda Valley, on account of the 
Cambrian Combine employing non-union men at the 
Gilfach Goch Colliery. There was a demonstration in 
the afternoon which took the form of a procession, but 
the strikers’ intentions were frustra by the local 
police. Reinforcements of police were sent from 
Ton-y-Pandy, and after a consultation with the police 
inspectors, the strikers left quietly. 

The latest news, at the time of going to press, is 
that serious rioting again broke out in the Cambrian 
distriet centring round the Clydach Vale Colliery, and 
that some fierce fighting took place yesterday between 
the police and the rioters. It appears that the cause 
was in some way connected with a feeling of resent- 
ment against the executive council of the men’s 
federation regarding some action they had taken in 
connection with another ballot. 





_ There was a two days’ sitting of the Council of the 
Yorkshire Miners’ Association at Barnsley last week, 
at which serious disputes at various collieries were 
considered. With regard to one at Glass Houghton 


favour of the men affected being allowed to tender 
their notices. It was, however, agreed to allow the 
matter to stand over in the hope of a settlement, as 
an interview with the manager had been arranged. 
Permission was given to the men at Altofts Colliery to 
take a ballot on the question of giving notices, —. 
to the company refusing to give the lads the ful 
50 per cent. on their wages. It was understood at the 
conclusion of the conference that, with regard to 
‘*abnormal places,” the Coalowners’ Association had 

nm approached on the subject, and an interview 
had taken place, which might, it was hoped, end in a 
settlement. 





Clouds seem to be gathering on the labour horizon 
in Cumberland, for, after the enjoyment of a compara- 
tively long period of peace and prosperity, the iron-ore 
industry is threatened with a dispute, which will, if it 
come to a head, cause great unsettlement to the steel 
trade on the West Coast, as well as to that in Scotland, 
which is now very dependent on the Cumberland hema- 
tite ores. The trouble has arisen owing to a claim 
made by the iron-ore miners, that, although they were 
made to share, to an abnormal degree, in the period of 
trade depression which lasted from 1907 to the end of 
1908, they have not been permitted to participate in 
the period of prosperity, which has lasted a year, and 
which, if the present difficulties can be ameliorated, 
promises to develop into a boom. Two months ago an 
application was made to the employers for an advance of 
wages, which was in some cases conceded. In granting 
an advance on the output, however, the employers, it 
is stated, refused to advance the ‘ make-up,” and 
introduced a qualification which struck at the recogni- 
tion of the principle of a ‘‘ make-up” by leaving it with 
the manager to say whether a man deserved to be paid 
a ‘* make-up,” and, if so, what it was to be. In mining 
parlance a ‘‘ rake up” in the iron-ore industry is the 
‘*abnormal place” trouble of the coal-miner under 
another name. The men appear to be determined to 
fight hard in defence of the ‘‘ make-up,” which they say 
should be fixed at 6s. 3d. per shift. 

Several mass meetings were held throughout the 
district on Saturday last, and to each a resolution 
was submitted affirming that no settlement of’ the 
wages question would be acceptable which did not 
recognise, without qualification, the principle of a 
‘* make-up,” and recommending that, in the event of 
the same not being granted, a ballot of the district be 
taken on the question of a general stoppage. The 
result of Saturday’s meetings was that a resolution 
was passed at all the meetings affirming the position 
of the men, and instructing the secretary and council 
of the association to formulate a request for an ad- 
vance of 6d. per shift on the present ‘‘make up” of 
5s. 6d., and recommending that if the demand be not 
=~ within ten days a ballot of the whole district 

taken forthwith, with the view to a general stop- 
page should the vote be favourable. 





On Friday, Saturday, and Sunday last meetings of 
the employees’ side of the Midland Railway Concilia- 
tion Board were held at Derby, in order to discuss the 
grievances of the company’s servants. Resolutions 
were passed to the effect that failure had followed 
attempts, by means of conciliation, at amicable settle- 
ment of the complaints brought forward, and the men’s 
representatives on the board were, therefore, compelled 
to conclude that immediate action by the whole of 
the company’s staff was necessary in order to put an 
end to the efforts of the company to infringe the new 
conditions of service. The secretary was therefore 
instructed to communicate at once with the general 
secretary of the Amalgamated Society of Railway 
Servants, and report the whole position. 





An official return of the work of the Labour Ex- 
changes during February shows that the total number 
of applications on the register at the 175 exchanges 
was 231,769 (men, 161,632 ; women, 38,089 ; boys, 
20,060 ; and girls, 11,988), as compared with 222,702 
during January (men, 156,615; women, 34,511 ; boys 
19,743 ; and girls, 11,833). These figures are exclu- 
sive of 5465 re-applications from persons already 
placed in vacancies by the exchanges during the 
period, and represent separate individuals, except 
in so far as there may have been duplicate registration 
in places where more than one exchange is easy of 
access to the same person. The total number of 
applications remaining on the register on February 24 
was 87,603 (men, 65,632; women, 12,427; boys, 
5847 ; and girls, 3697), as compared with 94,920 (men, 
70,709 ; women, 13,190; boys, 6839; girls, 4182) on 
January 27. 

The number of vacancies filled during the period 
was 33,768 (men, 18,838; women, 7163 ; boys, 4932 ; 
and girls, 2835), a daily average of 1407, compared 
with 1314 in January. The proportion of vacancies 
filled by the exchanges to vacancies notified by em- 
loyers was 77.7 per cent. (men, 79.9; women, 73.9 ; 
ys, 76.8 ; giris, 75.9), as compared with 79.2 per 





Colliery respecting Saturday afternoon shifts, it was 





cent. during January. 





reported that a large majority of the members were in | 


Of the men’s applications on the register at some 
time during the month the largest percentages are in 
the following groups of trades :—Building, 17.3; 
metals, machines, implements, and conveyances, 17 ; 
conveyance of men, goods, and messages, 16.9; 
general labourers, 16.5. Of the women’s applications 
the largest percentages are in domestic (outdoor) 
service, 42.3 ; food, tobacco, drink, and lodging, 11.8 ; 
textiles, 10.6; and dress, 8. Of the men’s vacancies 
filled during February the largest percentages are in 
metals, machines, implements, onl canidainaen 22; 
general labourers, 18.6 ; building, 18 ; and conveyance 
of men, goods, and messages, 9.3. Of the women’s 
vacancies filled the largest percentages are in domestic 
(outdoor) service, 33.4; textiles, 19.7; food, tobacco, 
drink, and lodging, 12.2 ; and dress, 11.1. 

The demand for workers during the month exceeded 
the supply in the case of the coachbuilding, cotton, 
woollen, and worsted trades, and, in the case of women, 
in the clothing and linen trades, and in laundry work. 
In the shipbuilding trade there was also a large demand 
for workmen of all classes. 





The annual meeting of the Labour Co-Partnership 
Association will be held in the Institution of Civil 
Engineers, Great George-street, Westminster, on 
Thursday, the 30th inst., and the presidential address 
will be given by Mr. Corbett Woodall, M. Inst. C.E., 
Governor of the Gas Light and Coke Company, who is 
~~ for the year. This admirable association 

as for many years been doing good work in a 
direction that will probably more than any other 
tend to industrial peace, and the loyal working 
together of capital and labour. Its main object is the 
encouragement of what is called ‘ participation,” 
meaning the system by which workmen have a share 
in the total product of their labour, other than what is 
obtained by wages fixed prior to such product, and 
with only a general relation to profits. The tendency 
of the system is to bring the workmen into closer touch 
with the business as a whole than can be done by any 
system of ordinary wage-paying. The claim made on 
behalf of participation does not in any way suggest that 
the yx + peng is immoral, or fetes: 3 to the workers ; 
for, inc , on the contrary, it often brings great 
benefit to the worker. The association, however, main- 
tains that, standing alone, the wage system imperfectly 
meets the equitable demands and claims of the labourer, 
who ought to have a larger reward than can be allotted 
to him by conditions fixed prior to the performance of 
his task, and before the general results can be known. 
These are the views taken by Mr. F. Maddison, Vice- 
President of the Labour Co-Partnership Association, 
as expressed in a pamphlet entitled ‘ Participation 
as a Force in British Industry.” There can no 
doubt that there are fewer greater incentives to the 
worker than direct monetary reward varying in some 
proportion to the amount of care and iadentey he 
may apply. The great difficulty seems to lie in the 
method by which the incentive is to be applied. That 
it has in many instances been accomplished successfully 
is beyond dispute, numbers of industrial undertakings 
fully proving it, and it is therefore to be hoped that 
every encouragement may be given to the spread of 
systems which have, where put into actual practice, 
effected so much. The co-partnership productive 
societies now in existence divide themselves, from the 
constitutional point of view, roughly into four classes, 
which are :—1. Those which in the main consist of indi- 
vidual shareholders who are workers for the society, 
or hope to become so, as the capital and business connec- 
tion grow. 2. Societies which consist approximately 
equally of (a) Individual shareholders as in class I.; 
(b) Co-operative store societies which provide part of 
the capital and a market for much, if not all, of the 
produce. 3. Societies which are in the main federa- 
tions of other societies, chiefly co-operative stores, 
but which have labour co-partnership provisions in 
the rules, whereby their employees are entitled to 
share in the profit and acquire capital. 4. Special 
societies. In his pamphlet Mr. Maddison gives examples 
of each class, and these may be studied with advantage 
by any one interested in the subject of profit-sharing. 








British FouNDRYMEN’s ASsOocIATION.— A joint meeting 
with the Birmingham Metallurgical Society will be held at 
the Technical School, Suffolk-street, Birmingham, to- 
morrow, the 25th inst., at 7 p.m., when Mr. F. C. A. H. 
Lantsberry, M.Sc., will read a paper on ‘‘ Some Alloys 
of Aluminium.” 





PrrsonaL.—Mr. John A. Daven 
consulting engineer, has removed from 20, North John- 
street to 48, Castle-street, Liverpool.—Mr. Nand 
Hoskins gives notice that after the 3lst inst. he will 
cease to act as honorary secretary to the Institute of 
Sanitary Engineers, Limited. He will continue, how- 
ever, to practise as a consulting sanitary engineer and 
surveyor from his offices, 120 and 122, Victoria-street, 
Westminster, 8.W.—The Adams Manufacturing Com- 
y, Limited, have lately concluded agency arrangements 
or their Adams Igranic motor-control apparatus with 
Messrs. Balmer Lawrie and Co., of Calcutta, and Messrs, 


rt, M.Sec., B. Eng., 





Greaves, Cotton, and Co., of Bombay. 
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SINGLE-CYLINDER MOTOR AT THE AERO AND MOTOR-BOAT EXHIBITION, OLYMPIA. 


CONSTRUCTED BY 


Fig.1. 
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WE illustrate in Figs. 1 and 2, on this page, a new 
— of single-cylinder marine oil-motor which is 

ing exhibited by Messrs. J. I. Thornycroft and Co., 
Limited, of Basingstoke and Southampton, at the 
Motor-Boat Exhibition, which opens to-day at Olympia. 
The most distinctive feature of this engine is that 
instead of being made entirely independent of the 
reversing gear, as is usually the case, it has the reverse 
gear built into it. We have previously referred to the 
advantages of this, as it prevents there being any pos- 
sibility of the reverse gear getting out of line with the 
engine, as is the case where it is a separate unit, and 
it also saves space. 

The engine itself is, in this case, of the single- 





cylinder type, the diameter of the cylinder being 44 in., | 
and the stroke 6 in. That shown is fitted with a car- | 
burettor for the use of petrol only ; this carburettor | 
has an automatic air-valve fitted with a dashpot | 
giving single lever control. A carburettor for paraffin | 
can be fitted if desired. Both valves are mechanically | 
operated from one cam-shaft through short iienek 
levers, and are at the front of the engine, while | 
the circulating-pump is driven from the front of | 
the crank-shaft and magneto from the cam-shaft, | 
only two gear-wheels being used for the driving of | 
all the parte. A starting-handle carried on the top 
of the cylinders drives the crank-shaft by a chain. | 
Splash lubrication is used, the crank-chamber being 
very large, and the big end having a scoop to lubricate 
the crank-pin. Inspection-doors are provided large 
enough for the piston and connecting-rod to be with- 
drawn through them. Ignition is by high-tension | 
magneto. 
The reversing gear is by bevel gear and cone clutches | 
so arranged that the gear is stationary when running 
in the ahead gear, and that the clutches in each ear | 
are held in by the thrust of the propeller. The whole | 
of the gear is contained in a case bolted rigidly on to | 
the after side of the crank-chamber, and it will be | 
seen that it makes a very compact job. Fig. 3 is a | 
photographic view of the same motor somewhat | 
modified. 





Royat AGricuLTuRAL Socrrty or EneLanp. — The 


last day for entries for the trials of potato-diggers and 
eer age in the show to be held at Norwich will be 
Saturday, April 1. 

Contracts.— Messrs. George Fletcher and Co., Limited, 
Masson Works, Derby, have in hand the construction of 
a complete heavy-type multiple cane-grinding plant and 
general factory equipment for Formosa, triple-effect 
evaporating apparatus for South America, and a large 
yacuum pan for Australia, 





THORNYCROFT AND CO., LIMITED, SOUTHAMPTON. 


Fig.2. 
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INSTITUTION OF CiviL ENGINEERS: ANNUALY DINNER. 
—The Annual Dinner of the Institution of Civil Engi- 
neers was held on Friday, the 17th inst., at the Merchant 
Taylors’ Hall. Among the guests were Lord Alverstone, 
Lord Balfour of Burleigh, the Right Hon. Charles 
Stuart Wortley, Don Augustin Edwards, the Chilian 
Minister, the Right Hon. A. Emmott, and the Hon. Sir 
William Hall-Jones, K.C.M.G., High Commissioner of 
New Zealand. The principal toast was ‘‘ Commerce and 
the Colonies,” proposed by the president, Mr. Alexander 
Siemens, and replied to by Sir William Hall-Jones, The 





3. 


toast of ‘,The Institution” was replied to by the presi- 
dent, who stated that it was proposed to inaugurate a 
conference of engineering education during the summer 
with the object of making clear to all concerned the proper 
way of preparing young men for the profession. e also 
hoped that at the forthcoming Imperial Conference 
there would be an opportunity for the Institution to 
impress upon the colonial representatives the desirability 
of recognising the qualifications of the members, and 
of according them uniform treatment throughout the 
Empire 
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LARGE GAS-ENGINES OF THE TWO-CYCLE 
TYPE.* 


By Autan E. L. Cuoruton, M.I. Mech. E., 
A.M.IL.E.E., &c., Manchester. 


(Concluded from page 362.) 


AvToMATIC SELF-REGULATING BLOWING-ENGINE 
(Messrs. MATHER AND Piatt, LIMITED). 
Fics. 46 and 47, below, show the general arrange- 


Fig 4. 
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filtering chamber has been made in the basement at the 
corner at A, to which there is a connection from the 
atmosphere. This arrangement has proved most effec- 
tive, as, in addition to cleansing the air, it has completely 
eliminated the vibration usually set ap in blowing-engine 
rooms when the blowing-cylinder is taking in its air, 
while it also keeps the engine-room free from undue noise. 
A further point in the general scheme is the accessibilit, 

and ease of manipulating the whole installation, whic 

has been so arranged that ene man can easily attend to 


| minute, it was 


aan bo yey the 


rt of the contract that Rocnginemenld 
ing slowed down to 55 revolutions per 
out stopping. This guarantee was 

running steadily and firing 


be capable of 
minute at will wi 


en 

ly at as low as Es revolutions per minute without 
a sign of distress of any kind, its action being more like 
that of a high-class steam-engine. The fly-wheel is 11 ft. 
in diameter, and weighs 13 tons. 
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ment of the plant, from which it will be seen the 
blowing-house proper is 60 ft. long by 28 ft. wide 
and 20 ft. high, and has a bay, in which the auxi- 
liaries are placed. The gas plant is in a separate bay, 
and is screened off, so as to keep the main engine-room 
clean. As the oy megs here of these works is at times 
heavily laden with dust, special precautions had to 

taken to get the air to the blowing-cylinders, &c., as clean 
as possible to prevent unnecessary wear, and an air- 





.” Paper read before the Manchester Association of 
Engineers, Saturday, February 25, 1911. 














the whole plant, so that, in addition to low fuel costa, 
the labour costs are small, 

The producer is of the suction type, using anthracite 
coal, because it has to run without stopping from 7 a.m. on 
Monday to 1 p.th. on Saturday. The cleaning plant con- 
sists of two large coke scrubbers, and a sawdust purifier. 
be | The coal is stored on a platform level with the producer 
top, to which it is taken direct by cart, the handling of 
the fuel being very cheaply done. The fan for starting 
the producer is power driven, thus ensuring a good supply 
of gas when starting up. ee 

| of the engine is 105 revolutions per 


The normal 5 









14: 8° -—--- 








Yjjjj3 
My 
Y 










: 


OVERHEAD 
eau FOR 








There are two methods devised ‘for governing the 
engine, one from a Chorlton - Whitehead governor 
mounted directly over the crank-shaft, and yr | 
spiral gearing, the governing being effected by a small 
butterfly-valve connected to the governing-rod, which 
regulates the amount of gas entering the power cylinder, 
according to the load. is governor is ce Coe and 
is fitted with an attachment for adjusting maximum 
8 within certain limits whilst the engine is running. 

his governor only comes into action as full speed is 
approached. In addition a special dashpot governor is 
fitted to control the engine when the pressure of air in the 
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receiver reaches 74 lb. per square inch, and automatically 
reduces the speed in F as proportion to the amount of 
air desired, so economising fuel. The air receiver is 20 ft. 
——— 6 ft. in diameter, arranged vertically in a corner 
of the engine-house. 
The water circulation can be effected in three different 
ways. On first starting up, the overhead tank, shown in 
Fig. 46, which is filled” by the town water supply, feeds 
by gravity, and delivers to the engine-jacket, &c. After 
ing through the cylinder-jackets, &c., the water flows 
into a small tank in the basement, from which it is drawn 
by a double-acting TE driven by an eccentric 
on the engine crank-shaft; it is then passed through a 
large radiator of the motor-car type, and returned to the 
overhead tank, The radiator is fitted with a fan driven 
by a belt from a pulley on the engine crank-shaft, so that 
immediately the engine starts, both fan and circulating- 
pump start simultaneously. In arranging the air supply 
to the fan a natural ventilation of the engine-house is 
effected, the air being drawn by the fan down the flywheel 
race, through the radiator, and returned to the 
inside of the engine-room, so that the hot air gets away 
through the ventilating towers of the roof. 


Fig. 82. 








grade bituminous coal me 6s. perton. The tar is got 
rid of in the producer itself, and obviates the use of ex- 
pensive cleaning plant necessary with the bituminous 
pressure type of gas plant. 

The ucer 1s of the double-flow type—+.c., air is 
drawn in through the top, and air and steam through 
the bottom of the fuel bed. The coal is fed in at the top 
and the upper part of the fire burns downwards. The 
coke, which results, sinks downwards into the lower parts 
of the producer and is there converted into ordinary 
ee by the upward current of air and steam 
which is drawn in at the bottom. The gas leaves the 
producer through an outlet about half-way between the 
top and bottom. The usual vertical tower scrubbers are 
necessary to clean the gas from soot before it is used in 
the engine. The consumption of coal at 6s. per ton is 
about 1 lb. per indicated horse-power running. 

Figs. 52 and 53 illustrate a gas installation by Messrs. 
Mather and Platt, Limited, for driving another textile 
mill. The plant, it will be seen, was erected in the 
existing buildings, replacing a steam-engine, which was 
taken out so as to make room for the more economical 
method of driving. The gas plant is of the Power-Gas 





Fig. 58. 
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A section of this engine, shown in Figs. 48 and 49, 
age 394, gives an idea of the general design. The auxi- 
iaries consist of a small Crossley gas-engine driving a 
compressor, which delivers air for starting purposes at 
150 1b. per square inch pressure into a receiver adjacent to 
the gas-engine. The starting up of the engine is most 
successful, one charge of compressed air to one end of the 
gas-engine cylinder only being required, the engine run- 
ning up to its governed speed in 30 seconds. The coal 
consumption of the engine as returned by the owners is 
0.89 lb. per brake horse-power, with a mean effective 
pressure in the cylinder equivalent to rather under three- 
quarter load. 

Pumps Directly Driven by Gas Engines are in satisfactory 
operation in several places. Pumps of the horizontal 
direct-driven type are coupled to Kérting gas-engines 
in a large sewage pumping station. The coal consumption 
of a pumping plant of this description is remarkably low, 
and the combustion can probably produce a higher duty 
than any steam set at present at work. 

_ Mill-Driving.—Figs. 50 and 51, page 394, illustrate a gas 
installation by Messrs. Mather and Platt, Limited, for 
driving a textile mill. The power is absorbed in driving 
a miscellaneous collection of machinery, including mules, 
ring frames, drying and sewing machines. A portion of 
the machinery is driven by ropes from the engine fly- 
wheel, and the more isolated machines are supplied with 
electric current from a rope-driven alternator. The 
exhaust gases are passed through a multitubular feed- 
water heater so as to heat up the water used in another 
part of the mill. The gas plant, which is of the Dow- 
son suction bituminous type, is a very interesting 
feature in this installation, It is designed to burn a low- 
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Corporation suction type, 8 
burning low-value Scotch 5 
anthracite coal. & 
The engine is arranged to . 


drive on to the line-shaft 
by means of ropes from a 
pulley on the crank-shaft 
without the intervention of 
clutches, &c., for starting. 
The power is absorbed in 
driving machines used for 
the weaving and calender- 
ing of linen fabrics, and also in driving a dynamo for 
electrically lighting the mill. It will be seen that the 
exhaust gases are through an exhaust-heat boiler, 
which provides sufficient steam for the machines in the 
sizing and calendering departments, and the heating of 
the weaving-sheds. ‘The pass from the boiler into 
the foot of an existing old brick chimney, and away to 
atmosphere. The owner returns the fuel consumption 
as 1.16 lb. per brake horse-power, including all stand-by, 
meal-hours, nights, and week at three-quarter load, 
ual to about 0.9 lb. full-load running. 

igs. 54 and 565 illustrate a gas installation arranged 
for pny, a The gas-plant is of the bituminous 
suction tyre, a. a cheap and so arra 
that the labour costs for running the plant are reduced 
to a minimum. The coal is tipped into a shoot, and 
continually fed into the producer by an elevator. 

The producer top is arran, at the same level as the 
engine-room floor, so that the engine-driver will be in a 
position conveniently to attend to both engine and gas 
plant. The exhaust gas is passed through an exhaust- 





heat boiler, provided with auxiliary hand-firing arrange- 
ment, so that steam may be raised and the mill heated 
whilst the -engine is shut down. 

_ The auxi ~~ — of me oy a sand for start- 
ing purposes, and pump for supplying cooling water, are 
placed in the basement, and are driven either from the 
gas-engine through a countershaft, or by steam when the 
main engine is stopped. The plant is very compact, and 
comparing it with a steam plant of similar capacity, the 
reduced cost of buildings, and the saving of ground space 
are important considerations, and are shown compared 
with a steam installation in another part. 


Some Avuxiuiary PLiant.—Exnavust Boiuers. 


The utilisation of the waste heat from the gas-engine 
must strongly appeal to all engineers as a proposition of 
considerable commercial value. Despite, however, the 
general knowledge of the amount of heat lost in the 
exhaust and jackets, not much progress has been made in 
utilising it even in the most obvious method of 





passi 
the exhaust gases through a multitubular boiler fed with 
hot-jacket water. Though there are a number of exhaust 
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boilers at work, they represent a very small proportion of 
the total gas power in use. 

The main conditions to make good in an exhaust boiler 
are :—That it must be fixed as near to the engine cylinder 
as possible, otherwise the evaporation will be low, and 
not justify the first cost, and that it must be made and 
maintained dead water-tight—any leak means rapid 
corrosion from the sulphuric acid formed from the exhaust 
gas. (To meet this, capped ferrules are sometimes used 
at the tube ends.) The reduction of the temperature of 
the exhaust gas should not be carried too low for the 
same reason. 

Usually there is one boiler per cylinder, but an efficient 
installation is obtained at a reduced cost by ing the 
exhaust gas from a twin-cylinder engine with onnke at 
90 deg. through one boiler-shell situated in close proximity 
to the engine cylinders. This arrangement gives prac- 
tically a continuous flow, and thus obviates any loss due 
to an intermittent action. Economiser pi which it is 
often advisable to fit, to pre-heat the feed are best made 
in cast iron. The evaporation of an exhaust boiler, as 
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usually arranged, sometimes reaches 31lb. per brake horse- 

wer, but as mentioned later by special means this can 
De inc The sizes of boilers vary somewhat with | 
different conditions, but an average area in square inches | 
through flue tubes is 0.8 of the cylinder capacity (in brake 
horse-power), and the length is from 6 ft. to| 
7 ft. 6 in. between tube-plates. The boiler should be as 
long as possible for economy. 





OUTLET FOR 
EXHAUST GASES 


engine, a type of engine that seems particularly fitted for 
the use of such boilers, the loss from abstraction of heat 
by the exhaust-valve being obviated. 

Fig. 59 shows a tubular boiler that could not be fixed 
close to the engine, and so has jacketed piping arranged 
between it and the engine through which the feed passes. 
With this boiler an evaporation of 31b. per brake horse- 
power has been obtained. 


Fig. 67. 


ty of the gas-engine is so difficult a problem to solve. 


iw in marine practice, where at present the reversi- 
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AUXILIARIES. 
Circulating Pumps for Gas-Engines.—These are either 


of the centrifugal or ram type ; the latter is, perhaps, to be 
preferred for single engines, as it can be operated 
engine direct, and commences to circulate cooling water 


from the 


Fig. 58. 
























































Fig. 60. 
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The exhaust boiler is of two classes :— 


1. The boiler heated by exhaust alone. 
2. The boiler heated by exhaust and, alternatively, 
arranged for separate firing or both together. 


A brief description of some installations, showing both 
types, will be of interest. Dealing first with the single 
type, one of the first to be used was the ‘‘ Wilson” type 
of a modified locomotive design, with baffles arranged 
tenaty to act as weirs and cause the water to take a 
counter current progress inst the exhaust discharge. 
(See Fig. 56, above. oni 

Figs. 57 and 58 show an ordinary multitubular boiler 
arranged close to the exhaust of a two-cycle double-acting 





In Figs. 60 and 61, above, is seen a special double- 
exhaust boiler for a twin-cylinder ine ; it has econo- 
miser pipes for the feed to pass through. 

Of the second type of boiler—i.e., with a separately 
fired grate in addition to the exhaust heated part, Fig. 62 
is an example. This class of boiler is specially suitable 
for intermittent running of the engine, as in cotton-mills, 
&c., where, if the exhaust steam is partly used for heating 
the mill, the supply can be kept up by separate fire over 
the week-end, &c. On this fire ordinary may be used, 
or it may be for gas or naa ’ . 

With this type of boiler the starting of the main engine 
may be accomplished by an auxiliary steam - engine, 








instead of by compressed air, more specially advantageous , 





6 

















with certainty, through the jackets as soon as the engine 
begins to rotate. The feed-pump to the exhaust boiler is 
usually attached to this pump, and is made to be work- 
able alone when the engine is stopped. The maximum 
capacity of the circulating pump is usually 10 gallons per 
brake-horse-power hour. ; : 

The circulating water for cooling purposes afterit leaves 
the engine can be forced to a cooling-tower of the usual 
type to prepare it for further use in the engine (see Figs. 
43 to 45, page 363 ante), A more efficient arrangement 1s as 
per Fig. 63, page 397, when the cooling system is a closed 
circuit, with flow-indicators on the engine. In this system 
the water (softened and prepared in the first instance) is 
always retained in the circuit, co it is specially advan- 
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tageous for districts when only hard water liable to scale | to say, and dangerous to 
is available. Coolers of the motor-car type can sometimes i 


be fitted, and the air, after heating in passing through, 
may be used in the mill (see Figs 46 and 47, page 393). 
Sturting-Plant.—This consists of a simple air-com- 


pressor and storage-tank. A pressure of about 150 lb. is 


usual for all starting purposes, though it may be some- 
times increased if the load to be started is a specially 


Fig.63. 


, but, in concluding this 
per, it may be interesting to speculate on the question 
rom a practical point of view. Experiments have deter- 
mined that, in its present principle, the economy of a gas- 
engine will not be materially increased, and the question 
must therefore be looked at from other points of view. 
The particular type of engine that will ultimately 
prevail in the near future is also as difficult to determine, 
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heavy one. The air-compressor is driven by an electric, | and one can only attempt to judge of it by what is taking 


petrol, water, or steam-motor. For barring purposes a 
special air, electric or steam barring-engine is sometimes 
used, though for smaller sized gas-engines a long hand- 
bar is sufticient—a hand-gear operating through wheels 
and worms is very slow if fitted to large engines. It is 
— usual in large power-houses to use the electric crane 
or rring. 

Future velopments.—Of the form which the evolution 
of the gas-engine will take in the near future it is difficult 








place at the immediate present, and from this the author 
is inclined to predict considerable expansion in the use of 
the two-stroke type. It would seem that this type will 
ultimately be largely used for car work, and for Diesel 
engines for ship propulsion it is the most suitable cycle 
which makers can use. 

The future of novel types of gas-motor, as the 


|so far, are outside the scope of this paper and the time 
available to-night. There is little doubt, however, that 
at the present time the chief hindrance to the progress of 
the utilisation of large gas-engines in the extensive 
manner which their thermal efficiency warrants, is their 
somewhat high first cost. To reduce this the present 
maximum pressures and temperatures must be lowered 
and a better proportion obtained between the maximum 
and mean ure, one authority suggesting but two to 
one. To the practical engineer with the necessity of the 
immediate future before him, this point of view (reduc- 
_— - first cost) is the one which must strongly present 
i , 

If the engine can be reduced down to a first cost more 
nearly that of a similar steam engine, it is safe to say that 
there would be a much greater development. Gas engi- 
neers are well aware ot this, and many are, no doubt, 
investigating the subject on different lines. It seems 
obvious that these efforts must largely be in the way of 
simplification, and must reduce the present weights and 
strengths that are now necessary for the high compression 
economical engine. It is thought by some engineers that 
the constant-burning type of gas-engine is one of the most 
promising ways in which these results can be- obtained, 
and work appears now to be going on in this country in 
the development of this type. 

The reduction of compression and maximum pressure 
in the standard engine means, of course, an increase in 
gas consumption, and therefore this per se is hardly an 

visable course to adopt, but if we add to such an engine 
an improved method for utilising the waste heat of the 
jackets and exhaust, we find that the original economy 
is recoverable. Such a design involves the addition of 
an exhaust boiler and a simple, but highly efficient, steam- 
cylinder, and whilst, perhaps, too costly an arrangement 
for the small value realisable from the waste heat of an 
economical engine, it is not so when the gas-engine is 
specially designed for this purpose. 

This arrangement of a combined steam and gas-engine 
is by no means a new one, and has appealed to many engi 
neers. It seems to be one that is particularly applicable 
to engines of the two-cycle type from the fact a boiler 
can be very near to the cylinder, and that the 
loss of heat to the exhaust-valve and during the exhaust 
strokes to the jacket is avoided, and on Fig. 64, annexed, 
is shown diagrammatically such a tandem compound 
engine, the exhaust boiler occupying the place of the 
re-heater receiver of steam practice. 

It is interesting to determine the possibilities of such 
anengine. Let us take, in the first instance, the addi- 
tion of a steam end to a normal economical gas-engine. 
Assume a standard engine to use 9500 B.T.U. per brake 
horse-power, then as ordinarily arranged with jacket 
feed to the boiler we may take 4U per cent. of this amount 
recoverable, and at 80 per cent. efficiency of conversion at 
100 lb. pressure we get about 24 lb. steam per brake horse- 

wer. 

This in an ordinary simple steam-engine would not give 
more than 10 to 12 per cent. of the main engine power. 
This amount of power is low, and consequently it is 
realised that it hardly, if at all, justifies the first cost of 
the steam cylinder, and consequently no development 








Humphrey, lately described, or the gas-turbine, of which 
much ino been written, but little practically accomplished 


has taken place in this direction. 


KOrtiIno Gas-ENGINE. 
1000-Brake-Horse-Power Two-Cycle. 
Messrs. Mather and Platt, Limited, Engineers. 
DIMENSIONS OF ENGINE. 
Twin double-acting cylinders; cranks at 90 deg. Main 


diameter, 600 mm.; stroke, 1000mm. Pump cylinders, 
650 mm.; stroke, 850 mm. 
Fly- Wheel, 
Alternator rotor equivalent to 28 tons at 11.9 ft. diameter. 
G D2? = weight x diam.? = 3.957 ton-feet® = 374,000 kg. metres®, 
Calculation of Degree of Irregularity, 
= Difference between pein kgm on crank and 


cylinders, 
di jameter, 


M 
I 


mean resisting torque in kg.-m. 
= Moment of inertia of fly-wheel (mass rad. of gyration?) 
in kg.-metre-sec”, 
= Acceleration due to 
= Moment of fly-whee! 
= Angular velocity in 
= Time in seconds. 


= Degree of irregularity = 
Mdt =Idw=GD2/4gdw. 


g 

u De 
w 

t 


é 


kg. -metres?, 


fravity = 9.81 metres/sec”. 
n 
rad. /sec. 


w max. - w min. 
uw 


W-— Wy = sg/a ve fat. 
Angular deviation = ke ~ Wo) d t. 
Table of Fly-Wheel Weights. 





Mean rim speed 75 Ft. Sec. 90 Ft. Sec. 

6 - os 1/250 1/300 1/350 1/260 1/800 1/850 
G D2 Ft.2 tons 2250 2700 3145 2250 2700 3145 
DM .. an 13 13 13 16.6 15.6 15.6 
pe on 169 169 169 244 244 244 
Rim-weightG. . 13.3 16 18.6 9.2 ll 12.9 
Total weight .. 18.0 21.6 25.1 124 14.9 17.4 


Now dealing with aspecial combined compound engine, 
each part of which is made in the most suitable way for 
the purpose required, we get a very different result. As 
has been said, in order to reduce the cost of the gas- 
engine part the compression would be lowered, and with 
the ignition retarded, a much lower maximum pressure 
and temperature would result, the total heat units used 
would go up, say, to 12,000 B.T.U., but more would be 


rejec to exhaust, then, with a special t of 
boiler, economiser pi superheaters in ex &c., 
50 per cent. waste heat should be recoverable. The 


following figures should then be obtained :— 


12,000 x 50x 80 


1,185 x 100 x 100 = * > 
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The steam cylinder used would be similar in type to 
the ge mt oe one—i.¢., with no exhaust valves, as has 
been re-introduced largely in Germany, as the Gleich- 
strom Maschine, with very economical results, and the 
jacketing of the ends could be done by exhaust gas. On 
small engines with this cylinder a consumption of 10 lb. 
of steam has been obtained, so it will be safe to take 12 Ib. 
per brake horse-power. is gives a power from the 
cylinder of one-third that of the gas cylinder, and con- 
sequently uces the consumption for total effective 
power to 9000 B.T.U. per e horse-power—t.c., less 
than the economical gas-engine alone. The total cost 
should be less, for we have, taking approximate prices 
of gas-engines at 5/. per indicated horse-power and steam 
at 3/. from figures in the Appendix, three-quarter gas- 
engine at a reduced cost (lower  aperneage say, 42. ed 
indicated horse-power, one-fourth steam cylinder (less 
special crank and valve-drive, but including exhaust 
boiler) at 3’. The approximate comparison then is per 
indicated horse-power :— 


Gas-Engine. Steam-Engine. Compound-Engine. 
£5 £3 £3.75 
With the use of such an engine for mill-driving pur- 
in comparison with the steam and gas-engine given 
ara we reduce our capital cost somewhat and increase 
our savings per year. Such a steam auxiliary cylinder 
has other advantages outside en ~ It is an excellent 
method of starting the engine, or for marine work for 
reversing, and it provides a means for the gas-engine 
taking a considerable overload, so we may look for some 
considerable progress in this direction in the near future, 
as well as in other and more novel forms, as the Humphrey, 
turbine, Brayton engines, &c. 


. GAS ENGINE DRIVING DYNAMO. 
Figk3. R.P.M. 76. 


1.4.P 1080. 
PUMP WORK IN % OF 1.H.P 5-97 KR. 
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COMPARATIVE MOSCROP DIAGRAMS. 


Fig 73. 


APPENDIX. 


Diagrams.—There are, of course, many diagrams inci- 
dental to two-cycle engines connected with the ing- 
umps, &c., which are very interesting in themselves ; 
ut as they deal rather more with the engine from the 
theoretical side, it has been thought best not to include 
them in view of the time available in this paper. 
However, an ———e series of curves constructed by 
Mr. H, H. Humphrey for a standard twin engine are 
shown in Figs. 65 to 67, page 397, Indicator diagrams for 
both power cylinder and charging-pumps are strictly prac- 


tical, and are shown in Figs. 68, 69, and 70, below. It 
will be seen that the power indicated in the pumps varies 
from about 2 to 6 per cent., and the mechanical efficiency 
from about 81 to 85 per cent. 

An interesting practical diagram is shown in Fig. 71; 


GAS ENCINE DRIVING MILL. 
Fig.68. RPM: 


POWER CVLINDER 1.H.P. 267 

PUMP WORK IN % OF I.H.P. 5-24 %. 

PUMP WORK AFTER DEDUCTING SUCTION WORK ON 
ODUCER 4:3 % 1.H.P. 
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Fig 70 GAS ORIVEN BLOWING ENGINE. 
FRONT R.P.M.45 BACK 





used on these gas-engines is the Chorlton-Whitehead 
enclosed type. 


ComMPaRISON Between CapitaL Cost aNp RuNNING 
Cost For 700-INDiIcaTED-Horsk-PowEr STEAM-ENGINE, 
AND PLANT FOR A New MILL, witH GAs-ENGINE AND 
PLANT FOR THE SAME Duty. (HorizontaL TypEs.) 


The hours of working are assumed to be fifty-five per 
week, the fuel assumed to be bituminous coal costing 10s. 
per ton at the mill. Three separate sets of figures are 
given for the steam-engine, each having been obtained 
from different well-informed sources. The figures for the 
gas-engine and plant are based upon current practice. 


Steam Installation. 


— A. B. 


preenaetars a | 
700-indicated-horse-power compound) 
steam-engine, rope fly-wheel, jet- 
condenser, &c. .. ‘ ne we 
Boilers and superheaters (one spare) .. 
Economisers oe me Pe . 
Feed-pump, steam-pipes, valves, water- 
feed, injection, overflow, &c., pipe- 
ing, &. “+! “s ae “s 
Engine - house, foundations, _ boiler- 
house, seating, lagging, &. .. ies 
Crane .. f ‘a as Ee 
Chimney and flues. . 
Reservoir es 





£ £ 
2,200 
1,000 

120 


2,300 | 
895 | 
120 


350 405 
1,1€0 
100 
650 
500 


1,095 
90 


1,1€0 | 
500 
Totals... 


6,020 | 6,505 





* Dampers. t No flues. 





PUMP WORK IN % OF 1.H.P 19% 
LEFT HAND ENGINE. 
POWER CYLINDER 


AIR PUMP Spring 











RIGHT HAND ENGINE. 
ER CYLINDER 


Spring 





GAS PUMP Spring % 


AIR PUMP Spring ds 
P tte OO ae ae 
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Fig.72. 


A 


the long compression curve for both ends of the cylinder 
nearly compensates the inertia of parts line, and thus 
ensures smooth running over the centres, in practice, at 
a comparatively high piston speed. 

Figs. 72 to 75, above, are very interesting, inasmuch as 
they show Moscrop diagrams, taken from steam and gas- 
engines in the same mill in two separate instances—t.c., 
a steam and ine in one mill, and a steam and gas- 
engine in ano’ mill in quite a different district. It is not 
suggested that these re t the most modern steam- 








engine results, but they illustrate what was found good 
enough to drive mules, ring-frames, &. The governor 


From the above it will be seen that the steam-engine 
installation ** A” ccsts n uch ihe same es the gas installa- 


Fight. 






























































~ 


tion detailed on the next , assuming a complete plant 
in each case, whilst ‘‘B” and ‘‘C” are actually higher, 
especially ‘‘C” (the figures of a leading maker), which is 
approximately 2000/. more. The gas-producer would be 
capable of using similar fuel to the steam-engine. The 
amount of attention uired for the gas-plant will be 
less than for the cemmalenh, reckoned only on amount of 
fuel consumed and ashes removed. The cost of oil required 
for gas mg not be more than for ae. The 
water-coo! arrangements are more di compare, 
for, if a canal or river is available, these could be omitted, 
showing greater difference in favour of steam-plant ‘‘ A,” 
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Gas Instalsations. 
£ 
ey ed gas-engine, complete 


with rope fly-wheel .. ais ee we 3500 
Engine-house and foundations for engine .. os 595 
Bituminous gas-plant of suction type, with 

scrubbers, &c., coal-handling plant and auxi- 

liaries, foundations .. ie os at in 950 
Gas, exhaust, compressed.air piping and water- 

pump . - oe oe on ee os 300 
Exhaust-heat boiler for gas or hand-firing and 

settings .. - - os es on on 300 
Steam-driven air-compressor and steel air-tank 

for starting purposes - on * 90 
Crane os ae oe ee oo oe - 109 
Water-tank and cooling-stack for cooling-water 

arrangements .. os ee os oe ee 150 

5985 


although feed-water for boilers would require allowing 
for ; but if a cooler is used and town water supply taken 
for make-up, then the gain is in favour of gas. The fuel- 
handling arrangements for gas plant will be such that one 
man can look after the engine and — with a little 
assistance at evenings and week-ends for cleaning and 
clinkering. No chimney and fives will be required, 
neither will valuable space be taken up by the large cool- 
ing plant necessary with the steam-engine if no canal or 
river is available (capital cost for ground uired not in- 
cluded). In the case of the re-fitting of an old mill where 
the chimney, &c., is available, the gas-engine, of course, 
does not come out so well. A probable explanation 
—coupled with the manufacturers’ natural suspicion of a 
new power, together with the mill-building boom having 
gone by—of its slow progress in this class of driving. 

The following is an approximate comparison of work- 
ing costs per annum :— 

Srream-EnGIne. 

Fuel.—Taking the average coal consumption of an up- 
to-date steam-engine, running condensing with super- 
heated steam, economiser, &c., at about 1 lb. per indi- 
cated horse-power hour of good Lancashire coal, the 
consumption for driving the mill alone would be :— 

700 I.H.-P. x 55 hours x 1.75 lb. 
2240 


&c., it is usually found that 20 
ded to the running consumption, so 


= 30 tons. 


For heating pur 
per cent. may be 


making the total coal consumption for a mill of 700 
indicated horse-power, say, 36 tons per week. 
£8. 
Say 36 tons at 10s. 180 
Labour : 
One engine-driver at 2/., one stoker at 11. 5s. 35 
Some extra assistance for cleaning, &c. es 
Repairs and maintenance for engine, boilers, 
economisers, pipes, &c., and general plant, say, 
21. per week. .. - be - ee 4 20 
23 5 


Gas Installation.—Taking the fuel consumption at 1 lb. 
the total per week will equal 17 tons. As the stand-by 
losses of a producer are much less than a boiler, 15 per 
cent. will be ample to allow for this, plus any extra 
heating not done by exhaust boiler, giving a consump- 
tion of 20 tons per week, and a saving over steam of 
16 tons, or 400/. per annum. The smaller coal consump- 
tion and the use of an automatic producer enables the 
plant to be worked by one man with help at week-ends, 
a saving of 25s. per week. Thus the total saving is about 
equivalent to the interest and depreciation. 

Repairs and Maintenance.—In the latest gas-plant in- 
stallations the cost of these should not exceed the steam 
figures. 

Notes re the Comparison.—The percentage for heating 
isassumed, but it must be remembered that the exhaust 
boiler can raise about 1500 Ib. of steam per hour, equiva- 
lent at 7 lb. evaporation to 5 tons of coal per week; a 
greater allowance might therefore have been made for 
the gas figures. Heating of the mill, not being necessary 
- the summer months, is not allowed for on either 
plant. 

The figures given for the gas plant are not obtained from 
the first installations, but it is not suggested that fuel 
consumption given for the engine is the lowest obtain- 
able, nor is it contended that 17 lb. per horse-power is 
the lowest consumption obtained from a steam plant. 
The mechanical efficiency of the steam set is probably 
higher by 5 per cent. than the gas set. 








ImporTANT ExTENsIONS OF LARGE GERMAN ENGINEER- 
ING Works.—The Oberbilker steel works in Diisseldorf 
are about to construct the largest Martin furnace in 
Europe, with a capacity of 100,000 kilogrammes ; the new 
hammer works will also be among the largest in Europe ; 
new turning shops are in course of construction, and the 
various extensions will entail a cost of several millions of 
marks. The Augsburg-Niirnberg Engineering Company 
have bought land in the neighbourhood of Duisburg, 
upon which large works are about to be erected. It is 
proposed to centralise the foundries at Niirnberg, 
ge and Gustavsburg at Duisburg, and it is also 
under contemplation to build a large colony for their 
workmen at th» latter place, where the number of hands 
will amoun: tw about 12,000. The firm of Fried. 
Krupp has bought land at Cleve for the purpose of start- 
ing iron and steel works on the property. Several new 


blast-furnaces are about to be built for the Friedrich- | Card 
Wilhelm Hiitte at Miilheim and Ruhr, which belongs 
to the German-Luxemburg Mining and Iron Company. 
projected by the same firm, 
seems to prevail within the 
ustry. 


New steel works are 
and considerable activit 
German steel and iron in 


FOREIGN ENGINEERING PROJECTS. 


Wer give below some particulars of a series of colonial 
and foreign enterprises. Further information concerning 
them can be obtained from the Cc cial Intellig 
Branch, Board of Trade, 73, Basinghall-street, E.C. 

Australia: The Imperial Trade Correspondent at 
Adelaide reports that the South Australian Government 
intend to construct a breakwater at Glenelg at a cost of 





Crete: H.M. Consul-General at Canea reports that the 
Cretan Government are authorised to invite public 
tenders for the construction of a light railway about 
120 kilometres (75 miles) long between Candia and Mes- 
sara ; the interest and sinking fund to be guaranteed by 
the Government. 

Belgium ; The following information respecting certain 
proposed works by the Port Administration at Antwerp 
during 1911 is from the report by H.M. Consul-General 
at Antwerp :— 


Antwerp Port Works— Works Proposed for 1911. 
£ 
Construction of metal shed and accessories... 8,000 
Construction of customs enclosure sheds 

Nos. 10, 11, 13, and 14 om nf ae we 1,600 
Covering of open space, Quai St. Michel. . am 400 
Construction of transit warehouse, Quai d’Her- 

bouville >. os - a os es 9,300 
Reinforcing quay-walls of Quais du Rhin, 

Cockerill and Van Dyck .. = Se - 3,000 
New roller-bridges, Bassin Guillaume and 

Kattendyk .. on we we a on 8,000 
Replacing lock-gates, Kattendyk junction-dock 1,600 
Construction of sheds, Quais Godefroid and St. 

Laurent, Asia, and Campine Docks - 12,000 
Housing for port officials at dry dock 1,600 
Construction of port shelters Rei 1,200 
Sanitary installations 1,000 
Port office construction .. 600 
Additions to dry dock No. 1 1,400 
Additions to jetty—sanitary post .. 800 
Mooring-post and chains in docks = = 3800 
Road works, drainage, &c., Kattendyk and Asia 

dock quays .. oe ee we - - 800 
New canal dock and subsidiary basins— 

Construction of offices, shelters, and paving 4,000 

Construction of = a ie + 32,000 

Construction of barge basin .. 24,000 
Bonded warehouse— 

Construction of two new warehouses 10,000 

Construction of new dry dock —grant 60,000 


Russia: His Majesty’s Commercial Attaché for Russia 

reports that, according to the official Commercial and 
Industrial Gazette, the Russian Council cf Ministers has 
expressed itself in favour of the construction by the State 
of a second (Southern) Siberian Main Railway in the 
direction of Uralsk, Orenburg, Akmolinsk, and Semi- 
palatinsk, the cost of which is estimated at about 
155,000,000 roubles (about 16,360,000/.). It is stated that 
the construction of this line will be of great value for agri- 
cultural, strategical, and colonising purposes. It was also 
decided in favour of the construction by the State of the 
Altai line in the direction of Semipalatinsk, Barnaul, 
Biisk, and Novo Nikolaievsk on the main Siberian line. 
With reference to the railways in Poland, H.M. Consul 
at Warsaw has furnished the following further particulars 
in connection therewith:—The Commission of the 
Ministry of Communications has taken over and opened 
to traffic from March 1 the newly-constructed broad- 
auge railway from Herby, on the German frontier, to 
<ielce via Czenstochowa. The new line, which is 
122 versts (81 miles) in le , runs through a portion of 
the country rich in natural resources, which have as yet 
remained undeveloped owing to lack of proper communi- 
cation. The line also forms a direct connection between 
the southern portions of Silesia and the interior of Russia, 
as at Kielce it joins the existing Dombrowa- Vistula rail- 
way, along which traffic can pass to the East without 
going through Warsaw or changing the gauge, except 
at Herby. ater-borne freight from Stettin wa Kosel 
can thus be forwarded by a nearer direct route to 
the Central and Southern Russian provinces. A pro 1 
has been put forward, but has not yet taken definite 
shape, for a new line from Kielce to Sandomierz on the 
Vistula at the point where it turns westward and forms 
the boundary between Russian Poland and Galicia. The 
scheme for a railway 185 versts (123 miles) long from 
Czenstochowa to Sieradz, running parallel with the 
German frontier, and having feeders thereto from Wierus- 
zew and Praszka, has been revived. The construction 
is expected to be undertaken either by the Warsaw- 
Vienna Railway Company, or by the Lodzer Fabrik 
Bahn Company ; the latter company is reported to have 
obtained permission to make the necessary surveys and 
to prepare plans. Permission has also been obtained by 
private promoters to submit plans for a new railway to 
run due north from Lodz via Zgierz, Ozorkow, Lenczyca, 
Kutno, Gostynin, across the Vistula to Plock, and via 
Sierpiec and Okalewo to Karfu, a town on the German 
frontier; a branch line is pro from Okalewo to 
Rypin, from whence a line is already sanctioned to the 
frontier town of Dobrzyn. 

Cuba: The Gaccta Oficial publishes a decree granting 
to the Compajiia de los Puertos de Cuba a concession for 
the carrying out of extensive dredging operations and 
general harbour improvements in Uuba. The work will 
comprise dredging and improving Havana Harbour, 
irrigation and drai works, the raising and destruction 
of any derelict craft in Havana Harbour, dredging and 
improving the harbours of Santiago de Cuba, Cienfuegos, 
enas, Matanzas, Esperanza, Nuevitas, and Guanta- 
namo. 

Brazil: The Diario Official publishes the followi 
decrees :—Decree No. 8385, approving the final plans 
estimate submitted by the Companhia Mogyana de 





Estradas de Ferro e Navegac&o for the construction of a 





railway from Mogy-mirim to Santos. Decree No. 8556 
authorising Messrs. Florisbello Leivas, André Verissimo 
R~bougas, and Joio Baptista Garcez to construct the fol- 
lowing lines of ralway—viz., Jaguarfio to Basilio, Ale- 

rete to Quarahy, and S. Sebastifio to Sant’? Anna do 

ivramento rg by way of D. Pedrito. Three years 
are allowed for the completion of the lines. The concrs- 
sionnaires will be allowed to import constructional material 
frev of duty. Decree No. 8559, approving the contract 
with Jo&io Corréa e Irmao and the co da Provincia do 
Rio Grande do Sul for the construction of the lines from 
S. Pedro to 8S. Luiz and Si&io Borja. Three years are 
allowed for the completion of the lines. The conces- 
sionnaires will be allowed to import constructional material 
free of duty. 

Arycntine Republic: The Boletin Oficial contains a 
decree approving the final plans and specification sub- 
mitted by the Buenos Aires Great Southern Railway 
Company, Limited, for the construction of a section of 
railway from Florencio Varela to Ezpeleta. 

Japan: With reference to the proposed conversion of 
the Tokio-Shimonoseki Railway to broad gauge, the 
British Acting Commercial Attaché at Yokohama now 
reports that the Lower House of the Japanese Diet has 
struck out of the estimates the appropriation for this 
purpose. This action, however, only amounts to a post- 
ponement of the matter for one year, as the Government 
intend to bring the scheme forward again at the next 
session of the Diet. 

Netherlands East Indies: The Nieuwe Rotterdamsche 
Courant states that the Netherlands Kast Indies Railway 
Company has issued instructions for surveying operations 
in connection with the construction of a tramway from 
Babat via Prambon to Toeban, with a branch line to 
Bodjonegoro. The Bulletin Commercial (Brussels) an- 
nounces that a project is on foot for the construction of 
400 miles of railway in the south of Sumatra, the cost 
of which is estimated at 30,000,000 —_— (2,500, 0007. ). 
It is proposed to defray the expense by means of a loan, 
instead of including it in the Budget statement from 
year to year. The same Budletin notifies, on the authority 
of the lgian Consul at Batavia, that the favourable 
results obtained in Java with the steam tramway from 
Tjikampek to Tjilamaja have prompted the authorities 
to arrange for the establishment of a further system of 
similar tramways in the island. 





INTERNATIONAL JOURNAL OF METALLOGRAPHY. — We 
welcome the appearance of a new ‘Central Periodical for 
the Entire Theory and Practice of Alloys,” the first 
number of which Messrs. Gebriider Borntriiger, of Berlin, 
brought out last month under the above title ‘ Inter- 
national Journal of Metallography.” It is edited by Dr. 
W. Guertler, of the Technische Hochschule, Berlin ; 
with the assistance of J. O. Arnold (Sheffield), O. Bauer 
(Berlin), C. Benedicks a, G. Bruni (Padova), 
W. Campbell (New York), yo a, nter 
(Manchester), G. Charpy (Montlugon), M. Chikashigé 
(Kyoto), E. Cohen (Amsterdam), K. Friedrich (Breslau), 
F. Giolitti (Torino), H. Goldschmidt (Essen), E. Heyn 
Berlin), H. M. Howe, D. Mazzotto (Modena), W. B. A. 

osenhain ae me E. Shepherd (Washington), 
T. Turner (Birmingham), and C. i. Mathewson (New 
Haven), the special editor for America. A more repre- 
sentative list of theoretical and practical authorities 
could hardly be compiled. The new periodical is to 
oo in numbers, six or seven of which will make up a 
volume offered at 20s. Authors may write in English, 
French, German, and Italian. The articles in the first 
number, covering 63 octavo are in English and 
French. The Bibliography of 1910, occupying twenty 
more pages, is arranged under German headings ; the 
number of these headings, we think, might profitably be 
reduced. Brief abstracts of the contents of the articles 
are given in different languages, not always the original 
language. The type, paper, and illustrations are excellent. 





“CANTILEVER” Typrx oF StraAmMeR.—The s.s. Berwind- 
vale, which has been completed to the order of Mr. 
Harald R. Dixon by Sir Raylton Dixon and Co., 
Limited, Middlesbrough.on-Tees, and with engines by 
Messrs. Richardsons, Westgarth, and Co., Limited, 
Hartlepool, embodies several novel features in her con- 
struction. Her dimensions are 425 ft. length, 54 ft. beam, 
and 29 ft. moulded depth. On a draft of 24 ft. 6 in. she 
will carry some 8650 tons dead-weight. The net register 
tonnage is 2700 tons, and she takes over 2900 tons of 
water ballast, of which 1130 tons is in topside tanks. The 
vessel is built on the Harroway-Dixon ‘Cantilever ” 
frame system, and has been specially designed for the 
coal trade between American coaling ports and Havana, 
Cuba. One of the important features of the steamer is 
her very large hatchways, which, eight in number, 
measure 21 ft. by 33 ft. is practically leaves the whole 
of the ship open when the hatches are removed. An 
entirely new design of hinged hatch-cover has been 
adopted, and, although the Latchways are of such an 
enormous size, the covers by a very simple arrangement 
may be raised and lowered in a space of 90 seconds, and 
no tarpaulins are required. In order that there should 
be no interference with the working of the discharging 
bridges at Havana, which are of the Brown hoisting 
type working a grab bucket, the engines are placed aft, 
obviating the obstacle of the shaft tunnelling. The 
engines have cylinders 28 in., 46 in., and 77 in. in diameter, 
with a 48 in. stroke. There are three single-ended boilers 
with Howden’s forced draught. As the vessel will work 
on the American coast, the Forrest system of wireless 
has been installed, and she also hasa submarine signalli 
equipment, On the trial trip the vessel in half-load 





condition averaged a speed of 13 knots. 
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ELECTRICAL APPARATUS. 


18,837/10. Siemens Brothers’ Dyname Works, 
Limited, London (Siemens-Schuckertwerke, G.m.b.H., Berlin, 
Germany). Induction Motors. [2 Figs.) August 10, 1910. 
—This invention relates to a stator winding for a single-phase 
induction electric motor having parallel connected sets of coils, 
and consists in yoy the magnetic axes of one set of stator 
coils around the stator circumference by an angle which is greater 
than zero and less than 90 electrical degrees with respect to the 
magnetic axes of the other set of stator coils, and connecting the 
sets of coils in parallel in such a direction that the magneto-motive 
forces in the overlapping portions of coils belonging to different 
sets oppose one another when continuous-current supply mains 
are connected to the parallel connected sets of coils. e advan- 
tage of this winding lies in the relatively great difference in the 
time ean of the fluxes produced by each set of coils. A more 
suitable rotating field is uced which improves both the start- 
ing and running conditions, and reduces the electrical losses. 
Fig. 1 shows diagrammaticaliy a stator s on which is a windin 
divided into two parallel connected branches a and b. The wind- 


Fig.t. | Fig-2._ropgagrerren 
' porte 
&— COUDULTUDUUL 





ing is a four-pole one, having three sicts per pole. One of the 
branches @ is shown by long interrupted lines and thick circles in 
the slots, and the other winding by short interrupted lines and 
thin circles in the slots. Taking one pole which embraces the 
teeth z, z!, and z%, it will be observed that both windings a and b 
embrace the tooth z, whilst a only embraces tooth z!, and b only 
embraces z2, It will also be observed that the magnetic axes of 
the branched windings are displaced around the stator 60 elec- 
trical degrees. In a winding of this kind it is usual, in order that 
the branches may have a different self-induction to wind one 
branch with a different number of slot conductors to the other 
branch. In Fig. 1 this feature has been omitted for the sake of 
clearness and simplicity. Fig. 2 shows diagrammatically the two 
branches windings @ and b connected in parallel, the winding b 
having a greater number of turns than the winding a. In wertiag 
up both branches would be connected in lel across the supply 
mains, and for normal running the connections may be the same 
as for starting, or one of the branches may be disconnected. The 
rotor could be of the ordinary short-circuited squirrel-cage type. 
(Accepted February 1, 1911.) 


167/10. Fried. Kru; Aktlengoselischaft. Hesen, 
crane Dynames. " Figs.) October 29, 1910,—This 


invention relates to continuous-current dynamo machines havin 

an auxiliary winding arranged upon the magnet-frame and f 

from an alternating-current source, and the object of the inven- 
tion is to prevent, as much as ible, the production of residual 
magnetism in the magnet-frame, without the uniformity of the 
tension of the continuous current induced in the armature being 
prejudicially affected. The magnet-frame of the dynamo is pro- 
vided with two diametrically w aggegd situated pole-shoes al, 
which are connected to each other by an annular yoke A. The 
pole-shoes a!, between which the armature is arran, to rotate, 
are surrounded by a winding BK, which can be fed from a source 
of continuous current and serves for the excitation of the machine. 
Upon the annular yoke is arranged, in the manner shown in the 








drawing, an auxiliary winding C, which can be fed from a source 
of alternating current and independent of the source of con- 
tinuous current. The strength of the alternating current supplied 
S the winding ra - ~~ that the flow be the | of 
lorce produced by it is sufficiently great to prac ly prevent 
the production of residual stism in the t-frame. When 
the machine is working, the lines of force which are uced 
by the continuous current flowing in the winding B, join w 
—- the magnet-frame and the armature over the path indi. 
cated in Fig. 1 by dot-and-dash lines a”, and flow, if the north pole 
of the magnet-frame be assumed to be at N, in the direction of the 
arrow x. The lines of force which pe by the al: 

current flowing in the win ©, join up chiefly over the 
a e dotted line a> Se annular yoke A, as 
this path offers them the least magnetic resistance. As in this 


case none of the lines of force produced by the alternating current 
pass through the armature, the field of force produced by the 
alternating current is practically without influence upon the 
uniformity of the flow of the lines of force produced by the con- 
tinuous current winding B and traversing the armature. The 
uniformity of the tension of the continuous current produced in 
the armature by the field of force of the alternating current will 
in like manner also not be prejudicially affected. (Accepted 
February 8, 1911.) 


6894/10. The British Thomson-Houston Company, 
ptiet landes. (General Electric Company, Schenectady, 
U.S.A. Measuring Instruments. (2 Figs.) 
March 18, 1910.—In an electric wattmeter two four-pole armatures 
are mounted on a shaft and energised by a current varying with 
the potential, and two four-pole series fields are in operative 
relation with the armatures, the armatures and their co-operating 
fields being so positioned that the direction of the fluxes of one 
armature and its field are o to those of the other armature 
and ite field. 1 is a meter shaft which drives the recording 
mechanism. Mounted upon this shaft are the two four-pole 
armatures 3, 4, which are energised by a current varying with the 
potential in the circuit to be measured. Attached to the shaft, 
and connected to the armatures, is the commutator 5 upon which 
bear the brushes 6. In operative relation with the two armatures 








are the two sets of series fields 7, these atne the usual series 
fields employed in an integrating wattmeter, and the coils forming 
the fields are shown as closely embracing the two armatures. 
The armature windings in Fig. 2 are, for the purpose of illustra- 
tion, shown diagrammatically by the conductor 8, the small 
arrows showing the direction in which the current may be sup- 

to flow; and for clearness of illustration the terminals of 
the armature conductors 9 and 10 are shown as midway between 
the two armatures, instead of being brought up to the commu- 
tator placed above the two armatures. The long curved arrows 
show the direction of the fluxes in the two fields, and it will be 
seen that the fields are so tioned that the direction of the 
fluxes of the one are op to the direction of the fluxes of the 
other. The armatures are positioned on the shaft so that the 
direction of their polarities or fluxes are also opposed. (Accepted 
February 8, 1911.) 


3068/10. F. Pooley, London. Motor-Starters. (2 Figs.) 
February 8, 1910.—According to this invention, the switch-lever 
spring is made weaker than the starting-lever spring, and is so 
arranged that it is stressed after the coupling of the two levers, 
and then only by the combined movement of the two levers 
to the “on” position of the switch-lever under the influence 
of the starting -lever ate. 1 is the starting-lever, and 2 is 
the switch-lever. Both of these levers are mounted loosely 
on the spindle 3. 4 is the starting-lever spring, and 5 is the 
switch-lever spring. The springs are each fastened at one end to 
a stationary part of the motor starter, and at the other end to its 
lever, the arrangement being such that the switch-lever has a 
tendency to assume the “‘ off” position, and the starting-lever a 
position adjacent the ‘‘on” position of the switch-lever. 6 is the 
electro et carried by the starting-lever. One end of the 
winding of the electromagnet is connected with a brush 7, which is 
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arranged to rub upon a sector-contact 8, and the other end is 
connected with the supply-circuit. 9 is the armature carried by 
the switch lever ; 10 are the contacts with which the switch-lever 
makes connection through a brush 11. As the starting-lever 1 is 
moved from the tion shown in Fig. 1 to a position over the 
switch lever 2, the brush 7 comes in contact with the sector- 
contact 8, and the electromagnet 6 is energised, and the spring 4 
is wound up. When the two levers are one over the other the 
armature 9 is attracted by the electromagnet 6, and the two levers 
are locked ther. The levers now move about the spindle 3 in 
a clockwise direction under the action of the spring 4, the switch- 
lever 2 and its movement causing the cutting-out of resistance in 
the motor-circuit. To prevent a too rapid movement of the levers 
from the “‘ off” to the ‘‘on” position the removal of the stress on 
= ing 4 is retarded by means of a fly. (Accepted February 8, 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


5431/10. The W Tool and Motor-Car Com- 
Limi A. A. and J. D. Pi 
March 4, 1910.— 


2 Figs.) 
petrol or parafin, the, paraffin, when. toed, passing throngh 
or n, wi a 
Eeated chalaber to'vaporioe It nnd eich permits of petrol being 








used in starting an engine and, when sufficient heat has been 
developed, of seg being used for further running. According 
40 this invention there is provided a mixing chamber which is 
common to the petrol and ffin, and means whereby the com- 
bustible mixture may, at will, be caused to flow from such chamber, 
either (when petrol is used as the fuel) otherwise than through 
such heated on its way to the intake pipe, or (when paraffin 
is used as the fuel) through such heated passage on its way to 
the intake pipe. A is the float chamber fed through a pipe B, 
into which, at will, petrol may be supplied from one of the pipes 
BI, or paraffin from the other of such pipes, through the medium 
of a three-way cock. a is a passage which communicates with the 
lower portion of the float chamber A and with a nozzle D, the nose 
of which projects within a jet chamber E. Air is drawn down- 
wards by the engine suction through a device E! into the jet 
chamber E. This chamber is in communication with a second 
chamber F, and a hollow cylindrical valve G, open at both ends, 
is a sliding fit within the chamber F. When petrol is being used, 








the valve G is as shown, and the mixture flows through the valve 
G into a third chamber H, and from thence to the intake pipe J to 
the engine. When paraffin is being used the valve G is drawn back 
into the chamber H. The mixture now passes from the chamber E 
into the chamber F threugh a coil of piping K into the bottom of 
the chamber H, around the valve G into the intake pipe J. The coil 
losed with a chamber M, through which exhaust gases 
pass, and thus, shortly after the engine has been started, the 
coil is sufficiently hot to thoroughly vaporise the paraffin when 
the same is ——_ into use as the fuel. When a single float 
chamber A is used for both petrol and paraffin, the paraffin, being 
the heavier, will flow to the nozzle D almost immediately it has 
been turned on to the float chamber, if, and as is usual in float feed 
apparatus, the communication with passage a is very near to the 
bottom of the float chamber. When it is desired to re-start the 
engine after working with paraffin, it is necessary, owing to the 
petrol being the lighter liquid, to first drain off the paraffin which 
remains in the float chamber. (Accepted January 25, 1911.) 
1673/10. The Austin Motor Company, Limited, and 
H. Aus' Bir ham. Internal - Combustion 
es, [1 Fig) January 22, 1910.—This invention relates to 
internal-combustion engines of the sleeve-valve type. According to 
this invention, asleeve valve is utilised independently of the piston 
to control the exhaust or inlet, and a valve is carried by the 
cylinder head by means of which the inlet or exhaust, as the case 
may require, is entirely controlled. In one embodiment of this 
invention, the sleeve-valve A controls the exhaust-port c, the open- 
ing of the port being effected, at the required point of the firing 
stroke of the piston B, simply by the — edge of the valve A 
passing downwards of the upper edge of the port, the closing of 
the port a. place simply by the return movement of the 
sleeve-valve. The compression and subsequent firing stroke take 
lace, of course, while the port is covered by the sleeve-valve, and 
he greatest ures take place while the sleeve-valve is in, or 
nearly in, its position of greatest lap over the port, thus mini- 








mising the degree of possible leakage through the port. A spring 
ring is let into a groove which is turned in the exterior of the 
sleeve-valve A, its upper or outer edge being, preferably, brought 
as close as is practicable to the upper edge of the valve, and this 
ring is of such depth as to ensure that it will pass smoothly over 
and effectively close the port. In the head of the cylinder C is 
fitted an inlet valve D, of the mushroom type, and the suction 
stroke of the piston B draws in combustible mixture through the 
opening which is controlled by this valve. As the exhaust is con- 
trolled entirely by the sleeve-valve A, the complication in the 
head of the cylinder C, which is incidental to the employment 
therewith of both inlet and exhaust valves, is avoided. Con- 
sequently, the inlet valve can be arranged concentric with the 
head, and can be made of so large a diameter that a very small 
“ lift” suffices to give the uired inlet area, and its spring Lag 4 
be much lighter is usual, as there is no occasion to make it 
intercha: le with a spring for an exhaust-valve, (Accepted 
January 25, 1911.) 
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THE ELASTICA. | Fig. : ; the reciprocal figure for this case is given in 
> m | Fig. 6. 
By W. E. Lity, M.A., D.Se. | Let one-half the chord or bay divided. by the radius 
Amona some of the earliest researches upon elastic | = sin ¢, then, if p represents the normal pressure on 
stability is the investigation of the elastica given | the inner circular are, and p its radius, the thrust 
by James Bernouilli in 1705, and the application of | T = p p, and for the outer circular are also let 
it to the problem of the shape of the curve assumed | p, p, = T, then the normal forces acting at the 
by a thin flat steel spring subjected to two equal | joints are 
and opposite forces applied to its ends, which | N = 2ppsin ¢ = 2p, p, sind =2T sin ¢, 
as eae = Ang oe. = ae _and the stress on the chords is T. At the ends the 
0 y ; 
critical load which applied to a straight: spring or | ve: gh a T beng porpeediones’ - 
long column will just bend it, the magnitude | padius passing through the apex of the triangle 
of bry he on be egw ao yc oer otis is midway between the respeerh the stresses 
; . in the members are given on the reciprocal figure. 
nny rus fo ong columns ge fle elt) Consider now the normal loads equal to N acting 
lengths, with the result that various formul:e, Fig. 2, t 0, she bn he of + lee alba Pig - Ste 
ae or — oanee. have come into use for the! of the column, taken parallel to the resultant of 
design of such columns. the forces acting on one-half the length, is 


R=2(pp + p,p,) sin "LP =4T sin ".,® 


2 
where », is an odd integer and represents the 
number cf half bays to the end of the column, and 
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(208.8) oO 

It is now proposed to discuss the Eulerian 
‘analysis of the elastica” more especially with 
regard to the equilibrium of the shearing stresses, 
and — that the curve of the bent spring can 
be produced by a different system of loading than 
was contemplated by Euler. The application of 
this result to the analogous problems which occur 
in the design of columns will then be referred to. 


its angle of inclination with the horizontal is : uf . 


and therefore the line of action of R produced 
passes through the extremity of the horizontal 
diameter. 

_Resolving R_ perpendicularly and horizontally 
gives 


l= 2%? .. ei 
_ The statical problem of the distribution of stress V = 4Toin? 4° = 2T (1—cosm 9), 
in a triangulated column bent to a circular arc, and | and 
supposed indeformable, as shown in Fig. 1, will be H = 2T sin n 9. 


first considered. The ends of the column may be 
looked upon as being connected together by a tie 
transmitting a given stress, the structure then being 
self strained. 

The magnitude of the stresses in the various 
members is determined by the reciprocal figure of 
Fig. 4; only one-half of the reciprocal’ figure is | 
shown in order to give clearness in the vaeiee of | 


Again, resolving R perpendicular to the radius 
and parallel to it gives 


D= 4T sin? ”® and S = 2T sin n, ¢, 


from this it follows that V = D and H = S; that 
is, the vertical components of the load equal the 





and the a figure is shown in Fig. 5. 
will be noted that the stresses in the ties and struts | the corresponding value of n. 
are the same in both cases. It follows from this that the shear stress in the 
Consider now that the ties and struts are removed, | inclined bracing is 2 T sin n ¢, since the flanges 
and that the outer members or flanges, which are | are perpendicular to the radius taken through the 
chords of the circular arc of the column, are in| centre of any bay. Also, if a horizontal section is 
equilibrium under a system of normal loads, as| taken through the centre of the bay, the value of 
shown in Fig. 3, the normal loads being of equal the shear stress is again 2 T sin ng@ =H. The 





‘reciprocal figure. It will be noted that these 
stresses are made up of a small thrust due to the 
inside flanges } mmr outwards against the outside 
flanges, in addition to the shear stresses. 

The bending moment at the centre of any bay can 
be determined as follows :— 


M = Rk-M,, 
where 
k = 2p) cos "s sin (n,—n) . 


p, being the radius to the centre of the bay, also 
M; = 4T posin® (sin @ + sin3 @ + sind@...) 
= 4T pp sin? m @ 
where m is the number of terms in the series ; this 


(1, —n) 
2 





lis equal to , hence 


|M=4T po { 2sin™? cos = sin (n, -n)@ —sin?(n, - n) 2} 


=4T py sin (nm —- n) ® sin (n, +n) 5 


=4T py (sin _ - sin? 7) 


2T p ( cos n @ — cos n, ¢). 

From the inspection of Figs. 2 and 3 and the 
reciprocal diagrams of Figs. 5 and 6, it will be evi- 
dent that by superposition the reciprocal diagram 
of Fig. 4 is obtained, which corresponds to the case of 
the column loaded with a direct load, as in Fig. 1, 
in which the load P = 2 T. The shear stress parallel 
to the radius through the centre of any bay is, as 
before, equal to 2 T sin n@, but on the horizontal 

















section the algebraic sum of the shear stresses is 
now zero ; the bending moments remain as before. 
It follows then that the stresses set up in a curved 
column can be determined by considering a system 
of normal loads acting on the column together 
with the direct stresses set up in the flanges by these 
normal loads. This has been proved to be true for 
the column considered ; it will now be shown to be 
true for the elastica. 

A flexible tie isin equilibrium under a fluid load, 
as shown in Fig. 7, page 402. The shape of the 
curve is then the elastica, or, as sometimes called, 
the ‘‘lintearia,” of Bernouilli. Let T be the ten- 
sion in the chord, w the weight of unit volume of 
the fluid, p the radius of curvature of the tie. The 
co-ordinates 0 X, O Y are taken from the point 0 
at the free surface of the fluid in the middle of the 





: direct stress D perpendicular to the radius at the | 
the diagram. On Fig. 2 the same column is shown, | end of the column, and the horizontal components 
but in this case loaded with a series of normal loads, | of the load equal the shear stress S. The rela-| 
It | tions hold true taken to the centre of any bay with | 





magnitude and of reverse sign to those shown on | stresses on the rad:al struts are given on the 


span. Then 

” T=Np=wyp,, 
: © 0 ont dy _ 

ds 

s being the distance measured from Y along the 
curve and 6 the angle of inclination of the tangent 
to the free surface of the liquid. These relations 
give 


also — sin 0, 


3 
eo. 
i 


(1) 


sind=0. ° ° 
d # 


whcre c? = T , the first integral of equation (1), is 
w 
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1 


c4 


cos@ + cons‘ant = 0, 


6 =a, 


r 


ds 
when 
de _ 


: 0 
ds 


’ 


hence 
dé 
4 C 8 


The Eulerian analysis of the bent spring sub- 
jected to two equal and opposite forces, as shown 
on Fig. 9, is similar to the preceding, and is as 
follows :—Let T be the thrust on the spring, then 
the direct stress on any cross-section inclined 6 
with the horizontal is D = T cos 6, and the shear 
stress is S = — T sin 6. If M is the bending 
moment, E Young’s modulus of elasticity, and I 
the moment of inertia round the neutral axis and 
assumed constant, then 


y+ 1 (cosa — cos 0) = 0 (2) 
c2 


aM ig =0,endM= - E129 - p??, 
ds ds as 
These relations give, as before, 
we + ging = 0, 
d s* e 
where c? = — if the curves are exactly the same, 
e= BT ° 
 y w 


To integrate equation (2) Jacobian elliptic func- 
tions of an argument u and modulus k are intro- 
duced, which are given by the equations 


° a 
us=scandk=sin,. 


Then 
dé 


du 


(3) 


_ © 
= 2k cn wand sin » = ’snu. 


~ 


also 
d 


= cos 0 and — 
d 
These relations on integration give the co-ordi- 
nates of the curve. 
x2=c(-u+2Eamu) (5) 
y= -2cekenu. (6) 
when u = 0, » = 0, and y = — 2ck, and no con- 
stants are required. 

Consider now the curve in equilibrium under the 
fluid load, Figs. 7 and 8, the resultants R, and R, 
of the normal forces due to the fluid pressure to 
either side of any point such as A, and the 
horizontal components H, and H, and the vertical 
components V, and V, are 

H, = T (cos @—cos a) = 2 wc? k? cn? u, 
H, = T (1-—cos @) = 2 wc? k? sn? w. 


dx 
ds 


(4) 


Y = gin 0 
8 


V, = T (sin a-sin 0) = 2wetk (/1-k—snu dn u). 
Vo = Tsin?@ =2weksnudn u. 
R, = 2wke?(dnu — «/1- 2 sn? u). 
Re =2wkc?snu. “ 
- a+0 “7 6 
 tades 3 and rst. 


Now resolve the tension T of the tie at the end 
of the span parallel to R, the resultant of the fluid 
pressures on half the span, and whose inclination 


is <, and parallel to the free surface of the liquid, 


as shown on the figure, then the resolved compo- 


nent S = 2T sin - and () = T. The tie under 
the fluid load at the end of the span may be looked 
upon as being in equilibrium under the two applied 
forces. 

Now imagine the flexible tie to become rigid, let 
the applied force () be removed, the tie may now 
be looked upon as being a spring or rib subjected to 
bending moments equal to Ty, as shown in Fig. 8, 
the reactions at the end of the spring being equal to 
R. Resolving the resultant R, normally, and perpen- 
dicularly to the cross-section of the spring at any 
point A, as shown in the figure, gives the shearing 
and direct stresses 


0 
S= 
R, cos 5; 


D= Ry sin 


= 2wke*snudnu, orS = V, 
6 

2 
That is, the shear stress is of the same magnitude 
as the sum of the vertical components of the fluid 
load to the point considered and the direct stress 
of the horizontal components. 

Now, as in the case of the triangulated column, 
consider the stresses on the flexible tie of Fig. 7 to 
be reversed in sign, and applied to the spring of 
Fig. 8, then by the princi i of superposition the 


= 2wk*csn2u, or D= Hy. 


disappear, and the Eulerian problem of Fig. 9 
results. The magnitude of the thrust is equal to T, 
and the shear stress on the normal cross-section 
equals T sin 6. On the cross-section perpendicular to 
the thrust, the shear stresses balance, their algebraic 
sum being zero. 

The bending moment at any point on the spring 
is T y. For the case when loaded with the fluid load 
of Fig. 8, this can be proved as follows :—Referring 
to the figure, the bending moment due to the forces 


NN Fig? 





Oo 


compared with f, the formula nearly holds true ; 
hence in considering stability it is better to define 
it in terms of the deflection of the column, the 
author having shown* that the function of the 
length of the coiumn which applies to the deflection 
can be closely approximated to. The Rankine- 
Gordon-Tredgold formula gives the first approxi- 
mation ; it assumes that the deflection varies as 
the square of the length. The results derived 
experimentally show that the deflection is some- 








4 Fig.8, 
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to the right of the point A is 
M=LTsina + Ty(l — cosa) - H,y —- V,2. 
The evaluation of these juantities gives 


LT sina = 2wkes/i — & \(- K + 2EamK) 
-(- u+2Eamw)} 
Ty(l -— cosa) = 2wke’.2k2enu. 
- Hy=2wke - 3P ou 
-V,r= 2wk el - JI-#{(- K + 2 Eam K) 
-~(-w+2Eam u)} + (L- 244) enw +i en? w | 


an expression in which all the terms cancel out 
except 
2wkecnu = Ty = M. 

The foregoing investigation has proved that a 
particular system of normal loads will bend the 
spring into the elastica. The experimental verifica- 
tion of this result can easily be made. Let the two 
ends of a spring be tied together; the shape 
assumed by the spring is that of the elastica. 
Now take the same spring, and wind the cord or 
string round the spring, and then again tie the ends 
together ; the shape of the curve will be exactly as 
before if the ends are the same distance apart as 
in the first experiment. The author’s interest in 
the above investigation is the result of experimental 
work carried out on the strength of columns. The 
enunciation of a critical load which follows from 
the Eulerian analysis is now no longer tenable. 
The value of the moment of inertia I is assumed to 
be constant, whereas, in reality, it is a variable, 
and the analysis more rigorously applies to the case 
of the spring when loaded with normal loads, as 
then the direct stresses on the cross-section are 
negligible, and I may be assumed constant. Con- 
sidered from the point of view of this result, it is 
probable that the solution of the column problem 
will depend upon giving a more correct definition 
of what is meant by the term ‘‘stability” of a 
column. 

2EI 


I? 

is sensibly correct ; the deflection of the column, 
however, before failure is a definite value depend- 
ing upon f the strength of the material. The 
magnitude of the deflection for loaded columns 
in which the are is sensibly equal to the length 
fl 

mEy 
the half depth of the column. So long as p, 


For long columns the Eulerian formula P = - 


is given by the expression 8 = , where y is 





spring will again be in equilibrium, the normal loads 








what less than this valuc, and therefore the 
assumption errs on the side of safety. 

The foregoing investigation of the elastica has 
been considered more especially with reference to 
its application to columns. The extension of it 
to include all cases of the inflexional and non- 
inflexional elastica can be easily obtained. These 
are, however, of interest only from an academic 
point of view, and will not be further discussed. 

In conclusion, the author renders his best thanks 
to Dr. J. P. Johnston for his kindly interest and 
help with the mathematical work in this article. 





BASCULE BRIDGE AT COPENHAGEN 
HARBOUR. 

THE commodious and picturesque harbour of 
Copenhagen—a natural passage between Zealand 
and the small island of Amak—has since 1908 been 
spanned by two new, thoroughly modern bridges, 
replacing two older bridges (the ae and 
the Langebro), which were no longer able to accom- 
modate the increasing traffic over them. In the 
present description we will confine ourselves to the 
new Knippelsbro. The positions of the new and 
the old bridge are shown in the plan, Fig. 1, 
page 403, while the new bridge is shown in per- 
spective in Figs. 11 and 12, on pages 406 and 407, 
the former of which shows the bridge closed, and 
the latter open. ; 

The now discarded Knippelsbro was built in the 
year 1869, and had consequently only served forty 
years when, on completion of the new bridge, it 
was closed at the end of 1908; but a bridge 
has been there since the reign of Christian IV., 
who died in the year 1648. In connection with the 
building of the new bridge some street regulations 
and alterations of tramway lines were effected, and, 
what was of greater importance, the position of the 
new bridge was altered so as to facilitate the passage 
of vessels, in which respect its + had 
been less favourably planned. The new bridge 
forms a right angle with the water-course, and the 
opening for vessels has been made much wider, 
both improvements of great importance for ship- 
ping. The position of the new bridge, further, had 
the advantage of enabling it to be built without 
interfering with the traffic across and through the 
old bridge. : 

The bottom of the water-course consists of lime- 
stone, with some clay intermixed in the middle 
of the course at a depth of some 25 ft. to 26 ft. 
below ordinary water-level, covered with a couple 
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of feet of clay; at the sides the limestone was 
at somewhat greater depth, and covered with a 
thicker layer of hard clay mixed with limestone. It 
was therefore possible to drive piles at the sides, 
and the cheaper wooden construction was conse- 
quently chosen for a foundation for the land | 
abutments, whilst the piers in the water-course were | 
bricked up from the bottom. 

Both the land abutments are built on the same 
principle, piling up to ordinary water-level, after 








which conerete and granite. The timber founda- | 
tion consists partly of sheet piling surrounding | 











the earth, with anchorage behind, and partly of a 
double row of supporting-piles, which carry the 
brick-work. The sheet piling referred to does not, 
in consequence, serve as a support for the pier, but 


only as a protecting wall around the proper pile . 


foundation. The former piles are 10 in. square, 
yellow pine. The piles were creosoted and pro- 
tected on the outside with iron plates, and on the 
inside by closely hammered nails. The stone abut- 
ment is built of granite. At 4 ft. above datum the 
pier is covered with heavy stones. 

The dimensions of the piers in the water-course 
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py 
have been arranged to suit the space required for the 
machinery, and the load due to the bascules. e 
two piers are alike, and are shown in vertical section 
and part sectional plan respectively in Figs. 2 and 3, 
annexed. The length is 80 ft. and the breadth 27 ft. 
For appearance sake the piers outside the bridge 
are only 15 ft. 8 in. broad, and it is immediately 
under the bascules that they become 27 ft. broad. 
The tail-ends of the bascules disappear in the 
hollow of the pier when the flaps are raised, and 


2 3 4 5 6 





|the greater part of the machinery for the turning 


of the bascules, and the hydraulic machinery, is 
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located there. The descent to the inside of the 
piers is by means of steps at the one end of the 
piers. 

The constructive principle was the same as used 
at the other bridge—the Langebro—viz., the float- 
ing principle, which was all the more practical in 
this case on account of the narrow waterway, which 
made it a great advantage that a large portion of 
the piers could be completed elsewhere, so that in 
the course of a few days the piers could be towed 
into position, lowered, and dropped firmly into their 
places. The bottom where the piers were placed 
was limestone, which, however, was somewhat 
mixed with clay at the surface, and rather loose ; 
therefore holes were made into the bottom to 31 ft. 
below datum, where the surface of the pure lime- 
stone rock was reached. 

On account of the profile of the water-course, 
some 260 ft. wide, where the new bridge had to 
be built, it had for its full breadth been deepened 
to fully 26 ft. A concrete foundation was built in 
the excavation, on the firm limestone rock, so that 
the floating pier could at once be placed in position, 
it being undesirable to have the piers floating too 
long on this exposed spot. The concrete was made 
as an under-water casting ; as it would have been 
uneconomical to fill the whole of the excavation with 
concrete, it having been necessary to make the hole 
and the sloping sides somewhat large, a kind of box 
dam of wood, 3 ft. wide and 5 ft. high, was built 
on the top of the limestone, as shown in Figs. 4 
and 5. These dams were placed in the water by 
a floating steam-crane, and then filled with sand 
between the walls until they sank in 9 ft. of water, 
when by means of cranes — were raised a couple of 
feet, and towed to Knippelsbro, and lowered to the 
bottom. Before the concrete was placed, the lime- 
stone bottom inside the cofferdam was cleaned by 
means of a steain fire-engine. The concrete used con- 
sisted of 1 part cement, 2} parts gravel, and 44 parts 
shingle, according to volume. The mixing was done 
on boarding supported by two sloops. By means of 
a Priestman excavator, the concrete was lowered 
about 18 ft. in half-cylindrical flap-boxes, which, by 
means of a rope, could be opened when the box 
had reached the bottom. The contents of each flap- 
box was brought in position in accordance with 
directions from a diver at the bottom. On an 
average, 1200 cubic feet of concrete were placed in a 
day. The 2 ft. of the surface nearest the wooden 
form where the iron cylinder of the pier should 
rest was placed most carefully, so as to produce as 
smooth and level a surface as possible, and the 
surface was about 1 in. below datum. 

The piers in the water-course were built on the 
floating principle, which had for the first time been 
used at the construction of the Langebro swing 
pier. As the final unsymmetrical form which the 
two piers were to have could only with difficulty be 
used as outer form for the floating pier, partly on 
account of the balance, the plate shell was made 
so as to have parallel sides and semi-circular ends, 
so that the filling-out portions at the ends could 
afterwards be removed. 

The iron bed, as at Langebro, consists of an 
annular transverse beam, upon which rests an iron 
bottom. As the pier was to be placed on a concrete 
bed already made, the transverse beams could be 
made shallow, only 540 millimetres (22 in.). The 
body-plate is 10 millimetres (0.4 in.) thick, strength- 
ened in places with plates and angular irons of the 
same thickness. The bottom, which is roof-shaped, 
consists of a system of rolled I-girders and angle- 
irons, to which the roof-shaped bottom plate, 
10 millimetres thick, is riveted. 

The lower portion of the sheet-iron cylinder, 
which was to form the casing for the brick-work, was 
constructed simultaneously in connection with the 
iron foundation. The cylinder is fastened by means 
of a horizontal plate, 10 millimetres thick, which is 
riveted to the outer angle iron of the head of the 
annular traverse-beam, th» edge of which is fitted 
with a 60 by 60 by 10-millimetre (2.4-in. by 2.4-in. 
hy 0.4-in.) angle iron, to which the 6-millimetre 
(}-in.) plate of the cylinder is fastened. The cylin- 
der is strengthened by means of outside riveted 
vertical angle irons, 65 by 65 by 7 millimetres 
(2.6 in. by 2.6 in. by 0.28 in.) spaced 3 ft. 3in. apart. 

The one foundation, with a plate-iron belt, 
was built in the Kalkbrinderi Harbour, and 
was launched by means of floating steam-cranes, 
and then, after the second plate belt had been 
attached, towed to the Lynette Harbour, where the 
concrete bed was ready. The iron bed of the other 
pier, fitted with two plate belts, was built on a slip 
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at the Copenhagen floating dock, and, having been 
launched, was likewise towed to the Lynette 
Harbour. 

Fig. 7, page 403, illustrates the plan of the brick- 
ing up of the floating pier. Fig. 6 shows an earlier 
stage in the construction of the pier. The brick- 
work is so constructed that it will, with as little 
weight as possible, offer sufficient resistance against 





the water-pressure and other outer influences. The 
annular wall along each of the longitudinal sides of 
the pier is built in three brick arches between the 
four cross walls, whilst at the ends circular arches 
are adopted in conjunction with the brickwork at 
the cutwaters. The part of the pier which even- 
tually was to form the outer part was built of brick- 
work, whilst the supporting wall and arches, which 
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were afterwards to be removed, were built of 
concrete. 

Whilst at the Langebro a thick layer of clay had 
been filled up round the pier, before the concrete 
was placed, this clay serving as a kind of pecking, 
it was necessary to adopt another method at the 
Knippelsbro, where a sufficiently high filling-up 
around the foot of the pier was out of the ques- 
tion. Here, concreting around the foot of the 
annular traverse beam was resorted to, and the 
possibility of the pier rising under the cement 
pressure was excluded by carrying the forcing pipes 
out through the sides of the pier at the bottom. 
Thus the drawback experienced at Langebro of 
getting the pier filled with considerable quantities 
of cement mud, which was forced up through the 
rising pipes, was avoided. In the construction of 
the iron Ped, sixteen filling and forcing pipes, each 
6.12 ft. long of 3-in. wrought-iron pipe, Rad been 
inserted, each pipe fitted with a 3-in. sliding- 
valve. When the pier was placed in position at the 
bottom, these pipes were lengthened as far as the 
upper edge of the cylinder. The ten filling-in 
pipes were placed as near the outer edge as the 
bricking-up of the annular wall would allow, whilst 
the six forcing-pipes were placed along the middle 
line of the pier in a part of the bed bottom. 
Each forcing-pipe a 3-in. branch-pipe with 
outlet in the outer wall of the pier 4} ft. above the 
lower edge of the iron foundation. Each branch- 
pipe had a 3-in. valve, of which the four that 
were situated in those compartments of the pier 
which, on the lowering of the pier, would fill with 
water, could be worked by vertical spindles, 
fitted to the valves and carried to the top of 
the cylinder. At Langebro the outlet was in 
the hollow of the pier through vertical forcing- 
pipes, and the quality or condition of the cement 
could be examined there, but at the Knippelsbro 
pier, where the outlet was at the bottom and to the 
outside, 2-in. cocks had to be fitted to each forcing- 
pipe at a distance of 9 ft. above the lower edge 
of the iron bottom, so that by drawing from 
the cocks it could be ascertained when the mud 
formation had ceased, and pure cement rose in the 
pipes. As only the middle compartment was not 
to be filled with water, all the tapping-cocks had 
to be placed there, and so far as four of the forcing- 
pipes were concerned, horizontal 3-in. branch-pipes 
were attached, which were brought into the middle 
compartment of the pier, and there fitted with 
cocks. The height of these cocks was decided by 
the upward cement pressure, with which it was 
deemed advisable to act upon the bottom. When 
the valve on one of the forcing-pipes was closed, 
the cock could be opened, and the water, mud, or 
cement could be drawn from the forcing-pipe as 
the concrete was placed. 

The piers were lowered on a Sunday, when no 
shipping traffic interfered. Prior to being lowered 
the floating pier was brought exactly into position. 
Water was then pumped into the bottom of the 
pier until the latter was within 6 in. of its bed. 
Four divers were then sent down, and when 
they signalled that the pier at the narrowest 
spot was only 1 in. off touching the concrete, 
the filling in of water was stopped, and the pier 
was placed accurately in position. When this had 
been done the divers were informed, and they then 
placed wedges under the edge of the plate at 2 ft. 
distance apart. When the wedges had been fixed 
in position more water was pumped in, so that 
rising water should not lift the pier. When all 
the wedges were in their places the divers inserted 
cement rolls, from 2 in. to 5in. thick, made of 
sack-cloth and filled with a mixture of 1 part 
cement and 3 parts sand in the spaces between 
the wedges. For additional safety sake clay was 
placed around the foot of the pier in order to 
support the concrete, so that the latter would not 
give way and slip’ outwards. A thoroughly closed 
space under the pier was thus secured, and on the 
Sunday after the lowering it was rendered with 
pure cement. A week after the rendering the 
condition of the cement was examined, the water 
was pumped from the different compartments in 
the pier, and the inspection-lids were removed. 
The cement proved to perfectly hard, and fitted 
closely to the bottom plate of the bed. 

The upper structure of the Knippelsbro naturally 
forms two parts—the fixed portions of the bridge at 
the sides, and the central movable portion. The 
bridge is built as a bascule bridge after the Strauss 
system. This American system is very simple: 


instead of placing or suspending counterweights 








direct at the bascule tails for balanci urposes, 
the counterweight for each flap is laced ate the 
carriage road, resting upon the end of the bascule 
tails by means of legs or supports. In order to 
govern the counterweight under movement, turrets 
have to be erected above the trottoirs, which turrets 
support the charnieres, round which the guiding 
arms revolve at the top. With these details we 
shall deal later on. 

The bridge is built for ordinary traftic, carriage, 
riding and foot passengers, and for two tramway 
lines. The 1 to which the bridge is likely 
to be subjected, and for which it has been con- 
structed, are those due to ordinary traffic. Foot- 
passengers, or carriages, are taken at 1250 Ib. per 
square metre; a truck, weighing 20 tons, evenly 
divided upon four wheels, with 4 metres wheel- 
base ; and tram-cars of 12 tons, with four wheels 
and 1.8 metres distance between the axles, and 
9.2 metres distance between the buffers. The 
wind pressure is reckoned at a maximum of 
625 lb. per square metre when the bridge is closed 
and without any load, and 375 kil mes per 

uare metre with load. A tensile stress of 
10,700 lb. per square inch was adopted as far as 
the fixed portions of the bridge are concerned, of 
10,000 Ib. per square inch for the cross construc- 
tions of the bascules, &c.; whilst the tension 
variation at the main beams in the fixed portions 
of the bridge and in the bascules was duly con- 
sidered, the gy ree effect having been fixed 
according to the formula— 
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T min, 
fea) 
‘where r minimum and r maximum are respectively 
the smallest and highest tensions which can occur 
in the constructive part in question by subsequent 
states of loading, and in such a manner that the 
effect never exceeds 12,800 lb. per square inch. 
The two fixed spans of the bridge are alike. 
The breadth of the bridge-way widens, funnel-like, 
towards the shore, where the breadth of the 
carriage-way is about 50 ft., whilst it is barely 
half (23 ft.) at the bascule portion. The carriage- 
road rises from the shore towards the central piers 
with a gradient of 1 in 50. The lower edges of 
all the main girders are in the same plane, also 
rising 1 in 50, and so that the free height from the 
lower edge of the girders to ordinary water-level is 
4 ft. 1 in. at the shore piers, and 5 ft. 3 in. at the 
central piers. The portion of the bridge-way which 
lies between a central pier and a shore pier is sup- 
ported by eight main girders, and supported on the 
side of the central pier nearest the cee by sliding 
bearings, and on the shore pier by fixed bearings. 
Between the main girders under the carriage road- 
way are cross-beams of T-iron ata distance of 54 in. 
apart, and the rectangular spaces between these 
and the main beams are covered with }-in. plates. 
Over the iron construction concrete has been 
placed, with a minimum thickness of 4 in., and 
upon this hewn paving-stones have been set in 
cement, and filled in with pitch. The upper cover 
of the footways is asphalt. Transverse sections 
through the bascule and the fixed spans are shown 
— in Figs. 8 and 9, page 404. 

e bascules cover a water-way of about 94 ft. 
between the two middle piers. When the bridge 
is closed, the bascules press against each other, 
conveying the pressure to the pivots on the 
support trestles on the piers. This arrangement— 
that the bascules press together—does not form 
part of the Strauss system, but has been adopted 
by the harbour authorities in order to prevent, as 
far as possible, vibration during traffic. When the 
bascules are lifted they rest upon and turn round 
the bascule axes, whilst the weight of the bascule— 
146 tons—is counterbalanced by the downward pres- 
sure on the end of the tail through two counter- 
weight legs from the counterweight of 247 tons, which 
is placed above the roadway between the turrets. 
This counterweight is guided by two counterweight 
arms, turning on stationary points in the turrets. 
As a condition for constant balance between the 
bascule and the counterweight, it is required that 
the four parts, round which the movement takes 
place—viz., the bascule axle, the point of attach- 
ment on the bascule tail of the counterweight leg, 
the rotating point of the counterweight arm on the 
counterweight, and, finally, the stationary point 
round which the counterweight arm turns, all lie at 
the angle points of a sendihiveee. 

When the bridge is closed and the bascules press 





against their pivots, the counterweight does not 
rest upon the bascule-tail, but, by means of hydraulic 
pressure under the counterweight legs, is raised 
so that the bascule-tail is without a load. The first 
movement when opening the bridge will thus be 
hydraulic, releasing the counterweight, so that it 
counterbalances the bascule, whereby the aggregate 
weight of bascule and counterweight rests upon the 
axle of the bascule. The tone is then turned 
by electrically-worked gearing. The actuating gear 
is shown in Figs. 2 and 10. 

When the bridge is closed the bascules are let 
down until there is a space of some 12 centimetres 
between their ends. This movement, during 
which the bearings of the bascule axles oscillate 
slightly, is performed solely by the machinery of 
the western bascule. The raising and lowering 
of the western bascule is done by means of hy- 
draulic rams, which are forced Bu beneath the 
counterweight legs, and thereby produce an upward 
moment on the bascule-tail of the counterbalanced 
bascule. This is effected by opening a valve to the 
hydraulic accumulator, which is placed in the com- 

ent of the middle pier. When the movement 
is completed, the release of the pressure of the 


counterweight on the bascule-tail is also effected 


hydraulically, so that the bascule-tail is relieved, 
and the weight of the bascules, plus load, is kept 
in balance by counter-pressure at the ends of the 
bascules. 

When the bascule has again to be opened, the 
fluid in the pressure cylinders is led to a tank in 
the turret and in the pier compartment, allowing 
the rams to sink so much that not only does the 
release cease, but the rams are lowered sufficiently 
to clear the bascule-tails, as these move down- 
wards. When the latter are again raised by the 
bridge being closed, the rams are raised up under 
the bascule-tails by fluid being led into the pressure 
cylinders from a tank located under the roof of one 
of the turrets. The pumping of the liquid from 
the return-water tank in the pier to the tank in the 
turret and to the accumulator is done simultaneously 
by an electric force-pump, which is started auto- 
matically. The working of the bascule is entirely 
done from the machinery-rooms in the turrets, 
where the appliances for controlling both the 
electric and the hydraulic plant are situated. ‘ 

The carriage-road between the two main girders 
is 23 ft. broad, and carries two tramway-lines. 
Between the rails it is formed of a 5}-in. thick deck 
of Pomeranian timber and a 2-in. thick wearing 
deck of beechwood. The supporting-deck and the 
tramway rails rest on eight main cross-beams, and six 
secondary beams, placed between the former. 

Each counterweight, which weighs about 247 tons, 
is located above the carriage-road. It consists of a 
rectangular box with two legs, through which the 
pressure is conveyed to the bascule-tail. Inside the 
box the two legs are supported by means of two 
lattice-beams, in addition to which the box is fitted 
with horizontal lattice-work. In order to get the 
necessary weight, the box, in its lower portion, is 
filled with reinforced concrete of specific vity 
4.9. The legs are of a double I-section, the two 

rts being connected with lattice-work of flat iron. 

‘o the lower end of each leg is attached a bearing 
of cast steel, in which the counterweight-pin in the 
bascule-tail revolves. The counterweight is kept in 
a vertical position, both when the flaps are down and 
during the raising of the bascules, by two arms, one 
at each end of the counterweight, these guiding- 
arms being hinged to the upper part of the counter- 
weight and to the upper part of the turret; these arms 
are connected with each other by lattice-work, so as 
to give them the necessary stiffness during motion. 
e plant for the raising and lowering of the 
bascules is, as already mentioned, placed in the 
compartments in the central piers and in the 
turrets. Each bascule is worked by its own machi- 
nist, who, during the manipulation, has his posi- 
tion in the turret, from where both the electric 
gears for raising the bascules and the hydraulic 
machinery for operating the bascules and releasing 
the counterweight are worked. There are two 
winches for the opening of each bascule, placed each 
in its respective turret. 

The heavy traffic across the bridge and the number 
of vessels which have to pass through it have in- 
creased the demands as to manceuvring. In order 
to reduce the time for stopping the traftic the 
bascules are not raised until the vessel desiring .to 
pass is close to the bridge, and it is consequently 
most essential that the machinery of the bridge 
should work reliably. It has therefore been deemed 





ENGINEERING. 


[Marcu 31, 1911. 








BASCULE BRIDGE AT COPENHAGEN 


HARBOUR. 








Fie. 11, 


expedient that not only the attendant who gives the | 


signal for the opening of the bridge, but also the 
machinist should see the advancing vessel. This 
necessitates that the machinist should be in the 
turret facing the advancing vessel, and each turret 
must therefore have all necessary appliances for 
starting and regulating the control apparatus for 
the whole plant of the bascule. 

In each turret there is a 54-horse-power compound- 
wound series motor, which normally makes 450 revo- 
lutions per minute, and which, by means of suitable 
train of gearing, operates the bascule. The machi- 
nery and the electric motors are calculated to open 
the bridge against a wind pressure of 75 kilogrammes 
per square metre (15 lb. per square foot). The 
machinery of each bascule is so arranged that in 
cases of emergency it can be worked from a capstan 
in the middle of the carriage-road. 

The consumption of electricity for operating both 
bascules each time a vessel passes through the 
bridge is about 13 hectowatts, which, with the 
Copenhagen price for electricity for power, entails 
an expenditure of barely 3d. Motors, other appli- 
ances, and cables are doubly insulated, and every- 
thing has been done to protect against moisture. 

There are light signals to indicate the Christians- 
havn bascule being in advance of the Copenhagen 
baseule, to indicate thai: the bascules are near their 
lowest position, that the bascules fit properly at 
the top, and that the rams of the hydraulic bear 

roperly against the bascule-tail supports. There 
18 a local telephone in each turret, and the four tele- 
phones are all connected with the same line, so that 
an attendant, when giving directions, talks simul- 
taneously with the four compartments by means of 
telephones. The north-western turret, in addition, 
has its own telephone in connection with the Copen- 
hagen central. 

The different sections of work we have described 
were entrusted to various Copenhagen firms. The 
bridge, all told, cost about 1,000,000 kr. (55,0000. ), 
of which the Copenhagen Corporation paid two- 
thirds, and the Copenhagen Harbour one-third. Mr. 
H. C. V. Moller is the chief harbour constructor. 





Bourgav Veritas.—Mr. Andrew Young, who has been 
the surveyor in the Technical De ment of the Bureau 
Veritas, of 155, Fenchurch-street, E.C., has been appointed 
chief surveyor.in the Clyde district, in succession to the 


late Mr, Duncan Robertson. 





THE NATIONAL PHYSICAL 
LABORATORY IN 1910. 


(Continued from page 379.) 

Physics Department. FE.ectricity; Fundamental 
Units (Mr. F. E. Smith).—In accordance with the 
recommendations of the International Electrical 
Conference, held in London in 1908, international 
silver voltameter experiments were conducted during 
April and May, 1910, in the Bureau of Standards 
at Washington, by Mesers. Rosa and Wolff (of that 
Bureau), W. Jaeger (Reichsanstalt), F. Laporte 
(Laboratoire Central, Paris), and F. E. Smith. The 
voltameters experimented with were of the Rayleigh 
form, the porous pot of the Reichsanstalt (septum 
of silk), the syphon, and the new form of Mr. Smith. 
In this last voltameter the anode is a disc of silver, 
electrolytically coated with silver, which is placed 
in a shallow glass basin provided with ground edges ; 
the disc is perforated, and a glass rod, held bya 
clamp, passes through the disc. Over the ground 
edge fits a'glass cylinder, which is held by another 
clamp ; this cylinder is lowered on to the basin, so 
as to separate the anode space from the rest of the 
cell, while the cell is being filled and while the 
anode is removed after the experiment ; the removal 
of the anode thus does not disturb the cathode. In 
the international tests 132 deposits were produced, 
each of 4 grammes. In conjunction with Mr. G. W. 
Vinal, of the Bureau of Standands, Mr. Smith has 
also investigated the electrolyte, silver nitrate. An 
exchange of silver nitrate has also been made 
between Paris, Teddington, and Groeningen, where 
Haga and Boerema are experimenting ; the results 
are in good agreement. The use of filter paper in- 
troduces another difficulty. When the silver nitrate 
has been filtered through filter pa 
silver is formed, and too much silver is afterwards 
deposited. This was observed at Washington and 
confirmed at Teddington ; for this reason the use 
of a septum has been avoided, and the separator, 
consisting of a glass cylinder, been adopted. 
would appear that most of the voltameters used will 
be reliable, but the adoption of one standard inter- 
national form of voltameter is desirable. Details 
of the international experiments have not yet been 
published. 

Weston Normal Cells.—The voltameter researches 
are closely connected with those on the Weston 
normal cell, on which Mr. Smith has worked at 
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Teddington, partly in conjunction with Miss 
Foehringer, of the Bureau of Weights and Mea- 
sures, of St. Petersburg, and Dr. Shimidzu, of 
Tokio. The chief question still undecided is the 
composition of the cadmium amalgam ; in the just- 
mentioned experiments amalgams containing 10 
and 12.5 per cent. of Cd have been used. The 
presence of a small quantity of free sulphuric acid 
in the standard cell seems to steady its constancy, 
though it lowers its electromotive force very slightly. 
A trace of acid is likely to remain in the mercurous 
sulphate unless the washing of the salt be very 
prolonged, and it would not be advisable, on that 
account, to wash too long ; the washing is effected 
first with cadmium sulphate, and then with water. 
The outcome of these researches is that the In- 
ternational Committee on Standards (known as 
Lord Rayleigh’s Committee), has, from January, 
1911, adopted the value of 1.0183 international 
volts for the electromotive force of the Weston 
cell at 20 deg. Cent. (instead of 1.0184 volts). 

Standards of Resistance.—The mercury standards 
consist of glass tubes terminated with spherical 
glass vessels provided with current and potential 
leads ; when filled with mercury the apparatus is 
immersed in melting ice ; water cannot leak into 
the mercury. Some of the standards have been 
calibrated first with mercury threads 5 cm. in length, 
and then with threads of lcm. Five mercury 
standards are being made at Teddington for the 
Japanese Government. 

The Lorenz Apparatus.—The Lorenz apparatus, 
presented by the Drapers’ Company in memory of 
the late Viriamu Jones, is now almost ready for use ; 
we explained it last year.* It was designed at the 
Laboratory and constructed by Messrs. Armstrong, 
Whitworth and Co., and is intended for the direct 
measurement of resistances of 0.002, 0.01, and 
0.1 ohm. There are two discs, revolving at 1044 
revolutions per minute, on a long shaft of phosphor- 
bronze, at the far end of which is the Crompton 
shunt-motor, whose shaft is of the same bronze ; 
except in the motor there is no iron in the whole 
apparatus. The discs turn in magnetic fields, so 
arranged that all the lines of force cut the discs, 
while the edges turn in zero field; hence the 
diameter need not be known very accurately. 
The two fields are opposed in direction, so that 


* See ENGINEERING, vel. lxxxix., page 439, 
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the system is astatic with regard to the earth’s 
field ; this arrangement also neutralises the thermo- 
electric force arising through the brushes rubbing 
against the edges of the discs. These brushes are 
small, like painters’ brushes ; so far they have been 
made of fine phosphor-bronze wire. The bearings 
are difficult parts, as Viriamu Jones foresaw, and 
much attention has been paid to them at the 
Laboratory. There are nine bearings and three 
couplings, the latter consisting of flanges and bolts 
simply ; the couplings, as well as the bearings, are 
insulated with stabilit. Two pipes 1un along the 
bed (24 ft. in length), front and back, for the oil- 
feed to the nine bearings, which take 1 cub. ft. of 
oilevery five minutes at a pressure of 10 lb. per 
square inch. 

The ‘shaft ends in a worm driving a chronograph 
drum 50 cm. in circumference, on which a dot is 
marked every second ; the drum turns once in 
10 seconds, and a deviation of a dot of 1 mm. from 
the horizontal line means a speed fluctuation of 
1 in 10,000. The shunt motor of Messrs. Cromp- 
ton and Co. gains very slightly in speed during 
the first hour ; after that it will run for 15 minutes 
within 5 : 100,000 without requiring any regula- 
tion. The apparatus has been tested at 1250 
revolutions per minute. 

(reneral Electric Measurements (Messrs. A. Camp- 
bell, B.A., H. C. Booth, and D. W. Dye, B.Sc.). 
Inductance and Effective Resistance; Condensers.— 
The electromagnet wire for obtaining steady low 
frequencies interrupter has been made ironclad to 
get rid of the stray field. The residual inductance 
of supposed non-inductive resistances, it is found, 
may have very great influence in accurate tests ; in 
ordinary resistance-boxes it is difficult to get rid 
of the residual inductance, and many coils tested 
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often be overcome by suitably winding the coils, and 
sometimes by adding extra capacity ; 100 ohms, 
e.g., with 1 microhenry can be rendered non- 
inductive by 0.0001 microfarad in parallel. For 
bridge measurements it is useful to remember that 
a@ copper and a manganin coil of equal gauge 
wound side ‘by side should give equal inductances 
at ordinary frequencies, while their resistances will 
differ considerably ; in this way a resistance-box of 
constant inductance can be built. The trouble and 
its cure were discussed, as Mr. Campbell subse- 
quently found out, by G. A. Campbell, in the United 
States, seven years ago; but those researches had 
not received the attention they deserved. The 
comparison of resistance with the standard of mutual 
inductance has been effected by the two-phase 
method which Mr. Campbell described in the report 
for 1908. In another series of experiments he 
measured the capacity of a mica condenser, first 
against a resistance by Maxwell’s commutator 
method, and then against two resistances and a 
mutual inductance by the Carey-Foster method ; 
comparison of the two results gave the absolute 
value of the ohm. 

In conducting condenser tests by the Maxwell 
method with the aid of a moving-coil galvanometer, 
it was noticed that if the galvanometer coil were 
slightly displaced from the symmetrical position 
(relative to the core and magnet), owing to some 
want of symmetry, it would give a deflection for 
the purely alternating current which always — 
when the bridge is in balance, but which should, 
of course, not affect the galvanometer. The observa- 
tion deserves attention, because the effect increases 








with the square of the applied voltage. The 
Carey-Foster method, by which condensers from 





had very considerable inductance. The trouble can | 
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one-millionth of a farad up to several farads can 
be tested at low and high’ frequencies by direct 
comparison with a standard mutual inductometer, 
has given very accurate results, and by Rowland’s 
modification dielectric losses can immediately be 
evaluated at the same time. 

Telephone Cables; Magnet ‘c Tests; Wave-Meters,— 
The results of the experiments on the continuous 
loading of telephone cables were communicated by 
Mr. Campbell during the recent discussion of 
Major O’Meara’s paper on ‘‘Submarine Cables” at 
the Institution of Electrical Engineers. The loading 
by a lapping of « well-annealed thin strip of iron is 
efficient. But the working permeability of the irun 
is much reduced when the iron is bent round the 
thin copper core ; this can be cured by subsequent 
annealing in situ, which must be effected in a reduc- 
ing atmosphere, however. That the cables become 
unwieldy and ditticult to lay is another objection. 

For the determination of the total énergy-loss 
with a magnetic square, improved coils with wind- 
ings of 20, 40, 80, 16V, and 640 turns have been 
constructed. The -, eed of the alternator is kept 
constant with the aid of a Helmholtz regulator, 
which we described last year in our notice of the 
work of the Reichsanstalt. The iron strips, 25 cm. 
and 50 cm. in length, have been exchanged with 
Berlin and Washington for international co-opera- 
tion. The glass oil-condenser for wave-meters has 
subdivisions of 0.001, 0.002, and 0.005 microfarad, 
and has proved useful for obtaining various frequen- 
cies; the variable air-condensers used in wave-meters 
are not sufticiently screened, and may have capacity 
to earth. 

Sus-STaNDARDs. 

Electrotechnics and Photometry ; 
Light (Messrs. C. C.: Paterson, E. 


Visibility of 
H. Rayner, 
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M.A., A. Kinnes, B.Sc., and A. Hutt, B.Sc.).—An 
international ment as to the unit of light 
having been arrived at in the preceding year, the 
Photometry Department has chiefly been busy 
with the reproduction of sub-standards to be used 
as working standards. The ‘‘ cascade method,” 
described last year, is intended to minimise the 
colour difference in comparison by ge up 
from low-efticiency to high-efficiency lamps. Most 
of the lamps used have their multiple V-filaments 
all stretched in the same plane; but the high- 
efficiency metallic lamps are not satisfactory yet. 
Some of the lamps consuming 1.5 watts per candle 
proved erratic. It was thought that the uncertain 
cooling of the tungsten filaments by the supporting 
hooks was responsible, and both the top po ttom 
ends of the thin wires were therefore fused to the 
supporting arms ; but no improvement was realised 
in this way, and the vacuum was probably the source 
of the trouble ; the most recently supplied lamps 
are better. The reddish sub-standards are six- 
filament Osram lamps at 5 watts per candle, giving 
14 candles at 100 volts. One set of them is being 
standardised against the pentane lamp, which they 
match in colour ; this will be another reproduction 
of the British unit in terms of the primary stan- 
dards. Another set of these lamps is of a whiter 
hue. Lamps burning at 2 and 3.5 watts per candle 
have also been experimented with. All these lamps 
are the gift of the General Electric Company. 

Another research taken up by Mr. Paterson, at 
the request of the Board of Trade, concerns the 
visibility of light ; Messrs. Chance Brothers have 
given their assistance. It is well known that 
different coldurs cease to remain visible at different 
distances ; the green is often said to vanish first, 
which is important for signal-lamps and ships’ 
lights. A 1-mile range for such tests has been 
found in Chestnut Avenue, of Bushy Park, and a 
2 mile range extends from the wind-tower of the 
Laboratory to a point in Richmond Park. The 
— used for tests in the Laboratory and out 
of doors is a kind of bench, 2m. in length, portable 
in parts. An oil-lamp burns behind a screen at 
one end of the bench ; at the other end is a mirror 
and a telescope. Vaclite lamps are used at 
present, because they burn for 16 hours with- 
out requiring attention; the screen is provided 
with a number of pinholes from 0.01 mm. up to 
0.2mm. in diameter, in front of which the 
standard coloured glasses of the Board of Trade 
are placed. The light is reflected up the observing 
telescope, in which it travels Fagg to a ray from 
the comparison standard. r. Paterson and his 
as-istants agree that a source of light of one- 
millionth candle- power becomes invisible at a 
distance of 1 metre. 

A report on ‘‘ Comparative Life Tests of Lamps ” 
made between the National Physical Laboratory and 
the Electrical Testing Laboratory of New York was 
published by Messrs. Paterson and Rayner last year ; 
the comparison concerns carbon-lamps, but the ex- 
cellent arrangements in the Teddington Laboratory 
have enabled the staff to carry on a great amount 
of other test work. 

Supply-Meters ; Heating of Lamp-Sockets.—The 
effect of travelling on supply-meters will require a 

rolonged examination, and many leading makers 
sae been lending instruments for this purpose, 
which are being re-tested after journeys. At the 
request of the Engineering Standards Committee 
the heating which takes place in the bayonet lamp- 
sockets of lamp-heaters is being investigated. 
Thermo-junctions were led into the gap between 
the plunger contacts of sockets supplying currents 
ranging from 150 up to 800 watts at 100 volts ; the 
heaters were suspended from batten holders, so that 
the heating was probably greater than it would be 
in commercial radiators with sockets at the base. 
The heaters were run for about 100 hours, and the 
temperatures measured at intervals. When the 
contact is good, the rise in temperature seems 
almost entirely to be due to conduction from the 
heater ; when a defect is developed, however, the 
evil is rapidly aggravated, the springs are weakened, 
and internal arcing starts. ‘lhe normal tempera- 
tures reached varied between 75 deg. and 120 deg. 
Cent. for small and large lamps ; but a rise above 
100 deg. Cent. seems undesirable. 

Insulation ; Micanite ; Ebonite.—Micanite (mica 
and shellac) should stand 20,000 volts per milli- 
metre for not less than ten minutes. But various 
sheets of micanite, especially thick specimens, sub- 
mitted by Government departments, would not pass 
this test ; the thicknesses ranged from 0.13 mm. 





up to 2.5 mm. The failure is partly due to the 
brush discharge from the electrode. The brush 
discharge heats the micanite and softens the 
shellac ; the micanite may, in a few seconds, be- 
come too hot for the hand, and puncture generally 
takes place at some distance from the metal electrode, 
which exerts a cooling influence. In order to 
eliminate the brush discharge, Mr. Rayner conducts 
the test under oil—in many instances the micanite 
would be used under oil—and he also surrounds 
the electrode with a guard-ring. The micanite is 
placed on a metal plate, and on this rests the disc 
electrode, a stout piece of brass; the guard-ring 
is of brass of the same thickness and is short- 
circuited to the transformer. Different insulators 
are also tested in sulphuric acid, castor oil, mineral 
oil, sea-water, and distilled water, or soaked with 
these liquids. 

With ebonite the trouble is of a different kind. 
When exposed to light ebonite is slowly decom- 
posed under generation of free sulphuric acid ; 
this is especially noticeable in the Electrotechnics 
Building (which has good north light, like all the 
new buildings of the Laboratory) during damp 
and warm weather, when the acid can be tested 
after a few hours’ exposure, and the acid sweating 
be seen. The exposure is effected under glass 
to keep out dust; the discs are polished or un- 

lished ; a flat ring of brass is placed on each 
ie ; this ring becomes tarnished, and the 
covered rtion of the ebonite keeps its colour, 
whilst the other portion turns greenish and 
finally, in the course of many months, a light 

ey-green. Different qualities of ebonite differ, 

ut they all suffer under light exposure, especially 
by actinic rays. Yellow glass affords a certain pro- 
tection ; a glass cover coated with gelatine dyed red 
or yellow will also protect. But, to prevent the 
trouble, the ebonite should be covered with wood 
or opaque glass, in which holes should be left for 
the handles, &c. Amberite (from amber waste) 
has also answered as bushing, on the top of ebonite 
pillars, ¢.g., for the high resistance of woven 
gauze ; the pillars deteriorated —— in spite 
of yellow glass ; amberite is, unfortunately, expen- 
sive and brittle. Varnishing with shellac does not 
stop the deterioration. The trouble lessens as time 
goes on, however, especially when the ebonite is 
washed occasionally ; and it would, perhaps, be 
best to ‘‘age” the ebonite, and to apply it in the 
aged greenish-grey condition, which is electrically 
as good as the black ebonite, and more permanent, 
but less smart in appearance. 

In another insulation research, carried out by 
Mr. Rayner for the Engineering Standards Com- 
mittee, the importance of the influence of air- 
spaces in paper-covered cables, paper tubes, mica- 
nite, &c., has received particular attention. The 
high electric stress ionises the air and increases 
the energy losses due to dielectric hysteresis in the 
insulation and the co uent heating ; the heat- 
ing is probably the most direct cause of the break- 
down. At low-pressure (a few volts) —— is 
not dangerous; but at 7000 volts the energy-loss 
curve would, on one day, rise steeply, indicating 
that a breakdown was approaching; when the 
experiment was repeated the following day, which 
happened to be colder, the same type of energy 
curve was obtained, but the loss was smaller. 
Cables kept at constant voltage at different tem- 
peratures always broke down in hot atmospheres, 
and a few degrees would make a great difference in 
this respect. 

The quadrant electrometer mentioned last year is 
used in these tests and for power measurements as 
electrostatic wattmeter, also for the determination 
of the critical electric stress in air at the surface of 
aconductor. The moving-coil system of this electro- 
meter has been reconstructed, but flatness of the 
needle is still difficult to secure, and the elimination 
of the temperature coefficient by introducing auto- 
matic compensation is further being studied. The 
four special oil-cooled standard resistances made 
for the electrostatic wattmeter have values of 1 ohm 
and 0.5 ohm, or half these when in parallel, and 
consist of a large number of parallel strands of 
N = 38 bare m in wire doubled back on each 
other, so that the length is only 10 cm.; the induct- 
ance is very low, and the current may be raised to 
10 (or 20) amperes before the resistance is altered 
by 2 in 10,000. In some of these experiments a 
wire is stretched axially in a cylinder of metal ; the 
electric stress increases with the curvature of the 
wire, and the results of these experiments entirely 
agree with those which Mr. E. A. Wat<on descri 





bed ! prepared by Dr. 


in a paper on ‘‘ Losses off Transmission Lines Due 
to Brush Discharges,” presented to the Institution 
of Electrical Engineers in February, 1910, although 
the methods used were different. Mr. Rayner’s 
tubes had diameters up to 3 in. 

When minute energy losses are involved in ex- 

rimenting with a few square centimetres of an 
insulating material, the electrometer may magnify 
certain errors, which are inappreciable with the 
ordinary use of the instrument. The large current 
resistance n to produce the requisite poten- 
tial difference between the quadrants has an im- 
— effect upon the ‘‘capacity current” induced 

y the needle, and causes considerable errors in the 
readings, which are difficult to investigate. Thus in 
measuring the insulation loss of a material at 10,000 
volts, the capacity current of one or two inches of 
flexible conductor, making connection with the quad- 
rants, at about 50 volts, is quite sufficient to alter 
the defiection. Pure mica, it has also been found, 
may attain an electric strength of 300,000 volts per 
millimetre ; in experimenting, the mica thickness is 
limited to 0.2 mm. to avoid discharges over the 
surface through the air. The limit of the stress 
varies with the thickness, and some specimens used 
are too thin (0.003 mm.) for micrometer measure- 
ments. 

Direct-Current and Resistance Measurement ; Cells; 
Heating of Cables (Messrs. 8. W. Melsom and H. C. 
Booth).—On behalf of the Admiralty, resistance 
alloys have been tested to determine the maximum 
temperature which they will bear for prolonged 

riods ; the temperature is raised up to 600 deg. 

ent. in an electric oven. In the tests of dry célls 
telephone conditions are initiated, the cells being 
discharged, among other tests, for fifteen minutes 
every hour through 50 ohms, instead of being tested 
to exhaustion on 10-ohm circuits. The supply- 
meter tests—for which the thermostat recesses in 
the tables, which we mentioned last year, have 
proved very convenient—involve standardisation 
against 200-ampere copper voltameters ; these volta- 
meters contain forty copper plates of 4 in. square ; 
mercury meters are also to be tried. Supply-meters, 
Mr. Turnbull, of Tynemouth, had observed, are apt 
to fluctuate after having been exposed to the vibra- 
tions of trains, but will return to normal conditions ; 
this has so far been confirmed. For insulation 
tests a new key has been constructed ; the pillars 
are of ebonite, and they are provided with one 
petticoat of ebonite, after the manner of porcelain 
bell insulators. The pillars are fixed in brass 
plates, acting both as guard-rings and as terminals, 
which are insulated by amberite feet ; a ring of 
amberite is also inlaid in the petticoat to prevent 
leakage, and the key is enclosed in a glass case, 
which is kept covered to reduce the B svodhenvang 
tioned actinic deterioration of the ebonite. The 
heating of cables has been studied at the request 
of the Wiring Rules Committee of the Institution of 
Electrical Engineers, which will issue complete 
tables and rules for house-wiring cables from 
0.001 sq. in. to 1 sq. in. section of conductor. 
The cables have been run for five hours and more 
ata time at various currents up to 800 amperes. 

Thermometry (Messrs. J. A. Harker, D.Sc., 
F.R.S., W. Hugo, A. Blackie, D.A., C. G. Eden, 
W. F. Higgins, B.Sc., H. C. Greenwood, M.Sc., 
and A. G. Tarrant, B.Sc.). Fundamental High-Tem- 
perature Scale; Electric Furnaces ; Thermo-Couples ; 
Siemens Water Pyrometer.—In the fundamental 
high-temperature gas-thermometer scale vessels of 
extremely refractory materials are wanted, and Dr. 
Harker has been experimenting with rare earths, 
zirconia, yttria, &c. There are difficulties in the 
baking of these substances in electric carbon fur- 
naces, possibly due to the formation of carbides. 
In the construction of an electric vacuum furnace 
considerable trouble has been caused by the large 
amount of gas which new carbon materials occlude; 
this is, indeed, one of the general sources of trouble 
in electric-furnace work. The heater in the vacuum 
furnace is a spiral of Acheson graphite, through 
which the current is passed ; inside this spiral is 
placed a tube of hard carbon, and outside a hollow 
cylinder of graphite, which is to prevent radiation 
losses ; the space between the latter two is packed 
with lamp-black, but there is only air insulation 
(or some indifferent if any gas at all) between 
the inner tube and the henber spiral. The vacuum 
furnace will work up to 2500 deg. Cent.; in another 
furnace a temperature of 3500 deg. Cent. will be 
reached, it is hoped. A memoir on the construc- 
tion and working of electric furnaces is being 
arker. A fireclay tube, 6 ft. in 
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length, serves for annealing standards of length, 
in cag we the silica metre. 

ere has been a marked advance during last 
year in base-metal thermo-couples, especially such 
provided with iron sheaths for moderate tempera- 
tures. Some of these couples, the Laboratory 
finds, will bear 1000 deg. and even 1200 deg. Cent., 
and successful attention has been paid in them to 
the elimination of the cold junction errors. 
flexible of two wires (of the same materials as the 
wires of the thermo-couple) is joined to the pyro- 
meter with the object of shifting the effective cold 
junction nearer to a point which is at a constant 
definite temperature. We mentioned several of 
these base-metal couples in our notice of the Physical 
Society’s Exhibition of last December. 

At the request of Messrs. Siemens Brothers, Mr. 
Blackie is investigating the agreement between the 
modern high temperature scale and that of the 
water pyrometer of Sir W. Siemens of forty years 
ago. In this calorimeter a cylindrical ring of metal, 
weighing about 125 grammes, previously heated in 
the furnace whose temperature is to be measured, 
is dropped into a copper cylinder, about 10 in. high 
and 3 in. in diameter, containing a pint of water ; the 
vessel is provided with two copper jackets. The 
temperature of the water is measured by a mercury 
thermometer, and the corresponding reading on the 
pyrometer scale (which has a height of 3 in. and is 
divided into divisions of 50 deg. Cent. up to 1200 
deg. Cent.) is made simultaneously. The metals 
used in practice as rings are iron, nickel and copper 
of different: degrees of purity. Mr. Blackie finds 
the iron scale fairly correct, but the copper and 
nickel scales considerably in error at higher tem- 
peratures. It was thought that the recalescence in 
iron and nickel might affect the readings, but the 
effects were too weak for the accuracy of which the 
instrument admits. When the hot ring falls into 
the water, the spheroidal state and its breakdown 
may become very perceptible ; sometimes the break- 
down ejected considerable quantities of water, and 
this was most marked with iron specimens when 
the initial temperature of the iron was between 500 
and 600 deg. Cent.. The copper rings, although 
of fairly the same purity, behaved very irregularly 
in this respect, probably owing to differences in the 


oxidation. Nickel gave trouble only at about 700 
deg. Cent. Mr. Blackie is, in this connection, com- 
paring the often badly-discrepant data on the 


specifics heats of metals at high temperatures. 
Specific and Latent Heat of Fusion of Metals (Mr. 
Greenwood).—Some years ago Dr. Harker con- 
structed an ingenious electric apparatus for study- 
ing the specific heat of iron; a tubular electric 
furnace was mounted vertically and swung round 
so as to drop the hot specimen into a tube which 
was filled with magnesia and placed within the 
water calorimeter proper. Finély powdered mag- 
nesia, he observed, is so light and loose that it allows 
the specimen to enter without spurting, and closes 
above it as rapidly as if it were a liquid. Mr. 
Greenwood has resumed this research and im- 
proved the apparatus, which is now entirely auto- 
matic. The vertical furnace, more than 2 ft. in 
height, is fixed by two brackets to a vertical iron 
shaft, about which the whole turns. The mouth 
of the furnace is kept closed by a plug of fireclay. 
When the furnace swings round in a circle of 
30 in. radius, this plug first drops into an open 
tray filled with magnesia, and in the next moment 
the specimen falls into the funnel-shaped copper 
tube, 10 in. high, charged with the magnesia. 
This tube stands in the axis of the flat calori- 
meter; vessel (the flat shape is preferred), and 
there are stirrers turned by an electric motor on 
both sides of it. The specimen (so far zinc 
rods, 4in. high and § in. in diameter) is heated 
in its sealed envelope of fused silica; separate 
tests make an allowance for the silica. 4 the 
furnace tube the specimen is suspended by 
a very fine loop of platinum which is melted 
by a branch current at the moment when the 
furnace is above the calorimeter ; in the next 
moment the mouth of the furnace is automatically 
closed again, and the furnace returns to its original 
position. A thermo-couple (Pt-Rh), fixed along- 
side the specimen in the furnace, or a potentio- 
meter, measures the temperature produced by the 
nickel coils. The rise of temperature in the 


tubes are not cracked (they crack when dropped 
into water, because there is a zinc inside), and 
that no steam is evolved and lost. 

Petroleum Flash-Tests.—Auother important re- 
search, undertaken by Messrs. Harker and Higgins, 
is the testing of flash-point apparatus. An Tater. 
national Commission was recently appointed for the 
unification of methods and apparatus used in 


A | petroleum-testing. In the United Kingdom the 


Abel apparatus of 1879 forms the only legal flash- 

int apparatus ; Germany adopted the principle 
in 1880, but modified the apparatus (now known as 
the Abel-Pensky, or, in its later form, as the 
Pensky-Martens apparatus), and India and the 
British Colonies adopted the Abel-Pensky type. 
The point now is that these various types do not 
agree ; the German type indicates flash-points about 
4 deg. Fahr. higher than the original Abel, and the 
Colonial type about 1 deg. Fahr. higher than 
the Abel. These differences are sufticiently im- 
portant to cause litigation, and a brief account of 
the prolonged research conducted at Teddington 
will show that there are various reasons for 
discrepancies. Mr. Hamilton, chief chemist of 
the Anglo-American Oil Company, has supplied the 
petroleum distillate for the research, and two 
German standard apparatus have been sent by the 
Reichsanstalt. 

The Abel apparatus is a cup, 2.2 in. deep, 2 in. 
in diameter, of bronze, provided with a flange near 
its upper edge to support it in the air-jacket, 
which itself fits into the water-bath. The cup 
is filled about two-thirds up to a mark. The 
water-bath is heated to 130 deg. Fahr., and then 
allowed to cool, while the petroleum becomes 
hot. The cup is fitted with a cover provided with 
three holes, closed at will bya sliding plate. When 
the sliding-plate is withdrawn by hand, a small 
test-flame is depressed through the central hole 
into the vapour; this jet-flame may be oil or 

; the test is repeated as the thermometer dipping 
into the centre of the cup crosses each degree mark, 
until the oil flashes, and the operation is timed by 
means of a metronome. In the Pensky modifica- 
tion the slide is operated by clockwork. One of the 
results of the research is that the greater metallic 
mass of the cover in the Pensky type (170 against 
60 grammes) would suffice to produce discrepancies. 
It was further ascertained that a deal of the 
total heat comes from the test-flame, and not from 
the water-bath, and there are many other circum- 
stances which render it clear that the flash tests can 
be reliable only with strict observation of detailed 
rules, which can yet not be made rigid. Thus the 
temperature at which the flame is first applied can- 
not generally be fixed, but should at least be 10 deg. 
Fahr. below the flash-point ; the time intervals 
count, the mercury thermometers lag more or less, 
the temperature in different portions of the oil is by 
no means uniform, and there may be differences of 
5 deg. Fahr. in the temperature of the vapour close 
to the oil surface and the temperature reading. 
The essential thing is, of course, the evaporation ; 
flashing is sup to take place when a definite 
proportion of oil-vapour and air fills the space above 
the oil, but the tem ture at which this propor- 
tion is reached noel aeb be the thermometer tem- 
perature. Many of these obvervations agree with 
those which Wiebe and Hebe made in the Reich- 
sanstalt. Dr. Harker further finds that mixtures 
of alcohol and water, containing about 55 per cent. 
of alcohol, flash at 70 deg. Fahr., while 20 per cent. 
mixtures flash at 100 deg. Fahr.; such mixtures 
might be used for standardising flash-point appa- 
ratus, in the same way as sugar solutions are used 
in polarimeters ; pure alcohol would be much more 
easily obtainable, especially in the Colonies, than 
pure oils. Details of these researches will be 
reported to the Petroleum Commission. 

Balloon Fabrics.—The tests of balloon fabrics 
concern the total amount of heat which can radiate 
through specimens less than 1 sq. ft. in area ; the 
diathermancy varies very much. 


(To be continued.) 





YorxsuirE Coau-Fietp DeveLopment.—After having 
carried on sinking operations for nearly five years, the 
os mage Coal and Iron Company, Limited, at its 
Maltby Main Colliery, near Doncaster, shortly 





calorimeter, which is read off by telescope, amounts 
to 3 deg. or 4 deg. ‘Cent. ; but owing to the sma!! 
thermal conductivity. of the magnesia, an experi- 
ment takes about half-an-hour. 
other hand, has the Advantage that. the quartz 


! 


Magnesia, on the been 


roduce an output calculated to approach 1000 tons daily. 
Boal has just m reached, and a quantity drawn, and 
with the work already accomplished in the vicinity of the 
pit bottom, it is anticipated that employment for a large 
number of miners will soon be found. 
sunk, and the Barnsley bed of coal 


was won at a 
depth of about 836 yards. 





THE AERO AND MOTOR-BOAT 
EXHIBITION AT OLYMPIA. 


Tue first impression of the Aero and Motor-Boat 
Exhibition, which opened at Olympia on the 24th 
inst., is a little disappointing, for the number of 
aeroplanes shown ys not a to be at all 
proportionate to the growth of the -industry during 
the past year. Further, there is no very great 
appearance of progress—i.e., some of the most 
su ul machines remain much as last ‘year, and 
the majority of the others ap to be largely 
copies of them. On the other hand, the general 
standard of excellence is undoubtedly far higher. 

In those makes of well-established reputation 
improvements are being made in detail, and although 
these may not be very striking to the eye, it is 
largely to evolution in detail that future advance- 
ment is to be expected. Further, the large 
majority of machines may now be looked on as 
practical fliers, which was hardly the case a year 
ago. Freaksare rare, though the presence of a small 
number relieves the monotony of conventionality. 
Of these the most prominent is a sort of enormous 
bumble bee, whose body completely encloses the 
aviator and engine. While there is no reason why 
an enclosed position for the pilot should not be 
successful, it would appear to desirable to have 
wings anda ag cane in more reasonable proportion 
to the body than is the case in this instance. 
Another freak machine is provided with moving 
planes. 

As regards the Aero Section of the Show, one 
of the most noticeable features is that far greater 
attention is now being paid to the protection of 
the pilot. This is a point which, it has always 
appeared to us, has been unduly neglected, 
for the problem of flight is largely a problem 
of the human element, and in anything like 
long-distance work the fatigue due to going fast 
through the air with no protection whatever must 
be a very serious item. Not only is there a 
casing often provided for the legs and body of the 
pilot, but a screen is also provided so shaped as 
to throw the wind and the draught of the pro- 
peller over his head. In one case the circulating 
water is taken through two small radiators so 
arranged as to keep the pilot’s feet warm. 

In the general detign of machine there is pos- 
sibly more variation than at previous shows, and 
we seem further than ever from settling down to 
a fixed type. The primary question of biplane 
versus monoplane is still far from being answered, 
and there are many variations in the dis 1 of 
the surfaces of both types of machine. Hitherto 
the biplanes have almost invariably had the elevat- 
ing plane in front of the main planes, and the 
propeller behind them, the principal variation bein 
that in the Wright machine there was no fix 
stabilising plane, while the others usually had a 
fixed tail. The monoplanes invariably had the 
propeller in front of the main planes and the 
elevator in the tail. This involved very different 
systems of construction, for in the monoplane a 
compact backbone only just large enough for the 
pilot to sit in could be employed, and this carried 
the engine at the front end, and also formed a 
substantial attachment for the running chassis. In 
the biplane, on the other hand, the main longi- 
tudinals of the tail had to be far enough apart for 
the propeller to revolve between them, and this 
altered the whole design of the framing, making it 
far less compact. he monoplane, therefore, 
usually had far fewer struts and supporting wires 
liable to offer resistance to the air. fh many cases, 
however, the biplane is now made essentially 
of the same general design as the monoplane, 
a compact backbone being employed, with the 
engine at the front, and the rudder and elevator 
at the back. Where this construction is employed, 
it is usual for the planes themselves to be trussed 
together with very much fewer struts and ties than 
in the older pattern, and this probably makes for 
greater efficiency, owing to the diminished air- 
resistance, while the weight of the few relatively 
large will probably, in practice, be no greater 
than that of the numerous small ones, though the 
latter are theoretically capable of more scientific 
trussing. The reduction in number of struts and 
ties has the great practical advantage that it enables 
the machine to be much more easily taken to pieces 
for transport. 

In the monoplanes, on the other hand, there is 
one instance of the elevator being placed in front 





of the main planes in place of the usual position. 
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Although not shown ia the Exhibition, a biplane 
has been built by one of the oldest French firms, in 
which not only the elevator, but also the rudder 
is placed in front of the main planes, the propeller 
being behind them. The construction in this case 
is, in fact, exactly the same as that of the later type 
of biplane if driven tail first. 0 
arrangement is that of one monoplane which has 
no auxiliary supporting surface at all, but simply 
two main planes of special type. 

The table below gives the names of the ex- 
hibitors of each type :— 


A further variation in the construction of the 
biplane is that it is becoming increasingly common 
to make the lower plane of considerably shorter 


| span than the upper, the biplane thus approximating 


| still more to the construction of the monoplane. 
Direct-driven propellers are still the rule, though 


there are instances in which a geared-driven = 
| peller shaft is incorporated in the engine. This 
|seems a practice which might be extended with 
advantage, but is difficult to arrange with the 
popular rotary type of engine. 


| for higher speeds, extreme efficiency in lifting is of 
|less importance, and that the flatter wings are 
| easier to handle. 

It is noticeable that several of the machines have 
the wings curved laterally at the extreme ends ; 
but while some curve up, others curve down, and it 


A still more original | the Wrights stick to their chain-driven ones, and | seems as if both these cannot be right. 


In the matter of running chassis there is not a 
| great deal of novelty. The combination of long 
| Skids with wheels is very common, and is probably 
|at present the best solution of the problem. The 
skids should, however, be carried well forward, and 
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Fig. 2. 


Momnoplanes, with Elevator in Tail. 

Blackburn Aeroplare Company. 
Bleériot. 
British and Colonial Aeroplane Company. 
Handley Page, Limited. 
Martin Handyside. 
Nieuport. 
Piggott Brothers and Co. 

Monoplanes, with Elevator in Front. 
Valkyrie. 

Monoplane, without Elevator in Front or Tail Behind. 

Blair Athol. 


Biplanes, with Elevator in Front and Tail Behind. 
British and Colonial Aeroplane Company. 
Cody. 

Farman. 
Graham White. 
Howard Wright. 
Humber, Limited. 
Biplane, with Tail only. 
Brith d Col plane 
ri and Colonial Aero Com: T. 
Wright Brothers. ted 

Biplane, with Elevator in Front and without Tail. 

Saunders, 
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In spite of all the experiments which have been 
made as to the curves of wings, and the mathe- 
matical calculations on the subject, we do not 
appear as yet to have reached any finality in form. 
There are two essential points which have to be 
considered in this respect—namely, the lifting 
power and the stability; and it is possible—in fact, 
oo mapeloey the curve which gives the greatest 
ifting power is not that which gives the greatest 
stability in the air. In other words, the curve 
which lifts best may be difficult to control in the air. 
Hence curves may be in all cases compromises, and 
not those theoretically correct. The curves of wings 
are still essentially of two types, the first having a 
dipping front edge, a very sharp curve at the forward 
part of the wing, and a nearly straight back part, 
while the other is nearly evenly curved over its 
whole width. Both these types seem to have 
given good results, as well as all the intermediate 
forms. - The tendency appears to be to make the 
wings more nearly flat as the speed increases, and 
it is noticeable that in the racing Blériot the wings 
are very nearly flat on the lower side. It is said 





that this is because, with the powerful engines used 
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THe ‘‘ VALKYRIE”? MoNnoPLaNE; CoNSTRUCTED BY THE AERONAUTICAL SYNDICATE, West HENDON. 


‘* Bristo.” Bretane (RActnc Type); Constructed BY THE BritIsH AND CoLONIAL AEROPLANE ComPaNy, BRISTOL. 


when there is an elevator in front the best arrange- 
ment seems to be to carry them right up to the 
elevator, and, in fact, to make them part of the 
framing for the latter, as in the early Wright 
machines, This is done in many cases. In the 
case of the ordinary monoplane with a tail, it is not 
very easy to arrange, and these very often retain 
the wheels mounted as castors. If aeroplanes are 
to be used for practical flying across country, it is 
very desirable to make the wheels bigger. 

Propellers are invariably made of wood, and it is 
noteworthy that they have a flat driving face—i.c., 
this face is a uniform pitch. The propeller is 
virtually a small aeroplane revolving in a circle, 
and it is rather curious that while the wings are 
always more or less curved, the propeller should be 
quite flat. This seems to show that the tendency 
to make the wings flatter is correct. 

One striking feature of the Show is the complete 
disappearance of small cheap machines of the 
‘*Demoiselle” type. The idea of this type, when 
introduced, was to ‘‘ popularise” flight by enabling 
anyone to buy a machine who could afford-some 
3001. We always doubted the desirability of 

















MakCH 31, 1911] 


ENGINEERING. 





4it 





this, for the machines were cheapened by leaving 
out many things which are generally considered 
necessary for safety, and although they might be 
more or less workable in the hands of a great expert, 
the class of people they were intended to cater for 
would all be beginners. Flying was once described 
as a ‘“‘messy way of committing suicide,” and 
although this does not in the least apply now to 
flying in a reasonable way on a good machine, it is 
not altogether inapplicable to beginners who dis- 
pense with many of the parts considered essential 
by the experienced. 

Had such machines as we refer to actually been 
sold in large numbers, many accidents would have 
been inevitable, and would have done much harm to 
the movement. It should be recognised that flying 
is not a thing at the present time to be done ‘‘on the 
cheap,” and that progress will be made best by 
those who cannot afford to take every possible pre- 
caution, and get, or build, a really good machine, 
abstaining from it altogether. 

In aero engines there is little new. The ‘‘Gnome” 
rotary engine is undoubtedly the most popular, 
but shows very little alteration from last year. On 
the other hand, none of the other rotary engines 
seem to have come at all to the front, and it appears 
probable that the type can only be made successful 
by the extremely elaborate methods of construction 
adopted in the case of the ‘‘Gnome” motor. Apart 
from the rotary type, the engines most favoured 
are the vertical four-cylinder and the diagonal 
eight-cylinder types. Of these the vertical four- 
cylinder type seems slightly the most popular. 
The horizontal opposed type is represented by a 
few examples, and also the radial type with the 
cylinders fixed. Both these arrangements appear to 
deserve more attention than they have yet received. 
The matter of balancing in aero engines is of great 
importance. The radial rotary type is theoretically 
perfectly balanced, as also the radial with the 
cylinders fixed. The opposed type can be almost 
perfectly balanced, as the error due to the angle 
of the connecting-rods is balanced, but in most 
forms there is a slight rocking moment. On the 
other hand, in the vertical and diagonal type there 
is usually a considerable unbalanced force due to 














tinuous right up to it. In the ‘‘ Gnome” engine the 
same result is attained by placing the inlet-valve in 
the piston, and the exhaust onlyin the cylinder head. 

It is worthy of note that one firm building an 
eight-cylinder diagonal engine has gone back to 
automatic inlet-valves. It will be interesting to 
see to what extent this is successful. Automatic 
valves in cars have the reputation of being far less 
reliable than the mechanically worked, and relia- 
bility is of even greater importance in an aeroplane 
than in a car. 
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50-Brake-Horse-Power 
Isaacson ENGINE 
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the angle of the connecting-rods, and if these are | 


made short to lighten the engine, this is very con- 
siderable. The two-cycle engine does not seem to 
—_ made much headway, only one example being 
shown, 

Poppet valves are practically universal, and there 
seems little novelty in valve gear. The concentric 
inlet and exhaust is not so much used as might 
have been expected, considering its practical advan- 
tages in construction. It is obvious that the lightest 
form of cylinder for its strength will be one in 
which the walls are continuous right up to the 
cylinder head. In all cases where two valves are 
used this figure must be departed from if the valves 
are of good size, though with both valves in the 
cylinder head the departure is not very great. 
When concentric valves are used, however, the only 
Opening necessary is in the centre of the cylinder 
head, and therefore the cylinder walls can be con- 


Fic. 4. 


AEROPLANE ENGINE ; CONSTRUCTED BY THE 
Company, LEEDS. 


We must now deal with some of the chief exhibits 
individually. An aeroplane of very distinctive design 
is the Valkyrie, shown by the Aeronautical Syndi- 

cate, Limited, West Hendon, N.W. This machine is 
|a monoplane, but in place of having the main plane 
| in front and the smaller plane on a tail, as usual in 
monoplanes, the arrangement is reversed, the main 
plane being at the back and the balancing plane at 
| the front. The general arrangement will be seen from 
Fig. 1, page 410. Several advantages are claimed 
for this construction over the more ordinary one 
with atail behind. The engine and propeller being 
laced behind the steersman, he does not get the 
last in his face, and he obtains a better view. Skids 
can be easily carried out a long way in front and 
a substantial landing chassis made. It is further 
considered easier to handle a machine the greater 
part of which is in front of the pilot, and he gets, 
as we have stated, a very much elearer view-of the 








ground. The framing of the Valkyrie consists of 
two deep-trussed girders of the general construction 
usual in aeroplanes, the bottom members of which 
are curved up in front and form skids. These skids 
have the running-wheels attached in the usual way, 
and are placed a considerable distance apart, thus 
forming a very stable base. 

At the front of these girders the elevating plane 
is placed, and also a fixed balancing surface of con- 
siderable size. A framing between the main 
girders carries the engine, petrol-tank, &c., the 
propeller working just in front of the main plane. 
The latter is made in three pieces, the centre piece, 
which is fixed, being somewhat narrower than the 
side-pieces, in order to provide room for the pro- 
peller. The side-pieces are detachable for trans- 
port. Steering is effected by two rudders, placed 
behind the main planes, and the front of the longi- 
tudinal girder is cased vertically for a short distance, 
to give lateral resistance. Control is by handle, 
controlling the balancing ailerons and elevator, 
and steering is by the feet 

Two models are exhibited, the illustration, Fig. 1, 
showing the racing model, The other one is a 
passenger-carrying machine with three seats, and is 
of the same general construction, but, of course, 
heavier. The smaller machine is fitted with a 
50-horse-power ‘‘Gnome” engine, and the larger 
with a 60-horse-power Green engine. The following 
are the dimensions of these two machines :— 


PARTICULARS OF ‘* VALKYRIE” AEROPLANF. 
Cross-Country Racing Model. 


Engine... po 50 h.-p. ‘* Gnome.” 
Lifting surface = BR 207 sq. ft. 
Entering edge of surface ... 44 ft. 4 in. 
Weight ; 575 Ib. 
Span... ie : 30 ft. 4 in. 
Total length a 


© 


<a 60 to 70 miles per hour. 
Can be quickly adjusted to carry a passenger. 
Three-Seater Passenger Carrier. 


Engine.. ma 60 h.-p. Green. 
Lifting surface ae ” 302 sq. ft. 
Entering edge of surface ... 53 ft. 
Weight ; Mf About 800 1b. 
Span ... si tie 39 ft. 
Total length 29 ft. 9 in. 


40 to 55 miles per hour, 
according to adjust- 
ments on weight 
carried. 


A similar machine is stated to have carried 38 
passengers, made 89 flights (4 to 30 miles each), 
and 61 ‘‘ volplané descents,” during the 18 days it 
has-been out since built. 

The exhibit of the British and Colonial Aero- 
plane Company, Clare-street House, Bristol, is of 
unusual interest, as the three machines shown are 
of very diverse types. Two are biplanes and one a 
monoplane ; but of the biplanes, one has an elevator 
in front and a tail behind, while the other hasa tail 
only, arid is, in fact, generally much of the same 
general construction as the ordinary monoplane, but 
with two main planes. Taking the three machines 
in detail, the larger of the two biplanes, ‘‘ Military 
type,” is substantially of the Farman class, but has 
three rudders in the tail, and also has the pilot well 
protected by a canvas screen in front of him. Three 
comfortable seats are provided behind this screen, 
two being placed behind the steersman. Control 
is by a wheel turned to move the balance-flaps, and 
pushed forward or backward for elevation. Steering 
is by the feet. The span of this machine is 34 ft. 6 in. ; 
length, 38 ft. 6in.; supporting area, 457 sq. ft.; 
weight, 800 Ib. 

The smaller biplane, ‘“‘racing type,” which we illus- 
trate in Fig. 2, page 410, has several peculiar features. 
The planes are very much smaller than those in the 
larger biplane, and the lower plane has a very much 
shorter span than the upper. In place of the 
balancing being effected by ailerons the upper 
wings are warped. The general construction of the 
framing is much like that of the ordinary mono- 
plane, consisting of a backbone, with the engine and 
propeller in front, and the elevating plane and rudder 
at the back. The tail consists of a fixed balancing 
plane, with the elevating plane behind it. A rudder 
is placed above the balancing plane. The framing 
of the machine is peculiar, as it consists of main 
spars of steel tube with wood core. The two planes 
are trussed together in the manner usual in bi- 
planes, but there are only four struts of stout sec- 
tion in place of the many usually employed. The 
control is the same as in the larger biplane, and the 
steersman is thoroughly cased in and protected. 
The following are the chief cimensions :— - 


* 
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Width of span 
Length... 
Weight be 4 oes 570 Ib. 
Supporting area ... ...19.5 sq. m. (210 sq. ft.) 
The monoplane shown by the same firm follows 
the conventional lines, but has several special 
features. The main spars of the wings are wood- 
cored steel tubes, and each wing is so arranged that 
when warped for balancing it revolves bodily round 
the tube, thus avoiding any straining of the parts. 
Duplicate wires are used for the main stays in place 
of ribbon, the latter not being considered reliable. 
The span of this machine is 10.2 m. (33 ft. 9 in.); 
length, 9.6 m. (31 ft. 9 in.); and weight, 580 Ib. 
The control is as in the biplanes, and the elevator 
is placed behind the ball glene, as in the racing 
biplane. 
All the above machines are fitted with 50-horse- 


8.2 m. (27 ft.) 


* ” 


power ‘‘Gnome” engines, having seven cylinders! 
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Two aeroplanes which have given somewhat re- 
markable results in the direction of small power 
consumption in proportion to the speed and carrying 
y remed obtained are the Nieuport and the Breguet. 

though the former is a monoplane and the 
latter a biplane, there are certain features in their 
construction which are similar. Both have a rela- 
tively large tail surface, and have the elevator in 
the tail ; both have the backbone completely cased 
in, and both have a very small number of wire 
stays in comparison with the majority of machines. 

The Breguet, exhibited by M. Louis Breguet, 
Douai, France, is a biplane with the elevator in 
the tail and a tractor propeller in front, and has 
main planes of very great span and small width, 
the upper having a considerably greater span than 
the lower. Only four struts are used between the 
planes, two close together near the centre, and one 





on each side about half-way to the tip of the wing. 


25.5 lb. per horse-power. The construction allows 
of the wings being folded against the body very 
much more quickly than can be done when numerous 
connections have to be made. It is stated that the 
wings can be folded against the body in under a 
quarter of an hour. 

The Nieuport, exhibited by M. Maurice Du 
Crocq, Brooklands Aerodrome, Weybridge, Surrey, 
is a monoplane which follows the conventional 
lines in main outlines, but is distinguished by an 
extraordinary absence of struts and ties. There 
are only four supporting wires to each wing, two 
above and two below, while the backbone is entirely 
cased in, and is much in the form of a fish, being 
very deep in front and tapering rapidly to the tail. 
The engine fitted is of the two-cylinder opposed 
type, rated at 30 horse-power and is air-cooled, 
having cylinders 130mm. by 135mm. (5}in. by 





5fin.). With this engine it is stated that 80 km. has 
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110 mm. by 120 mm. (42 in. by 4? in.). The British 
and Colonial Aeroplane Company are the sole agents 
in this country for this motor, and show, besides 
the 50-horse-power, a 100-horse-power fourteen- 
cylinder and a 70-horse-power seven-cylinder. The 
latter is a new model on the same lines as the 
50-horse-power, but with cylinders 130 mm. by 
120 mm. (54 in. by 4? in.). It is interesting to 
note how small the alterations in this new model 
are. The general design of radial cylinders revolv- 
ing round a fixed crank-shaft, as also the steel 
cylinders machined from the solid, exhaust-valves 
in the cylinder heads, inlet-valves in the pistons, 
&c., are all retained, and the alterations are con- 
fined to small details. The crank-chamber is now 
split on the line of the cylinders, flat springs are 
used instead of spiral ones for the valves, and the 
rods which work the exhaust are in compression 
instead of tension. 

A Farman biplane is shown by the Aeroplane 
Supply Company, Limited, 110 and 111, Piccadilly, 
London, W. The performances of this machine 
are well known, and it is therefore of interest to 
examine the alterations which the makers have 
found necessary. Hitherto there have been two 
types of Farman aeroplane on the market, one built 
by Henri Farman and one by Maurice Farman. 
These have now combined, and for the future will 
market one type of machine. The one exhibited 
therefore represents the combination of the points 
of the two types. In general characteristics there 
is very little divergence from last year, the improve- 
ments being entirely in detail. The control has 
been altered and is now by a wheel pushed forward 
and back for elevation, and turned to work the 
ailerons. The shaft of this wheel slides between 
small ball-bearings, thus avoiding any chance of 
sticking. Steering is, as before, by the feet, and the 
older type of lever control will be fitted if desired. 
The new type lends itself better than the old to 
the protection of the pilot, and he is now well 
cased in with a canvas screen. The skids are now 
carried up to the elevating plane, and the tail sur- 
faces are rounded at the corners, but otherwise the 
improvements are in minor details. The machine 
shown is fitted with a 60-horse-power Renault 
motor, but any other type desired will be fitted on 
request, 





66 miles an hour—certainly a very good result. 








Fries. 5 anp 6. 60-Brake-Horse-PowerR Marine 
Motor ; ConstRucTeD BY THE BrRITANNIA ENGI- 
NEERING Company (1910), Lrp., CoLcHESTER. 





been flown in 44 minutes 52 seconds, a speed of 
It 
is stated that, owing to the small head resistance, 
the gliding angle is 1 in 20. The performances of 
the Nieuport and Breguet machines suggest that 


|much might be done in the way of reduction of 
| head resistance by diminishing the number of struts 


and stays. 

The exhibit of M. Louis Blériot, Belfast 
Chambers, 158, Regent-street, London, W., is 
naturally of great interest. Three machines are 
shown on this stand, the largest and most interest- 
ing being the new two-seater. This is generally 
of the ordinary Blériot pattern, but in place of the 
curved tail plane usual in the older models it has a 
flat plane, with the elevating rudder placed behind 
it. The backbone is made wide enough for the 
two seats to be placed side,by side in it, and 
instead of narrowing towards the stern, is kept the 
same width, but made shallower. The whole is 
covered in with canvas, and the backbone really 
merges into the tail-piece much as a fish’s body 
merges into its tail. The pattern shown is intended 
for military use, and a set of steering-pedals is 
provided for each of the seats, so that in the event 
of the steersman being shot the passenger can at 
once assume the control of the machine. The 
steering-rudder is placed above the tail. This 


'machine is much more compact than the earlier 


The tension wires are proportionately few in number, , 
but the planes have five stays to take the longitu- 
dinal stress. This reduction in the number of 
struts and wires makes for a reduction of air| 
resistance. The machine is constructed almost | 
entirely of steel, the spars and struts being of 
steel tube. All the wire stays are in duplicate. | 
The machine shown is fitted with a 60-horse-power 
Renault motor. The span of the upper plane is | 
43 ft. 8in., and of the lower 29 ft. 6in.; total 
surface, 365 sq. ft. | 

A similar machine to this, but fitted with a 100- 
horse-power ‘‘Gnome” engine, has flown with eleven 
passengers, besides the pilot, the total weight 
carried being 1400 lb. his is certainly a most. 
remarkable result considering the small supporting | 
surface, for the weight of the machine is 1150 lb., | 
and the total weight, with passengers, therefore | 
2550 lb., or 7 lb. per square foot of surface, and 


models, the backbone being shorter and the span of 
the wings less in proportion to the size of the 
machine than in the earlier models. A 70-horse- 
power ‘‘Gnome” motor is fitted to this model, 
and is placed in the front of the main plane with 
the propeller in front in the usual way. 

A single-seated Blériot monoplane, with a 50- 
horse-power ‘‘Gnome” engine, is also exhibited, 
and this differs from the two-seater in having the 
usual uncased lattice-girder backbone, and a curved 
tail-plane, which has the elevator behind the fixed 
part. A single-seater, of the ‘‘Cross-Channel ” type, 
with a three-cylinder Anzani engine, is also shown. 
This machine is substantially the same as was 
exhibited last year. : 

The comfort of the pilot is well studied in the 
Blériot aercplane, as the front of the backbone is 
completely enclosed, and the draught impinging 
against it, together with the oil from the engine, 
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thrown downwards. In addition to this a shield is 
arranged in front of the pilot somewhat like the 
‘* scuttle dash ” of a motor-car, of such a shape that, 
although he can see over it, the wind is thrown 
over his head. A map-holder, clock, revolution- 
indicator, barometer, &c., are also placed con- 
veniently. It is stated thata great advantage of 
making the tail shallower at the back end is that 
it is much less affected by side winds. 

On the stand of the Royal Aero Club is shown the 
Blériot machine with which Mr. Grahame White won 
the Gordon Bennett Cup in America. This machine 
is fitted with wings of very short span and consider- 
able width, and it is noticeable that in place of 
having great curvature like the earlier pattern, they 
are very nearly flat. The tendency of wing con- 
struction in these machines in fact seems to be to 
give up the sharply-curved dipping front edge, and 
to make the wings flatter, shorter span, and wider. 
In all the models the general design of the running 
chassis is much the same as last year. 

Considering the part that the Wright brothers 
took in the early development of mechanical flight, 
quite one of the most interesting aeroplanes in the 
Show is the Baby Wright, shown on the stand of 
the Royal Aero Club. This machine in many ways 
forms a great departure from the early Wright 
practice, and approximates much more to European 
ideas. The front elevator has been entirely aban- 
doned, and the general construction therefore 
follows largely on the lines of the conventional 
monoplane. The tail is now of considerable length, 
approximately equal, in fact, to the span of the 
wings, and has an elevating plane placed behind 
the rudders. The latter are double, and swing on 
one pivot, as in the earlier models. The actual 
construction of the tail, however, differs greatly 
from most European practice, for, in place of the 
numerous struts and ties usually used, each longi- 
tudinal has only one strut in its length. 

The general arrangement of the main planes is 
much as in the early models, but the details of 
the wire connections, &c., have been improved. 
The original arrangement of propeller drive is 
retained, two propellers being used, driven by 
chains in opposite directions at a much slower 
speed than the engine, one chain being crossed 
for this purpose. The control is effected solely by 
two handles, substantially as in the early Wright 
machines, but the details of the connections, &c., 
are made far more satisfactory. The pilot is still 
placed a little on one side of the centre line of the 
machine, the engine being placed slightly out of 
centre alongside of him, 

It is noteworthy that the tail has no fixed stabi- 
lising plane, and the balance of the machine there- 
fore still depends entirely on the hand control of 
the elevator. The advantage claimed for the fixed 
stabilising plane is that, in the absence of any 
hand control, the machine will simply assume its 
natural gliding angle, while without this arrange- 
ment one failure of the hand control makes the 
machine unstable. The running chassis now con- 
sists of wheels attached to the skids originally 
used, and is therefore in accordance with European 
age The machine shown is that on which 

r. Ogilvie secured third place in the Gordon 
Bennett Cup, but it is now fitted with a 50-horse- 
power N.E.C. motor. 

The Dunne monoplane, exhibited by the Blair 
Athol Aeroplane Syndicate, Limited, 1, Queen 
Victoria-street, London, E.C., is in many ways the 
most original in the Show, as it has neither tail nor 
rudder, and the supporting surface consists of a 
single plane shaped something like a broad arrow 
going point first. The tips of the wings curve down 
very sharply at the ends, and have balancing-flaps 
hinged to them in the usual way. The control is 
entirely by the use of these flaps. The control of 
these flaps is not coupled to one lever, as usual, but 
each is controlled by a separate one, the two levers 
being placed one on each side of the pilot’s seat, 
and provided with notched quadrants to keep them 
in any desired position. Steering is effected by 
using these flaps to vary the resistance of the 
wings. Thus, if the flap on the left-hand side 
is pulled down, the resistance of that wing is 
increased, and the machine turns towards the 
left. Owing to the fact that the outer wing 
moves faster when turning a corner, its lifting 
power is increased, and the flaps are so proportioned 
that this compensates for the increased lift of the 
flap; hence the balance when turning corners is 
stated to be automatic. To elevate or depress the 
machine both flaps are moved at once, and to balance 








laterally the one flap is moved up and the other 


down. In this way the resistance of the wings can 
be kept equal, while the lifting power of one is made 
greater than the other. 

The camber of the wings is greatest at the centre 
of the machine, and diminishes towards the tips. 
The general construction follows the ordinary lines 
with a wood framing trussed by steel wires, and a 
running chassis of skids and wheels is provided. 
This machine is now only just being put on the 
market, but it is stated that a machine of similar 
construction, but made as a biplane, has given 
excellent results experimentally. 

The Isaacson Engine Company, Boyne Engine 
Works, Leeds, show an engine of the radial type, 
with fixed cylinders, which we illustrate in Figs. 3 
and 4, page 411. This engine is 50 brake horse- 
power, and has seven cylinders 90 mm. by 115 mm. 
(33 in. by 44 in.), arranged radially round the crank- 
case. The main special feature is that the pro- 
peller, although concentric with the crank-shaft, is 
driven by reducing gear at half the engine speed. 
The propeller is mounted entirely independently 
of the crank-shaft, and has an independent thrust. 
Lubrication is effected by a slow-running oil-pump 
delivering into the centre of the crank-shaft, from 
whence it goes to all parts. The pump is so arranged 
that it always supplies the correct amount of oil 
—about one pint per hour—and that the centrifugal 
force acting on the oil will not drag any more through 
it. The inlet and exhaust valves are placed in the 
cylinder heads, driven by push-rods and rocking 
levers, and a White and Poppe carburettor is fitted. 
It is claimed that the engine can be throttled to 75 
revolutions per minute of the propeller, the normal 
revolutions being 800 of the propeller (1600 of the 
engine). The magneto is automatically retarded 
for starting by an arrangement depending on 
centrifugal force. 

A somewhat peculiar arrangement is adopted for 
the valve-gear, as the cams actuating the tappet- 
rods are placed on a ring of large diameter con- 
centrically with the crank-shaft. This ring revolves 
at one-eighth the speed of the crank-shaft, and in 
this way the difficulty of arranging for each alter- 
nate cylinder to fire is gotover. A 100-horse-power 
engine, having 14 cylinders and having the pro- 
peller geared down 14 to 1, is also shown. The 
advantage of gearing down the propeller is well 
known, for it is desirable to run the engine fast 
in order to keep down the weight, while the pro- 
peller should run slow in order to keep up the 
efficiency. The engine is noteworthy in many ways, 
and its performances will be looked forward to with 
interest. 

We must leave for another article further notes 
on exhibits connected with the Aero Section of the 
Show, and must now deal briefly with some of 
the marine exhibits. We may say at once that the 
exhibition of marine motors is not very attrac- 
tive from an engineering point of view, as the 
exhibits of marine engines are not very numerous, 
and there is nothing very interesting about the 
majority of them. This is not because no progress 
has been made in the marine motor in the last 
year, but rather because the progress has been so 
great as to bring the work into a class of engineering 
for which such exhibitions as that with which we are 
now dealing are hardly suitable. It is obviously 
impossible to show really large engines, weighing 
many tons, in a place like Olympia; and even if 
this were done, it is not likely that the exhibitors 
would do any great business. 

As a matter of fact, marine motors have now 
reached sizes which bring them into the category 
of ordinary marine engineering work, over a 
thousand horse-power having been developed in a 
single unit. Orders for such engines, or even very 
much smaller ones, are hardly likely to be placed 
simply as the result of an exhibition, and the 
inquiries and contracts therefore follow the course 
of ordinary marine engineering business. The 
smaller sizes, on the other hand, have reached 
a point where further development is not very 
rapid, and there is therefore little change to note 
from year to year. 

Petrol car-motors have now practically ceased to 
have any influence on marine motor practice, 
such motors being now designed exclusively for 
marine work, and lutes often made by people who 
do not make car-motors atal]. There seems, in fact, 
very great doubt as to whether it is not advisable 
for the car and marine motors to be made by sepa- 
rate people. Not only are the uirements of a 
marine motor quite different from those of the car 





motor, but the factory organisation may have to be 
very different. Cars do not vary very vastly in 
size, and it is quite usual for a firm to make one 
standard pattern only, and in any case they are 
made in very large quantities. A maker of marine 
engines, on the other hand, may have to meet re- 
quirements varying from a single-cylinder 10 horse- 
power to a multi-cylinder of nearly 1000 horse- 
power, and may have to be prepared to make special 
engines for special purposes. It seems, therefore, 
that a firm which makes either car or marine engines 
only should be more successful in its speciality than 
one which makes both, unless, of course, separate 
factories are used. 

A great part of the marine section of the Exhi- 
bition is occupied by boats, and there are many 
excellent examples of boat-building, but these are 
necessarily of small size. In many ways the advent 
of the petrol motor has developed quite a special 
type of boat. Compared with the ordinary steam- 
launch engine, the petrol motor is of far less 
weight, and this enables it to be used in a lighter 
type of boat, and also enables far higher speeds to be 
obtained. The most remarkable development in 
this direction is, of course, the high-s hydro- 
plane, with which some wonderful s s have been 
obtained. We discussed this type on page 187 of 
our last volume, and then suggested that in the near 
future, with slightly increased dimensions, a speed 
of over 50 knots would be obtained, and it is 
interesting to note that about 52 knots was 
obtained last week in the 40-ft. hydroplane Maple 
Leaf, designed by Messrs. Thornycroft and Co., 
and fitted with a New Orleans engine of about 700 
brake horse-power. Apart, however, from the 
hydroplane or racing-boat, the speed of the ordinary 
cruising launch is far higher than that of the older 
steam-launches, while their displacement for a given 
length is less. This causes them to make a great 
deal of spray, and they have therefore to be pro- 
vided with a - deal more protection for the 
passengers. It is also far more important to keep 
spray from a_ petrol-motor than a steam-engine. 

he accommodation on such boats is therefore 
usually placed entirely aft of the engine, the whole 
of the forward part of the boat being covered with a 
turtle deck, and the after part having waterings 
round it with high coamings. Wood is almost 
invariably used for these boats, as it is lighter than 
steel and does not corrode. 

Another type of special boat which has developed 
is the light river-launch, much on the lines of the 
rowing-boat, but slightly heavier, with a very small 
light engine in it. There is even exhibited at Olympia 
a motor-canoe. The greatest improvement in the 
engines themselves appears to be the building of the 
reversing-gear into the engine. It has hitherto been 
the usual custom to build the engine as one unit and 
the reversing-gear as another. This has the great 
objection that they have to be erected in line in the 
boat, and that even if this is done correctly, very 
heavy bearers are necessary to keep them so, while 
a flexible connection to compensate for deviation is 
expensive and complicated. Several engines are, 
however, now shown in which the reversing gear 
and engine are made as one unit, either by bolting 
the casing of the reversing gear direct on to the 
engine casing, or by extending the bottom half of 
the crank-chamber to take the reversing gear. 

For the larger sizes the engines are four or six 
cylinder ; but it is interesting to note the very 
large number of quite small single-cylinder engines 
exhibited, these being sometimes of the two-cycle 
type. It is evident that there is a very large 
demand for a really cheap and simple engine to 
replace hand propulsion, or to use as an auxiliary to 
sails, Such engines can be sold for 25l., or even 
less, and it is therefore evident that the internal- 
combustion motor is not only replacing steam, but 
is being made for a very large number of purposes 
for which the steam engine could not be used. 

The Britannia Engineering Company (1910), 
Limited, Colchester, show 4 marine set in which the 
reversing gear is very neatly embodied. This engine, 
which we illustrate in Figs. 5 and 6, page 412, has 
four cylinders, 58 in. by 9 in., and is rated at 
50 brake horse-power. The cylinders are cast 
in pairs, having all the valves on one side, driven 
from one cam-shaft, but the crank-shaft is pro- 
vided with bearings between the cranks. The 
bearings are carried on the bottom half of the 
crank-case, and this is extended aft to take the 
reversing gear, which is of the Hesse and Savory 
pattern. The fly-wheel is placed at the front 





end of the engine, this arrangement enabling a 
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COALING-CRANE FOR THE FERROCARRIL 
DE LANGREO, SPAIN. 


An electrically-operated coaling-crane, designed and 
built by Messrs. beock and Wilcox, Ltd., London, 
at their works at Renfrew, N.B., for discharging coal 
into colliers lying alongside the quay, from drop-bottom 
wagons, is illustrated on e 418. This crane was 
supplied to the order of the Ferrocarril de Langreo, 
Gijon, Spain. 

As all the coal is brought from the mines in hopper- 
wagons with bottom doors, no tipping is necessary, 
po the crane was designed merely to fitt the wagons 
from the quay to the required Deeg over the hold 
fordumping. To accomplish this a counterweighted 
travelling jib has been constructed, the movements 
resolving themselves into lifting and traversing = 
The wagon to be dumped is hauled on to a cradle 
shown in Fig. 1 by means of an electrically-driven 
winding-drum which is fitted to one of the legs of the 
crane. The cradle and wagon are then lifted and 
slewed, as shown in Fig. 2. Below the cradle in this 
figure may be seen the winding-drum on the far leg of 
the crane. After slewing, the cradle and wagon are 
run out over the hold by means of the travelling jib. 
This operation is shown in Fig. 3. The contents of 
the wagon are then discharged into the hold. By 
lowering the cradle, of course, the height of drop may 
be minimised, and the breakage of coal reduced. 

This crane is arranged to travel along the quay 
front, all motions being by electrical power. The 
maximum working load is 20 tons, the crane having 
been tested with 35 tons after erection. The hoistin 
speed with a 20-ton load is 5 ft. per minute ; the ji 
traverses at a speed of 50 ft. per minute; and the 
travelling speed of the crane is 40 ft. per minute. The 
hauling-drum is designed to haul on the level, at 60 ft. 
per minute, three loaded wagons, each weighing 
15 tons. In practice it is found that wagons of 10 tons 
capacity can be handled at the rate of from twelve to 
fourteen per hour, giving a coaling speed of from 1200 
to 1400 tons of coal per day of ten hours. 

The span of the crane is 8 metres (26.28 ft.), and the 
jib has a maximum forward outreach of 9.5 m. 
(31.16 ft.). The height from quay-level to the crab- 
rail level is 27 ft. 2in. The motors are series wound, 
completely enclosed, and work with direct current at 
500 volts. The hoisting motor is of 14 brake horse- 
power at 640 revolutions per minute. The traversing 
motor for the jib is of 10 brake horse-power at 530 revo- 
lutions per minute. The travelling motor is of 12 brake 
horse-power at 450 revolutions per minute, and the 
haulage-drum motor develops 10 brake horse- 
500 revolutions per minute. The controllers for 
operating the motors are placed in the driver’s cabin, 
the hoisting-motor controller being fitted with rheo- 
static braking on the lowering side, so that there is 
complete control of the lowering of the load. In addi- 
tion, there is an automatic magnetic brake, capable of 
sustaining the full load, which comes into use directly 
the current fails or is cut off. 

The crane was designed to leave as much free space 
on the quay as possible. Owing to the traversing 
motion of the jib there is less risk of fouling ri 
than with slewing cranes, while the first cost is low 
compared with many other systems of coaling. 





Tue InstiruTion or Civin ENGINEERS: YORKSHIRE 
ASsociATION OF StupENTs.—The 17th annual dinner of the 
above-named Association was held on the 23rd inst. in 
Messrs. Powolny’s Rooms, The chair was taken 
by Mr. Charles G. Henzell, President of the Association, 
and among those present were Mr. Charles gy 
Past-President of the Institution of Civil Engineers, Mr. 
Walter Hunter, and Mr. H. E. Jones, Members of Council 
of the Institution. Mr. A. C. Swales, the hon. secretary 
of the Association, in proposing the toast of ‘‘The Insti- 
tution of Civil Engineers,” referred to the great loss the 
Association had sustained by the death of Lord Airedale, 
who was President of the Association in the first year of 
its existence—1894-5. He said that all members could 
congratulate themselves on the prosperity and extend- 
ing influence of the Institution, and he referred to 
the great public service that it had rendered both at 
home and in our Imperial Dominions wherever there 
was engineering work to be done. He u all corpo- 
rate members to endeavour to attend the meetings, 
and try and assist the you members to bind them- 
selves ther and ” the cage ee a view a 
raisin e status of pro ualified engineers, In 
replying to the toast, Mr. Wa! ter Hunter said that 
during the year the Council of the Institution had re- 
vised the by-laws governing the admission of members, 
anil he thought that they would agree with the Council 
that they had done goede in endeavouring to raise the 
standard of the profession. It was proposed to hold a 
conference in June of this year in order to discuss the 
best methods of py * tical and theoretical train- 
ing. The toast of ‘‘The City of Leeds” was proposed by 
Mr. Charles Hawksley, who, after alluding to Lord Aire- 
dale, said that he looked forward to the time when engi- 
neers would make their work not only useful, but beautiful. 
Councillor Arthur Willey responded in a humorous speech. 
Other toasts followed. During the evening a musical 
p ramme was provided. The at oe was unusually 
igh, the number of members and guests being 120. 
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FLOATING DOCK FOR ABERDEEN 
HARBOUR. 


Messrs. Vickers, Limirep, launch to-day (Friday) 
from their Neval Construction Works at Ranting 
Furness, a floating dock for the Aberdeen Harbour autho- 
rities. This type of craft is a somewhat novel acquisi- 
tion in the case of British mercantile ports, although 
adopted now by some naval authorities because of its 
mobility, reliability, and general convenience. Such 
floating docks, however, have long been favoured in man 
foreign ports, where treacherous strata made it difficult 
to construct, at reasonable cust, a dock which would 

free from collapse or leukage consequent on the 
nature of the soil and shifting strata under the founda- 
tions. Recently, however, the floating structure has 
greatly commended itself even where this difficulty was 
not anticipated. The British Admiralty have recog- 
nised these qualities, and Aberdeen is now among the 
few British harbours to adopt the system. This dock 
for Aberdeen is designed on the most modern prin- 
ciple to lift any one ship ranging in length to nearly 
350 ft., in beam to 66 ft., and in displacement weight to 
5350 tons ; but it is so designed that several of the steam- 
trawlers which frequent the port may be docked simul- 
taneously. 

The dock consists of two parallel side walls and a deep 
double bottom, made up of interchangeable pontoons, six 
of which are attached to the side walls, with an additional 
pontoon as a reserve, to take the place of any of the others 
which may require to be moved from the dock for over- 
haul, repair or pains The work of docking a ship 
drawing 23 ft. of water, and of a displacement tonnage 
of 5350 tons, can be accomplished in two hours. 

The general dimensions of the dock are as follow :— 


Over-all length of the side wall... 
*» 99 each pontoon ... 
a width of dock ... a . 
i depth of each pontoon... a 
height of side walls and pon- 


Clear width between rubbing timbers... 

The pumping machinery ccnsists of an installation of 
horizontal centrifugal pumps diiven by vertical eleetric 
motors. One pump is fixed on the top of a grid- 
iron pipe which has connections with each pontoon, 
and the electric motors are placed on the top of one 
of the walls in steel deck-houses. The valves of the 
pipes communicating with each compartment are all 
controlled by one operator from one valve-house in the 
centre of the dock wall. An electrically-driven plunger 
wash-down and drainage pump is fitted in one of the 
walls ; the motor for driving this is placed on the deck 
under the valve-house. Suitable piping is arranged so 
that this pump can be used for oaetving sy of the 

ntoons. Thus there is a duplicate installation for this 
important duty. 

he dock is titted with an installation of electric lights, 
——-. arc-lamps, suspended on bracket standards. An 
electrically-driven travelling crane is arranged to travel 
the whole length of one of the walls, and is capable of 
lifting a weight of 5 tons. This will be most serviceable 
in the repairing of ships when in the dock. 

The dock is fitted up with mechanical side and bilge- 
shores, keel and bilge-blocks, hinged and rubbing timbers, 


double hand-rails round the whole of the wall-decks, &c. 
A pair of flying-gangways is fitted at one end of the dock. 
uitable a, accommodation is also provided. 

The dock will be moored to the shore by three lattice 
booms, hinged at one end to the dock, and at the other 
end to dolphins on the shore. Suitable mooring-cables 
are also being provided. The electric power for operat- 
ing the various motors and lighting the dock will be su 
plied by # cable from the shore. Thus current will 
available when required. This dispenses with the neces- 
sity for boilers or prime-movers on board. In this way 
the working costs will be reduced to a minimum, and the 
dock will be utilisable at any moment without preliminary 
arrangements having to be made or power generated. 








Monv-Gas Powsr-StaTion FoR JAPAN.—The Japanese 
Government has placed with the Power-Gas Corporation, 
Limited, of Stockton-on-Tees, the order for the complete 
equipment of an electrical power-station for driving elec- 
tric railways. The Mond gas-producers will be fixed in 
three units, each unit consisting of three generators and a 
sulphate of ammonia recovery plant. The fuel to be used 
is of an inferior quality, containing nearly 20 per cent. of 
ash. Most of the steam for the yey will be obtained 
from boilers heated by means of the exhaust from the 
engines. There will be four N yor op -engines of the 
double-acting four-cycle type, each o brake horse- 
power, with the cylinders in tandem, and the 
will be manufactured by the Lilleshall Company, Limited, 
of Oakengates, Shropshire. To give an idea of the size 
of the engines, it may be noted that the bed-frames will 
weigh 50 tons, and the crank-shaft 20 tons. The alter- 
nators will be direct coupled to the engines, and run in 
parallel, the frequency being 25 periods. The section of 
railway to be electrified is that between Tokio and Yoko- 
hama. The power-station will be situated near Yoko- 
hama, and at the outset there will be two sub-stations, 
with probably three later on. The auxiliaries, such as 
exciters and cranes, are to be shipped within six months, 
and the engines and int tgme = in ten months ; the 
erection is to be completed, and the plant put inte com- 
mercial service, within two years. e alternators are of 
the Dick Kerr fly-wheel type. The value of the contract 





is 120,000/. 


roller-fenders, fairleads, mooring-bollards, ladders and | 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 


Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market was easier in tone, and the business 
consisted of 1000 tons of Cleveland warrants at 48s. : 
and 48s. cash, and the closing quotations were 48s. 04d. 
cash, 48s. 34d. one month, and 48s. 94d. three months 
sellers. The afternoon session was also dull and quiet, and 
again the turnover was limited to 1000 tons of Cleveland 
warrants at 48s, 2d. twenty-eight days and 48s. 84d. three 
months. At the close sellers quoted 48s. cash, 48s. 3d. 
one month, and 48s. 84d. three months, On Friday 
morning the tone was in weak, and 3500 tons of 
Cleveland warrants were done ut 48s. and 47s. 114d. cash, 
48s. 04d. fourteen days, 48s. 8d. and 48s. 7d. three months. 
Closing quotations were 47s. 104d. cash, 48s. 14d. one 
month, and 48s. 74d. three months. The afternoon 
session showed little change, and Cleveland warrants 
were dealt in at 48s. 14d. one month, the dealings only 
amounting to 1000 tons. Sellers’ quotations at the 
close were 47s. 1ld. cash, 48s. 14d. one month, and 
48s. 74d. three months. On Monday morning Cleve- 
land warrants continued weak, and the business was 
confined to 2500 tons at 47s. 7d. cash, and 48s. 44d. 
and 48s. 4d. three months. Closing sellers quoted 47s. 74d. 
cash, 47s. 104d. one month, and 48s. 44d. three months. 
In the afternoon the market was inclined to get firmer, 
but the turnover was only 2500 tons of Cleveland warrants 
at 47s. 74d. nine days, 47s. 9d. twenty-one days, and 
48s. 4d. three months. At the close there were sellers at 
47s. 8d. cash, 47s. 1ld. one month, and 48s. 5d. three 
months. On Tuesday morning a fairly steady tone 
prevailed, and 3000 tons of warrants were put through 
at 47s. 64d. and 47s. 7d. cash, 47s. 8d. seven days, 
the closing prices being 47s. 8d. cash, 47s. 1ld. one 
month, and 48s. 44d. A months sellers. Hematite 
was offered at 64s. 8d. one month sellers. The 
afternoon session was very quiet, and only two lots of 
Cleveland warrants changed hands at 47s. 8}d. cash and 
six days. Closing quotations were 1d. up at 47s. 9d. cash, 
48s. one month, and 48s. 54d. three months sellers. 
When the market opened to-day (Wednesday) the 
tone was just the turn easier, and 1000 tons of Cleve- 
land warrants were done at 47s. 84d. cash, and 
47s. Yd. nine days. The closing quotations were 
47s. 84d. cash, 47s. 1)4d. one month, and 48s. 5d. 
three months sellers. ematite was quoted at 65s. 
three months sellers. In the afternoon the market was 
weaker, and the dealings only amounted to 1500 tons of 
Cleveland warrants at 47s. 74d. cash, 47s. 8d. seven 
days, and 47s. 10d. one month. The session closed with 
sellers quoting 47s. 74d. cash, 47s. 104d. one month, and 
48s. 34d. three months. The following are the market 
quotations for makers’ (No. 1) iron :—Clyde and Calder, 
60s. 6d.; Gartsherrie, 6ls.; Summerlee, 63s. ; Langloan, 
64s.; and Coltness, 82s. (all shipped at Glasgow) ; Glen- 
garnock (at Ardrossan), 63s.; Shotts (at Leith), 61s. 6d.; 
and Carron (at Grangemouth), 63s. 6d. 


Sulphate of A ja. —Quiet: again prevails in the 
sulphate of ammonia market this week, and the price 
— to-day is easier at 14/. 5s. per ton for prompt 

elivery, Glasgow or Leith. The total shipments from 
Leith Harbour last week amounted to 2014 tons. 


Scotch Steel Trade.—Existing contracts are keeping 
the Scotch steel-makers fairly well employed at present, 
but the booking of new work is almost at a standstill. 
Specifications from shipbuilders are also stated to be 
rather less numerous. Inquiries, on the other hand, 
show signs of improvement, especially from Canada, but 
the freight charges are so high that almost all this busi- 
ness is going to producers in the United States. In lighter 
steel the demand is easier, but inquiries are better for 
lots for both the home and export markets. The demand 
for structural steel sections is practically unchanged. 


Mualleable-Iron Trade.—In connection with the Scotch 
malleable-iron trade it is impossible to report any change, 
and makers are still finding no little difficulty in keeping 
their works going. Prices are unchanged. 


Scotch Pig-Iron Trade.—The Scotch pig-iron trade 
continues to be rather quiet, and the local demand is 
only fair, but deliveries for consumers in the south, and 
for export, are on a tolerably large scale. English 
buyers are laying in considerable stocks in anticipation 
of future movements. Hematite is very dull and quiet, 
and new business is exceedingly slow. The current 
quotation is about 69s. 6d. per ton, but buyers are scarce. 


Wages in the Iron Trade.—Mr. John M. MacLeod, 
C.A., Glasgow, has made the following intimation to 
Messrs. James C. Bishop and James Gavin, joint 
secretaries of the Scottish Manufactured Iron Trade 
Conciliation and Arbitration Board :—‘‘In terms of the 
remit I have examined the employers’ books for January 
and February, 1911, and I certify the average realised 
net selling price at works brought out is 6/. 6s. 3.46d. per 
ton.” is means no increase in the wages of the 





workmen, 


Shipbuilding.—Messrs. Alex. Stephen and Sons, Lint- 
house, and Messrs. D. and W. Henderson and o., Meadow- 
aie tove each booked an order for a steamer of about 
8000 tons carrying capacity, for Messrs. Maclay and 
M‘Intyre, G w.—The London and G w Ship- 
building and Engineering Company, Limited, Govan, 
have received the contract to build a steamer of about 
400 ft. in length for the Indra Line, Liverpool.—The 
Caledon Shipbuilding Company, Limited, Dundee, have 
— = order > a —— —e— | _for > 
traits Steamship mpany, Singapore, ing the 
sixth vessel constructed by them for the same owners. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Messrs. Cammell’s Prospects.—The present position of 
the firm of Messrs. Cammell Laird and Co. is an illus- 
tration of one of those wonderful trade recoveries which 
are sometimes as remarkable as the sudden declines in 
prosperity which occasionally take place. They started 
the year with an adverse balance of 123,000/., and an 
accumulation of 24 years’ unpaid dividend on the prefer- 
ence shares. They begin a new year with the whole of 
this adverse balance wiped out, and a declared dividend 
of 74 per cent. on the preference shares. These facts are 
welcome reading for all who are interested in Sheffield 
trade, irrespective of whether they may have a direct 
pecuniary interest in this great concern. The whole tone 
of the recent annual meeting was one of cheerfulness. In the 
matter of modern improvements the firm do not intend to 
stand still, but their first object is to husband their re- 
sources, and, in the words of their chairman, ‘* to build 
up a greater reserve of strength against the evil days of 
depressed trade,” As tothe immediate future, they are 
looking forward to a year as good as the last—an expecta- 
tion for which the trade of the past three months gives 
them justification. 


South Yorkshire Coal Trade.—The light state of the 
market, so far as shipments are concerned, is responsible 
for the quietness in steam coal. What is being done is 
for industrial consumption, and but for these den.ands 
being considerable, the cullieries would be very much 
worse off than they are. However, with the opening of 
the Baltic ports so close at hand, prices are not being 
materially affected. Gas coal is going away well, and 
there are cheap lots of gas nuts to be obtained. Best 
slacks are well placed, but lower grades are in a decidedly 
weaker position. There are plenty of cheap coking 
smalls. Although of fair quantity, the business done in 
house coal was not as large during the week as the 
colder weather seemed to warrant. There are not many 
collieries fully engaged. Stocks have increased at many 
of them, due largely to the holding back of orders in 
anticipation of price reductions. London demands are 
only small, and a deal of cheap coal cannot be dis- 

»sed of without difficulty. Latest ’Change quotations :— 
Best branch delmet 14s.; Barnsley best Silkstone, 
12s. to 13s.; Silkstone, 10s. to 11s.; Derbyshire brights, 
lls. to 12s.; Yorkshire hards, 9s. to 10s. 6d: Derbyshire 
hards, 8s. to 9s.; washed nuts, 8s. to 9s.; rough slacks, 
5s. eo 7s.; second qualities, 3s. 6d. to 4s. 9d.; smalls, 1s. 
to 2s. 3d. 


Iron and Steel.—Although a quieter iron market is 
expected at the end of a quarter the present condition 
of things is exceptional. Forward buying has been prac- 
tically a negligible quantity for the past few weeks, and 
makers with a considerable output on their hands are 
somewhat anxious in regard to their half-yearly contracts, 
especially as there is a feeling abroad that some price 
reduction may take place. Steel-makers are waiting for 
such a reduction, and many of them, who are pretty well 
covered for their immediate needs, can afford to delay 
fixing up their new contracts. Hematites have been 
bought at below official figures, and prices all round show 
a weakening tendency. The bar-iron makers are, and 
for some time have been, well employed, but the nature 
of the ingiiries is not such as to give them any 
security in regard to future work. ‘The Derbyshire 
foundries are doing pretty well. The position of affairs 
in the armament departments needs no further comment 
than is furnished by the result, recently published, of 
the year’s working of the large East End firms. The 
outlook is good, and it is stated there is a probability of 
orders from China and Turkey. The general steel trades 
are all well occupied. Railway steel-makers, with heavy 
bookings on hand, expect still more work from the home 
companies, many of whom have depleted rolling-stocks. 
The demand for heavy forgings and castings for ship- 
builders is not satisfactory, but it is due largely to new 
circumstances, such as effective Continental competition 
and the establishment of works nearer the yards. The 
rolling-mills are all working full time. The Lancashire 
demand has not come up to expectations, and conse- 
quently there is not so much spindle steel and similar 
material being manufactured in Sheffield as is the case 
when inquiries from the cotton-mills are active. Exports 
of steel specialities are said to reach phenomenal figures, 
and there is certainly a very big output of high-speed 
steel, tool-steel, files, &c. ‘The lighter trades also are 
well occupied, and there is a good market for edge tools, 





Our Coat ABRoap.—The exports of coal from the 
United Kingdom in January were 4,956,215 tons, as com- 
pared with 4,183,230 tons in Jan , 1910, and 4,308,635 
tons in January, 1909. These to’ were increased by 
the addition of coke and patent fuel to 5,222,941 tons, 
4,497,480 tons, and 6,494,504 tons respectively. Coal was 
also shipped in January for the use of steamers engaged 
in foreign trade to the extent of 1,564,738 tons, as com- 
pared with 1,486,130 tons and 1,500,743 tons in January, 
1910, and January, 1909, respectively. 





Wire-Rore Raitway.—A wire-rope railway is about 
to be constructed at Savona, in Italy, for the transport of 
coal from the harbour at this place toa new railway station 
at about 11 miles distance. The installation is to have a 
capacity of 900,000 tons per year. It is the first wire-rope 
railway which has been authorised y along a railway, 
and for which the regulations of the Italian State Rail- 
ways hold good. The Italian State has reserved the right 
of purchasing the installation after 20 years, and will 


share the surplus after the first 15 years. The construc- 
tional work has been entrusted to a German firm. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIpDLESBROUGH, Wednesday. — 

The Cleveland Iron Trade. — Business a iron is 
very quiet, and values show a marked downward tendency, 
though many producers are very loath to acknowledge 
that prices are falling; some of them in fact still 
og to have confidence in the future, and predict a 
airly busy spring and summer business. Deliveries are 
fairly , but shipments for March hardly reach expec- 
tations. Both makers and merchants offer No. 3 g.m.b. 
Cleveland pig iron at 48s. for early f.o.b. delivery, and 
some of the latter might accept even a trifle below that 
figure, which is as low a price as has m named since 
the spring of 1909. The other qualities of Cleveland iron 
are quiet. No. 1 is quoted 51s. 6d. ; No. 4 foundry and 
No. 4 forge each 47s. 3d.; and mottled and white iron each 
46s. 9d.—all for early delivery. East Coast hematite pig is 
idle, and Nos. 1, 2, and 3 have been reduced to 64s., whilst 
No. 1 is on sale at 64s. 6d., and No. 4 forge hematite is 
offered at 63s., all for early delivery. Hematite is thus 
still dear compared with values of Cleveland pig, for, 
under normal conditions, the difference between mixed 
numbers of hematite and No. 3 Cleveland used to be 8s. 
to 10s,, whereas to-day it is 16s. Cost of production of 
hematite, however, is rather heavy. Dealers ia foreign 
ore adhere to quotations that have ruled for some time 
past, but consumers are well bought, some of them having 
heavy stocks, and being anxious to avoid accepting 
further deliveries, so that there is no inclination to buy. 
The market rates are still nominally on 22s. 6d 
ex-ship Tees for Rubio of 50 per cent. quality, and 
freights Bilbao-Middlesbrough have been fixed at 4s. 3d. 
Coke is very plentiful, and ave blast-furnace qualities 
are —er rather freely at 15s. 6d., delivered at Tees-side 
works. 


Stocks of Cleveland Pig Iron.—In addition to what 
Cleveland iron-makers have lying at their yards, stocks 
in the public warrant stores are steadily increasing, and 
threaten shortly to reach 600,000 tons. This month 
Cleveland pig has been sent into the public stores at the 
rate of about 665 tons per working day. This excessive 
output is the most unsatisfactory feature of the iron 
market, and many traders advocate the policy of reducing 
the make, but this producers appear to have set their 
faces against in the hope that demand will improve. 
Advance in value cannot well be looked for in the present 
statistical situation. 


Manufactured Iron and Steel.—There is very little new 
business passing in manufactured iron and steel Some 
of the departments are running less fully than they were 
at the beginning of the year, but others have contracts 
made which will keep them fully employed for a consider- 
able time. Quotations all round are stationary. Common 
iron bars are 7/.; best bars, 7/. 7s. 6d.; best best bars, 
7l. 15s.; iron ship-plates, 6/. 12s. 6d.; iron ship-angles, 
7l.; iron ship-rivets, 7/. 5s. to 7/. 7s. 6d.; iron girder- 
plates, 6/. 17s. 6d.; iron boiler-plates, 7/. 7s. 6d.; packing 
iron, 5. 15s.; steel bars, 6/. 7s. 6d.; steel ship-plates, 
6l. 15s.; steel ship-angles, 6/. 7s. 6d.; steel a pe 
72. 10s.; steel strip, 6/. 10s.; steel hoops, 6/. 12s. 6d.; and 
steel joists, 6/. 7s. 6d.—all less the customary 2} per cent. 
discount. Cast-iron columns are 6. 10s.; cast-iron railway 
chairs, 32. 10s. ; light iron rails, 6/. 10s.; heavy steel rails, 
5/. 15s.; and steel railway sleepers, 6/. 12s. 6d.—all net at 
works. Iron and steel galvani corrugated sheets, 
24-gauge, in bundles, stand at 10/. 15s.—less the usual 
4 per cent. f.o.b. 


Wages in the Manufactured Iron Trade.—The accoun- 
tants to the Board of Arbitration for the manufactured 
iron trade of the North of England have just certified 
the average net selling price of iron rails, plates, bars, and 
angles for the two months.ending February 28 last at 
61. 6s. 10.2d. per ton, as compared with 6/. 7s. 1.7d. for 
the previous two months, and, in accordance with sliding 
scale arrangement, wages for April and May will be the 
same as prevailed during the preceding two months. 








PROGRESS OF THE Parsons ST£aAM-TURBINE. —There has 
been issued from the Parsons Foreign Patents Company, 
Limited, 62, New Broad-street, E.C., a list of marine 
installations in which the Parsons turbine is employed, 
completed, or in up to the end of this month, 
and from this we take the following table :— 





Number. Power. 
Merchant ships 84 919,195 
Yachts .. oe 10 30,900 
Warships 265 4,509,850 
eT ee 359 6,459,945 

Warships fitted with turbines under 
special license to constructors . . 7 252,000 
General total .. 366 5,711,945 


This list gives the horse-power of the Lion and the 
Princess Royal as 70,000, and the anticipated speed as 
28 knots, and that of the cruiser Queen Mary 80,000 
horse-power. In the case of the Von der Tann the power 
given is 71,500, and the speed 27.63 knots, the rate 
achieved on trial. No information, however, is given 
with regard to the machinery of the Moltke, now being 
completed by Messrs. Blohm and Voss; of the Goeben, 
launched on Tuesday from the same yard; or of the 
fourth cruiser of the class now being laid down. All of 
these, however, are to have Parsons turbines. Reference 
is made to a Japanese cruiser with machinery of 60,000 
horse-power, and to Russian battleships of 42,000 horse- 
power. In this connection it may be added that there is 
shortly to be issued a comprehensive work on the evolu- 
tion of the Parsons steam-turbine, particulars of which 
are given in our advertisement columns, 





NOTES FROM THE SOUTH-WEST. 


Cardi ff.—For shipments after this week colliery owners 
have been generally asking harder terms, as they anticipate 
that, with the advance of the season, more active inquiries 
may be looked for. Best Admiralty qualities have been 
generally steady to firm. The best large has made 17s. 3d. 
to 17s. 6d. per ton, while secondary qualities have ranged 
between 15s. 3d. and 16s. 9d. per ton ; best bunker smalls 
from 9s. 9d. to 10s., and cargo smalls, 8s. 9d. to 9s. 3d. 
per ton. The best ordinary house-coal has made 14s. 6d. 
to 16s. 6d.; No. 3 Rhondda large, 17s. to 17s. 6d., and 
smalls, 10s. to 10s. 6d. per ton. No. 2 Rhondda large has 
been quoted at 12s. 6d. to 13s. per ton; and smalls 
7s. 9d. to 8s. per ton. Coke has shown scarcely any 
change; foundry qualities have realised 19s. to 22s., and 
furnace ditto, 16s. 6d. to 17s. 6d. per ton. As regards 
iron ore, Rubio has been quoted at 21s. 6d. to 22s. per ton, 
upon a basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 

South Wales Electrical Power.—The directors of the 
South Wales Electrical Power Distribution Company 
state that as the whole expenses in connection with the 
working of the company’s undertaking are now borne by 
the Treforest Electrical Consumers’ Company, Limited, 
there is at present no revenue account to be submitted. 
The steady p made by the Treforest Company, 
referred to in the last report, has been fully maintained, 
as is shown by the fact that the units sold in 1910 were 
1,715, 226 in excess of those sold in 1909, while since July it 
has not necessary to make any levy on the consumers 
who are members of the Treforest Company for extra 
charges beyond the Merz scale to cover the working 
expenses. In fact, the result of the year’s working was 
to leave a small profit, after making provision for interest 
on the prior lien debenture stock, depreciation of new 
plant, and all other expenses. Further, 1 and im- 
portant consumers have been connected, and others are 
in course of being connected, to the mains ; and in order 
to meet this increasing demand the Treforest Electrical 
Consumers’ Company, Limited, has found it necessary to 
order a second large turbine set, which will shortly be , 
delivered. 

Welsh Coal for Belgiwm.—Tenders for coal for the 
Belgian State Railways have just been delivered at 
Brussels. Semi-bituminous smalls were offered by Welsh 
firms at 10s. 10d. to 11s. 4d. per ton, delivered at Antwe: 
or Ghent. The Belgian tenders ranged between 10s. a 
lls. 7d. per ton. The whole number of lots offered from 
Wales was fifty-nine, each lot representing 5200 tons. 
The firms tendering were Messrs. T. Beynon and Co., 
Cardiff; Messrs. mm, Wakley, and Co., Cardiff ; 
Messrs. Pyman, Watson, and Cv., Cardiff ; Messrs. W. 
Milburn and Co., Cardiff; Messrs. Evans and Reid, 
Cardiff ; Mr. L. Gueret, Cardiff ; Mr. C. L. Clay, Cardiff ; 
and Messrs. H. C. Vivian and Co., Cardiff. Tenders 
were also delivered by Welsh firms for twenty-three lots 
of bituminous smalls at from 10s, 11d. to 11s. 10d. per ton, 
delivered at Antwerp or Ghent. The Belgian tenders 
delivered were at from 10s. to 11s. 7d. per ton. 

Pontypool.—The Great Western Railway Company’s 
Clarence-street is dépét at Pontypool is to be closed 
on Monday, and the whole of the goods traffic hitherto 
dealt with there is to be transferred to Crane-street 
station where the accommodation has been recently ex- 
tended. The company has also provided a goods shed 
and other facilities at Pontypool-road station. 








Unitep States Street Corporation.—The net earnings 
of this organisation last year were 141,654,754 dols., 
as compared with 131,491,414 dols. in 1909; and the 
balance available for dividend on the common stock was 
87,407,785 dols., as compared with 79,073,695 dols. The 
final surplus for last year was 10,772,383 dols., as com- 
pared with 18,521,918 dols. 





THE ASSOCIATION OF ENGINEERS IN CHARGE.—The six- 
teenth annual dinner of the above society was held on 
Saturday evening last, March 25, at the Kings Hall, 
Holborn Restaurant, Captain H. Riall Sankey, R.E. 
(Ret.), M. Inst.'C.E., president, in the chair. The gather- 
ing was a very representative one, and was very well 
attended by members and their friends. Among those 
present were His Honour Judge Rentoul, K.C., LL.D.; 
Sir R. Thompson, Engineer Rear-Admiral J. T. Corner, 
C.B., M.I.N.A., Mr. W. H. Patchell, M. Inst. C.E., Dr. 
H. 8S. Hele-Shaw, F.R.S., Sir Thomas D. Pile, Bart., 
LL.D., Mr. G. C. Isaacs, and Mr. Under-Sheriff E. V. 
Huxtable. After the usual loyal toasts had been drunk 
the toast of ‘“‘The Association” was proposed in a 
humorous speech by His Honour Judge Rentoul, 
and was responded to by the president, who pointed 
out the many responsibilities of engineers in charge, to 
whom a wide knowledge of engineering matters and of 
men was necessary. The toast of ‘‘Scientific Progress” 
was proposed by Mr. W. H. Patchell, who gave a brief 
history of the discovery that led to wireless telegraphy, 
and called attention to the wide-spread influence this 
discovery would have on civilisation. It was intended 
that this toast should have been responded to by Com- 
mendatore G. Marconi, LL.D., D.Sec., but thie gentleman 
was, unfortunately, through ill-health, prevented from 
being resent. His place was, however, taken by Mr. 
G. C. Isaacs, who touched upon what was now being done 
in connection with wireless telegraphy. The toast of 
‘Our Brethren Afloat” was given by Dr. H. 8. Hele- 
Shaw, and was responded to by Engineer Rear-Admiral 
J. T. Corner; the toast of ‘Our Geene and Friends” 
was given by Mr. W. Chas. Clifford Smith, M. Inst. O.E., 
and responded to by Mr. H. Percy Boulnois, M. Inst. C.E. 
There was a good musical programme, and the evening 





passed off pleasantly, 
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NOTICES OF MEETINGS. 


Tue Surveyors’ Instirution.—Monday, April 3, when a paper 
will be read by Mr. Donald Dinwiddy, liow, on “* Annual 
Licence Values.” The chair will be taken at 8 o'clock. 

Tue Society or Encinsers.—Monday, April 3, at the Institution 
of Electrical Engineers, Victoria Embankment, W.O. A paper 
will be read on **The Administrative Aspect of Water Conserv- 
ancy,” by Mr. W. R. Baldwin-Wiseman, M.Sc., Assoc. M. Inst. 
O.E., P.A.8.1. The chair will be taken at 7.30 p.m. precisely. 

Tus InsrirvTion vy Civi, Exoinears.— » April 4, at 
8p.m. Papers to be submitted for discussion :—‘‘The Improve- 
ment of Highways to Meet Modern Conditions of Traffic,” by Mr. 
Jonah Walker Smith, M. Inst. C.E. ; ‘‘Recent Development in 
Road-Traffic, Road-Construction, and Maintenance,” by Mr. 
Henry Percy Maybury, M. Inst. C.E.; and ballot for new members. 
Students’ visit, Wednesday, April 5, to the works of the Asso- 
ciated Portland Cement Manufacturers (1900), Limited, Swans- 
combe, Kent. Students’ meeting, Friday, April 7, at 8 p.m. 
Paper to be read :—‘ Retaining Wallis,” by Mr. E. E. Farrant, 
Stud. Inst. C.E. Mr. E. P. Hill, M. Inst. C.E., will occupy the 
chair. 

Tus Roya Socisty or Arts.—Tuesday, April 4, at 4.30 p.m. 
Colonial Section : ‘‘ The Commonwealth of Australia,” by Captain 
R. Muirhead Collins, R.N., C.M.G., Official Secretary in Great 
Britain for the Commonwealth of Australia. The Right Hon. Lord 
Denman, K.C.V.O., Governor-General De-ignate of Australia, 
will preside.— Wednesday, April 5, at 8p.m. ‘* Wheels, Ancient 
and Modern, and their Manufacture,” by Mr. Henry L. Heathcote, 
B.Se., Chief Research Chemist, Rudge-Whitworth, Limited. 

Tue LNstiruTion or Naval Arcuirscts.— Wednesday, Thursday, 
and Friday, April 5, 6, and 7, in the Hall of the Royal Society of 
Arts, John-street, Adelphi. Wednesday, April 5, morning meet- 
ing at 11.30 o’clock. Annual report of Council. Election of the 
President, officers, and Council. Election of new members, asso- 
ciate bers, i , and students. Appointment of 
scrutineers for the next annual meeting. Alterations of rules 
required by Incorporation under Royal Charter. Address by the 
Chairman. Presentation of the Institution Premium to Mr. T. B. 
Abell, R.C.N.C. The following papers will then be read and dis- 
cussed :—1. ‘‘The Problem of Size in Battleships,” by Professor 
J. J. Welch, M.Sc., Member of Council. 2 ‘*Twelve Months’ 
Experience with Geared Turbines in the Cargo-Steamer Ves- 
pasian,” by Hon. C. A. Parsons, C.B., LL.D., D.Sc., F.R.S , Vice- 
President, and Mr. R. J. Walker, Member. 3. “The National 
Experimental Tank and Its Equipment,” by Mr. G. 8. Baker, 
Member. (No evening meeting.)—Thursday, April 6, morning 
meeting, at 11.30 o'clock. 4. “‘ Diesel Engines for Sea-Going 
Vessels,” by Mr. J. T. Milton, Vice-President. 5. ‘The Influence 
of Longitudinal Distribution of Weight on the Bending Moments 
of Ships among Waves,” by Mr. F. H. Alexander, Member. 6. 
**Considerations Affecting Local Strength Calculations of Ships,” 
by Mr. J. Montgomerie, &.Sc. Evening meeting at 7.30 o'clock. 
7. **The Acceleration in Front of a Propeller,” by Mr. R. E. 
Froude, LL.D., F.R.8., Hon. Vice-President. 8. “‘ An Investiga- 
tion into the Stresses in a Screw-Propeller Blade,” by Engineer- 
Lieut. A. Turner, Associate-Member.—Friday, April 7, morning 
meeting, at 11.30 o'clock. 9, ‘* Results of Trial of the Anti-Rolling 
Tanks at Sea,” by Dr. H. Frahm, Member. 10. ‘Steering-Gear 
Experiments on the Turbine Yacht Albion,” by Mr. H. 8S. Hele- 
Shaw, LL.D., F.R.S., Associate, and Mr. F. Leigh Martineau. 
11. “ Description of a Stability and Trim Calculator,” by Mr. 8. B. 
Ralston. 12. ‘‘ General Propositions and Diagrams Relating to 
the Balancing of the Four-Cylinder Marine Engine,” by Mr. 
C. E. Inglis, M.A. Evening meeting at 7.30 o'clock. 13. ‘‘ The 
Determination, by Photo-Elastic Methods, of the Distribution of 
Stress in Ships’ Plating,” by Professor E. G. Coker, D:Sc. 14, 
**Some Notes on a New Design of Merchant Vessel,” by Mr. M. 
Ballard. In conseq of the | ted death of the late Pre- 
sident of the Institut‘on (Earl Cawdor) the annual dinner will not 
be held this year. 

Tue Liverpoo. Enemererine Society.—Wednesday, April 5, at 
8 p.m., at the Royal Institution, Colquitt-street, when a paper 
will be read entitled ‘‘The Economics of Ship Propulsion,” by 
Mr. Andrew Hamilton, M. Inst. C.E., M.I N.A. 

Tue InstrruTion oF Exscrrica, Ene werers: Yorksiire Locau 
Secrion.—Wednesday, April 5, at the University, Leeds, when the 
chair will be taken at 7 p.m. An address by Mr. W. B. Woodhouse, 
A.M.I1.E.E., on ‘* Public Electric Supply in Country Districts.” 

Tas InstirvTion or ELxscrricaL Enoinesrs. — Thursday, 
April 6, at 8 p.m. ‘* Wireless Telegraphy Working in Relation 
to Interferences and Perturbations,” by Mr. J. E. Taylor, Associate 
Member. 

Tue Rénxtern Sociery.—Thursday, April 6, at King’s College, 
Strand, at 8.15 p.m. Papers :—‘‘Secondary Rays,” by Professor 
Barkla. ‘‘An Improvement in High-Tension Discharge Appa- 
ratus,” by Professor Wilson. 

Tue Gro.ocists’ AssociaTion.—Friday, April 7, at 8 p.m., at 
University College, Gower-street, W.C., when the following Jecture 
will be delivered: ‘‘ The Scenery of Gloucestershire,” which will 
be followed by a paper on “The Sections of Forest Marble and 
Great Oolite on the Midland and South-Western Junction Railway 
between Cirencester and Chedworth, Gloucestershire,” by Mr. L. 
Richardson, F.R.S.E., F.L.8., F.G.8. 

Tus Brirish FounpryMen’s AssociaTION: LONDON BRANCH. 
Friday, April 7, at 8 p.m., at the Cannon Street Hotel, lecture on 
‘** Brasses and Bronzes,” by Mr. Percy Longmuir. B, Met. 

Tue Royat Instirvtion or Great Brirain.—Friday, April 7, at 
9 o'clock. Professor Sir J. J. Thomson, M.A., LL.D., D.Sc , F.R.S., 
M.R.L., on ‘“*A New Method of Chemical Analysis.” Afternoon 
lectures next week at 3 o'clock. Tuesday, April4. Mr. M. Aurel 
Stein, C.LE., Ph.D., D.Lit., D.Sc., on ‘‘ Explorations of Ancient 
Desert Sites in Central Asia.” (Lecture III.) Thursday, April 6. 
Professor W. A. Bone, D.Sc., Ph.D., F.R.S., on ‘‘Surface Com- 
bustion and Its Industrial Applications.” (Lecture Ul.) Saturday, 
April 8. Professor Sir J. J. Thomson, M.A., LL.D., D. Sc., F.R.8., 
M.R.I., Professor of Natural Philosophy, R.1., on “‘ Radiant Energy 
and Matter.” (Lecture VI.) 
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OIL-SWITCHES. 
It is probable that an examination of the appa- 
ratus and plant representing any particular stage 
in the history of the commercial development of 
electricity will show that the switch-gear has tended 
always to lag behind the generating plant, and to 
stand, at any time, on a somewhat lower step of 
the ladder of progress. This relatively backward 
position of switch-gear, which is less marked now 





FOR THE BUENOS AIRES AND PACIFIC RAILWAY. 





than in the past, is possibly due to two factors. 


These are, the essentially greater interest of the 
generating plant as compared with the switch-gear, 
and at the same time its essentially greater import- 
ance. The many interesting problems which 
demanded solution before the electric generator, 
as we have it to-day, was possible, have had no 
counterpart in the ee of switch-gear ; while 
manifestly, in the early days little interest could be 
expected in gear which was to control energy the 
problem of whose generation was not then satisfac- 
torily solved. The result of these two factors in elec- 
trical work was early to brand switch-gear as a sort of 
Cinderella of the art, and it was not until quite recent 
times that such gear began to receive the attention 
it properly demands. Even now, indeed, we ven- 
ture to think that switch-gear has not altogether 
come into its kingdom, and that all too many of 
our operating and station engineers have not yet 
realised its true importance. This is probably 
partly due to the false position which it originally 
occupied, and partly to the fact that it is only an 
accessory—part of the auxiliary machinery of a 
power-station, since if the question of the gene- 
ration and distribution of electrical energy is 
reduced to its essential elements, it will be found 
that switch-gear has little or no place among them. 

It is not our intention, for the moment, to 
discuss the large question of switch-gear in general. 
We wish, however, to direct attention to its essential 
feature, which is, of course, its switches. The 
amount of power handled by a switch-gear is a 
pretty fair measure of the difficulty of the problems 
it presents, and as greater amounts of power are 
handled by high-tension gear with oil-switches than 
by any other form, the most difficult problems arise 
in connection with such switches, and we pro 
to confine our attention to them. The modern 
oil-switch is a comparatively satisfactory article, 
and performs the duty required of it fairly well. 
We suggest, none the less, that it is relatively 
unsatisfactory as compared, say, with a modern 
high-tension generator, and that it, in fact, repre- 
sents an earlier stage in electrical development. 
As we said, most of the difficulties in connection 
with switching come in when a large amount of 
power has to be handled; and while the main 
switches in large stations perform their functions 
fairly well, they none the less cannot be said to 
perform them as well as could be wished. In how 
many of the large stations in this country are 
the main feeder-switches capable of easily clear- 
ing a really bad short on the mains when the whole 
of the generating output of the station is behind 
it ? The switches would no doubt clear the short, 
but not with the readiness that could be wished. 
It is probable that the switch contacts would be 
more or less badly burned, and that much oil would 
be thrown out of the tanks, and the remainder so 
carbonised as to demand renewal. This is not alto- 
gether satisfactory. The switch performs its duty, 
but only at the cost of a certain amount of damage 
to itself. What would be thought of a safety- 
valve that had to be ground in every time it blew 
off? We suggest that this point in reference to large 
oil-switches, which we submit is a fact, shows that 
they have not reached the stage of development 
which is desirable. No doubt most of our large 
power systems are laid down in such a way that an 
oil-switch, after dealing with a heavy short, may 
be cut out of circuit and generally overhauled, the 
supply meantime being maintained by duplicate 
feeders, or from a second station; but the point 
is that a really satisfactory switch would not 
require to be cut out of circuit and overhauled 
after merely performing one of the functions for 
which it was installed. 

It is clear that, as the design of large oil-switches 
is founded on experience only, the conditions 
governing that design are such that their develop- 
ment must, to some extent, lag behind that of the 
generators which they are to control. There are 
no underlying principles which have come to be 
recognised as governing the dimensions and main 
features of large oil-switches. They are constructed 
on what is practically a rule of thumb, qualified by 
the experience of past successes and failures. This 
being so, it is manifest that the final development 
of their design can only come in the wake of long 
experience in actual service. Further, experience 
in normal service is of little value in determining 
the proportions of switches, one of whose most im- 
portant duties lies in dealing with abnormal condi- 
tions. The actual amount of distributed experi- 
ence of the use of large-capacity oil-switches is still 





relatively very small when compared with that 
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relating to many other mechanical appliances, 
whose present form has been determined as a result 
of such experience. The modern boiler safety-valve, 
which we have instanced, is a case in point. 
And while the amount of distributed experience 
of the use of large-capacity oil-switches in normal 
service is vitatbeoly small, the amount of experi- 
ence of their use in abnormal service is still smaller, 
so that there is nothing surprising in the idea that 
they may not yet have reached their final form, 
when that form can probably only be determined 
by experience which is not yet available. 

Although we venture to think that oil-switches 
are still capable of considerable development and 
improvement to enable them to deal more easily 
with conditions which they may have to meet, they 
none the less, if treated fairly, give quite satisfac- 
tory service as things are. In important distribu- 
tion systems, however, it is practically essential to 
have a duplicate feeder system, or alternate routes 
of supply, not only to allow a feeder to be isolated 
after trouble has occurred on it, but also to allow 
of the isolation of the oil-switch which has dealt 
with the trouble. This fact is recognised in most 
of the important distribution systems in this 
country, although not in all ; but as matters stand, 
in reference to the development of large oil- 
switches, such provision is imperative, unless the 
shutting down of an important supply area while 
the feeder switches are overhauled and repaired is 
contemplated with equanimity. This question is, of 
course, one of reliability of supply versus capital 
expenditure, and if station — are oy red 
to say that the greater reliability secured by dupli- 
cate switch-and-feeder systems is not worth the 
money they would cost, their position is logical 
enough and may be sound. It is to be feared, 
however, that in many cases this question of capital 
cost and reliability is never faced at all, and that 
a fortunate period of freedom from trouble is held 
up as a proof that trouble is never likely to be 
experienced, and that duplication is a mere waste 
of money. This disbelief in the necessity for dupli- 
cate switch-and-feeder systems is, however, not the 
only sign that a feeling of false confidence is abroad 
in some quarters in reference to large-capacity oil- 
switches. It may be laid down ss axiomatic that 
any feeder switch should be capable of breaking 
the short-circuit current of the whole of the gene- 
rating plant directly behind it, from which it follows 
that in any generating station having an unsection- 
alised bus-bar system the feeder switches should 
all be of one size, and all of sufficient capacity to 
break the short-circuit load of the whole station. 

The importance of this condition is realised in 
many of the important modern stations in this 
country, and either the condition is directly met or 
a bus-bar sectionalising system is installed, with 
switches of large capacity between the sections, so 
that in the event of a feeder switch failing to clear a 
fault, the sectionalising switch behind it will be able 
to come to its assistance. Although this question 
of the capacity of feeder switches 1s recognised in 
many quarters, in others it is not, and it is not 
uncommon to see a station laid down with the 
deliberate intention of ultimately increasing its 
capacity to something quite considerable, and yet 
at the same time the switch-gear is provided only 
of such type and capacity as to be suitable for 
dealing with the first part of the installation. 
This would be all right if, when the station is 
ultimately extended, the original switch-gear were 
removed, and a more suitable for the 
greater capacity installed in its place. This 
is seldom done, however, and an unsatisfactory 
state of affairs results, with the ona 9) rad 
of bad shut-downs. A similar state of affairs arises 
sometimes in old stations laid down before the in- 
creasing demands of the present day, and the pos- 
sibilities of concentrating much power in a small 
space, which lie in the steam-turbine, were antici- 
pated. These stations are frequertly extended and 
very tly increased in capacity, but it is to be 
feared that the original switch-gear is all too often 
simply extended on its old lines, which are some- 
times quite unsuitable for the new conditions. In 
many cases the difficulties encountered in old and 
extended stations can be met by a sectionalising 
system with oil-switches protecting groups of 
feeders, but the matter is by no means always 
faced in this way. Frequently nothing is done 
beyond extending the old gear. We recollect a 


case in which turbine-driven plant of several 
thousand kilowatts capacity was installed in an 
originally reciprocating-engine station with small 





units, and in which there was a group of some 
half-dozen main feeders, each controlled by a 
small hand - operated oil-switch having an inch 
or so of break, and all the phases in a single 


oil-tank. The switches were mounted side by 
side on a sheet-iron board, with no protection 
between them. This gear was retained, and, as 


far as we know, still forms a feature of this en- 
larged station. None of the switches, however, 
could be expected to cleara bad short on the whole 
of the plant, and the effect of such a short would, 
at the least, probably result in the opening of all 
the generator-switches, and the shut-down of the 
station, if it did not result in the destruction of 
the whole of the feeder-board. 

In connection with this matter generally, an 
interesting paper was read before the American 
Institute of Electrical Engineers last summer by 
Mr. A. R. Cheyney, which dealt with the present 
condition of affairs in the United States, and indi- 
cated that the comparatively unsatisfactory nature 
of the modern large-capacity oil-switch was realised 
in that country. Owing to the much larger 
stations which are in operation there than in Great 
Britain, this question is more pressing than with 
us, and it would seem that considerable attention 
is being directed to the possibility of using choke- 
coils to limit the breaking capacity with which any 

ticular switch may have to deal. The part of 

. Cheyney’s paper, however, to which we wish to 
draw special attention had reference to the inspec- 
tion and care of oil-switches in service. 
Cheyney instanced a plant containing ninety large- 
capacity switches, and stated that the practice was 
to carry out three independent classes of inspec- 
tion for all the switches. In the first rey there 
wasa daily inspection which covered all the points 
which could be reasonably attended te while the 
switches were in service, and took care of such points 
as general cleaning of the mechanism, tightening up 
loose nuts, &c. The second type of inspection was 
a weekly one, and included the examination of all 

rts of the switches to discover ible broken 
insulators, unsatisfactory contacts, leaky oil-tanks, 
and other detail irregularities that could not be 
determined during the more cursory daily examina- 
tion. This weekly inspection also covered the 
operation of the switch from four to six times to 
ensure that the trip mechanism was in satisfactory 
working order. A third inspection, which was 
carried out annually, covered the complete dis- 
mantling of the switches, when all parts were 
cleaned and oiled and any necessary repairs 
undertaken. 

This question of oil-switch inspection is of some 
importance in view of the damage which may result 
from the non-operation, or the indifferent opera- 
tion, of switches in service. We have suggested 
that the modern oil-switch is not quite so satisfac- 
tory an article as could be desired, and that in 
reliability it has as yet hardly reached the level of 
some of the other parts of an electric generating 

lant; that, however, is no reason for neglecting 
it, and not assisting it by every reasonable attention. 
No doubt in the majority of large stations in 
this country a system is in force which ensures 
adequate inspection of the oil-switches, but we fear 
this is not always the case. In many stations the 
high-tension gear is placed in a basement or ina 
separate annexe to the power-house, and is some- 
times apt to be neglected and left pretty much to 
itself until something unexpected happens. We 
have in mind the case of a switch-gear in an im- 
portant station, to which the makers were requested 
to send an erector or fitter, as, owing to the serious 
heating of a contact, the station had been all but 
shut down on the peak load the previous day. On 
the arrival of the switch-gear builders’ erector, it 
was explained to him that his firm must take full 
responsibility for the trouble which had arisen, 
because the p He of the high-tension switch cubicles 
had not been opened since his ple left them six 
months before, so that any fault which had deve- 
loped could not be attributed to the station staff. 
It will be admitted that the inspection and main- 
tenance system under which this station was work- 
ing was ly satisfactory. Electrical apparatus 
will hardly give its best results under such con- 
ditions. We can understand maintenance and 
inspection of this order applied to, say, the ordinary 
householder’s electric front-door bell, which is 
usually left alone until it fails to ring ; but it is not 
quite in place, and is impossible to justify, in an 
important power-station, and in reference to such a 
vital part of that station as the main switches. 


. | travelling at 60 to 65 miles per hour. 





THE HAWES JUNCTION RAILWAY 
ACCIDENT. 


WirtHin a few days of the appearance of the 
report to the Board of Trade on the Willesden 
accident, with Colonel Yorke’s suggestions as to the 
possibility of reducing the risk of the telescoping 
of coaches in the event of collision, there has come 
out the report, by Major J. W. Pringle, on the 
Hawes Junction accident, in which somewhat 
similar points are raised. The accident on the 
Midland Railway near Hawes Junction, it will be 
remembered, occurred on December 24 last, an 
express, travelling north, overtaking and colliding 
with two light engines travelling in the same 
direction. 

There is no mystery about the cause of this 
accident. The signalman on duty let two light 
engines on to the main line, with the idea of send- 
ing them off to Carlisle. Before he could give them 
the road he was occupied with other work, and 
finally forgot their presence. Subsequently he 
accepted the down express, and offered it to, and 
had it accepted by, the next box. He therefore 
lowered all his down signals. The men on the 
light engines, seeing the signals lowered, concluded 
that they had got their road, and started, and 
the signals, of course, remained clear for the 
following express. The light engines were travel- 
ling at about 25 miles per hour, having no 
idea of any danger. The Stientan express was 
ine misty 
rain prevailed at the time, and it was impossible to 
see far ahead, so that the tail-lamp of the light 
engines was not seen early enough for a collision to 
be averted. The effect was very disastrous. One 
of the light engines, with its tender, was derailed. 
Both engines of the express weie derailed, and the 
two leading carriages of the express telescoped. 
Four other vehicles of the express were derailed, 
and another partly so. The latter was, with the 
last coach of the train, finally drawn back from the 
others, which could not be saved from a fire which 
broke out among the débris of the two first 
coaches, and, aided by a strong wind, consumed 
practically all the lighter body work of the six 
vehicles. The loss of life was considerable, and 
the incidents attendant upon the accident make it 
one of the most unfortunate in the chronicles of 
our railways in recent years. 

In his findings, Major Pringle comes to the 
conclusion that the responsibility for the accident 
rests with the signalman, and that responsibility 
falls equally upon one of the drivers of the two light 
engines for not observing the well-known Rule 55. 
In view of the wording of the rules as they stand 
at present, the technical division of the responsi- 
bility is a matter which it requires great nicety of 
judgment to decide. It is evident that the mere 
adoption of a rule such as No. 55 recognises the 
possibility of the signalman forgetting that a 
section remained occupied. Lest such a slip should 
occur the final check has been adopted of arranging 
for one of the enginemen to be sent back to the 
box. This check was not used in this instance, 
and for this the enginemenare responsible. Major 
Pringle shows that these engines were standing 
for their signal some twenty minutes or so, and as 
no one came to the box in that time, the signalman 
would, if he had forgotten the engines, act as 
though they were not there. It comes to be, 
therefore, a question of whether forgetfulness or a 
non-observance of rules is the more culpable. 
Major Pringle prefers not to consider the matter 
in this light, and, as we have pointed out, divides 
the blame equally, summoning to his assistance the 
arguments that the signalman took no action to 
remind himself of the position of the light engines 
and did not assure himself by observation that the 
line was clear for the express. In so far as the 
movement of the light engines was not booked by 
the signalman, there seems some justification for 
the former contention. The failure of the man to 
see that all was clear was also neglectful, but, with 
no recollection of interfering movements, and the 
acceptance of the express by the box ahead, his 
action in giving ‘“‘line clear,” though absolutely 
wrong, was, humanly speaking, a not unnatural 
sequence. At the back of all remains the fact that 
had Rule 55 been observed the accident would not 
have occurred. The rules recognise the fallibility 
of signalmen, and a safeguard is therefore provided. 
The non-observance of this precaution was the 
cause of this accident. 

We are quite aware that this is a most difficult 
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matter to handle equitably, more especially because, 
on the one hand, placing too much blame on the 
enginemen, and too little on the signalmen in such 
cases, might lead to laxity on the part of the latter, 
and also for the reason that the wording of Rule 55 
is of a kind which men find it often hard to 
interpret. The period of detention at the signal is 
indefinitely stated, and it is difficult for some men 
to decide what would be a reasonable time to allow 
before sending to the box. There is also a not 
unintelligible expectancy on the part of the men 
that the signal will be given them each moment ; 
and though this cannot be accepted as an excuse, it 
must be recognised that, with the rule as it is, no 
absolutely hard-and-fast line can be drawn. In this 
case, however, as already pointed out, Major Pringle 
deduces that the men were waiting for twenty 
minutes for their signal, which reflection would 
have convinced them was much too long, as they 
were only waiting for an express to clear the section 
ahead, an operation which would occupy five 
minutes or so. 

Some of the effects of the collision appear to have 
been remarkable. The most extraordinary, perhaps, 
was the fact that the bogie of the second light 
engine was found 220 yards behind it, on the 
wreckage of the two first coaches of the train. 
The telescoping of the first two vehicles seems to 
have occurred on the first impact, and some dis- 
tance before the train came to rest. 

As already noted, Major Pringle has several 
comments to make on possible changes which might 
be tried, with the idea of reducing the effect of 
such accidents. In this matter it must be recog- 
nised by all responsible people that there are limits, 
not, unfortunately, plainly marked, beyond which 
it is unreasonable to expect the railways to go. 
By the expenditure of exceedingly large sums of 
money, it is possible that railways might be made 
almost absolutely safe. The difficulty is in decid- 
ing what is a reasonable and what is an excessive 
safeguard. British companies have always adopted 
the principle of assuming a safe road, which, with 
any volume of traftic, is the only workable system. 
We assume the road to be clear if it be so indicated, 
and the endeavour is made to prevent failures in 
indicating. Relying on correct indications, we can 
adopt high speeds with safety, to the pleasure of 
the public. Any other system, it will be evident, 
is unworkable. In the extreme it might come to 
the companies hauling passengers about in padded 
safes on rollers or other absurdities. This would 
only be the logical outcome of working on the prin- 
ciple that accidents are always likely, and that 
everything should be done to render them harm- 
less. As itis, we work on the presumption that acci- 
dents shouJd not occur, and evidently the sounder 
investment would be that made for appliances 
likely to render the occurrence of mishaps still 
more remote, than in meeting any requirements of 
the cruder system of accepting the probability of 
collisions, and making trains accident-proof. Saving 
passengers by rushing them into a collision in un- 
collapsible carriages is a very roundabout system of 
working. It is manifestly best not to have the 
collision at all, and save them that way. 

However, as things exist, we are confident that 
reasonable changes in stock will not be refused by 
the companies. We dealt with the question of 
telescoping last week, and Major Pringle adds little 
new to the discussion of this point. The question 
of the inflammability of material used in construc- 
tion he touches on lightly, pointing out that while 
saloon-cars might be built of steel throughout, 
compartment carriages so constructed would offer 
much greater risk to passengers than those at pre- 
sent in service. In rescue work, a badly damaged 
car is a very difficult thing to handle, even when 
the material is more or less workable. With bent 
and damaged steel work it is nearly impossible to 
do anything at a breakdown. The Inspector touches 
upon several points which we noted in our article 
at the time of the accident, such as the provision of 
fire ‘‘ extincteurs,” and small tools, &. He sug- 
gests that tools might be carried in the rear brake, 
as possibly the safest place. We suggested a set in 
both brakes, for the reason that one or the other 
nearly always cscapes damage. 

A great part of Major Pringle’s report is taken 
up with a discussion of the disastrous fire which 
followed on the accident, and which, as he says, is 
the first case in which it can be proved that the 
fire was occasioned by the lighting- gas on a 
train. That this is so in the Jong record of the 
forty-three years during which gas has been in use 


on trains, proves how small the risks to passengers 
in gas-lighted trains really are. ‘‘ During the whole 
of that time,” says Major Pringle, ‘‘ there is no case 
of fire destroying either the lives or bodies of pas- 
sengers in a railway accident.” If it could be 
realised how many passenger journeys had been taken 
in ot mee trains during this long period, there 
is little doubt that all fear from this source would be 
allayed. There are other and far more numerous 
and serious risks accepted cheerfully every day in 
travelling, and others of quite as serious a nature 
even in one’s own home. jor Pringle, while con- 
sidering electricity to be the more desirable illumi- 
nant, admits wig? has many practical advantages 
over electricity. Without entering upon a discussion 
of relative advantages from the point of view of the 
passenger who wishes to enjoy his book or paper, we 
may draw attention to two facts that Major Pringle 
does not raise. One is the fact that the com- 
panies have large sums of money invested in gas 
— and one accident in forty-three years can 

ly be said to give sufficient grounds for 
scrapping these installations, ether with the 
means of distribution. The other is that gas 
lighting involves no additional load on the engines. 
It so happens, unfortunately, that most light is 
needed when most steam is used for heating— 
i.e., in the winter months, and these two items 
add considerably to the drain on the boiler. 
With many of the locomotives at the present day 
taxed to their utmost, especially in bad weather, it 
is really greatly to the credit of the railways that 
the traffic is handled as it is. Although we have 
no precise figures relating to English practice, 
approximate figures for this country are confirmed 
by published figures for America, and show that some 
5 or 6 per cent. of the power of many of the engine 
units in service may go in lighting an express train. 
Gas, on the other hand, merely requires to be carried 
for use when needed. 

In view of these facts, and that gas must be 
carried on dining trains for cooking, it is satis- 
factory to note that no extreme or alarmist atti- 
tude is adopted by Major Pringle on this point. 
He recommends certain improvements which might 
be introduced in the gas-lighting system, and 
some of these will possibly prove practicable. 
For instance, he suggests the provision of valves 
within the cylinders, which would automatic- 
ally shut off any rush of gas due to the shearing 
off of the pipes. The ends of the storage 
cylinders might be made thicker, to withstand the 
effects of an accident better. A decrease in the 
size of the cylinders is also a reasonable suggestion, 
for they might be made so small as to be slung 
high up within the channel framing. These frames 
of something like 10-in. channels frequently come 
through collisions fairly well, and, if made 8 in. 
deep or so, so as to be protected by the depth of 
the channel sections, the cylinders might receive 
but little hurt. The alternative is suggested of 

utting the gas-holders on the roof. This, we 
lieve, is done in cases abroad, and could be done 
here in the case of clerestory roofs. This disposition 
would entail the:use of much shorter distribution 
ipes, a secondary, but quite a reasonable point. 

e covering of the woodwork near the cylinders 
with some incombustible material is also suggested. 

It is pleasing to note that Major Pringle com- 
mends the straightforward manner in which 
evidence was given by all the men involved. There 
—- to have been no hesitation on the part of 
those concerned in affording the Inspector all the 
information which he sought to obtain, and the 
acknowledgment of this fact, even though he has 
found it necessary to put blame upon some of those 
who so facilitated his work, is a pleasant feature 
of this report. The enginemen and others at the 
accident also seem to have done all in their power 
to assist matters, and, in spite of injuries, attended 
to the protection of the train and set to work to do 
what they could to succour those less able to help 
themselves. 








RADIANT ENERGY AND MATTER. 


On Saturday afternoon last Sir J. J. Thomson, 
F.R.S., of Cambridge, delivered, at the Royal 
Institution, Albemarle-street, the fourth lecture of 
his course on the above subject. 

In opening his discourse Sir Joseph said that on 
the last occasion he had discussed the distribution, 
in its spectrum, of the energy radiated from a hot 
body. He had shown that this energy was dis- 





tributed throughout the entire spectrum, which 


extended from a wave-length almost infinitely long 
on the one side, toa wave-length almost indefinitel 

short on the other. The energy, however, in ts | 
case was particularly localised at one particular 
place, and in regions but a little removed from 
this point the energy might be exceedingly small. 
It was, in fact, difficult to convey by mere 
arithmetic an adequate idea as to how rapidly 
the energy died away towards the violet side of 
the spectrum. Take, four instance, he said, a body 
at the temperature of a warm room, or about 
300 deg. absolute, and another body at a red heat, 
or 900 deg. absolute. Then the higher the tem- 
perature the shorter was the wave-length of 
maximum energy, this wave-length being inversely 
proportionate to the absolute temperature. In 
the former case the distribution of energy in the 
spectrum was represented by the diagram, the wave- 
length of maximum energy being 10,. At 900 deg., 
on the other hand, the wave-length of maximum 





Wave Length-s 


energy was 3.3 ». Now a box of photographic 
plates exposed to radiation given out at the lower 
of the temperatures would keep indetinitely, whilst 
a fraction of a second’s exposure to radiation from a 
source at 900 deg. Cent. would affect them. 

To a considerable degree it was possible, he 
went on, to compensate for feebleness of photo- 
—_ action by increasing the time of exposure, 
and so that if the product, of the time of exposure 
and the strength of the light, was constant, the 
photographic effect was nearly the same. If, then, 
radiation from a source at 900 deg. K would affect 
the plates in one second, it was possible to calcu- 
late the time needed for light from a source at 
300 deg. K to affect the plates, on the assumption 
that the effective waves were all shorter than 0.5 p. 
It turned out, on making the calculation, that if the 
most extravagant estimate of the life of the earth 
was taken, and multiplied by 1000, the resultant 
time would still not be enough for the low-tempera- 
ture radiation to produce the same photographic 
effect as that accomplished, in one second, by radia- 
tion from a source at 900 deg. absolute. This was 
due simply to the fact that 0.5 was much nearer 
to 3.3 than to 10y, which represented the wave- 
lengths of maximum energy in the two cases. Such 
an example illustrated well how exceedingly rapidly 
the energy died away on the violet side of the 
spectrum. 

The determination of the exact shape of this 
curve of energy, the lecturer continued, was impor- 
tant, and various attempts had been made to find its 
equation. One which fitted in very well with 
observation had been given by Lord Rayleigh, but 
that most used was due to Planck, and might be 


written 
_ So 
E) e — : 
a re 1 


and the speaker had himself given the following :— 
; Oe 
E) x sv) 1, a) 

where I, (" ) denoted a Bessel function of the 


zenith order, and having an imaginary argument. 
In the foregoing K, denoted the energy corre- 


sponding to the wave-length A, and 6 the absolute 
temperature. 

All three equations gave results in good accord 
with experiment, which were not as yet sufficiently 
accurate to discriminate between the three. All of 
them showed that with long wave-lengths the 
energy was simply proportional to the temperature. 

Each formula was intended to define the radiation 
from an ideal black ry? Such a body was not 
easily procured, and it been necessary to find 





an equivalent which depended upon a certain rela- 
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tion existing between the radiation emitted and 
absorbed by a body. In the first place, he would 
recall that the radiation emit from a body 
depended only on its temperature. Even if the 
latter were constant, the body was still radiating, 
and the reason it did not alter in temperature was 
because it received and absorbed an equal amount 
of energy which was radiated to it from surround- 
ing objects. There was thus a dynamic equilibrium 
between income and expenditure of energy—a 
principle known as Prévost’s theory of exchanges. 

A body placed in an enclosure maintained at a 
constant temperature would ultimately attain the 
temperature of that enclosure, and there must 
thus be a close connection between the radiation 
it emitted and absorbed at a given temperature. 
In fact, if the temperature of the body remained 
constant, it must give out just as much energy as it 
absorbed. It followed, therefore, that a good 
radiator must be a good absorber, and vice versd 
a transparent body which absorbed little would also 
be a bad radiator. This relation, Professor Thom- 
son said, held not merely for the totality of the 
energy of the radiation, but also for each particular 
component of the spectrum. 

Further, within an enclosure at constant tem- 
perature the character of the radiation must be 
everywhere the same. That this was so could be 
seen by assuming the contrary, and that at the top 
of an enclosure, for example, the radiation con- 
tained an excess of blue light, and at the bottom 
of red. If, then, a piece of blue glass were placed 
at the bottom of the enclosure, this would be a 
good absorbent of the red rays. Immersed in these 
rays it would ultimately attain the temperature of the 
enclosure, and would then send out as much energy 
as it received. If next it were transferred to the 
top of the enclosure, where ex hyputhesi the tem- 
renggr ee was the same, but the radiation had a 
slue character, it would radiate exactly as much as 
before, but being a poor absorbent for blue rays, 
would receive less energy than it sent out. Its 
temperature would consequently fall below that of 
the enclosure, a phenomenon which was contrary to 
experience. 

Hence in such an enclosure a body, whatever its 
nature, must send out exactly the same kind of 
radiation as it received. Now an ideal black body 
would absorb all the radiation which fell upon it 
in such an enclosure, whilst its own radiation would 
be that of a perfectly black body. From this it 
followed, since radiation and absorption were, as 
had been shown, necessarily the same, that the 
radiation within such an enclosure must be that of 
an ideally black body, whatever the nature of the 
walls of the enclosure. 

The term ‘‘ black body,” as used above, was not, 
the speaker said, well chosen, since the interior of 
such an enclosure might be very luminous. It would 
be better to adopt the term ‘‘ full” radiation rather 
than black radiation, and to obtain this it was 
merely necessary to make a small opening in the 
walls of an enclosure; the radiation that came 
through this being then the ‘‘full” radiation. 

It was of interest to note that inside an enclosure 
maintained at constant temperature bodies lost 
their apparent outlines. A salamander inside a red- 
hot oven, completely closed, could, the lecturer 
said, see nothing of other objects within the same 
space, all outlines of bodies, so soon as they attained 
the temperature of the enclosure, disappearing in a 
uniform glare. So long as anything could be seen 
within such an enclosure the temperature could not 
everywhere be the same, provided always, he added, 
that chemical actions were absent. 

Professor Tyndall had, Sir Joseph proceeded, 
shown the connection between radiation and absorp- 
tion in a very simple way. A Leslie cube, filled with 
hot water and having one face polished and the other 
black, was placed between two parallel plates. The 
plate opposite to the bright face of the cube was 
black, and that opposite the black face of the cube 
was polished. Under these conditions it was found 
that the temperature attained by the two plates 
was the same. The black face of the cube radiated 
a good deal more than the bright, so that more 
energy fell on the polished plate than on its fellow. 
Of this, however, it reflected the greater 
absorbing little; whilst the black plate, though it 
received little, absorbed it all, and the result, as 
stated, was that the temperature of the two plates 
remained the same. This experiment led directly 
to the formal expression of the fundamental law 
between radiation and emission. 

Thus if E, denoted the emission from a black 





body, and E, that from a shining one, whilst R, 
denoted the proportion of incident energy reflected 
from the bright face, we going into the 
black body, and absorbed there, energy equal to 
E, + R, E,. This was equal tu the energy emitted 
by the black body, whence 


EK, = Es (1- Rs VF 


KE, = E, the radiation from a black body at 


rs 
the same temperature. 

Again, if A, were the proportion of the incident 
energy absorbed, we had A, + R, = 1, from which 
we got E, = A, E,. 

Thus, if we took any object at any temperature, 
the amount of radiation it emitted was precisely 
that which it would absorb from a black body at 
the same temperature. 

The above laws, and the fact that the radiation 
within an enclosure was the ‘‘ full” radiation, were 
usually associated solely with the name of Kirchhoff, 
who had indeed developed their consequences with 
the greatest ability. This, however, he thought, did 
rather less than justice to the work of his old teacher, 
Balfour Stewart, who had published a proof of the 
same theorems one ortwo months before Kirchhoff. 
Both physicists had made many experiments to 
test the laws, in some cases practically identical 
ones. The behaviour of tourmaline, for example, 
had been investigated by both. This body had the 
property of absorbing light polarised in one plane, 
whilst it was transparent to the complementary 
ray. From the law that absorption and emission 
were equal, it followed that heated tourmaline 
should emit polarised radiation, and this was proved 
to be the case. 

Another important consequence of the laws set 
forth above was that, if thick enough, all bodies must 
emit ‘* black” radiation. A mass of glass thick 
enough to absorb all the light on it must therefore 
give out the same kind of radiation as lamp-black. 

Continuing, the lecturer said that the absorption 
of radiation was nearly always selective, rays of 
different wave-lengths being absorbed unequally. 
Glass, for instance, was very transparent to ordi- 
nary light, but was opaque to the radiation from 
bodies at moderate temperatures. To illustrate 
this, the lecturer allowed the radiation from a Leslie 
cube filled with hot water, and also that from a 
limelight, to fall on opposite faces of a thermopile, 
shifting the latter till the two faces were equally 
heated by the radiation they received. On next 
interposing similar sheets of glass between each 
source and the face of the pile it illumined, he 
showed that the balance was destroyed, the glass 
obstructing the passage of the low-temperature 
radiation much more than it did that from the lime- 
light. This peculiarity of glass, he said, had been 

vanced as an explanation of the high temperature 
of greenhouses. e radiation from the sun passed 
easily through the glass into the house, but the 
low-temperature radiation, from the warmed earth 
within, was trapped by the opaqueness of the glass 
to such radiation. Professor R.W. Wood had, how- 
ever, cast doubt upon the adequacy of this explana- 
tion, the effect in question being, in reality, small 
compared with that resulting from the imprison- 
ment of the warmed air. Roofing a model green- 
house with rock salt instead of with glass, Professor 
Wood had found that the temperature attained 
inside was rather higher than when the rock salt 
was replaced by glass, although the rock salt was 
very transparent to low-temperature heat. The 
higher temperature attained, when the rock salt was 
used, arose from the fact that, being more trans- 
parent than glass, it allowed more heat to enter in 
the first place. 

Glass was not alone in possessing the property 
of absorbing low-temperature radiation. Gases also 
exhibited the same phenomenon, and water vapour 
in an especial degree. The latter fact was discovered 
by Tyndall, and led to a long controversy with 
Magnus, who denied the fact, as to which, however, 
it was now known that Tyndall was perfectly right. 
Ammonia had a similar property, and this the 
lecturer showed by arranging a tube with rock-salt 
ends between a thermopile and the face of a Leslie 
cube. Introducing a mere trace of ammonia vapour 
into this tube caused, he showed, a large deflection 
of the galvanometer connected to the thermopile. 

It was, he continued, remarkable that a mixture 
of nitrogen and hydrogen, in the same proportions 
as they existed in ammonia, showed very little 
absorbing power, the property being one conveyed 
by chemical combination. Some of Tyndall’s 





experiments on this head would, he thought, repay 
further investigation. Air passed over various 
scents, and musk in particular, was found by 
Tyndall to have its powers of absorption greatly 
increased. The phenomena observed might perhaps 
have been complicated by the presence of water 
vapour, but as the experiment stood, the absorption 
was the most remarkable on record. 

Another gas with remarkable powers of absorp- 
tion was CO,, and this had been applied by 
Arrhenius to explain in a most ingenious way a 
long-standing crux of geologists as to the cause of 
the glacial epochs, when a freezing temperature 
existed almost down to the equator. Arrhenius 
suggested that the temperature varied with the 
amount of CO, in the atmosphere at different 
epochs. This gas absorbed low-temperature heat 
very strongly, and would thus imprison the energy 
received from the sun. An increase in the amount 
of CO, would thus cause the temperature to go up, 
whilst a decrease would mean a reduction of the 
temperature. Arrhenius calculated that quite re- 
markable fluctuations in the mean annual tempera- 
ture (as much as 8 deg. to 9 deg. Cent.) might thus 
be produced by quite reasonable variations in the 
amount of this gas contained in the atmosphere, 
a few million tons being thus sufficient to account for 
great changes of temperature. This hypothesis, at 
any rate, did not, the lecturer concluded, necessitate 
the play of such gigantic forces as certain rival 
theories which involved a shift in the position of 
the earth’s axis. 








ELECTRICAL ACCIDENTS IN 
COLLIERIES. 

GENERAL attention has been called to the question 
of colliery accidents by the new Coal-Mines Bill, 
which was introduced into the House of Commons 
by Mr. Churchill on the 15th inst. It is not our 
intention, for the moment, to deal with this 
measure, as we propose in this article to confine our 
attention to electrical accidents, and to follow up 
our previous articles* dealing with the report of the 
Departmental Committee appointed to consider the 
working of the existing rules for the use of elec- 
tricity in mines. At the same time it is interesting 
to note that the new Bill contains a clause 
empowering inspectors to prohibit the use of 
electricity in any parts of mines where there is 
risk of explosion from gas or coal-dust. Leaving 
this matter for the present, however, we propose 
to examine the tabular statement which forms 
Appendix B of the Departmental Committee’s 
report, and which gives a list of all the fatal 
electrical accidents which occurred in collieries 
between January, 1905, and June, 1919. The total 
number of deaths due to such accidents during this 
period was 77, and, as the table shows, the number 
per year has steadily risen. As the summary giving 
the totals for the various years is of interest, we 
reproduce it below :— 

| 1908..| 1906. | 1907. | 1908. | 1909. | 1910. |"Total. 

















Deaths due to 

ignitions of fire- 
amp .. eat es 1 ee : 9 10 

Deaths due to 


underground 
fires + os 
Deaths due to 
electric shock .. 7 6 





83 


It will be noticed that the grand total of all 
accidents gives 83 deaths, but this figure includes 
the results for 1910 up to December 15, which 
explains its variation from the figure of 77 quoted 
above. As the tabular statement covers the period 
up to the end of June only, and no details are given 
of the accidents in the latter half of 1910, we propose 
only to deal with the results up to June 30, which 
cover a total of 77 deaths in 6} years. The six 
deaths of which no details are available were all 
due to electric shock. 

The first things that strike one on glancing at 
the above summary are the comparative infrequence 
of deaths due to firedamp explosions and fires, 
and the steady rise in the number of deaths due to 
shock. No explanation can be given of the 
excessive number of deaths due to the first 
two causes in 1909. The ten deaths were the 
results of four accidents, of which one occurred 
in Yorkshire, one in Scotland, and two in Wales. 


* See pages 222 and 284 ante, 
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The steady rise in the number of deaths due to 
shock is, of course, to be explained by the con- 
tinually increasing use of electricity in mines, and 
cannot be held to indicate any falling off in the 
quality of the — installed. It is practically 
certain that, relative to the amount of apparatus 
in use, the figures show a falling off in the number 
of accidents. In considering the causes of the 
various accidents in relation to the proposed new 
rules, no advantage would accrue from dealing with 
the explosion and fire accidents independently 
from those due to shock, and we propose to treat 
the whole of them together. In order to bring 
out various points in connection with this subject 
we have prepared a table, which we give below, 
which states the totals of the various accidents 
under different headings. This table is to some 
extent arbitrary, and many of the accidents might 
be entered under more than one heading, but it is 
sufficiently accurate for the pur we have in 
view. It should be understood that this table 
is made out in terms of the number of accidents, 
and not in terms of the number of deaths, as this 
appears a more accurate way of bringing out the 
relative importance of the various possibilities of 
failure or danger. 


. Number of 
Cause of Accident. ‘Reckionte 
Coal-cutters .. = ae ons “ a 10 
Lighting circuits .. ee we - _ 10 
Oversight on part of victim... - x 
Bad earthing of armoured cable, or use of 
unarmoured cable we ee oe 6 
Mechanical damage to unarmoured cable 6 
Exposed live parts on apparatus 5 
Lack of isolating switches oe 5 
Pure accidents = > q 
Bad earthing of apparatus 3 
Hand-lamps .. ae - - - - 3 
Explosions due to non-flame-proof apparatus 3 
Underground fires . 3 a - <a 2 
9 


Difficult to classify . . 


Before proceeding to an examination of some of 
the items of this table, we wish again to emphasise 
the fact that it is drawn up in a somewhat arbitrary 
manner, with the idea of illustrating special points, 
and that certain of the accidents might equally 
have been counted under other heads from those 
to which they are credited ; at the same time no 
attempt has been made to attribute an undue 
proportion of accidents to any particular cause 
with the idea of weighting the evidence in favour 
of any special opinions of our own. 

The table shows that coal-cutters and lighting 
circuits share the two top positions, each having 
caused ten accidents during the period under review. 
As might be expected, however, coal-cutters really 
have the worst record, as several of the accidents 
resulted in more than one death. The appearance 
of coal-cutters and lighting circuits at the head of 
the table will surprise no one conversant with 
colliery electrical work. Coal-cutters in particular 
must be looked upon as carrying a heavier poten- 
tiality of accident than other electrical mining 
apparatus, and we fear, no matter’ what new 
rules and improvements are introduced, that 
they will always be found somewhere near the 
head of the table. This is partly due to the very 
unfavourable conditions under which they work, 
but is also partly to be attributed to the diffi- 
culty of ensuring that rules, introduced with the 
idea of increasing the safety of the men using 
them, shall be properly respected. For instance, 
in the proposed new rules there is a clause stating 
that trailing cables shall not be dragged along by a 
coal-cutter when at work. This is a perfectly 
reasonable and necessary rule, but it is obvious 
that its carrying out depends entirely, in any 
individual case, upon the man in charge of a 
machine, and it is also obvious that it will some- 
times be neglected. There is no method, as far as 
we can see, that will lessen the reliance on indi- 
vidual care and judgment in the case of coal-cutters, 
and it is difficult to suggest any modification of the 
rules proposed by the Committee, which instruct 
that the man in charge of a machine shall not leave 
it while it is working, or before the pressure is cut 
off from the flexible cable which supplies it, and 
also states that no such machines shall be supplied 
with current at a voltage higher than 650, and that 
all shall be earthed, but not through an armouring 
on their trailing cables. 

Although we have suggested above that there 
will always be a possibility of accident with coal- 
cutters, owing to oversight on the part of the men 
in charge of them, it is only fair to say that out 
of the ten accidents recorded only one can be put 
down to this cause, the remaining nine being | 
to machine breakdowns and inefficient earthing. 


The reason we haye dwelt upon the possibility of 
accident due to oversight, however, is that we con- 
sider too much stress can never be put on it in con- 
nection with this matter, and in connection with 
the drafting of rules. If at all possible, rules 
should be devised so that oversight is rendered 
difficult, and so that even oversight is not likely to 
lead to fatal accidents. The question of lighting 
circuits illustrates this point of view. We dealt 
with this matter fully in our article of the 3rd inst., 
so need not treatit in detail now, but we may point 
out that the whole of the ten fatal accidents 
tabled under the heading ‘‘ Lighting Circuits” would 
probably have been avoided if the lighting voltage 
had been low enough, even though the main- 
tenance and workmanship in the various cases 
had been no better than it actually was. It should 
be noted that the three accidents credited to hand- 
lamps also really come under this lighting account. 
The possibility of very greatly reducing the number 
of fatal accidents due to lighting circuits, by fixing 
a low voltage, is an example of the possibility of 
so framing rules as to neutralise oversight and care- 
lessness. It may be noted that six of the thirteen 
accidents due to lighting circuits occurred with 
direct current to which a simple process of transfor- 
mation to low voltage is not applicable ; but that is 
no reason why the remaining seven, on three-phase 
circuits, should be game especially in view of the 
continually relatively increasing use of three-phase 
working in collieries, as compared with direct 
current. The record of lighting accidents illus- 
trates this relative advance of three-phase prac- 
tice. In 1905 all the accidents were with direct 
current, in 1906 there were no accidents, in 1907 
and 1908 half the accidents were on three-phase 
circuits, in 1909 three-quarters of the accidents 
were on three-phase circuits, and in 1910, up to 
the end of June, all were on such circuits. 

Referring now to some of the other items in our 
second table, it will be seen that twelve accidents 
are due to cables. We have divided these up into 
those directly due to the cutting through of the 
insulation of non-armoured cables, due to falls of 
roof, tubs leaving the road, or inadvertent piercing 
of the insulation by workmen engaged in fixing the 
cables and erecting protective arrangements around 
them, and those due to shocks received from 
badly - made joints on non-armoured cables, or 
shocks received from the badly earthed covering of 
armoured cables. Practically the whole of these 
accidents accentuate the advantage of armoured 
systems, and we are entirely in favour of the Com- 
mittee’s recommendations in this direction. We 
dealt with this cable question very fully in our issue 
of May 13 of last year, and there is no need to 
repeat the arguments in favour of armouring ; but we 
may point out that if the proposal we made at that 
time in reference to the mounting of dividing-boxes 
on motor-frames and switch-gears had in the past 
formed part of the rules, it is probable that the 
three accidents under the heading ‘‘ Bad Earthing 
of Apparatus ’’ would not have appeared in the 
table. Our contention was, and is, that an earth- 
wire or strip betweena motor-frame and the armour 
of a cable is quite likely to be forgotten by an 
erector ; but that if the rules demand that the 
dividing-box must actually be mounted on the 
motor-frame, then the earthing is made automati- 
cally, and cannot be forgotten. We should have 
liked to see some reference to this matter in the 
Memorandum accompanying the report, even if the 
Committee were not prepared to bring it within 
the rules. 

It will be gathered from the headings under which 
they appear that little is to be said about some of 
the items in the table. Those described as pure 
accidents, for instance, are such cases as one in 
which a painter on a roof came in contact with 
live wires, while those ascribed to oversight on the 
part of the victim refer, in general, to fatal shocks 
received by electrical fitters engaged on repairs. 
There is nothing to be said about accidents of 
this class, and while greater care would have 
prevented some, it is impossible to draw any 
general conclusions from them, or make any re- 
commendations with a view to avoiding similar 
trouble in the future. The conditions and causes 
of the various accidents vary too much among 
themselves to allow of this. There is one class of 
accident, however, to which this remark does not 
apply, and, in order to illustrate its importance, we 
have grou certain accidents under the heading 





si of Isolating Switches,” although they might 
quite correctly have all been attributed 


to oversight. 





We have done this as we consider these to come 
among the occurrences that are preventable. In 
general they refer to cases in which attendants 
or fitters have gone inside, or opened, switch-panels 
while they were alive, for purposes of inspection 
or adjustment. This is another matter to which 
we have directed attention before. If such panels 
were required to be fitted with isolating switches 
interlocked with their covers or doors in such a way 
that access could not be obtained to the interior 
until it was made dead, accidents of this sort 
would be rendered impossible. In most cases there 
is no difficulty in fitting such interlocked isolating 
switches, and they are at the present time largely 
used. There would be much advantage in making 
them compulsory. 

The remaining items in the table do not require 
much comment. They cover accidents due to 
exposed live parts on apparatus, explosions due to 
the use of non-flame-proof apparatus, and under- 
ground fires. The first of these causes of trouble 
is, in general, unpardonable. It is in most cases 
probably a legacy from the earlier days of elec- 
trical mining apparatus, when the dangers to be 
avoided were less well realised than at the pre- 
sent time, and it is interesting to note that the 
last fatal accident due to this cause occurred 
in the summer of 1908. There is a later accident 
than this included in the figure in our table under 
this heading, but its circumstances were doubtful, 
and it is merely entered under what was its most 
probable cause. Explosions due to non-flame-proof 
parma and underground fires should be largely 
eliminated by the new rules referring respectively 
to ‘‘open-sparking ”’ and the flame-proof construc- 
tion of motor-rooms. With regard to flame-proof 
apparatus, however, as we said in our last article, 
we should have preferred that the report had gone 
a little out of its way to assist in the education of 
manufacturers as to the specific tests flame-proof 
apparatus should be capable of meeting. 





THE BUNSEN CENTENARY. 

Tue scientific world is celebrating the centenary 
of the birth of Georg Wilhelm Bunsen, who was 
born at Géttingen just a hundred years ago, on 
March 31, 1811. His contemporaries revered him 
as one of the greatest scientists of an age of wonder- 
ful fecundity in great men, and the present genera- 
tion fully shares the admiration that the few pupils 
of Bunsen, still with us, retain for their teacher. 
One of these, Professor Georg Quincke, during the 
last quarter of the past century Kirchhoff’s successor 
in the chair of physics at Heidelberg, has told the 
‘** Deutsche Bunsen Gesellschaft” what working 
under Bunsen meant in 1854 and 1855 at Heidel- 
berg. The chemical laboratory was the former 
church of the Dominican Monastery, the lecture- 
hall being the refectory of the monastery. Coal-gas 
was only being introduced ; charcoal and spirit and 
oil-lamps were the ordinary heating agents. 

Some fifty chemists, among them Friedrich Beil- 
stein, A. Dupré, E. de Haén, Augustus Matthiessen, 
H. Meidinger, and Henry Roscoe, learned weighing 
and filtering, glass-blowing and etching, and every- 
thing that the truly remarkable manipulative skill 
and the profound knowledge of Bunsen could teach. 
Matthiessen tried alone for months to electrolyse 
the fused chlorides of the alkalies and alkaline 
earths ; when he was about to give up the task, 
Bunsen worked with him for three days, and the 
metals strontium, calcium, magnesium, and lithium 
were isolated. 

In February, 1855, Bunsen burned the first 
piece of magnesium in a spirit lamp. He also 
melted and volatilised gold and platinum in an are, 
one electrode of which was a hollow cup of Bunsen 
carbon, and he impregnated the carbon with salts 
to produce intense illumination. In 1857 Bunsen 
invented his gas-burner and studied the coloured 
flames of various metals, dipping a glowing plati- 
num wire into the respective salt. The colours 
were observed through coloured glass screens, and 
the analytical value of these tests having been 
recognised, the flames were put in front of the 
spectroscope. 

The original famous memoirs on spectroscopy 
were published under the joint names of Bunsen 
and Kirchhoff ; but Professor H. Kayser, of Bonn, 
believes that the initiation is due to the chemist 
Bunsen, who called in the aid of his colleague, the 
physicist Kirchhoff (his junior by seventeen years), 
when the fundamental character of the phenomena 
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succeeded where others had failed was chiefly owing 
to their dealing with pure salts. Others had been 
baffled by the exceedingly complex and varying 
character of the spectra of their impure compounds. 

Though essentially a chemist, Bunsen always in- 
sisted that chemistry could only be studied in con- 
junction with physics. It is Dr. Auer von Welsbach, 
another pupil of Bunsen, who recalls this fact. 
Professor J. W. Briihl, Bunsen’s successor at Heidel- 
berg, who died a few weeks ago, accentuates Bunsen’s 
instinctive aversion to mere theorising. Bunsen 
gave up the organic researches of his early days, which 
had made his name, because he feared that they led to 
premature speculations. The engineer has reasons to 
be pleased that Bunsen turned his attention to other 
fields. He took up gas analyses and explosions, and 
the methods of volumetric gas analysis, now in use, 
are his, just as his researches on the specific heat 
of gases were, as Professor H. Le Chatelier acknow- 
ledges, the starting-point in this field of investiga- 
tion, in which so much remains to be done. In 
connection with these researches Bunsen was 
anxious to study the geysers of Iceland, on the 
invitation of the Danish Government and with 
the encouragement of the scientific world. But he 
was then at Marburg, in Hessen-Cassel, and he 
had a hard struggle with his royal master, the 
Elector of Hessen, a petty tyrant, before he could 
obtain the necessary leave of absence. A happy, 
humorous disposition helped Bunsen over the 
troubles of life, and allowed him to attain the age 
of eighty-eight years. His pupils and friends loved 
the good man of strong chiracter, who, in Sir 
Henry Roscoe’s words, will always be ‘‘ one of the 
Dei Majores of Science.” 





APPLICATIONS OF ELECTRIC 
HEATING. 

Proressor J. A. Fiemina, delivering the fourth 
and final of his series of Cantor Lectures, dealing 
with ‘* Applications of Electric Heating,” at the 
Royal Society of Arts, on the 27th inst., dealt with 
electric heating in its domestic aspects. He began 
by stating that, in the opinion of some competent 
judges, there was a larger potential field for 
domestic electric heating than for lighting, and 
that the average householder spent about three 
times as much on heating as on lighting. He then 
went on to deal with the question of heating water 
by electricity, and pointed out that, theoretically, 
one pint of water requires 55 watt-hours to raise it 
from 60 deg. Fahr. to 212 deg. Fahr. The appa- 
ratus used in practice for such heating could be 
divided into two groups, representing respectively 
immersion heaters and contact heaters. Immersion 
heaters consisted simply of high-resistance wire, 
or strip, suitably protected, and immersed directly 
in the water. A laboratory form of such a heater 
was exhibited, in which the vessel containing 
the water was carried in a lagged wooden 
box. This apparatus had an efliciency of 83 
sy cent. Obviously the cost of heating water 
»y this method depended on the price of current 
in addition to efticiency; and by arranging some 
form of thermal storage, so that the current 
supply should be constant, cheaper rates could be 
obtained. This idea had been carried out in the 
‘*Therol” heater, in which the resistance wire was 
carried inside a cast-iron block, which had con- 
siderable heat capacity, and which was lagged with 
magnesia. A test on one of these heaters over 
twenty-four hours showed that it took about 
74 Board of Trade units to raise 38.4 gallons of 
water from 60 deg. Fahr. to 110 deg. Fahr., repre- 
senting an efficiency of 92 percent. In a recent 
form of this heater an accelerator had been fitted, 
which enabled it better to meet heavy demands. 

Professor Fleming then exhibited and described 
a small portable immersion heater, which was in- 
tended — to be placed in a vessel of water or 
other liquid. Owing to radiation from the surface 
of the vessel, the efficiency of this heater was 
comparatively low, averaging about 71 per cent., 
but improvement could be obtained by using it 
in conjunction with a ‘‘ Thermos” flask. He then 
went on to deal with electric kettles, describing the 
‘* Prometheus,” which was of the immersion type, 
and which had an efficiency of from 88 to 90 per 
cent. He pointed out that, in general, the time 


taken to heat water by electric kettles was no 
measure of their efficiency, and that the time 
depended simply upon the current consumed. 
uicker the heating the less 
He also pointed out 


None the less, the 


time there was for radiation. 





that such kettles should be kept brightly polished, 
otherwise radiation losses were incr . Com- 
paring electrically-heated kettles with gas-heated 
ones, Professor Fleminy stated that fair compari- 
sons were difficult, but quoted a case in which 2 
pints of water were boiled in 14 minutes with 1. 

cub. ft. of gas. Taking the calorific value of the 
gas as equivalent to 550 British thermal units per 
cubic foot, this would give a heating efticiency of 
sumewhat less than 50 per cent. ; by using a kettle 
with a tubular bottom, however, this might be 
increased to 64.5 per cent, He pointed out that 
an objection to electric kettles of the immersion 
class was that if they were completely emptied and 
the current left on, the heater coil would burn out. 

Dealing next with contact-heaters of the so-called 
hot-plate type, in which the heating-core was con- 
tained in a separate unit from the kettle, Professor 
Fleming pointed out that it was very important for 
high efficiency that the kettle bottom should be flat, 
and should fit closely against the heater, so as to avoid 
an insulating layer of air. With proper arrange- 
ments a high efficiency, approaching that of immer- 
sion heaters, could be obtained ; but with an ordi- 
nary kettle, and, say, a ‘‘Silundum ” heater, the 
efficiency was about 57.5 per cent. The possibility 
of using ordinary utensils with the hot-plate system 
was, of course, an advantage. 

Professor Fleming then dealt with electric ovens. 
He pointed out that the close regulation of tem- 
perature that was possible with them, and the 
absence of fumes, were advantages. He divided 
such ovens into two classes—the heavily lagged type 
and the polished type. The former were the 
most efficient, since while the polished surface of 
the latter prevented much loss of heat by radia- 
tion, it did not prevent loss by convection. 
The lagged type were, however, heavier, more ex- 
pensive, and took longer to heat up He pointed 
out that with high efficiency an electric oven with 
current at ld. per unit might compare with a gas- 
oven with gas at 2s. 8d. per thousand cubic feet. 
The actual amount of heat required for cooking was 
small, as he thought that no material required in 
cooking more heat than was demanded to raise a 
corresponding weight of water to the cooking tempe- 
rature. He suggested, as a rough rule for a house- 
hold, that complete electric cooking would take one 
unit per day per person, plus one or two per day 
extra. From this Professor Fleming went on to 
deal with the heating of rooms by electric radiators. 
He pointed out that the main object was to heat 
the contained air, and, as this was very diathermous, 
it was necessary to bring it actually into contact 
with some heated substance. For this reason 
radiant heaters operated chiefly by warming furni- 
ture and other objects in a room. Convection 
heaters, in which the air was passed over hot wire, 
were really the most efficient type, but had a ten- 
dency to heat the air at the top of rooms. On the 
whole, he thought a combination of the two systems 
the most satisfactory. He suggested that a convec- 
tion heater should not be run at too high a tem- 
perature, because if too hot it tended to dry the air 
unduly and had greater radiation losses. 


THE ECONOMICAL WORKING OF RE- 
CIPROCATING MARINE ENGINES AND 
THEIR AUXILIARIES. 

To THE EprtTor OF ENGINEERING. 
Str,—Referring to my letter which appeared in your 
issue of December 16, 1910, I now have pleasure in 
appending that portion of sg 5 ly to the discussion on 
my — which deals with Mr. Weir’s letter, published 
in ENeIngERING of December 9, 1910, and which was sub- 
sequently sent to the North-East Coast Institution of 

Engineers and Shipbuilders as a communication. 

Yours truly, 
— : a = B. Morison. 
artlepool Engine Works, Hartlepool, 
March 13, 1911. 


The following is the extract from Mr. Morison’s reply 
He the discussion on his paper, referred to in the above 
etter :— 


‘“*This being a technical discussion, I cannot deal with 
the commercial portion of Mr. W. Weir’s communication, 
which also appeared, with certain variations, as a letter 
in ENGINEERING of December 9, 1910, but I feel compelled 
to take exception to his statement that my paper com- 

rises, as a main feature, ‘the advocacy of carrying the 

ighest possible vacuum in the condensers of marine reci- 
procating engines.’ Reference to my paper will show 
that this statement should be qualified in order not to 
mislead. By ‘authorities’ I meant those engineers in this 
country and abroad who are famous in the field of steam- 
engine research and whose publications are_ ily 
available. In Germany, for example, I would instance 
Professor Stodola and Professor Josse. If Mr. W. Weir 














willrefer to the Transactions of the Mechanical Engineers, 
No. 3, of 1902, page 498, he will find a ag | Mr. 
Mark Robinson as follows:—‘Trials with the Willans 
central-valve engine proved that within reasonable limits 
better results were obtained per indicated borse-power 
for every improvement of the vacuum, certainly up to 
27 in. In fact, they had been able to establish a very con- 
venient law for the Willans engines, if not for others— 
namely, that each inch of vacuum corresponded with about 
1 per cent. of steam consumption (per indicated horse- 
power). Thus, with 27 in., the consumption would be 
roughly about 7 per cent. better than with 20in., and so 
on. 

**Mr. Weir’s criticisms of the contributions of Dr. 
Mellanby and Mr. Morcom are really not justified by 
anything to be found therein. What Dr. Mellanby does 
say in his report is:—‘The cylinders in the Glasgow 
College engine are not in any way specially designed for 
working with a high vacuum, but are of ordinary design, 
suitable for the moderate vacuum usually expected in this 
type of compound engine ;’ and he goes on to say :—‘It 
should be noted that the above experiments relate only 
to the particular engine tested, and the results would not 
compare with those obtainable from a marine engine 
specially designed for obtaining the highest economy from 
high vacuum.’ In other words, the engine at the Glasgow 
Technical College was designed for about 24 in. of vacuum 
in the condenser, and the interest of the test is centred in 
the fact that even in such an engine the economy due to 
the increase in vacuum has not disappeared when carried 
as high as 28 in. 

“The Belliss engine was evidently designed to respond 
to a higher condenser vacuum than the Glasgow engine, 
and therefore the degree of vacuum at which the per- 
centage of economy commences to decrease is also higher ; 
but with general reference to this particular type, 1 
telieve I am correct in stating that the investigations by 
Messrs. Belliss and Morcom during recent years on the 
contour and proportions of cylinder ports and passages 
have been largely responsible for the remarkable economy 
now obtainable with their high-speed engines. 

“‘The particulars and diagram contributed by Messrs. 
Browett, Lindley, and Co., Manchester, afford yet 
another confirmation of the economy derivable from high 
vacuum, and it is of special interest to note that a very 
considerable saving was obtained by increasing the 
vacuum in the condenser from 25 in. to 27 in. in the par- 
ticular engine tested. 

‘Dr. Weighton rightly says: ‘ If you choose to work 
an engine under conditions for which it is not suitable, 
surely it is the fault of the engine, and not the fault of the 
conditions.’ This seems to explain Mr. Weir’s attitude, 
as having committed himself to 25 in. of vacuum, he now 
seeks to prove his case by means of data obtained from 
engines which are quite unsuitable for higher vacua. 

** Mr. Weir contends that there is an insufficiency of 
available auxiliary exhaust and evaporator steam on ship- 
board to heat feed-water drawn from a high vacuum con- 
denser up to pumping limits. I would refer him to a 
= read before the Institution of Engineers and Ship- 

uilders of Scotland in 1909, by Engineer-Commander 
Wisnom, R.N., on the ‘Trials of the 8.8. Otaki,’ from 
which the following is an extract :— 

“Vacuum on trial, 28.33 in. ; temperature of air-pump dis- 
charge, 72.5 deg. Fahr. 

ne e following auxiliary engines were at work during the 
trials :— 

2 main circulating engines. 

1 air-pump for auxiliary condenser. 

1 circulating pump for auxiliary condenser. 
1 main feed-pump. 

1 fan-engine. 

1 electric-light engine. 

1 steering engine. 

1 general service pump. 

“The evaporators were not in use during the trials on the 
Clyde, and the results do not include any allowance for steam 
used by evaporators, or make-up feed in any case. On the other 
hand, it was found that all the auxiliary exhaust steam could not 
be utilised for heating the feed-water, so there was a certain 
amount of loss through taking part of the auxiliary exhaust 
direct to the auxiliary condenser. 

** As regards the feed-heater, with a pressure of from 8 lb. to 
12 Ib. in the auxiliary exhaust, the temperature of the feed-water 
was raised to 210 deg. to 215 deg. Fahr., while using only part of 
the auxiliary exhaust steam. 

“Mr. Weir should be perfectly familiar with that paper, 
asI heard him take part in its discussion. He did not 
then, nor do I sup he will now, dispute the accuracy 
of Commander Wisnom’s results. : 

‘*Reviewing the position generally, what I desire to 
emphasise is that, in the interests of economy, feed-water 
should be heated by the preferential use of exhaust steam 
from all the auxiliaries and the evaporator, together with 
all water drainage, including the drainage from the 
receivers of the main engines ; and I strongly contend that 
the practice of taking considerable steam Sons the main 
engines for feed-heating, whilst auxiliary exhaust steam 
or steam from the evaporator is being simultaneously dis- 
charged into the condenser, is fundamentally wrong and 
commercially wasteful. Moreover, I venture the opinion 
that before long the full use of auxiliary exhaust steam for 
feed-heating will be standard practice on steamships, as 
the exigencies of competition demand that greater atten- 
tion be given to this subject. L 

“Mr. W. Weir credits me with being aware that in 
order to maintain 28 in. vacuum in a condenser ‘ you 
must pump almost twice the circulating water’ than is 
required for 25 in., and goes on to say that ‘ he has taken 
the liberty of correcting the figures by adding to each the 
necessary expenditure for circulating water.’ Let us 
analyse the 1500-indicated-horse-power cargo-boat propo- 
sition (Table II.), in which the circulating pump is driven 
by the main engines, and ascertain what the correction 
desired by Mr. Weir amounts to. With an efficient con- 
denser and sea-water at 60 deg. Fabr., a condenser 
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vacuum of fully 28in. can be obtained with an amount of one arrangement of pes will cause the square to 
circulating water equal to, say, forty times the feed, or | shear ; the two bodies at t 

about 1400 gallons per minute. Assuming an efficient 
condenser and a circulating pump of the reciprocating | 
— 10 ft. total head and driven by the 
the 


type working > é 
main engines, power required will be as follows :— 
1400 x 10 x 10 


33,000 = 4.25 pump horse-power, 


and, taking into account the mechanical efficienc ; rs 

the 
water is one-half or twenty times 
the steam condensed, then the power required for driving 


corresponds to, say, 6 indicated horse-power. 


uantity of circulati 


the pump will be even less than one-half. Therefore Mr. 
Weir's ‘ twice as much’ is at the most 4 horse-power out 
of 1500 horse-power. : 

‘*Dr. Weighton has proved that the gain in power in a 
triple engine by increasing the condenser vacuum from 
25 in. to 
is as much as 5 per cent.; therefore the gain in power in 
the 1500-horse-power engine for the 3} in. of vacuum is 
75 horse-power, less 4 horse-power for the pump, or 
71 horse-power net gain. 

“In referring to this question, Dr. Weighton says : 
‘The amount of increased power absorbed in producing 
28} in. of vacuum, as compared with 25 in., is so small in 
the case of properly designed and proportioned engines, 
in relation to the total power developed by the main 
engines, that it will make scarcely any appreciable 
difference if it be neglected.’ 

‘*Mr. Weir remarks: ‘ With reference to Mr. Walker’s 
contribution, we are unable to find any definite basis for 
a claim that high vacuum represents a better perform- 
ance.’ My reply is that Mr. Walker has been much more 
successful than Mr. Weir in this respect, as is evidenced 
by the fact that Mr. Walker’s principals have adopted 
the ‘Contraflo’ high vacuum system in no less than ten 
vessels, and I may safely state that they have done this 
because the results have surpassed anything they had 
previously obtained in their large fleet. 

‘The last paragraph but one in the ENGINEERING ver- 
sion of Mr. Weir’s communication is unintelligible to me, 
although the following letter, which appeared in that 
journal, is to some extent explanatory :— 

“To THE EpIToR OF ENGINEERING. 

‘*Sin,—With reference to my recent letter regarding Mr. D. B. 
Morison’s paper on ‘The Economical Working of Marine Engines 
and their Auxiliaries,’ I regret to find that the indicator diagrams 
referred to in the last paragraph of my letter, which were obtained 
from Mr. A. Walker, were not the actual diagrams laid on the 
table at the meeting, but were a series taken for Mr. Walker’s 
own use at varying vacua; and as these were not referred to in 
Mr. Morison’s paper, my reference to them falls to be deleted from 
my letter. 

“ Your insertion of this correction will be esteemed by 

“Yours truly, 
**(Signed) W. Weir. 

‘Cathcart, Glasgow, December 14, 1910. 

“Mr. W. Weir concludes by saying that ‘he may, if 
required, on another occasion enter into the thermody- 
namic principles involved by the change of conditions 
from 25 in. vacuum to 28 in.’ If he will favour this Insti- 
tution with a paper on the subject, he will, I feel sure, 
receive a welcome worthy of the firm of which he is a 
member.” 








SHEAR STRESS. 
To THE Eprtor or ENGINEERING. 

Srr,—The following notes may be of interest to those of 
your readers who are discussing the significance of shear 
stress. 

The matter is usually dealt with theoretically in the 
following way. A cube of material is supposed to be 
subjected to ‘‘ tangential” forces on four consecutive 
sides M, N, P, Q (supposed to be at right angles to plane 
of paper) ; as aresult of which the faces A and B (parallel 
to Bey y: distorted into parallelograms, the cube being 
said to in pure shear. It is usually supposed that 
the resistance to distortion is due to the tangential 
{ frictional?‘ resistance of the surfaces of indefinitely 


thin slabs in two mutually perpendicular series which are 
at right angles to the paper. It seems never to have 
been suggested that the resistance might be due to inde- 
finitely thin slabs, parallel to the paper, acting as 
‘“‘frame” structures; or the whole cube acting as a 
“‘frame” structure. 

Further, that a molecular solid can resist distortion 
apart from linear stresses—apart from /inear forces of 
cohesion—does not seem to have been noticed. 

If an external force acts upon a body, of course it is 
but a partial aspect of a stress, the other ‘‘aspect ” (an 
equal and opposite force) acting upon another body. 

Similarly, if a torque acts upon a body causing it to 
revolve without cumnaliation, an equal and opposite torque 
acts upon another body. Uneuiliosen a system formed 
of two bodies acted upon by a ‘“‘double torque,” the 
motion of each body relative to the line joining their mass 
centres will be one of rotation about its own masscentre ; 
but relative to the other body, one body will be revolving 
— its own centre and about the centre of the other 
body. 

Thus if one body is rded as fixed, the other body 
describes a circle about the first whilst rotating about its 
OWN axis, 

It seems that it has always been supposed that the 
relative motion of mechanically isolated bodies (whether 
molecules or worlds) is due to linear forces acting between 
them ; it is suggested that the assumption of the existence 
of mutual torques is more sati -. It can be shown 
that, if a series of mutual torques (without linear forces 
act between a system of bodies, relative rotations an 
translations will result. Dealing with a system compris- 


in., provided the engine is suitably designed, | 


e ends of one diagonal moving 
ee déne another, and the other two moving to- 
wa: one another. Another arrangement of torques 
| causes the square to bend; the two bodies at the ends of 
| one side moving apart, the other two moving together. 
With both arrangements, each body is also rotating about 
its own mass centre. 
Without, on this occasion, presuming further upon your 
—= I may say that I have been led to conclude that 
| the ‘‘natural” motion of a sphere is one compounded of 
two rotations at right — ; and that this motion results 
| from the action of a ‘‘ voltorque.” Assuming the existence 
| of *‘double voltorques” between a system of spheres, 
— combinations of rotations and translations may 
| result. Perhaps I may have the privilege on another 
occasion of discussing the ‘‘ voltorque ” and the interesting 
motion of a point on a body revolving ‘‘ spherically.” 
Faithfully yours, 


J. Joun Evviorr. 
Finsbury, E.C., March 17, 1911. 








SPIRALLY ARMOURED CONCRETE. 
To THE Eprror oF ENGINEERING. 

Sir,—You have been kind enough, on more than one 
occasion, to comment, in the columns of ENGINEERING, 
upon any applications of the Considére spiralled rein- 
forcement which might be sufficiently noteworthy to be 
of general interest to your ers. 

mclosed herewith is a pho 

patent pile driven at Aberdeen 
the superintendence of the harbour engineer, Mr. R. 
Gordon Nicol, M. Inst. C.E., by a 50-cwt. monkey falling 
3 ft. direct on to the head of the pile, without the inter- 
ition of a sand or sawdust-filled helmet or timber 
olly. The piles are 56 ft. to 58 ft. long, 1 ft. 4 in. in 
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diameter, and are driven through clay to a depth of about 
50 ft. They are driven until they stand seven blows of 
the hammer without penetrating more than 1 in. 

It will be observed that the damage to the head of the 
pile is quite local, and within the limits to which the 
reinforeement has to be stripped in order to bond with 
the superstructure. 

As you are probably aware, the Ritter formula (which 
is more generally known as the Dutch rule), for the 
bearing value of piles, can be established rationally on 
first principles, but it is not easy to see how this formula 
may be made to allow for the dissipation of energy in a 
helmet and dolly when these are used. If they can be 
dispensed with, however, the formula then holds for 
reinforced concrete as for timber piles, and it then 
becomes certain that the final penetration per blow 
— is a true expression of the bearing value of 
the pue. 

About 700 of these piles are at present being driven at 
Aberdeen in connection with a scheme of new wharves 
built in reinforced concrete on the Considére system. 

Yours faithfully, 
ConstpeRE Construction Company, LimiTEp, 
Herpert E. STeinsera. 
5, Victoria-street, Westminster, London. 8. W., 
March 28, 1911. 





THE WILLESDEN ACCIDENT. 
To THE Eprtor or ENGINEERING. 
S1r,—In the report of the Board of Trade inspector on 
the Willesden accident, upon which you comment in this 
week’s issue, and in the suggestions put forward for 
diminishing the likelihood of such accidents in the future, 
no mention appears to be made of the use of treadles. 
These have the important advantage over track circuits 
that no bonding either of rails or vehicles is necessary, 
and the use of Mansell wheels in no way interferes 
with their action. The treadle is placed between the 


arbour Works, under | } 


depressed by the wheel-flanges of any vehicle standi 
over the treadle. Contact is thus established, an 
Eee a visible indication in the signal-cabin that the 
ine is occupied, and could also, if necessary, lock the 
home signal. Two or more such treadles in the length 
of the platform, so as to ensure that vehicles at rest 
should operate one or other of them, would apparent! 
provide a very simple and inexpensive means 0’ a me | 
ing signalmen in cases where a clear view of the line is 
not obtainable from the cabin, and, to judge from the 
evidence, would have prevented both the Willesden and 

awes Junction accidents. Such treadles are largely 
employed at King’s Cross to advise signalmen of the 
presence of light engines, &c. 

One other point arises in connection with the telescop- 
ing of vehicles after an accident. The prevention of the 
underframes from mounting one upon another would doubt 
less reduce very greatly the disastrous results of collisions ; 
but cases have occurred in which the upper part of the 
car has slid bodily off the underframe, a movement result- 
ing in no little inconvenience, and some danger, to the 
occupants. Both these effects would seem to be rendered 
extremely improbable in the case of vehicles connected by 
automatic couplings and the Pullman vestibule. In this the 
vestibule opening between the coaches is surrounded by a 
wide and heavy bearing-plate connected to the vehicle 
through springs, and sufficiently strong to withstand 
considerable buffing strains. With such an arrangement, 
in combination with the Laycock coupler, which inter- 
locks vertically, it seems well nigh impossible for any 
mounting of one car on another to take place, or for the 
yodies to leave the underframes, unless they moved 
uniformly throughout the length of the train, which is to 
the last degree improbable. Such accidents as have 
occurred in connection with stock so fitted tend to con- 
firm this. The system has a considerable use in Great 
Britain, and, in view of the enormously increased safety 
which it appears to provide over the screw-link coupling 
and lazytongs vestibule, the question as to whether its 

eral use on corridor trains should be advocated by the 
rd of Trade is worthy of consideration. 
Yours truly, 

March 29, 1911. L. A 








‘**STEAM-BOILER DESIGN.” 
To THE Epitor OF ENGINEERING. 

Srr,—I note with regret the general tone of ‘‘ Consult- 
ing Engineer’s” letter of the 15th inst., under the above 
head, as the items refe: to, which do not affect the 
principle of the Yorkshire boiler, have already been men- 
tioned in previous letters. Your correspondent says I 
have given data based on assumptions, and that he aly 
tates to accept my conclusions ; therefore, with your 
permission, I will give very briefly the outline of my 
assumptions, and leave the readers of ENGINEERING to 
form their own conclusions. Particulars were given in 
my first letter to your paper to the effect that 700 sq. ft. 
of heating surface in a Yorkshire boiler was as efficient 
for steaming pu as 1000 sq. ft. in a Lancashira 
boiler, draught conditions and fuel being equal. 

As some areal of the above, results were given in 
su uent letters of comparative boiler tests, where a 
24-ft. Yorkshire with 871 sq. ft. of heating surface, with 
crown uncovered, gave 16.8 per cent. ter evaporation 
per hour than a 30-ft. Lancashire, the crown of which 
was covered with composition, quality of coal and draught 
conditions being the same in each case, 

The necessar ticulars of three other tests of a 20-ft. 
by 8-ft. 6-in, Yorkshire boiler by separate authorities 
have been given ; the minimum efficiency of the boiler 
was 69 per cent., the maximum 70.3 per cent., and when 
the same boiler was tested for evaporation, one authority 
secured 1373 gallons per hour, another 1380 gallons per 
hour—this equals a little over 19 lb. of water per square 
foot of heating surface. Every user of the Yertubice 
boiler has expressed himself satisfied with the results 
secured. In support of this, eight repeat orders have 
been secured. 

We have offered ‘‘Consulting Engineer ” facilities for 
carrying out independent tests with Yorkshire boilers of 
various sizes, and such offer still remains open either to 
him or any other steam expert ; and to assist as far as 
possible we will provide, free of cost, water-measuring 
tanks, coal-weighing machines, and CO, apparatus. Our 
only desire is to give every assistance to those interested. 
In conclusion, if your correspondent, or any other reader 
of ENGINEERING, is still in doubt as to the design of the 
Yorkshire boiler being all we claim for it, the above offer 
opens a way by which the point can be easily settled once 
and for all. 
Always at your service, 

I am, yours faithfully, 
March 20, 1911. W. H. Casmey. 





Exectrric Iron, Steet, anp Zino Furwaces.—In 
Bulletin No. 3, issued in 1910 by the Department of 
Mines of Canada, Dr. Eugene Haanel, Director of 
Mines, reports on ‘* Recent Advances in the Construc- 
tion of Electric Furnaces for the Production of Pig Iron, 
Steel, and Zinc.” The Bulletin contains the list of elec- 
tric steel furnaces at present installed, compiled by our 
contemporary, Stahl wnd Kisen, in March, 1910, rhe | also 
notes on the progress in this industry in Scandinavia and 
elsewhere, and on the zinc and spelter furnaces of De 
Laval and of Céte and Pierron. Translations are given 
of an official report by Lars Yngstrim on the Domnuarfvet 
experiments, and o pers on two ty of Frick fur- 
naces, an electric uction furnace Erith one central 
feeding shaft and two lateral shafte for the electrodes), 
and an induction furnaee of the Kjellin type (with one 
primary coil below and one above the level of the ring 








ing four equal bodies situated at the corners of a square, 





running rails and close to one of them, so as to be 





trough). There is nothing of novelty in the Bulletin. 
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INDUSTRIAL NOTES. 


On Thursday, in last week, the text of the Labour 
Party Bill to amend the law relating to trade unions 
was issued. It provides that a trade union shall have 
power, and shall be deemed always to have power, 
whether acting by itself or in conjunction with any 
other trade union, association, body, or person, to 
apply its funds, or any part thereof, for, or towards, 
or in connection with: (1) The purpose of procuring, or 
assisting to procure, the return of members of Parlia- 
ment, or of any public or local authority, or of any 
other public body ; or (2) the purpose of providing, or 
partly providing, for the maintenance and other ex- 
penses of such members; or (3) both such purposes, 
and to do such other acts as may, in the opinion of the 
trade unions, be desirable in order to promote, whether 
by political action or otherwise, the interests of work- 
men. The expression ‘trade union” in the Bill has 
the same meaning as in the Trade Disputes Act, 1906. 





The Welsh coal strike is to continue, for on Satur- 
day last the Mid- Rhondda miners declared by a 
majority of more than twenty to one that they will 
not return to work on the terms offered by the owners. 
The hopes that were expressed last week and alluded 
to in our last issue, that the ballot might lead to a 
termination of the trouble, have, therefore, come to 
nothing, and, to judge by the rioting that has again 
occurred, it does not seem as though the angry feelings 
of the men had in any way lessened. 

The total number of men now on strike is between 
11,000 and 12,000, but only full members are allowed 
to vote ; the number polling was therefore only 7350. 
The actual figures on the two sides were 7041 against 
acceptance, and 309 for acceptance. The ballot appears 
to have been conducted in rather acurious way, for it 
is stated that there was no secrecy, and the men in 
charge of the ballot-boxes had the ‘ for” portion of 
the ballot-card pinned to their caps. There was some 
disturbance and some stone-throwing, but, after a 
police charge, the mob was scattered. 

The annual conference of the South Wales Miners’ 
Federation was opened at Cardiff on Monday last, and 
regret was expressed by the president, Mr. William 
Brace, M.P., at some of the incidents that have recently 
taken place in the Rhondda Valley. An appeal was 
made for increased contributions in support of the 
Mid-Rhondda men, and a resolution was passed con- 
demning the action of Mr. Clement Edwards, M.P., in 
opposing the inquiry into the Mid-Rhondda riots. A 
good deal of time was spent in discussing the strike 
of the Cambrian Trust workmen, and attention was 

rticularly called to the — eg of the levies 
G the miners at work. The following resolution was 
finally adopted :—‘* That this conference, after careful 
consideration of the failure of the negotiations for a 
settlement of the matters in dispute at the Cambrian 
collieries, and the decisive declaration by a ballot vote 
of the workmen that the terms offered by the employers 
are unsatisfactory, calls upon the members of the 
Federation to pay regularly the levies called by the 
executive council in support of these workmen, and 
that every district be requested to send on their contri- 
butions at once, nding the collection from their 
members of the whole of the arrears owing in respect 
of the Cambrian Trust levies.” According to a state- 
ment made by the treasurer, the Cambrian strike alone 
has absorbed 106,000/., and if it were not for the action 
taken by the Conservative members of the Federation 
in insuring the transference of 14,000/. in the parlia- 
mentary levy fund, the reserve fund of the Federation 
would amount only to about 11,0000. 

The Conference was resumed on Tuesday last, and 
an amendment to the existing constitution was put 
forward by the executive proposing that the monthly 
contribution from each member should be increased 
from Is. to 2s. per month. The amendment was 
agreed to. A correlative resolution for the establish- 
ment of an out-of-work fund was also carried. It con- 
tained a provision that members who are thrown out 
of employment through any cause, such as accidents 
at the collieries or depression in trade, shall be granted 
the same allowance as men who are on strike or locked 
out by the owners. It was a 1 that, as regards the 
centralisation of the funds, out of the monthly 2s., 
ls. 6d. should be sent to the central fund, that 
the district and lodges respectively should retain 4d. 
and 2d. It was also finally resolved that the amend- 
ments to the constitution should be submitted to the 
men to be balloted upon, coupled with a strong recom- 
mendation as to their adoption. 





Owing to the depression in the anthracite-coal trade, 
resulting from a decrease in the demand from the 
Continent, attributed to the mild weather, the Welsh 
anthracite colliery owners, on Thursday in last week, 
decided to give a month’s notice to the miners to 
secure a complete stoppage on May 1. The decision 
affects 15,000 men. u 

At a meeting at Swansea on Tuesday last it was, 
however, shown that several of the principal anthra- 


cite colliery owners were opposed to the proposal that, 


‘during the whole of Easter week. 





in order to control the production of anthracite, they 
should give a month’s notice to all the miners, their 
reason being that such an attempt at artificial restric- 
tion of output, instead of removing the existing 
depression, would have a disturbing influence on 
buyers. The proposal was therefore dropped. The 
meeting decided to invite the owners to stop work 
It is not considered 
likely that this recommendation will be generally 


adopted 


The strike of 10,000 workers employed by Messrs. 
Singer and Co., sewing-machine makers, at Kilbowie, 
near Glasgow, who stopped work on Wednesday in 
last week, in support of six dismissed girls, still con- 
tinues. It is stated that negotiations cannot be 
opened until the return of the resident managing 
director, who is expected at Kilbowie ie. he 
position of the members of the Amalgamated Society 
of Engineers who are involved, and who cannot strike 
without the sanction of their officials, has been con- 
sidered by delegates who have arrived on the spot. 

A conference held on Monday last between the 
management and the workmen left the situation un- 
changed. The employers will not agree to come to 
any settlement until the men have returned to work, 
the superintendent at the same time guaranteeing 
that the girls should lose nothing in wages. These 
terms were, however, rejected. The electric-power 
workers also struck on Monday last. Eleven thousand 
workers are now idle. 








On Friday in last week the engineering employers in 
the Clyde district sent a communication to the men to 
the effect that the application that had been made to 
them for an advance of a 4d. per hour could not be 
granted, and a proposal was made that the question 
should be further considered at a local conference. 





A dispute has arisen at the Tadeni Colliery owing 
to the action of an official at the colliery, and the 
colliers employed at Glesion Colliery, Ystalyfera, 
Swansea Valley, held a meeting of sympathy on 
Saturday last, the result of which was that they also 
resolved to come out on strike. The two collieries 
belong to the same company, and action has been 
taken by the men although their own committee 
advised them to continue working. A total of 600 men 
are now idle. 

The unrest is spreading, and on Monday last there 
were 1200 men on strike. The men are not entitled 
to strike pay, as they have come out without the 
permission of the Federation. Trade is being seriously 
affected by all this unsettlement, and many orders 
for coal are, it is said, being diverted to the Con- 
tinent. The men, however, appear to care little 
about this; they are in the hands of the Socialists, 
and they will find in the end that they are hard masters. 





The pottery trade of North Staffordshire has settled 
down once more to peace, the dispute which arose a 
fortnight ago, and threatened to cause a stoppage of 
the industry, having been settled on Monday last. 
The manufacturers at a general meeting held at Stoke 

to meet the operatives and discuss the wages 
uestions at issue,and to refer these to Mr. Ernest 
oon, K.C., counsel to the Speaker, as arbitrator in 
the event of failure to effect a settlement. The first 
conference will probably take place at Stoke next 
Monday. 





That the Midland Railway Company’s Bill for plac- 
ing Bradford on the main line will be opposed by the 
Labour leaders is now looked upon as certain, and 
this, it is said, is to be done in the interests of the 
company’s servants. Dissatisfaction with the adminis- 
tration of the award made by Lord Cromer under the 
conciliation scheme is the reason given for this step. 
The men say that the terms of Lord Cromer’s award 
are being evaded in several ways, and that the com- 
pany has in certain centres ‘‘ renamed ” men ; that is, 
instead of employing a man called a “‘ shunter,” they 
employ one called a ‘‘sidings porter,” and sidings 
porters receive lower wages than shunters. In other 

rades also the men state that hours have been raised 

rom eight to ten, and wages have been reduced in 
others as much as 5s. per week. There are, besides, other 
complaints. What appears to be wanting is an official 
arbitrator to whom these disputes over the workings of 
awards can be taken. What the men hope for, as a result 
of this resolution, is that it will have the effect of killing 
the Bill. The probability that the delaying of the 
scheme will have the effect of causing great loss to 
the local workmen, who will thereby be deprived of the 
employment they hoped for in the construction of the 
loop line, does not seem to carry much weight, for 
the railway men say that the grievances vf the various 
grades are so serious that they are justified in any 
action they may take in order to call attention to 
them. That the President of the Board of Trade may 
be able to give assurances that the men’s grievances 
shall be remedied appears to be the only hope of 





preventing all the resources of the Labour Party being 
directed to defeat the Bill. 


The Lancashire and Cheshire Miners’ Permanent 
Relief Society held their thirty-eighth annual meet- 
ing in the Technical College at Wigan, on Saturday 
last, and the annual report of the board of manage- 
ment was brought forward. The President stated 
that there had been an increase of 1526 in the 
membership of 58,735, which was the highest figure 
ever attained in the history of the society, whilst 
the invested funds amounted to 147,337/. This figure 
also was the highest ever attained. The sad calamity 
that had occurred at Hulton was alluded to, and the 
chairman said he well remembered that, at the time 
when the Society was started, the great object was not 
to provide for such calamities, but for daily accidents, 
such as broken arms and legs, for it was said that if a 
great calamity took place the public would take care 
that the widows and the children were relieved. The 
Society had fortunately been able to cover both cases, 
and the British public had also responded nobly to the 
call made upon it. He thought it would be a good 
thing if the balances of the funds which had been sub- 
scribed from time to time were merged into a national 
fund, so that they would not have to call on the public 
every time such a disaster occurred. Those balances 
should, he thought, be appropriated and kept intact 
for calamities such as those which had recently 
happened, and should be serviceable for the whole of 
the mining community. In the Hulton disaster all the 
334 men who were lost were, with the exception of 
eleven, members of the Society. 








On Monday last, in the Gamble Institute, Gourock, 
a@ mass meeting of the engineers employed at the 
Clyde Royal Torpedo Factory, Battery Park, Greenock, 
was held to consider the grievances under which it is 
stated the men suffer under the present working con- 
ditions of the factory. The meeting was very well 
attended. The organising delegate of the Amalga- 
mated Society of Engineers for Scotland, Mr. George 
Ferguson, delivered an address. Broadly speaking, 
the chief point at issue is the question of the rates paid 
for overtime. At present the ordinary day-rate is 
given for the first two hours’ overtime worked, and 
time and one-third afterwards. At Woolwich, where 
most of the men worked before the establishment of 
the factory at Gourock, the overtime rate of remunera- 
tion received was time and a quarter for the first two 
hours, and time and a half for all extra time. In 
addition, the men want better recognition and im- 
proved conditions, and several months ago they asked 
the Admiralty to adopt a definite scale on the over- 
time question. No reply has as yet been received 
to their communication, and at the meeting last 
Monday a resolution was carried, after a long dis- 
cussion, instructing the Society’s officials to press the 
Admiralty for a definite reply. 








THE BESSEMEK AND ANDREW CARNEGIE GOLD MEDALS. 
—The Bessemer Gold Medal of the Iron and Steel 
Institute will this year be awarded to Professor Henri 
Le Chatelier, the eminent French metallurgist, in recog- 
nition of his great services in the advancement of metal- 
lurgical science. The presentation will be made by His 
Grace the Duke of Devonshire, President of the Institute, 
at the annual general meeting, to be held in London in 
May. The Andrew Carnegie Gold Medal for 1910 will 
also be awarded at the same meeting, the recipient being 
M. Felix Robin, Paris. 





Germany's THirD ‘‘DrEaApNouGHT” Cruiser. — The 
armoured cruiser ‘‘ H ” was launched on the 28th inst. from 
Messrs. Blohm and Voss’s yard, Hamburg. She was 
christened Goeben, after the well-known general of that 
name who figured in the Franco-Prussian war. The 
rape | are believed to be the characteristics of cruiser 
‘* H,” which belongs to the 1909 programme :—Length, 
592 ft.; beam, 88 ft.; mean draught, 26.75 ft.; displace- 
ment, 21,500 tons ; horse-power, 88,600 ; speed, 27 knots ; 
armour, 6 in. to 7 in.; armament, eight 12-in., ten 5.9-in., 
and fourteen smaller guns, with four torpedo-tubes. 

THE ImpERIAL COLLEGE OF ScrENCE AND TECHNOLOGY. 
—The third annual report of the governing body of the 
Imperial College of Science and Technology, addressed 
to His Majesty the King, has been published. The report 
covers the work of the college for the year ending July 31, 
1910, and gives information relative to its different 
activities. Some space is devoted to the various building 
schemes which are in p or p t, and it is stated 
that the new laboratory, for the mining and metallurgy 
department, is nearly ready for use, and that the contract 
for a second portion of the building devoted to this depart- 
ment will be let at an early date. The new Students’ 
Union is also well in hand, and is expected to be ready 
for occupation in the coming session. A donation of 
10,000/. from the Bessemer Memorial Committee towards 
the mining and metallurgical laboratories is recorded. 
Some reference is made to the course of special lectures 
on such subjects as ‘‘ Railway Engineering,” and it is 
stated that it is hoped to extend considerably the work of 
the college in this direction. The report has various 
appendices, dealing with such subjects as the investiga- 
tion and special work carried out at the college during 
the year, 
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THE GYROSCOPE FOR MARINE 
PURPOSES.* 


By Eimer A. Sperry. 


Tue uses uf the gyroscope at sea fall properly under 
four general divisions First, in affording means for 
resisting and preventing rolling of vessels, or even rolling 
and controlling their motions at will; second, its use as 
a marine compass; third, for holding automobile torpe- 
does to their course; fourth, for artificial horizons in 
connection with observations at sea. There are two other 
uses which may be noted, that of recording the motions 
of ships, and also the use of a small gyroscope in control- 
ling the oscillation of large active gyroscopes for purposes 
of preventing rolling motions of the ship in their incep- 
tion, and thus holding the ship against rolling. The first 
three only will be treated briefly in this paper. 





Fig.7. 





characteristics are quite well understood, being effective 
only in heaviest rolling. Quite large bilge keeis were 
found to equal about three-fourths of the surface hull and 
keel action for all angles of roll. The comparison between 
bilge keels and 1 per cent. of water ballast in athwartship 
tanks is interesting. Very yr keels were found to be 
only one-eighth as effective at 3 deg. roll from the vertical, 
one-fourth as effective at 5 deg. roll, only equalling at 
12 deg. roll, and being three times as effective at 18 deg. 
roll. They are also known to increase materially the 
resistance skin-friction and motive power required in all 
weathers. Sir John I. Thornycroft introduced a method 
of anticipating the rolling by the means of a controlling 
mechanism compounded of many active features involving 
a short and a feng pendulum, a retarding device, and a 
cataract all organised to co-act ; these were operated on 
the floating-link principle, a moving ballast being operated 
by heavy hydraulic machinery in the hold of the ship. 























Fie. 2. 


Previous to the introduction of the gyroscope, there 
have been three methods of steadying ships which afforded 
resistance to roll. ‘*The oldest steadying gear,” as 
pointed out by Sir John I. Thornycroft, ‘‘ was probably 
the sail, though not originally intended for that purpose.” 
He goes on to say that ‘“‘the extended use of steam is 
depriving passenger vessels of this ancient steadying gear 
and causing increased rolling. For comfort at sea, we 
require in our ships some device that will afford resistance 
to roll, the need acne an inc ing one.” 

Lord Kelvin has measured wnat of roll in crossing 
the Atlantic of 40 deg. each side of the vertical, giving a 
total angle of motion in a single roll of 80 deg. 

The early work of Froude, his co-labourers and suc- 
cessors, in applying athwartship tanks for prevention of 
rolling is well known. These, together with rolling 
ballast, and the t moving weight of Thornycroft him- 
self, all fall under the head of moving the centre of 
gravity of the ship in attempting to ce the wave 
effect and prevent rolling. 

About this time bilge keels were introduced, and their 


* Paper read before the American Seciety of Naval 
Architects and Marine Engineers. 








Fie. 3. 


It is more than probable that the true engineering 
significance and the enormous power of the gyroscope 
were first discerned in this country ; that is, observations 
concerning it were first made here. It happened in this 
wise: There was in the early history of our navy a 
torpedo known as the Howell torpedo, which depended 
for its.action upon the rapid rotation of a fly-wheel. The 
torpedo was a cigar-shaped craft, and amidships there 
was a steel wheel some 16 in. in diameter, that was rotated 
up to about 16,000 revolutions per minute. As a matter 
of fact, the speed of rotation was so great that the ,;-in. 
clearance left round the periphery was taken up by the 
centrifugal stresses acting u the elasticity of the steel 
of the wheel, which was thus utilised as an automatic 
brake. This wheel was coupled to and served to drive 
the propellers when spun up. y 

e had in America at this early time the forerunner of 
the present steam-turbine—viz., the Dow steam-turbine, 
which was directly connected in such @ way as to spin 
the massive wheel up to 16,000, . Mr. Nixon, late of the 
United States Navy, had charge of some a at 
marksmanship with the Howell torpedo. He wasanchored 
out in the bay a certain distance from the target, and 
some difficulty was experienced in starting the steam-tur- 














| 


bine. But finally, after quite a lapse of time, they suc- 

ed in getting the turbine going, and gradually spun 
the wheel up. You understand it takes cunsidunaiie time 
to store energy in a revolving mass and attain this high 
velocity. After the ee | ad been reached and every- 
| was ready, lo and behold !—the ship on which the 
machinery was located, anchored, out in the bay, had 
turned, the tide having changed, and, instead of tor- 
pedo now being pointed at the target, it was found that 
the target was considerably to one side of the direction 
in which the torpedo now pointed. Mr. Nixon talled 
upon some of the members of his crew to change the tor- 
“ees and point her over toward the target, but they 
‘ound this difficult. They had no trouble in getting it 
up, but no amount of effort sufficed to budge it laterally ; 
it would not change its direction. So the lieutenant 
called for more men. Itsimply had tocome, and, finally, 
it started slowly, and the men trod the deck, and he 


Fig 4. 
_ 





oT 














ee 


ns = A 
(1146.6) 


saw they changed its relative position upon the boat con- 
siderably, so he stepped back and took a sight as to its 
alignment with the target, and, to his great surprise, 
he found the target was still in the same quarter. In 
their efforts they had moved the ship around under the 
torpedo which contained the spinning-wheel and which 
h refused to move. Now this was one of the first 
times that the real power of the gyroscope had manifested 
itself ; it became noted in engineering circles. 

As to some of the other uses of the gyroscope. The 
most extensive use to-day is probably the automatic 
steering-gear in Whitehead torpedoes. This gear is 
simply used for the purpose of lateral guiding of the 
torpedo and holding same to a straight course. This 
little gyroscope has a secondary ring which may precees 
—it offers positive resistance to any effort to turn it from 
its course, and this resistance is used to operate valves 
and, through a secondary motor, the rudders. This use 
originated with Obrey, an Austrian naval officer (see 
Fig. 1, above). 

4 own member Mr. Leavitt, engineer of the E. W. 
Bliss Co., of New York, and inventor of the Bliss- Leavitt 
torpedo, has tly increased the efficiency of the 
“gyro” gear of torpedoes, as he has greatly improved 
the — itself. Figuring from the inc 8 
and radius of action, he has increased the power factor 
of the old Whitehead torpedo twenty times, and without 
materially increasing the air-pressure carried. He has 
accomplished this by a wonderfully bold piece of engi- 
neering ; thatis, by automatically burning a fuel directly 
in the pressure air-current, thus greatly increasing its 
eo pee The reciprocating engine of the ite- 
h is replaced by a pair of little Curtis turbines. It 
should be remembered that every doubling of the abso- 
lute temperature doubles the volume, and whereas he 
starts out with a small amount of air, he reaches the 
turbine with an immense quantity of air, under the 
requisite pressure, enormously increasing the power 
generated, an exceptionally interesting piece of engi- 
neering. 

Figs. 2and 3 show two types of the Leavitt directing 

roscope ; this is smal], and he has increased its accuracy 
by unloading the base-ring ; instead of asking the base- 
ring to do the work of moving a valve, he cuts the duty 
required down to about one-hundredth of that required in 
the Obrey gear and makes it givea simple directive factor 
to an extremely small pivoted pawl] at the instant the 
pawl is otherwise perfectly idle. Fig. 4 shows this 
vibrating pawl at E. 

Dr. Sch a has on 5 much in eng oe ny ihe 

roscope. He is a no engineer 0} m - 
Sony. 1s 0 to De. Seblisk’s Gentes that we leapely owe 
the vibrationless reci ting marine engine, This 
engineer has gone further in the installation of 
gyroscopes for steadying ships than any other. 18 
gyroscope is of the passive type. Heé is a practica 
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engineer, and at first called to his assistance a number 
of other engineers and mathematicians, and designed 
the first machine. The working drawings of one of 
these machines are of interest; they are presented in 
the following figures: — Fig. 5, annexed, is a forward 
elevation, Fig. 6 is a plan, and Fig. 7 a side elevation. 
Fig. 8 shows the complete machine as it was installed on 
board the Silvanna. 

In Germany, in 1909, Engineer Dr. Frahm had suc- 
ceeded in overcoming one of the reasons for eliminating 
the water chambers from the old English men-of-war 
—that was, the noise of the hund tons of water 
rushing from side to side, which is said to have been 
intolerable—by using an inverted syphon. The trouble 
with this arrangement is that the central opening has 
to be of such a character as to cause the movement of 
the water to be synchronous with the boat’s period ; 
that is, if in addition to the simple gravitational factor 
of the water the kinetic energy of the rushing water is 
to be utilised ; while the boat in still water has a fairly 
uniform period, and the movement of the water in the 
arrangement can be made to conform to a given period, 
in rough seas, however, the boat is not periodic, varying 
a great deal. I have seen automatic diagrams of rolling 
where the period varied from 7 to 17 seconds. Now 
when the flow of this great quantity of water gets out 
of synchronism it becomes a menace, and makes the boat 
roll more and behave worse. Some rolling diagrams are 
shown in Fig. 9. 

The great engineer, Sir John I. Thornycroft, of England, 
did much valuable work in attempts to overcome the last- 
named difficulty. He placed a great moving weight on 
a vertical axis which could move as a pendulum in the 
hold of the ship. An equipment of hydraulic apparatus 
was provided for swinging this weight from side to side 
(see Figs. 10 and 11 page 429). By this means the 
centre of gravity of the s ip could be changed at will. 
The weight was about 5 per cent. of the total displace- 
ment of the ship, but it was governed by the controlling 
apparatus mentioned above, in such a way that he suc- 
ceeded admirably in anticipating all the needs of the 
ship up to the capacity afforded by this moving he a sen 
The weight had the power of tilting the ship just 2 deg. 
either side of the vertical when swung to its extreme 
lateral positions. In sea trials of this arrangement, Sir 
William White states that it reduced 18 deg. of roll to 
9 deg. To eliminate wind and weather conditions the 
hoat was made to sweep through an entire great circle in 
heavy seas. This was the first wong hy aod 0 ship 
by a controlled reactionary force. difficulties en- 
countered with this, the water-tanks and all other gravi- 
tational meth are that each pound of weight is enabled 
to do the work of only 1 lb., and the weights and auxiliary 
machinery required have been thought to be prohibitive , 
and, furthermore, the weight, when on one side or the other 
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have said, every pound in that mass can be made to do a 
very large amount of work, owing to the velocity that 
may, at low cost, be impressed upon it. One instance 
has been noted where the power required for operating 
the Ap mey © would be about 5 per cent. of that re- 
quired for driving the bilge keels at normal speed of the 
boat, the keels requiring power in all weathers, the gyro- 
scope only when nomwive j 

A pois motion on the part of a body, for instance, 
the slow athwartship, or rolling, motion of +a ship exerts 
gyroscopic forces upon any vertical spinning shaft and in 
a fore-and-aft direction. These forces tend to dampen 
the rolling motion, but only feebly, and the fore-and-aft 
reaction, owing to the absence of motion, does not at all. 
It is a part of the general plan so to utilise this force as 
to make it create extremely large reactions athwartships 
or in the proper direction to be effective. This is accom- 
plished by the ingenious, yet simple, expedient of mount 
ing the aforesaid vertical shaft in a pivoted frame, so that 
it can tilt.and utilise the primary fore-and-aft reaction to 
cause the axis of the spinning mass. to tilt fore and aft. 
This motion is of much higher velocity than the angular 
motion of the vessel which produces: it. .By means of 
this tilting motion an entirely mew gyroseopic force is 
set up, — at right angles, as in the first instance, but 
now to the plane of tilt (fore and aft), which brings it 
back to thé original athwartship plane just where needed ; 
arfd, what is equally important, the reaction is in a 
direction exactly opposed to the roll of the<ship which 
primarily called it into action, as well as thisavhole chain 
or phenomena which we have thus traced ‘through a com 
plete cycle of 180 deg. of angle, and also through an 
enormous augmentation of righting moment and stabilis- 
ing power. 

n Fig. 12, page 429, we have a pendulum with a small 
gyroscope mounted upon it. This pendulum has freedom 
of oscillation upon its two gudgeons, all ship’s roll being 
pendulic. This may be considered to be a ship with a 
small gyroscope upon it. The spinner weighs but little, 
and it spins at a very low velocity compared with what a 
well-organised gyroscope will do. 


Tue Active GYROSCOPE. 


We note in Fig. 13, annexed, that a cord is seen passing 
through the two gudgeons of the pendulum just above the 
salgadle and at a point midway between these gudgeons 
the cord passes around one of the little horizontal pulleys 
immediately below the gyroscope arranged in an elongated 
opening in the wooden top of the ulum. These 
pulleys operate the little pinions in the lower middle 
portion of the fork of the gyroscope, one being geared 
directly to the base ring, shown horizontally in Fig. 13, 
and the other operating the precessional ring through an 
intermediate mitre segment. This arrangement affords 
means whereby either of these rings-may betilted at will 

the simple act of drawing the cord through the centre 


b 

of the gudgeons, and round either one or the other of the 
pulleys. No movement, manipulation, or stress whatso- 
ever applied to the cord, could in any way affect the oscil- 


lation of the dulum for the reason just stated, that the 
cord passes through the centre or axis of this oscillation, 
and in line therewith. 

It will be observed, in operating this model, that the 
q7rmone itself fails to respond to all the smaller angles. 

t responds freely to the large ones or wide angle oscilla- 
tions, but either does not respond at all or moves very 
slightly with the smaller. oscillations, as stated. Not 
eins, it cannot, of course, control or extinguish 
these smaller oscillations. It being desired, especially in 
connection with improvement in conditions for gunnery 
on battleships and war vessels generally, that the gunner 
should operate, if possible, from a level gun-platform, it 
therefore mes desirable to act on these smaller oscil- 
lations of roll of the ship so as completely to extinguish 
them and hold the ship on a practically even beam ; this 
especially as now all the larger war vessels are designed 
for b de service and volley fire. The gunner, there- 
fore, is compelled to keep an absolutely true and incessant 
aim upon the target. If the ship is rolling much or little, 
this is a more difficult task. Again, the recoil of the volley 
tire throws the boat over and sets up rolling, and it is the 
duty of the gyroscope to extinguish and prevent all rolling 
disturbances, from whatever source. s we have seen, 
the lesser angle rolling cannot be taken care of by the 
passive type of gyroscope. We must rely upon the active 
type. By this means the full angle operation of the 
gyroscope is secured where necessary, independently of 
the amount of motion, or, in fact, any motion whatever on 
the part of the ship, and is therefore in readiness to 
deliver to the boat stresses which are equal and opposite 
to those received by the boat from any source, and prevent 
them from causing the boat to roll. 

It is interesting to note that when the boat is held 
free from motion, as by the delivery of stresses equal 
and — to balance the wave effort, no power is 
requi actuate the gyroscope other than to overcome 
inertia and friction, which is almost negligible. When 
the roll is being supp’ and (he boat is moving, then 
the boat is doing work upon the gyroscope, and it then 
becomes the province of the acsuator to emplace the 
oscillations of the gyroscope properly with reference to 
those of the boat, and at such angular velocity as to best 
suit the conditions, structure, and mountings. 

The work of Sir John I. Thornycroft for_preventi 
rolling, and his devices, which are shown in F: 10 an 
11, involved changing the centre of gravity of the vessel, 
and thus introduced an additional disturbing and un- 
stabling element which required additional treatment ; 
his device involved a great moving weight running as 
high as 5 per cent. of the total dis ment of the boat, 
and a very large amount of hydraulic i for 
handling these weights, and a considerable amount of 
motive power for operating them. But with the active 





type of gyroscope, we find that a small part of 1 per cent. 
of the displacement of the ship will perform a very sub- 
stantial service, down to the point of practically fully 
extinguishing the rolling. By the use of this device 
there is entire absence of any shift of the centre of gravity 
of the vessel, and its stability remains unchanged. The 
sizes, weights, speeds, and location of a gyroscope for 
this purpose are among the points which have been can- 
vassed in tests carried on at the Washington Navy Yard 
during the present year. : 
Figs. 14 and 15, page 431, show front and rear views, 
respectively, of a bese model of a 26,000-ton battleship 
of the super-Dreadnought class, with 5 ft. metacentric 
height and eighteen seconds period of roll, capable of roll- 
ing through a total arc of 60 deg.; means are provided for 
autographically recording all motions, both of the ship’s 
model and the gyroscope, upon same. The gyroscope was 
operated both passively and actively; means were also pro- 
vided for emplacing the discharge of the active gyrosco 
variously with regard to the ship’s oscillation, so that the 
effect of different combinations might be studied. Many 
other auxiliaries were provided, one of which permitted 
the actual velocities of the gyro-wheel to be counted while 
in operation. This was accomplished by the stroboscopic 
apparatus of Captain D. W. Taylor, similar to that used 
by him in his investigations of propellers under service 
conditions ; in fact, both the ingenuity and reliability of 





performance of the model ship and the auxiliaries are 


the reasons for this becomes apparent from the action 
of the pendulum which we have canvassed. With the 
smaller angles of roll, the gyroscope would have to be 
large enough so that its small angles of response would 
develop the required energy for extinguishing or still 
further reducing the roll, complete extinguishment being 
impossible ; whereas with the active type the full 180 deg. 
oscillation of the gyroscope is always available, where 
required, for the extinguishment of large or even the 
smallest angles of roll, as necessary. Thus an extremely 
small machine, taking advantage of the larger angles, 
between twenty and thirty times as large, is sufficient to 
accomplish this purpose. 

Figs. 17, 18, and 19, page 433, illustrate three curves, one 
at the top giving the number of oscillations of the ship’s 
model a it was brought to rest by the natural friction, 
having been originally tilted to 25 deg. to one side of the 
centre. The shorter curve (Fig. 18) illustrates the number 
of oscillations of the model with the gyroscope acting 
passively or on Dr. Schlick’s plan, the several rolls of 
smaller magnitude at the end being omitted where the 
passive type of gyroscope failed to respond ; and a still 
shorter curve (Fig. 19) shows the number of oscillations 
of the ship in being brought to rest, absolute freedom 
from motion being possible by the same gyroscope when 
operated actively. These are among the interesting 
results reached in the investigations referred to above. 

When the motive power of vessels changed from an 
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directly due to Captain Taylor and his assistants at the 
Washington Navy Ya y means of this very complete 
equipment studies and records have been made and charts 
of performance prepared and other valuable data accumu- 
lated, much of which is new, as many of the observations, 
we believe, were never before undertaken. The investi- 
gations with the active type of gyroscope are in a new 
line of research ; the results obtained are important in 
point of much more perfect control of the ship’s roll 
than heretofore possible. 

Captain Taylor has prepared a very full report upon 
this work, forming a part of which is a 40-page appendix 
in which he treats the question in a most masterly manner 
under some sixteen heads. In this most unique and 
valuable work, Captain Taylor has given an original 
mathematical treatise on practically all the phases and 
cae of this question, including an original investiga- 
tion of the underlying phenomena of the gyroscope itself. 
It is of the greatest Fn to this important art that its 

roblems should have come under the observation and 

m reviewed by so able a mathematician, experienced 
in all branches of experimental research, and fitted by 
long training to judge of the practical bearings of the 
results extending, as does this experience, to the very 
largest undertakings and structures in marine work. To 
give some idea of the t amount of work involved and 
also of the abstruse character of this work, I take the 
liberty of here reproducing (Fig. 16, page 432) an isolated 
page of Captain Taylor’s forty- treatise above referred 
to. It is to be hoped that the author himself may be 
prevailed upon to give the society a paper including this 
valuable treatise. 

The practical effect in operation of the active type of 
gyroscope i: to secure a large uction of weight over 
and above that possible with the passive type. One of 
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upsetting force to one almost exclusively of forward 
thrust, the design of ships underwent quite radical 
changes in connection with lines affecting the stability, 
decreasing this factor, and favouring dec resistance, 
aiding the attainment of higher speeds. Now that 
stability may be imparted to a structure of naturally 
small righting movement, and, as is well known, even 
to structures in unstable equilibrium, it is possible that 
we are on the eve of even more radical changes in 
design. Ships may now be designed that are practically 
free from those ballistic qualities which favour rolling. 
Structures to which unequal sea pressures easily impart 
motion need no longer be employed, as a comparatively 
small gyroscope, which can easily be present in duplicate, 
may very readily hold them practically free from rolling 
motions in such a way that ordinary seas will have little 
or no effect upon them, while an exceptional wave will 
have only a temporary effect. It has been suggested in 
connection with such vessels that they need not pitch if 
of sufficient length; be this latter fact as it may, It 1s 
apparent that a point has now been reached and a situa- 
tion created with reference to the resisting and preven- 
tion of rolling and motion of ships at sea that, to say the 
least, is interesting in many quarters. I heartily com- 
mend this subject to those who are interested in provid- 
ing safety and comfort to passengers at sea, and as also 
preventing deterioration of certain classes of freight ; for 
instance, five stock is known to suffer heavy depreciation 
in stormy be a This is entirely outsi ~ — sed 
especially as re! to gunnery, trimming ships to secu 

level — suppression af recoil from broadside 

, and o uses. 





It is evident from what we know that the early workers 
were hampered by too close erence to the earlier 
treatment of stutical stability, and the direct effect of 
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wave slope together with some other elementary factors, 
rather than the more practical considerations of the effect 
of movements of the ship, stresses involved, &c. 

In 1904 Dr. Schlick presented a paper before the Insti- 
tution of Naval Architects. Accompanying this paper in 
the form of an appendix is a mathematical treatise of the 
theory of the gyroscope and its application to steadying 
ships. There -pomey thrones to be little in this treatise 
which we find useful in the practical application of the 
og especially the active type + ean, to 
ships. The eminent authority, Captain Taylor, in his 
report on this subject states of this treatise that it is a 
very elaborate mathematical theory, but that it largely 
ignores practical considerations. 

The problem is a comparatively simple one—namely, 
of holding the ship against rolling by neutralising with 
the gyroscope each disturbing influence as it reaches the 
ship while availing ourselves of aljl the aid possible 
through the design of the hull and disposition of the 
masses. With this end in view we do not yet know the 
best relation between these two factors. With the last 
adjusted to fit best the new conditions, it is believed that 
the gyro-steadying plant of the active type will be 
well within practical limits of space, weight, and cost. 
Especially is this true when compared with the prac- 
tical results of its operation. A great many ships 
as they now stand could with profit utilise the Byro- 
steadying gear of this class, which is at present available, 
and some important installations are now being con- 
templated. In this connection it is interesting to note 
that the weight of an active ie many od for each d 
of iene: power on a modern battleship would be 
about one-tenth that of the submerged armour displaced, 
and cost much less, this being outside of the very im- 
portant consideration of having the entire ship under 
control, either automatically to extinguish roll or at the 
will of the commander, with its many evident advantages. 

Referring to the use of the gyroscope as a compass, it 
is interesting to note that the ibility was first brought 
out in 1852 by Foucault, who, after many attempts, 

a | succeeded finally in making up an apparatus so delicate 
Fie. 15. land beautifully constructed as to demonstrate the work 
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ing of the instrument in the short period of duration of 
ns of a small disc, the observations being taken 
ugh a telesco the directive factor being only a 
fraction of that of the magnetic needle—with this differ- 
ence, however : that magnetism or the location and varia- 
tions in the positions of the magnetic meridian have 
nothing whatever to do with its directive feature ; and, 
in fact, it points to exact geographical north, not to 
magnetic north. 

About this time Foucault took this apparatus to 
England, and there aroused the test enthusiasm in 
scientific circles, by exhibiting it in operation to the 
Royal Society. Hopkins, in America, associated wit 
the Scientific American, in 1878 made a small electrically- 
driven gyroscope, by means of which better and more per- 
sistent results were obtained. More recently attempts 
have been made by a German firm to use mercury floats 
for sustaining the rotating wheel, constituting a gyrostat 


heading, 
h to which 





of an ordinary compass are distributed in different posi- 
tions on the ship, giving the exact indications of the 
gyroscopic compass itself. 

My work has extended to the point where action of 
such instruments can be controlled from the gyroscopic 
compass and distributed as desired, the indications being 
accurate to a very small fraction of a single degree. 
Many observations have been made indicating that they 
are accurate to thirty-six hundredths of an entire circle. 
Fig. 20 shows a view of the battle compass as it is 
mounted on an artificial ship, whieh gives all changes of 
as well as automatic continuous roll and pitch 
the compass is continually subjected. Both roll 
and pitch may be varied at will as to angle and period. 

Fig. 21 shows one of the receiving instruments for the 
binnacle, or other position. It is found that this receiving 
instrument requires no cardian mounting, and is equally 
accurate in any position, vertical or horizontal. Indica- 
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which, in this instance, runs at the enormous speed of 
between 22,000 and 23,000 revolutions per minute, which 
has been considered by many to be impracticable. Those 
familiar with the use of mercury in its mechanical and 
also electrical applications usually find it very unsatis- 
factory. At best it is a volatile liquid, subject to many 
changes with differences in temperature, and, which is 
worse, is also subject to the phenomenon known as 
**sickening,” which affects the surface and the mercury, 
and for some distance under the surface, —= 
mechanical behaviour and also its viscosity. The t 
engineering practice has for some years avoided mercury, 
drawing away from its use in every possible way, and 
es necially where electrical connections were involved, and 
substituting in its stead simple mechanical methods 
which are free from these serious objections. Working 
in this line I have found simple details by means of which 
the whole gyroscope proposition is reduced to a —T 
mechanical basi ily within the comprehension of all, 
and containing no unknown quantities, and correspond- 
ingly easily dealt with. In the cases where the gyro- 


is employed as a battle compass, the a; tus is 
shoeed Colon dona, and small instruments sheus he size 
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tions are held with the accuracy described following the 
master instrument instantly, and are very much more 
‘* dead beat ” than an air com for marine purpose: 
though they are not sdhanetael, aor is any liquid used in 
connection with them. Among the points never before 
reali is the automatic correction of the northerly or 
southerly component of vessels’ speed at sea, this correc- 
tion being made between the gyroscopic compass and its 
transmitting member, in such a manner that the indica- 
tions received by the navigator and elsewhere about the 
— thus p ben and maintain true geographical 
north. 

A settling curve taken from my gyroscopic compass 


while in the operation of being started in the east and | an 


west position, and brought up to about 4000 revolutions 
per minute, only shows the instrument to reach true 
north in 34 minutes; at normal speed the force is about 
6600 times that of the compass. 

It is felt that the navigator has now at hand a most 
desirable aid, and one that greatly simplifies his work. 

It will be understood that this type uf com is not 
affected in the slightest d by the steel of the ship, or 
cargo, nor any magnetic disturbances in either; nei 





should shifti turning turrets, nor gun-fire, nor 
the striking of ship bya Bey disturb its accuracy or 
reliability, nor is it affected in the slightest by those dis- 
turbances technically known as deviation or variation. 





FOREIGN ENGINEERING PROJECTS. 

WE give below a series of colonial and foreign engineer- 
ing en for several of which tenders are asked. 
Further information concerning the same can be obtained 
from the Commercial Intelligence Branch, Board of 
Trade, 73, Basinghall-street, E.C. 

Australia: A report has been received from the office 
of H.M. Trade Commissioner for Australia to the effect 
that the Melbourne Harbour Trust have decided upon 
the purchase of three steam-hopper barges, at a total cost 
estimated at 40,000. Tenders are to be invited from 
Great Britain and the Commonwealth only. The specifi- 
cations, &c., were expected to be ready early this month, 
and about three months will be allowed for tenders. The 
time for delivery of the barges will be twelve months. 
The Melbourne Harbour Trust have also decided upon 
widening the wharf on the north-east side of the Victoria 
Dock by 60 ft., at a cost of 45,000/.; constructing two 
sheds at the Victoria Dock, at a cost of 12,000/.; and 
widening the swinging basin by 100 ft., at a cost of 
50,000/., not including the cost of dredging. 

Canada: With reference to the construction of the new 
Quebec Bridge, H. M. Trade Commissioner for Canada 
reports that the sub-structure is not likely to be ready 
until November, 1912, and consequently real work on the 
superstructure will probably not be begun until May in 
the following year. Work on the steel superstructure 
will be carried on simultaneously from both sides of the 
river. H. M. Trade Commissioner reports that, according 
toa statement in the Press, the Intercolonial Railway Com- 
— intends to carry out a number of improvements on its 

nada Eastern Branch during the coming season, to fit 
the line for bearmg heavy trains. It is stated that new 
steel bridges will be built across the Nashwaak River at 
Blackville, above Maryville, and also at Nelson Hall, 
between Caroll’s crossing and Doaktown. 

Spain: The Gaceta de Madrid contains a decree author- 
ising the Ministerio de Fomento to submit to the Cortes 
a bill providing a sum of 27,000,000 pesetas (about 
1,000, 0007.) to be used for an extensive scheme of afforesta- 
tion and pisciculture. This will include the construction 
of caretakers’ dwellings and of roads, the planting of 
trees, correction of rivers and brooks, reclamation of lands, 
stocking of rivers with fish, &c. 

Spain, Canary Islands, d&c.: The Gaceta de Madrid 
contains a decree authorising the Ministerio de Fomento 
to submit to the Cortes a Bill providing a sum of 
55,000,000 pesetas (about 2,030,000/.), for extensive har- 
bour improvements at Barcelona, Valencia, Algeciras, 
Seville, Santander, Bilbao, Canary Islands (La Luz and 
Teneriffe), Melilla and Ceuta. he work will include 
the supply of sixteen electric cranes, a complete dredging 
outfit, salvage apparatus, lighting and buoy material, 
dock and wharf construction, dredging, &c. 

Italy : The Gazzetta notifies that tenders will be opened 
on a 20 by the Direzione Generale delle Ferrovie 
dello Stato, Rome, for the construction of a section of 
railway between Tortona and Arquata, forming part of 
the ex line in course of construction between Genoa 
and Tortona. The upset price is put at 1,100,000 lire 
(44,000/.). Also that tenders will be opened on April 6 
by the Direzione Generale delle Ferrovie dello Stato 
for the construction of the Alessandria-Cianciana section 
of the Lercara-Bivio Greci railway (Sicilian complemen- 
tary railway system). The upset price is put at 1,552,000 
lire (62,080/.). Further, that tenders wilt be opened on 
April 8 at the Ministero dei Lavori Pubblici, Rome, for 
the construction of a breakwater in the Bay of Recco. 
The upset price is put at 138,800 lire (5552/.). Although 
the foregoing three contracts will in all probability 
awarded to Italian firms, nevertheless the carrying out of 
the works may involve the purchase of some materials 
out of a, é 

Japan: With reference to the Government Commission 
appointed to e inquiry as to the water power re- 
sources of Japan, and to promote the development of 
hydro-electric enterprises, the British Acting Commercial 
Attaché at Yokohama reports that the Commission in 
1910, from its appointment in April to the end of the 
year, investiga’ rivers and 596 selected places, the 
estimated theoretical energy from which reaches a total of 
1,340,097 horse-power. Up to the time of publication of 
the report of the Commission for 1910, charters had been 
given by the authorities for 591,821 kw. of water power. 








Economy IN Powrr-Stations.—The constant striving 
after economy in power-stations is a marked feature of 
modern mechanical engineering, for the amount of coal 
consumed per annum is 60 great that it is well worth 
while, when it can be readily done, to save even small 
percentages of fuel. With this object it is now common 
to check the composition of the waste gases, in order to 
make sure that combustion has been so complete as to 
result in the proper proportion of carbonic acid gas being 

rodu any automatic CO, recorders have been 
Susctned in our pages. Another has recently been designed 

d placed on the market by Messrs. Kd. Bennis and 
co, Timited Little Hulton, Bolton. It works on the 
principle of the absorption of carbonic acid ges by canstic 
potash, and in this is similar to many other CO recorders 
now in use. Its details, however, differ. Its chief claims 
are that it is a simple instrument, that it keeps an 
accurate record, that it requires no attention beyond the 
daily renewal of the chart and a fresh supply of solution 
once a month. There are no glycerine valves, and it 
has a positive belt drive. 
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Our Ratts Aproap.—The new year has so far deve- 
loped itself tolerably satisfactorily as regards our rail 
exports, the shipments for February having been 31,887 
tons, as compared with 31,057 tons in February, 1910, and 
44,591 tons in February, 1909 ; while in the two months 
ending February 28, this year, the exports were “s 
tons, as compared with 69,451 tons and 80,831 tons. e 
Argentine Republic took 16,531 tons of British rails in 
the first two months of this year, as compared with 
14,158 tons and 27,257 tons in the corresponding periods 
of 1910 and 1909 respectively. The colonial demand is, 
however, the main support of our export rail trade, the 
shipments to the principal groups of colonies having been 
as follows in the first two months of the last three years :— 


Colonial Group. 1910, 1909, 1908, 
Tons Tons Tons 

British South Africa .. 2,270 8,781 675 
British India - -. 26,648 25,757 25,016 
Australia .. ee - 12,382 6,549 12,668 
New Zealand = a 2,247 192 3,608 
Canada... : 656 1,747 39 


It will be noticed that the exports to British India have 
been well maintained this year. There has also been a 
better demand on Australasian account, and it is some- 
thing to find that British rails are even being exported to 
Canada, regen bp progress of Canadian metal- 
lurgical industry, and the proximity of American cém- 
petitors. The value of the rails a in February 
was 183,947/., as compared with 180,714/. in February, 
1910, and 258,664/. in February, 1909; and in the two 
months ending February 28, this year, 499,365/., as com- 
pared with 392,557/. and 473,555/. 





REGULATIONS FOR TroHNicaL Scuoors, &c.—In the 
Prefatory Memorandum to the Grant Regulations for 
technical schools, schools of art, and other forms of 
provision of further education in England and Wales, 
issued in August last, and in force from August 1, 1910, 
it was announced that the Board hoped, before the end 
of 1910, to issue a new body of regulations which would 
come into force on August 1, 1911. The Board now state 
that they regret that it has been found impossible to 
complete the preparation of these new regulations at as 
early a date as they contemplated when making that 
announcement. This being so, they feel that to bring 
new regulations into force by August 1 next would allow 
insufficient time to local education authorities for accom- 
modating their existing arrangements to the requirements 
of these regulations. The Grant lations for 1910 
will therefore be continued in force during the educa- 
tional year 1911-12, and it is hoped in the course of the 
coming summer to issue the new ulations referred 
to above, which will not, however, ome operative 
until the educational year 1912-13. It is hoped that 
by the adoption of this course the new regulations may be 
in the hands of local education authorities a year before 
they come into force. It will not be necessary similarly 
to defer the issue or the operation of the separate regula- 
tions for university institutions, which were also con- 
templated in the Prefatory Memorandum to the Grant 
Regulations for Technical Schools, &c., of 1910. The 
Board, accordingly, contemplate issuing separate pro- 
visions in respect of the educational year 1911-12 for the 
payment of grant in aid of approved courses provided by 
university institutions. Any courses so aided will cease 
to be eligible for ition under the Board’s Regula- 
tions for Technical Schools, &c. The forms of register 
and the rules for registration pa under Article 14 
of the existing ulations for technical schools, &c., 
are being socted Tas the educational year 1911-12, and 
will be issued in May or June next. New regulations 
with regard to the Science and Art examinations, the 
National Competition, and the various forms of scholar- 
ships and exhibitions given and aided by the Board are 
under consideration, and it is hoped that some of the 
changes involved may be announced in the course of this 





summer, and may become operative in the summer of 1912. 
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WORKMEN’S COMPENSATION CASES. 
Tue County Courts. 

Houlton Colliery Disaster.—The County Court eH 
at Bolton, on February 19, began the hearing of the 
numerous applications arising out of the deaths of miners 
at Houlton Colliery disaster. The Judge took a typical 
case where the widow was of middle age, with two 


children, aged seven and five years, the com tion paid 
into Court being 255/. 12s. 3a. The Judge announced 


that they would receive 8s. a week from the Lancashire 
and Cheshire Miners’ Permanent Relief Society, and 
from the Mayor’s public subscriptions another 8s. a 
week—which, with the award, would make a total of 
24s. a week for the three dependants. The rules of the 
Miners’ Society allowed their weekly grant to continue 
until the children reached the age of fourteen. The 
Judge said that in the case of any particularly bright 
child he would allow a De gag sum towards education. 
Any lump sums awarded to the dependants in all the 
cases would be for the payment of debts. As 
the financial needs of the dependants, they would be 
satisfactorily relieved. The dependants would start free 
of debt, and would have more to live upon than before 
the accident at Pretoria Mines. Much of this satisfac- 
tory position, the Judge remarked, was due to the thrift 
of the Miners’ Society. The main source of alleviating 
distress was the Workmen’s Compensation Act. Judge 
Bradbury has administered the Workmen’s Compensation 
Act (1906) for a long time, and has expressed himself as 
perfectly convinced of the enormous benefit it has been. 

Loss of an Eye.—Cases of ncaa loss of the sight 
of an eye are of lamentably uent occurrence. 

In the case of Suddaby v. Kitson and Co., the well- 
known engineers, the Leeds County Court Judge was 
asked to vary the terms of the award given under the 
Workmen’s Compensation Act. ; ne 

In April, 1907, Suddaby, the saatnant. lost his right 
eye while working as a riveter at the respondents’ works. 

e was paid compensation from April 20, 1907, till Nov- 
ember 16, 1908. The employers then declined to continue 
the weekly payments, and paid no more till July 30, 1909, 
on which date they stated to the Judge that their reason 
for stopping further pres was the workman’s capa- 
city to resume work. This so dissatisfied the Judge 
that he ordered arrears of compensation amounting to 
231. 11s. 9d. to be paid. It was agreed that thereafter 
the applicant should go back to his peeing at 25s. 6d. 
weekly wages for such work as he could do. The workman 
was given “ caulking” and ‘‘testing,” a part of riveter’s 
work, which put too severe a strain on the man’s eye- 
sight, and he had to discontinue it. After repeated 
attempts, the workman asked for other work, but none was 
found for him, and he received no further compensation. 

The Judge decided in favour of the workman thus per- 
manently deprived of one eye without adequate com- 
pensation, and he ordered half compensation—12s. 9d. a 
week—to date from March 17, 1910, the date of the entry 
of the application, and a stay of execution was refused. 

Refusing Massage Treatment.—This was the reason for 
the Butterley Company stopping weekly compensation to 
a workman named Pepper, a miner who had his foot 
crushed at Portland Calliery, Kirkby. Compensation 
had been paid till June last. The workman’s doctor said 
the man could not work at all, and he objected to m 
treatment for him, as in this case it might prove fatal. 
Even a contrary opinion of a medical man could not 
convince the Judge that the applicant, in following his 
own doctor’s advice, had acted unreasonably ; therefore 
he ordered the payment of 18s. a week as from June 7, 
1910, the date when it was stop by the employers. 

In such cases the test is the reasonableness of the 
applicant’s refusal to submit to an operation, and it seems 
tbave are cases when even massage may reasonably 


refused. 
Court or APPEAL. 


Larking with Machinery.—In the Court of Appeal, on 
February 22, the case of Cole v. Evans, Leadien, and 
Webb, Limited, was decided in favour of the respondent 
employers, against whom a common-law action had been 
taken by the plaintiff, a young workman, in Liverpool 
Court of Passage. At the close of the common-law 
action, the Judge assessed compensation to the workman, 
under the Workmen’s Compensation Act. Against this 
the employers appealed on the ground that the Jud 

had misdirected himself, xs the award in favour of the 
workman was not at all consistent with the facts. The 
worker Cole was ordered to clean a machine, and before 
doing so the foreman stopped the motion of the machine. 
While the boy was cleaning the machine, as directed and 
under safe conditions, another boy passing through the 
factory, ina ‘‘larking” mood, challenged the boy at the 
machine with the question, ‘What would you do if 
you found a sovereign under the cylinder?” whereupon 
the machine-cleaner at once set the machine in motion 
with the playful remark, ‘‘ This is what I would do,” as 
he put his hand into themachine. Jt wasreckless larking 
of the boys that caused the accident to the boy at the 
machine, who for his own fun had started the machine 
and put in his hand. Having received such injuries as 
necessitated the amputation of his arm, an action on his 
behalf was taken at common law, when it was alleged 
there was negligence on the part of the employers, and 
that the machine was not proper pa. and that 
the motion was irregular and the ting defective, and 
that the poor boy should not have been allowed to clean 
the machine in motion. The jury found for the defen- 
dants—the employers. Notwithstanding this, the Judge 
proceeded to decide in favour of the boy, and to 
award him compensation under the Workmen’s Com- 
pensation Act. Had the accident happened in course 


of the boy’s employment, and arising out of it, the 
Judge would have been justified in ignoring the find- 





ing of the jury and in granting compensation to the boy, 
and the costs of erroneously taking an action at common 
law might have been deducted from the award. But the 
rocedure of the Judge was not at all justified, for, as the 
ter of the Rolls remarked, the accident did not 
happen when the boy was doing his master’s work, and it 
did not arise out of the employment. It could not be 
held that an accident due to the boy’s larking should 
entitle him to compensation for the injury it caused. 
this und, the ap of the employers was allowed, 
and the certificate of the County Court Judge set aside. 
Angina Pectoris not an ‘‘ Accident.” —On February 24 the 
appeal was allowed against a miner’s widow named Haw- 
kins, who had been granted an award by the Monmouth- 
shire County Court; the deceased miner was employed 
by the Powell Tillery Coal Company—the appellants. 
The deceased man’s work at the colliery was to hel 
another man to push empty trucks up an incline, and wit 
the aid of two other men to hoist an empty truck off the 
rails to make room fora full truck coming down. This 


rds| work was presumed to have caused occasional over- 


exertion of the workman, and as the Judge was doubtless 
influenced by previous cases, such as Clover and Clayton 
v. Hughes, he found that angina pectoris, from which 
Hawkins died, in the course of his employment, arose out 
of his employment, as in the other case of Hughes, who 
died from overstrain of the heart while screwing up 
nuts. In the case of sudden death of a workman, in 
which it was held that the cause of death arose out of the 
man’s work, the Court of Appeal and the House of 
Lords have given their decisions in favour of the work- 
man’s dependants. In this case of Hawkins the medical 
evidence pointed to very acute disease of the heart, which 
might have suddenly overtaken the workman without any 
——, Angina Pectoris was the sole cause of 
awkins’s death, and his widow could not prove that 
his work had been a contributory cause, and therefore it 
was not possible to prove there had been an ‘“* accident.” 
The onus of proof rests with the applicants in every 
case of compensation, and there must no surmise or 
puessing at the cause of the death or injury. It must 
proved absolutely that an accident arose out of the 
workman’s employment. 

Accident Arising out of Employment.—It may sometimes 
be necessary to distinguish between accidents which arise 
out of employment and those which happen in the course 
of employment. In every case in which the employer is 
liable for compensation it is required to prove that the 
accident arose out of the emplo mt, for in some cases 
it may not have arisen out of the employment, or been 
incidental to it, although it may have occurred in the 
course of the workman’s employment. It is necessary to 
remember that the accident for which the Workmen’s 
Compensation Act makes the employer liable is one that 
is incidental to the employment, and which the employer 
at the time of the contract of service ought to have pro- 
vided against. 

An important case illustrating this common-sense prin- 
ciple of law was decided on March 3 in the Court of 
a The appellant was the widow of a canvasser, 
who met his death by mgeny 3 knocked down by a street 
tramcar while riding on a bicycle in the streets in the 
course of his employment as canvasser, employed by the 
Provident and Supply mae Limited, Birkenhead. 
The a Court Judge of Cheshire had decided in 
favour of the employers on the ground that, although 
the man was killed in the course of his employment, the 
accident did not arise out of the employment. 

The facts were not in dispute—the man had been accus- 
tomed, with the consent of his — to cover the 
ground as canvasser on a bicycle. It was, however; no 
part of his duty to use a bicycle—indeed, the employers 
said they would have preferred that the canvasser 
done his work on foot. Compensation having been 
refused, the widow appealed, and the Court of Appeal 
reversed the decision of the County Court Judge, and 
allowed the appeal. 

The Master of the Rolls, in delivering the unanimous 
judgment of the court, said the County Court Judge, not 

aving had the advantage of the judgment of the Court 
of ion in a recent leading case on all fours with 
this, he had misdirected himself on the clear point of 
law there laid down. The English Court of Appeal is 
not bound by the Scottish Court of Session, but it was 
glad to have the guidance in the appeal case of McNeice 
v. Singer Machine Company, Limited (1911 Court of Ses- 
sions, Case 12). The argument raised by the employers 
in this case was that the danger of bicycle riding in busy 
streets was not incidental to the employment, and that 
therefore the danger to which their canvasser was exposed 
was not different from that which followed every member 
of the public, and it was not one against which they, as 
—eres, could make special provision. 
ere are other leading cases which have been decided 
in the English Court of Appeal which clearly made the 
employers liable. The case of Andrews 7. Failsworth 
(20 T.L.R., 429, 1904) was one of these. The County- 
Court Judge found for the widow of a workman who was 
at work on a scaffold when he was struck by lightning 
and killed. In giving the Court of Appeal’s judgment 
Lord Collins then said, by way of explaining the principle 
of the decision :—‘‘ If there is, under particular circum- 
stance in a oe vocation, something appreciably and 
substantially beyond the ordinary normal risk which 
ordinary people run and which is a necessary concomitant 
of the occupation a man is engaged in, then I am entitled 
to say that the extra danger to which the man is 
exposed is something arising out of his employment.” 
This very briefly and forcibly lays down the principle 
regulating all such cases, and it may be easy, with the 
iene of the Ap 
tween risks which are ordinary and those which are 
abnormal and peculiar to certain employment. 





cases herein quoted, to distinguish | 


The Danger of Interfering with Electric Gear.—In the 
Court of a the case of Jenkinson v. Harrison, 
Ainslie, and Co. was heard on appeal from the decision 
of the County Court Judge of Ulverston. The case is of 
importance as a warning to workmen not to touch electric 
gear, and it also shows that injuries received by a work- 
man do not necessarily make the employers lable, for 
there are cases that are not accidents occurring in the 


On | course of the workmen’s employment, and arising out of 


the employment. 

The injured workman in this case was employed as 
attendant at an electric power-station at Grierston Pit, 
Lindal Moor Mines, near Ulverston. 

The workman was in sole attendance for eight hours a 
day. He was told to look after the pump and keep the 
place clean, and to see to the telephone and the air- 
compressor. The man was not a skilled electrician, and 
it was his duty to obey the warning not to touch anything 
beyond a certain screen. There wasa switch-gear, guarded 
by the screen, connected with a 1000-gallon pump. No 
instructions were given to him, and it was deemed enough 
that he was told not to touch anything beyond the screen, 
and warned of the consequences. The switch was dirty, 
and the man, without thinking, dusted it, and to reach a 
part of it he mounted a box, which fell on the switch- 
guard and caused him to fall insensible close to the main 
cable. He suffered the loss of some of his fingers and 
his arm was burned, but these injuries were due to his 
own disobedience of orders, and did not arise out of his 
employment, although they occurred in the course of his 
employment. For this reason the County Court Judge 
decided against him, and the Court of Appeal upheld the 
judgment and dismissed the appeal. 

Refusal to Return to Light Work.—In the Court of 
Appeal a case was decided in favour of the respondent 
workman on the question of the reasonableness or other- 
wise of the workman to return to work of alight character. 

The injured workman was William Jevell, a dock 
labourer, who was employed by Burgess and Co., Limited, 
Swansea. The man re erin injury to his fingers and 
hand, and was granted compensation of 1/. a week, 
which was paid by the respondents, shipping agents, from 
April 27, 1910, till August 25, 1910, under an agreement, 
when, on August 25, the County Court Judge reduced 
the payment to 1d. a week, such reduced payments 
to begin on October 6, and to continue during partial 
incapacity. The Judge ordered the employers to pay the 
workman the costs of the arbitration. The workman 
appealed because he was not yet fit for light work, and 
because, to return to any work, would be tantamount to 
submitting to an operation, which would sever the 
adhesions of the wounded hand. The Court of Appeal 
held the Judge had misdirected himself, and that the man’s 
refusal to work in his present condition was reasonable. 





Execrric-Licght INSTALLATION OF THE 8.8. ‘‘ FRAN- 
conia.”—We regret that in describing this new Cunard 
liner, which has made a very successful maiden voyage, 
we omitted to state that the electric-light installation was 
made by Messrs. W. C. Martin and Co., of Glasgow. 
This installation includes a compound engine and dynamo 
set, the engines by Messrs. Belliss and Morcom, Limited, 
and the electric generators by the British Westinghouse 
Company. 





Our Coat AsBroap.—The exports of coal from the 
United Kingdom last year showed no progress, but, on 
the contrary, some falling off. the aggregate coming out 
at 62,085,476 tons. The shipments pat recent years 
were as annexed :— 


Year. Tons. Year. Tons. 

1905 47,476,707 1908 62,547,175 
1906 55,599,771 1909 68,076,799 
1907 63,600,947 1910 62,085,476 


The value of each year’s exports during these years was 
as follows :— 


Year. Value. Year. Value. 
£ £ 
1905 24,859,129 1908 39,546,169 
1906 30,069,307 1909 35,319,070 
1907 40,170,296 1910 36,098,773 


The comparative dearness of coal last year had, of course 
a tendency to restrict the exports. 





Power -CaLcuLaToR FOR Exrcrric- Morors. — The 
Sandycroft Foundry Company, Limited, of Sandycroft, 
near Chester, have sent us a circular slide-rule, con- 
structed of cardboard, intended to be used for making 
rapid calculations in connection with electric-motors. 

he instrument enables the brake horse-power obtained 
with given voltage, current, and efficiency, to be read off 
with a single setting for direct-current, single-phase, and 
three-phase motors ; the current required to give a certain 
horse-power at any voltage and efficiency can also be 
obtained in a similar manner. In calculations connected 
with alternating-current motors, it ix, of course, necessary 
to multiply the efficiency by the power-factor. The 
calculator was accompanied by a reprint of a paper read 
by Mr. Williams-Ellis, A.M.I.E.E., before the Associa- 
tion of Mining Electrical Engineers, dealing with ‘*Cas- 
cade” induction-motors. This type of motor, as manu- 
factured by the Sandycroft Foundry Company, combines 
the advantages of both the squirrel-cage and slip-ring 
types without the drawbacks of either. Cascade motors 
are made to run at one, two, or three speeds, with high- 
efficiency and [age igy at each speed. .They are 
especially suitable for hauling, coal-cutting, and other 
work in mines, and in dusty and remote places generally 
The paper, which fully explains the principle of these 
motors, and gives detailed information regarding their 
construction and working, should be read by all interested 


| in the electrical driving of machinery in mines. 
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CATALOGUES. 

Fiilcts for Pattern-Making.—A circular giving prices of 
wood and leather fillet for goa has reached us 
from Mr. Wilmot North, of St. Mary’s-road and Rodley- 
lane, Sheffield. 


Controllers for Electric Motors.—The British Thomson- 
Houston Company, Limited, of Rugby, have issued an 
illustrated price-list of B.T.H. rheostatic controllers and 
resistances for direct -current and alternating - current 
motors driving cranes, hoists, machine-tools, printing 
presses, and mining machinery. 

Lifts.—A series of blotters, illustrating their works and 
some of the different forms of lifts they suppl , has | 
received from Messrs. Aldous and Campbell, Limited, 
21, Lower Bland-street, Great Dover-street, S.E. The 
lifts illustrated include electric and hydraulic passenger, 
goods, and service lifts. 


Motor- Winch.—Particulars of their motor-winch have 
reached us from Messrs. Smart and Brown, of Erith, 
Kent. This winch, which can be used on sailing craft 
and for many purposes on land, is worked by a single- 
cylinder oil or petrol-engine through a friction drive. It 
is made in three sizes for loads of 5 cwt., 10 cwt., and 
1 ton respectively. 

Arc-Lamps.—A catalogue section dealing with arc-lamps 
of the enclosed type has issued oy eee, ey Ts 
and Co., Limited, Salisbury House, London Wall, E.C. 
Prices and particulars are given of single and twin 
carbon lamps and all accessories for use on direct and 
alternating-ourrent circuits. Full instructions for cabling 
orders are also included in the catalogue. 


Machine-Tools.—A catalogue of new and second-hand 
machine-tools in stock has come to hand from the 
Machine-Tool Company, Limited, Northern Works, 
London-road, Nottingham. Particulars, with prices, 
are given of a very large selection of all kinds of machine- 
tools for metal and wood-working. Cranes, fans, engines, 
pumps, foundry plant, and other machinery are 
included in the list. 


Gearing, Tool-Steel, d-c.—From the ‘‘Aurora” Steel and 
Iron-Gearing Company, of Rodley-lane, Sheffield, we 
have received a booklet illustrating some of their speci- 
alities, which include cast, cut, and raw-hide spur and 
bevel-wheels, helical wheels, worm-gearing, speed-reduc- 
tion gears, chain gear and drums for conveyors, roller- 
paths for swing-bridges and cranes, and ‘* Aurora” cast 
steel for all kinds of tools. The firm also supplies steel 
and iron castings and forgings for all purposes. 


Coating for Iron and Stcel Work.—We have received 
from Messrs. W. H. Keys, Limited, Hall End Works, 
West Bromwich, a pamphlet relating to ‘ Mastico” 
bituminous solution and enamel for the protection of iron 
and steel structures. The materials are applied cold, and 
quickly dry to a glossy black colour. They are damp and 
rust proof, and are not affected by chemical fumes or 
vibration. The pamphlet illustrates several railway 
bridges that have coon coated with ‘‘ Mastico.” 


Oxy-Acetylene Apparatus.—From Messrs. McGowan, 
Wild, and Co., 206, Hurst-street, Birmingham, we have 
received pamphlets giving prices and particulars of oxy- 
acetylene blow-pipes and accessory apparatus. The blow- 
pipes are made in eight sizes, for welding metal up to 
1} in. thick. Particulars are also given of acetylene gene- 
rators, an oxygen pressure regulator, and a back-pressure 
valve. The latter 1s intended to prevent the oxygen from 
passing along the acetylene pipe in the event of the blow- 
pipe becoming stopped up. 

Locks for Railway-Carriage Doors.—Messrs. Joseph 
Kaye and Sons, Limited, Lock Works, Leeds, have sent 
us a copy of a new catalogue of railway-carriage door- 
locks. ‘This catalogue, which is very well got up, illus- 
trates by means of half-tone e vings, several patterns 
of flush, rim, and mortice wedge-locks for outer doors; 
mortice latches, rim-locks, finger-plates, and other furni- 
ture for inner doors; locks for single and double sliding- 
doors ; and bolts for lavatories, &c. Railway managers, 
engineers, and carriage superintendents will doubtless 
find this catalogue interesting and useful. 


Engines, Boilers, Machine-Tools, and Gencral Machi- 
nery.—We have received from Messrs. Thomas W. Ward, 
Limited, Albion Works, Sheffield, a copy of their general 
catalogue of new machinery. This catalogue gives full 
particulars, with prices and illustrations, of steam-engines 
and boilers, winding and hauling-engines, steam and 
electric cranes and winches, gas and oil-engines and 
suction-gas plants, electrical machinery, pumps and 
hydraulic machinery, fans and blowers, mortar-mills, 
stone-breakers, steam and other power hammers, and 
all kinds of machine-tools for metal and wood-working. 


_Economisers, Cast-Iron Pipes, <c.—A neat little pocket- 
diary for the current pot has reached us from the Clay 
Cross Genome. of Clay Cross, near Chesterfield. It is 
bound in red leather, and contains, in addition to the 
ef part, various views of the company’s works, and 
brief particulars of their manufactures. These consist of 
economisers, cast-iron tanks, tubbing for pit-shafts, cast- 
iron pipes, lamp-posts, manhole covers, gully-grates, &c. 
Although issued very late for the present year, the diary 
will, no doubt, be found useful in some cases; at all 
events, it will serve as a handy pocket catalogue of Clay 
Cross products. 


Protective Paints for Iron and Steel. —From the Smooth- 
On Manufacturing Company, of Jersey City, New Jersey, 
U.S.A., we have received a little booklet describing their 
latest product, which is known as ‘‘Smooth-On” iron paint. 
It is prepared from retort coke-oven pitch, and is suitable 
for all kinds of structural iron and steel work. The paint, 








which is applied cold, drys slowing to a brilliant black 
colour, and forms a bape and elastic coating, which is 
said to resist the action of the atmosphere, and of chemical 
fumes. The booklet also mentions a special quality for 
use on steel chimneys, boiler-fronts, steam-pipes, and other 
surfaces subjected to high temperatures. 


Filling Apparatus for Bottles, 4-c.—A circular relating 
to the Alison-Broadhurst apparatus for filling bottles, 
cans, drums, &c., with a weighed quantity of fluid, has 
come to hand from Messrs. Wallach Brothers, Limited, 
Royal London House, Finsbury-square, E.C. With this 
apparatus, the vessel is p on the pan of a quick- 
acting scale, and, as soon as it is in the correct position 
for filling, a valve opens automatically allowmg the liquid 
to run into the vessel. When the correct quantity has 
been delivered the scale-pan drops, and in doing so closes 
the filling valve. The apparatus is made in various sizes 
for dealing with all kinds of liquids. It is claimed to 
be simple in construction, and rapid and accurate in 
working. 


Steel Sheet-Piling.—We have received from the British 
Steel Piling Company, Dock House, Billiter-street, E.C., 
a pamphlet relating to their universal steel sheet-piling 
for cofferdams, &c. As is now well-known, the piling is 
made up of a row of steel joists having their flanges con- 
nected by an interlocking-bar of special section which 
resembles a joist of which the flanges have been curved 
inwards so that they partially enclose the flanges of the 
piles. The pamphlet describes the processes of drivi 
and withdrawing the piles, and points out the many ad- 
vantages of thesystem. The method of joining the piles 
end to end by means of fish-plates, and of ing corners, 
junctions, crosses, and other special constructions, are also 
fully dealt with. Several reproduction’ of poe 
showing recent applications of the system are included in 
the latter part of the pamphlet. 


Electrical Instruments.—Messrs. Siemens Brothers and 
Co., Limited, Caxton House, Westminster, 8.W., have 
sent us a copy of a supplement to their catalogue of 
electrical testing instruments. This supplement deals 
with portable frequency-indicators of the Frahm vibrat 
reed pattern, and also with demonstration ammeters an 
voltmeters for lecture-room and school use. The latter 
instruments are made of the moving coil, moving iron, 
and Ferrari’s types, and areeach provided with two scales, 
one with a large open dial to face the students, and the 
other, smaller and more accurately marked, to face the 
lecturer. In each pattern the case is sector-shaped, and 
the movement, which is protected by a glass cover, can 
be examined without removing the case. Prices are 
stated both for the frequency-indicators and the demon- 
stration instruments. 


Key-Extractor.—A circular, giving 
culars of Fairless and Dixon’s patent key-extractor, has 
reached usfrom Messrs. Fairless, Dixon, and Co., 36, Bridge- 
road, Stockton-on-Tees. The tool consists of a curved 
forged-steel block, provided with two fine-threaded set- 
screws, and having a tapered slot in the concave side fitted 
with hardened steel dies which grip the a after the 
manner of the grips in a testing-machine. The dies are 
supplied in different sizes for keys bm from jin. to 

in. 


rices and parti- 


it . in width; projections are provided on them to 
obtain a positive grip of gib-headed keys. To draw a key 
the block is on the shaft so that the head of the 


key comes between the dies. The screws are then 
tightened up with a spanner, so that they bear against the 
boss of the wheel and thus force the block away from the 
wheel causing the dies to grip the key and eventually to 
pull it out. 


Flame Arc-Lamps.—From the Globe Electric Company, 
Limited, 11, Farringdon-avenue, E.C., a circular relatin, 
to the ‘‘ Multax ” long-burning flame arc-lamp has reach 
us. These lamps employ flat carbons, having cores which 
resemble a dumb-bell in section. It is claimed that these 
“‘bridge-core” carbons, as they are called, enable the 
burning hours to be doubled without the use of a maga- 
zine, and also without increasing the ve sre of the lamp. 
In addition to this advantage it is pointed out that carbons 
of this form can now be made cheaper, for a given number 
of burning hours, than ordinary carbons; they are also 
said to be stronger than the usual type, and therefore the 
number of breakages is reduced. The circular states prices 
for two patterns of lamps which burn for twenty and 
thirty-six hours respectively ; both patterns are made for 
direct and alternating currents. Prices are also given for 
the carbons and for accessories, such as line-resistances, 
auto-transformers, globes, &c. 


Electric Wircs and Cablcs.—Messrs. Siemens Brothers 
and Co., Limited, of Caxton House, Westminster, 8. W.., 
have sent us a copy of their complete catalogue of vulca- 
nised india-rubber wires and cables. This catalogue gives 
prices and all particulars of Association and non-Associa- 
tion qualities, and also includes a section dealing with 

ll wires and flexible electric light wires. In the latter 
section particulars are given of the company’s new 
‘* Besto” fire-resisting twin flexibles, which are specially 
suitable for shop window lighting. In these wires the 
asbestos is spun on by a special patented process instead 
of being braided, as in ordinary asbestos-covered wires, 
and, as a result of this improved method of manufacture, 
much less clumsy wires are produced. ‘‘Besto” wires 
are supplied with pure or vulcanised rubber insulation, 
covered with braided silk or cotton in a variety of colours. 
The catalogue gives some useful tables for those engaged 
in wiring work, and also includes a few views of the 
Woolwich works, where all the cables listed are made. 


Fans, Blowers, Compressors, High-Pressure Gas Light- 


ing, &r.—From the James Keith and Blackman Com- 
pany, Limited, 27, Farringdon-avenue, E.C., we have 
received a catalogue holder consisting of a neat cloth- 





bound box resembling a book inform. It contains copies 
of all their current publications, and forms a convenient 
method of keeping a number of small booklets together 
for reference. The firm intends to forward copies of new 
and revised catalogues, when they are issued, to all 
recipients of these holders, so that they may be kept up 
to date. The booklets give full particulars, including 

rices, of Keith steel-plate centrifugal ure fans, 

lackman volume fans, forges and forge- lowers, high- 
pressure air-blowers, the Keith high-pressure gas-lighting 
system, rotary gas-compressors, ee boosting- 
fans, boilers and radiators for hot-water heating, hydraulic 
rams for water-raising, and drying plant and other appa- 
ratus for laundries. 


Measuring and Mixing-Machines.—A phlet relating 
to the Trump meesnrngent mixi ananiets has reached 
us from Messrs. W. J. Fraser and Co., Limited, 98, Com- 
mercial-road East, E. These machines consist of a hori- 
zontal, circular, rotating table, from which a uniform 

uantity of material is scraped by a stationary steel knife. 

he material thus removed is replaced from a bottomless 
storage cylinder a little smaller in diameter than the 
table, and rotating with it. The cylinder is placed a 
short distance above the table so as to clear the knife and 
allow it to penetrate more or less into the material on the 
table. For mixing two or three in ients, tables are 
arran one above the other, and are supplied with 
= different a = an ey Bam ers which 

rotate together, being driven by a bevel-pinion geari 

witha bevel-ring on the bottom of the lowess table. There 
is a knife for each table, and these knives can be adjusted 
to deliver any proportion of each ingredient. Once 
adjusted, the proportions delivered remain constant as 
long as the machine is kept filled. As removed by the 
knives the materials fall into a chute, where they are 
an =p! mixed. The machines are supplied by shovel- 
ling, any form of conveyer, or from a storage- 
bin. | ey are well suited for mixing concrete, and a 
considerable part of the pamphlet deals with their use 
for this pur . In the concrete-mixing machines the 
cement, sand, and stone from the measuring-tables fall 
between two pipes, which spray water on to the mixture 
and wet it thoroughly without washing away the cement. 
The pipes are supplied from a tank, which is kept filled 
by a ball-valve, so that a constant head of water is main- 
tained, and the flow from the sprays is uniform. After 
having been thoroughly moistened in this way the 
materials fall into a horizontal trough provided with 
rotary steel paddles, which complete the mixing process, 
and deliver the concrete ready for laying. The machines 
are quite portable, and can thus be moved to a point close 
to where the concrete is to be used. 


Water Purification. —The latest edition of the ‘‘ Pater- 
son Red-Book ” on the softening and purification of water 


for steam-raising and other industrial pu has come 
to hand from the Paterson Engineer Company 
Limited, Amberley House, Norfolk-street, Strand, W.C 


The book first d with the Paterson gravity and pres- 
sure filters, in both of which the filtration is effected by a 
thick bed of quartz sand. The bed is agitated for clean- 
ing by compressed air, —_ by an injector worked by 
steam, the air entering the bottom of the bed through 
strainers, which norma. ly drain off the filtered water. 
The impurities released by this process are washed out 
by reversing the direction of flow of the water for a few 
minutes. The book next illustrates and describes the 
firm’s cold process water-softener, in which lime and 
sodium carbonate are used for the removal of temporary 
and permanent hardness respectively. In the exhaust- 
steam feed-water heater and purifier, which is also fully 
described, the temporary hardness is removed by heating, 
which is effected by running the water over shallow 
trays in contact with exhaust steam from which the 
greater part of the oil has removed. The water, 
to which suitable chemicals have been added, afterwards 
meg into precipitating chambers and through wood- 

bre strainers, which remove the permanent hardness 
and all traces of oil. The latter of the book is devoted 
to an _ illustrated description of the firm’s apparatus for 
the elimination of oil from condensed steam. After 
calling attention to the ill-effects of grease in boilers, and 
showing that it is impossible to remove all the oil by 
separators in the exhaust pipe, or by filtering the con- 
densed steam by ordinary methods, an account of the 
Paterson oi]-eliminator is given. In this apparatus the 
oily water is treated with chemicals which cause the 
minute globules of oil to coagulate into masses, most of 
which are arrested in a preliminary strainer of wood 
fibre. The water afterwards through a filter-bed 
of quartz sand, in which its final and complete purifica- 
tion is effected. At the end of the book there isa long 
list of users of Paterson water-purifying apparatus. 





AvusTRALIA To-Day.—We have recently received a 
copy of a large publication entitled ‘‘ Australia To-Day.” 
This is a special issue of ‘* The Australian Traveller,” 
and is published for the United Commercial Travellers’ 
Association of Australia, Limited, by Messrs. Mason, 
Firth, and M‘Cutcheon, Melbourne, Victoria. It is 
quite a wonderful production, being profusely illustrated 
with excellent reproductions of large photographs. The 
number makes the most of the attractions of the Austra- 
lian Continent and should to those who are fond 
of out-of-door pursuits. veral interesting articles 
appear, as, for instance, on the resources of the country, 
agriculture, railways, irrigation, education, legislation, 
&c., while interspersed through the volume are pages of 
attractively presented statistics showing the output of 
the country, by States, of its varied ucts. The issue 
cannot fail to act as a good advertisement for the con- 
tinent, where, in the words of one article, there are 
wanted 196,000,000 more inhabitants. 
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SELECTED ABSTRACTS OF RECENT PUBLISHED 
OATIONS UNDER THE ACT OF 1907. 
The number of views given in the Specification Drawings is stated 
in each case where mens is mentioned, the Specification is not 
illustrated. 
Where inventions are communicated from abroad, the Names, &c., 
PS Rag Sains. are — = eo a Pp Opice 
Specifications may ined atent , Sale 
ranch, 25, sabengsen Buildings, Chancery-lane, W.C., at 
the uniform of 8d. 
The date of the advertisement of the Seay epee of a Complete 
Specification is, in each case, given after abstract, unless the 
‘atent has been sealed, when the date of sealing is given. 
“~- person may, at any time within two months from the 
the advertisement ¥ 4 the nce of a Complete Specification, 
‘ive notice at the Patent O, of opposition to the grant of a 
‘atent on any of the grow mentioned in the Act. 


ELECTRICAL APPARATUS. 


22,842/10. E. Schattner, London. Motor-Starters. 
(2 Figs.} October 3, 1910.—This invention comprises, in a sole- 
noidally-operated motor-starter, the combination of a main switch 
member and a resistance-controlling member, the main switch 
member and the resistance-controlling member being arranged and 
interconnected in suchwise that the operation of the latter is 
dependent upon the prior operation of the former. 1 is the 
movable member of the main switch. This member is pivotally 
mounted on a pin 2, and is connected by alink 3 with the core 
4 ofa solenoid 5, 6is the resistance-controlling member. This 
member is also pivoted on the pin 2. The outer end of one of its 
arms is arranged to sweep over the contacts 7 of the resistance 
units, and the outer end of the other of its arms is pivotally con- 
nected with the piston-rod 8 of a dashpot 9 that is also pivotally 
mounted at 10. The member 6 is shown in full lines in its ‘ton ” 
position, in which position it abuts against a stop 11, and in 
dotted lines in the “off” position, in which position it abuts 
against a stop 12. In the “off” position the member 6 is in con- 
tact with one of the contacts 7. The members 1 and 6 are freely 
mounted on the pin 2, and are capable of movement independently 
of each other. The rear or pivoted end of the member 1 is 
forked, and straddles the pivotal part of the member 6, Between 


Fig.1. 
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the members 1 and 6 and encircling the pin 2 is a spring 13. This 
spring bears at its ends on the members 1 and 6, and tends to 
keep these parts in juxtaposition. In the “off” position, the 
members 1 and 6 willoccupy the positions indicated by dotted lines. 
When the solenoid 5 is energised, the core 4 is drawn up and 
pulls on the member 1, the free end of which is raised into con- 
tact with the fixed contact 14. The motor circuit is thus com- 
pleted and current flows. The movement of the member 1 
stresses the spring 13, and this spring acts upon the member 6 
and causes it to move about the pin 2 and its free end to sweep 
over the contacts 7. The spring 13 is such that it will cause the 
member 6 to move tothe position shown in full lines, The move- 
ment of the member 6 is regulated by the dashpot 9. At or -to- 
wards the completion of the upward movement of the core 4, a 
plate 15 carried thereby comes in contact with a spring contact 


to a detonator body which is screwei into the projectile, the body 
of the fuse having its bottom perforated with a communication 
passage, and being screwed into a detachable ogival head, which 
can be screwed more or less deeply into the projectile ; a detach- 
able collar is provided between the adjustable ogival head and the 
projectile, the p or ab of which indicat ctively 
that the projectile is adjusted for direct transmission of the flame 
from the primer, or for retarded transmission of the flame. One 
form comprises a a holder 7 furnished with 
its detonating priming 8, and at the centre of its head 6 a flame- 
passage block 4 is screwed ; the latter is perforated with an axial 
passage c, and one or more eccentric passages communicate with 
this axial passage. Communication between the fuse and the free 
passage may be interrupted hy fitting a projection 3 carried by 
the bottom of the fuse body into the upper part of the axial 
ec. The head 6 of the priming holder 7, 8 is screwed home 
nto a detonator body 9, which is itself screwed into the ogival 
head of the projectile. The fuse body 1, having its bottom per- 
forated with the communication passage 2, is screwed into a sepa- 
rate ogival head, which may itse!f be screwed more or less deeply 
into the projectile, this screwing to a greater or less depth enabling 
the obturator 3 to be fitted into its housing for interrupting direct 
ignition or the release of this obturator for establishing direct 
operation. Another characteristic of the present construction is 
the interposition between the ogival h carrying the fuse and 
the face of the projectile (in a housing 13 formed in the said ogival 
point) of a detachable collar of a different metal, the presence of 
the collar thus indicating visibly that the projectile is adjusted 
for the direct transmission of the flame of the fuse to the priming 
holder ; the absence of the collar, on the other hand, indicating 
immediately that the shell is adjusted for retarded operation. 
The detachable collar is made in two or more parts. (4ccepted 
February 8, 1911.) 


19,991/10. William Beardmore and Co., Limited, 
and A. Bremberg,. Glasgow. Ordnance. [} Figs.) May 5, 
1910.—The invention has for its object to provide a simple and 
effective form of adjustment for wear for worms in worm-gearing 
for ordnance, and consists in ashaft upon which the worm is free 
to rotate, journals fixed on the shaft eccentric thereto and 
engaging bearings in a stationary part, means for rotating the 
shaft and journals for worm adjustment and for holding them ad- 
justed, and means for driving the worm. The worm C, arranged 
on a horizontal axis, is carried by eccentric journals D, D! formed 
on the ends of a spindle J (to which they are eccentric) and which 
bears free to turnon it the worm. The journals D, D! are mounted 
in bearings in depending members J!,J2in a bracket E! secured 
to the rotatory part of the gun-mounting. The eccentric journals 
D, D! and the worm carrying spindle J are rotated through a small 
arc for adjustment of the worm by means of a short worm-toothed 
pin engaging a segment J4 of teeth cut around part of the 
mage J of the projecting end of the journal D. The diagram, 

ig. 2, shows that to permit of the — = ae | adjusting movement 
only very slight clearance of the spindle J in the member J! is 
necessary. the diagram further showing that the deviation from a 
straight line during adjustment is very slight. The worm C 























carries a pinion K, and worm and pinion are held against endwise 
movement by thrust ball-bearings K! arranged between the ends of 
the whole and the depending members J!, J2 of the bracket E}. 
There gears with the pinion K a pinion M carried on the inner end 
ofa horizontal spindle M! arranged in the bracket El above the 
spindle J. This spindle M!, extending out through the bracket, is 
screwed at its outer end and connected by a right and left-hand 
coupling-nut M* to a second, and alsoscrewed, co-axial spindle M*, 
there being further provided, as a means of connection between the 
spindles, a spline or key M+ fixed in the spindle M!, and engagin 
a counterpart squared aperture in the centre of the spindle M®*. 
The outer end of the spindle M® has on it a bevel-wheel M® gearing 
with a bevel-wheel M6 on an inclined shaft M’ carrying the 
traversing hand-wheel (not shown). 
form of the gear, the axis of the worm C, the axis of the 
spindle M!, and the axis of eccentricity of the bearings of the 
journals D, D! must be normally in one a —else adjustment of 
the worm would move the pinions K,M in or out of gear. The 
coupling-nut and spline arrangement is provided so that by 
i tion of the nut M2 the pinion M may be moved laterally 





carrying member 16, and breaks contact between tacts 17. 
These contacts 17 are in circuit with the solenoid winding, and 
normally short-circuit a resistance. When contact is broken, the 
short-circuit is removed and the current energising the solenoid 
is reduced to an amount sufficient to hold the core in its 
position, When the solenoid is de-energised, the core 4 drops, 
and the members 1 and 6 move back to their ‘‘ off” positions. 
(Accepted February 8, 1911.) 


GUNS AND EXPLOSIVES. 


12,836/10. E. Schneider, Le Creusot, France. Ex- 
plosive Projectiles. (7 Figs.) May 26, 1910.—This in- 
vention relates to explosive projectiles of the kind in which 
means are provided for transmitting the flame between the fuse 
and the priming, characterised by a priming holder in the head of 








which a flame-passage block is arranged, the latter being fur- | such machines, in the provision, in addition to the usual haulage 


nished witha central passage c' with compressed powder or | 
t, and with one or more slightly eccentric 


out of gear with the pinion K when it is desired to throw the 
worm C entirely out of gear with the worm-wheel A by operation 
of the pin J®, (deccepted January 25, 1911.) 


MINING, METALLURGY, AND METAI- 
WORKING. 
1383/10. Mavor and Coulson, P 

D R w. Coal-Cutting Machines. [+ Figs.) 
January 19, 1910.—This invention relates to coal-cutting machines 
for use on vertical or steeply-inclined workings, and consists, in 
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gear, of a flexible support suspended from the head and extend- 


ing to the foot of the working, associated with means for effecting 


t between the machine and the flexible support, 





mealed powde passages 
eharged with mealed powder or —— age Accordi 
the present invention, the head of priming holder is attached 


an one 
which, while 


head 
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It is apparent that in this 


Limited, and M. 





permitting the machine to travel freely upwards, is 


adapted to prevent the downward travel thereof. A designates 
a cutting-machine of the bar type, which is furnished with a 
ulage drum B, driven by a motor comprised in the construc- 
tion of the machine, from which a haulage rope C extends to the 
of the working, where it passes around a sheave D and is led 
k and fastened to the hi A flexible support, consisting 
of a wire cable E, is suspended from a prop F, positioned near the 
head of the working, and extends to a prop G positioned near the 
foot of the working to which it is connected, and the machine A 
is furnished with two drums H, H mounted to rotate in a back- 
ward and forward direction, the cable E being wound around and 
encircling each drum one or more times, to produce any uisite 
frictioi grip thereon, the arrangement being such that in the 
upward cuttiog travel of the machine A, for example, each drum 
rotates freely in a forward direction, and, for sustaining the 
machine from descending, each drum is provided with a ratchet- 
wheel H!, and the machine is furnished with a pawl K to engage 
therewith, a to permit forward rotation and stop back- 
ward rotation of the drums. To facilitate operation, provision 
may be made to permit each pawl to be readily thrown into and 
out of engagement with its respective ratchet-wheel. (Accepted 
January 25, 1911.) 


MOTOR ROAD VEHICLES. 


4134/10. T. W. Blumfield and Blumfield, Limited, 

i Motor-Cycles. [6 Figs.) February 19, 
1910.—This invention relates more especially to the grooved belt 
pulleys ordinarily used on the crank-shafts of motor-cycle engines, 
and comprises the combination with the boss of the fixed flange, 
of a single diametrically situated bolt or locking-piece adapted to 
slide in a slit in the boss, and to engage an aperture or apertures 
in the boss of the loose flan The boss a of the fixed flange / is 
externally screwed, as usual, and secured to the crank-shaft. The 
boss @ is sufficiently long to a the shaft, and such over- 
hanging part is formed with a pair of longitudinal slots ¢, which 
are diametrically opposite each other. On to the boss is screwed 
the adjustable flange d, the boss e of which is formed with an 
internal shoulder e!, having a ring of holes drilled therein. The 
ee or bolt f comprises a diametrically arranged bar 
suitably shaped to slide in the slots ¢ in the fixed boss a, and pro- 
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vided on one side with a pair of pegs g, which can enter any pair 
of diametrically disposed holes in the shoulder ¢! in the boss of the 
movable flange d. A central peg / is also provided. In assem- 
bling the parts, the bolt / is placed in the slots c of the boss a 
secured to the driving-shaft, and a spring i disposed in the hollow 
portion of the boss at the back of the spring. The adjustable 
flange d is then screwed on to the boss a, the central peg h of the 
driver f being made to project through a central aperture in 
thé shoulder ¢!. Whilst the flange d is being screwed or adjusted 
to the required position relatively to the fixed flange b, the knob- 

iece h is pushed in to keep the pegs g out of the engagement 

oles formed in a ring round the shoulder e!, When the desired 
adjustment is effected, the knob-piece A is released to permit the 
spring i to force the pegs g into a pair of the engagement holes. 
and so unite the two flanges. The outer side of the engagement 
holes is closed against dust by the cover disc j.. (Accepted 
February 8, 1911.) 


PRINTING AND ALLIED MACHINERY. 


2501/10. George Mann and Co., Limited, and A. B. 

Leeds. Lithogra: Printing Machines. 
{1 Fig.| February 1, 1910.—This invention relates to single- 
cylinder lithographic machines for direct printing, or printing by 
the off-set method, and, according thereto, the paper is fed at an 
angle to a r on the first cylinder in the ususl way, but is 
taken off this cylinder by a gripper on the second cylinder in.me- 
diately after the beginning of printing contact between the two 
cylinders ; this gripper carries the sheet on the second cylinder 
to the point of delivery from this cylinder, the delivery occurring 
at any later period of the revolution to suit any known form of 
delivery. a is the off-set cylinder, and carries a blanket which 
receives an impression from the stone or the like carried by the 
reciprocating carriage of the machine. The sheet to be printed 
is fed down the feed-board ¢ to the grippers b mounted on the 
cylinder a. These are open during the period required for feeding 
the sheet, and are closed into the position shown in dotted lines 
just before the cylinder begins to revolve. During the revolution, 





the grippers bring the front edge of the sheet just past the plane 
indicated by the line x, z normal to the line of printing contact 
between the cylinder a and — d, The latter cylinder, which 
revoives in unison with cylinder a, carries grippers e, which are 
open, as shown in dotted lines, during that portion of the revolu- 
tion of cylinder a which has just been described. As soon as the 
front edge of the sheet has passed the plane x, x—that is to say, 
as soon as the printing operation has n—the grippers } begin 
to open and the grippers ¢ to close, and in or about the position 
of the grippers shown in full lines, the grip is transferred from 
grippers } to grippers e, and the sheet is now carried by cylinder @, 
to tt delivered therefrom in any known manner at a later period 
of the revolution of the cylinder d. During the transfer of the 
from one cylinder to the other, the I uy between the 
cylinders serves for holding the sheet. When the machine is 
required for direct printing, the cylinder d is moved out of printing 
contact with cylinder a, and the cams for opening and closing the 
ippers > and e near the plane z, x are thrown out of gear, so 
that the sheet to be printed is carried round with cylinder a and 
ia printed directlv from the stone in the usual manner. (Accepted 
February 8, 1911.) 
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REGISTERED No. 522499/10. . i : 
The most Efficient Adjustable 


Gy ercengenrens wie Reamer on the market. 
Messrs. The Pratt & Whitney Co., 











Hartford, Conn., U.S.A. 





RANGE OF ADJUSTMENT : 
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STEEL BAR. INTERCHANGEABLE. 
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GROUP OF STEEL GEARING 5 36 TONS ss s 
EDGAR ALLEN & Ci? IMPERIAL STEEL WORKS SHEFFIELD “¥$ AND q 


is As 
tei > ~~ 


FDCAR ALLEN &°°:!":- SHEFFIELD. 


Phone: 5570, BANK. Telegrams : ‘‘ METALADOS.” Cables : ROBHUNT. 


BRITISH BUVUREAV. 
ROBERT W. HUNT & CO., Engineers, Norfolk House, Cannon St., B.C. " 'N ‘ N MACHINES. 
INSPECTION ano TESTS or RAILS ano FASTENINGS, STRUCTURAL 
MATERIAL, BILLETS, PIG IRON, AXLES, CARS, MACHINERY, &c., &c. WH EELS. 


W. L. COOPER, Manager. 1655 JOHN J. CONE, Resident Partner. 
American Offices :-Chicago, New York, Pittsburg, San Francisco, Montreal, St. Louis. \ 

EMERY, EMERY CLOTH, 

GLASS PAPER, &c. 


W. Gunther & Sons, Central Works, Oldham. 
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Anti-friction White Metals. 


the The PHOSPHOR BRONZE Co= 


ASTON. BIRMINGHAM ) SOUTHWARK, Lo! LONDON, S.E. 
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THE AERO AND MOTOR-BOAT 
EXHIBITION AT OLYMPIA. 
(Concluded from page 414.) 

A very interesting attempt to solve the problem 
of aeroplane motors was exhibited at the stand of 
Messrs. Lamplough and Son, Limited, Albany 
Works, Willesden Junction, London, N.W. We 
illustrate this engine in Figs. 7, 8, and 9, on the 
present page. It will be seen from the views 
given that the engine is of the radial construction, 
and has the crank-shaft fixed and the cylinders 
revolving, but it differs entirely from the ‘‘ Gnome” 
in working on the two-cycle principle instead of the 
four-cycle. In general principle the cycle is carried 
out much as in other two-cycle engines, a pump 
supplying the mixture under a slight pressure to an 
inlet port, which is open at the same time as the 
exhaust, just at the bottom of the working stroke. 
The fresh mixture therefore pushes out the burnt 


Fig.t. 





It will be seen that the piston is long enough to 
keep the ports C, C covered when at the top of the 
stroke, and that it is provided with rings at the 
bottom. These rings, in addition to preventin 
leakage of mixture, no doubt prevent an excess o' 
oil working up the piston, and being blown up into 
the cylinder by the incoming charge. 

As the cylinders fire each revolution, the valve 
gear is of the simplest construction, a fixed cam 
lifting each valve as the revolving cylinder comes 
into the right position. The spring of the exhaust- 
valve is not placed round the stem in the usual 
way, but is at the end of a short lever, and there- 
fore away from the heat of the exhaust gases. The 
cylinders are of cast steel, the crank-case, &., of 
aluminium. Ball-bearings are used for main bear- 
ings, crank-pins, and for the spindles of the rotary 
blower. Ignition is by high-tension magneto of 
the two-spark pattern. The engine shown is 
stated to have developed 102 brake horse-power, 





2095. 





In considering the Olympia Show as a whole there 
are two main points to consider : first, What has 
been the progress since the last show ? and second, 
What are the prospects of progress in the future ? 
As regards the first. question, there are several 
of the best machines in which the progress during 
the last year appears to have been solely in matters 
of detail. The aeroplane seems to have reached a 
point, in fact, where for a time this is the only 
direction in which progress is likely to take place. 
The question of the longitudinal strength of the 
wings. is getting more attention, in some quarters 
at all events, and there can be little doubt that by 
careful improvements in the proportions of the 
parts the machines are being given a larger margin 
of safety without increased weight. The tendency 
of the monoplanes is to considerably increase in 
size, and this is doubtless a great improvement, 
although it is accompanied with an increase in the 
price. Larger powers are also being fitted on the 





Fics. 7 to 9. Two-Oycrie Rotatine CyLtinpeR AEROPLANE Motor, ry Messrs, LamproveH anp Son, Liwirep, WILLESDEN JUNCTION, 


gases, and the cylinder is thereby filled with fresh 
mixture ready for compression. In the ordinary 
small launch engines working on this cycle the 
crank-case is used as a pump, but this is obviously 
not possible in the multi-cylinder radial, and there- 
fore a rotary blower is used to force the mixture inte 
the cylinders, The arrangement of the various 
parts will be seen from Fig. 7. The rotary blower 
A sucks the explosive mixture from the carburettor 
and delivers it to a passage communicating with the 
pipes B, B. These pipes communicate with the 
ports C, C in the cylinder walls. A mechanically- 
operated exhaust-valve D is placed in the centre 
of the cylinder head. Towards the end of the 
working stroke the exhaust-valve D opens, and the 
piston overruns the ports C, C. On the opening 
of the exhaust-valve a great part of the burnt 
gases escape through it, and the remainder are 
pushed out by the fresh mixture coming in through 
the port C, C. The piston then returns and com- 
presses the mixture, which is fired at the end of the 
compression stroke, when the cycle recommences. 
In practice one or the other of the cylinders is 
always taking fresh mixture, and therefore the 
delivery from the pump is continuous, and gas does 
not have to be stored under pressure. 





and to weigh 300 lb., the weight being just under | whole, and the machines therefore have a 


3 lb. per horse-power. 
While the success of any type of engine de 
on so many factors of detail; both technical and 


nds | ty 


greater 
margin of carrying power than many of the older 
s, and this should make them safer to fly. 

implicity of framing and construction is also 


commercial, that it is quite impossible to fore-| being aimed at in many quarters, and this should 


tell the future of any design, there appear to be | be a step in the right direction. 


It is true thata 


many advantages in the principles employed here. | girder built up of a large number of pieces trussed 


The employment of the two-stroke cycle gets 


rid of many of the disadvantages of the ordinary 
rotary type of engine, while retaining most of its 


advantages. Thus the exhaust-valve can still be | 
placed in the centre of the cylinder-head, which | 


makes the strongest ible form of cylinder, 
while the inlet-valve in the 7 is dispensed 
with. The great simplicity o 


the valve-gear is) 


very carefully together is theoretically lighter than 
one made of a small number of parts ; but this is 
probably qualified to a very large extent by the 
difficulty of properly proportioning the stresses on 
he various parts and the liability to local damage. 

educing the number of parts reduces the number 
which may fail, and also reduces the air resistance, 
which is probably an important point. It also, no 


apparent, and as the power can be obtained with doubt, reduces the cost and increases the case of 


fewer cylinders, the —- arrangements are also | transport—both important considerations. 
ubrication may also be a| case of the biplane the front elevator is in many 


slightly simplified. 


much easier problem, owing to the absence of the | 
In the two-stroke engine also | 


valve in the piston. 


In the 


cases dispensed with, and this should be mechani- 
cally a distinct advantage, as it very much simplifies 


an even number of cylinders can be used, which is| the framing, thus reducing the weight, air-resist- 
not the case in the four-stroke, if they are to fire | ance, and cost. 

It was noticeable that the Nieuport monoplane, 
which is stated to have a very flat gliding angle, 
and therefore a very small air resistance, not only 
had a very small number of stays, &c., to catch the 


evenly, and this may have some distinct construc- 
tive advantages. The main defect appears to be the 
large size of the blower, but this might possibly 
be reduced in the future. 





438 


ENGINEERING. 





[AprIL 7, 1911. 





wind, but also appeared to have a stiffer fabric 
than many of the others. This is a matter which 
may require consideration in the future. The 
fabric should, of course, like everything else in the 
machine, be as light as is consistent with its 
fulfilling its purpose ; but it is quite possible that 
it may be of ample strength, and yet that the 
efficiency of the planes may suffer from its i 
between the battens, and therefore disturbing the 
true curves of the wings. One machine had the 
surfaces entirely covered with thin wood, but this 
may increase the weight too much. 

Flight is still, however, mainly the problem of 
the motive power, and here there is little advance 
from last year. In fact, the great feature of the 
Show was the very small number of engines ex- 
hibited. At present there is no doubt whatever 
that the radial rotary type of engine has had the 
greatest success from the point of view of practical 
flight, but it is not quite so clear why this should 
be the case. The results do not, at all events, 


or less intermittent torque may require a greater 
power than revolving it at the same speed by a 
continuous one. 

The annexed table gives the chief dimensions 
and particulars, as published, of some of the 
leading engines exhibited last week at Olympia. 


While the data given are doubtless in the main | 


correct, it must be remembered that in many 
cases they are not the result of independent test, 
and that there may therefore be Tenunin 
The table is, however, instructive in showing the 
enormous variation in the methods adopted by dif- 
ferent makers to solve the same problem. Not only 
are the types 
adopted for the same type often vary very con- 
siderably. For instance, in the ordinary recipro- 
cating type the pro 
varies from 0.96 to 1.52. Lightness is also sought 
for in two totally different ways, the first being to 





make an engine very light for its cylinder capacity, 
and the second to get a large output for the size of 


TABLE GivinGc Cuter Dim tNSIONS OF ENGINES SHOWN AT THE AERO AND Motor-Boat EXHIBITION AT OLYMPIA. 


| 
| Weiont 









































| | } . 
| 8 CYLINDERS. | oS | ae 
| 
15 |- | £2 {ee 
Name. | Tver. ae | | . BS is |S ia 
oe | Ratio: | 2 PH} o>», | Per Cubi 
“265 | Dia- | Total Stroke | on & |\S"= Per ubic 
| ° Stroke. |Number 2 . === » | Inch Cylin- 
| &« meter. | Capacity. | jameter 2 & = |e BH.-P. der Capacity 
in, | in. | cub. in. Ib. |cb.in.| Ib | Ib. 
ABC. .. ..| Vertical 40 4 | 4 338 10 |1900| 18| 85 | 463 | 0.55 
yy > oe oul V 80 4 4 | 8 676 1.0 | 1250) 275} 85 | 8.44 0.41 
Alvaston .. . | Horizontal 50 (114) (128) 4 318 1.12 | 1200) 160/| 6.4 3.20 0.5 
oO 
Alvaston .. 7 " ; 30 | (132) | (127) | 2 213 096 | 1200; 95] 7.1 3.16 | 0.45 
Dansette Gillet . Vertical 82 (98) | (135) | 4 247 1.38 1250 176! 7.7 552 | O71 
Dansette Gillet. Do. 45 | (105) | (160) 4 338 1.52 | 1200) 22| 7.5/ 538 | 0.72 
Dansette Gillet, ’ 70 (130) (160) | 4 516 1.23 | 1100; 380; 7.4) 471 | 0.44 
Edwards . Horizontal | 15 4 | 5 | 2 125 135 | .. | 9] 88| 60 | o7 
op d | | | 
Edwards .. bo. 30 4 6 | 2 250 1.25 dy 190/ $3 / 60 | a72 
ENV... v. 35 (85) (90) 8 249 1.06 1260 166 7.1 475 0.67 
ENV... V. 60 | (105) | (110) s 464 1.05 1120 310 | 7.7 5.17 0.67 
E.N.Y. s) V. 100 | (130) | (150) . 970 1.15 1000 «525 | 9.7 5.25 0.54 
“Gnome” tadial rotary| 50 (110) | (120) | 7 4538 1.09 a le7 | 98 3.33 0.34 
“Gnome”... Do. 70 (130) | (120) 7 680 - es | 98 | 
“Gnome”... Do. 100 | (110) | (120) 14 976 1.09 as 220) 9.8 220 | 0.28 
Green Vertical 30 | (105) | (190) | 4 258 1.14 1100 193 | &4 6.43 0.76 
Green Do. 50 | (140) | (6) | 4 550 1.04 1050 | 310 | 11.0 6.20 0.56 
saacson Radial 50 (90) | (11s) | 7 313 1.28 800 | 19) | 63 | 3.90 0.62 
Isaacson Do. 100 (90) | (115) | 14 625 1.28 800 | 200) 63 | 2.90 0.46 
J.A.P. V 24 (85) | (110) 4 152 1.30 | 1900 | 120} 63 | 5.0 0.79 
JAP. V 35 (34) | (95) 8 263 1.12 1800 200| 7.5 5.72 0.76 
b2.P . 4. Vv 40 (85) | (110) 8 805 1.3) | 1800 | 200| 7.6 5.0 0.66 
Lamplough Radial rotary | 102 4 5 6 375 1.25 | 1000 | 300 37 | 2.94 0.79 
Mercédes .. Vertical 115 | (175) | (200) | 4 1170 1.14 1100 | 630 | 10.2 4.47 0.54 
N.E.C, V 50 34h 4} 4 192 1.22 1250 | 150) 39 3.0 0.78 
Renault V | 60 (w) | (110) 8 372 1.28 1800 | 325 | 62] 5.58 0.89 
Wolseley . V 60 33 54 8 486 1.46 | 1200} 300} 81) 6.0 0.62 
Wolseley .. Vv 120 5 | 7 8 1100 14 | 1200] 580] 92| 4.73 0.58 








Norse —The Isaacson, J.A.P., Lamplou 
two-cycle engines. In most cases t 








gh **Gnome,” and Rena 
e weights are stated to i 





The Edwards, L«mplough, and N.E.C. are 


ult are air-cooled. 
Jude all ies except fly-wheel and radiator. Where the 





dimensions of the cylinders, in columns 4 and 5, are enclosed in brackets, they are given in millimetres. 


appear to be solely a matter of brake horse-power 
and weight, for although the rotary type is light 
r horse-power, it is not economical in petrol and 
ubricating oil ; and its power of flight, as compared 
with other engines of equal brake horse-power, 
appears to be out of proportion to its weight. _ 
t is, of course, well known to practical motorists 
that the engine which gives the greatest power 
on a friction brake is by no means invariably that 
which makes the car go the fastest, and something 
of the same kind appears to be the case with the 
aeroplane. In the first place, it is not only neces- 
sary to get the required power, but also to do so 
at a speed which suits the propeller. This at once 
suggests the gearing down of the propeller, a 
ractice which has always been followed by the 
rights, and which, apparently, offers the best 
solution of the problem. Even where the pro- 
peller is geared down, however, the results do not 
always quite correspond to those of the rotary 
engine, and it is stated by some practical flying men 
that the rotary engine will make a given propeller 
revolve faster than other patterns which give the 
same power at the same revolutions. While this 
at first sight seems impossible—and it lacks 
scientific confirmation at ent—there are several 
possible causes, and the fact should not be ignored 
without careful investigation. The revolving cy- 
linders of the rotary type constitute a very efficient 
fly-wheel, whereas the majority of other types 
have hardly any fly-wheel at all. Again, the rotary 
type is perfectly balanced, which the majority of 
other engines are not. We do not wish to state 
that either of these points constitutes the reason of 
the success of the rotary type, but there is nothing 
impossible in their being of very considerable effect. 
The vibration of a surface exposed to the air might, 


for instance, absorb quite a lot of power, and it is 
also possible that to revolve a propeller by a more 





the cylinders. The extent to which these objects 
are attained is shown by the last column and the 
last but two respectively. In this connection it is 
noticeable that the ‘‘Gnome” is very much the 
lightest engine per cubic inch of cylinder capacity, 
but gets almost the smallest power for each cubic 
inch of cylinder capacity, and this seems to show 
that at the present time it is better to try and 
reduce the weight per cubic inch cylinder capacity 
than to try and get high results for the size of the 
cylinders. One well-known engine is this year 
being made with auxiliary ports overrun by the 
piston. As this is stated to improve the power very 
considerably, it may be presumed that the valves 
could be made larger with advantage. 
In the matter of marine motors there is neither 
a great deal of progress nor any great prospect of 
it in the immediate future. Now that the car- 
engine has ceased to have any material effect on 
the design of the marine motor, the latter has 
become a machine very well suited, in most cases, 
for hard and continuous work. The problem of 
most importance is probably that of the reversing. 
In the larger engines the motor itself is reversed, 
and is therefore direct coupled on to the propeller 
shaft, and this is no doubt the most satisfactory 
arrangement if it can be made to work satisfac- 
torily. In the case of the smaller engines, however, 
reversing gears are almost invariably adopted, and 
it seems doubtful whether a reversing engine could 
be made simple enough for ordinary use, though 
if it could it would, of course, be an immense 
improvement. 
veral of the gears—e.g., the Hesse and Savory, 
which we illustrated and described in our issue of 
March 26, 1909, pages 427 and 428—have the gear- 
wheels idle and transmitting no power when in the 
‘* go-ahead ” position, and this type was found on 
many stands. It seems certain that the reversing 


used different, but the proportions | 


rtion of stroke to diameter | 


gear should form an integral part of the engine, 
and not be built as a separate unit, and there is a 
tendency in this direction. 





THE QUANTITY OF STREET-DIRT 
| IN CITY SEWERS. 


By H. ve B. Parsons, Member of Metropolitan 
Sewerage Commission of New York. 


Wuite studying the sewerage problem of the 
| City of New York for the work of the Metropolitan 
| Sewerage Commission, the author made an esti- 
| mate of the polluting matter from the streets which 
flowed into the harbour through the sewers. Some 
| details of this study may be of interest to others. 

| _ The quantities of this polluting matter can only be 
determined approximately. The amount is not 
constant, but varies according to weather condi- 
tions and other circumstances. It is also affected 
by street-cleaning methods, by the characteristics 
of the various districts which are sewered, as these 
characteristics determine the quantity and quality 
of the street-dirt, and by the efticiency of the catch- 
basins to retain the dirt. 

The polluting matter consists of street-dirt, in- 
cluding animal excreta. Animal excreta consists 
of animal feeces and animal urine. All of the street- 
dirt does not reach the sewers, because some is 
removed by the street-cleaning force. A part of 
| the portion which is not removed is washed into 
| the sewers through, first, use of water in cleaning 
the streets ; secondly, rains and melting snows ; and 
thirdly, dumping snow into the sewers, since snow 
— from city streets carries with it some street- 

irt. 

Statistics on the quantity of the evacuations from 
horses are given in Tables I. and II. The quality 
and quantity of the diet affects the quantity of the 
evacuations. The authorities state that there is 
little difference in the quantity evacuated bya mule 
from that of a horse per 1000 lb. in weight. 

TaBLe I.—Quantity of Excreta Evacuated by a Horse 

per Day of 24 Hours 





























een Fecesin | Moisture in 
Urine in Gala. | Pounds. Feces perCent. 
Authority. - > Teo aoe - 
Max. Average| Max. Average| Max. 4, erage 
Min | Min. Min. 
1.59 oe 23 iia 
Dr. Dunbar* {| 0.795| 1.192 | 29 22.5 
N.Y. State Veteri- 
nary Colleget ..| .. 1.062 “ 29.8 = 76 
U.S. Department f | 1.75 oe 39.14 - 75.87 
of Agriculture} | | 1.44 1.595 32.438) 35.7 74.21 75 
Average 1.28 “ 293 75.5 


Tasie II —Quantity Evacuated on the Streets by a Hors 
per Working Day of Eight Hours 


| 








| : Moisture in 
| Urine in | Faecesin * 
Authority. | } Faces. 
Gallons. Pounds. Per Cent. 
Dr. Dunbar* mee we 7.5 
New York State Veterinary 
Colleget .. ee a 0.106 6.85 76 
United States Department 
of Agriculture} .. = z 75 
} — 
Average ... 7 0.25 7.1 75.5 





. ‘Sewerage Commission of Hamburg, Germany. Report of the 
Institute of Hygiene on the question of whether a separate system 
of sewerage, with a systematical discharge of the storm sewers 
into the Alster basin, would be advisable. February 24, 1896. 
Quoted in abstract, on page 173, Report of Commission on Clean- 
ing and Waste Disposal, the City of New York, 1907. 

+f — A. Fish, New York State Veterinary College, Cornell 
Uni ; 

t Letter of March 10, 1909, from Bureau of Animal Industry, 
United States De ment of iculture, to H. de B. Parsons, 
—_— statistics from the Annales de la Science Agronomique, 

is, 1896, Tome 11, page 113 et seq. 

There is a great diversity of opinion in regard to 
the quantity of street-dirt which flows through the 
catch-basins into the sewers—opinions differ from 
10 per cent. to 60 per cent., depending largely in 
the estimator’s opinion on the efficiency of catch- 
basins to retain the street-dirt. Of course, the 
design of the catch-basins has much to do with the 
result. Probably in those cities where only ordi- 
nary care is taken to clean out the catch-basins as 
much as 50 per cent. of the street-dirt entering the 
basin will flow through into the sewer. In cities 
where catch-basins are not installed the full amount 
of street-dirt which enters the gutter-inlets will go 
into the sewers. 

Some dirt or street-detritus is left on the street 
after each regular sweeping. This residual quantity 
so left on the street is continually being increased 
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until the maximum is reached just before the next 
sweeping, when it is in reduced to the residual 
quantity. From the investigations of the Com- 
mission on Street-Cleaning and Waste Disposal, 
appointed by the Mayor of New York in 1907, it 
was found that the quantity of dirt left on paved 
streets was about 20 per cent. by weight of the 
total quantity. In other words, the regular sweep- 
ing collected about four-fifths of the dirt and left 
one-fifth. To ascertain the quantity of dirt and 
dust left upon the street by the ordinary method of 
street-cleaning as practised in New York, the Com- 
mission made a number of detailed examinations. 
The regular sweepings preceding the Commission’s 
examinations were done at least as well as the 
average of such work, and the streets appeared to 
be in a comparatively satisfactory condition of 
cleanliness. Directly after the streets had been 
swept by the ordinary methods, an area of street 
surface was meas off and carefully swept by 
special means, and the material, which consisted 
mostly of fine particles of dust, collected, measured, 
and weighed. The character of the traffic on the 
street, and the kind of pavement, had its effect on 
the results. The residual material weighed about 
one-third more per cubic foot than the material 
collected by the street-cleaning force, but was 
about 20 per cent. by weight, or 18 per cent. by 
volume, of the total quantity on the street before 
cleaning. The figures are the averages of results 
obtained on sheet asphalt, block ye to granite- 
block and wood-block pavements, cleaned by the 
regular hand and machine sweeping. It is this 
residual dirt which is liable to be washed into the 
gutters, and from there into the sewers, by rain- 
storms. When streets are cleaned by flushing 
with water, more than 20 per cent. of the street- 
dirt will be washed into the sewer inlets. 

All rain-storms are not of sufficient intensity to 
wash the dirt from the streets into the gutters. 
The Metropolitan Sewerage Commission assumed 
that storms having a re in twenty-four 
hours of 0.2 in. would wash the street-dirt to the 
sewers. If rain-storms having this or a greater 
precipitation occur, say, forty-five times each year, 
then on the above basis there would be forty-five 


periods in the year when 20 per cent. of the | pa 


street dirt would wash into the sewers, and forty- 
five days when the full amount would be so washed. 

Based on the average of a number of analyses, 
the street- dirt consists of 31 per cent. of inorganic 
matter and 69 per cent. of organic matter, including 
moisture. By organic street-dirt is meant remains 
of animal or plant life, and by inorganic is meant 
mineral matter. 

The work of the Metropolitan Sewerage Commis- 
sion was to estimat e the street-dirt washed through 
the sewers into the harbour from the cities of New 
York, Yonkers, Hoboken, Jersey City, and Bayonne. 
These cities contain about 2000 miles of paved 
streets, having an area of 35,870,000 square yards, 
and 1950 miles of sewers with catch-basins. There 
are about 136,000 horses and mules in these cities, 
of which the author estimated that 112,000 were on 
sewered streets and 24,000 on unsewered streets 
each day for eight hours. These statistics gave 
the quantities of polluting matters which came from 
the streets through the sewers into the harbour 
waters per year as below :— 


Inorganic street-dirt ... — ... 36,573,500 Ib, 
Organic street-dirt, including mois- 

ture... oe are las ... 52,347,500 ,, 
Animal feces, including moisture ... 29,158,500 ,, 
Animal urine _... =e ua 2,146,000 gals. 





H.M. BATTLESHIP “COLOSSUS.” 

H.M. sartiesHip Colossus has completed all her 
steaming, manceuvring, and gun trials within 
21 months from the laying of the keel, a perform- 
ance which is only consistent with the very satis- 
factory work done for many years by her builders— 
Scotts’ Shipbuilding and Engineering Company, 
Limited, Greenock. The Colossus and her sister- 
ship Hercules* are two of the first four armoured 
ships ordered early in the financial year 1909-10, 
the other two being the battleship Orion, now com- 
pleting at Portsmouth, laid down some months later, 
and the armoured cruiser Indefatigable, in p 
at Devonport Dockyard. Four other ships— 
battleships and a cruiser— were subsequently 
ordered under the same year’s programme. The 
Colossus and Hercules are the last of the battle- 


* See page 390 ante. 





ships, and the Indefatigable is the last of the 
cruisers, fitted with 12-in. guns; all the subse- 
quent battleships and cruisers so far ordered have 
13.5-in. guns. The Colossus, nevertheless, is a 
powerful ship, and marks a very considerable de- 
velopment on the prototype. e dimensions, as 
given in the Navy Estimates, are as follow :— 


Length between perpendiculars 510 ft. 
Beam... ai Be ms 85 ,, 
Mean load ae pe nee as ae ics 
Weight of hull, including armour 
and ing ... ins oa .. 12,440 tons 
Displacement at load draught . 20,000 ,, 
Designed power of turbine machi- 
nery ue + ae ... 25,000 s. h.-p. 
igned speed... ~ vl 21 knots 
Coal capacity at load draught abe 900 tons 
Armament > “a 2 ... ten 12-in. breech- 
loading guns ; 
sixteen 4 - in. 
breech - loading 
Cost, excluding guns and ordnance ; 
stores ... Se ne en pa 1,540,134 
Estimated cost of guns 131,500 
Total 1,671,634 


The ship is 20 ft. longer, has 3ft. more beam, 
6in. greater draught, and 2100 tons ter’ “dis- 
placement than the Dreadnought. er primary 

ns are each more powerful, and instead of twenty- 
our 12-pounders she is fitted with sixteen 4-in. 
guns for repelling torpedo attack. The power of 
the turbines has been increased to ensure the same 
speed—21 knots. 

The two engravings of the ship published on 
Plate XXV., the one showing the vessel leaving 
the builders’ works, and the other leaving the 
anchorage for her trials, indicate very clearly the 
disposition of the armament, and the arrange- 
ment of the superstructure to accommodate 
the boiler uptakes, the boats, and the lighter 
guns. It will be seen that, like all the earlier 
Dreadnoughts, the ship has a high forecastle, so 
that the two forward 12-in. guns are mounted at 
a great elevation. Aft, on the upper deck level, 
there is a corresponding pair of 12-in. guns, while 
further forward, butat a higherelevation, are another 
ir. The amidship guns are mounted, also on the 
upper deck level, en echelon, so that they may be 
fired on either beam, and at a considerable angle 
afore and abaft the beam. Fig. 2 shows particularly, 
well the different elevation of the after guns, and 
also illustrates clearly how the deck superstructure 
has been cut away so as to give the maximum pos- 
sible degree of training afore and abaft the beam for 
the amidship guns. All four amidship guns are able 
to fire right ahead, as the forecastle is embrasured ; 
this is an advantage not possessed by the later 
plan of fitting the whole of the turrets in one fore 
and aft line. Thus the Colossus can bring to bear 
on ships following her eight 12-in. guns, or on ships 
she may be chasing six 12-in. guns. In the case 
of the later ships, with the guns all in one longi- 
tudinal line, only four guns may be fired directly 
ahead in line with the keel, the arrangement forward 
in these ships corresponding to that adopted in the 
after guns of the Glioma. It has been contended 
that by giving the later ship a slight degree of 
helm in a running fight the whole of the 12-in. guns 
may be used against an enemy ahead or astern. 

It will be seen from Fig. 1 that forward on each 
side of the deck-house supporting the forward 
bridge there is a gun-house, in which several of the 
4-in. guns are located ; they are well protected by 
plating. The conning-tower, which is of 12-in. 
armour, is also well shown in Fig. 1, as is the 
high bridge, the tripod mast, with its gun-control 
position, and its extensive antennz for wireless 
telegraphy. 

As regards the armour of the ship, it extends for 
practically the whole length of the hull, being 11 in. 
thick, from about 5 ft. below the water-line to near 
the upper deck, while the topmost strake is of 9-in. 
armour ; towards the bow and stern the thickness 
is reduced. Heavy armoured bulkheads extend 
across the ship at the forward and after ends of 
the thick armour, in order further to protect the 
barbettes, which are of 12-in. armour. 

The main propelling machinery has also been 
constructed by Scotts’ Shipbuilding and Engineer- 
ing Company, Limited, and consists of two sets of 
Parsons steam-turbines designed for 25,000 shaft 
horse-power. Each set comprises one high-pressure 
ahead and one high-pressure astern, and one low- 





ressure ahead turbine, with which is incorporated 
in the same casing one low-pressure astern turbine. 


The cruising turbines which were fitted in the earlier 
ships of the Dreadnought type for use at low powers 
have been dispensed with, and, in their place, an 
extra cruising stage has been added to the forward 
ends of the high-pressure ahead turbines. By-pass 
valves are fitted to these turbines to lead the steam 
past these cruising expansions to the first normal 
expansion of the turbines when full power is to be 
developed. The turbines are arranged in three 
water-tight compartments, one high- ure ahead 
and one high-pressure astern, fitted to. the same 
shaft, are arranged in the wing compartments, and 
both low-pressure ahead and astern turbines in the 
centre com ent. The whole of the turbines 
are controlled from the centre engine-room, and 
connections are arranged so that, in the event of 
either, or both, wing engine-rooms being disabled, 
the wing turbines can Se cut out and the ship 
manceuvred entirely with the low-pressure ahead 
and astern turbines in the middle engine-room. 
There are four shafts, each fitted with a solid man- 
ganese-bronze propeller; a Hopkinson - Thring 
torsionmeter is also arranged on each shaft for 
measuring the power. 

The main condensers are arranged in the centre 
engine-room, one for each set of turbines. The 
condensers are of the Weir ‘‘ Uniflux” type, and 
two large circulating pumps of the centrifugal type, 
of Messrs. W. H. Allen and Co.’s make, are fitted 
to each ; any circulating pump is capable of doing 
full duty. Two air-pumps, of Weir's ‘‘ Dual” type, 
are also fitted to each condenser. 

A very complete system of forced lubrication has 
been installed for the supply of oil to the turbine 
and shaft-bearing blocks. Duplicate systems of 
piping are arranged to the turbine blocks; the 
shaft-bearings only have a single supply-pipe. The 
oil from all bearings is drained by gravity to large 
settling-tanks, separate tanks being fitted for the 
turbine and shaft bearings. From each of these 
tanks the oil is drawn through strainers by means 
of separate direct-acting forced-lubrication oil- 

umps, and is discharged through coolers to the 
sen ally A water-service pump is provided for 
the supply of circulating water to the coolers. Oil 
and water service pumps are provided in duplicate. 

Powerful overhead travellers are arranged on 
beams supported from the under side of the pro- 
tective deck, over each line of shafting, for lifting 
the top halves of the turbine casings and the rotors 
when necessary. In the wing engine - rooms 
arrangements have been made for depositing the 
lifted casing on the top of the adjacent turbine, 
and in the centre engine-room strong portable steel 
trestles have been arranged for this purpose. 

The usual auxiliary machinery is fitted. Power- 
ful steering-engines in duplicate are arranged in 
the centre engine-room aft, connected by means of 
shafting and gearing ‘to the saltertiead and con- 
trolled from the steering positions by means of 
telemotor gear. Auxiliary condenser plant, evapo- 
rator and distilling plant, feed-pumps, fire and 
bilge-pumps, oil-fuel pumps, forced-draught fans, 
&c., are also fitted ere are three electric 
engines and dynamos, the engines being of the 
compound enclosed forced-lubrication type. There 
are also air-compressors for to 0 service, and 
hydraulic pumping-engines for the gun machinery 
and the hydraulic boat-hoist. A steam-driven 
windlass is fitted forward, and a large number of 
electric coaling-winches are provided on deck in 
suitable positions. 

Steam is supplied by an installation of eighteen 
Babcock and Wilcox boilers made by Scotts’ 
Shipbuilding and Engineering Company, Limited. 
They are of the latest type, arranged in three water- 
tight compartments. e boilers are adapted for 
burning either coal or oil fuel. 

On Plates XXVI. to XXVIII., and on es 
440 and 441, there are given illustrations of the 
machinery in course of construction. Fig. 3 is a 
view looking down on the bottom half of the high- 
pressure astern turbine-casing, showing the dummy 
rings and blading, and Fig. 4 is a view looking 
down on the top half of the low-pressure ahead and 
astern turbine-casing, also showing the dummy 
—_ and oe 

ig. 5 shows the rotor of one high-pressure tur- 
bine, fully bladed, and with dummy and gland- 
rings, mounted on temporary bearings. The thrust- 
collaes for the adjusting-block are seen at the end of 
the shaft. Fig. 6 illustrates the rotor, fully bladed, 
of one ahead and astern low-pressure turbine, resting 








on knife-edges for balancing purposes. The drums of 
all rotors are made from solid-steel forgings, ribbed 
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internally as necessary, and machined allover. The | 15-brake-horse-power motor with a speed of 700 


wheels and spindles also are made of solid-steel 
forgings. The spindles are hollow and are shrunk 
into the wheels. The wheels are of the disc form, 
with lightening holes, as shown in Fig. 6, and are 
bolted to the drums—the latter not being shrunk 
on, as is usually the case. The dummies are 
also solid forgings and are bolted to the rotor- 
heels. ; 
" Fig. 7 is a view of the port high-pressure ahead 
turbine, showing facings for the by-pass valves for 
use when at full power, facings for closed exhaust 
connections and depositing brackets, and the exhaust 
branch to the low-pressure turbine. Fig. 8 shows 
the port low-pressure ahead and astern turbine, the 
steam-inlet branches to the ahead and astern ends, 
and the exhaust port to the condenser being clearly 








| 


| 





revolutions per minute. 

Fig. 11, on the same page, is a view of one of the 
main condensers of the Weir ‘‘ Uniflux” type, in 
process of construction, showing the shell-riveting 
and the exhaust-steam inlet branch from the low- 
pressure turbine. The same condenser is seen-in 
Fig. 12 completed, with water-box and doors. This 
view shows also the hand-wheels for working the 
by-pass valves in the division - plate for clearing 
weeds from the tube-plate. There are two circulat- 
ing inlet branches, one from each main circulating 
pump, and one discharge branch. 

Fig. 13, subjoined, is a view of one of the low- 

ressure ahead and astern turbines, with the top 
lf of casing removed, showing the rotor in place, 
and the rotor-lifting guide-brackets in position for 
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Fie. 13. .Low-PressuRE AHEAD AND ASTERN TURBINE. 


seen in the view. All the openings are closed 
with bolted flanges for testing purposes. The 
flange-pipe shown under the staging is the exhaust 
branch to the low-pressure turbine. 

Fig. 9,on Plate XX VIIL., is a view in the erecting- 
shop at Scotts’ works during the progress of the 
work, and affords an excellent idea, not only of the 
proportions of the building, but of the work in 
progress. In the foreground are seen to the right 
two of the low-pressure ahead and astern rotors 
and a high-pressure ahead rotor, and to the left 
various parts of the casings of the turbines, while 
in the distance is the rotor-turning lathe and the 
boring-machine for casings. 

Fig. 10, on page 440, illustrates the high-pressure 
ahead rotor drum in the lathe. The view shows one 
slide-rest machining the surface of the drum, and 
the other at work on one of the spindle ends. The 
lathe is quadruple geared and motor driven. The 
face-plate is 10 ft. in diameter, and the maximum 
diameter which can be turned is 15 ft. The length 
between the centres is 50 ft., and the bed consists 
of two independent pairs of shears. A 50-brake- 
horse-power motor is provided for driving the lathe, 
the motor speeds varying from 350 to 800 revolu- 
tions per minute. The slide-rests are driven by a 





lifting the “ee of the casing and the rotor on 
board ship. e strong beam'‘and gear hanging 
from the crane are shop appliances, and no de- 
scription is necessary. wat : 

The programme of steam trials included a series 
of six 4 hours’ trials at powers varying from 1250 
shaft horse-power to maximum power, without use 
of by-pass valves, with measured-mile runs at 
certain of these powers. Half the time of ‘each 
trial was run without the use of closed exhaust, and 
the other half with the use of closed exhaust. 
There were also a 30 hours’ trial at 70 per cent. of 
full power and an 8 hours’ trial at full power with 
by-pass valves open. Arrangements for measuring 
the water consumption of the engines during all 
these trials were made, permanent connections, as 
n , being broken, and temporary connec- 
tions fitted for this pu The trials yielded 
much interesting data, which will be most useful 
in pointing the way to further development in the 
design of turbine machinery, but here it is only 
n to give the principal results. 

The Colossus left the Clyde early on the morning 
of the 15th ult., and carried out a preliminary trial 
on the voyage to Plymouth, where she arrived on 
the following day. The vessel was then taken into 


dry dock, where new propellers were fitted and 
gun-sights tested. This occupied until the 24th, 
when the vessel went out of harbour for anchor- 
gear tests. After these there was commenced a long 
series of trials at varying powers to measure the 
steam consumption. The leas returned into 
harbour late on the 25th, and reported satisfactory 
results. Runs on the measured-mile course at 
Polperro were made at each of the powers specified, 
the ship having been brought to a mean draught 
of 27 ft. of water, which is adopted as a standard 
for all the battleships of the class. 

After remaining in harbour on Sunday, the 26th 
ult., the Colossus again proceeded to sea on the 
27th ult., and successfully carried out a 30 hours’ 
test at 18,000 horse-power. The results of the runs 
on the measured-mile course gave a mean 8 of 
19 knots, and the economy was most marked, as in 
all the previous trials. Wednesday was spent in har- 
bour, sweeping tubes and preparing for the eight 
hours’ full-power trial, which was carried out suc- 
cessfully on Thursday, the 31st ult. Leaving the 
Sound at 6 a.m., the ship commenced her eight 
hours’ full-power test at about 8 o’clock. Runs on 
the measured mile were made with the auxiliary 
exhaust steam led to both auxiliary condensers and 
low-pressure turbines respectively, and the contract 
or designed speed was exceeded by over half a knot, 
the vessel at one time travelling at a rate of over 
224 knots. The steam pressure at the turbines 
was 170 lbs., the vacuum 284 inches, the barometer 
being only 29.6. The coal consumption and steam 
consumption were low, and the water loss well 
within the specified allowance. The generators 
gave an ample supply of steam, and the air pressure 
never exceeded ,% in. of water. The shaft horse- 
power exceeded 29,000. A special feature in the 
ships of this class is the ability to steam with the two 
middle shafts enly, and with the wing-shafts revolv- 
ing idly a speed of 17 knots can be maintained. 

Captain Hayes-Sadler and the crew of the 
Hannibal were lent to the Colossus for these trials, 
and at the conclusion of the gun trials this week 
the vessel will return to the Clyde to complete for 
sea, and commission as a flagship in the Home 
Fleet. Mr. James Brown represented the firm, and 
Mr. Turnbull was on board on behalf of Mr. Charles 
Parsons. The Engineer-in-Chief, Sir H. J. Oram, 
K.C.B., was also represented. Vice - Admiral 
Bearcroft, C.B., M.V.O., the Admiral-Superinten- 
dent of contract-built ships, was on board, and the 
Director of Naval Construction was also repre- 
sented. 





Tue Firra ANNvAL Parapg or CommerctaL Moror 
Venicies.—The fifth annual parade of commercial motor 
vehicles, organised by the Commercial Motor-Users’ 
Association, will be held at the White City, Shepherd's 
Bush, on Whit-Monday, June 5. Prizes amounting to 
over 200/. are being offered, and it is anticipated that 
some 300 machines will compete. The King has this year 
consented to become patron of the parade, and as man 
Colonial and Empire guestsare being invited to attend, 
it is hoped that a very successful meeting will result. 





German Rariway Construction in SourH AMERICA. 
—The fact that the concession for construction of a rail- 
way in Rio Grande do Sul, South Brazil, has been given 
to a German concern has caused a good deal of attention, 
especially as it has been heralded as the forerunner of far 
more important concessions, amounting to nothing less 
than a kind of monopoly for all concessioned railways in 
Rio Grande do Sul. In this there appears to be a great 
deal of exaggeration. The above-mentioned concession— 
from Taduary to Passo Fundo—is the first railway con- 
cession given to Germans in this State, where hitherto 
a Belgian and an English company have had the control 
of alJl the railways. e former—Compagnie Auxiliaire 
des Chemins de Fer au Bresil—has its official domicile in 
Brussels, and has no less than 1654 km. of railway working, 
544 km. in course of construction and some 300 km. of - 
way goons or partly advanced. The English company, 
the Brazil Great Southern Railway Company, Limited, 
with domicile in London, controls 174 km. of railway in 
operation, an additional 123km. being projected. The 

through such fertile 


new German railway will 
municipalities as Lageado, Estrella, Bento Goncalves, 
ino Serrana, 


Guaporé and Passo Fundo, the so-called 

wilh rich both in primeval forests and land suitable 
for cattle-raising. Both will, no doubt, be able to 
yield a sufficiency of good products, but the country 
in question is very thinly populated. The Belgian 
company is far more likely to monopolise the railway 
system of the State in question the German con- 
cessionists, inasmuch as the former company, w a 
dozen additional branch lines, which have been under 
consideration for several years, have been completed, 
will control four-fifths of the entire area of the State, 
with their railway system. The new German line will, 
it is stated, be closed in in almost every direction by the 
lines of the Belgian company, the only likely outlet for 
extension being to the north-east via Lagoa Vermelba, in 
the State Sta. Catharina, 
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THE PROBLEM OF SIZEIN BATTLESHIPS.* | TABLE I.—Armovurep Sirs Burt or BurpinG ror THE British AND OTHER NAVIES 
By Professor J. J. Weicu, M.Sc., Member of Council. | ~ ‘os eit ae ve e aya ye Wy FP * 
Durine the last few years there has been rapid upward Diuerstons. | Guxs | FS (sa peep. 
rogression in the size of battleships designed and built | _ | ——_—_—_—_————__| | ——— Oe 
or our own and foreign navies, and such increase has| % Namn. im ee | Speed. | | 38 {Ss £| Thicknesses. 
been the ee of much discussion in this Institution, | 4 $ |z | © | as eae —4 3° 3; —______' | 
in the public Press, and elsewhere. It is not intended in 5 be 3 | & | es | Primary. Secondary. | #>, \zZ 54 W.L. Belt, [TO Main 3 
this note to attempt to recapitulate arguments used for| 4 sia E 5 = | aoe | Deck. 5 
or against increase of size, but rather to mention some of | —- | — — . 
the factors which must be taken into account before a ft. | ft | ft. | tons | knots | Tbh | Ib. tons 
decision can be reached as to what is the size proper to GreaT Britain. 
a warship intended to lie in the line of battle; and, | 14.) ,inemarie 18.6 
further, to trace in some detail to what extent increase of | }99)| Cornwallis we | | ( 18.9 | a | 
size renders possible the carrying of a larger big-gun}1901/Duncan .. —.. || 405.0 75.0 26.5 aaa 18.9 BE ay . oa | 4,000 |0.29 7-in 7-in. | 90) 
installation, whilst retaining unchanged the other charac-|1901/Exmouth ..__.. | | 190 | ’ ps | 
teristics of the vessel. It is os met pga of om 1901) Russell ae | \ 19.3 (4 par | 
this restricted scope may not levoid of interest, and | j903\Swiftsure .. «. )| gaan v1 osc \f 410-in, ff) “par. , F a ae 
it is undertaken in the hope that it may give rise to | 1903\Triumph = } 696.0 /72.0' 26.8 aos 196 1) 14 7.5-in. \ : ee | 3,400 0.29 vin, | 7-in, | 800 
a far beyond the merits of the original com- 1908) Commonwealth bs | { 19 01 | 
munication. 1 minion .. es a 
It may be a a out at sae is ae ~~ the ue King Benard VIL. | at 412in. \| 4, wes | | | 
dimensions and other particulars of vessels built or| 1 tannia .. =. \ | 495.0 78.0 26.75 16,85: | 49.2in. }| 14 12-pdr.\) 4 460 |0.97 9-in. + |tapering 950 
building for several of the principal navies, illustrating | 1904)Hindustan = .. (/ °" ey |) 389 fo ¢in J | 27 par. b | Ute 7-in® 
the advances made during the last ten years. These|joy atic |} 18.96 
details are given on the table on this and the opposite page. | j995\Hibernia |. | \ 19.0 | | 
It includes columns giving total weight of broadside fire, 1006! A 9 | l¢ 18.75 | 6 otme tl { 12-in , taper- 
and also the ratio of that we to total displacement ; | 5905| fond Nelson a3 410.0 |79.5) 27.0 16,500) { 135) }| 10 9.8-in. }| % Ispdr. | 5,800 [0.32 | ing to Cin. sin, 900 
these figures well illustrate the rapid growth in recent s Len shone i’ | Scotia a peek P at ends . 
years of broadside hitting capacity. The broadside bese: nes ag «+ | 490.0 (82. 0} : po Be | 10 12-in. 24 12-pd~. “860 138 1l-in. 000 
cosfiicionts are shown diagrammatically on page 444. 1907|Superb-. |. |} 490.0 82.0) 27.0 [18,600 { 21.6 \) 10 120. | 16 4-in. 6,800 0.36 Lin. a0 
Remembering that in recent years tacticians have | }997\Téméraire fe | | \\ oz07 f 
increasingly emphasised the necessity for good broadside | 1908\Collingwood _.. | j 25 ) | ” 
fire, it has been considered that the ratio given fairly | 1908|St. Vincent .. | 500.0 | 34.0) 27.0 19,250). 217 7) W12m. | 20 4-in. 6,800 0.35 10-in, —- 900 
ppm a or gun- wer. P increase in dey —_ bas we = z | | \ 22.1 J | | , 
of weight of broadside fire to displacement, noted in the wees Shoe f ~ ‘ a ; = aaa 
more recent ships, depends in the first place on the fen ap — ve a tna = 27.0 ‘ome =. WW 12-in. 16 4-in. 8,500 0.42 12-in, 9.75-in. | 900 
insreased number of eye guns now installed, as well as|joi9 orion hee — | | 
upon the increase of calibre ; but it is also affected by the | 11 Monarch °°. | a4, 0/38.5\ 27.5 (22,50) 21 10 13.5 in 24 4-in, | 12,500 0.56 { 2?" 84") 0.in, |1000 
now usual method of mounting all these guns on the | 1911/Thunderer & J Pl Tl designed )| es ; sii =" ships Py 
centre line, so that the whole of these weapons are avail- | 1911/ Conqueror e | | | 
able on either broadside. It must be remembered, too, Cruiser-Battleships ‘| | : 
that the later guns can be fired more rapidly than those | 1907/Indomitable ) | if : : {| 7-in. taper- ) 
of earlier type, 80 that a comparison of weight of broad- | 1907/Inflexible .. .. }| 530.0 /78,5 26.0 17,250) (25.0 | 8 12-in, 16 4-in. | 5,100 ne ing to — 7-in. | 
side fire does not completely represent the improvement | }907| Invinaible «- ms | BS, BR PORES | oe ee Sé. | een ial ch |’ ctr. lem 
of gun installation in later, as compared with earlier, | j 915 — _ om | 555.40 /30. 0 5 meen || i sings | % esa Lag | 
— , RET Pe ‘ Princess Royal |. j | 60.0 |38.5 28.0 26,8501 ie | 8 13.5-in, | 16 4in. | 10,000 - 9j-in. 7-in. | 1000 
The most casual examination of the table shows how |Australia .. .. (|... Me : Pe hs aad od 
greatly the size of individual battleshi “4 developed, | — |New Zealand |. j | 955.0 |30.0 26.5 18,800 26.0 | 8 12-in. 20 4-in. 6,800 {0.36 94-in. 7-in. |1000 
with corresponding advances in 8 and gun-power ; JERMANY. 
and the rapidity of the advance may be gauged by the | 19) wittelsbach - ms - 
fact that not more than seven years ago a distinguished | j91|Meckienburg | 18.1 ; ee: 
admiral remarked in this room: ‘‘ We have talked about} i901/Schwaben.. || ma fe a 18.0 4 0.4-in. 12 34m. \) 2,610 |0.22 9.in. tod-in. 5.5-im. 71 
18,000-ton ships, but I venture to think that an 18,000- | 1901| Wettin e { 393.7 68.2) 24.7 11,643) | 3¢'5 | 18 5.9-in. 12 L4-in. J 
ton ship would be a mistake.” The table shows that|1901|Zahringen.. 19.0 ¢ 
there are already in existence Mae oa bell sor ter baa: — a ametaite - | ( ae | 
displacement than that depreca the gallant admiral, less ‘ Sete iu Ul 4h. 12 3.4-in. : a . - , 
an Gave is ne distinct indication that the limit has yet a ww oe o08.5 74 36.5 baa ned | 14 6.7-in. 12 1.4 in. } SESS [ASS Pie. to in.) Cin. | 700 
een reached. se . _ | 1904|Lothringen 5 18.54 
Thus, within the last ten years British battleships | 1904/Deutschland —.... 18.5 41Lin, | 22 84-in. ) (95-in.to| .; 
have increased 60 per cent. in displacement, 35 per cent. | 1905|Hannover .. .. f 398.5 |72.7 24.5 18,040 { 19.16 1467.in. | 4 14in. sf) 3830 0.29 |)" Gin, | Sin. 660 
in length, and about 17 per cent. in breadth ; the ~peed |1905)/Pommern.. . < | Be 19,21 y vate : 
has been increased by over 2 knots, whilst the weight of | 1906)schlesien g00.5 72. 7| 24.5 18,040 / 19.2 4 11-in. 22 3.4-in. | 3.880 0.29 Peet: en on 
metal discharged per broadside has risen from — Ib. to | 1906 Schleswig-Holstein f | 24.5 15,0801 195 f| 146.7in. 41din f * ~ aoa a 
12,500 1b., an increase of over 200 per cent. © new | 1908| Nassau 20.7 
type of cruiser-battleship, has developed until it now | 1908/Rheinland | Pt ee ‘ 20.0 \ 12 11-in. | as ind es 24 
includes the Lion and the Princess Royal, vessels of | 1908|Posen J ‘capi cage humans 18,200/) 90.5 | a7)" =e | ae 
26,350 tons displacement, each having a length of 660 ft. eae t beter, | 20.2 J | ‘ 
between perpendiculars, and a ame of 28 knots. The a Ost wd e 3 | ¢ 1218. | ; ; 
same tendency is at least as strongly marked in other | j999/Thuringen | 499.0 90.0; 27.5 22,000) 20.0 145.9-in, |} 20 4.1-in, 9,400 0.43 12-in. to | 950 
navies: in the United States, for example, the displace-| - {5 « Ostfrieslands” | poet 4-in. 
ment of battleships has been mare than doubled within | Cvecteer-Battloshive : aes 
the last ten years, the speed has been increased by 3 knots | 1909\Von der Tann. . 95 8ll-in. ) pee tor : - 
and the weight of metal thrown per broadside—takin 1910|Moltke j 560.0 85.0, 27.0 19,000\ aesigned)| { 10 5.9-in. | 16 3.4-in, 6,430 (0.34 S-in. 1 
the latest available information—has been in 1910/H. 1 592.0 98,0! 26.7 21,500!,..2% _2/f 1012im. 1] agin 9,240 [0.43 1000 
pee 225 per cent. In the German navy, too, the | 1910'J. foe ee eS" (Aesigned)! | 10 5.9-in. J — ‘ 
isplacement of the battleship has been about doubled Unirep States. 
within the period under review, and the weight of metal 1901) Maine -_ 
oe per broadside has increased by about 260 per 1901  Misgouri \ sss.0 72.2) 23.8 12,500 18.1 \| {a> | sande \| 4,320 0.85 | 1-in. to | 6.in, |1000 
, : : P 1901) 0) - 17.8 ‘ x 4-in. 
As to the reasons leading to this rapid advance, the | 1904|Georgia 19.2; | | 
order of development seems to be somewhat as follows :— | 1904|Nebraska ae | 191 || 412i. | jogin - ? 
As a result of the increasing radius of action of the | 1904/New Jersey .. 435.0 |76. 2 23.7 14,948). 19.2 (| 8 8-in. 8 8-pdr. }| 5,670 |0.38 ll-in. to | 6-in. | 900 
torpedo, and of the great increase in accuracy of gun-fire fa ane | | | - J) ein, J | 4-in. | 
due to improved training of gunners and increased | 5994 oe. es iss )| r 
efficiency of apparatus, it was realised that future naval |j904/Louisiana | eee ha a8: | 412-in. |! oo3in. 1) .- ; , ee 
battles would be fought at much greater ranges than | 1905 | Kansas ore orn ee oe oe 2 eee, ee. | ee lam |: 
pgs ag ag the —_, and Ss under na ae 1905) Minnesota | 18.8 te J| | re = | 
stances the projectiles from smaller guns than the 12-in. | 1995!vermont —.. : { 1.33 |} #-in. 20 3-in. 8 Pee igen ek | 
would be relatively inefficient against armour. To make | 1906 New Hampshire } | ane 77.0; 24.5 |16, 000 \ 182 f| ‘ toy \ 123-pdr. | f os aad | ioe \ oe a — | = 
cnteied + [glen ay eles me 4 pen 1905| Idaho | ws 1 4 12.in, | 12 3-in | oss 
M1 —— wv 375.0 |77.0) 25.0 |13,000 tps 8-in. | > ae 5,140 (0.40 /|9-in. to 4-in.) 7-in. | 
than the four which had been usual for many years. To | 195 Mississippi ea © Wu }] 8 7-in. } 6 3-pdr. } | | 
do this to the extent desired necessitated increase of size, | j99g Michigan if ise \| k | 92 3-in, ; j tin. at top!) _. ; 
particularly in the direction of length, although addi- | 199s|South Carolina } 450.0 |80. 2 24.6 16,000/) jeg 7) Si2in 4) o's nar. \ 6,00 0. 43 \ vo 0 in. at } ein | #00 
tional m was also called for to ensure the requisite | 990! worth Debote pr" | | vottom J 
stability with the increased top weight. Increase of | 1909 Delaware | i} ors tl ; | 16 5-in. \ _ | { L1-in. at top! $ in. ™ 
length is especially favourable to s , and thus it was | j909/ Utah .. ; | 510.0 | 85.2) 27.0 |20,000/; 5;°9 f| 1012-im. 4 | gta J 8,700 0. as | to 9-in. at | % 
possible to make simultaneously a distinct advance in 1910| Florida i{ 21.0 J | | bottom | 5-in. 
speed without undue increase of machinery weights,| _ arkansas ‘ | oe \ | { (11 in. at top, ) - 
particularly as this advance coincided with the intro-| — wyomi j 554.0 |98.2 28.5 26,000) | 20.5 12 12-in. { 43pdr. | 710 440/0.40, | to 9-in. at | ¢ 1650 
: yoming | \(designed )| J Ll bottom 
duction, oa ‘) B e, of ie turbine for mesine \ |(designed )} (104m. ) 
urposes, by which means much larger powers cou —- i 7 (95.2, 28.5 27,000| 21.0 | 1014-in. 15-in. | 14,0000.52 11-in. to 
Poatalled than could with equal convenience be developed | — New York {| 565.0 |95. 2| 28.5 na in 21 5-in 14, 000 ny \ | gin. J 


in reciprocating engines. 

It needs little reflection to conclude that the question as 
to what is the size proper to a battleship must be differ- 
ently answered at different times, on account of the inter- 
vening advance of invention and manufacture. More 
can be got out of a ton of material allocated to guns, | 








* Paper read before the Institution of Naval Architects, 
April 5, 1911, 





armour, machinery, &c., or to provide structural strength, 
than was formerly possible ; and these factors powerfully 
affect—in the direction of decreasing—the size of ship 
required to fulfil stated requirements ; or they | age of 
very distinct advances in speed, protection, 

much more moderate increases of dimensions than would 
have been possible at an earlier date. Again, size, for a 


| particular nation, is affected by what is done elsewhere ; 





.» With | 





and any distinct advance in one country must, in general, 
be answered in others. It may be, however, that fora 
nation of strictly limited resources, requiring vessels for 
use in home waters, the best policy is to have such _ 
somewhat smaller, but mounting a limited number of the 
heaviest guns. Further, the very great increase of size 
which has taken place in vessels of the mercantile marine 
cannot be without some influence on the war fleet, which 

















APRIL 7, 1911.) 





ENGINEERING. 


443 





TABLE I.—Akrmovurep Suirs Buitt or BUILDING FOR THE BRITISH AND OTHER Navies—(continued). 






























































j “i s * P - 
DIMENSIONS, Guns. Ba ‘32 ARMOUR, 
Se —_ — | & | | 2 oe 
z NAME 2 l ss ri Speed 23 Ss ¢ Thicknesses. 
3 ein \€ 3 €/ 8s a5 eal 
& |; & ¥ = e§ Primary Secondary. wp (Se 8 | : 
5 1 Sif) £ | Se | 2f 382) w.. pelt, /Te Main) g 
4 ia }@| @ |e" | .? en Deck. 5 
a | ft. ft.| ft. | tons! knots | ib Ih, tons 
JAPAN. 
1900 Mikasa .| 400.0 |76.0| 27.2 |15,200) 18.5 { 4,240 81° 20 12-par. | 4900 jose ‘in. to 4-in.| 6-in. | 700 
1900) Hizen .. -.| 874.0 72.2 25.0 |12,700| 18.0 {| ‘a 20 3-pdr. | 4,000 0.32 '9-in. to 4-in.| 6-in. | 800 
} | aa | A 
| Pp os 412-in., | 1612-pdr. | . {| 94-in. to |\,- 
1900/Suo .-| 401.2 /71.5 26.0 |12,674 18.0 loin. | to sbde, }| 3900 031{| MF | bo.in, | so 
| | | 9.5 . ) = a 
1902|Iwami | 307.6 76.0) 260 13,516) 18.0 PI mt | 3 em. }| 4180 jos ‘in, to 4-in.| 6-in. | 800 
. } | mA » ° | } 
_ — | | 420.0 reo 27.0 15950, 195 { sy 4 yee} | 5,000 0.31 9-in. to 5-in.| 6-in. | 750 
-» 12 6-in. “pdr. | 
1906| Satsuma . | 482.0 es 5) 27.8 (19,850 20.5 { By nen | = Son’) 6,400 0.38 ‘sin. to F-in.| 8-in. 
P | 5 7 | 2 i 2 Les . " 

1907 Aki ..| 482.0 i 5, 275 (19,800, 20.5 {* vem |) 8 12-pdr. | 6,800 0.34 in. to 5-in 8-in. 

1910 Kawatchi } ene \< eng J 12 12-in. | | as = | 12-in. to |) | 

1910 Settsu. . | CORO A.C) SRO eNsee TRS t! ein, [fA Tim | TD OO ee ce eneel | ovo 
Cruiser-Batt eships :| | 

. me — 

—— — } | 4490 75.0, 26.0 13,750, 21.0 { Fan a Sei }| 4,000 (0.29  7.in. to 5-in.| 600 

1907 Kurama ti see eee) ene |. one J 4 12-in. 12 4.7-in. ap { 7-in., taper-|) _; 

pened } | 450.5 75.5, 26.2 14,¢20 222 { fim | 3 L8in. } | 4,400 0.301 | ine to ain, | jf Sim. | 600 

FRANCE. 

1902 République .. 2» | rE - 19.15 4 12-in - r = . _— ’ we 

Sa «eens (79. £) 27.5 14, 635 { 1912 | is 6ain. |} 261-8in. | 8,900 0.27 |U-in.to7-"n.| Sin, | 798 

1904 Démocratie .. | | 19.44 ) | 

1904 Justice | — i ( 19.438 4 12-in. Bs aie , = F a - 

1906|Liberté f 438.7 —_ 27.5 |14, 635 | 19-31 10 7.6-in. j 26 1.8-in. | 3,950 [0.27 (|1l-in.to7-in.| 8-in. | 95 

1907| Vérité .. 19.26 | | 

1909 os a - | | | 

1909 Diderot ¥ | | } | 

1909, Mirabeau.. "a0 l94.0| 97.0 \17.7 f 4 12-in. 16 12-pdr. |) Pa oe . os : 

tee 476.0 |84.0| 27.0 |17,710| 19.0 - 5,250 0.30 |1C-in. to8-in,| 8.7-in. | 980 

1909 Voltaire ‘i (designed) ' 12 9.4-in. 8 3-pdr. |f” 

1910 nae >> 

1910 Vergniaud .. | | | | 

- Courbet ' le ‘ 9: 20.0 — os : - » {| 10.5-in. to \-; 
[sey } | 541.5 |88.6) 29.5 23,026| acc ned) { 12 12-in. 22 6.5-in. | 7,600 0.83 { |,10.520 ental 7-in. 1000 
Russia. 

1901 Cesarevitch .. ..| 288.7 76.2) 26.5 12,912 19.6 {  ,$ 12in 22 ein |} a0 (0.26 |9.4-intosin.| ¢-in. | 900 

1903 Slava .. .. 367.5 76.0, 26.0 13,16 180 — (4 12-in., 126-in|203-in, 203-pr.| 3,410 (o25 |9-in, to 4-in. 6-in. | 1250 

1906 Evstafi a Bet Keaape neat 412-in.,48-in.)  14'3-in. - ‘ , ; 

1906 Joann-Ziatoust J aie 27.0 12,788 16.0 { * oe 8 1.8.in, | $3790 [0.30 |9-in, ni om 1 

1906 Andre ervoz- } ie | 

vannyi \ 429.7 79.7] 28.5 17,200, 18.0 { i eit ft 20-4.7-4m. | 4,800 |0.25 | 11-in.to6-in.| 5-in, |1500 

1907 Pavel I. f > | | 
Gangut ee | | : | 

aa ~ ~geamas 590.5 89.0] 27.2 23,000 23.0 waizin, {$7 | \s.640 087 8.8.in, 1200 
Sev “hae | | (designed) ! aan | 
Sevastopol .. ' j ' 
Ausrria-Huncaky. 

1903) Erz. Karl ° ) | are , 

Petaciet | 20.56 : : ! | 

1904| Erz. Friedrich tPF we al 49.4-in. | 12 2.8-in. ) hes rr “i 

1905| Erz. ry | 300.6 78.8) 24.5 |10,488 { ey } 12 7.5-in. 6 1.8-in. f 3,080 = | S&S. 5-in, {1815 

Max | | | 
| 4 | | " 

dined sis 80.5] 26.5 |14,226) 20.5 H{ 3 oa | 20 ain.) 5,800 (o.s1!| tapering ein. | 750 

1909 Radetzky ae ies ™ » “s 8 9.4-in. 6 12-pdr. f ’ . pering { “in. | 78 

1910|Zrinyi.. (designed), | to 7.5-in. 

~ |Franz Josef Kaiser ) | oP 220 If i (24 4.1-in. ) , ae 
— NRegettot } ++ | ++ | 260 |19,285 (acgionedy ¢ 20 12in. ("8 Ghar, J 8900 [046 | 114m, 8-in 
ITALY. 

1901|Beneditto Brin rae, Se Peay Oe w.5 f 422i, ) ig sin. a eee 

-_ es eeoeetis 426.5 |78.2 27.2 |13,214 { 22 | if Sin. jf 818in. J 4,500 0.34 6-in. to2-in. 6-in. 1000 

1904 Regina Elena ) | 

1904 V. Emanuele III. . a ‘ f 2 12-in. 12 3-in. | 9.7-in. to : 

100 Napali j 495.6//7.5 a7.2 pees) seo |{ 12 ‘Sin te } 8.200 1.26 { iin” |}8im. |1000 

‘ ma .. | 
| ‘ 

1910 Dante Alighieri. 505.0 |87.0 26.0 |18,820, 23.0 | i2izin, |{ 18 47-in }| 10,200 ae | =? ‘} 1000 
Conte di Cavour (designed) : ro 
Giulio Cesare } 552.0 |88.5 27.0 22,000, 22.0 wizin, {TE Sin™ }| 11,050 50 | 12-in, 100 
Leonardo da Vinci | | \(designed) ‘ | | 

Brazu.. 
1908 Minas Geraes 1 | 21.4 f 224.7-in. | | 9-in. to te as 
8 j 6 . : 22 4./-In, -In. |taper- 
ease bean — 83.0) 25.0 pose oe J wizin. | { "3 3tar. }| 8800 nee | ye ty Ing to 900 
’ i I 4in. 
ARGENTINE. 
- a. } 578.0 9.7| 27.8 |28,000 21.0 {12d }| 19 sin. 11,5670 0.40{ | 20h f° 01° Dhow 
 wealienmetined (designed) =. | 10-ia. J 6-in. | 
SPAIN, 
Alfonso XIII. : i 
m4 ; : LI as8.0 78.7, 2.5 15,460' 19.5 8 12-in, { 20¢in. 1! 6.800 jas J) 9in. to J ~ \ 800 
Jaime I. J | \(designed) \ 2 3-pdr. {in (| 5-in. J 





includes amongst its duties that of the protection of com- 
merce, Some of the factors—speed, for example—in- 
fluencing the size of the merchant ship have a similar 
influence upon the vessel detailed for its protection. 

_On the other hand, size may be, and is, sometimes, 
limited by a consideration of the docks available for the 
vessel when built ; and it is not unknown for a ship to 
have its midship section determined rather by the shape 
of the dock entrances she would be required to enter than 
from other considerations. It will be remembered that 
the late Sir E. J. Reed mentioned in his 1904 paper on the 
battleships Libertad and Constitucion (now Triumph and 
Swiftsure) that the design for these vessels was dominated, 
so far as dimensions an portions were concerned, by 
the consideration that the ships were to be capable of 
entering the large double graving-dock at Talcahuano, 








Chili, with sufficient clearance at all points to allow the 
bottom to be cleaned and repaired. 

Alteration of existing docks, or the provision of new 
and — ones, is a — business, but it may be assumed 
that what has happened before will occur again, and, 
if, from other considerations, an increase in size of ship is 
deemed desirable, the cost of the necessary docking 
accommodation will not be allowed to stand in the way 
permanently. 

As soon as it is laid down that the design of a warshi 
is to embody certain desired characteristics as to soeed, 

rotection, armament, &c., the necessary size of vessel 
is thereby defined within close limits at any given time, 
although these limits will vary from time to time with 
the progress of invention and manufacture. One of the 
questions which, it is assumed, must be given its due 





weight, when deciding upon the characteristics to be 


embodied in a warship at a given period, is that of the 
number of vessels requi to adequately perform 
duties devolving upon the Navy, in home waters and 
a in peace war. A nation’s resources, however 
ample, are not inexhaustible, and it follows that such 
considerations must tend to limit the cost, and therefore 
the size and power, of individual ships. It is not forgotten 
that there are those who contend that no consideration of 
expense should be allowed to obtrude itself in discussions 
so vital to the safety of the nation, nor is it doubted that 
whatever ex iture is deemed necessary by the re- 
sponsibie authorities will be voted by Parliament; yet 
this question of obtaining the maximum return for a 
given expenditure cannot by any means be excluded from 
consideration. 

In connection with this question of cost, and remember- 
ing that the ship is pri y @ floating platform designed 
to carry the dominant weapons, the guns, within effective 

of the enemy, an inquiry may be made as to the 
effect of increase of size of vessel on the number of guns 
which can be installed, whilst retaining unaltered the 
type of gun, speed of ship, thickness of armour, and other 
factors. It may be of interest to examine this question in 
some detail, and to do this it is desirable to fix upon, as a 
standard, a type of ship of which the pr: portions of the 
total displacement devoted to hull, armour, armament, 
machinery, &c., are known, and then to trace the effect 
of size on each of the elements affected. For a number 
of Japanese battleships built some years ago these details 
were published by Admiral Sa-Sow in a paper read in 1903 
before the Japanese Institution of Naval Architects, and 
from it the following details of the Shikishima are taken : 
Length between perpendiculars, 400 ft.; breadth, 75} ft.; 
displacement, on 264-ft. mean draught, 14,850 tons. The 
armament included four 12-in. guns in turrets, fourteen 
6-in. guns in casemates on main and upper decks, five 
torpedo-tubes, twenty 12-pounder quick-firers, and some 
smaller guns. 

Protection.—Armour belt, 9-in. to 4-in. K. steel; side above 
belt, 6 in.; heavy gun positions, 14 in.; deck, 4 in. to 2} in. ; 
conning-tower, 14 in.; casemates, 6 in. 

Weights.—Hull and fittings, 5622 tons; protective deck, 1321 
tons ; armour-plates, bolts, and connirg-tower, 3083 tons; back- 
ing, 210 tons; machinery, with water in boilers, 1243 tons; 
ar t and ition, 1612 tons; coal (normal capacity), 
700 tons ; equipment, 640 tons ; total, 14,431 tons. 

The paper referred to also states that the vessel attained 
a speed 0 18.59 knots with 15,145 indicated horse-power. 

f it were desired to havean all-big-gun ship of similar 
dimensions to the above, but to go 19 knots, and have 
somewhat greater normal coal capacity, the casemate 
guns and casemates must be eliminated, and part of the 
weight put into machinery and coal, whilst the under- 
water form could be somewhat fined, in view of the extra 
speed desired. Making these modifications, and a slight 





rearrangement of weights for the special purposes of this 
investigation, a vessel of 19 knots 5 , carrying the 
same armour and armament as the Sbikishima (with the 


exception of the 6-in. guns), and with 900 tons normal 
allowance of coal, would have approximately the following 
distribution of weights :— 








Percentages of 
Tons. Total Displacement. 
Hull and fittin 5,400 38. 

Protective dec - - 1,820 9.5 
Side armour and backing 2,170 15.5 
Conning-tower - 90 0.6 
Machinery .. om oa -. 1,500 10.7 
Main armament and protection... 1,800 12.9 
Minor armament .. oe ee 220 1.6 
D ee és 900 6.4 
Equipment, say 600 4.3 
Total ee 100.00 

The draught of the vessel at this displacement may be 

taken as 264 ft. 


An investigation can now be made as to what propor- 
tion of total displacement would be available for main 
armament and the armour for its protection, in the case 
of a vessel having the same block coefficient as the fore- 
going, but with all longitudinal measurements increased 
in the ratio of 490 to 400, and all its transverse dimensions 
increased in the ratio of 82 to 75}, whilst maintaining the 
same mean draught and total depth of vessel—and, there- 
fore, gun command—as before. These proportione, it is 
known, will result in satisfactory stability conditions. 
Further, let it be assumed that all the other conditions, 
such as speed, thickness of protection, and +0 on, remain 


as in the type ship. Thus the ratio of lengths is 


1.225 ; and ratio of breadths 52 = 1,09, so that the total 


‘ 
displacement available in the larger vessel is 1.225 
1,09 14,000 = 18,700 tons, say. As to its apporticn- 
ment, consider :— 

I. Power Requircd for the Larger Vessel.—In making 
comparisons of this character, we can well use the ap}-rox1- 
mate information given to the Institution \y Mr. A. W. 

Johns in his 1907 paper, based as it is upon a large number 
|of model experiments. These vestels would have a 
prismatic coefficient cf about 0.66, and for the larger 


x 


vessel = 0.74; whence, from Johns’ curves for resi- 


duary horse-power, B 0.045, and residuary horse- 

wer = 0.043 x (18,700)* 4147. The wetted sur- 
ace, from Mumford’s formula, is 46,700 sq. ft.; whence, 
from the paper by Mr. Johns already mentioned, fric- 
tional horse-power = 0.1105 x 46,700 = 5170. Hence, for 
the larger vessel, total effective horse-power = 9317. 


For the smaller vessel i = 0.9; B = 0.098, and resi- 





duary horse-power 0.098 x (14,000)! = 6730. The wetted 
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surface is 36,500 sq. ft., and the frictional horse-power 
= 0.1112 x 36,500 = 4060. Therefore the total effective 
horse-power for the smaller vessel = 10,790, or distinctly 
greater than that for the vessel of nearly 34 per cent. 
additional displacement. This is a clear indication of the 
price which has to be paid in horse-power when a vessel 
is made — for its een, Bw alternatively, = the 
speed required is greater than that appropriate to a length 
which has been fixed from other cuuliaations. 

It is seen from the foregoing that we may safely assume 
that the weight of machinery in the larger vessel is the 
same as in the smaller one, even after allowing for the 
a shafts necessary in the former. 

Ii. Protection.—The tective deck will be affected 
by increase of length and breadth, so that the weight of 
this deck in the larger vessel will be 1.225 x 1.09 x 
1320 = 1763 tons. If the breadths of the larger vessel 
were increased in an equal proportion to the lengths, the 
perimeters of respective water-lines would be in the ratio 
of the lengths ; but in the case considered the ratio of 
breadths is less than that of the lengths, so that the peri- 
meter of the larger vessel is slightly less than 1.225 times 
that of the smaller. Assuming the width of armour belt 
is the same in both cases, we may take as a safe estimate, 
therefore: weight of side protection and backing = 2170 x 
1.225 = 2658 tons. Theoretically, in order to obtain pro- 
tection at the lower edge of armour up to the same angle 
of roll in the two ships, it would necessary to carry 
the bottom edge of armour some 6 in. lower in the larger 
than in the smaller vessel; but in tice this considera- 
tion has little eo and ma neglected. In the 
United States battleship New Hampshire, for example, 
the breadth of vessel is 76 ft. 10 in., whilst the lower edge 
of armour is 5 ft. below the normal water-line; in the 
later Delaware, which vessel has an extreme breadth of 
85 ft. 28 in., the lower edge of armour is 4 ft. 10} in. below 
water. . 

The conning-tower in the larger vessel will be practic- 
ally the same as in the smaller, and its weight may there- 
fore be taken at 90 tons. 

IIl. Equipment.—The weight of this item is to some 
extent dependent upon the number of officers and crew ; 
this number will be less because of the abolition of case- 
mates, and greater on account of the larger installation of 
main armament contemplated. On balance it is probable 
there would be no great difference in this weight for the 
two ships, and that a liberal estimate for the larger vessel 
would give 659 tons as the weight of equipment. 

IV. Aull.—A suming, in the first plaon that all thick- 
nesses of plates and sizes of bars in the larger vessel 
remain as in the smaller one, and keeping out of sight for 
the present all consideration of strength, some of the 
items, such as deck-plating and will vary as 
length x breadth—t.e., the weights of such items in 
the larger vessel will be 1.225 x 1.09 = 1.34 times the 
corresponding weights in the smaller vessel. Other items, 
as bottom and side-plating and framing, will vary as 
mean girth x length. Approximating to the ratio of 
mean girths by the use of wetted surface formule, the 
result for the vessels in question is 1.05, so that the ratio 
of length x mean girth = 1.225 x 1.05 = 1.285. The 
weights of other portions, in, such as the vertical keel, 
vary in the ratio of the lengths, whilst still others, such as 
the longitudinal. bulkheads of machinery spaces, will 
remain for the larger vessel practically the same as in the 
smaller ship. 

On an average about 55 per cent. of the total hull 
weight is devoted to structural steel items, such as shell- 
plating, deck-plating, frames, bulkheads, beams, &c., 
which contribute great structural strength, and the re- 
mainder to items such as | supports under barbettes, 
and * ed pine re details, as — — ag na 
ings, funnel-casings, magazine an ell-room fittings, 
contin, paint, &c., which add comparatively little or 
nothing to the general structural strength. A careful 
estimate leads to the conclusion that the weight of the 
structural parts in the larger vessel would be 24 per cent. 
greater than the corres: ne rtions in the smaller 
one, or 13 per cent. of the to’ ull weight greater. Of 
the non-structural portions of hull, some items, such as 
stem, stern-post, shaft-brackets, funnel-casings, and 
coal-bunker fittings, are comgereerey little altered. ; 
others, as paint and cement, increase in the ratio of 
girth x length, or 28} per cent., and soon. Some of the 
increases depend upon the complement, which in turn 
is affected by the amount of extra main armament to be 
installed. fair average increase in these items due to 
size is 20 per cent. of their orginal weight, or 9 per cent. 
of the total weight of smaller hull. Hence, omitting all 
considerations of strength, if H represents the weight of 
the hull of the smaller vessel, that of the larger v will 
be given by— 


Structural portion =0.55 H +0.13 H =0.68H ) , : 
Non-structural =0.45H+0.09H =0.54H } total 1.22H. 


Tbis hull must now be strengthened where necessary to 
enable it to withstand the larger bending moments to 
which it must be subjected at sea. Let the scantlings be 
so regulated as to allow the longitud’nal stresses, calculated 
on the usual standard assumptions, to be the same in both 
vessels. Now, if M represents the maximum bending 
moment acting on the smaller vessel, and M, the corre- 
sponding moment for the larger one, we have, assuming 
similar longitudinal distribution of weight, which is a 
first approximation sufficiently exact for present purposes, 


M, = M x (1.225)? x 1.09 = M x 1.64. 
From the mere increase in the breadth of the section, 


the moment of inertia of the greatest section in the r 
vessel will be some 5 cent. greater than that of the 
corresponding section in the smaller one, with the same 
thickness of plating. Thus, if 4, be the required thickness 
of plating in the larger vessel, and ¢ the thickness in the 





smaller vessel, I, the moment of inertia of section of the 
larger vessel, and I the corresponding M.I. of section of the 


smaller vessel, I, = 1.051 x ‘4. Then, in order that the 


stresses on the two vessels should be equal, we must have, 
since the depth of vessel is unaltered, and position of 
neutral axis 1s also unaltered by symmetrical additions :— 


Mi _M, 56, 1.64 = 1.05 x 9.+. 4 = 1.560. 
a t 

Thus, if all the material giving longitudinal strength 
had to be uniformly increased in the same proportion, a 
serious increase in weight of the enlarged hull would be 
necessary to meet the greater bending moments involved. 
But even where the greatest strength is requisite, it is 
not necessary to increase the weight of material to the 
extent indicated above, because the increases of thickness 
would mainly take place at the top and bottom members 
of the girder, where the additional material is of the 
greatest value from the strength point of view ; additional 
material in the top is particularly valuable, as tending 
to raise the neutral axis from the unduly low position it 

nerally occupies because of the inner bottom plating. 

y, such judicious distribution the average increase of 
weight of longitudinal material in wake of the section, 
where the greatest bending moment is experienced, need 
not be greater than, say, 35 per cent. But of the structural 
material contributing longitudinal strength, the parts 





protection, whilst keeping other features unaltered, has 
involved an increase of displacement 2} times the weight 
added. This accords with the figures of about 2, arrived 
at by M. Normand when considering a similar problem. 
Experience shows that it is easily possible to accommo- 
date the additional guns on the length of ship taken. 


Weight of Larger Vessel. 








Percentages of 
Tons. Total Displacement. 

Hull and fittings Bx 5400 .. 7,020 37.5 
Protective deck nn -- 1,763 9.4 
Side armour and backin .. 2,658 14.2 
Conning-tower .. me Je 90 0.5 
Machinery - «+ ce» 1,600 8.0 
Main armament and protection 3,899 20.8 
Minor armament : a 220 1.2 
Coal i ae i — 4.9 
Equipment, say .. om Ke 650 35 

18,700 100.0 


It may be well to meet at this point an objection which 
it is possible to advance, to indicate that the conclusion 
here reached is not in accordance with known facts. It 
may be said, with truth, that there are already in exist- 
ence ships of less than 18,700 tons displacement which not 
only carry more guns, but have a greater s than the 
larger of the two vessels considered in this paper. It 
must be observed, however, that the comparison here 


LBS OF SHELL 
BROADSIDE COEFFICIENTS (485 OF SHELL | ey, 
ALL SHIPS LAUNCHED SINCE /300. 


near the end, where the stresses are small and where the 
scantlings are determined from local considerations, need 
not be increased in thickness above that of the type vessel ; 
and, as the unaffected material constitutes about one-third 
of the whole, the net increase in weight of longitudinal 
structural material is, say, 4 x 35 = 23 percent. Now, 
of the total structural material of hull, about three-fourths 
contributes longitudinal strength, and thus the total 
weight of structural material must be increased to provide 
the necessary strength by ? x 23 =17 per cent., say. 
These extra scantlings would also practically provide the 
increase of transverse strength required on account of the 
larger breadth of widened vessel. Thus the hull weights 
of the larger vessel become, after making the requisite 
increases for strength purposes :— 


Structural material 0.68 H + 7 


ino * 0.68 H = 0.796 H. 
Non-structural ,, ... oe 


0.54 H. 


This gives an increase of 33.6 per cent. above the weight of 
hull of smaller vessel, on the assumption that the nominal 
stresses calculated for the usual standard conditions are 
the same in each. But it is well known that the allowable 
stresses so calculated become greater as the length of 
vessel increases, so that one may safely assume the weight 
of hull of the larger vessel not more than 30 per cent. in 
excess of that of the smaller one. 

After providing for all the weights enumerated above, 
there is left about 3900 tons of available displacement, 
which can be utilised for main armament and its protec- 
tion, and the weights of the larger vessel would dis- 
tributed as indicated in the next table. 

With an increase of displacement of 34 per cent. it has 
become possible to more t double the main armament, 
whilst preserving all the other features of speed, pro- 
tection, &c., of the smaller vessel. That is to say, an 
addition of 2100 tons to the weight of armament and its 
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made is between vessels of strictly similar type, and 
takes no account of advances made in steam-generating 
and propelling apparatus, of improvements in arranging 
material to obtain maximum strength with minimum 
weight, of the use of newer materials, such as high-tensile 
steel, whereby the same strength for less weight is secured, 
nor of ible modifications in distribution of armour, 
&c. All these factors tell, of course, in favour of the later 
designs. 
The cost of the larger vessel would be about 45 to 50 
per cent. greater than that of the type vessel, so that 
two of the larger can be obtained for the cost of three 
of the smaller ships. The two larger take to sea a total 
main armament one-third in excess of the combined arma- 
ment of the three smaller vessels, whilst it is evident 
that the total working cost—with two sets of officers and 
men—and cost of maintenance and repairs will be smaller 
in the former than in the latter case. From these some- 
what restricted points of view, therefore, the gotey of 
ee large vessels can certainly be justified. hether 
when the whole field of advantages and disadvantages 
issurveyed, the balance inclines to the side of still 1 r 
dimensions, with greater concentration of power, or the 
reverse, is a subject upon which, it is hoped, the naval 
officers present will favour this Institution with their 
views, for this side of the question is peculiarly their own. 

One of the problems connected with increase of size is 
that of providing the necessary stability. By increasing 
the breadth 9 per cent. the distance between the centre 
of buoyancy and metacentre is increased 19 per cent.; 
and as for the type of vessel in question this distance is 


approximately given by 0.08 zB being the beain and 
D the draught of the ship), it is seen that increasing the 
beam to 82 ft. raises the metacentre 3.25 ft. above its 


position in the smaller vessel. This is distinctly more than 
the corresponding rise in the centre of gravity, so that 
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the larger vessel would have the greater metacentric 
height. It is desirable that this should be so for two 
reasons. In the first place, damage to the same propor- 
tion of water-line length in both vessels would result in a 
larger actual fall of metacentre in the bigger ship, and to 

uard against this the initial metacentric height should 
G made greater. Then, again, the higher centre of 
gravity in association with the same freeboard means that 
at 90 deg. of inclination the arm of upsetting moment will 
be greater in the larger than in the smaller vessel. The 
range of stability would thus be less in the former case, 
unless this were guarded against by making the front part 
of the curve of righting arms steeper than before by pro- 
viding greater metacentric height. This augmentation 
tends to make the vessel a less steady gun platform ; but, 
on the other hand, this tendency is counteracted by the 
increase of inertia following increase of breadth. 

The contention that large dimensions expose a greater 
target to attack must now be expanded to include the 
additional menace of missiles from dirigibles or aero- 
planes. The larger the deck area of the vessel attacked 
the greater is the probability that the dropped missile 
will reach its mark. Such attack seems more likely to be 
successful from dirigibles, having s' s adjusted to the 
course and speed of the vessel attacked. The time taken 
for a dropped missile to reach water-level depends, of 
course, upon the height from which it is released, and, 
bearing in mind the air resistance, it is also dependent to 
some extent upon the dimensions and weight of the falli 
body. The velocity V in feet per second, and space 
in feet passed through after time ¢, are given by :— 


J©. tanh 9 ty/ # 


W 


i log, cosh gt ,/ 
gk WwW 


where W is the weight of the missile in pounds, and x is 
the coefficient of air resistance used in the equation :— 
air resistance in pounds = k. V2. Thecoefficient k=c. A, 
where A is the sectional area of the bomb at right angles 
to the direction of motion. The value of ¢ varies accord- 
ing to the shape of the missile ; for spheres moving in air 
its value is about 0. a 

Assuming the attack to be delivered from a height of one 
mile, and therefore reasonably out of range of high-angle 
fire, a hollow bomb, carrying 100 lb. of explosive, would 
take about 20 seconds to reach the water-level, and would 
then have a striking velocity approaching 500 ft. per 
second. This time in reaching an objective compares 
favourably with the 80 seconds which an under-water 
torpedo would take to travel the same distance. In 
20 seconds a ship would change position some 540 ft., 
supposing her to be proceeding at 16 knots, and the 
probabilities of such a vessel being struck from above 
would be decreased if, at the moment of discharge of the 
airship weapon, her helm were put hard over; the time, 
however, would not suffice to allow the vessel to —7 
clear of her previous track before the missile reach 
water-level, although the exposed area of deck in that 
track would be very much smaller than before. The 
difficulties associated with correctly judging speeds of 
battleships from the height named, and making proper 
allowance for cross wind-currents, &c., combine to render 
a hit very uncertain if a single missile only is employed. 
It is stated, however, that arrangements are being made 
for dropping a number of such missiles from a single 
dirigible, in which case this form of attack would become 
a serious menace. Even so, it seems reasonable to suppose 
that the best protection against attack from aerial craft 
will be found in counter-attack by the same type of air- 
ship, associated with guns on the attacked vessel specially 
arranged for high-angle fire; this defence would be 
analogous to that adopted inst torpedo-boats and 
torpedo-boat destroyers. With these considerations in 
view, the menace from the air may be expected to have 
no greater effect on limitation of size than that resulting 
from the introduction of the torpedo. 

Occasionally the argu ment that some increase of dimen- 
sions may be desirable at a given time is met by the con- 
tention that, if so, an increment ten times as great as that 
advocated would be still more beneficial. Surely it would 
be equally reasonable, or the reverse, for the advocate of 
numbers and moderate dimensions to push his argument 
to the extreme of recommending cutters and three- 
pounders. There must be some mean size which, on a 
valance of all arguments—including the financial—best 
suits the requirements of a nation at a particular time ; 
and it is hoped some additional light may be thrown on 
= problem as it concerns our own time, during to-day’s 
discussion. 
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_ Iron anp Steet Instrrute.—The spring annual meet- 
ing of this Institute will be held at the Institution of 
Civil Engineers, on Thursday and Friday, May 11 and 12, 
commencing each day at 10.30a.m. After the general 
preliminary proceedings, the Bessemer Gold M 
1911 will be presented to Professor Henri Le Chatelier, 
Paris, and the Andrew Carnegie Gold Medal for 1910 to 
Mr. Félix Robin, Paris. The awards of the Andrew 
Carnegie Research Scholarships for 1911 will be an- 
nounced. The papers on the list for reading and discus- 
sion on both days number seventeen. The annual dinner 
of the Institute will be held in the Connaught ms, 
Great Queen-street, W.C., on Thursday, May 11, at 
‘ p.m., under the chairmanship of His Genes the Duke 
of Devonshire. Preparations are in for the 
autumn — which, by the invitation of the Asso- 
ciazione fra gli Industriali Metallurgici Italiani, will be 
held at Turin, commencing on October 2. 


THE NATIONAL EXPERIMENTAL TANK 
AND ITS EQUIPMENT.* 


By G. 8. Baker, late R.C.N.C., Member. 


In the report on the of the National Experi- 
mental Tank, read by Dr. Glazebrook before this Institu- 
tion last year,t the details of the management and the 
general plan of the experimental tank were given, and a 
paper describing in detail the tank and its equipment was 
suggested. The object of the present paper is to carry 
out this suggestion. 

It may be well to state in the beginning that we are at 
present making some preliminary runs and adjustments 
of the various apparatus preparatory to carrying out 
comparative experiments with models whose resistances 
are known, their particulars being kindly supplied by Mr. 
R. E. Froude, to whom we are are greatly indebted for 
much valuable advice. 

The apparatus for making s2rew-propeller experiments 





At the highest speeds at which the eeevingp will travel 
these lengths allow of a steady experimental run of from 
100 ft. to 200 ft., and at the lower s considerably 
more than this—something in the neighbourhood of 350 ft. 
being possible at a speed of 7 miles per hour. 

The tank walls and floor are made of 6 to 1 Portland 
cement concrete. The walls are 2 ft. thick at the top, and 
have a batter of 1 in 8 both inside and out. The floor is 
2 ft. thick pw with a slope each side to the centre 
line. Walls and floor are keyed to one another, and the 
inside finished in a circular arc at the joint. The whole 
basin was built in lengths of about 40 ft., the floor first, and 
after a short interval the walls, and a dovetail gap of 6 in. 
to 10in. was left between the sections to allow of any 
settling or shrinkage of the walle to take place without 
developing cracks in them. The — between these 
sections were filled in after the walls had been standing 
for about three months. A face rendering of about 1 in. 
of cement was afterwards worked over the whole inside 
of the tank, and to allow this rendering to move slightly 
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is not yet constructed, and this paper will not deal with 
that side of the work. 

The models of which the resistance is uired are 
made of paraffin wax, and vary in length from 14 ft. 
to 20ft. They are sha to the form required, 
partly by a shaping-machine and partly by hand. 
After rage 4 carefully ballasted to the required draught 
and trim,the models are ready for resistance experiments 
to be made. The model is towed from a carriage at the 
end of a dynamometer arm, along the surface of a covered 
waterway, and measurements of the resistance, speed, 
change of trim, wave profiles, &., can be taken by 
observers travelling on the carriage. 

By making a series of runs over a of speeds we 
get a complete resistance-curve for the model, and by the 
law of comparison enunciated by the late Mr. W. Froude 
we can calculate the horse-power required to drive a ship 
of similar form at any speed. 

The carriage is driven electrically, but the driver is 
stationed on shore and controls the motion of the 4 
from a desk at about one-third the length down the tank. 
The driving motors are on the carriage and receive their 
current — fixed conductors on the wall of the build- 

and a trolley carriage sliding in contact with them. 


i 
“Bor the sake of clearness of pees jon each item of 


interest is placed under a se; te ing. 
The main dimensions of the water basin are :— 
The Large Tank.— 
Length ... ms 549 ft. over all 
Breadth ... ... 30 ft. on the water-line 


Depth of water... . 12 ft. 3 in. along the 


middle line 


The general sections of the tank are shown in Figs. 1 
to 4. The cross-section, shown in Fig. 3, is maintained 
for a length of 493 ft. The actual length of the surface, 
having the full breadth of 30 ft. at the water-line, is 525 ft. 





* Paper read before the Institution of Naval Architects, 
April 5, 1911. 





+ See ENGINEERING, vol. lxxxix., pages 344 and 354. 





dovetail marine glue joints, about 2in. deep, are worked 
round the tank at the positions of the earlier ga 

Thetank has been filled for somesix months and no visible 
crack of any sort has developed up to the present. The 
actual loss of water from every cause—evaporation, soak- 
age, and leakage—is less than 50 gallons per day. The 
shelving beach at the south end, which has a slope of 1 in 
10, is for the purpose of breaking up the series of waves 
generated by the model, and it enables dirt and 
scum which collect on the water to be brought to this end 
and swept out by the small channel. 

The large dock at the north end (Figs. 1, 2, and 4) will 
be a store for models, and the small dock serves for 
ballasting and trimming purpose. A caisson, or lifting- 
gate, is fitted to this dock, so that it may be toa great 
extent cut off from the. main tank. In cold weather the 
water in the dock can then be warmed to the tempera- 
ture of the air before a, new model is placed in the water. 
This precaution is very necessary, as the unequal expan- 
sion set up in the model by any sudden unequal tempera- 
ture change is very liable to crack it. 

In the tank walls an observation window has been 
fitted on each side about mid-length of the tank. These 
windows are of 4-in. plate glass, bedded in a mixture of 
red and white-lead, and held in position by ze stri 
on the inside. The walls are strengthened around the 
windows by heavy iron castings and by longitudinal 
reinforcement of the concrete. Later on an arc-lamp 
will be fitted on one side of the tank to illuminate the 
water through the window, and a passing model may be 
observed an ang ignemens peepnenss- 

The Carriage Track.—The carriage for towing the 
models spans the whole width of the tank, and is borne 
on four wheels 36 in. in diameter, which travel on rails 
erected on thecentres of the walls of the tank. 

, It is —_ M77 of > and consists - ta number of 
attice girders 2 ft. 9 in. arranged as shown in Fi 

5 and 6 on the next page. “The over-all dimensions of the 
carriage are 32 ft. 6 in. by 34 ft. 6 in., and its weight, in- 
cluding all motors and electrical equipment, but excluding 
the model dynamometer and other apparatus, is 144 tons, 
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Of this weight, 7.7 tons are concentrated over the four 
wheels, the remainder being distributed in a fairly 
uniform manner. A perpective view is given on 452. 

The carriage is driven by four motors, with their axes 
placed vertically, one at each wheel, running at a maxi- 
mum speed of 1200 revolutions per minute on 600 volts, 
and each capable of generating 35 brake horse-power. 
The motion is transferred to the wheels by means of 
hardened-steel triple-threaded worm and worm-wheels 
with gun-metal rims, having a reduction ratio of 7 to 1, 
the latter being keyed on the same shaft as the running 
wheels of the carriage. The details are shown in Figs. 7 
and 8, on the opposite page. ; 

To ensure uniform drive on the two sides, the carriage 
wheels are coupled together in pairs, on 3}-in. hollow 
steel axle-shafts, which extend across the tank carriage at 
each end. In order that no undue strain shall be put 
upon these shafts at any time should one motor go out of 
action, the overload circuit-breakers for each pair of 
driving motors are interlocked. These wheels have been 
ground on their shafts to ensure uniformity of diameter, 
and have a maximum variation of ;;';5 in. The axes of 
the wheels, as erected, are exactly at mght angles to the 
track. Ball-bearings are used throughout the driving 
mechanism. 

The guiding of the carriage in a straight course is done 
on one rail only, the two vertical sides of the bulb of this 
rail being planed to gauge. The guidersare rollers 7 in. 
in diameter, two at each end of the carriage, having a 
-in. adjustment, and carried on brackets secured to the 
transverse girders of the carriage. These have been 
arranged to give a total movement of ,y in. at each end 
of the carriage. 

In order that there shall be room to work the various 
dynamometric and measuring apparatus, the central 
space of 4 ft. wide has been left as clear as possible of 
any structure, T-bars have been worked along the tops 
of the two inner girders to carry the apparatus, and these 
T-bars are arranged as nearly level as possible. 

A wooden platform for the use of the operator is sup- 
ported on the lower members of the longitudinal girders 
C and D, on Fig. 6. This can be removed in sections, 
when necessary, for wave or other observations. 

A large range of speed variation is obtained by working 
the four motors in series, series parallel, or parallel, 
and by varying the voltage of the supply to the armature 
coils of the motors. Further dena of this are given 
later. It will suffice to state here that these —P- 
ments will secure, over the central portion of the run, the 
desired uniformity of speed with a variation not greater 
than } per cent. over the greater part of the range. 

The retardation of the carriage at the end of each run 
is produced by the action of a frictional brake on each 
driving-wheel. These brakes are shown in Figs. 7 and 8, 
and consist of the usual fast and loose plates of gun-metal 
and steel alternately, keyed to casing and shaft respec- 
tively, and running in an oil-bath. At the outer end of 
the shaft there is a magnetic coil, and, whilst the current 
is flowing through this, the plungers P are held back and 
the plates are quite loose, but by means of a trip-catch, 
which can be fixed at any desired position along the 
waterway, the circuit can be broken, and the springs then 
force the plungers forward, bringing the friction-plates 
into rubbing contact. Circuit-breakers in the circuit of 
these magnetic coils are interlocked with a breaker in the 
motor armature circuit, so that from the carriage it is 
impossible to put on the brakes without automatically 
stopping the driving current. The brake can be worked 
at any time from the shore by the operator pulling out 
the clutch switch on the control panel. In order that the 
observer on the carriage may not have to leave the model, 
the frictional brakes on the wheels are released at the end 
of each run by an electro-magnet worked from the obser- 
vation platform. This magnet forces into position the 
interlocked circuit-breakers of the motor armature and 
brake-magnet circuits. This operation releases the brake, 
and completes the armature circuit ready for the shore 
operator to start the carriage back, and, at the end of the 
return run, a trip-catch at the north end of the waterway 

uts the brakes on and brings the carriage to rest. These 

xed catches are made so that the carriage moving in one 
direction can pass over them without interference ; those 
at the south end acting on the outward run, and those 
at the north end on the return run. 

In addition to these precautions for stopping the car- 
riage, an emergency brake, similar in principle to that used 
in the Washington tank, is fitted to the after girder on 
each side of the carriage. This brake does not come 
into action until the carriage has travelled to a point 
488 ft. from the north end of the tank, and when the fore 
wheels of the truck are 29 ft. from the extreme end of 
the track. The arrangement is very simple, and consists 
of fixed plates secured to the wall of the tank, and two 
loosely hinged plates on the carriage girder pressed 
together by powerful springs (see Figs. 7 and 8). As the 
carriage passes the fixed plates, the latter sandwich them- 
selves between the plates on the carriage, and the fric- 
tional grip is designed to stop the carriage, when travelling 
at the top roe 4 in a distance of 25 ft. We have, of 
course, never tried it to this extent, and hope never to do 
so ; but at a speed of about 2 miles per hour the carriage 
is brought to rest in a distance of 34 ft. 

To prevent the carriage from being accidentally driven 
off the rails at the north end, buffers have been erected. 
These are secured to heavy channels, which are strapped 
to the rail sleepers near the top, and held in the floor at 
the bottom. They will stop the carriage without undue 
strain at 24 miles per hour, and will not break unless the 
speed ex s 6 miles per hour. 

The track consists ad we sets of rails laid on the top of 
the walls to a 32-ft. gau The details are shown in igs. 

8, 


5 and 6 and Figs. 7 and 8. The rails are in 20-ft. lengt 
close butted at the ends, and have been planed top and 





bottom and scra; to ose. The continuous iron 
sleepers, upon which the rails rest, are planed on top, 
held in position by bolts grouted into the cement wall, 
and supported at each bolt on pairs of wedges with very 
slight a This method of supporting the track made 
it ible to adjust the sleepers so that their upper 
surface is practically level (or, to be exact, has the same 
curvature as the earth’s surface), and the two rails, when 
finished, were found to have over the central 350 ft. a 
maximum error in level of stightly less than J; in.* The 
side wedges are for the purpose of adjusting the line and 
gauge of the rails, and, as finally laid, there is no measur- 
able departure from a —- line in the one rail. | 
Powering and Control.—The power necessary for driv- 
ing the carriage is considerable, and, as the demand will 
be intermittent, it was feared that to supply the tank 
direct from the generating-station of the laboratory would 





interfere with experiments in other departments. 
In order to avoid this a 1000-ampere-hour battery of 55 
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cells was installed. These cells were manufactured by 
the Tudor Accumulator npeey, and supplied by the 
general contractors, and are capable of giving a peak dis- 
pees of 1500 amperes for about half a minute during the 
acceleration period of a high-speed trial. On the nega- 
tive side of the battery is an eight-step regulator, which 
enables additional cells to be put intocircuit as the battery 
voltage —— The regulation is on the Ward Leonard 
system. The fields of the carriage motors are maintained 
at aconstant strength, and variations of speed are obtained 
by varying the voltage of the armature supply. The 
armature supply is obtained from a motor-generator set 
having a normal output of 52 kilowatts at 600 volts, driven 
by the battery at a constant speed of 750 revolutions per 
minute, a rheostat | placed in the field of the motor 
to give the necessary momen as the battery vol 

—_ during the day. By varying the resistance in the 
field of the generator, the strength of the field is altered, 
and, in consequence, the voltage of the supply to the car- 





~ See the Appendix for further details of these levels, 
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riage. In order that the necessary close tion of 
speed shall be obtainable, a fine adjustment of the gene- 
rator field resistance is necessary. There are 68 steps in 
the main regulator (Fig. 9), and by means of a contact- 
key in the handle of this regulator a finely divided resist- 
ance having 151 steps and a precision voltmeter can be 
put into the circuit. This voltmeter shows very clearly 
a difference of } volt from 80 to 120 volts, and is equally 
sensitive at the higher voltages. The actual volts corres- 
ponding to the scale divisions depends upon which of the 
six coarse steps the main regulator is working on. The 
strength of current in the motor-fields is regulated by a 
precision resistance and ammeter at the control-desk, the 
supply being obtained through the “‘ field ” and ‘‘ motor” 
switches from the battery. The field of each motor on 
the carriage has a shunt-resistance, by which it is per- 
manently adjusted, so that the motors all give about the 
same torque at thesame revolutions. A diagram showing 
the connections from the battery to the motor-generator 
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the control-desk, and track to the carriage-motors, is 
given in Fig. 9, on the opposite page. 

It will be seen that there are six conductors to the 
carriage—two for the motor-fields, two for the armatures, 
and two for the clutch. These are fixed to the west wall 
of the building, being carried on special insulated bolts. 
On the west side of the carriage are fixed two trolley- 
poles 44 ft. apart, which are attached by a wire rope to a 
trolley-truck running on guiders fixed to the wall. This 
truck carries the sliding-slippers, which, by means of 
springs, are kept in contact with light I irons. These are 
connected every 12 ft. 6 in. by heavy feeders to the actual 
conductors, which are solid copper wires, each in one 
piece for the length of the tank. e armature leads from 
the trolley-truck are taken through the emergency- 
switch to the controller at the centre of the observation 
platform, and from there to each motor. This con- 
troller enables the motors to be put either in series, 
in parallel, or in pairs in series parallel. The supply 
to the fields is taken direct to the motor, and that 
for the clutch circyit through the emergency-switch to 
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each brake. The leads from the battery or control-desk 
connect to these fixed conductors for the field and clutch 
circuits at about the commencement of the steady portion 
of an experimental run, and into the armature conductors 
at the centre of the steady portion. The object of this is 
to reduce to the lowest possible limit the variation of the 
vol of the supply to the truck motors, due to the 
length of the conductors, variation in speed being roughly 
proportional to the variation of armature volts, provided 
the field is of constant strength. 

Provision is made on the control-panel to drive the 
carriage from the external supply. Phis may be neces- 
sary occasionally, if the battery should be put out of 
action, and, although the regulation under A ood condi- 
tions is not so good as with the battery supply, it is 


a 


If desired, the carriage can be driven from the controller 
on the observation platform, but without any speed 
| regulation. In this case the circuits at the control-desk 
are left complete, except that of the precision voltmeter. 
The resistances are arranged for the series parallel 
arrangement of motors both ahead and astern, as this 
| covers all usual or normal s required, but either 
| series or parallel can be used if necessary. 
| The Dynamometer and Towing Apparatus.—There was 
some discussion early in 1910 as to the form this should 
take, and experiments on the lines adopted at Uebigau 
and a modified Uebigau arrangement were conducted at 
| the National Physical Laboratory and, by the kindness of 
| Mr. Froude, at Haslar. 
| The experiments were incomplete, and it was thought 
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PANEL 
sufficient for all temporary pu The carriage is 
usually driven by an operator at the control-desk on shore. 
The necessary operations after the generator has been 
brought to the normal revolutions are :— 

1. Put in the main switch on the control-desk. 

2. Bring the main or coarse resistance regulator on the 
generator field to the correct stop (an adjustable stop 
— set to this — agen This — to be done 
slowly at first, so that the carriage is accelerated gra- 
dually. Once motion begins, the load can be put on 
more quickly. 

3. Adjust the ammeter in the fields of the truck motors. 
Thisis quickly done, there being little variation in it. 

Keep the precision voltmeter on the generator field 
to the correct voltage until the circuit is automatically 
broken by the trip-catch. Break the precision voltmeter 
circutt, 

5. Bring the main switch to the ‘‘off” position, put in 
generator resistance, and wait until the operator on the 
carriage takes off the brakes and completes the armature 
circuit. 

6. Reverse the main switch and bring the voltage up 
sufficiently to return the carriage to the north end, 
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CONTROL DESK 


to be the wiser course for the present to follow the prin- | 
cipleof the Froude dynamometer, allowing the model a fair 
degree of movement during the experiment (the Uebigau 
~ > neal allows the model practically no movement 
at . 

It is hoped, in the course of the year, that we shall be 
able to take up these early experiments and evolve a 
dynamometer which shall allow the model only a small | 
movement, and be theoretically correct in its record of | 
the resistance. 

The dynamometer is shown on Figs. 10 to 13 on page 448. 
It consists of a tubular frame having adjustable ends to 
the longer arms, with light stays to all four ends. This 
frame is supported on two knife-edges 6 in. apart, centre 
to centre. To ensure that the whole of the knife-edge is in 
contact with the bearings, the latter are placed on cylin- 
drical bases allowing them to rock transversely. A second 
knife-edge on either side is to prevent the dynamometer 
from being jerked from its bearings, the spring shown 
being allowed to exert a slight force inst it, which 
tends to keep the main bearing in its The dyna- 
mometer arm is attached to the model at the lower end 
by a fork which bearsagainst a knife-edge on the dynamo- 





meter. At the upper end it is connected by a short rod 
to an aluminium -crank lever. 

Part of the resistance of the model, when it is desir- 
able, will be taken by weights on the scale-pan P, and the 
remainder by the —s riding on the knife-edge at the 
end of the arm S of the bell-crank lever. The long arm 
L of this lever is as — as possible, and has at its 
upper end a bearing for the pen-rod. The ratio of move- 
ment of model to movement of pen is 5 to 1, it being 
considered that this is sufficient with the very steady 
motion we can produce. This upper or bell-crank lever 
is balanced on cone points, so that it is just in stable 
equilibrium. Under the axis of each lever a pair of light 
springs is fixed, and these, by means of knife-edges, take 
the dead weight of the levers off their bearings. This 
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dynamometer is carried on a smal] rectangular frame, 
which can be lifted by nuts working on four screws—one 
at each corner—these screws being geared together to 
ensure uniform lift. In its working position the frame is 
held down by the screws on the two cones at one end, 
and a V slot and plane bearing at the other end. This 
arrangement ensures that the frame shall always take up 
thesame position whendown. Inaddition to carrying the 
dynamometer, this frame is fitted with the gear necessary 
to hold the model at the ends of each run when acceleration 
or retardation is taking place, and so prevent undue strains 
from coming on the dynamometer arm. This apparatus 
consists of a cam worked by a worm gear, the cam moving 
two swinging arms outwards. These arms, when in the 
outer position, are pressing, against beams fixed to the 
model, and so hold it rigidly as regards fore-and-aft 
movement, allowing it, however, to pitch as necessary. 
When the force on the arm is eased, the swinging arms 
are drawn away from the model by a light spring, which 
connects them at the bottom. This ensures that these 
arms shall not interfere with the movement of the model 
whilst the resistance is being measured. i 
The records are taken on the main drum, and consist of 
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time, distance, and resistance. The former is given by 
an electric clock, which makes and breaks contact every 
half-second. Thedistance is measured by a trigger fitted 
to the fore girder, striking against points fixed to the rail 
sleepers at 20-ft. intervals. The trigger is caused to 
swing, and so complete an electro-magnet circuit. 
Records of the trim of the model can be taken, when 
required, on ——— drums. These are placed vertically 
10 ft. apart. light vertical rod, having its lower end 
resting on a fork in the model, is attached at its upper 
end to the arm of a balanced rocking-lever. This arm 
carries a pen, which is kept in contact with the surface 
of the recording-drum. here is an automatic catch 
which holds the lever when the motion exceeds a pre- 
determined amount. All the recording-drums are driven 
by mitre gearing from a ?-in. shaft, which is driven 
off the forward transverse axle. This shaft makes 
approximately one revolution for 250-ft. travel of the 


carriage. 
Model-Muking Apparatus.—Our models will be made of 
paraffin wax, the composition of which is: Paraffin, 90 





the top of the casting. These cutters are fixed to a spindle 
to which is = the cumstese of — motor, Baer 
arrangement of drive being similar in respects to that 
of the cutters of the shaping-machine. The cutters can 
be traversed across the tank, and, by means of a rack on 
one side and a * on the carriage, can be taken to any 
part of the tank. 

The Model Shaping-Machine.—This machine (Figs. 14, 
15, and 16, on the opposite page, and Fig. 20, on page 452) 
is for cutting in the model a series of level grooves to 
the depth of the finished surface, these grooves correspond- 
ing to water-lines on the ship. The machine has been 
designed to take models up to a length of 25 ft. and a 
beam of 3.75 ft. In principle it is the same as the Froude 
shaping-machine. 

It consists of a bed or table T for the model, which can 
be drawn longitudinally by a nut working on a lon 
revolving screw 8, driven by a reversible vbiecgeall 
4-brake-horse-power direct-current motor through worm 
gearing. This motor is supplied with current from a 
C.M.B. autoconverter. By a shunt regulator on the con- 


. g DIAGRAM SHOWING POSITION OF TOP OF TANK WALLS AFTER FILLING WITH 
*WATER RELATIVE TO THAT WHEN EMPTY. 
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per cent.; bees-wax, 2 per cent. ; stearine, 8 per cent. Wax 
of this composition, provided by Messrs. Price and 
Co., has a melting-point of 127 deg. Fahr., or 3 deg. 
Fahr. below that of unadulterated paraffin. The addi- 
tion of the stearine to the mixture stiffens it without 
making the castings any more brittle than is normally 
the case. 

The wax is melted in a large galvanised tank (capable 
of holding about 2 tons of wax when melted). A number 
of 3-in. pipes pass from end to end of this tank, which is 
also surrounded (with the exception of the cp by an 
outer casing, and hot water can be circulated through 
these pipes and around the outer casing of the tank by 
means of a small sectional heating boiler. 

The outer casing is fitted with a thermometer, and 
suitably lagged, so that the wax can be brought to any 
desi temperature, and that temperature maintained 
throughout the wax as long asit isdesired. This method of 
melting the wax has the t advantage that overheating 
to any extent is impossible. The wax, when melted, is 
allowed to stand for some hours, and any impurities, 
which are usually heavier than the hot melted wax, sink 
to the bottont of the tank. This wax is run off into clay 
moulds from points 6 in. above the bottom of the inner 
tank, thus avoiding the dirt, &c., which has sunk to the 
bottom. Experience in other tanks has shown that this 
method of cleaning the wax is quite satisfactory. 

The moulding-tank, in which the castings are made, is 
of the following dimensions :— 


Ft. 
Length ... 43.5 
Breadth ... 4.0 
Depth 3.25 


It is made of steel plates stiffened by vertical angles 
and deep gussets outside, spaced 3 ft. 7 in. apart. These 
stiffeners are connected by large angles at the bottom, 
and the whole tank is Tope on @ continuous concrete 
bed. The top edges of the two sides consist of continuous 
angles supporting steel strips, which form a level track, 
along which can be worked the cutters for levelling off 
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verter the voltage of the supply to the motor can be varied 
from 0 to 200, giving —_ oO pp varying from 0 ft. 
to 6 ft. per minute. The model is placed keel up on this 
table, and held in position by plugs on the centre line 
of the table, 3 ft. 6 in. apart, which fit in holes in the 
cross-beams of the model. 

A half-breadth plan of the ship is placed upon a second 
table, also driven longitudinally by a nut working on a 
revolving screw Sy. These two screws §, and S, are geared 
up to the same motor, and, by adjusting the spur-gearing 
on the table drive, the drawing can be made to imitate, 
in the desired ratio, the longitudinal motion of the model. 
The two tables travel on tracks which are level to 
xepp im., and are parallel to each other. Across the model 
table track, at about the centre of the length, is a fixed 
framework carrying two revolving cutters, which operate 
one on each side of the model as the latter moves t. 
The cutters can be adjusted to any — Y by means of the 
hand-wheel H. This drivesthe worm K and worm-wheel 
L. The spindle of each cutter is sup by cone bear- 
ings in a steel tube, which has a triple screw-thread on 
its outer surface. This steel tube is supported by the 
two bearings M, between which is the worm-wheel L, 
which is cut to operate as a nut on the outer tubes. The 





actual vertical ition of the cutters is indicated by the 
pointer N, which moves at the same rate as the cutters. 

The transverse motion is given to the cutters by a right 
and left-handed screw O, operated through bevel gear 
by the hand-wheel P, and working on nuts R on the 
cutter-frames, springs S being fitted to each frame to 
take upany ness inthenuts. The greater part of the 
weight of the cutter-frames is transmitted to the rollers 
U by means of the coil springs V. These rollers are 
mounted on ball-bearings, and run on planed rails fixed 
to the carrying frame, and are so held that no horizontal 
movement relative to the slide can take place. By this 
means the guide-rods are relieved from the ter t 
of the weight of the motors, and rolling substitu 
sliding friction. : 

The cutters aredriven by vertical shunt-wound two-pole 
enclosed ventilated 100 volts direct-current motors fixed 
on the upper ends of their spindles. These revolve at 
2000 revolutions per minute, and each requires about 
4 horse-power to drive it. The transverse motion of the 
cutters 1s transmitted by the copying-lever W to a tracer 
on the half-breadth plan. This copying-lever is held by 
a spring in contact with a point on the cutter-frame, 1s 
free to slide through the sadly and at the other end 
actuates the tracer, the movement of which is restricted 
toa transverse line by the guide Z. As the model is 
moved longitudinally, this tracer is kept in contact with 
the level lines of the plan, so that these are reproduced 
to scale on the model. 

In order that any slight error due to want of agen 
ness in the middle line of the shear draught on the table, 
or slight rocking movement of the table as it travels 
under the tracer, shall not be reproduced on the model, 
the copying apparatus has been given a slight freedom 
to move transversely, so that the distance apart of the 
cutters is proportional to the distance of the tracer 
from a line which may move slightly in space. The 
method adopted to give this transverse freedom is the 
same as that used by Mr. Froude. A guide-roller X 
is kept bearing with a light pressure against a straight 
edge on the od of the Seantien tole, and the plan is 
set with the middle line parallel to this edge. The 
copying-lever W is held in a fulcrum supported on a 
frame ¥, which is fixed at one end on a pivot in the same 
plane as the cutters. At the other end it is pivoted on a 
rocking triangle in the same plane as the tracer, and its 
exact position is regulated by the guiding-frame Z. Z is 
pivoted on the frame Y, and can rock transversely, its 

ition being controlled by the roller X, so that as X 
ollows the middle line of the plan the tracer and the rest 
of the copying apparatus move with it, the movement of 
each part being proportional to its distance from the 
plane of the cutters. 

The Measwring-Table.—The model, when made, can be 
checked on the measuring-table. This table also serves 
for marking on the model any desired lines, such as shaft 
or keel lines, and for doing any final trimming or slight 
alteration of section. 

It consists of a flat iron table ribbed underneath, sup- 
ported on iron legs, the top and edges being planed. On 
one side is a sliding bracket, which can be moved the full 
length of the table by « pinion gearing with a rack on the 
table. A scale is fixed along this side, and enables the 
bracket to be moved any fixed distance. This bracket 
carries a fixed drawing-board in a transverse plane. 
cop ing finger, which is moved over the surface of the 
model, is kept horizontal by means of a parallel-rod 
epenguenes carried on a pivot on the sliding bracket, so 
that the copying-arm moves just in front of the drawing- 
board, and a pencil carried at the outer end of the arm 
traces the model section on the 4 

In addition to the above apparatus, the usual arrange- 
ments have been made in the workshop for ss the 
model by hand to its final shape as defined by the lines 
cut by the shaping-machine. A 2-ton weighing-machine, 
which is accurate to 20z. throughout its range, has been 
provided for weighing the models, For convenience in 
transporting the models a 2-ton traveller has been erected, 
having a 25-ft. span, supported on girders which extend 
across the north end of the tank and along the full length 
of the workshops, over the shaping-machine bed, casting- 
tank, and weighing-machine. 

The woodworking shop is wages with a circular saw, 
band-saw, and wood-turning lathe, and the fitting-sho; 
with a screw-cutting lathe, small vertical drill, an 
shaping-machine. Each set of machinery is driven by a 
4 horse-power shunt-motor. 

Small Tank.—In addition to the large tank already 
described, a smaller tank has been built. The dimensions 
of this tank are :— 


for 


Length ... 644 ft., having a uniform sec- 
tion 314 ft. in length 

Breadth ... 5 ft. 

Depth we ae 34, 


The tank is built up generally of -ferro-concrete, 7 in. 
thick, faced over 20 ft. of the central portion with iron 
plates. At the pit at the south end and around the pump 
mentioned later the thickness varies from 1 ft. to 2 ft. 

Experiments can be made in this tank under two sets 
of conditions; either with still water—the model being 
towed bya wire or string, as used by Chapman, Beaufoy, 
Wellenkamp, &c.—or with the model held on a dynamo- 
meter arm at a fixed position in the tank, and the water 
made to flow past at any velocity. For the latter purpose 
a 24 ft. diameter rotary pump has been fixed at the 
north end of the tank, and provision for fitting baffles 
for reducing eddy-making has been made. It is esti- 
mated that this pump ‘will give a velocity of about 
three miles per hour to the water. The water circulates 
from north to south through the tank, and returns by a 
3-ft. conduit. A sluice-gate is fitted over the mouth of 
the conduit at the south end, so that the velocity can be 
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regulated as desired. For the still-water experiments 
shafts 18 in. in diameter have been sunk on the centre 
line of the tank at each end. These shafts consist of iron 
tubes sunk to a depth of 16 ft. below the surface of the 
water in the tank, and give the necessary drop for the 
falling weights which propel the model. The motor for 
driving the rotary pump and model apparatus for this 
tank has not yet gecigned. ; 

The contractors for the 9g my . and its elec- 
trical drive were Messrs. Dick, Kerr, and Co., Limited. 
The special equipment for making and guping the models 
has been provided by Messrs. W. and T. Avery, Limited. 
The work has been carried out under the direction of Mr. 
F. Wright, acting for the consulting engineers, Messrs. 
Mott and Hay. 


APPENDIX. 

Position of the Tank Walls Before and After Filling.— 
The filling of the tank was commenced on September 13, 
and completed September 29, 1910, the final depth at the 
centre being 12 ft. 3in. As was expected, the weight of 
the water (about 5000 tons in all) caused a certain amount 
of settlement to take place, with some horizontal move- 
ment of the tops of the walls. The amount of movement 
was so small as to be unobjectionable. A reference to 
Fig. 17 on the preceding page shows that the maximum 
variation of gauge was -—0.08 in., and the maximum 
vertical movement 0.08 in. downwards. 

Horizontal Movement.—This was measured at four 
= of the tank py boards at 75 ft. and 323 ft., and b 

nvar tapes at 252 ft. and 427 ft., from the north end. 
The boards were of 11-in. by 1}-in. timber, with a butt- 
joint at the centre, and were placed square across the 
tank, with their ends resting on the rail-bearers, and were 
lightly stayed at the centre. Microscopes fitted with 
micrometer eye-pieces were clamped to the rail-bearers at 
each end of each board, their axes being horizontal and 
parallel to the walls. These were focu on to vertical 
hairs attached to the boards, and in this way the displace- 
ment of each end of a board could be determined. The 
two Invar tapes were kept at a constant tension of 10 
kilogrammes by means of aspring: balance at one end fitted 
with a tightening-screw, the other end being clamped to 
the corresponding rail-bearer. At the free end a double 
‘*hair” was fixed on the tape by a brass clip, and a single 
‘*hair” to an adjustable brass arm clam to the rail- 
bearer, the three *‘hairs” being lel to one another 
and perpendicular to the tape. The displacement was 
then read by a vertical microscope fitted with a micro- 
meter eye-piece. 

It was anticipated that the walls would fall in at first, 
owing to the weight of water on the bottom ; but it was 
expected that when the water rose above the ground level 
they would move outwards again. Contrary to expecta- 
tion, however, they continued to fall in up to the very last. 

Vertical Movement.—The rail-bearers on each wall were 
levelled to within 5/1000 in. by the water-level before 
filling, and standard levels were also taken with a dumpy 
level. After October 11 the levels were repeated, and 
found to vary as shown on Fig. 17. The datum for 
the new levels could not be defermined so accurately, as 
it could only be deduced from the levels taken with the 
dumpy level. 

he diagram shows the horizontal and vertical move- 
ments of the walls to different scales. The curves show- 
ing the transverse movement—+.e., the mean movement 
for the two walls—are only approximate, being drawn 
through only six points each—viz, the four points of 
observation and two points near the ends, which are 
assumed not to have moved transversely. The general 
character of the curves is no doubt correct, and will be 
seen to correspond to the mean curve of vertical displace- 
ments—t.e., where the vertical settlement was greatest, 
the horizontal movement was greatest. The hollow at 
the centre of each curve corresponds approximately to 
the position of the small tank, and may be due to a firmer 
foundation at that part, perticularly for the east wall. 

Two factors have probably contributed to produce the 
horizontal movement of the walls. 

If ABC D (Fig. 18) represent a cross-section of the tank, 
then the weight uf water may cause C to settle relatively 
to B and D, the part A B C turning about B as a fulcrum 
into the position A’ BC’. This inward bending would 
begin tefore the tank was full. The relative movement 
would probably be greatest where the ground was softest, 
and therefore where the total settlement was greatest. 

Again, considering the whole length of the tank as a 
beam of uniform section, but not quite equally loaded 
(the net load on any portion of its length consisting of the 
weight of water on that length, less the reaction of the 
ground beneath it), it will necessarily settle unequally, 
and the resulting longitudinal stress in the top of the wall 
will be one of tension where it ‘‘ hogs,” and of compres- 
sion where it ‘‘sags.” far as this cause alone is con- 
cerned, the walls might move inwards or outwards at 
there latter points, but, as explained above, in the earl 
stages of the filling they have Capers 4 begun to bend, | 
this settles which way the walls shall move when under 
compression due to the sagging. 





Personat.—The Hurst Electric Manufacturing Com- 
pany, of Clokey’s Buildi King-street, Belfast, now 
represent in Ireland for electrical manufactures the 
Electric and Ordnance Accessories Company, Limited, 
Birmingham.—Mr. Horace Field Parshall, D.Sc., M. 
Inst. C.E., M.1.E.E., has been appointed chairman of 
the Central London Railway in place of Sir Henry Oakley, 
who has just resigned that position. In taking this step, 


the directors have followed the practice which is daily 
becoming more general in the United States of entrustin 
the control of large industrial undertakings to experien 
and well-known engineers, 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 29. 

Four or five idle blast-furnaces are being put into 
operation this week. Several more will probably 
follow early in April. The improvement in the pig- 
iron situation has stimulated the demand for coke, 
and 500 idle merchant ovens in the Connellsville field 
will resume within the coming ten days. The Steel 
Corporation will start up very svon 1800 of its 3000 
coke ovens in the Pocomontas field of West Vir- 
ginia. The depletion of coke stocks has sent prices 
up 10 cents a ton for prompt shipment. A g deal 
of quiet buying has been going on in pig iron during 
the past month. By no means all of the sales made 
were permitted to appear in the public prints. With 
the heavy curtailment of production and the quiet 
buying that has been secretly going on, a greater 
enggag ag pig iron has developed than had been counted 
on. e upshot is that quite a number of large con- 
sumers of special grades of pig iron are in the market. 
There is an active demand for malleable for delivery 
next summer and autumn. In fact, there is a general 
disposition among users of Pig iron to awake out of a 
long sleep and sit up and take notice. What the out- 
come will be need not be the subject of uncertainty. 
Just as the demand for pig iron improves furnaces will 
be put into blast. The Steel Corporation is about to 
put in an electric furnace similar to that now operating 
at Homestead. There is an improving demand for 
structural and plate by reason of the stimulation of 
building in various parts of the country, incident to 
the opening of spring. Bids are to be opened to- 
morrow on the third of the large steel contracts for 
the Panama Canal. These bids call for material 
made largely of chrome steel, vanadium steel, and 
other high - class materials for emergency dams at 
different points along the canal. The railroads are 
still hanging back on their heavy purchases, but 
enough business is coming in to afford encouragement 
for large orders within thirty days. 








Tue Society or MoTtoR MANUFACTURERS AND TRADERS, 
Limitep.—The annual meeting of this Society was held 
at Maxwell House in the afternoon of Thursday, the 
30th ult., the chair being occupied by Mr. E. Manville, 
President of the Society. The chairman called attention 
to the prosperous state of affairs that was evidenced by 
the report and balance-sheet. The report of the Com- 
mittee and the report of the accounts presented to the 
auditors were unanimously approved, and the proceedings 
terminated with a vote of thanks to the chairman. The 
Society has decided to accept the invitation to send 
representatives to a meeting to be held in connection 
with the Third International Road Con 1913, and has 
appointed Mr. R. Dennis and Mr. T. H. Woollen to attend. 





Tue Correr Market.—In their monthly report, dated 
the 3rd inst., Messrs. James Lewis and Son state that the 
standard market has been exceptionally dull and listless 
during the past month, cash fluctuating between 541. 3s. 9d. 
on the 7th and 55/. 2s. 6d. on the 16th and 2lst ult., 
receding to 54/. 6s. 3d. on the 27th and 30th. The closing 
values on the 3rd were 54/. 11s. 3d. cash and 55/. 2s. 6d. three 
months prompt. 
tons. The dulness prevailing had beenin sympathy with the 
New York market, where considerable sales of electrolytic 
copper had been made at lower prices by the smaller pro- 
ducers, the larger holding for ye limits, and declining 
to accept current prices. The decision of the Supreme 
Court on the Trust Laws was expected to be made known 
very shortly, and when the uncertainty arising from this 
was removed, greater activity in trade was looked for. 
Both in England and on the Continent consumers were 
absorbing considerable quantities of copper, and were 
busy ; this resulted in a reduction of stocks; these were, 
however, increasing in the United States. Unless con- 
sumption in the United States soon showed a material 
improvement, more drastic measures for the restriction of 
American production would be necessary if present values 
were to be maintained. 





Tue ExxcrricaL Trapres’ Directory AND HAnp- 
Book, 1911. London: The Electrician, Salisbury-court, 
Fleet-street, E.O, [Price 15s.}—-This book now appears 
in its twenty-ninth edition. Its form has undergone little 
change, except that of enlargement. It is divided into a 
age number of sections, which go to make up a hand- 
book portion on electrical matters, a directory of trades, 
&c., and a biographical division. The chief sub-divisions 
of these sections are provided with tabs, so that they may 
be quickly turned to, and at the tabs, where necessary, 
there is found an index of the section to which it refers. 
Coloured edges also show the different sections. After 
introductory and general matter comes a section on the 
law relating to electric lighting, power, &c. This is 
followed by notes on the past year, legal decisions, &c. 
A section on telegraphs and telephones follows, after 
which are given statistics relating to limited companies 
and corporations, with a directory of directors, societies, 
colleges, Government departments, and other bodies 
interested in the trade. The trades directory follows 
with British alphabetical and classified lists, and colonial 
and foreign alphabetical lists. The biographical section 
completes the book, With the directory go the well- 
known Electrician tables of electric lighting, power, and 
traction undertakings in this country, giving particulars 
of prices c , plant owned, system, and other details, 
arranged in nine tables, which are indexed. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market opened with an easier tone, and 
Cleveland warrants fell away in price. The turnover 
consisted of 3500 tons at 47s. 4d. and 47s. - Cash, 
47s. 5$d. eight days, and at 48s. 1d. and 48s. 14d. three 
months, with closing sellers at 47s. 5d. cash, 47s. 8d. one 
month, and 48s. 2d. three months. Sellers of hematite 
quoted 64s. 9d. three months. In the afternoon Cleveland 
warrants were a fraction easier, and a business of 
10,000 tons ch hands at 47s. 44d. and 47s. 5d. eight 
days, 47s. 6d. fifteen days, 47s. 7d. and 47s. 74d. one 
month, and 48s. 14d. three months. At the close there were 
sellers at 47s. 44d. cash, 47s. 74d. one month, and 48s. 14d. 
three months. On Friday morning the market was 
steady, and 3500 tons of Cleveland warrants were done 
at 47s. 4d. cash and 47s. 44d. seven days, closing with 
sellers at 47s. thd. cash, 47s. 74d. one month, and 48s. 1d. 
three months. The afternoon session was dull and quiet, 
and the dealings only amounted to 2000 tons at 47s. 7d. 
one month, and 48s, three months, and at the close the 
quotations were 47s. 4d. cash, 47s. 7d. one month, and 
48s. 0}d. three months sellers. On Monday morning 
Cleveland warrants continued to decline, and 6000 tons 
were dealt in at 47s. and 46s. 114d. cash, 47s. 14d. and 
47s. = twenty-one days, and 47s. 10d. three months. 
The closing prices were 4d. to 44d. down from Friday, 
and were 46s. 114d. cash, 47s. 24d. one month, and 
47s. 84d. three months sellers. In the afternoon the busi- 
ness consisted of 4500 tons of Cleveland warrants at 
46s. 9d. and 46s. 104d. cash, 46s. 104d. fourteen days, and 
47s. 04d. and 47s. one month. Sellers’ closing quotations 
were 46s. 11d. cash, 47s. 2d. one month, and 47s. 8d. three 
months. On Tuesday morning the market became firmer, 
and 5000 tons of Cleveland warrants were done at from 
46s. 10d. to 47s. 14d. cash, at 47s. 24d. thirteen 
days and for May 16, and at 47s. 9d. three months. At 
the close sellers quoted 47s. 1d. cash, 47s. 4d. one month, 
and 47s. 10d. three months. In the afternoon the tone 
was weaker and prices fell away. The turnover was 4000 
tons of Cleveland warrants at 47s. 0}d. and 46s. 104d. 
cash, and 47s. 34d. one month, and closing sellers quoted 
46s. 104d. cash, 47s. 14d. one month, and 47s. 8d. three 
months. When the market opened to-day (Wednesday) 
Cleveland warrants were again weak, and the business 
amounted to 4500 tons at 46s. 9d. cash, 47s. one month, 
and 47s. 6d. three months. Sellers’ closing prices were 
46s. 94d. cash, 47s. one month, and 47s. 6d. three months. 
In the afternoon the market maintained a steady tone, 
but Cleveland warrants were quiet. The turnover con- 
sisted of 2000 tons at 46s. 11d. twenty-one days, 47s. 04d. 
one month, and 47s. 6d. three months, and the closing 
quotations were 46s. 94d. cash, 47s. 04d. one month, and 
47s. 64d. three months’ sellers. The following are the 
market quotations for makers’ (No. 1) iron ws bs and 
Calder, 60s. 6d.; Gartsherrie, 61s.; Summerlee, 63s. ; Lang- 
loan, 64s.; and Coltness, 82s. (all shipped at Glasgow) ; 
Glengarnock (at Ardrossan), 63s. ; Shotts (at Leith), 61s. 6d. ; 
and Carron (at Grangemouth), 63s. 


Sulphate of Ammonia.—The market for sulphate of 
ammonia again shows an easier tone, and, while deliveries 
are being well maintained, quotations have fallen away a 
little. ‘o-day the price is quoted at from 2s. 6d. to 5s. 
per ton down from last week, being now about 14/. 2s. 6d. 
per ton for prompt delivery, Glasgow or Leith. The 
total amount shipped from Leith Harbour last week was 

tons. 


The total sales amounted to about 19,000 | 343 


Scotch Steel Trade.—Little change falls to be reported 
in the Scotch steel trade this week, and fresh buying is 
still very poor; but while specifications for ship-plates 
are not over plentiful, they are coming to hand in suffi- 
cient number to keep the majority of the mills fairly well 
employed. The demand for boiler-plates has improv 
somewhat, and consumers at home and abroad have been 
ordering on fairish quantities, but angles are still ver 

uiet, although an early improvement is being spoken of. 

ighter steel material is the subject of better inquiry, 
and contracts for some lots of light sheets in particular, 
amounting to several hundred tons, have been entered 
into during the past week. Makers of structural sections 
report a fairly good demand. 


Malleable-Iron Trade—Prices Reduced.—The malleable- 
iron makers in the West of Scotland are still as oe 
for work as ever, but with the basis price of crown bars 
reduced by 12s. 6d. per ton, they hope to meet the severe 
competition which they have recently experienced, and 
to secure a lot of new business. A meeting of the asso- 
ciated makers was held in Glasgow, on Monday of this 
week, when the above reduction was upon, the 
quotation now being 6/. 10s. per ton, less 5 per cent. 
for crown bars. The ling scheme was also under 
consideration, and satisfactory progress was reported. 

Shipbuilding.—The shipbuilding returns for the past 
month are highly satisfactory, and totalled 38 vessels, 
of 64,455 tons, made up as follows : 





Vessels. Tons. 

The Clyde .. 28 60,355 
The Forth . 3 200 
The Tay .. 2 2,300 
The Dee 5 1,100 
Total .. 38 64,455 


The Clyde output constitutes a record for the third 
month of the year, and the total for the first three 
months of this year—63 vessels, of 126,707 tons—is only 
second to the corresponding period of the year 1906, 
when the tonnage amounted to 128,533 tons. The ship- 
building industry is in a fairly healthy condition at the 
present time, and with order-hooks generally well filled 
the outlook is very satisfactory. Some good contracts 
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have been fixed up within the past few weeks, and if only 
the trade can steer clear of differences between masters 
and men, there is no saying but that the output for 1911 
may constitute another record. 


Scotch Pig-Iron Trade.—The local demand for the 
ordinary qualities of Scotch pig iron during the past week 
has been very small, and even with prices shaded slightly 
there has been little disposition on the part of buyers to 
make new contracts. ers from . ish consumers 
continue to arrive for goodly quantities, while the in- 
quiries for lots for export to India, Canada, Australia, 
and South America are satisfactory. Hematite continues 
quiet, and stocks are increasing, and although there are 
sellers at about 69s. per ton, only a limited amount of 
business is passing. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Enginecring Prospects.—The difficulties of pe nr 
firms during the last two or three years were comment 
upon at the recent meeting of the Yorkshire Engine 
Company, Limited, in Sheffield. It was pointed out that 
although there was more work in hand now than a year 
ago; there was no certainty as to the extent of ordinary 
work in the near future. All that could be said was that 
the prospects were favourable, and on the present posi- 
tion they were justified in looking forw: to a better 
year. It will be remembered that this company has 
recently received an important locomotive contract, and 
it is expected that this will keep their locomotive 
department fully employed for the next two years. 


South Yorkshire Coal Trade.— With the conditions 
governing the market practically unchanged, hard coal is 
in much the same position as a week ago. For industrial 
pur there continues to be a steady demand, but a 
further decrease in shipments. On account of the near 
approach of the shipping season, collieries are adopting a 
very cautious attitude in regard to forward bookings at 
the prices now current. Stocks of inferior qualities are 
accumulating, and there is a good deal of spot coal on offer. 
Steam-nuts are not in very active demand. Gas-fuels are 
in a fair position and collieries are pretty well booked for 
slacks, whilst there is a good inquiry for coking smalls. 
The cold snap has had a livening effect upon house coal, 
and its intensification during the past few days should 
improve the week-end market considerably. Merchants 
have been making bigger demands upon the collieries, but 
have not paid much attention to cheap qualities. General 
price reductions have not taken place, as was expected at 
the beginning of this month, for which the colder weather 
is largely responsible. Latest "Change quotations are:— 
Best branch hand-picked, 13s. 6d. to 14s. 6d.; Barnsley 
best Silkstone, 12s. to 13s.; Silkstone, 10s. to 11s.; or 
shire brights, 11s. to 12s.; Yorkshire hards, 9s. to 10s. 6d. ; 
Derbyshire hards, 8s, to 9s.; washed nuts, 7s. 9d. to 8s, 9d. ; 
rough slacks, 5s. 3d. to 7s.; best seconds, 3s. 6d. to 4s. 9d. ; 
smalls, 1s. to 2s. 3d. 


Tron and Steel.—For several weeks there has been a 
steady decline in businesss’ in the iron market, and the 
quarter closes in a period of depression. Along with 
smaller buying, prices have been distinctly weaker, and 
several transactions have been through at less than 
official quotations. The same lack of life has been ob- 
servable in common irons, and in some instances pro- 
ducers have foregone business rather than reduce prices. 
In the steel trades, although things on the whole 
are satisfactory, there is room for improvement, but 
progress has not been noticeable during the week, 
and the situation is perhaps best descri as ‘“mark- 
ing time.” The armament houses and the other heavy 
firms are still full of work, and busy months are 
assured to them. . Makers of railway material are 
steadily occupied, and engineering works are, if any- 
thing, a little busier on the heavy side. In all kinds 
of engineers’ tools, in drills, mining-tools, and drill- 
steel, work is very brisk. Another good feature is that 
a much better proportion of the output in this direction 
is being taken by the home market. The same applies 
to the trade in hammers, spades, picks, shovels, and con- 
tractors’ tools generally. e combination of good 
foreign and colonial inquiries and a revived home demand 
is severely taxing the resources of some of the manufac- 
turers. On the other hand, in a few departments of the 
foreign trade in steel specialities there has been some 
falling off. Makers of tramway material have a satisfac- 
tory quantity of work in hand. The largest share of a 
War Office contract for bayonets, just givenout, has n 
obtained by two local firms, but it is stated that the 
quantities required are much smaller than usual. 





Mecuanicat Fitters. —The Ashton-under-Lyne, Staly- 
bridge, and Dukinfield Joint Water Board have decided 
to instal thirty-three mechanical filters for purif, their 
water supply, and the order has been p wi essrs. 
Mather and Platt, Limited, of Manchester. 





Tuk CommerciaL Moror-Users’ AssociaTion.—The 
offices of this association have now been moved into the 
new building of the Royal Automobile Club in Pali Mall, 
S.W._ The new telephone number is ‘* 5000 Mayfair,” and 
the telegraphic address, ‘‘ Usamobile, London.” 





THe Late Mr. Wiii1am James WALLIs.—We regret 
to have to announce the death on Tuesday, March 28, 
after a brief illness, of Mr. William James Wallis, who 
was for thirty-three years London manager for Messrs. 
Marshall, Sons, and aw Limited, of Gainsborough. Mr. 


Wallis was known to a wide circle of business friends and 
acquaintanees in the City and elsewhere, by whom his loss 
Wi 


1 be very much felt. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

_ The Cleveland Iron Trade.—Extreme quietness con- 
tinues to characterise the pig-iron trade. Production is 
still in excess of requirements, with the result that stocks 
continue to accumulate, and, as is always the case in a fall- 
ing market, buyers are ver ckward. Further reductions 
in values have to be recorded, and the position just now is 
anything but encouraging. What little business there is 

ing 1s confined to small lots for early delivery. As 
ow as 47s. is named for No. 3 g.m.b. Cleveland pig, but 
the general market rate is 47s. 14d.; whilst No. 1, which 
is understood to be still searce, is 50s. 6d. to 5ls.; 
No. 4 foundry and No. 4 forge, each 46s. 9d. to 47s.; 
and mottled and white iron, each 46s. 3d. to 46s. 6d. 
Unsatisfactory accounts are given of East Coast hema- 
tite ig iron. Sales are difficult to make, and prices 
tend downward. Values of hematite, however, are 
still high as compared with those of ordinary Cleve- 
land pig. Nos. 1, 2, and 3 hematite can now be 
bought at 63s. 6d. for early delivery, and, indeed, even 
that figure might be shaded. No. 1 is 64s., and No. 4 
hematite 62s. 6d. Foreign ore continues idle, with 
values still nominally on 22s. 6d. ex-ship Tees for 
Rubio of 50 per cent. quality ; but it is quite understood 
that sellers would quickly name less if by doing so they 
had reason to believe they would induce business. Coke 
is very abundant and weak. aeage blast-furnace 
qualities are now freely offered at 15s. 3d. delivered here, 
and some sellers would probably not refuse 15s. Middles- 
brough warrants at one time to-day sank to 46s. 84d. 
cash buyers, which is the lowest quotation named since 

the latter end of March, 1909 


Manufactured Iron and Steel.—Little or nothing new 
can be reported of the manufactured iron and steel indus- 
tries. Most firms have good order-books, but very few 
new contracts are being made. Values all round are 
upheld, the reduction of in Scotland not having been 
followed here. Principal market quotations stand : 
Common iron bars, 7/.; best bars, 7/. 7s. 6d.; best best bars, 
7l. 15s.; iron ship-plates, 6/. 12s. 6d.; iron ship-angles, 
7l.; iron ship-rivets, 7/. 5s. to 7/. 7s. 6d.; iron boiler- 
plates, 7/. 7s. 6d.; pes iron, 5l. 15s.; steel bars, 67. 5s. ; 
steel ship-plates, 6/. 15s.; steel ship-angles, 6/. 7s. 6d.; 
steel strip, 6/. 10s.; steel hoops, 6/. 12s. 6d.; steel joists, 
6l. 7s. 6d. ; cast-iron railway chairs, 3/. 10s. ; light iron 
rails, 6/. 10s.; heavy steel rails, 5/. 12s. 6d.; steel railway 
sleepers, 6/. 12s. 6d.;.and iron and steel galvanised corru- 
gated sheets, 10/. 15s.—sheets less 4 per cent. f.o.b.; 
railway material net at works ; and all other descriptions 
less 24 per cent. discount. 


Shipments of Iron and Steel.—Shipments for March 
were fairly good, but they fell short of expectations. 
Official returns show loadings of pig iron to have been 
97,036 tons, 90,105 tons of which went from Middles- 
brough and 6931 tons from Skinningrove. For the pre- 
vious month the total clearances of Rig amoun to 
88,444 tons; whilst the loadings for rch last year 
reached 97,585 tons. Of the pig iron sent from Skinnin- 
grove during the third month of this year, 6391 tons went 
to Scotland and 540 tons foreign. Of the 90,105 tons 
sent from Middlesbrough, 51,919 tons went abroad and 
38,186 tons coastwise. Scotland was once more the 
largest buyer, receiving 23,776 tons ; whilst France took 
8623 tons ; Wales, 6640 tons ; Belgium, 5524 tons; Italy, 
5256 tons; Japan, 3575 tons; and Sweden, 3185 tons. 
Manufactured iron shipped during March reached 20,639 
tons, 12,440 tons of which went foreign, and 8199 tons 
coastwise, India, with an import of 8342 tons, being by far 
the largest consumer. Of the 39,754 tons of steel cleared 
during the third month of the year, 29,449 tons went 
ahpend, and 10,305 tons coastwise, the best customers 
being the Argentine, 5323 tons; India, 4706 tons ; Japan, 
2690 tons ; est Australia, 2321 tons; and South 
Australia, 2087 tons. 


Blastfurnacemen’s Wages.—The average net selling 
price of No. 3 Cleveland pig for the first quarter of the 
year was ee ae (Wednesday) certified at 49s. 6.68d., as 
compared with 49s. 10.72d. for the previous quarter, and 
under sliding-scale arrangements wages of blastfurnace- 
men are uced 0.50 per cent. (half of 1 per cent.), 
bringing wages from 22.25 per cent. above the standard 
to 21.75 per cent. above the standard. The reduction 
takes effect from the 1st inst. 








DreseL Enaines FoR MARINE Purposes. — Messrs. 
Richardsons, Westgarth, and Co., of Middlesbrough, have 
secured a licence from the — Diesel eer and 
Messrs. Carels Fréres, of Ghent, to build Diesel oil- 
engines, and have received from Lord Furness an order for 
a set of single-screw ines of 1000 horse-power for a 
3200-ton ship to be built to his order by Messrs. Sir 
Raylton Dixon and Co., of Middlesbrough. The engines 

ill be of the slow-running open type designed by Mr. 
Westgarth especially for cargo-boats. It is intended to 
have the ship ready for sea in the autumn, and it will 
probably be the first ocean-going steamer egy by 
crude-oil engines. The Nederlandsche Fabriek van 
Werktuigen en Spoorweg-Materieel, of Amsterdam, also 
inform us that they last week received orders for a 1100. 
brake-horse-power Diesel motor for a single-screw vessel 
of 4250 tons displacement, and two similar motors for a 
twin-screw vessel of 9300 tons displacement. All three 
engines will be of the single-acting four-cycle type, each 
having six cranks. The speed is to be 140 revolutions 

minute. The single-screw vessel above referred to is 
Er the Anglo-Saxon Petroleum Company, of London, 
and the twin-screw ship is for the Sociéte d’ Armement, 





d’Industrie et de Commerce, of Antwerp. 


NOTES FROM THE SOUTH-WEST. 


_ Cardif.—The steam-coal market has been somewhat 
irregular. Tonnage arrivals have been heavier, but have 
not been sufficient to clear off stocks which had accumu- 
lated. The position of a numiber of séllers has, however, 
improved in this respect. The best Admiralty qualities 
have shown more steadiness than secondary ‘and inferior 
descriptions. The best large steam coal has made 17s. 3d. 
to 17s. 6d. per ton, while ordinary qualities have ranged 
between 15s. 3d. and 16s. 9d. per ton ; best bunker smalls 
between 10s. and 10s. 6d. per ton, and cargo smalls 


between 8s. 9d. and 9s. 3d. per ton. House coal has 
shown scarcely any change; the best ordinary qualities 
have brought 14s. 6d. to 16s. 6d. per ton ; No. 5 Rhondda 


large, 17s. to 17s. 6d., and smalls, 10s. to 10s. 6d. per ton. 
No. 2 Rhondda large has been quoted at 12s. 6d. to 
12s. 9d., and smalls at 8s. to 8s, 6d. per ton. Foundry 
coke has brought 19s. to 21s., and furnace ditto, 16s. 6d. 
to 17s. 6d r ton. As regards iron ore, Rubio has 
realised 21s. 6d. to 22s. per ton, u a basis of 50 per cent. 
of iron, and charges, including freight, insurance, &c., to 
Cardiff or Newport. 


Collieries at Pengam.—The Powell-Duffryn Company is 
making progress in sinking its new Britannia UCollieries 
at Pengam, from which the company is anticipating an 
output of between 750,000 and 1,000,000 tons per annum. 
As was the case at Penalltan and at the new Bedwas pits, 
the company pro to use permanent machinery in 
oes e shafts ; and not only has the necessary machi- 
nery already been ordered, but the surface buildings in 
which it will be housed are also approaching completion. 
Till the permanent engines are installed a crane is bein 
used for sinking pur; and the two shafts, which will 
have a diameter of 21 ft. in the clear, have already been 
sunk to depths of 40 and 30 yards respectively. Coal- 
winding will be done electrically, and the winders ordered 
from Messrs. Siemens Brothers will, it is stated, be the 
largest in the world, The main winder is built to brin 
up, from a depth of 2190 ft., 360 tons per hour. Each 
cage will carry four trucks of 11 cwt. each, and the net 
load of coal per wind will be 6 tons. 


Welsh Railway Traffic.—Traffic upon the Welsh rail- 
ways has made rather a poor showing thus far this half 
year. The Barry system receipts are 164,670/., as com- 
pared with 173,257/. for the corresponding weeks of 1910, 
and the Taff Vale receipts are 221,771/., as compared with 
227,964/. The earnings of the Rhondda and Swansea Bay 
Railway Company are returned at 29,226/., as compared 
with 27,976l.; those of the Rhymney at 89,128/., as com- 
pared with 83,283/.; and those of the Brecon and Merthyr 
at 26,702/., as compared with 25,778/. 








Fast Cross-Country Fiicut.—Although the chroni- 
cling of achievements in aviation is rather useless, since 
new records are constantly being made, a monoplane 
flight was accomplished last week in France which is 
deserving of rather exceptional treatment. We refer to 
the flight of M. Vedrine, who, in a Morane monoplane, 
flew from Poitiers to Paris, landing at Issy-les-Mouli- 
neaux in 2 hours 14 minutes after starting. he distance 
by rail from Poitiers to Paris is stated to be 210 miles b 
rail, and as the aviator followed the railway nearly all 
the time, it is computed that he covered at least 200 
miles on his journey. The flying speed would thus work 
out to the remarkable rate of 89.5 miles per hour, which 
gives the monoplane quite the leading position as regards 
speed of travel between towns so far as 200 miles apart. 





THE Macuing-Toot AND ENGINEERING ASSOCIATION, 
Limitep.—The statutory meeting of the above As:ocia- 
tion, whose offices are at 22, Henrietta-street, London, 
W.C., was held at the Midland Hotel, Manchester, on 
the 29th ult. The Association is mainly concerned with 
the machine-tool trade, and has been formed primarily 
with the idea of limiting and controlling the number of 
engineering exhibitions which are held, as it was felt that 
manufacturers were frequently compelled to undertake 
the expense of sending displays to exhibitions which 
sometimes had no justification. The efforts of the Asso- 
ciation resulted in the cancellation of the rival exhibitions 
which it was pro to hold at Olympia in 1912 and 
1913, and in the substitution of a single exhibition which 
is to be managed jointly by the formally rival pronioters, 
and under the direct supervision of the directors of the 
Association. It is hoped that the majority of the machine- 
tool manufacturers will come into the Association. 





Hypro-Ex.gcrric Power-StaTions IN SWEDEN IN 1910. 
Sweden’s wealth of water-power is being exploited at 
a rapid rate, and last year witn the completion 
of no less than twenty-one installations of this kind. 
Twenty of these are private concerns, with an aggre- 

te capacity of 65,530 horse power, from as little as 300 

orse-power to the 24,000 horse-power of the Bullerfors 
power-station of the Stora a Bergulags Com- 
pany, and the two large stations of the South Swedish 

‘ower Company of 10,000 horse-power. The most im- 
ae installation is the one of the Swedish State at 

rollhiittan, with a capacity of 40,000 horse-power. 
Further, five stations have Leon extended during the 
year for an aggregate of 7650 horse-power, making the 
total of electric en , made available during the year, 
amount to more than 110,000 horse-power. ere are at 
tee in course of me ee seven private apero. 
electric power-stations, with an aggregate capacity of 
65,000 horse-power, besides the power-etadise cf fie 
State at the Porjus Falls, in Lapland, with a capacity of 
50,000 horse-power, making a total of 115,000 horse-power, 
in addition to which several important schemes are being 
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THE INNOCENT INFRINGEMENT OF 
PATENTS. 


Wuatrver may be the final verdict upon the 
policy of the so-called ‘‘compulsory working ” 
clauses, introduced by the Patents Act of 1907, as 
a stimulus towards the working of patented inven- 
tions in this country, there can be no doubt that 
its economic importance was vastly overrated. 
The experience of the 24 years that have elapsed 
since the section came into force has sufticed to 
show that the glowing expectations entertained on 
the one hand, and gloomy prognostications ex- 
pressed on the other, were both equally wide of 
the mark. In short, the section inaugurated no 
revolution, but merely a slight modification in the 
pre-existing means of compelling patentees to fulfil 
their obligations. While, however, public attention 
has been engaged = this section, it has igno 
another of the novel provisions of the Act, which is 
certainly of no minor sen ene both in its bearing 
upon the patentee and the industrial community 
whose business brings them into contact or conflict 
with patented inventions. 

The provision referred to is contained in Sec- 
tion 33 of the Patents Act, and states that a 
patentee shall not be entitled to recover any 
damages in ee of any infringement of a patent 
granted after commencement of the Act from 
any defendant who proves that at the date of the 
infringement he was not aware, nor had reasonable 
means of making himself aware, of the existence of 
the patent. The section goes on to say that mark- 
ing an article with the word ‘‘patent,” “‘ patented,” 
or stamping, engraving, impressing, or otherwise 
applying to an article any word or words expressing 
or implying that a patent has been obtained for it, 
shall not be deemed to constitute notice of the 
existence of the patent unless the word or words are 
accompanied by the year and number of the patent. 
The reader may be reminded that formerly it was 
no defence whatever in a patent action to say that 
the infringement was committed innocently, and in 
ignorance of the existence of the plaintiff's patent ; 
and in numerous cases dan have been awarded 
he change, therefore, 
is, on the face of it, one of importance. Suflicient 
time has not yet elapsed, however, to put this sec 
tion to the proof ; for only three years have passed 
since the section became operative, and, as «4 
rule, it takes seven or eight years for a patent to 
become ripe for actively ve measures, In 


m., when Mr. 
eel and 





point of fact, up to the present only one case has 


Wednesday, April 12, at the Institution of Mechanical Engineers, P 


red | pliance with the statuto 


come before the courts in which the patent sued 
upon was pone since December 31, 1907, and in 
that case the defendant did not plead i ignorance of 
the existence of the patent. But it seems probable 
that in the fulness of time the plea of ignorance 
will become a frequent and. formidable ground of 
defence for resisting a claim for damages in an 
infringement action; and if this be so, it will 
profoundly modify one of the most potent con- 
siderations that actuate a patentee in ritiging an 
action—viz., the prospect of getting damages for 
past infringements. 

How far the patentee will be able to rise to the 
exigencies of the situation rémains to be seen. The 
section indicates that he may, at a rate, safeguard 
his chance of getting damages by marking the 
patented article with the number and date of the 

tent. This precaution, however, even assuming 
it to be efficacious, is clearly one of somewhat 
restricted applicability. For it is manifest that 
there are numerous cases in which marking is either 
wholly impracticable, or at least of doubtful policy, 
when resorted to in the only form in which i it is 
racticable. Of course, where the invention results 
in the pare of a tangible article it will be 
desirable (provided the thing presents a sufficient 
and suitable surface for marking by the means 
indicated in the section) to mark it with the number 
and date of the “p tent, and such marking, if plainly 
legible, should sufficient to defeat the plea of 
ignorance. The patentee cannot, however, afford to 
be careless about the manner of marking, for, bearing 
in mind some of the decisions with re; to the 
marking of registered designs (in which case it will 
be remembered that marking is a pre-requisite to 
bringing an action for infringement), one may pro- 
phesy with some certainty that the judicial interpre- 
tation of this provision will reveal pitfalls at present 
unsuspected. For example, it is doubtful whether 
any but a plainly legible mark, placed upon the 
patented article itself(and not, as one frequently sees, 
on the box or hig pel will be deemed a sufficient 
compliance with the requirements of the section. 

A further doubt arises in the large class of cases 
in which the patent does not relate to the whole 
article, but applies properly only to some small 
feature of it. Take, for instance, a complicated 
piece of mechanism, such as a knitting-machine or 
an electricity meter, which in its general features 
closely resembles several other articles of the same 
kind, only differing therefrom in details of arrange- 
ment or construction. In the majority of such 
cases the name and number of the patent, if im- 
printed on the article at all, could only be con- 
veniently or visibly placed on a part that was not 
the feature of the invention, such as the frame of 
the knitting-machine or the dial or case of the elec- 
tricity meter. And if such marking were relied on 
as notice to the public, the objection might not 
unreasonably be taken that not only was it no com- 
requirement, but that, 
on the contrary, it was calculated to mislead and 
deceive the public. 

So much for the marking of patented articles in 
cases where the invention takes a tangible form. 
But how is the section to be applied in the case of 
process patents, into which category falls at least 
one-third of the patents upon which actions for 
infringement are founded? What kind of notice 
will be deemed sufficient in those cases where 
marking is impracticable? Here again are ques- 
tions open to considerable doubt. 

The Section states that if the defendant had rea- 
sonable means of making himself aware, he cannot 
plead innocent infringement. Presumably the fact 
that the patent is entered upon the ister of 
Patents will not in itself be deemed sufficient notice 
of its existence. This seems fairly certain in view 
of a recent decision in a trade-mark case where the 
plea of innocent infringement was raised with 
entire success as a bar to a claim for damages, only 
an injunction being granted. Assuming a similar 
rule be applied in the case of a patent, the patent e 
whose invention is of such a character that it does 
not lend itself to marking will labour under con 
siderable difficulty in establishing, in the face of 
denial, the fact of guilty knowledge on the part of 
the defendant. In other words, it seems highly 
probable that in « great many cases where, in the 
past, the successful patentee would have got 
damages or an acoount of profite, he will have to 

content himeelf with an mijunction restraining 
future infringements and aby « ae A all peou 
niary com a for 
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brought largely with a view to obtaining damages 
for past infringement, an injunction being an 
important, though secondary, consideration, as, for 
instance, is the case where the monopoly period of 
the patent has nearly run out, it will not be sur- 
prising if, during the next few years, the number 
of actions brought for-infringement shows a material 
falling off. 


NAVAL CONSTRUCTORS AT THE 
ADMIRALTY. 

ATTENTION is once more directed to the work of 
the Royal Corps of Naval Constructors by the 
inc#dence of the annual dinner of the Corps, which 
was held on Friday last, under the presidency of 
Sir Philip Watts. Naturally, interest in the subject 
is keener in view of the approaching conclusion of 
the investigation of the Committee appointed by 
the First Lord of the Admiralty to consider (1) the 
numbers, training, and employment of the Corps ; 
(2) the ibility of further decentralisation of the 
work of the Admiralty staff of the Corps, with a 
view of reducing its work and putting more upon 
the Royal Dockyards ; and (3) the prospect of 
aivancement of eaneins in the dockyards. There 
is no room for doubt that a large addition to the 
Corps is justified. A year ago we directed atten- 
tion to this important subject.* When the Corps 
was formed in 1883 the number of members was 72, 
and the vote for new ships only about two millions 
sterling. In 1902, when the Fane Committee 
increased the Corps to 109, the vote was nearly 
nine millions sterling. Lately, as the result of a 
preliminary report by the Committee, eleven new 
assistant constructors have been added, making the 
total membership 120 ; but at the same time the vote 
for new ships sede has increased to 15,000,0001. 
This, apart altogether from the work done in the 
maintenance of the Fleet in a satisfactory position, 
establishes the fact that the work has grown at a 
much greater rate than the membership of the Corps. 

The aggregate salary of members of the Corps-— 
about 50,000/.—is only equal to about one-third of 
1 per cent. of the amount annually spent on new 
ships alone. It can scarcely be said, therefore, that 
the cost is high, especially when regard is had to 
the vital importance of the work undertaken. Not 
only has the volume of work increased, but the 
demands made are the greater by reason of the 
more severe task imposed in meeting the demands 
for higher fighting efficiency in each ship on 
minimum displacement. Again, the desire to 
build the ships in the least possible time further 
increases the onerous nature of the work. These 
reasons make it the more imperative to increase the 
number of officers of the higher grade, since judg- 
ment and experience are more essential than 
formerly. There has been no such increase to the 
ofticers of the higher grade, all additions lately 
having been to the assistant constructorships. 
The latter are thus called upon to do more 
responsible work than is prudent in view of their 
limited experience. Another point is that the 
draughtsmen and foremen are taking the place of 
assistant constructors in the yard. The trainin 
of the former is not equal to that of the latter, an 
the result must be prejudicial to the rapidity of the 








work and to the reliability which may be placed 


‘ upon it. No one will raise undue objection to the 
advancement of the draughtsmen and foremen, but 
it would be well thus early to enforce the view that 
great care should be exercised to ensure that this 
advancement is not on sentimental lines, but is the 
result of a clear recognition of indisputable ability 
to meet the standard required for naval con- 
structors. 

On the question of relieving the Royal Corps 
of work in the dockyards fom private firms, it 
must be obvious that where design and construc- 
tion are carried out under the same administration 
the result must be more satisfactory than where 
the two are more or less dissociated. Indeed, the 
best results have been got where the officers who 
have been engaged at the Admiralty in the design 
are subsequently employed in supervising the con- 
struction of ships to such designs. It is therefore 
to be hoped that the committee, which is presided 
over by Sir James Mackay, the head of one of our 
principal steamship lines, will r ise that the 
best solution of present difficulties is not alone the 
augmentation of the Corps in the lower ranks, as 
has recently been the case, but in increasing the 
number of chief constructors and constructors. 


* See ENGINEERING, vol. Ixxxix., page 581. 





RADIANT ENERGY AND MATTER. 


In commencing his fifth lecture on the above 
subject at the Royal Institution on Saturday last, 
Professor Sir J. J. Thomson, F.R.S., said that on 
the last occasion* he had alluded to certain experi- 
ments made by Tyndall on the absorption of long 
wave-length radiation by various vapours and gases, 
such as water, ammonia, and carbon dioxide. All 
of these, Tyndall had shown, absorbed, very readily, 
radiation in the infra-red portion of the spectrum. 
So far as water vapour was concerned, Tyndall’s 
results had been disputed by Magnus, but it had 
since been proved that Tyndall was perfectly right 
in every one of his contentions. he fact that 
water did absorb long-wave radiation was, the 
lecturer continued, of very great importance from 
a meteorological standpoint. The atmosphere, 
with its content of water vapour, acted as a trap 
for the low-temperature radiation from the warmed 
earth, which otherwise would radiate into space 
very freely. The presence of water vapour checked 
this, however, and as a consequence the tem- 
perature did not fall so rapidly after sunset as it 
otherwise would. Since the experiments of Tyndall 
many other investigations been made on the 
absorption of radiation by various vapours, and as 
& consequence we now knew, Professor Thomson 
said, not merely the total amount of this absorp- 
tion, but also the particular kinds of waves which 
were absorbed in different cases. This long-wave 
absorption was ‘‘ selective,” radiation of particular 
wave-lengths being stopped, whilst other wave- 
lengths got through with comparative facility. 
Thus, if ‘‘infra-red light” was sent through various 
solutions, the absorption was confined to particular 
waves, the wave-lengths selected being different 
with different solutions. 

To illustrate this the lecturer passed the ordinary 
— through a solution of didymium, and 
showed that, in consequence of selective absorp- 
tion, certain colours were missing in the spectrum 
as finally shown on the screen, being replaced by 
dark bands. By taking a solution of another salt 
of didymium, the lecturer showed further that the 
effect was not the same in both cases, bands now 
sppucing in the blue, whilst some, prominent in 
the previous experiment in other regions of the 
spectrum, were now missing. 

These, the speaker continued, were cases of selec- 
tive absorption in the visible spectrum, but if the 
larger, and in some respects more important part of 
the spectrum on the infra-red side, was investigated, 
quite similar phenomena were observed. If the wire 
of a bolometer were traversed through the spectrum 
produced by a rock-salt prism, and then sent through 
an absorbing vapour, definite positions would o 
found in which no current passed through the gal- 
vanometer attached to the instrument. Maps thus 
made of absorption spectra showed some very in- 
teresting relations between the chemical composition 
and the position of the lines of absorption. This, he 
> was well shown by the researches of 

r. W. W. Coblentz, of the Bureau of Standards, 
Washington, who had proved that bodies of similar 
constitution produced absorption in nearly the 
same regions, so that similarity of chemical com- 
position was accompanied by similarity of absorp- 
tion spectra. Mr. Coblentz had further shown that 
certain bands were associated with the presence of 
certain radicals, and had tabulated his results as 
follows :— 


Radical. Position of Absorption Band. 
CH, or CH, 3.43, 6.86, 13.6 to 13.8, 14.0. 
NH. 2.96 u, 6.1, 6.15. 

No, 7.46 1, 9.08 

C,H, 3.25 u, 6.75, 8.68, 9:8, 11.8, 12.45. 
0 45 mw. 

NSC 4.78 mu. 


Many of the wave-lengths measured, Professor 
Thomson remarked, were nearly the octaves of 
others in the same series, but the speaker said 
he did not think that much importance was to 
be attached to this circumstance. The bolo- 
meter wire, fine though it was, was still coarse 
compared with the width of the bands, and it was 
thus almost impossible to get the true position of a 
band with sufficient accuracy. In the early days of 
spectroscopy, he went on, when methods of measure- 
ment were less exact than they had since become, a 
great number of harmonics had been noted amongst 





* In our report of the previous lecture, by a printer’s 
error the ae which should have read “‘ Bessel function 
of the zeroth order” were, on page 421 of our last issue, 
column 3, line 14 from bottom, printed as ‘‘ Bessel function 
of the zenith order.” 





the spectral lines. As precision increased these had 
practically all disappeared, and he thought that 
the suggestion that absorption bands were often 
octaves of others in the same series was open to 
grave suspicion. 

Many absorption bands, the lecturer proceeded, 
could also be obtained as emission bands. Thus, if 
water were heated, it gave out a banded spectrum, 
the bands of emission occupying the same position 
as the absorption bands already described. Evi- 
dently, therefore, water contained something which 
had the power to vibrate with a period correspond- 
ing to the absorption bands. This might, of course, 
well be ex me but this question of the relation 
between sietentien and emission was, he thought, 
often unduly simplified in the text-books. Here it 
was often thought enough to say, that absorption 
arose, when a body contained a system, which could 
vibrate in time with the disturbance passing through 
or by it. This condition was a necessary one, but 
in itself was not sufficient to account for absorption 
spectra. An analogy was often drawn between 
the production of an absorption spectrum, and the 
effect on sound, of a screen of tuning-forks placed 
between the ear and the source. If these forks 
were all in unison with the sound, it was quite true 
that they would enfeeble the sound to an ear which 
which they screened from the source, but at the 
same time they would make the sound stronger 
elsewhere. Hence what was obtained in this case 
was not a destruction of the sound energy, but 
rather a scattering of it. This, in fact, was exactly 
what would be obtained in the corresponding case 
in optics, if resonance alone was involved in the 

henomena of absorption. The result would then 
t. not absorption as we knew it, but a scattering of 
the light, such as occurred when light passed through 
ground glass or a layer of fog. In absorption, 
on the contrary, there was a definite destruction of 
the light, which was turned into something else. 
Some mechanism was therefore needed to transform 
light energy into energy which was not light. In 
the most usual case the light energy was trans- 
formed into heat. This, for instance, was probably 
the case when light was absorbed by passing it 
through sodium vapour. Probably the mechanism 
concerned in this transformation was capable of 
working both ways, and would therefore be capable 
of transforming heat into light. Hence it was to 
be expected that emission bands, corresponding to 
the absorption bands, would readily be produced by 
heat. Nevertheless, it turned out that not all lines 
in the spectrum could be produced by the mere 
action of heat. Hydrogen, for example, required to 
be excited by some other means than heat to produce 
the lines of its spectrum, and, similarly, ordinary 
hydrogen would not absorb these lines. When, how- 
ever, there was a strong absorption, the reciprocal 
action might confidently be expected. 

It was, the lecturer continued, interesting to 
note that most of the lines which could readily be 
reversed could be produced by mere heating. 
Some lines, however, were exceedingly difficult to 
absorb. Thus a long tube filled with hydrogen 
showed no special absorption of the hydrogen lines 
—at least, so long as the molecules of the gas were 
in their normal state. Reciprocally these lines 
could not be produced by thermal means. 

As already stated, in cases of absorption the 
light energy was most usually transformed into 
heat, but in certain cases the light es oe 
chemical decomposition. In such cases, Professor 
Thomson said, the energy of the light was destroyed 
by chemical means. ; 

To illustrate this the lecturer repeated an exper!- 
ment of Tyndall, in which a strong beam of light 
was passed through a glass vessel containing vapour 
of amyl-nitrite. At the outset a screen filled with 
liquid amyl-nitrite was interposed between the 
source of light and the vapour under experiment. 
So long as this screen remained, the light which 
succeeded in passing it had, the lecturer showed, 
little or no action on the vapour. ©n removing 
the screen, however, and letting the unfiltered rays 
act on the vapour, a cloud was produced, due to 
the decomposition of the amyl-nitrite by the action 
of the light, the energy of which was in this case 
converted into that of chemical separation. 

As another example of such a reaction the lecturer 
a an experiment due to Mr. C. E. T. 

ilson, who had shown that, when ultra-violet 
light was passed through vapour-laden air a cloud 
was produced. Here, again, the lecturer stated, 
there was a transformation of light energy into 
chemical action. Mr. Wilson’s explanation was, 
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that in the condition stated, hydrogen peroxide was 
formed. This was very readily absorbed in water, 
so that drops in the vicinity became solutions of 
hydrogen peroxide. Such solutionshad lower vapour 
pressures than pure water, and thus evapora 
less readily. In consequence they grew in size, and 
ultimately produced a visible cloud, as shown in 
the experiment. 

Was there, the lecturer proceeded, any way of 
distinguishing whether, in cases of absorption, 
light was transformed into heat or into the energy 
of chemical separation, when the products of the 
latter were insufficient to be collected? One 
criterion, he went on, was given by the connection 
which existed between absorption and radiation. If 
the energy were converted into heat, no permanent 
change was made in the constitution of the body, 
and the ordinary laws governing emission and 
absorption would then apply. If, on the other 
hand, chemical changes occurred, the fact that the 
bodies were altered made these laws inapplicable. 

Now the connection between absorption and 
radiation was that for each and every wave-length 
the radiation from a black body was the maximum 
possible at its temperature. No body could absorb 
more radiation of any kind than a black body, 
since the latter absorbed all there was of every 
kind. Hence, conversely, no hody could radiate 
more of any particular kind than did a black body 
at the same temperature. If therefore, in a given 
case, a body emitted radiation which was stronger 
in light of a given wave-length than ‘‘ black ” radia- 
tion, then this would be evidence that chemical 
changes were going on. Thus, if a ‘‘ black” wire 
placed in a salted flame gave a spectrum which 
was as strong in the yellow as the rest of the 
flame, no chemical action was concerned in the 
production of the D lines. On trying this experi- 
ment Paschen, the lecturer said, had estimated 
that the brightness of the D line in a salted 
flame was twice as great as that in the spectrum 
obtained from a platinum wire at the same tem- 
perature. More recently, however, Dr. Bower, 
trying a great number of different salts, had come 
to the conclusion that there was no difference in 
the brightness. Were this confirmed, it would, the 
lecturer said, be a strong argument in favour of the 
view that the light energy absorbed by sodium 
vapour was directly transformed into heat. 

here were many cases, he proceeded, in which 
light of definite wave-lengths was emitted, such as by 
a sodium flame or by a vacuum-tube carrying an elec- 
tric current and giving a bright spectrum accordingly. 
The question that then arose was whether all the 
particles in the fiame or in the tube were luminous, 
and acting as lamps, so to speak, or whether the 
luminosity was confined toa small fraction of the 
whole number of molecules present? In other 
words, was luminosity due to the presence not of 
normal molecules, but of systems produced by the 
agency which excited the luminosity ? 

An answer to this question could, he proceeded, 
be founded on a certain connection between the 
refractive index of a body and the kind of light it 
was capable of emitting. It was, in short, not diffi- 
cult to show if light, as there was now no question, 
originated in the motion of electrified bodies, that 
a relation could be found between the refractive 
index for waves of infinite length (that was to say, 
the square root of the specific inductive capacity of 
the body) and the kind of light it was capable of 
emitting. The connection, the lecturer stated, was 
as follows :—- 

eo utes .f.% 
a 4r ™m 

Here N denoted the number of active particles or 
‘‘lamps” in unit volume, e the charge of the particle, 
m its mass, and A the wave-length emitted. If 
there were a number of lines in the spectrum, there 
would be a corresponding number of values of A, 
and hence arose the introduction of the sign 3. 

In the case of a complicated spectrum, Sir 
Joseph continued, if N were put equal to the 
number of molecules in unit volume, the value 
then obtained for py? was out of all proportion too 


great. It should be added, he observed, that the 
number of terms, under the sign of summation, 
depended not upon the number of different kinds 
of waves ocbelie being given out at any time, but 
on the number the body was capable of giving out. 

If, however, the number of ‘‘ lamps” were very 
small compared with the total number of molecules, 
the expression given above for py? would agree with 


ee 
actual experiment, and hence it might be con- 


cluded that in a salted flame not every a of 
sodium emitted light, though it might turned 
into a system which could do so. The importance 
of the term contributed to the expression for p” 


x 
became very great in the case of wave-lengths such 
as 108 », so that it was evident that only a small 
fraction of the molecules could be luminous at any 
instant. 

Further evidence in support of this conclusion was 
afforded, he went on, by the appearance of the spec- 
trum itself. As regarded the constancy of the wave- 
lengths emitted, such spectra were very definite, 
but the relative intensity of the various lines varied 
enormously with the conditions of the experiment, 
and this was most in accordance with the view that 
lines were produced by special systems, and not by 
the normal molecules. i an in fact, almost a 
case of ‘‘one man one job,” or, at any rate, of one 
system for each series of lines, if not for each 
individual line. 

As stated, the period of vibration was a constant, 
the lines not shifting with changes of temperature, 
though the intensity of the lines didvary. Yet ifa 
tube were filled with hydrogen, even under high pres- 
sure, it would show no po aor absorption of the 
hydrogen lines. If, however, a current were passed 
through the hydrogen, the latter became capable of 
absorbing some of the hydrogen lines, so that the 
current apparently made, out of the hydrogen, some- 
thing “ah ves not hydrogen itself, but which con- 
stituted the ‘‘lamps,” which could either emit or 
absorb the hydrogen lines. How far similar condi- 
tions held for infra-red spectra there was as yet no 
evidence ; but even here he believed it would be 
found that not every molecule in a vapour had the 
power of selective absorption, but only peculiar 
aggregates of them. Something of this sort, indeed, 
was suggested by the experiments of Rubens and 
Wood, who compared the absorption of water in a 
liquid form with that of its vapour. Using waves 
yy mm. long, they found that a film ! mm. thick 
was completely opaque to such radiations. An equal 
number of molecules of vapour arranged in a 
column many feet long proved, however, to let 
through more than 20 per cent. of this kind of light. 
Hence, with water in the liquid form there were 
apparently complexes present which were specially 
fitted to absorb this type of radiation. 

He had already stated that in absorption, light 
energy might be transformed either into heat or 
into the energy of chemical separation. There was, 
however, yet another alternative, in which light of 
a ——— kind was absorbed and turned into 
light of a different kind, as in the phenomena of 
phosphorescence. To illustrate this the lecturer 

a beam of light through an exhausted bulb, 
in which were a few particles of iodine. Inside 
the bulb the iodine vapour was shown to phos- 
phoresce with a yellowish light. Making the 
experiment with monochromatic light, Professor 
Wood had, the lecturer proceeded, shown that this 
monochromatic light was turned into monochro- 
matic light of a different kind. The phosphor- 
escence of iodine, Professor Thomson added, was 
one of the few exceptions to Stokes’ law, according 
to which the light emitted, in cases of phosphor- 
escence was always of longer wave-length than the 
light which excited the action. 





H.M. BATTLESHIP “ MONARCH.” 

Once more it has been established that the date 
of the launch of a ship is in itself no criterion of 
the progress in construction as compared with 
others of the same class, the Monarch being 
launched on the 30th-glt. frem the Elswick Ship- 
yard of Sir W. G. Armstrong, Whitworth, and Co., 
Limited,-in a much more forward conditien than 
in the case of any other vessel when floated. The 
Monarch is a vessel of the Orion type, having a 
length over all of 581 ft., a beam of 88 ft., and a 
displacement tonnage of 22,250 tons. Her arma- 
ment includes ten 13.5-in. guns, arranged two 

irs forward and aft, the rear pair in each case 
ont at a higher level than those immediately 
in front, while the remaining turret is in the 
centre line amidships. 

The keel was laid on April 1, last year, and 
during the succeeding five months 5000 tons of 
material were built into the structure. Unfortu- 
nately, the lock-out of iron-ship workers then 
commenced, and it very materially delayed pro- 
gress, but much of the leeway has since been made 





up, and when the vessel was sent afloat on the 
35 ult. the launching weight was 11,500 tons. 





The state of advancement of the ship is illustrated 
on the next page, Fig. 1 indicating the great 
length of the ship and of the bilge keels, and 
showing the arrangement of the three ties of 
armour, which extend from about 5 ft. below the 
water-line to the upper deck. It will be noted 
that a considerable amount of the side armour 
is in place, and that some of the barbettes 
are in an advanced state. Thus about 2000 tons 
of armour has been fixed, including armoured bulk- 
heads and barbettes. This enabled the plating of 
the various decks in the vicinity of the barbettes to 
be riveted up, a great gain as compared with the 
usual method of temporarily bolting up the deck- 
plating for the process of launching. Another fea- 
ture is that all the boilers, funnel uptakes, casings, 
and the two funnels, as well as a large amount 
of auxiliary machinery, were fitted on board before 
the launch. Each of the eighteen boilers weighs 
23 tons, the funnels are 53 ft. high above the upper 
deck and weigh 18 tons each. It will be readily 
understood that boilers, &c., cannot be got into 
place except through large openings in all five decks 
above the nape ag Here, again, the getting of 
the deck-plating riveted up instead of being bolted 
temporarily is a great gain. The upper deck 
casings are completed, and a large part of the wood 
is already laid in the upper deck, the hand-rail, 
stanchions, awning stanchions, bollards, fair-leads, 
and other deck fittings, are all in place, and it may 
be generally said that the whole of the work done 
in 219 working days brings the Monarch to a 
further state of advancement than in the case of 
any battleship so far launched. This is very 
creditable to the Elswick staff, and particularly to 
Mr. George Carter, the works manager. The launch- 
ing arrangements, for which he was also respon- 
sible, were typical of the completeness of Elswick 
plans. 

The vessel was built on a ferro-concrete piled 
berth, the keel being laid at a declivity of 4 iu. per 
foot. The launching-ways, which were 5 ft. 6 in. 
wide, were laid at a declivity of , in. per foot, with 
a camber of 12 in., the length of the ground-ways 
being 569 ft., and the sliding-ways 4491 ft., giving 
a bearing-surface of 4946 square feet and an average 
load of 2} tons per square foot. Special arrange- 
ments and strengthening were introduced in the 
fore poppets to carry the weight of about 2110 tons 
thrown upon that part when the stern first floated. 
For releasing the vessel four hydraulic rams, each 
actuating a trigger, were fitted in the standing 
ways, all connected to one centre on the launching 

latform, where Mrs. Lewis Harcourt, who 

unched the vessel, pulled a lever, which released 
the pressure from the rams and set the vessel free. 
Owing to the narrowness of the river the vessel, 
after clearing the ways, had to be quickly brought 
up, and for this purpose about 700 tons of drags 
were arranged in five groups on each side, each 
group coming into play 40 ft. after the previous 
one. The launch was an unqualified success. 





NOTES. 
Tue Suipsurmpine TRADES, 

A satisractory feature of the shipbuilding 
returns for the past quarter just issued by Lloyd’s 
Register is the very considerable increase of the 
tonnage now building as compared with a twelve- 
month ago. At the present moment 480 ships 
for the mercantile marine are on the slips, having 
an aggregate tonnage of 1,374,964 tons, whilst on 
March 31, 1910, the number of vessels being built 
was 386, with a tonnage amounting in toto to 
1,057,636. Nearly three-fourths of the increase 
has been effected since Christmas last, and from 
the diagram which accompanies the report, there 
would seem to be every reason to anticipate 
that the present figures are likely to grow 
for come months to come. The highest figure 
yet recorded was 1,440,000 tons building at the 
end of the third quarter of 1901. This was prac- 
tically equalled at midsummer, 1906, and a new 
record should be easily established before the end 
of the present year. Practically the whole of the 
steam tonnage being built is of steel, only one small 
boat, of 360 tons, being of iron, whilst wood and 
composite tonnage aggregates but 533 tons. Of 
sailing ships, 45 are on the stocks, of which 19, 
built of steel, aggregate 7764 tons, and the re- 
mainder, of wood and composite, 1073 tons. On 
the Clyde 506,040 tons are now building, whilst 
the corresponding figure for the North-East Coast 
area is 543,800 tons. At Belfast there are 
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259,185 tons under construction. Excluding 
vessels of 500 tons and under, the most popular 
type ranges between 4000 and 6000 tons, of which 
98 are being constructed. Next to this size in 
popularity are vessels of from 2000 to 4000 tons, of 
which there are 58 on order. There are also 13 
vessels being built rated between 10,000 and 
12,000 tons, and three of over 20,000 tons each. 
The prea 3 tonnage laid down is 309,616 in private 
yards (part Ae foreign governments), and 109,940 
tons in the Royal Dockyards. 


Tue Hypropriane Launcu **Mapte Lear III.” 


We have had occasion from time to time to put 
on record the remarkable achievements made in 
successive hydroplane boats by Sir John I. Thorny- 
croft, and the two photographs which we reproduce 
on the opposite page form an interesting sequel, the 
speed attained by this vessel, the Maple Leaf III., 
being between 58 and 60 miles per hour on a 
measured course exceeding a nautical mile, This 
performance has probably not been excelled, and is 
the more remarkable when it is noted that the 
vessel is only 40 ft. in length, with a beam of 9 ft., 
the power developed being over 650 brake horse- 
power. This is a large step from Miranda IV., 
which last season broke all world speed-records ; her 
dimensions were 26 ft. by 6 ft. beam, the power of 
the machinery being 100 brake horse-power. It 
follows that in Maple Leaf III. Sir John Thorny- 
croft has achieved a high degree of success in the 
design of the hull of the boat, not only in respect 
of the underbody, but also in regard to the upper 
works, in order to reduce windage to the minimum, 
a consideration of first-class importance when speeds 
exceeding 50 miles per hour are desired. The hull 


has been built by Messrs. Dixon Brothers and. 


Hutchinson. Forward there are three “plies” of 
mahogany, arranged in the manner now well known 
in such craft, in order to withstand the great 
strain due to the high speed, but aft two skins 
suffice. The engines, which drive twin screws, 
have each twelve cylinders set at an angle to 
the vertical in the form ofa Y. These were de- 
signed by Mr. Astell, of Messrs, Thornycroft’s 
works, and they embody a notable feature in respect 
that a small starting-engine is added to one set of 
the main motors, to avoid laborious barring-up by 
manual means. The second engine starts from the 
drag of the propeller. The propellers themselves 
have given good results, and the anticipated speed 
has been got without any change, which reflects the 
experience of the firm in this matter. The pro- 

Jer shafts are supported on specially-designed 
| Ae og and the whole structure is particularly 
strong. The feature, of course, is the arrangement 
of hydroplanes, which follows the practice intro- 
duced into the Miranda IV., but improvements 
have been effected so as further to obviate any 
bumping, which has been noticeable in many other 
types of craft of this class. The Maple Leaf IIT. is 
a good goer in a seaway, and at even two-thirds 
power attained a speed of over 40 knots. 








Fie. 1. Tue Sip on tHe Ways. 
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Fie. 2. Tue Lavunca. 


THE INSTITUTION OF NAVAL 
ARCHITECTS. 


THE annual meeting of the Institution of Naval 
Architects opened on Wednesday last at the Royal 
Society of Arts, Adelphi, W.C. Owing to the 
regretted death of the Institution’s President, the 
chair at the opening proceedi was taken by 
Sir W. H. White, KOB., who stated at the outset 
that the Council recommended the election as 


President of the Institution of the Marquis of 
Bristol, Captain in the Royal Navy, and his lord- 
ship had ew that he placed himself entirely 
at the service of the Council, and thanked them 
for the honour they had done him. 


ANNUAL REPORT OF THE COUNCIL. 
Mr. R. W. Dana, the Secretary, read the annual 
report. It opened with an expression of the sense of 
loss the Institution had sustained by the death of 
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Fie. 1. Sreamtmne at Moperate Speen. 








the President, Earl Cawdor, stating that his brief 
tenure of the office suggested that his lordship, 
had he been spared, would have exercised a far- 
reaching influence on the future of the Institu- 
tion. His Majesty King George V. had consented 
to become a Patron of the Institution, and to 
extend his patronage to the forthcoming Jubilee 
celebrations. The grant of a Royal Charter 
of Incorporation had received the Royal assent. 

Owing to the lamented death of His Majesty 
King Edward VII., the celebration of the Jubilee 
of the Institution, which had been planned for last 
year, had been postponed, and it was now proposed, 
therefore, to mark the occasion by holding, on 
July 4 and the following days, this year, an Inter- 
national Congress in Naval Architecture and Marine 
Engineering. His Royal Highness the Duke of 
Connaught had graciously consented to accept the 
Honorary Presidency of this Congress, and to open 
its F expen yee Ay 

e net gain in membership during the past year 
was 89, the additions numbering 161, and the losses 
through death or resignation amounting to 72. The 
roll showed 1168 members, 169 associate members, 
476 associates, and 163 students, which, with 
8 honorary members, made a total on the roll of 
1984 names. The losses through death included, 
among others, the names of Earl Spencer, K.G., 
Honorary Vice-President ; the Duke of Palmella 
(Portugal), Honorary Member ; Vice-Admiral Sir 
Charles remy Mr. James Riley, and Engi- 
neer-Captain Philip Marrack. The resignation of 
Sir Alexander Kennedy, F.R.S., from the Council 
had been received with regret. Admiral Sir Gerard 
Noel, K.C.M.G., K.C.B., had been elected Hono- 
rary Vice-President of the Institution. The annual 
report next dealt with the subject of the Experi- 
mental Tank. 

The Elgar Scholarship in Naval Architecture 
offered for rg eg last year had been awarded 
to Mr. F. C. Cocks, of-Chatham Dockyard, who 
was following the Naval Architecture course at the 
Armstrong College, Newcastle-on-Tyne. The Insti- 
tution’s Annual Premium for 1910 had been awarded 


to Mr, T. B, Abell, R.C.N.C., for his paper on| 





Fig. 2, Sreamine at 58 Mites per Hour, 


“‘ Model Screw-Propeller Experiments,” [read at 
the last annual meeting. 


ELEcTION OF OFFICERS. 


After the adoption of the report the Chairman 
announced the names of the Vice-Presidents re- 
elected in accordance with the rules of the Insti- 
tution. These were as follow :—The Right Hon. 
Lord Pirrie, Engineer Vice-Admiral Sir J. Durston, 
Sir Philip Watts, Sir W. T. Doxford, Engineer 
Vice-Admiral Sir H. J. Oram, Professor J. H. 
Biles, Mr. H. J. Cornish, Mr. A. Denny, Mr. 
D. J. Dunlop, Mr. J. Dunn, Mr. A. Gracie, Mr. 
R. H. Humphrys, Mr. J. T. Milton, the Hon. 
C. A. Parsons, Mr. W. E. Smith, and Mr. A. F. 
Yarrow. Mr. C. E. Ellis was elected as Hon. 
Treasurer. The list of names of Members of 
Council to fill the vacancies caused by retirement 
was as follows:—Mr. 8S. W. Barnaby, Mr. R. J. 
Butler, Mr. J. G. Dunlop, Mr. H. %. Deadman, 
Mr. W. Fife, Mr. J. Gravell, Mr. J. Foster King, 
and Mr. C. C. Scott. As Associate Members of 
Council the following had been elected :—Admiral 
G. C. P. Fitzgerald, Vice-Admiral Sir J. R. Jellicoe, 
and Admiral Sir A. K. Wilson. 


THe CHATRMAN’s ADDRESS. 

As chairman of the meeting, Sir William White 
then delivered a short address, stating that the Insti- 
tution had that year been placed in an unprece- 
dented situation by the death of their late president, 
the Right Hon. the Earl Cawdor. It was the first 
time that a president of the Institution had died 
in harness. During his brief term of office Lord 
Cawdor had given evidence of qualities which would 
have had far-reaching influences on the Institution 
had he continued with them. The Institution had 
only had five Presidents in the fifty-one years of its 
existence, and all had been notable men, who had 
good records of public service. Sir William then 
made complimentary reference to the work of these 
noblemen—Lord Hampton, the Earl of Ravens- 
worth, Lord Brassey, Lord Hopetoun, and the 
Earl of Glasgow. 

The Institution held, among similar bodies, the 





unique position of preferring to have as its president 
a non-technical man. This been the procedure 
adopted in the past, and the Council, still retaining 
the same view, had that day suggested to them ae 
their new President the Marquis of Bristol. 

The Marquis of Bristol had won the Beaufort 
Testimonial at the Royal Naval College, Greenwich, 
in 1883, and had subsequently distinguished him- 
self as a naval officer. e was still on the active 
list as a captain of the Royal Navy. He had 
taken part in public life, and his contributions to 
the Navy debates in Parliament, &c., were proof 
of knowledge which convinced him (the speaker) 
that the Council’s choice had been wise and that 
it would genes beneficial to their Institution. They 
prided themselves that there was nothing of an 
insular character in their constitution. Science 
knew no boundaries, and in welcoming as members 
distinguished men of other nationalities the Insti- 
tution was not only assisting in materia] develop- 
ments, but was also helping to promote peace 
and amity. 

Referring to the classes of which the Institution 
was composed, the Chairman said he considered the 
Students’ class most valuable, and hoped that every- 
thing would be done by employers to get young men 
to join this and the Associate membership class. 
The standard of qualification for full membershi 
had intentionally been maintained at a high level. 
Originally naval architects only were admitted to 
full membership, and marine engineers had been 
elected only as Associates. That could not survive 
long, however, and the latter soon attained the 
position to which they were fully entitled. With 
the development of auxiliary plant the question 
had now arisen whether some still wider interpre- 
tation should not now be adopted, and this ques- 
tion was now under consideration by the Council, 
who would make recommendations to the Insti- 
tution in due course, if any were found desirable. 
He thought the Associate class might very well be 
increased. They did not draw enough from the 
non-technical men whose interests were identical 
with theirs. There were many officers of the 
Navy, for instance, shipowners, yachtamen, and 
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others, who might with advantage come into 
that class. In conclusion, Sir W. White com- 
mented on the variety provided in the pro- 


gramme of papers on which they would presently 
commence, In doing so he referred to several 
of the papers, among them being that on ‘‘ The 


National Experimental Tank,” Mr. G. S. 
Baker. In that connection he wished to remark 
that the shipbuilders had not as yet provided the 
— guarantee and maintenance fund which 

r. Yarrow had made one of the conditions of his 
generous gift. He hoped that would soon be 
remedied, as he thought no department gave such 
promise of valuable work as did this interest of theirs 
in the Experimental Tank. He considered that 
they were greatly indebted to Dr. Glazebrook for all 
he had done, and took that opportunity of making 
public acknowledgment of the trouble he had taken. 


THe Prosiem or Size in, BATTLEesHIps. 
The Chairman then called upon Professor J. J. 
Welch, who read his paper dealing with the above 
subject. We reproduce this paper in full on 
page 442. 
he discussion was opened by Admiral of the 
Fleet Sir Gerard H. Noel, who, after referring to 
the honour conferred on him by his election as a 
Vice-President of the Institution, pointed out that 
he had always opposed abnormal increases in 
battleship size. He fully admitted that a ual 
increase up to some limit, which he could not 
specify, was inevitable, but maintained that, for 
this country, the best. policy did not lie in making 
abnormal increases, which resulted in rendering so 
many of our vessels out of date. We should follow 
the lead in this matter of size, and not set it. In 
the past Germany had had a Naval Law which 
committed her to the construction of 13,000-ton 
ships, but the result of our Dreadnought policy 
was to cause her to build 20,000-ton vessels instead. 
This reacted on us, and resulted in 40,000,0001. 
estimates. He would almost describe the Dread- 
nought policy as a cut-throat one, and its results 
in the great increase in size of ships could 
be at once seen, for every country, in the tables 
accompanying Professor Welch’s paper. He would 
lay stress on two matters which followed from 
the increase in size of ships. There were, firstly, 
the necessary increase in draught, with a conse- 
quent demand for larger docks; and, secondly, 
the increased importance of damage resulting from 
mines and torpedo attack. It was important to 
note that during the yey “ae eng war the ships 
sunk prior to the battle of Tsushima were destroyed 
by mines; and he thought we were putting too 
many eggs in one basket. This consideration would 
probably ultimately limit size, although the fact 
that size would react on numbers would probably 
also have weight. He admitted that an argument 
for large ships might be made out on the conten- 
tion that a large squadron was more difficult to 
manage than a small one; but, in concluding, he 
again laid stress on the fact that it was not the cor- 
rect policy of this country to lead in this matter. 
Professor J. Harvard Biles, who was the next 
speaker, combated Sir Gerard Noel’s opinions, 
which he thought begged the whole question. It 
was impossible to adopt a pew of small ships. 
International rivalry would lead to other nations 
building large ships in any case, and it was im- 
possible for this country merely to follow. The whole 
matter came back to the question considered in the 
paper, which was, what was the best that could be 
obtained for a certain expenditure of money? He 
understood that Professor Welch’s conclusions were 
that two of the larger ships outlined in his paper 
gave greater fighting power than three of the 
smaller ones—that is, that more value was got for 
a given sum of money in big ships than in small 
ones. If this were established, the only remaining 
question was the value of numbers. This was a 
naval officer’s question, as to which he had dif- 
fidence in speaking. What linit of sub-division 
of numbers was sound? A fleet of sixteen large 
ships might be divided into two fleets of eight, 
while one of twenty-four small ships might be 
divided into two of twelve. Similarly, these sub- 
divisions may be again divided into smaller units, 
and the whole question turned on what limit 
of division would naval officers admit in order 
to retain the advan of numbers. Even if 
this question was settled, however, it would be 
difficult to evaluate the relative advantages of 


division of a large number of units, against the 


of this matter meant putting the certain value of 
gun-fire in large ships against the problematical 
advantage of numbers. The classical statement 
was that numbers only could annihilate. Nelson 
said this, but obviously it could be pushed to an 
absurdity. The Dreadnought could destroy the 
whole of Nelson’s fleet, and gun-power must be con- 
sidered a very important factor in the matter. In 
conclusion, he could have wished Professor Welch 
had had the courage of his convictions, and had com- 
red a 36,000-ton ship with our present ones, 
instead of confining himself to one of 18,700 tons. 
The trend of affairs in the merchant marine, which 
would shortly have ships 1000 ft. long, suggested: 
that we were not yet at the limit in size. 
Admiral the Hon. Sir Edmund Fremantle thought’ 
the paper a well-balanced and interesting one, but 
suggested that the proof that the building of larger 
ships resulted in é. setaehcm in gun-power did not 
carry us very far, since every one accepted it 
already. None the less, the argument could be 
carried to extremes. The First Lord, in the House 
of Commons recently, making a comparison, stated 
that eight improved Dreadnoughts could be obtained 
for the same sum as nine King Edwards. This was 
true, and very few admirals would not prefer the 
eight larger ships to the nine smaller ; but it 
must not be forgotten that the comparison had 
only been made possible by the removal of the 
secondary armament in the Dreadnoughts. If the 
secondary armament had been retained, the great 
increase in power for the same expenditure, shown 
by the First Lord, would not have existed. The 
guestion of numbers was a very important one. 
For instance, one might wish to divide a fleet 
and send part of it to the Mediterranean ; but 
if the unite were too large it would be necessary 
to send large ships where smaller ones would do, 
so that waste would ensue. In the matter of 
size, a question arose as to the maximum sized 
ship a single man could command. There must 
be a limit, and it was doubtful, for instance, 
if one man could properly handle a 40,000-ton 
vessel. He admitted that when it came to ques- 
tions of ships in squadrons much was to be said for 
larger units, and a line of twelve ships would 
not be so long and unwieldy as one of fifteen, 
even though in the former case the units were 
larger. ith regard to gun-power he agreed with 
Professor Welch’s method of considering broadside 
fire only, but at the same time he was much opposed 
to échelon turrets as in the earlier Dreadnought 
cruisers. It was not fair to compare such arrange- 
ments with the more modern system, which placed 
all guns on the centre line. In the matter of air- 
ships he felt quite certain that the way to meet 
them was by means of other airships. So treated 
they would fall into their proper place in a scheme 
of armaments. In 1885 it had been proved that 
the days of the big ship were over on account of 
the development of the torpedo, and yet the big 
ship existed long after the torpedo had reached a 
stage of development not contemplated then. The 
torpedo had fallen into its proper place, and airships 
would do the same. 
Mr. Arnold Hills, who spoke from his invalid chair, 
on which he had been carried into the hall, pointed 
out that the Shikishima, mentioned by Professor 
Welch in his paper, had been designed and built by 
the Thames Iron-Works Company. He stated that 
actually it reached a speed of 19.25 knots, instead 
of the 18.59 knots given. Continuing, he stated 
that he disagreed absolutely from the Dread- 
nought policy of the Admiralty. As Sir Gerard 
Noel had said, our battleships were much too big, 
although he did not agree with Sir Gerard’s point 
of view in reference to cut-throat competition. 
We must have the best, irrespective of other con- 
siderations ; none the less, the Admiralty policy 
was wrong. In the first instance, he denied that 
the weight of broadside was a proper measure of 
efficiency. Other things must be considered— 


the Admiralty were trying to save 
their face in clinging to the 4-in. gun. We should 
have 6 in. ones at least. Mr. Hills then, after a 
reference to the Belleville boiler, and objecting to 
the necessity for special reversing engines, which 
was a feature of the turbine drive, went on to 
suggest that motor-driven battleships would be 
developed in the next five years. 

Admiral Sir Reginald Custance stated that he 
was only speaking at the request of the Chairman, 
since, owing to the impossibility of doing justice to 
the matter in the time available, he was reluctant 
to say anything. The whole matter was very com- 
plex on the military side, and involved an inquiry 
into war practice, which would take much time. 
He took it that the question was as to the etticiency 
of the type ship in the paper from a_ mili- 
tary point of view. The answering of this ques- 
tion involved considerations turning on size, guns, 
number of guns, and the range of probable fighting. 
The question of armour also came in, and the prin- 
ciples governing armour, and in this connection he 
would point out that the armour of the Dreadnought 
had obviously not been determined on the same 
principle as that of the Invincible. He suggested 
that he might some day read a paper dealing 
with the military aspects of the question, if naval 
officers could be got to agree on the military 
principles involved. There was one point in Pro- 
fessor Welch’s paper he would like to refer to, and 
that had reference to the weight of broadside 
delivered by aship. For fair comparison he thought 
the number of projectiles contained in the broad- 
side should be stated, otherwise misleading con- 
clusions might be drawn. 

Mr. W. H. Whiting, who was the next speaker, 
thought the subject dealt with in the paper was one 
of great and continual interest, and he remembered, 
when a boy, reading a defence of the small ship. 
He thought the general argument of the paper quite 
clear, and that it was well stated in the first para- 
graph. None the less there were some weak points. 
In the first place, Professor Welch started with a ship 
having four 12-in. guns only. This point was impor- 
tant, since if one started with a ship having two guns 
only, it would be easy to prove that the increase in 
size would lead to three times the effective armament. 
In any case, the step made in the paper was not a 
representative one, since no increase in speed was 
allowed for. This was not the form the problem 
usually took in practice. The second paragraph 
on page 4 of the paper, which considered a ship as 
a floating gun-platform, begged the whole question, 
since the point must come in as to whether you could 
get your gun in touch with the enemy. Professor 
Welch rather neglected this point, and considered 
the guns only; but speed had always been an 
important consideration in our Navy. The method 
of comparison used in the paper did not apply to 
actual conditions, and if one wished to produce 
speed and gun-power together the big gun became 
an absolute necessity. Further, the paper dealt 
with a size of ship of which the interest had passed 
away, and at the same time dealt with very limited 
numbers of guns—viz., four and eight; so that 
the comparison instituted was of very limited scope. 
With regard to the portion of the paper dealing 
with structural points, he agreed with Professor 
Welch’s conclusions, but would point out that if 
another and further step were taken, a large propor- 
tion of extra material would be necessary in order to 
maintain: the same strength. The comparison in 
the paper was somewhat partial, and true only 
within its limits. He agreed with Admiral Custance 
that a just comparison between two different ships 
was almost impossible, and thought the matter by no 
means an arithmetical one. What was particularly 
desired was the formation of a solid body of naval 
opinion to assist in future evolution. 

At this point the meeting adjourned for lunch. 
In the afternoon the debate was continued by 
Admiral Sir Cyprian Bridge, who agreed with Mr. 


tion. He ae 





such, for instance, as the machinery—and in a com- 
parison by figure of merit he would not give more 
than about 50 per cent. to the question of the guns. 
He thought big guns a mistake, and that future 
battles would be fought at sea distances of only 
3 miles to 5 miles. He thought that in the future 
guns would tend to get shorter. He was also of 
opinion that too many guns were fitted, and that no 
battleship should have more than eight in four posi- 
tions, two being forward and two aft. in, secon- 
dary armament was very important. Ships would 
not, as a rule, be fighting set battles, and the secon- 





yalue of gun fire ip individyal ynits, A discussion 





dary armament was necessary for general protec- 





Whiting that it was desirable to obtain naval 
opinion in connection with this matter, and thought 
that opinion must be based on what had been 
done, and what could be done, in war. He 
thought Admiral Custance should have no difticulty 
in obtaining unanimity in such an expression of 
opinion. The ~~ could be commented on either 
from the point of view of technical detail or dealt 
with on broad grounds. Dealing with one or two 
details first, Sir Cyprian pointed out that the fact 
that weight of broadside went up with displacement 
was subject to some remarkable exceptions. For 





instance, the Dreadnought, of 17,900 tons, had the 
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same broadside discharge as the later Vanguard, of 
19,250 tons ; while the Sao Paulo, of 19,251 tons, 
had a broadside of 8500 Ib., as compared with the 
6800 Ib. of these former. Similarly, the Dante 
Alighieri had 10,200 lb., the Ostfrieslands 9400 lb., 
and the new Italian ships were to have 11,050 lb. 
He pointed this out without expressing any 
opinion as to the adequacy of measuring efficiency 
by the weight of a single broadside. In the 
same way there were some remarkable differences 
in speed, and the Dante Alighieri appeared to be 
better than enything except the projected Russian 
ships. In reference to the size of fleets, he would 
point out that in the Dutch wars of the seventeenth 
century very large fleets were handled by split- 
ting them up into squadrons, and giving a very 
free hand to the ofticers in charge of them. In the 
same way, in 1811, we had 100 line-of-battle ships, 
a total which was not likely to be approached 
now. 

Mr. P. S. Hillhouse asked that more details 
should be given, than were available in the paper, 
of the step from the Shikishima to the type vessel 
considered. Referring to the 30 per cent. addi- 
tional weight for alteration in the structure, he 
thought this of interest as bearing out the time- 
honoured method of multiplying the main dimen- 
sions. He was interested to find Professor Welch’s 
figures so nearly agreeing with M. Normand’s 
figure for the amount added to displacement for 
extra weight of armament. The figures, however, 
would not always be correct, as, for instance, if an 
increase of armour were made which would add 
weight without affecting dimensions. 

Mr. W. J. Harding suggested that the Dread- 
nought policy had not been inaugurated by us, but 
by Japan, which had the plans for the Satsuma 
ready some time before she was built, and had to 
hold them back for lack of means. He also pointed 
out that it had been said that Italy was responsible 
for this policy. Up to the present all the discus- 
sion had been about the size of ships and their cost, 
but he thought something should be said about the 
men who operated them. In Nelson’s day each 
man on a battleship, so to speak, stood on 1001. 
On the Dreadnought each man stood on 3000/., and 
it would be well worth while, if the safety and 
fighting power of the man were increased, to make 
that 40001. or more, if necessary. The big-ship 
question should be looked at from this point of 
view. In the matter of large squadrons he would 
point out that in Nelson’s day these amounted to 
twenty ships, and there was no doubt, with our 
higher speeds, that such numbers could be handled 
to-day if necessary. 

Rear-Admiral R. H. Bacon said that the main 
point in this matter seemed no nearer being settled 
than it was a year ago. In his opinion the sizes 
of ships depended on the sizes of guns. If you 
could throw your shells twice as far as could your 
opponents you would do so, and until some new 
considerations came in, ships would continue to 
increase in size. In the matter of the number of 
guns, he did not see why a ship should not carry 
more than ten. As to docks, he would point out that 
these did not really cost very much compared with 
ships, and thought that the difficulty of docking 
a very large ship badly damaged, which was some- 
times brought up as an argument against increase 
in size, was somewhat of a bogey. No one would 
attempt to dock such a ship until she had been 
temporarily repaired with a cofferdam. The limit 
of size would finally come up on the question of 
numbers. It was a strategic question, and it was 
impossible for anyone to say now what the limit 
would be. Certainly size would not finally be 
limited by arbitrary factors ; it would result only 
from a natural process. 

Professor Welch, in reply, stated that the chief 
object of the paper, which was to elicit discussion, 
had been achieved. He agreed with Admiral Bacon 
that the limit of size had not been reached. The 
matter would finally be determined by questions of 
finance and duties. Replying to Professor Biles’s 
remark that he was sorry he had confined himself 
to an 18,000-ton ship, Professor Welch stated that 
his only object had been to show that increase of 
size gave relative improvement in gun-power. In 
reply to Mr. Whiting, he would say the reason 
he considered the speed fixed in his example was 
with the idea of purposely limiting the variables in 
order to make his general case clearer. The possi- 
bility of increasing speed followed obviously from 
the paper. In reply to Mr. Hillhouse, he thought 


type ship were stated in the r. He agreed 
with Adwniral Custance that the ile question was 
a very difficult one, and thought evidence of that 
had been given in the discussion, the general effect 
of which had been to show that the matter was 
not one for naval architects alone, but that 
strategic and political conditions also had much 
weight. 

The thanks of the meeting were then expressed 
to Professor Welch. 


TwELVE Montus’ EXpPerRteNnce wWitH GEarep TuR- 
BINES IN THE CarGo-STEAMER ‘* VESPASIAN.” 


The Chairman then called upon the Hon. C. A. 
Parsons to r the paper on the above subject, 
which he had prepared in conjunction with Mr. R. J. 
Walker. This paper is reprinted on page 461 of 
this issue. 

Mr. Parsons, in reading the paper, added one or 
two explanatory comments. e pointed out that 
the angular momentum of a marine turbine was 
about twenty times that of a corresponding re- 
ciprocating engine, which explained the absence 
of racing experienced with the Vespasian. In 
reference to the matter of the new propeller, 
he stated that there had been a slight error 
in the information originally given to him in 
reference to the old one, so that the turbine 
had not been absolutely suited to it. The new 
propeller enabled the turbine to get away and had 
improved the consumption, as stated in the paper. 
In general, he thought there was a future for an 
arrangement in which the high-pressure end of 
turbines was geared on to the low-pressure end 
shaft. This would get over the difficulty of run- 
ning the high-pressure end at low and unecono- 
mical speeds. The matter could, and was, dealt 
with by fitting impulse elements at the high-pres- 
sure end, but these had an efficiency much lower 
than reaction elements. 

At the conclusion of the reading of the paper, 
Mr. A. F. Yarrow asked Mr. Parsons if any diffi- 
culty was experienced in lubricating the gears, as it 
seemed possible that the oil would be thrown off 
by the fast running pinion. Mr. Parsons stated, 
however, that there was no difficulty. 

Mr. Archibald Denny congratulated Mr. Parsons 
on his successful work in connection with the 
Vespasian, and expressed a hope that the work 
might have extended application. 

r.J. Hamilton stated that he had done a certain 
amount of work in connection with geared turbines, 
although on quite a small scale. He had geared 
down from 15,000 revolutions to 500 revolutions by 
means of a De Laval gear and a Morse chain. The 
chain ran at 3000 ft. a minute, and there was prac- 
tically no wear of the sprocket wheels. The whole 
arrangement was quite satisfactory. 

Professor H. Féttinger, while agreeing that 
mechanical gearing was quite satisfactory for powers 
of from 300 to 500 horse-power on one pinion, such 
as De Laval had used, thought that the transmis- 
sion of about 1000 horse-power on this method 
would be near the limit of practice. He had con- 
sidered the matter eight years ago, and decided on 
an hydraulic transmission as allowing for unlimited 
power and solving the reversing difficulty. He 
thought such a system cheaper than an electrical 
one, and, while less efficient than the mechanical 
gear, was on the whole better than it. A trans- 
mitter he had designed for 150 horse - power 
had successfully dealt with 900 horse - power, 
which showed the overload possibilities of the 
system. In reference to the gearing down of the 
high-pressure part of a turbine, he would say he had 
roposed to do this in 1903, and that this was what 
ed to the design of his transmitter. He was glad 
to hear that Mr. Parsons was now working on this 
matter. For destroyers the arrangement would no 
doubt be very successful, but he thought that with 
mechanical gear a limit in size would ultimately be 
found. 

Mr. Parsons, in reply, stated that one advantage 
of the gearing was that it enabled the most favourable 
speed to be chosen for the turbine. The turbine 
efliciency curve was very flat, and by working on 
the right part of it one could get a variation in speed 
without a variable gear, and with good economy. 
He stated that he had no idea as to the ultimate 
life of the gearing, but De Laval had used similar 
gears for twenty-five years. There was no doubt 
but that the Vespasian gear would transmit several 
thousand horse-power for a short time. At the 





the necessary steps between the Shikishima and the 


resent time a collier with geared turbines was 
Scher built for the United States Government, 


THe NationaL ExpertmmentaL TANK AND ITS 
EQUIPMENT. 


r to be taken on Wednesday was 
one by Mr. G. 8. Baker, entitled ‘‘ The National 
Experimental Tank and its Equipment.” In the 
reading, this paper, which we reproduce in extenso 
in this week’s issue, was somewhat curtailed by 
the author. At its conclusion, the Chairman re- 
marked that at the annual visitation, of which we 
recently gave an account in these columns, to the 
National Physical Laboratory at Bushey, this tank 
was, he thought, the chief among many objects 
of interest which that assemblage of scientific men 
were able to examine. As members were aware, 
it was hoped that the formal opening of the tank 
would take place on the occasion of the visit to be 
paid to it during the forthcoming Jubilee celebration 
meetings. 

On Mr. A. F. Yarrow being called upon, that 
gentleman remarked that he simply wished to 
give expression to the satisfaction that he and all 
had felt in having associated with the work Dr. 
Glazebrook, who had brought to the assistance of 
the enterprise so much ability, and had devoted to 
it so great enthusiasm. He considered, also, that 
Mr. Baker ought also to be included in this, for 
the work for which he had latterly been responsible. 

Sir J. I. Thornycroft had twice inspected the 
tank, and thought the work well done. He con- 
sidered it well adapted for the work for which 
it was intended, and thought that they now 
sessed the valuable means of making investigations 
of special interest. He thought very good results 
ought to come of the excellent provision thus made. 

r. W. P. Durtnall asked, as one interested in 
propellers, when the tank would be open for in- 
spection and also for testing model propellers, 
to which Dr. Glazebrook replied that no definite 
date for this could yet be fixed. Preparatory tests 
were now being made with a view to taking the 
tank and plant over from the contractors. hen 
these had been satisfied, the Committee would meet 
and draw up the necessary regulations, &c., for 
conducting the investigation work. 

A vote of thanks to Mr. Baker for his paper 
concluded the afternoon meeting, after which, as 
there was no evening session on Wednesday, the 
meeting was adjourned till 11.30 a.m. on Thursday. 


The last pa 


Proceepines or THurspay, AprRiL 6. 


The proceedings were continued on Thursday, 
April 6, members assembling at the Rvyal Society 
of Arts for the reading and discussion of papers at 
11.30 a.m. At this and the evening session on 
this day there were read and devel the follow- 
ing papers, which we shall reprint in a future 
issue, the discussions thereon also being unavoid- 
ably held over till next week :— 


me Diesel Engines for Sea-Going Vessels,” by Mr. J. T. 
ulton. 

“The Influence of Longitudinal Distribution of 
Weight on the Bendin oments of Ships Among 
Waves,” by Mr. F. H. Alexander. 

‘** Considerations Affecting Local Strength Calcuia- 
tions of Ships,” by Mr. J. Montgomerie. 

**The Acceleration in Front of a Propeller,” by Mr. 
R. E. Froude, LL.D., F.R.S., Honorary Vice-President. 

** An Investigation into the Stresses in a Screw-Pro- 
peller Blade,” by Engineer-Lieutenant A. Turner. 


Proceepines or Fripay, APRIL 7. 


To-day (Friday) members again meet in the morn- 
ing, afternvon, and evening for the reading and 
discussion of papers. At the morning meeting, 
commencing at 11.30 at the Royal Society of Arts, 
four papers are down for reading, viz. :— 


** Results of Trials of the Anti-Rolling Tanks at Sea,’ 
by Dr. H. Frahm. 

‘**Steering-Gear Experiments on the Turbine Yacht 
Albion,” by Dr. H. 8. Hele-Shaw, LL.D., F.R.S. 
** Description of a Stability and Trim Calculator,” by 
Mr. 8. B. Ralston. 
‘General Propositions and Diagrams Relating to the 
Beleasiog of the Four-Cylinder Marine Engine,” by 
Mr. C. E. Inglis. 


At the evening meeting, commencing at 7.30, 
two papers will be taken—viz. :— 


““The Determination by Photo-Elastic Methods of the 
Distribution of Stress in Ships’ Plating.” by Professor 
E. G. Coker. 

‘*Some Notes on a New Design of Merchant Vessel,” 
by Mr. M. Ballard. 


These rs, and the discussion thereon, will be 
dealt with in a subsequent issue of ENGINEERING, 





(To be ogntinued.) 
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INDUSTRIAL NOTES. 


WE learn from the eighty-sixth annual report of the 
Steam-Engine Makers’ Society that the year 1910, when 
compared with 1908 and 1909, showed a great improve- 
ment in trade, as indicated by the Board of Trade 
figures, the percentage of unemployed in December, 
1909, being ede cent., and in December, 1910, 
5.8 per cent. ese figures apply to the engineer- 
ing trade generally, the fi or the society being 
6 per cent. unemployed in December, 1908, and in 
December in the Sillowing year 5.5 per cent. In 
December of last year it was 2.14 per cent., and 
it is very satisfactory to note that unemployment is 
still decreasing. The year was one of conflict and 
unrest in the labour world, although the condition as 
regards ne improved. The income for the 
year amoun to 40,307/., which was an increase of 
3025. when compared with 1909. This, of course, 
has been the result of fewer members being unem- 
ployed, and more men contributing to the funds. The 
general fund levy is represented by 6114/., compared 
with 4740/. in the last annual report. Interest on 
investments alone brought in as much as 2130/, The 

licy of the Society is to make the regular contri- 
ners dl with due — to efficiency, as near the 
minimum as possible, but the income must be made 
sufficient to meet abnormal conditions that from time 
to time have inevitably to be faced. Contributions 
showed an increase of no less than 1263/. compared 
with 1909, and initiation fees showed an increase from 
280/. to 3897. The increase in the general fund levy 
showed an increase of 1374/., which was caused by the 
payment being for a full year instead of for ten months, 
as was the case in 1909. In the item of expenditure 
on donation there was a distinct improvement com- 

red with the two — years. It amounted to 
361/., or nearly 10,000/. less than was expended on 
donation during 1909, and more than 11, . less than 
the amount spent on donation benefit — 1908. 
Although this expenditure in 1910 was high, the per- 
centage for unemployment was much lower than most 
of the kindred organisations of the engineering trades. 
Money spent on sick benefit amounted to 6199/. last 
year, compared with 6448/. in 1909—a reduction of 
249/., and a reduction of 400/. on the figures of 1908. 
Nor have the claims for superannuation been so 
heavy as they were in 1908-9. It may be said, there- 
fore, that, on the whole, the society is in a flourishing 
condition, 





On Friday last a further conference between the 
executive board of the Shipbuilding Employers’ 
Federation and the Joint Trades Standing Committee 
was held at Carlisle, in order to discuss the conditions 
of employment of non-union workers in federated 
yards. he feeling among the men appears to be 
that, as under the National Agreement they are held 
responsible for the discipline of the workers, the 
employers ought to support them in their efforts 
to secure control of non-union labour. That non- 
unionists should be dismissed is not a point on which 
the men wish to insist, but they ask that it should 
not be considered a breach of the National Agreement 
if they strike against the employment of such men. 
In addition, they contend t when members of 
unions break their own society rules, and are expelled 
from membership, the employers should penalise 
them in the same way as men belonging to the unions 
can be penalised for breaches of the working agree- 
ment. A proposal has been made that, in the case of 
the unions demanding that non-unionists should be ex- 
pelled, the masters should reply by asking for a 
stipulation that whenever a federated yard required 
men, the unions would be in duty bound to take men 
from non-federated yards to supply requirements. It 
is understood that certain proposals, which were not 
made public, were put forward by the employers and 
considered by the men’s representatives, and the con- 
ference was adjourned to a future date, not fixed. 


The quarterly meeting of the Durham Count 
Enginemen’s and Boiler-Minders’ Association too: 
place at Durham on Thursday in last week, under the 
residency of Mr. G, Peart, of Bishop Auckland. 

veral important matters came up for discussion, and 
Mr. W. D. Charlton, the t, in his report, referred 
particularly to the new Bill. He stated that for 
ears a Mines Act Amendment Bill had been asked 
or by the miners, and he thought there was little 
doubt that such was needed. Many wonderful 
changes had taken place since the old Act was 
passed, one of these being that electricity was 
now being utilised in the pits, and of this new 
power they were, as a rule, all too ignorant: A 
new Bill was now before the country, some of the 
provisions of which they hailed with pleasure ; one 
of these was the section that provided that a steam 
boiler should not be placed underground in any 
new mine or seam opened after the passing of the 
Act. It was much to be desired that the clause should 





raising of the age at which persons might be placed in 
charge of any a pane worked by mechanical power, 
or awaits , was important, as this might 
help to lessen the haulage accidents, causing death or 
injury. The making of si uniform throughout the 
coalfield would also make it easier for winders c i 
from pit to eee Clause 58, which provided for the 
attendance of winding enginemen for the purpose of 
lowering and raising persons into and from the mines, 
remained unchanged, which was disappointing, as was 
also the fact that the clause left the manager to 
fix the standard of fitness and efficiency. Another 

int, also in connection with winding, was that a 
imit is not fixed to the time when a person shall be 
employed at a winding engine. The strongest protest 
ought to be offered against any medical examination, 
except as a part of a Government examination of 

neral fitness before men became certified winders. 

r. Charlton thought also that if these matters were 
not remedied, the Bill could never be satisfactory to 
colliery enginemen. The report was adopted and the 
following resolution was carried :—‘‘ That this meet- 
ing of delegates representing the enginemen employed 
in Durham County register an emphatic protest 
against Clause 58, latter portion of Section 1, which 
insists upon persons employed at winding-engines 
being periodically examin by a duly qualified 
medical practitioner, at intervals not exceeding 
twelve months, for this, divorced from the provi- 
sion that skill and knowledge, by previous training, 
shall be certified by a board of examiners, is use- 
less, except in making the continuity of the winders’ 
service depend upon the caprice and will of colliery 
managers and colliery doctors. We call upon the 
Government to institute a true system, by which com- 
petency certificates shall be granted, or to expunge from 
the Bill the portion referred to, and pledge ourselves 
to resist by every means in our power the application 
of the clause as it now stands.” 





The representatives from eighteen Northumberland 
collieries met in conference at Bedlington on Saturday 
last to discuss the complaints of various classes of 
underground workers under the Eight-Hours Act. It 
was decided to ask the country to agree to a special 
committee of six to investigate the complaints, with a 
view to a remedy, and a deputation was appointed to 
support this proposal at the next meeting of the 
miners’ council. The Trade Conciliation rd of 
Northumberland also met on Saturday last and re- 
duced the miners’ wages by 3? per cent. During the 
t nine months prices have fallen steadily, and the 
ecision of Saturday represents a reduction of 74 per 
cent. during the period named; The current rates 
now stand at 26} per cent. above the standard basis 
for underground workers, and 21 per cent. for surface 
labourers. 





An event happened in the South Wales coal district 
on Tuesday last which does not encourage the idea of 
an 7. settlement of the miners’ strike, for a decision, 
arrived at by the management of the Cambrian Com- 
bine, to raise to the surface the whole of the horses, 
numbering 1000, in their pits, was put into force. 
The animals are to be removed to grazing land in the 
Vale of Glamorgan, where they will remain pending 
resumption of work. 





The Independent Labour Party have many resolu- 
tions on a variety of subjects in their agenda for the 
nineteenth annual conference, to be held at Birming- 
ham on Easter Monday. The inclusion in the next 
Electoral Reform Bill of the enfranchisement of all 
men and women is advocated by forty-three societies. 
The Bow and Bromley branch protests that the pro- 
posed allowance, under the Government's invalidity 
and insurance schemes, of 5s. weekly, without medical 
attendance, is useless, and suggests that the local 
health authorities should be e responsible for the 
manner in which the sick are treated. A reduction 
of the age limit for old- pensions to fifty years of 

is urged by the Streatham Branch, and the increase 
of the pension to 7s. 6d. weekly. Galashiels also 
holds advanced views, and recommends the absten- 
tion of labour representatives on public bodies from 
Coronation festivities. 





For some considerable time negotiations have been 

ing on between Mr. H. Lynes, district secretary, 

ational Union of Gasworkers and General Labourers, 
and the m ment of Messrs. Bolckow, Vaughan, 
and Co., Middlesbrough, relative to an advance of 
wi to the members of the union employed in the 
fitting, smith, and boiler-shops of the firm. An 
advance of 6d. per week had already been granted to 
the men, excepting those in the boiler-shops. The men 
in the boiler-shops are now to receive an advance of 
6d. per week from January 1 last, and a further 
advance of Is. per week will be given on July 1 next 
to all those who are rated at 25s: per week and over, 
and 6d. per week to those rated at less than 25s. per 





prohibit the working of boilers in all mines, for it was 
exceedingly trying work for the men in charge. The, 


week, 





According to the Times, discussions have taken 
lace in the South Africa Union Parliament at Cape 
‘own which may entail considerable disturbance to 
the mining industry of the Witwatersrand, the two 
important questions being Sunday labour and an eight- 
hours da The movement is likely, however, to 
extend far beyond the mines, and will affect chemical, 
metallurgical, reduction, ore-dressing, petroleum, 
salt, brick-making, lime and pottery works, sugar, 
flour, and saw mills, and any other places where 
machinery is erected or used (other than works and 
machinery owned or used by the Department of Rail- 
ways and Harbours), and all dams, reservoirs, and 
other appliances for conserving water or for produeing 
or transmitting energy, &c. There has for long been 
an agitation on the subject, and so strong has it 
become that the Government has decided to draft a Bill 
regarding it. As drafted, the Bill provides that ‘no 
rson shall perform, or cause, or permit, to be per- 
ormed, any work on Sundays, Christmas Day, or Good 
Friday, unless the work be (a) attending to or working 
pumping machinery, ventilating machinery, or ma- 
chinery for the supply of light, heat, or power, or steam- 
boilers belonging toanysuch machinery. (b) Such repairs 
above or below the surface as cannot be delayed with- 
out causing damage, or as cannot be done upon any 
other day without unduly interfering with labour on 
or in the mines or works ; in that class of work shall 
be included labour in workshops necessary and inci- 
dental to any such repairs. (c) Any continuous 
chemical, metallurgical, or smelting process, if a 
a thereof during the whole of any such day 
would either prevent its immediate resumption on the 
next a day or diminish the effectiveness of 
the process. (d) The running of stamp-mills or other 
machinery used for crushing ore.” 





The annual meeting of the Labour Co-Partnership 
Association, referred to by us on page 391 ante, 
was held at the Institution of Civil Engineers, 25, Great 
George-street, Westminster, S.W., on Thursday in 
last week, and was very well attended. Mr. Corbet 
Woodall, governor of the Gas Light and Coke Com- 

ny, was in the chair. In his presidential address 

r. Woodall discussed the economics of co-partnership 
and brought out very clearly how the system offered 
many opportunities for the reconciliation of capital 
and labour. No doubt there are many cases in which 
the principle put forward could be adopted with 
great advantage, and, indeed, in many ways, it seems 
as if the devising of some form of co-partnership as 
would solve the labour difficulties is the work now 
facing the economist. The difficulties have no doubt 
always existed, but they seem of late years, owing 

robably to changed economic conditions, to have 

me more difficult of solution. The feature of the 
movement that gives it increased force at the present 
time is, of course, the fact that it has left the arena 
of talk and may dese has entered. that of actual suc- 
cessful practice. And this itis that will be found to help 
the movement forward more than anything. It is, per- 
haps, not known as. widely as is desirable that a very 
large volume of business is now done on co-partnership 
lines, the greater de of this being in connection with 
gas companies. hat this really amounts to is not, 
perhaps, fully appreciated ; but when we say that 
already twenty-eight gas companies, with a capital of 
47,000,000/., now involve co-partnership, the extent 
to which the system prevails will be Petter under- 
stood. Mr. Woodall himself is, of course, connected 
with one of the most important of these concerns—the 
Gas Light and Coke Company. There has also been a 
large increase in the capital of the Workmen’s Co- 
Partnership Productive Societies, and ninety new 
Agricultural Co-Operative Societies, with an aggregate 
turnover of 980,000/., have been established, and 
among private firms that have adopted the system are 
three newspapers. Co-partnership has also found a 
home among societies for housing the poor; the 
Liverpool Co-Partnership Tenants’ Society, which has 
an estate of 185 acres, is the largest that has been 
established. At the present time the total value of 
all the estates owned is more than 857,827/., while 
those being developed will, when completed, have a 
value of more than 2,000,000. The amount of money 
now credited to the 19,613 employees of the twenty- 
eight gas companies practising co-partnership was, 
during last year, 92,092/., while the total profit 
allotted during the progress of all the schemes was 
725,779. 

The resolution pte co-partnership was sup- 
ported by Lord Robert Cecil, who said that he thought 
the condition of the relations in this country between 
capital and labour at the present time amounted to a 
serious social danger, and that, unless some means were 
found of allaying the feeling of hostility that was 
growing up between two powers that ought to work 
on terms of friendship, the prosperity of the whole 
country would be threatened. Co- ership, he 
considered, was the one scheme likely to bring the 
industrial peace they all desired. A resolution approv- 
ing of co-partnership was adopted, 
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come into operation when the revolutions of the engines 
exceeded 1600, corresponding to 80 revolutions of the pro- 
peller shaft. Records were first taken at a normal rate of 
| revolutions of 72 on the main shaft. The vessel was put 
| head to sea, and during a period of pitching the revolu- 
tions of the propeller shaft reached a maximum of 82 at 


GEARED TURBINES FOR CARGO SHIPS. 


Twelve Months’ Experience with Geared Turbincs in 
the Cargo-Steamer ‘‘ Vespasian.”* 
By the Hon. C. A. Parsons, C.B., LL.D., D.Sc., F.R.S., 

“Vice-President, and R. J. Watker, Member, 

THE object of the present paper is to lay before the maximum angle of longitudinal inclination, the immer- 
members of the Institution a brief account of a year’s sion of the propeller under this condition being about 6 in. 
working of the Vespasian ; it may also be considered as|to12in. The governors of the turbines came into action 
a continuation of the paper read at the spring meetings | just as the maximum angle of inclination was reached. 
of last year on “‘ The isrine Steam-Turbine and Mecha-| Further observations were made with the governors 
nical Gearing.” + ? readjusted to higher revolutions, and the ave records 

The gearing is illustrated in Figs. 1 to 3, annexed. ' obtained showed a maximum variation in revolutions of 


TABLE I.—Tariats 1n June, 1910, or S.S. ‘‘ Vespasian.” 


. June 9 |June 16 June 16 June 22 June 22 \June 22 June 29 


Date ‘ . 
.. knots 


Speed by log .. __.. 9.35 10.58 . 9.27 | 10.22 9.37 
Revolutions per minute on ~ : 65 64.9 | 73 64.8 63.85 70.6 | 62.9 
Boiler pressure .. os Ib. per sq. in. 137 135 | 145 135 135 | 140 135 
High-pressure turbine (initial pressure, Ib. 

persq.in.)  .. os x -. 86 86 | 121 86 86 | 11 81 
Vacuum (in inches) i. 28.5 29.1 28 6 23.55 | 28.4 28.4 28.3 
Barometer. . ‘ + .. 30.01 30.5 | 30.52 29.9 29.9 | 29.88 29.6 
Water, main engines .. Ib, per hour 12,140 , 12,300 15,680 11,890 11,730 14,410 11,100 
Shaft horse-power - . “ 740 736 1080 735 710 960 663 


the moment when the stern of the vessel had reached the | 


| steamed about 20,000 miles. At various intervals the 
gear-wheel and pinions have been inspected and tested 
for backlash, and only a month ago this was done, 
when practically no slackness in the teeth of the gearing 
could be detected. The wear in the teeth so far seems to 

| be a negligible quantity. 

We have here to-day for the inspection of the members 

| of the Institution one of the actual pinions of the Ves- 
pasian, which has been in constant use since the new 
machinery was installed, the vessel having steamed over 

| 18,000 miles prior to its removal. 

On the first four voyages careful measurements of water 

consumption were taken. Theannexed Table I. gives the 
data and results obtained on these voyages. 
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Lbs.per Hour 


Water Lbs. per Hour 





Revolutions per Mirate (Propeller) 


Speed, Knots. 
On completion of the trials referred to in last year’s from 72 to 84 during a period of pitching. The steam 


paper, the Vespasian was taken to sea on several occa-| pressure at the high-pressure turbine remained constant 
sions in light condition with a view to observing the beha- | throughout at 70 lb. pressure. — ; 
viour of the propelling machinery in a seaway. Although| As the result of these trials it was found that even with 
no very severe weather was encountered during these | the governors out of action the acceleration of the engines 
trials, sufficient evidence was obtained to show that the | during a period of pitching did not exceed 16 per cent. 
engines were not liable to race in heavy weather. las a maximum, due to the very great angular momentum 
_ A series of careful observations was made of the varia- | of the turbine. mr ‘ 
tion in revolutions of the engines with the vessel pitching.| In order to test the durability of the gearing, the 
The governors on the turbines were so adjusted, as to| Vespasian was p in r service on June 9 last 
. —-- | year, carrying coal from the Tyne to the Continent, 
* Paper read before the Institution of Naval Architects, | and returning in water ballast. From that date to the 
April 5, 1911. | present time she has completed twenty-six trips to Rotter- 
| See Encrverrine, vol. Ixxxix., page 379. | Som and six trips to Antwerp, and during this period has 




















| The water consumptions per hour at the several rates 
of revolution have been shown in Fig. 4. The full line 
represents the data as obtained off the Tyne in the trials 
of March last year, and referred to in the previous paper 
on this subject. The spots as indicated thus(.) show 
the data as obtained on service. 

It will be noted that the service results agree very 
closely with the trial results. The displacement of the 
vessel on service when the data were taken was 4560 tons, 
being about 5 per cent. greater than on the original trials. 
+ to the general behaviour of the machinery, 

mentioned that during the winter months the 
has encountered some exceptionally severe weather, 
especially in light condition, and the turbines and gearing 
have worked throughout with entire satisfaction, an 


_ In 
it ma 
vesse 


| have not given the least trouble whatever. 


A‘ very noticeable feature has been the remarkable 
freedom from racing of the engines under conditions when 
the propeller has been entirely out of the water, confirm- 
ing the observations made on the earlier trials, when the 
engines, under the worst conditions, did not tend to 
accelerate in revolutions more t 16 per cent. The 
engineer of the vessel reports that, without the aid of a 
sensitive tachometer, it is v difficult to observe any 
acceleration in the speed of the ines. On one occa- 
sion—namely, on October 12, when the vessel was return- 
ing in water ballast from Rotterdam—a very severe north- 
east gale was met with, necessitating increasing the steam 

ressure at the engines by about 25 per cent. to make 
Codteest against the heavy sea running. 

With a view to experimenting with different qualities 
of steel, additional pinions were made, one of chrome- 
nickel steel with a tensile strength of 55 tons, elastic 
limit of 38 tons, and an elongation of 20 per cent. in a 
length of 2in.; and two of special carbon steel of 40 to 
45 tons tensile strength, elastic limit 224 tons, and an 
elongation of 20 to 25 percent. The original pinions 
were of mild chrome-nickel steel, with a tensile strength 
of 37 to 38 tons, and an elastic limit of 32 tons. 

The chrome-nickel - steel ny: of 55 tons tensile 
strength was tried in August last, but was removed after 
two voy: as on examination it was found to be frac- 
tured at the corners of some of the teeth. This appeared 


to be due to the teeth having been eee rly machined 
and bearing over one-third of their length only; the 
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material also appeared to be of too brittle a nature. The 
original pinion was iw and is still in use. 

@ pinion removed last month for the inspection of 
the members of the Institution has been replaced by one 
of the special carbon steel set of 40 to 45 tons tensile 
strength, and is in use at the present time. 

At the end of last year a new propeller was fitted to 
the vessel ; this one was of the same diameter and de- 
signed blade area as the original propeller, but with a 
finer pitch ratio. The actual dimensions of the new pro- 
peller are as follow :—Diameter, 14 ft. ; pitch, 14.14 ft., 
and expanded blade area, 72 sq. ft., as —— with 
the original propeller of 14 ft. diameter, 16.35 ft. pitch, 
and 70sq. ft. expanded area. 

The following table gives the data and results of a trial 
carried out off the Tyne on January 9 of this year, the 
vessel being loaded to the same displacement as on the 
original trial :— 


10.34 
77 
141 


Speed in knots .. =a 
Revolutions per minute 
Boiler pressure .. oe e 
High-pressure turbine, initial 
pressure e . 
Vacuum (in inches) 
Barometer es es ool 
Water consumption, main en- 
n F s b, per hr. 
a 


109 
28.4 
30.2 


| 14,000 
| 945 


10,400 
630 7 


m4. 
Shaft horse-power a 
Water consumption, pounds 


per shaft horse-power hour 14.81 


16.5 | 15.98 15.45 | 

The water consumption for the several rates of peed 
have been plotted in Fig. 5, page 461, shown in full lines 
for the new propeller, and in dotted lines for the original 
propeller. Fig. 6 shows the revolutions obtained at the 
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per. 


several rates of speed for each propeller, and Fig. 7 the 
shaft. horse-power in terms of water consumption hour. 
The full lines in each case are for the new propeller, and 
the dotted lines for the original propeller. 

It will be noted that at the »s of 9.3 knots, which 
is about the average service s of the vessel, the water 
consumption per hour has further reduced with 
the new propeller by about 7 per cent., 4 per cent. being 
attributable to the increased efficiency of the turbines 
running at the higher revolutions, and the remaining 
3 per cent. due to a slightly more efficient propeller. 

n regard to the question of economy generally, as 
mentioned in the reply to the discussion on last year’s 
paper, we do not profess that the results obtained with 
the Vespasian are the highest obtainable with geared 
turbines. In a new vessel, and with new boilers, say, of 
about 180 lb. pressure, a consuraption of about 124 lb. to 
13 lb. per shaft wy of the main engines, as com- 
pared with 16 lb. at the service speed of the Vespasian, 
could confidently be expected in an installation of, oa 
1000 horse-power, which would be equivalent to 1141 
to 12 lb. per indicated horse-power of reciprocati 
engines, assuming a ratio of shaft horse-power to indi- 
cated horse-power of 91 to 92 per cent. 

_In conclusion, it may be mentioned that the introduc- 
tion of gearing into war vessels presents great advantages, 
since its adoption would result in increased economy, more 
oqeney at cruising speeds. 

na war vessel, say, having four shafts, the gear- 


ing of the highest pressure portion of the turbine to the 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 


JANUARY. 
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MARCH. 


MARCH. 


In the accompanying diagrams each vertical line represents a market day, and each horizontal line 
represents ls. in the case of tin-plates, hematite, Scotch and Cleveland iron, and 1I. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in oe Se 70 1b. to801b. The metal 


prices are per ton. Heavy steel rails are to Middlesbrough quotations. 





in-plates are per box of I.C. cokes. 








low-pressure shafts, in lieu of direct-coupled cruising tur- 
bines, effects a saving in consumption of oy | 25 per cent., 
at a cruising speed equal to one-tenth of the full power, 
and 30 per cent. at one-fifteenth of the full power, giving 
corresponding increases in the cruising ius with the 
same quantity of coal. 








German Coat Propuction. —The output of coal in 

any last year was 152,827,777 tons, of the value 

of 76,334,000/. The corresponding output in 1909 was 

148,788,050 tons, valued at 75,961,000/. The production 

of lignites was 69,473,883 and 68,657,606 tons respectively, 
the respective values being 8,919,800/. and 8,949, 000/. 





Sree. in THE Unitep States.—American steel pro- 
duction again beat the record in 1910. The output of the 
year was 26,094,919 tons, as compared with 23,955,021 tons 
in 1909, when the greatest previous progress was noted. 


Tue INTERNATIONAL Concress OF NavicaTion.—The 
Twelfth International Congress of pavintice will be 
held in the spring of next year, at Philadelphia, under 
the auspices of the Government of the United States. 
Partic can be obtained of this meeting, and also of 
the objects of the Congress, from Mr. Serraillier, 
ree Anne’s. bers, Westminster, the honorary 

ritish representative of the International Association of 
Navigation Congresses. 
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THE APPLICATION OF A GEARED STEAM. | 
TURBINE TO ROLLING-MILL DRIVING.* 


By A. Quinton CARNEGIE. 


From the time of its invention in 1884, by the Hon. | 
Charles Parsons, the steam-turbine has been steadily 
improved and developed, first for land use, and later for 
use in the propulsion of high-speed ships. __ 

In land work the principal use of the turbine has been 
for the driving of electric machinery and blowing-engines 
for blast-furnace work, and a satisfactory compromise 
has been arrived at between the ideally hig oul of the | 
turbine, and the lower s which were at one time con- 
sidered necessary for the successful construction of elec- 


surface velocities could be used, and what amount of 
power could be transmitted with modern double helical 
gearing. Special attention was paid in these experi- 
ments to the rate at which wear took place under varying 
conditions, and, as a result, it was decided to thoroughly 
test the system on a commercial scale. 

A cargo steamer, named the Vespasian. was purchased, 
and after her triple-expansion engines had been thoroughly 


show that the fly-wheel was large enough to smooth out 
the load to an almost constant value, and the idea pre- 
sented itself of cutting out the electrical portion of the 
scheme altogether and substituting mechanical gearing 
between the turbine and the fly-wheel shaft. 

From an economical point of view the possibility of 
| eliminating a constant loss of something like 15 per cent. 
| in electrical transformations, and substituting a gear with 


overhauled, a series of trials were made at sea, under | a friction loss, including bearings, of only 14 per cent. (to 
various conditions of loading, to determine the steam | say nothing of the substantial saving in capital expendi- 
efficiency of the vessel. The reciprocating engines were | ture) was very tempting, and, after very careful considera- 
then taken out, and a pair of geared turbines were installed | tion, the experiment was decided upon. In order to 
in their place, but the original boiler, propeller, and shaft | curtail the risk the plant was designed so that, in the 
were used in without alteration. e ship was again | event of the high-speed gear proving a failure, a dynamo 
taken to sea, and a further set of trials were carried out, | could be fitted in its place, and the mill driven electrically, 


trical machinery. Dynamos and alternators can now in | with the result that at the same speed—viz., 94 knots—a 





every case be designed to run at a speed suitable for | 
turbine-driving. 


Fig. 1. 


reduction in coal consumption of 15 per cent. was recorded, 
while at 104 knots there was a reduction in the coal 


as in the original scheme. The second reduction gear was 
an ordinary commercial proposition, and involved nothing 
in the way of experiment, so that it could be worked in 
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_ Turbo-blowers, being so nearly akin to steam-turbines 
in their principle of working, do not, of course, present 
any of the difficulties which have had to be faced in 
electrical work. 

The problem of applying the turbine to the propulsion 
of slow-speed or tramp steamers has been kept in view by 
Mr. Parsons from the time of his earliest experiments 
with the Turbinia ; but as there was plenty of work to be 
done in establishing the system in high-speed vessels, it 
is not surprising that its application to slower speed 
work was left in the background for a time. 

Helical and double helical gearing of fine pitch, suitable 
for high speeds, was probably first introduced by Dr. de 
Laval, and it has been mn | extensively in connection 
with his turbines for many years with entire success, and 
at a moderate cost for maintenance. 

In 1897 and 1898 several geared turbines were con- 
structed at Heaton Works. One of these was a 150- 
kilowatt set in which double helical gear of the de Laval 
type was used to reduce from 9600 revolutions per minute 
turbine speed to 4800 revolutions alternator speed. The 
efficiency of this gear, estimated by the method of heat 
loss, was found to be above 98 per cent. The teeth were 
cut in an ordinary universal milling-machine, without any 
special erg as to accuracy, and although it ran 
very well indeed, it made a considerable noise. 

In view of the extreme importance of driving slow- 
speed vessels as well as land machinery, an exhaustive 
set of experiments were made in order to find out what 


* Paper read before the West of Scotland Iron and 
Steel Institute, March 17, 1911. 
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consumption of 20 par cent. These figures do not give 
the best results, as it was found that a mistake had been 
made in the figure given for the propeller speed corre- 
- eee to a given speed of ship, and the turbines were 
therefore unable to get up to their designed speed. Since 
then a new propeller of finer pitch has been fitted, with the 
result that the turbines can now run to their proper speed, | 
and a further saving of 74 per cent. in coal consumption | 
has been obtained. Of PS per cent., about one-half is | 
due to the increased speed of the turbines, and the other 
half.is due to the improved propeller. 
Thediagram exhibited shows the arrangement of the 
more? — Ves = ». nae 1m se eae 
pani y a photogra owing the gearing and turbines. 
A full J deat of the trials of the V: jan was given 
by Mr. Parsons in a foper read before the Institution of | 
aval Architects in Mareh, last year.* 
About the same time as the Vespasian experiment was 
decided upon, Messrs. James Dunlop and Co. were con- 
sidering putting in a new rolling-mill at their Calderbank 
Steel Works, and your past-president, Mr. T. B. Roger- 
son, who has had considerable experience with steam- 
turbines at the Clyde Iron Works, proposed a scheme for 
utilising the exhaust steam from the existing mill-engines 
for electrically driving the new mill. 
In the electrical scheme it was proposed 
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any case. The mill is of the three-high t with rolls 
28 in. diameter by 84 in. long. The live rolls on the mill- 
tables are electrically operated, and so also are the screws 
which apply the pinch or draught to the main rolls. The 
lifting-tables are operated hydraulically, and the whole of 
the electric and hydraulic control is placed in the 
hands of two men, who are stationed in glazed cabins in 
a suitable position near the mill. 


to utilise a Figs. 1 and 2show the general arrangement of the instal- 


large existing fly-wheel for equalising the load on the) lation in elevation and plan, and Fig. 3, page 364, shows 
dynamo and motor. A few calculations were sufficient to | an end elevation of the mill itself. The steam-turbine is of 
| the Parsons mixed-pressure type, and is designed to run at 
ub- | 2000 revolutions per minute, either with exhaust steam at 
square inch absolute, or with live 
boilers at a pressure of 60 lb. per 





* (The r by Mr. Parsons here referred to was 
baie) in fall in ROINEREENS, Vol. Ixxxix., page 


'9.— | a pressure of 16 Tb. 
| steam direct from 


Fg 
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square inch above atmosphere. The turbine is provided 
with two steam-inlets, one being at the high- re end, 
and the other about the centre of the cylinder. Each 
inlet is provided with a steam-chest containing a double- 
beat balsneed throttle-valve and an independent runaway 
or emergency trip-valve. The two steam throttle-valves 
are connected to the governing mechanism by means of 
steam relays, and are arranged so that preference is tng 
to the use of exhaust steam whenever there is any available. 

If the exhaust steam supply is insufficient, or if it 
ceases altogether, the balance of the power required is 
supplied by the - ressure valve quite automatically, 
the distribution o the load between high-pressure and 
exhaust steam being effected by the decrease in speed. 
In addition to these valves there is a small device which 
causes the low-pressure throttle to close whenever the 
exhaust-steam receiver pressure falls to nearly atmo- 
spheric pressure ; this is necessary in order to prevent 
air from being drawn in when there is a shortage of 
exhaust steam. 

The blading is of the usual Parsons reaction type, and 
the blades are assembled on the rosary or threaded-root 
principle before being caulked into the grooves. A drawing 
is exhibited showing diagrammatically the arrangement of 
reaction blades, an 9 of actual rosary blading are 
exhibited on the table. Fig. 4 shows a section through a 
mixed-pressure turbine. The blade areas are so propor- 
tioned that when working at full load with exhaust steam 
there is atmospheric pressure at the first row of low- 
pressure blades. The high-pressure blades are running 


tions per minute in two steps, the intermediate shaft 
running at about 375 revolutions per minute. The high- 

pinion is formed solid with its shaft, and is made 
of forged chrome-nickel steel. The pitch-line diameter 
is 7.143 in., and there are twenty-five teeth 3} in. diame- 
trical pitch. The wheel into which it gears has 131 teeth, 
and is 37.429 in. in diameter, with a total face width of 
24 in. The second reduction gear has a forged mild-steel 
pinion, with twenty-three teeth 2-in. circular pitch; the 
pitch circle diameter is 14.912 in., and it gears into a 
wheel 80.848 in. in diameter, with 127 teeth. The total 
face width of the low-speed gear is 16in. The double 
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enable a load of 400 brake horse-power’ to be applied. 
The gear was also run up to a 5s of 3000 revolu- 
tions per minute, in order to try the noise at this s 
Figs. 6, 7, and 8 show the plant as it was erec for 
testing. During these tests constants were obtained for 
the actual horse-power of the turbine. 

Flexible couplings are fitted between the turbine and 
the high pinion-shaft, and also between the first 
and second reduction gears. These couplings allow for 
small errors in the alignment of the shafts, and also give 
o oe end freedem for expansion of the steam-tur- 

ine shaft. 
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dly in steam at atmospheric pressure. When the whole 
load is taken over by high-pressure steam the pressure at 
the first row of low-pressure blades falls to about 8 lb. abso- 
lute, so that the pat quantity of steam is still able to fill 
the blades and maintain an efficient velocity ratio. In 
this way it is possible to obtain full efficiency on either 
live or exhaust steam. The full power of the turbine is 
available from either sources of steam supply, or from any 
desired mixture of the two. é 

The condenser is of the surface type, having a tube 
surface of 1460 sq. ft. The air-pumps are motor-driven, 
and of the usual Parsons compound type. The condenser 
is placed in the basement below the turbine, and is fitted 
with a vacuum augmentor, which enables it to deal with 
a considerable amount of air-leakage without much loss 
in vacuum. The circulating water is obtained from the 


River Calder, and a vacuum of 28} in., barometer 30, is | by 


easily obtained. é : 

The power required from the turbine was gone into 
very carefully with Mr. Rogerson, and the figure decided 
upon was 750 brake horse-power. This power has been 
found ——_ in a. as Ro ~~ shown —_ } the 
speed power diagrams, whi ve been taken during 
e actual rolling of plates. 


The mill runs at a speed of 70 revolutions per minute, 





and the speed of the turbine is reduced from revolu- 
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| helical teeth are at an angle of 23 deg. with the axis of 


the shaft, and are cut in a special hobbing-machine, 
which automatically generates teeth of the correct shape. 
Gears made in this way are capable of =e a high 
pitch-line velocity, with very little noise. Both pairs of 
gears are arranged in cast-iron gear-cases, which are pro- 
vided with suitable white-metal lined bearings for the 
shafts. A sectional plan of the arrangement is shown in 
Fig. 5, while Fig. 6 shows the —_ turbine erected at 
the maker’s wor Figs. 7 and 8, page 466, are further 
views of the turbine an ae 

The lubrication of the bearings is effected by oil under 
a pressure of 8 lb. to 10lb. per sq. in., supplied by a 
pump driven from an extension of the governor-shaft of 
the turbine. The lubrication of the gearing is done b: 
a separate oil-pump driven from the latermedinte chats 
means of a Renold silent chain. This pump draws 
oul from settling-chambers in the bottoms of the 4 
cases, and sprays it continuously on to the teeth. The 
level of the oil is kept sufficiently low to be quite clear of 
the bottoms of the wheels. 

Before being despatched from the works, the turbine 
and first reduction gearing were erected in the test-house, 
at Heaton, and run up to speed. A Heenan and Froude 
water dynamometer was coupled to the 375 revolutions 


The fly-wheel, with its shaft, weighs nearly 100 tons, 
and is carried on two 22-in. diameter adjustable gun- 
metal beari: one of which forms of the low-speed 
gear-box. low-speed gear-wheel is keyed directly on 
to the end of the fly-wheel shaft, and is overhung from its 
bearing. The fly-wheel is of cast iron, built in two 

rtions, which are secured together with the usual shrunk 
inks and cotters. The sides of the rim are turned true 
so as to form the track for a pair of hydraulic brakes, 
which enable the whole plant to be brought to rest in 
25 seconds in case of emergency. The external diameter 
of the wheel is 23 ft. The stored energy in the fly-wheel 
is about twenty times that of the turbine and rs, sO 
that the latter can get only a small fraction of the shock 
which comes on the mill-rolls. eP 

The fly-wheel shaft is connected to the main pinion of 
the mill by a pair of wobbling couplings. One of these 
is of cast steel of ample strength, while the other is of 
cast iron of such a section as to allow of its breaking in 
the event of any undue strain on the mill. (Four of 
these couplings were broken in one afternoon.) 

The first slab was put through the mill on September 
15, 1910, after the whole plant been run — for 
several days, to allow the main bearings to settle down 
into working order. The writer was in the turbine-room 





shaft, but its range at this speed was only sufficient to 


at the time, but was not aware that rolling had been 
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started until the slab had made six or seven —_ and 
was well on its way towards becoming a full-blown ship’s 


late. 
¥ Up to thirty slabs have been rolled in an hour, and the 
maximum 8ize of plate has been 60 ft. long by about 6 ft. 
wide, with a minimum thickness of ;y in. The lifting- 
tables for some time worked too slowly, but they have 
now been speeded up, and take six seconds. for the lift 
and fall. 

Fig. 9, page 467, is made up from the original diagrams 
of speed and steam-pressure variations. The s curves 
were taken with a Horn tachograph, and the steam pres- 
sures with a continuous steam-engine indicator. Both these 
instruments were fitted with electrical time-recording 
apparatus, so as to enable them to be combined as shown. 

ese curves show how quickly the governor of the tur- 
bine applies the amount of power requi by the mill, 
and also how stored energy in the fly-wheel equalises the 


Fig.5. 





varies directly as the absolute pressure of the steam at 
the first row. The lower curve shows the percentage 
variation in speed. It will be observed that as soon as 
the speed begins to fall the governor admits sufficient 


calculated either from the power of the turbine, with a 
given steam pressure, as obtained on a dynamometer 
| test made at Heaton Works, or from the loss of stored 
energy in the fly-wheel as indicated by the fall in speed 


steam to bring it back to normal within the allotted time. | 
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driving power. The top curve shows the variation in 
steam pressure at the first row of blades of the high-pres- 
sure turbine, and givesa great deal of information owing 
to the fact that the amount of steam used by the turbine 








Fie. 6. Grarep Tursine ror Roiimne-Mi1. 
. AC. ; 
power to the mill. AB is, therefore, the ratio between 


the two powers. The power taken by the mill can be 





The black areas above these curves show by their height Uy; WY 
the thickness of the slab at each pass, and the amount of YY UY 
mute or draught which has been applied, while by their | fff 
orizontal length they show the length to which the slab YY Yyyy 
has been rolled. The power exerted by the turbine Y 
during the heaviest = of the rolling shown in the KKK 
diagram is about 556 brake horse-power. The speed curve SN \N 
shows almost at a glance the relation between the rate at Qs 
which aod is put in by the turbine and taken out by \ 
the mill. } : 
During the period represented by the length A C, in | \N \ 
Fig. 10, page 467, the turbine is putting power into the fly- \ 
wheel, and during the period A B the fly-wheel is giving out \ 
Fleaible Couplis 
4) 7 — — ————— = 
Wheel i ] = 
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of the turbine in a given time. 


Calculations made b 
both method 4 


is agree very closely. The weight of the sla 


| which was being rolled was 13} cwt., its original thick- 
ness 4 in., and the finished thickness of the plate 0.31 in. 
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The finished width of the plate was 63in. During the 
heaviest passes shown in the ap referred to the mill 
was using up power at the rate of about 2500 horse-power, 
but records have been obtained showing that as much as 
4000 to 5000 horse-power were being absorbed during 
heavy passes. The originals of the speed and pressure 
curves are laid out on the table, and may be inspected 
by anyone specially interested. 

Fig. 11 shows a set of similar curves taken when the 
turbine was working partly on live and partly on exhaust 
steam. In this case the steam pressure was recorded at 
the first row of the low-pressure portion of the turbine, 
where the exhaust steam enters the blading. These 
curves are nut so interesting as they might have been if 
they hud shown simultanec usly the variations of pressure 


in the high-pressure as well as the low-pressure turbine. 
This would have involved the use of two indicators, and, 
unfortunately, there was only one available at the time. 

here is, however, a certain amount of interest in them, 
because the slight rise and fall of the no-load speed shows 
that varying mixtures of live and exhaust steam are 
being used. 

Up to the present time the plant has been working 
mostly on live steam, for the simple reason that the 
turbine-driven mill has been able to roll practically all 
the slabs that the heating arrangements can deal with, 
and the only exhaust steam is that which is discharged by 
the cogging-mill, which is very intermittent. There has 
consequently been very little exhaust steam available, but 
when trade is sufficiently brisk to warrant the use of 
further a furnaces, both mills will be kept going, 
and will provide sufficient exhaust steam to enable the 
turbine to run with only an occasional whiff of live steam. 

The general experience which has been obtained with 


| no wear is observable other than a slight polishing of the | tion of the problem. In Mr. Lamberton’s scheme the 


working faces of the teeth. This experience of absence 
of wear is also borne out in the case of the Vespasian, 
which has now run 18,000 miles backwards and forwards 
across the North Sea, carrying coals in all kindsof weather ; 
and the wear, when measured the other day, was found 
to be less than two-thonsandth of an inch. Even the 
two-thousandth can be accounted for from the fact that 
on the first trials no settling chambers had been provided 
in the oil system, and a small amount of grit caused a 
slight pitting of the teeth. This pitting quickly dis- 
red after suitable arrangements were fitted for 
settling the grit, and the tooth-faces quickly assumed a 
polished surface, which they have retained ever since. 











the working of this plant is sufficient to show that the 
experiment has proved a most gratifying success. The 
mill has been working regularly ever since the heavy 
bearings have got settled down into good working order, 
and no trouble of any sort has occurred. The gears are 
better to-day than they were when first set to work, and 


Referring now to the future fields which these two 


important experiments have opened up, the writer sees 
no difficulty in applying turbines to the driving of textile 
mills or other works which require large powers. The 
geared turbine will easily give the absolutely uniform 
speed of drive on which advocates of electric driving for 
cotton-mills based all their claims, and it will give this 
without the intervention of electrical machinery, with its 
power losses and heavy capital cost. 

For the driving of a cotton-mill the writer proposes to 
use a steam-turbine, running at aspeed of, say, 3000 revo- 
lutions per minute, and fitted with gearing for reducing 
this to 300 or 350 revolutions per minute. The power will 
then be transmitted by ropes to the various mill-shafts, 
and the whole plant will be as simple and straightforward 
as under the existing well-known system. The turbine 
—_ will occupy less room, cost less money, consume 
ess coal, and require less attention and repairs than the 
present type of reciprocating engine. 

The application of a geared steam-turbine and fly-wheel 
to the driving of reversing rolling-mills presents rather 
more difficulty than a continuously-running three-high 
mill ; but the use of friction clutches, either alone or in 





| friction clutches have only to stop or reverse against. the 
inertia of the rolls and pinion, and when the slab arrives 
|at the rolls the real hard work is transmitted positively 
jand without any slip. The writer believes, however, 
| that rolling-mills are in operation in which not only the 
| reversing, but the rolling, is done by friction clutches. 
The substitution of a steam. turbine drive in a reversing 
mill will probably show even a greater advantage than in 
the case of a continuonsly-running mill, as it will prac- 
| tically eliminate the cost of week-end repairs and adjust- 
ments which now go on on many rolling-mill engines 
from the time the mill is shut down on a Saturday until it 
is re-started on a Monday morning. It is, perhaps, alittle 
too early to speculate as to the possible reduction in the 
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life-insurance premiums of steel-works engineers, who at 
present spend so many of their week-ends in taking up 
wear in their mill-engine brasses. ; 
In conclusion, the writer would like to express his 
indebtedness to Messrs. J. Dunlop and Co. for the facilities 
which they have given him for obtaining data for this 
paper, to Mr. T. Rese for his valuable assistance 
and advice, not only during the carrying out of the 
contract, but in the preparation of this paper, and to 
his colleagues, Messrs. G. L. Parsons and H. M. Brown. 








Tue Irauian Navy.—The Italian Naval Budget for 
1911-12 amounts to 7,802,495/. The naval force proposed 
to be maintained by Italy in the Mediterranean comprise 
six ironclads, seven armour-plated cruisers, two other 
cruisers, twenty-six torpedo-boats, and fifteen torpedo 
boat destroyers. Ital pro to have two cruisers 
of the Elba type in the Pacific, the Etruria in American 
waters, the Governolo at Candia, the Galileo in the 
Bosphorus, the Piemosite in the Indian Ocean, the 
Aretusa in the Red Sea, and the Volturno at Benadir. 


combination with automatically - operated dog-clutches | Italy has still four ironclads in course of construction— 


somewhat on the lines suggested by Mr. Lamberton, some 
little time ago, seems likely to prove a satisfactory solu- 


| 


viz., the Dante Alighieri, the Ponte di Cavour, the Giulic 
Pesare, and the Leonardo da Vinci. 
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THE APPLICATION 


(For Description, see Page 463.) 


OF A GEARED STEAM-TURBINE TO ROLLING-MILL DRIVING. 


Fig.9. TURBINE DRIVEN ROLLING MILL,WORKING ON HIGH PRESSURE STEAM. 
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Fig.i1. TURBINE DRIVEN ROLLING MILL,WORKING ON LOW PRESSURE STEAM. 
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FOREIGN ENGINEERING PROJECTS. 


WE give below a series of foreign engineering projects, 
for several of which tenders are asked. Further infor- 
mation concerning these projects can be obtained from 
the Commercial Intelligence Branch, Board of Trade, 73, 
Basinghall-street, E.C. 

Sweden: With reference to the use of waterfalls in 
Sweden, H.M. Minister at Stockholm reports that the 
Government has now submitted a Bill to Parliament 
providing for the lease of State waterfalls to private 
persons for 95 years. If the lease is for more than 65 
years, the holder will have to surrender his construction 
works to the State, at the end of the lease, without com- 
pensation. At present leases are only nted for 65 
years, with the option on the part of the State of renew- 
ing them for another 30 years, or of resuming possession, 
with Ey to the leaseholder for works set up 
by him. nder this arrangement intending leaseholders 
have found it difficult to raise money on mortgage of the 
waterfalls, as their tenureafter 65 years has been uncertain. 
The Swedish Prime Minister stated on March 1 that 
measures would shortly be laid before Parliament defining 
the conditions of the exploitation of waterfalls owned or 
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Andalusian 


the 


connect the company’s works with 
railways. 

Italy : The Gazzetta contains a decree grauting to the 
Societa Italiana per le Strade Ferrate del Mediterraneo, 
Milan, a seventy years’ concession for the construction 
and working of about 800 miles of narrow-gauge railway 
in Basilicata and Calabria. The cost of construction of 
the above lines, excepting some 40 miles which will be 
arra: for se tely, is put at 237,046,475 lire (about 
9,482,000/.) and the cost of the initial rolling-stock at 
16,525,000 lire (661, 000/.). The concessionnaires will receive 
State subsidies. , 

Bulgaria : With reference to the call for tenders forthe 
construction of about 26 miles of railway from Radomir 
to Dubnitza, H.M. Vice-Consul at Sofia has now for- 
warded copies of the conditions of tender and JO geoee 
tions in this connection. Tenders, marked ‘‘ Offre pour 








leased by private persons, in such a way as to encourage | la construction de la ligne de chemin de fer Radomir- 
and facilitate enterprise. | Dubnitza,” will be received at the ‘* Direction Générale 

Spain: The Gaceta de Madrid notifies that Don José des Constructions de Chemins de Fer et des Ports, 
Carbonell has applied to the Ministerio de Fomento, | Ministre des Travaux Publics, Voies et Communications,” 
Madrid, for a concession for the construction and working | Sofia, up to 10 a.m. on May 1. A deposit of 250,000 lei 
of a second railway from Alicante to Villajoyosa. | (10,000/.) will be required to qualify tenders. Plans and 
The cost of the work is assessed at 5,667,000 pesetas | specifications may be obtained from the foregoing address 
(about 210,000/.), and the concessionnaire will receive a on payment of 50 lei (2/.). Local representation is prac- 
State subsidy. The Gaceta also notifies that an applica- | tically necessary in tendering for Bulgarian public works. 
tion has been lodged with the Ministerio de Fomento by | His Majesty’s Legation at Sofia report that among 
the Sociedad de Estudios del Ferrocarril de Villaodrid- | the golnsigns items of expenditure contemplated in the 
Villafranca del Vierza for the construction and working | Bulgarian Extraordinary Budget for 1911 are the follow- 


of a ‘secondary railway from Villaodrid to Villafranca ing :—Harbours: Port worksat Varna, 62,000/. ; aes 
del Vierza. It further contains a notice granting to the 16,000/. ; Rustchuk, 25,000/. ; Svistov, 16,000/. ; Widdin, 
Compaiiia Ibérica de Superfosfatos, Ma 


a concession | 5000/.; Lom Palanka, 6000/. ; landing-stage at Euxino- 
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| Kustendil line, 80002. ; Tirnovo-Trevna-Borouchitza line, 

44,0002. ; Borouchitza-Stara-Zagora line, 120,000/.; Leveki- 
Svistov line, 8000/.; Devna-Dobritch line, 20,000/. ; 
Mezdra-Vratza-Widdin line, 240,000/.; Radomir-Dub- 
nitza line, 100,000/. ; Philip lis-Tchirpan line, 8000/. ; 
| buildings, 60002. ; bridges, . } repairing-shops, 8000/, ; 
water supply, 40001. ; Bourgas railway station, 4000/. ; 
Varna railway station, 8000/.; warehouse and shed at 
Sofia, 10,000/. ; repairs to the permanent-way of the South 
Bulgarian lines, 40,000/.; tools, 4000/.; rolling-stock, 
120,000. A good many of the contracts necessitated by 
this programme will be put up to public tender. His 
Majesty’s Legation add that any British firms inclined to 
make a serious effort to compete for Bulgarian railway or 
port contracts would do well to send out a competent 
representative to study local conditions and get into 
touch with the authorities before tenders are invited. 

Russia: His Majesty's Commercial Attaché reports 
that a Bill has recently been introduced into the Duma by 
the Minister of Commerce for the authorisation of works 
for the extension and improvement of the port of St. 
Petersburg, at an estimated cost of 12,650,000 roubles 
(about 1,335,0007. ). 

Mexico; With reference to the new law governing the 
use of the waters under Federal jurisdiction, attention is 
now called to a translation of this law, ther with a 
copy and translation of the regulations, published in the 
Diario Oficial, made under the law, which has been re- 
ceived from H.M. Legation at Mexico City. 

Chili: With reference to the Chilian law providing for 
the improvement of the harbours of Valparaiso and San 
Antonio, attention is called to a notice now received by 
the Board of Trade from the Chilian Legation in London, 
to the effect that tenders are invited and will be opened 
at Santiago de Chili, on July 22 next, for the execution 
of the works indicated. The estimated cost of the Val- 
paraiso works is 2,222,000/., and of the San Antonio 
works, 783,0002. Copies will = be available for 

0 





os ons line to' grad, 10007. Railways: Construction of Radomir- 


for the construction and working of 


inspection at the Chilian Legation, 4, Gloucester-mansions, 
Harrington-gardens, London, 8. W. 
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CATALOGUES. 


Motor-Starters.—Messrs. A. Reyrolle and Co., Limited, 
of Hebburn-on-Tyne, have sent us a leaflet illustra’ 
and giving prices and dimensions of totally-enclosed oil- 
cooled starters for small motors. Two sizes are made for 
motors from } to 2 horse-power. 


Rolled-Steel Plates and Burs.—Messrs, Joseph Westwood 
and Co., Limited, Napier Yard, Millwall, E., have sent 
us a little booklet giving sizes of steel eae chequer 
plates, flats, rounds, squares, angles, tees, channels, joists, 
and other sections kept in stock at their works. 

Varnishes, Enamels, &c., for Electrical Purposes.—A 
booklet, which has reached us from Mr. Charles H. 
Blume, The White Building, Sheffield, gives particulars 
of some of the brands of varnishes, enamels, &c., he manu- 
factures for the use of electrical engineers and others. 
The list includes several different qualities of insulating 
varnishes, mica-sticking varnishes, core-plate varnish, 
fillers and enamels for finishing machines, slate enamels, 
enamels for heating apparatus, japans, lacquers, and 
several other preparations. 

Electric-Light Fittings.—From Messrs. A. Emanuel and 
Sons, Limited, 13, George-street, Manchester-square, W., 
we have received a copy of their new illustrated catalogue 


and price-list of electric-light fittings, most of which are- 


manufactured at their own works. The list includes 
brackets, ceiling fittings, pendants, electroliers, lanterns, 
and standard lamps in a great variety of artistic designs 
and finishes. Particulars are also given of fittings’ for 
street and shop lighting, ship fittings, water-tight 
fittings, and various accessories. 


Conveyors.—A catalogue of conveyors, elevators, and 
other machinery for handling coal and other materials 
has reached us from the Conveying Machinery Company, 
of 120, Liberty-street, New York, U.S.A. Brief illus- 
trated descriptions of several complete coal-handling 
plants are given, together with general particulars of 
gravity-bucket conveyors, belt-conveyors, gravity rail- 
ways, grab-buckets, coal- ing machines, 
hoisting-tubs, balanced-valves for coal-chutes, steel hand- 
barrows, and other appliances manufactured by this firm. 


Electric - Light Fittings. — The Benjamin Electric, 
Limited, 1a, hery-avenue, E.C., have issued a su 
plementary list of Benjamin reflector fittings for all kinds 
of commercial electric lighting, both indoor and outdoor. 
The fittings consist of a porcelain lamp-holder, to which 
a reflector of vitreous enamelled steel is attached in such 
a way that the fitting is made quite waterproof. Means 
are also vided to prevent moisture from entering 
between the lamp-socket and holder. Two patterns of 
reflectors are made, one for diffusing the light over a com- 
paratively small area, and the other for distributing it as 
much as possible. Prices are stated for both types. 


Tron and Steel Tubes and Fittings.—Messrs. John 
Speaews, Limited, Globe Tube and Engineering Works, 

ednesbury, Staffs, have sent us a copy of the twenty- 
fifth edition of their catalogue of iron and steel tubes. 
Prices are stated for wrought-iron gas, water, and steam- 
tubes and fittings, boiler tubes and accessories, solid- 
drawn steel tubes for cycles, &c., hydraulic tubes, well- 
boring tubes, and many other tubes for special purposes, 
Steam and water-valves and cocks, gas-pipe fittings and 
tools. for plumbers and gas-fitters, are also listed. The 
catalogue includes illustrations of steel poles for electric 
tramways, arc-lamp poles, and sewer-ventilating pipes, 
and also gives dimensions of British standard pipe-flanges, 
weights and gauges of iron and steel tubes, weights of 
— iron bars, and other useful information in tabular 
orm. 


Primary Battery. — From the India-Rubber, Gutta- 
Percha, and Telegraph Works Company, Limited, 106, 
Cannon-street, E.C., we have received a four-page folder 
describing the Bleeck-Love primary battery. is cell is 
of the two-fluid type, and consists of a porous pot con- 
taining the zinc and exciting fluid, surrounded by a 
perforated carbon cylinder immersed in the depolarising 
solution, the whole being contained in an outer vessel of 
glass or other suitable material. The cell has a very high 
electromotive force of 2.7 volts, and this, combined with 
a low internal resistance, enables it to be used for many 
purposes, for which small accumulators are generally 
employed. It is stated thet two cells will light a 4-volt, 
4-candle-power lamp for 18 hours with one charge. The 
folder states prices for the cells and for chemicals necessar 
to recharge them. 

Surveyingand Drawing Instruments.— We have received 
from Messrs. W. and L. E. Gurley, of Troy, N.Y., U.S.A., 
a copy of the forty-fifth edition of their manual of the 
principal instruments used by ican ineers and 
surveyors. The manual describes in detail, with numerous 
illustrations, the various types of transits, compasses, 
levels, plane-tables, water-current meters, and other 
instruments manufactured by the firm, and also explains 
the method of working with and adjusting them. ices 
are stated for these and many other instruments and 
accessories, and also for all kinds of drawing-office requi- 
sites, such as so om aga mtn drawing and tracing- 

pers, sectional pa: oto-copying papers, printing- 
Sanen &c. The Pook, which can carried in‘ the 
pocket, contains over 500 pages, more than half of which 
may be said to comprise a manual of surveying instru- 
ments, the remainder being the firm’s catalogue and price- 
list. A charge of 50 cents is made for the volume. 


Buffer for Railway Wagons.—We have received from 
Messrs. 4 Y. Pickering and Co., Limited, of Wishaw, 


near Glasgow, a circular illustrating Thomson’s patent 
buffer for railway This buffer has been designed 
to prevent the buffer from falling out, as often occurs 


ced | metric efficiency, the valves are, in each case, 





when the wagon is tipped, owing to the cotter, which is 
usually a cao to secure the shoe to the buffer rod, 
having broken in service. In the Thomson buffer the 
cotter is dispensed with, and the end of the buffer-rod is 
shaped and fitted into the shoe in such a way that the 
shoe itself prevents the buffer head from dropping out. 
Messrs. Pickering will either supply these buffers them- 
selves, or permit other wagon-building firms to manu- 
facture them on payment of a small royalty. Another 
circular to hand from this firm illustrates a self-contained 
spring buffer with a cast-steel case. It is claimed that 
this buffer is very much stronger and lighter than one 
having a case of cast iron, the saving of weight being as 
much as 14 cwt. per set. 


Marine Motors and Motor-Boats.— Messrs. J. W. 
Brooke and Co., Limited, Adrian Works, Lowestoft, have 
sent us a copy of their new marine - motor catalogue, 
in which they give illustrations and full particulars of 
petrol-motors in twelve sizes, ranging from 3 to 300 horse- 
power. The first ten sizes, up to 65 horse-power, are kept 
in stock. Three new motors are included in the list— 
viz., a 100-horse-power six-cylinder engine, a 28-horse- 
power four-cylinder engine, and a 3-horse-power two-cycle 
motor. The latter has been put on the market to meet 
the demand for asmall-powered, low-priced motor to com. 
pete with foreign-made engines. e catalogue states 
——- and gives ifications, with shipping weights and 

imensions, of all the motors, with and without reversing 
gears. Prices and particulars, with illustrations, are also 
given of boats complete with petrol-motors, and among 
these are included passenger-boats, enn | cruisers, sea 
and river launches, yacht’s tenders, and other craft. 
Tilustrations of numerous racing motor-boats equipped 
with Brooke motors are also given. 


Vacuwm Pumps and Air-Compressors.—The Maschinen 
und Armatur-Fabrik, late Klein, Schanzlin, and Becker, 
of Frankenthal, Rheinpfalz, Germany, have sent us a copy 
of the English edition of their age a of dry vacuum 
pumps and air-compressors. Slide-valves are ree 
in these machines, and, in order to obtain a high volu- 
rovided 
with a ‘“‘trick” passage, which puts the two ends of the 
cylinder into communication with each other at the end 
of the stroke. By this means most of the air in the 
clearance space is transferred to the other side of the 
piston, and delivered on the return stroke. The catalogue 
gives dimensions, capacities, and other particulars of 
single and double-stage vertical and horizontal vacuum 
pumps arranged for belt, steam, or electric drive. With 
the double-stage pumps a vacuum of 0.02 in. of mercury 
can be obtained. Only single-stage air-compressors, suit- 
able for pressures up to 100 Ib. per square inch, are listed. 
As in the case of the vacuum pumps, both vertical and 
horizontal air-compressors for belt, steam, and electric 
drive, are made. 


Air-Lift Pwmps.—We have received from the London 
office of the Price Air-Lift Pump Company, 28, Victoria- 
street, Westminster, S.W., a four-page circular they have 
recently issued concerning air-lift pumps in general, and 
the ‘‘ Multex” pump in particular. The ‘‘ Multex” 
pumps employ Price’s patent tapered rising main, the 
object of which is to allow the air to expand laterally 
as it travels upwards, without increasing the velocity of 
the water and thereby increasing the friction losses. The 
makers state that a very considerable gain in efficiency 
results from this expansive working, since in an ordinary 
air-lift pump having a rising main of uniform diameter 
throughout its length, the air expands but little. The 
circular points out that the cheapness, simplicity, and 
low maintenance costs of ordinary air-lift pumps are 
sufficient to compensate for their comparatively low effi- 
ciency, so that with the improved efficiency of the 
‘*Multex ” pump a very satisfactory method of water 
raising is obtained. ‘‘ Multex” pumps are constructed 
with capacities up to 100,000 aullens per hour and for 
lifts ranging from 25 ft. to 500 ft. 


Locomotives.—The sixty-eighth record of locomotives 
constructed by the Baldwin Locomotive Works, of Phila- 
delphia, Pa., U.S.A., deals with Mallet compound en- 
pines, and gives illustrations and a brief description, with 
eading dimensions and other general data, of thirteen 
engines covering a wide range in weight and capacity. One 
of those included is an enormous engine for trafhe 
on the Atchison, Topeka, and Santa Fe Railway. The 
weight of the engine alone is about 206 British tons, this 
weight being carried on twenty wheels, of which sixteen 
are drivers 5 ft. 3in. in diameter. The engine is capable 
of exerting a tractive force of 43 tons. The boiler-barrel 
is divided into two separate sections, of which the forward 
part is utilised as a feed-water heater; a combustion- 

ber, in which the superheater and reheater are 
located, is situated between the feed-water heating sec- 
tion and the boiler proper. A working pressure of 220 1b. 
per ome inch is carried in the boiler. The fire-box is of 
the Jacobs-Shu type referred to in our issue of 
November 11, 1910, on page 675; it is fitted for oil- 
yo 4 Steam is distributed by balanced piston-valves 
to bo’ np A orange and low-pressure cylinders, of 
which the diameters are 26 in. and 38 in. respectively, 
the stroke in each case being 34 in. 


Superheated-Steam Engines.—A catalogue of portable, 
semi- ble, and semi-stationary engines using super- 
hea steam has reached us from Messrs. Richard 


Garrett and Sons, Limited, of Leiston. The catalogue, 
which is a high-class publication, draws attention in the 
introductory pages to the advantages these engines 


possess over suction- lants and engines using satu- 
yp a. Sasanel sneciagtionn, in which the details 
each ty 
Single -cylinder non - condensi 
semi-portables are first dealt with. 


are illustrated and Soerat,. oe then om, 
portable engines 
In these engines the 


boiler is of the locomotive type, suitable for a working 
pressure of 170 WY a< square inch ; it is fitted with the 
firm’s corrugated fire-box roof. The superheater, which 
consists of two rectangular cast-steel headers connected 
by a number of solid-drawn steel coils, is placed in the 
smoke-box above the level of the boiler-tubes, so as not to 
interfere with the operation of cleaning thelatter. Steam 
is distributed by a balanced piston-valve, the point of 
cut-off being lated by a crank-shaft governor. The 
feed-pump is driven by an eccentric from the crank- 
shaft, and the feed-water is passed through a tubular 
exhaust-steam heater. These engines are made in four 
sizes for maximum continuous working loads from 
25 to 48 brake horse-power; they can be supplied 
to use any fuel. The remainder of the catalogue is 
devoted to the firm’s compound semi-stationary engines, 
of which they make five sizes non-condensing and 
fivecondensing. The former are suitable for maximum con- 
tinuous working loads ranging from 44 to 108 brake horse- 
wer, and the latter for loads between 50 and 140 brake 
orse-power. In these engines the boiler is fitted with a 
corrugated cylindrical fire-box, which can be withdrawn, 
together with the tubes, for cleaning. The cylinders are 
mounted on top of the boiler, and, as in the case of the 
simple engines, the steam is distributed by balanced 
piston-valves controlled by a crank-shaft governor ; the 
superheater is also of similar design to that employed in 
the simple engines. Jet condensers are usually supplied, 
although surface condensers can be fitted if required. 
The catalogue illustrates an oil-separator, and open and 
chimney type cooling-towers, with fan and natural 
draught, for use with these engines when necessary. 
Tllustrations showing the boiler arranged for burning 
oil, wood, saw-dust, tan-bark, and other refuse fuels, are 
also included. A consumption of 1.19 lb. of Welsh steam 
coal per brake-horse-power hour has been obtained in the 
official trial of one of these engines running condensing. 
The mean temperature of the steam in this.case was 
536.5 deg. Fahr., and the average output over a period of 
seven hours was 55.6 brake horse-power. 





Lioyp’s RETURNS OF VESSELS Lost.—Accerding to the 
returns just issued by Lloyd’s Register of British and 
Foreign Shipping for the quarter ending December 31, 
1910, a total of 88 steamships, aggregating 125,955 gross 
tons, were lost during the period. Uf this number, 30 
vessels, totalli 35548 tons, were owned in the United 
Kingdom. Although this loss is large, it only consti- 
tutes 0.33 per cent. of the total gross tonnage owned, the 
percentage being smaller than that of most other maritime 
nations. The British losses are classified as follows :— 
18 vessels, totalling 28,534 tons, have been wrecked (i.¢., 
lost by stranding, striking rocks, sunken wrecks, &c.) ; 
4 ships, making ther 9760 tons, are reported as 
‘* missing ;” 2 vessels (5847 tons together) have been 
abandoned at sea ; 1 ship, of 4823 tons, has been burnt ; 
3 vessels, ting tons, foundered ; and the two 
remaining vessels, making 3245 tons, were lost in collision. 
The British Colonies have lost 5 vessels during this 

uarter, all having been wrecked. The total we of 
these vessels was 2117 tons, or 0.16 per cent. of the 
total tonnage owned. Norway is second on the list with 
9 vessels, totalling 11,616 tons, which is 0.82 per cent. of 
her total tonnage. Germany and Spain follow with 
12 vessels (making 9691 tons) and 8 vessels (making 7924 
tons) respectively ; the tonnage lost by Germany is 0.24 

r cent. of her total, while Spain’s loss is as much as 

.06 per cent. A Portuguese steamer of 7459 tons having 
been wrecked during the quarter, places this country 
next on the list, another small vessel, of 208 tons, bringing 
the total up to 7667 tons. What percentage this amount 
is of the total tonnage owned is not stated in this case. 
France, United States, Italy, and Japan have lost, 
respectively, 6880, 6793, 5245, and 4800 tons, which, taken 
in the same order, make 0.47, 0.4, 0.53, and 0.42 per cent. 
ef their total tonnages. Belgium has suffered the loss of 
one steamer by fire and another by collision, the two 
totalling 4084 tons ; in this case also the “nampa aaa 
is not given. The only other losses have n sustained 
by Sweden and Denmark—they are 2494 tons (0.32 per 
cent.) and 1102 tons (0.16 per cent.) respectively. Coming 
now to sailing ships, the increased risk to which these 
vessels are subject is at once apparent by the percentage 
lost being greater in nearly every case than the correspond- 
ing figures for steamers. This time Norway heads the 
list, having lost 22 vessels, aggregating 16,416 net tons, 
which is 2.77 per cent. of the total sailing tonnage of this 
country. Not only is this the largest tonnage lost by any 
one country, but it also constitutes the record percentage 
for the period under consideration. The United States, 
which own the greatest number and tonnage of sailing 
vessels, is second on the list, having lost 21 ships, with a 
total net tonnage of 11,237, which constitutes 1 per cent. 
of the total tonnage. Great Britain and her colonies have 
each lost 9 vessels, those belonging to the Mother 
Country having an aggregate net tonnage of 9452, while 
the colonial vessels’ tonnage was 3632; these figures are 
respectively 1.26 and 1.78 per cent. of the total tonnages. 
Germany, Italy, Russia, and are Se. order of 
tonnage, with 5976, 4093, 3381, and < net tons respec 
tively, which make, in the same order, 1.6, 1.23. 1.72, and 
2.21 per cent. of the ton: owned by these countries. 
The next country on the list is Uruguay, whose losses 
comprise 3 ships, making in all 2158 net tons; the per 
centage is not stated. France and Denmark have lost 
respectively 1852 net tons (0.43 per cent.) and 1288 tons 
(1.99 per cent.). The only other losses recorded are & 
Peruvian iron barque of 746 tons, and a Greek three-masted 
schooner of 447 tons. These returns include particulars 
of the losses of all merchant vessels, of 100 tons and 
upwards, of which information had been received at 
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The date of the advertisement of the of @ Complete 
Specification is, in each case, given after the abstract, unless the 
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Any person may, at any time within two months from the date of 
the advert 


‘isement of the nce of a Complete Specification, 
i ope oy hae of opposition to the grant of a 
Patent on any of the mentioned in the Act. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


1674/10. The Austin Motor Company, Limited, and 
H. Austin, ham. Internal - Combustion 

es. (3 Figs.) January 22, 1910.—This invention relates to 
internal-combustion engines of the sleeve-valve type. According to 
the invention, a sleeve valve controls a single port, both in respect 
of the admission of combustible mixture and in respect of the 
exhaust, an additional valve ene Fo gone in a chamber which 
is at the outer side of the cylindrical portion within which the 
valve slides, to put this common port into communication alter- 
nately with the inlet pipe and with the exhaust-pipe. A is the 
cylindrical sleeve valve and C the piston. » is a port which is un- 
covered by the upper edge of the valve passing downwards of the 
upper edge of the port, for the escape of the exhaust and the 





admission of combustible mixture, this port being closed by the 
upward movement of the valve A. The port remains closed by 
the valve during the compression and subsequent firing ; and the 
valve A is at about ‘the point’ of its greatest overlap during the 
period of maximum pressure in the cylinder. Within a valve-chest 
D is a valve E, which places the inlet pipe d and the exhaust pipe 
e alternately in communication with the port lb. The valve E 
has a port therethrough which is brought alternately into register 
with an inlet port and an exhaust port, but is constantly in com- 
munication with the port b. This valve is operated by means of 
an eccentric F of the half-speed shaft G, and the valve A is ope- 
rated from a crank-pin of such shaft through the medium of a 
link. (Accepted February 1, 1911.) 


GUNS AND EXPLOSIVES. 


8623/10. Sir W. G. Armowene, Whi and 
Co., Limited, and G. H. West, Newcastle-on-' ie. 
Time-Fuzes. (8 Figs.) April 9, 1910.—In that class of ong- 

n 


burning time-fuze in which two composition rings are used 

order to give a sufficient length of composition, it has been 
possible hitherto to graduate only one ring. The length of 
graduation marking available therefore was somewhat less than 
the circumference of the ring, and the markings have neces- 
sarily been placed so close together that it is difficult to read 
them accurately, and consequently the fuze is liable to be wrongly 
set. In order to overcome this Cifficulty, it is proposed to turn 
one ring only for short flights, but both rings for long flights, 
and so to enable the length of graduation to be nearly equal to 
the sum of the circumferences of the two rings. a is the body, 
» the lower composition ring, and c the upper composition ring. 
In the ring } isa catch capable of engaging either a recess in the 





body a or a recess in the upper ring. The body a and ring b are 
graduated, while marks 02 and c? are provided on the rings b and 
ce. When the fuze is to be used, the top ring is turned anti- 
clockwise from the position shown in Fig. 2, and when it is at 14 
seconds it occupies the position shown in Fig. 8. Should the fuze 
be fired in this position, the flash will pass along the whole of the 
composition in the ring ¢, then straight down through communi- 
cation holes in the ring band body a. The recess in ring ¢ has 
now come over the head of the catch. which, urged upwards by 
its spring, engages the cavity, freeing the ring ) from a, to whic 

it has hitherto been locked, and locking it to c, so that if c is 
still turned, b turns with it, until, when ti ey have been turned as 
far as $ prong they occupy the positions shown in Figs. 4 and 5. 
Should the fuze be fired in this ition, the flash will pass along 
the whole of the composition in the ring c, then through the 


sition in the ring b before it reaches the communication-hole in 
the body a. In case it may be desired to re-set the fuze after the 
catch has locked the rings } and ¢ together, a thumb-piece may 
be provided on it whereby it may be pressed down out of engage- 

ment with the recess in ring c. (Accepted February 1, 1911.) 
21,795/10. Fried. Kru A Essen, 
Ordnance (4 Figs.) Sept- 


° Device. 
ember 20, 1910.—According to this invention, an ordnance sight- 
ing device, the sighting line of which, for the purpose of eliminating 
the infl of the oblique posi of the wheels, can be rocked 
about an axis, which is adjustable lel to the direction to be 
imparted to the longitudinal axis of the gun-barrel, is characterised 
by the fact that the axis about which the sighting line is rocked 
coincides with the axis of rotation of a rotary gear which serves to 
adjust the sighting line to the angle of elevation corresponding 





to the distance away of the target. The gun-barrel is guided on 
the slide-carrier B, which is carried on the gun-carriage C by 
means of horizontal trunnions, and rocks thereon. tween 


the slide-carrier and the gun is inte’ a screw eleva- 
ting-gear which can be worked by means of two hand-wheels D 

independently rotatable. e hand-wheel E is carried on 
the gun-carriage C, and the other D in a projection of an arm F 
rigidly connected to the slide-carrier B and carries the sighting 
attachment. Upon this arm the attachment-box G (in which is 
guided a ental attachment-bar H carrying a pointing tele- 
scope) is pivotally carried, for the purpose of eliminating the 
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of the que p of the wheels. For this pu . 
there is provided on the arm Fa groove running transversely to 
the longitudinal axis of the gun-barrel and curved to an arc of a 
circle, and on the attachment-box G a correspondingly curved 
guide-rib entering the groove. The arrangement is so constructed 
that the axis of oscillation of the attachment-box G, which coincides 
with the axis of curvature of the groove, is parallel to the longi- 
tudinal axis of the gun-barrel. Connection between the attach- 
ment-box G and the arm F is ensured by a bayonet-joint. When 
the attachment-box G is in its position of use, a worm K carried 
in the arm F engages with a series of teeth on the guide- 
rib, so that the attachment-box can be rocked to the extent 
necessary to eliminate the infi of the obli position of the 
wheels by rotating the worm K. Mounted in the arm F co-axially 
to the axis of curvature of the groove is a shaft M, which carries 
on its end next to the attachment-bar H a spiral worm which 
engages with aseries of teeth on the attachment-bar H. The form 
of the spiral worm is so chosen that it departs as little as possible 
from a circle. The shaft M is driven from the driving-wheel D of 
the elevating-gear. The whole arrangement is so constructed 
that by the rotation of the hand-wheel D the gun-barrel A and 
the attachment-bar II are moved through the same angle, but in 
site directi (Accepted February 8, 1911.) 


2128/10. C.C. Wakefield, London. Pumps. [i Fig.) 
January 27, 1910.—In a pump of the type in which the valve- 
chest is reciprocated within a reservoir containing the fluid to be 
pumped, there is combined with a pump-barrel a plunger and an 
adjustable device for controlling the amount of movement of the 
plunger so as to vary the effective stroke of the pump. The 
reservoir A has in it a crosshead B, which also constitutes a valve- 
chest, that is reciprocated by a crank-pin O, operated by mecha- 
nism not shown, The crosshead carries four pump-barrels B!, B2, 
B*, B+, The barrels B2 and B* ——- with stationary pump- 
plungers C2, C3, These plungers are hollow and communicate with 
the discharge conduits D, D'. The operation of the mechanism is as 
follows :—The crosshead is reciprocated by the crank-pin C. The 
delivery of any one pump can be varied by means of the adjust- 
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able plug G2 or J?, and, as shown in the drawing, the plug 
G2 is screwed home, so that the pump-barrel B! is giving a 
full discharge, whereas the plug J® is partially withdrawn for 
the pu of decreasing the disc! from the barrel Bi‘, 
It will seen that as the crossh travels to the right, 
a full charge will be drawn into the sae B!, and on the 
return movement of the crosshead will disc: from the 
conduit E and past the valve E* to the barrel B?, half of it dis- 
bmi ——- the hollow plunger C?, whilst the other half 
fills Tassel pre’ to discharge on the next reciproca- 
tion of the crossh: As, ever, the crosshead moves to the 
left, no liquid will be drawn into the barrel B4 for the first portion 
of its movement, as the plunger H at the beginning of the stroke 





communication-hole in ring b and along the whole of the compo- 





H will be carried along with thé barrel B‘ until its head strikes 
the shoulder J! in the casing J. The barrel B‘ will then com- 
mence to draw in oil through the valve E4, but as part of its 
stroke was ineffective owing to there being no relative movement 
between the barrel and plunger through the lost-motion device 
H!, J? and J, J), only a charge will be drawn into the 
barrel. During the return movement of the crosshead the 
lunger H first travels back idly with the barrel B‘, so that no 
viec takes place, and then, when the head H! strikes the 
adjustable plug J°, discharge commences through the conduit 
E* and past the valve E* to the barrel B®. Part of this disc 
will pass through the hollow plunger 0%, and part will fill the 
barre! B® preparatory for discharge on the next reciprocation of 
the crosshead. (Accepted February 8, 1911.) 


RAILWAYS AND TRAMWAYS. 


15,300/10. A. Spencer, London. Roihwar Wagons. 
{3 Fras} June 25, 1910.—According to this invention, there is 
vided a movable member that, in one position, locks the bottom 
oor-operating mechanism — movement in a direction to open 
the corresponding door or doors, and this locking member is so 
arranged in relation to a controlling door that when such door is 
in its closed position the locking member is prevented from bein, 
moved in a direction to release the mechanism. The shaft a 
rotated in one direction or the other in order to open or close the 
bottom door or doors, from one side of the wagon, by means of a 
hand-wheel c, a transverse shaft d, a worm ¢, and a worm-wheel 
fixed on the shaft a. The boss of the hand-wheel ¢ is formed in 














one with, or has fixed to it, a collar g, having in its periphery a 
number of recesses, into any one of which, according to the 
angular position of the collar, the end of a locking-bolt j can be 
caused to engage. The bolt j is arranged to slide vertically above 
the collar g. At its upper end the bolt j is formed with a head 
that projects under the side door p when such door is closed, the 
bolt in its lower or locking position en ng the collar g. In 
this re the door p prevents the bolt j being raised to release 
the shaft d, so that the bottom door or doors cannot be operated 
when the side door p is closed. To operate the bottom door or 
doors the side door must first be opened and the bolt j raised. 
(Accepted January 25, 1911.) 


gene (se. __Ansongcestiomnet Brown Boveri et 
= Switzerland. Electrically-Propelle 

Vehicles. [8 Figs] March 14, 191u.—This invention consists 
broadly in a single-sided drive arran, to prevent dead centering, 
such as a single-sided drive in which unequal numbers of driven 
and driven ts are ted by rigid members inclined to 
each other, like elements being, if desired, also connected 
whereby, when one or more of these members is on the dead 
centre, turning moment is supplied by one or more members. 
Figs. 1 and 2 are diagrammatic illustrations of a driving mecha- 























nism, wherein a spring-supported motor a drives cranks m and n 
on the axles k and / of the wheels i and j by means of the crank 
d and the driving-rods e and /. two cranks m and n are 
interconnected by the coupling-rod g. The motor a is mounted 
on the hollow shaft b, to which is attached the coupling o, with 
which engages the solid shaft c of the motor, this shaft passing 
through the hollow shaft 6, and carrying at its free end the crank 
d, before referred to. The distance-piece p serves for the purpose 
of maintaining the proper distance between the shafts k, /, and c. 
(Accepted February 8, 1911.) 

1850/10. E. Peckham and F. 8. Andrews, London. 
Trucks. (7 Figs.) January 25, 1910.—This invention relates to 
a truck for railway vehicles, and comprises wheels, an axle, or 
axles, and axle journal-boxes, a main truck frame suspended from 
the axle journal-boxes by means of links having a sliding con- 
nection with the main truck frame, a sub-truck structure sup- 
ported at one end on an axle, and connected at the other end to 
the main truck, the latter means of connection consisting of a 
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rigid arm or projection carrying a roller or sliding block which 
is adapted to run in a slot or guiding-track provided in a fixed 
plate. The main truck may comprise th 
members 1, estals 2, tie-bars 3. Each sub-truck A is sup- 
—_ on the axle at one or more points, or on the journal- 

xes, and is connected at the inner end to a cross-member 4 
of the main truck structure. The main truck is nded from 





will be resting with its head against the adjusting ‘plug J2; but 
as the crosshead continues its movement to the left the plunger 


the journal-boxes 5 by means of links having a sliding connec- 
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tion with the main truck frame, sotiuat the axle or axles will be 
capable of haVing a radial movement independently of the main 
truck and car body. The proposed means for connecting the sub- 
truck to the main truck comprises the cross-members 4, which also 
serve to connect the side-frame members of the main truck to- 


gether. On each of these members is a plate 7, having an arc- 
shaped slot arranged crosswise with respect to the n truck, 
and adapted to receive a roller carried at the end of a arm 10 


extending from the inner end member of the sub-truck. As an 
alternative and — construction, and as illustrated, the 
end member of the sub-truck may be provided with the slot, and 
the cross-member 4 of the main truck will then carry the rigid 
arm or projection above refe The slot may be formed 
in the sub-truck structure cross-member, but preferably the 
—— late 7 suitably secured to the truck member is pro- 
vided. (dseptet Samia 25, 1911.) 


SHIPS AND NAUTICAL APPLIANCES. 


10. J. Ferguson, Pollokshaws. Sounding- 
sieaioes: (5 Higs.) January 13, 1910.—This invention has 


reference to motor-driven ———— sounding-machines, and 
consists in an electro-magnetic brake for the winding-drum, 
comprising a disc fitted to the winding-drum and kept from 
contact with the electromagnet by a spring, which is overcome 
when the electrical circuit containing the electromagnet is made. 
According to the present improvements, the electro-magnetic 
brake is formed by mounting the electron et frame o over the 
spindle 24 of the winding-drum 5, and attaching its outer ends to 
the fixed framework of the machine. The winding of the magnet 
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16 is within a recess in the iron frame 0, the projections on each 
side forming the north and south poles. The acting brake is in 
the form of an iron disc p, which is mounted to slide on pins 
fitted in the boss of the winding-drum 5. A helical spring ¢ fits 
round the spindle 24, and keeps the brake disc p from contact 
with the electromagnet 16, which is preferably fitted with a thin 
brass face-plate. When the controller-handle is operated to apply 
the brake by closing the electric circuit for the brake electro- 
magnet, the disc p is drawn into contact with the brass face-plate, 
and the necessary frictional grip is applied between these faces to 
control the action of the winding-drum 5, (Accepted January 25, 
1911.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


2474/10. T. Sugden, London. Superheaters. [14 
Figs.) February 1, 1910.—According to this invention, in the 
uptake of a vertical steam-generator a superheater chamber, which 
is free from permanent partitions or divisions, is provided. The 
superheater casing A is inserted in the uptake B of the generator 
©, and forms a section of the uptake. e casing is open at one 
side, and is adapted to be closed by a lid D, which also serves asa 
pees om soy the superheater tubes E having their ends expanded 
into holes in the plate. On the front of the plate D are two 
flanged covers, forming boxes F, G, one of which encloses the inlet 
ends of the superheater tubes, and the other the outlet ends of the 
tu The boxes are connected respectively to the steam inlet 
and outlet pipes. By means of valves and an alternative thorough- 
fare provided for the purpose the steam can be conducted ee 
the a or can be carried past the superheater as may 
desired. 
immediately above or below the superheater-tubes, or between 
the tubes, When the damper is set vertically the furnace gases 


Fig. 3. 
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h the central thoroughfare formed by the 
circular arrangement of the superheater-tubes, but when set hori- 
zontally the gases are deflected, and caused to impinge upon the 
superheater-tubes. The damper can also be set in any desired 
intermediate angle to regulate the superheat as may be desired. 
For the purpose of protecting the superheater, when steam is 
being raised, or when for any reason the superheater is out s 
to 


can pass directly th’ 


H is a damper of the butterfly-valve type, fixed either | 14 





operation, a tubular sleeve R is provided, and is ada 

moved up and down within the uptake and the superheater. 
This sleeve may be conveniently suspended by rods from cords or | 
chains passing over pulleys, balanced by weights W, W. Stops | 
are provided at intervals on the uptake to retain the sleeve at | 
different intermediate heights. When the sleeve is moved clear 
of the superheater the heat of the furnace gases can reach the 
tubes without being impeded ; but when the sleeve is b t 
within the superheater it completely shields the tubes from the 
heat of the gases, and forms a passage uniform with the uptake | 
for the escape of the furnace gases. By placing the shield so qs | 


to expose some of the superheater-tubes while protecting others, 
the degree of superheat may be regulated as desired. (Accepted 
February 8, 1911.) 
2543/10. C. A. Parsons, Newcastle-on-Tyne, Tur- 
(4 Figs.) February 1, 1910.—This invention consists 
in a turbine casing, the ends of which are detachable from the 
body of the casing and are of such a form that they project 
axially and ay, within the extreme ———— of the turbine 
rotor, the detachability of the casing ends or parts thereof, allow- 
ing the rotor to be removed from its normal position within the 
rotor. In the already known form of turbine casing, as shown in 
Fig. 1, the turbine rotor a is enclosed by a casing which consists 
of an upper and lower part b and ¢ respectively, connected 
together by a suitable joint in the central horizontal plane of the 
rotor, the casing ends d and f being formed in two parts integral 
with or mag md attached to the top and lower parts b and c 
respectively. It will be seen that after the top part b of the casing 
has been removed, sufficient clearance space in an axial direction 
must be left between the end of the rotor a, or in the case illus- 
trated of the dummy piston g,and the innermost surface of the 


Fig.1 : 
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lower half of the casing end d. This necessitates that the casing 
ends extend axially some distance outside the extreme projecting 
parts of the rotorand consequently such a casing adds consider- 
ably to the overalliength of the turbine. According to the present 
invention, however (Fig. 2) the cylindrical part of the turbine- 
casing, as before, is formed in two parts b ond esuitably connected 
geez by a horizontal joint, but the casing ends are formed 
n two or more h,k and m,n respectively, which are 
entirely separate from the cylindrical parts b, c. h complete 
casing end is formed with a dished part so that this part extends 
axially within the extreme projecting ends of the turbine rotor a 
and dummy piston g. The dish-shaped cavity thus available in the 
casing ends can be utilised by placing therein the turbine glands 0, 
which prevent leakage of steam between the rotor shaft 7 and the 
casing ends, The upper part / of the casing end.is generally bolted 
to the corresponding cylindrical part b, while the lower part k is 
bolted to a casting p, which carries the bearings y and thrust- 
block r of the turbine. Consequently the bearings and block can 
now be placed nearer the turbine rotor and, in fact, partly within 
the same, thus decreasing the overall length and the weight of the 
turbine. (Accepted February 1, 1911.) 


2282/10. G.K. Field and J. London. Steam- 
Generators. [1 Fig.) January 29, 1910.—According to this 
invention, in a steam-generator of the flash or semi-flash type 
one or more tubes-are arranged to act as a generator, one or 
more tubes are arran to operate as a tuperheater, and a pot 
or drum is inte between the tubes forming the generator 
and those forming the superheater, said pot or drum Soew ex- 

to the same temperature asthe generator and superheater- 
tubes, one end of’the generator-tube being connected to the 
supply of the feed-water and the other end to the top of the pot 
or drum, and one end of the superheater-tube being connected 
to the top of the pot or drum, and the other end to the 
the delivery of the superheated steam. The generator consists of 
a tube or series of tubes arranged in the form of coils b, b!, L2, b, 
, b®, b8, b7, b8,.b9, and the superheater consists of a tube or 
series of tubes /!", b!! arranged in the form of a coil or coils. 
Within the casing, and preferably in the centre of the generator- 
coils is arranged a drum e provided at its upper end with an 
inlet e! and an outlet e®. To the inlet e! is connected a tube e*, 
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which is carried down so as to terminate a suitable distance below 
the outlet e2, and at a suitable distance from the bottom of the 
drum. The thermostat / for automatically controlling the feed- 
water supply is preferably placed in the steam-pipe , connecting 
the lowest coil of the generator with the inlet e! of the drum e, so 
as to be operated by the variation in temperature of only a few 
degrees at a predetermined pressure of the steam entering the 
drum, by which means the water and steam are kept at a definite 
point, en the generator is working under normal conditions, 
the drum operates more or less as a superheater. It also acts as 
a trap for foreign matter, and, further, effectually prevents 
spheroidity as any water that may overrun the thermostat 
employed for controlling the feed-water, and pass through the 
generator-coils in a spheroidal state, is trapped in the pot or drum, 
out of which it cannot pass otherwise than in the form of steam. 
When itis desired to force the boiler to increase its output, the 
burner is operated to give increased heat and the thermostat em- 
ae for controlling the feed water is positively cut out of 
action, with the result that the flow of water through the gene- 


pipe for | Rolle 





rator is such that it is not turned into steam during its passage 
through the generator coils, but passes into the drym in a more 


or less spheroidal state. This is allowed to continue uatil-the 
drum is approximately full of water, when the thermostat is again 
brought into action, with the result that steam is generated both 
in the generator coils and in the drum, whereby the capacity of 
the generator, and therefore its output, is materially increased. 
(Accepted February 8, 1911.) 

14,062/10. J. Davidson, Pendleton. Steam-Engines. 
{1 Fig.) June 10, 1910.—This invention relates to the class of 
steam-engine in which the steam always flows in one direction, 
the inlet being controlled by valves, while the exhaust takes 
mee when the piston uncovers ports near the end of its stroke. 

is type of engine is generally fitted with ordinary drop-valves 
or Corliss valves, and is not suitable for high speeds. The object 
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of the invention is to enable an engine of the class named to be 
run ata high rate of . According to the invention, there 
is combined with a cylinder, such as is shown in the drawing, 
combined piston and drop-valves, as described in the specification 
of Patent No. 11,330/09. Steam admission is controlled by valves, 
as hereinbefore mentioned, at a, and after expansion it exhausts 
through ports in the evlinder barre’. (Accepted January 25, 


1911.) 
MISCELLANEOUS. 






20,945/10. J. M. C. Paton, Nottingham. Centrifugal 
Machines. [3 Figs.) September 8, 1910.—The object of this 
invention is so to construct a centrifugal machine that with com- 
parative ease it can be adapted for driving by a belt, an engine or 
an electric motor. For this fy owe the spindle 3, which is short, 

ower end 


is supported a little above its y a thrust bearing 5 in 


























the ceutre bracket 2, which projects only slightly, if at all, below 
the level of the floor of the enclosing casing or raised base of the 
machine, the lower end portion of the spindle being adapted to 
have secured to it either a belt pulley, as shown, a crank disc, or 
equivalent for direct engine drive, or a coupling for direct con- 
nection to the shaft of an electric motor. (Accepted January 25, 


21,306/10. The Electric and Ordnance 

Company, ted, and R. F. Hall, B le 

5 ri (2 Figs.) September 13, 1910.—-The inven- 
tion consists essentially in determining the position of the inner 
race rings upon the axle or axle sleeve by means of an adjustable 
distance-piece, which can be adjusted as required when the bear- 
ings are assembled so as to obtain the necessary tightness between 
the races and rollers. The inner race rings 1, 2 have a sliding fit 
upon the axle 3, and at the inner end of the hub the ring 2 abuts 
against a shoulder 4 on the axle, whilst the outer race 5, employed 
in conjunction with the rollers 6, is confined between a bolted-on 
closure-plate 7 and an internal shoulder 8 on the shell 9. The 
inner race ring 1 of the outer set of rollers 10 is slidably mounted 
upon the axle 3, and is. kept n position thereon by a nut 11 and 
washer 12 upon the threaded extremity of said axle. The inner 
end of the outer race ring 13 abuts against an internal shoulder 
14 on the shell, and both sets of rollers have their smaller ends 
directed inwards. Between the two inner rings 1, 2 of the inside 
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and outside sets of bearings is a distance sleeve, which keeps them 
at a certain distance and serves to prevent the bearings 
being tightened up too much, after hav ing been assembled. 
According to the present invention, however, in order to allow of 
the correct adjustment of the bearings being obtained when 
being assembled, the distance sleeve is made adjustable so that 
the position upon the axle of the inner race ring 1 of the outer set 
of bearings can be varied in order to give the requisite tightness. 
Thus, the sleeve may, as shown, be made in two parts 15, 16, sepa- 
rated by a short distance at the middle, but connected together 
by a split ring-nut 17, screwed upon externally threaded portions 
the sleeve. The two parts can be locked in their adjusted posi- 
tion by contracting the ring-nut around them by means of a bolt 
or screw 18 passing thro’ lugs 19 upon the divided ends. By 
slackening the nut and turning one portion of the distance 
sleeve in one direction or the other, such as by means of a 
“tommy ” rod inserted in the holes 20 or 21, the position of the 
abutting race ring 1 upon the axle can be varied so as to give the 
required tightness to the bearings. (Accepted lebruary 8, 1911.) 
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LONDON : 
30, Norfolk Street, Strand, W.C. 





1500 B.HP. TWO-STROKE ENGINE, 


DIESEL OIL ENGINES 


from 15 to 4000 HP.—Slow and High-Speed, Four and Two-Stroke Enginés. 
Direct Reversible Marine Engines. o* 


% We are ina position to supply these engines to all 
countries direct and free of royalty. 


WINTERTHUR, SWITZERLAND. 
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STONE BREAKERS. 


THE “ BLAKE-MARSDEN” IS THE STANDARD OF THE WORLD. 


80 Gold and Silver Medals (all Highest Awards). 


THE RESULT of 50 years’ ne ter capacity, ee more durable and 
more rigid than any other. sed in all the leading Road Stone Quarries, Mines, 
Corporation Depots and Government Works. 





ADOPTED BY OVER 50 RAILWAY CO.’S THROUCHOUT THE WORLD. 
Possesses pronounced features of decided advantage not found in any other Stone Breaker. 


COMPLETE STONE BREAKING PLANTS, ELEVATORS, and MANGANESE 
STEEL JAWS ARE MY SPECIALITIES. 


Works of the largest capacity in the United Kingdom for this 
class of Machinery. 


H. R. MARSDEN, LEEDS. 


Boyle’s 3“‘Air-Pump’” Ventilators 


Have Double the Extracting Power of earlier forms. 


LORD KELVIN. “I have seen several different forms of Mr. Boyle’s ‘ Air-Pump’ Ventilator in actual 
operation, and have much pleasure in testifying to their efficiency.” 1499 


ROBERT BOYLE & SON, 64, Holborn Viaduct, LONDON. 140, Bothwell St., GLASGOW, 
































By arrangement with Messrs. the Pratt & Whitney Co., Hartford, Conn. U.S.A. 


ICKERS 


ANADIUM 


HIGH-POWER | 
TWISTED DRILLS. 


Sizes 5/s in, to 3 in, rising in 1/64 
in. Also m/m Siz>s, 


SEND FOR LIST. 










* 
Twisted from 
a Flat Steel Bar. 


The cheapest, most 
powerful, and most econ- 
omical Drill on the market. 


These Drills are supplied with 
Standard Morse Tarer Shanks. 


VIGKERS, SONS & MAXIM, Lro. 


Small Arms and Tools Department, 
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32, Victoria Street, WESTMINSTER, S.W.. 














DAVEY, PAXMAN & CO., LTD., 


SoOoLCcHES DEBE. 


GAS 





GRAND PRIX, FRANCO-BRITISH EXHIBITION (Highest Award obtainable). 


GAS ENGINES ano SUCTION 


PRODUCERS. 


Od 5901 














SHAFTING 


AND 


FITTINGS. 











1500 ONS 
SHAFTING ‘& FITTINGS, » 


ALWAYS IN STOCK. 





SAMUEL PLATT, 
WEDNESBURY. 
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HADFIELD’ 5 STEEL FOUNDRY Co, Lo, SHEFFIELD. 










STEEL CASTINGS 


FOR 


DYNAMOS anp 
ELECTRIC MOTORS 


ee a. 


HADFIELD’S 


aw HIGH PERMEABILITY 


STEEL. 


= 
Sie 
‘ & 
“Se 





TRAMWAY TRACK WORK. 
STONE & ORE CRUSHING MACHINERY. 


SOLE MAKERS OF. 


HADFIELD'S PATENT ‘ERA’ MANGANESE STEEL, 


which is the Supreme Material for Tramway Track 
Work, the Wearing Parts of Crushing and Grinding 
Machinery, &c. 1194 
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DUST-COLLECTING APPLIANCES IN 
COTTON-MILLS. 


IMPROVEMENTS in the card-room operations of 
cotton-spinning mills are moving apace. Those 
with which we are immediately concerned refer to 
the carding-engines. In recent years these machines 
have been under the continuous observation of 
inventors and ventilating engineers, with a view to 
modifications of stripping, and extraction of dust. 
Stripping the cylinder and doffer of a carding- 


engine is a more or less dangerous business, as has | 
been amply proved by several accidents to workmen | 
and engine-head tenters (girls). For although the | 


actual operation is carried on by two men, when 


the cylinder-covers are unwittingly left out of place | 





volving large sums in compensation or pecuniary 
liability. ithout dust-collectors on a series of 
carding-engines the strippers are exposed daily, for 
three or four periods of an hour each in duration, 
to clouds of dust which do not suddenly cause the 
operative to cease his operation, but make steady 
and sure inroads on his health and working capa- 
city. Employers and operatives are quite agreed 
on this point. 

The remedies in some spinning-mills have assumed 
a dual form. Locking motions are fixed on every 
carding-engine—100 to 220—in the mill, to obviate 
the serious momentary risk, and dust-collectors are 
connected to each machine, so that the stripper’s 





the risks to the engine-head tenters are at once | ji 


apparent. Both classes of workers have suffered | 


seriously. 

With the invention of various types of locking- 
levers it has been rendered im 
machines, to open the cylinder-door until the 
cylinder itself, covered with sharp card-wires, has 
ceased to revolve. The same appliances have been 


so devised as to prevent re-starting of the cylinder | | 


until the cylinder-door is closed. By these means 





Fic. 1. Srrtpprnc-Dust mn Skip A; 
Corton ‘*Srrip” in Sxre B. 


Fie. 3. Nozzce with FiLexisie Tusine 
Firrep to Carp-CyLInDER. 


the possibility of any access to the danger-points 
has been considerably mitigated. With the arrange- 
ments complete, and in proper order, there can be 
no seizure of an operative’s hand unawares. It is 
quite true that the cylinder and doffer must have 
their surfaces uncovered during the process of 
grinding with a traversing emery roller ; but then 
the cylinder is revolving in the reverse direction, 
and any collision with the operative’s hand would 
cause little or no injury. 

While the locking-motion has done much to 
reduce the danger-factor of carding-engines with- 
out reducing their efficiency as machines, there 
remains still the grievous menace to general health 
in the factor of dust. This material consists of 
short fibres, nep, sticks, seed-parts, sand, and 
specks of metal. And it needs little demonstration 
to convince one that these constituents fouling the 


ait inhaled by the men-strippers will, sooner or 
later, inflict incalculable harm. So far from being | 


mythical, this has actually happened in many in- 
stances, well known in all cotton-spinning towns. 
Without locking-motion on a carding-engine a 
serious casualty may result any working - day, 
through the cylinder-door being accidentally left 
open. The injury is done in a moment, and is 
generally of a serious and permanent nature, in- 


ible, on many | 
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Fie. 4. Screw-Tuse Bracket on CARDING- 
ENGINE. 


health is safeguarded, and his efficiency as a work- 
man brought to its highest level. If any tangible 
proof were needed that the collection of stripping- 
dust is essential to the comfort of the worker and 
to the cleanliness of the yarn spun in the same room, 
we see it plainly in Fig. 1. Skip A is full of 
stripping-dust and broken fibre collected from sixty 
carding-engines. Skip B contains the fleecy cotton 
fibre gathered from the brush after stripping each 
machine. If the dust in skip A had not been col- 
lected, every atom would have been diffused into 





the atmosphere of the room, to be inhaled by the 
| operatives, or to settle on the clean yarn under- 
going treatment on the speed-frames and drawing- 
frames. - The dust thus collected weighs over 101b. 
It is perfectly obvious, therefore, that the employer 
stands to gain very materially in cleaner yarn by the 
adoption of dust-collectors for his cards. The 
smudgy atmosphere of a card-room where the dust 
is allowed to make its own way is very different 
| from that of another card-room which is quite clear 
from 6 a.m. to 5.30 P.M. 

A system which is illustrated in Fig. 2 works on 
| different lines to the dual system referred to. 
Here we have no stripping-brush ; it is eliminated 
altogether. Hence there is no necessity to open 
‘the cylinder door two, three, or four times daily. 
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The cylinder door may, in fact, be attached to the 
machine body by means of a screw-nut, to be tem- 
porarily removed once a month only for grinding 
the wire-points. Besides, as will be observed from 
the illustration, the operation of stripping the 
cylinder is carried on at the back of the machine 
instead of the front, and by means which we may 
now refer to in detail. 

An essential part of the appliance is seen in 
Fig. 3 at A, where a tube contains a traversing- 
screw, and a slot on the inner side of the tube 
allows a connecting link between the nozzle bracket 
B and the screw. By this means the bracket is 
able to travel from side to side of the machine any 
number of times. Asa rule a single traverse from 
one side to the opposite is sufficient to accomplish 
the purpose desired. On this bracket the nozzle 
C D is fixed with a bolted clip. At the C end of 
the nozzle the aperture is flanged and slightly 





I! tapered, allowing easy attachment of the rubber 


|end of the flexible tubing shown in Fig. 4. At 
| the D end of the nozzle the aperture is flattened 
| somewhat, thus distributing its effect over a greater 
| width of card-wire, and promoting the extracting 

be when linked up with 


| The back plate E, which covers part of the card- 
| cylinder, is divided into two parts by a slot less 
|than 4in. wide, over which a cover-plate F is 
suspended from screw-heads at convenient inter- 
|vals. And as the screw-holes are also slotted 
| downwards the cover-plate is free to rise or fall 
as the nozzle traverses the surface of the card- 
|cylinder. It will be noticed that the nozzle 
aperture dips under the end of the cover-plate at 


}| D, and is within: }in. of the card-wires inside. 


The moment the nozzle begins to travel the first 
part of the cover-plate F begins to rise, and con- 
tinues to rise until the nozzle reaches the centre 
|of the cylinder. The first half then falls back into 
| position, while the second half rises. The slot in 
|the plate E is sufficiently small to debar any 


} | admission of fingers. The screw-tube is fixed to 


| the frame of the carding-engine, as shown in Fig. 4 
|at A, where an angular bracket is bolted to the 
flange of the cylinder cover, and the ordinary 
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Fie. 5. Ciurcn wits Hanpie A To Starr 
or Stop TRAVERSE. 


| working parts are in no way interfered with. The 
fixture is firm, and the drilling of a couple of 
holes for bolts presents no difficulties of attach- 
ment to any type of card-frame. 

Having then fixed the screw-tube and nozzle 
into position, as indicated, we are ready to start 
the pump—to be seen presently —and attach 
the flexible tubing. It is not necessary to hold the 
tubing in position; the suction provided by the 
pump is adequate enough to keep tube and nozzle 
together. Then the work of this patent stripping 
appliance is set in operation. Dust, short fibres, 
neps, and other forms of obstruction are drawn by 
the suction current through the nozzle and tube. 
The nozzle proceeds slowly while the card-cylinder 
continues its ordinary revolutions of 140 to 160 per 
minute. All parts of the cylinder are, therefore, 
treated by the current. hen the nozzle has 
traversed the whole width of the cylinder, it will 
| either return at the same rate of speed, or stop at 
| the end of the traverse, as required by the stripper 
‘in charge. A clutch, with handle, is arranged at 
the end of the traverse (Fig. 5). If this clutch be 
allowed to remain in, the nozzle will return on its 
journey. But as one traverse generally suffices for 
one stripping, the nozzle may be held stationary at 
the end of the traverse by disconnecting the clutch, 
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The driving for the traversing-screw is seen at B, 
where a grooved pulley is connected by a cotton 
rope to a side pulley of the machine. In this illus- 
tration the amount, of slot C between the cover- 
plates is clearly indicated. 

The manipulation of the doffer, Fig. 6, page 474, 
is conducted from the front of the carding-engine as 
in ordinary stripping, the length of flexible tubing 
being ample enough to allow convenient approach 
to any part of the machine. The screw-tube A 
(Fig. 7) may be fixed, as in the case of the cylinder, 
or portable, as shown in the illustration, where it 
is lodged in the ordinary brackets of the machine. 
The nozzle is prevented from displacement by the 
screw-disc at Mt resting on the edge of the doffer 
cover-plate. Further, any vertical movement of 
this screw-disc is obviated by a lock-nut. It thus 
follows that the screw-tube, with nozzle attached, 
is practically as firm as if permanently fixed. 
Beyond this the nozzle itself is bolted, as before, 
to the bracket, and traverses from side to side of 
the doffer with the same regularity. The inner 
aperture of this nozzle is somewhat wider than that 
of the cylinder-nozzle, and is allowed to make such 
a number of journeys as may be considered 
adequate by the stripper who has the doffer-wires 
under observation. 

In Fig. 8, page 474, the doffer-nozzle is near the 
end of a journey. The driving-strap A may be 
allowed to remain on the screw-pulley, in which case 
the nozzle will return. The driving-pulley, as indi- 
cated in the photograph, is fixed to the shaft end 
of the doffer- wheel, and, as this makes about 
14 revolutions per minute, we are able, by adapting 
a suitable pulley to the nozzle-screw, to determine 
the traversing rate of the nozzle. 

When the stripping operation is completed, the 
flexible tubes are detached from the nozzles and 
jlaced over the flue-hangers, as shown in Fig. 9. 
The pumping-engine is, of course, stopped on com- 
pletion of stripping unless cleaning of the machines 
Is cubeaglaied. For superficial deposits of *‘ fly” 
and loose material the flexible-tube aperture may 
be applied, and the suction current will remove 
these deposits with the same facility as ‘‘ strip.” The 
hangers are arranged at such an altitude that workers 
may pass and repass among the machinery without 
inconvenience from the tubes. 

We will now consider the mechanical appliances 
for extracting the ‘‘strip”’ and dust from the card- 
ing-engine cylinders. These consist essentially of 
an engine, pump, and receiving-chamber. The 
engine, Fig. 10, is erected either in the card-room 
or in some adjoining room, as may be convenient. 
The power generated—6 to 10 horse-power accord- 
ing to the number of carding-engines to be 
treated at the same time—is such that there 
is no appreciable difference of extracting force 
between near machines and those most remote. 
The receiving -chamber, Fig. 11, page 474, is in 
immediate connection with the cylinder of the 
engine, and consists of rolled plates riveted in the 
centre and at the extremities, and bolted at the 
base, so as to allow of its complete removal, if 
necessary, for cleaning or repairs. The chamber 
is fixed bodily to holding-brackets in the ceiling ; 
at its extremity, the discharging aperture is well 
above the operatives’ heads. There are no pillars 
or barriers reve the chamber and the floor. 
The pipe connecting the chamber with the carding 
engines is seen at A, a flexible tube intervening 
between the main pipe and the base of the chamber. 
On the opposite side a vecuum gauge B is fixed. 

When stripping the cylinder is about to com- 
mence, the vacuum is raised to 500 mm. on the 
gauge or thereabouts, while for the doffer a vacuum 
of 450 mm. is provided. It is advisable to create 
a reasonable vacuum before the nozzle is set in 
operation ; uniform stripping is thus secured on all 
parts of the card cylinder. With two or even three 
nozzles working at the same time on different engines 
the vacuum is not likely to fall much below 450 mm. 
on the gauge. Care shoulc be taken to avoid 
leakages in any part of the appiiance. These would 
naturally reduce the vacuum, and prevent the pump 
from doing the effective work it would otherwise 
accomplish. Every second or third day, according 
to the number of engines treated, the receiving 
chamber is relieved of its accumulated ‘‘strip.” This 
is liberated by unlatching the basement lid (Fig. 12). 
The result of the stripping operations may then be 
seen in fleeces of short-fibred cotton, ‘‘fly,” and dust. 

In tracing the operations of this patent stripping 
apparatus it will be obvious that the cylinder-door 
of the carding-engine is not interfered with, and 





that no stripping dust is allowed to escape into the 
atmosphere of the card-room. The appliance above 
descri is made by Messrs. Cook and Co., 18, 
Exchange-street, Manchester. 

The invention illustrated in Fig. 13, page 475, is 
a dust-extractor and collector, arranged on a port- 
able plan. The photograph shows the method 
adopted for stripping the card cylinder. The 
stripping-brush, enclosed in its metal casing, is 
placed in contact with the cylinder by the two 
—— in charge. The brush is then driven in the 
usual way from the grooved rim of the loose pulley 
of the engine. This enables the brush to cleanse 
the card-wires, while the casing over the brush 
prevents the immediate diffusion of dust into the 
room. - But the pulley at the opposite end of the 
stripping-brush is connected with the portable 
chamber A, containing an exhaust fan and a filter- 
ing dust-bag. It thus follows that, simultaneously 
with the evolution of dust from the card-cylinder, 
this dust is drawn through the flexible tube attached 
to the brush casing and deposited into the canvas 
dust-bag. 

For the purpose of stripping the doffer the port- 
able chamber remains stationary, while the brush 
and its casing are removed to the doffer-brackets 
(Fig. 14). In the interval between stripping cylin- 
der and doffer the flexible tube is detached and the 
brush is cleansed of cotton ‘‘strip.” It will be 
apparent that two bands are used on either side of 
the engine. When the cylinder is stripped the 
_— on the right attaches a short band from 
the loose drum to the brush-pulley ; and the left- 
hand operator employs a long band from the brush- 
pulley to the fan-pulley on the outer side of the 
chamber. In stripping the doffer the operator on 
the right introduces his long band, while his col- 
league employs one to fit the shorter interval 
between the brush and the chamber-pulley. For 
these several bands holding-brackets are provided 
on the chamber. The vertical tube may be rotated 
on its base to accommodate the varying distances of 
cylinder and doffer, so that, having once placed the 
near wheel at the base against the foot of the 
coiler, thus providing the proper interval for keep- 
ing the bands taut, all that is required is to turn 
the vertical tube for stripping cylinder or doffer, as 
the case may be. 

The flexible tube is fitted to the brush-casing as 
shown in Fig. 15, the tube aperture overlapping 
that of the casing about 4in. Provision is also 
made by holders for placing the brush and casing 
on the chamber-top while propelling the machine 
from one carding-engine to another. The casing 
itself has containing sides where not in contact 
with the card-wires, and a hinged cover to which 
the flue is attached. The cover may be opened 
(Fig. 16) for the purpose of clearing the brush of 
‘cotton strip” (see skip B in Fig. 1). The illustra- 
tion, Fig. 16, shows the brush full of ‘‘ strip ” after 
application to the cylinder and doffer of a carding- 
engine. The brush is cleared by hand with a 
be er of wire bristles or ‘‘ hand card.” 

he body of this patent extractor is clearly seen 
in Fig. 17. Itis 13in. wide, 28 in. long, and 36 in. 
high, is mounted on four solid wheels, and has a 
framework of angle-iron braced with tie-rods. The 
top and bottom of the chamber are of wood bolted 
to the iron framework. The sides of canvas on 
wire-mesh are permeable for air, but not for dust. 
At A is an exhaust-fan connected with the vertical 
tube of the apparatus. This fan is operated by the 
band at the side of the chamber; it makes 1500 
revolutions per minute, and in that period removes 
400 cubic feet of air. Here two grooved pulleys 
are shown; the upper one is driven from the 
stripping-brush pulley and drives the lower one, 
which is keyed to the end of the fan-shaft. As the 
dust is drawn through the tubes and fan, it is forced 
forward into the bag filter B, the lower portion 
being divided to fall on either side of the fan-shaft. 
Any contact with the fan-shaft is prevented by the 
tubular sleeve in which the shaft revolves. 

In Fig. 18 the connection between fan and dust- 
bag is indicated, as is also the divided base of the 
bag. The filter is suspended from a thick wire 
rim, and may be drawn out for removal of the dust. 
The nature of this is evident from Fig. 1, page 471, 
to which reference has already been made, and the 
commercial advantage of collecting the dust, rather 
than permitting its diffusion in the air of a card- 
room, will appeal to the good judgment of em- 
ployers and operatives alike. is appliance is 
made by Mr. Herbert Smethurst, Bankside-street, 
Oldham. 





THE INSTITUTION OF NAVAL 
ARCHITECTS. 
(Continued from page 459.) 

THE meeting of the Institution of Naval Archi- 
tects, the first day’s proceedings of which we re- 

rted last week, was resumed on Thursday, April 6, 
at the Royal Society of Arts, members assembling 
at 11.30 a.m. for the reading and discussion of a 
paper by Mr. J. T. Milton, Sir William White 
occupying the chair. 


DieseL ENGINES FOR SeEA-Gorna VESSELs. 


Mr. Milton’s paper was entitled ‘‘ Diesel Engines 
for Sea-Going Vessels,” and it is reprinted in full 
elsewhere in this week’s issue. 

Dr. Diesel opened the discussion. Referring first 
to Mr. Milton’s statement with regard to the use of 
tar-oils, he said that while Mr. Milton appeared 
to hold that the use of such oils as are made 
from ordinary coal-tar were of interest only in 
land installations, he (Dr. Diesel) thought that this 
was not due really to the class of engine em- 
ployed. All countries which were not independent 
as regards liquid fuels had considerable interest in 
finding alternative fuels, for two reasons—viz.: (1) 
in order that they might become independent of 
foreign supplies ; and (2) that the artificial raising 
of prices by trusts and syndicates might be impos- 
sible. No war fleet can derive the full benefits 
from the new prime mover if it remain dependent 
on other countries for its fuel, and no large industry 
in land engines can develop if the price of fuel ig 
subject to the market operations such as had been 
known with lamp- oil. For these reasons the 
German makers of the Diesel engine did not let the 
matter rest until they had settled this question of 
tar-oils. To-day this might be said to have been 
settled, and any kind of liquid fuel, natural or 
artificial, could be used in Diesel engines. “The 
way this is accomplished is to use two kinds of 
fuel. A small quantity of easy-burning oil is 
injected first, and the main quantity of the heavier 
oil is injected subsequently, after the temperature 
has already been raised by the inflammation of the 
lighter oil. Only one fuel-injection valve is used 
for both oils. An engine working on this principle 
is a universal engine, and can use any kind of 
fuel without alteration in the fuel-valve or injecting 
apparatus. The Diesel engine is thus independent 
in its choice of fuel, and there is therefore no likeli- 
hood of troubles arising from stoppage of supply or 
rise of prices, &c. 

With regard to Mr. Milton’s statement that the 
weight of fuel carried for a Diesel-engine-driven 
ship would be only 28 per cent. of that necessary 
on a steamship, Dr. Diesel said the true advantage 
was greater. Mr. Milton’s figure was based on con- 
sumption per brake horse-power, but in practice 
boilers had to be kept fired even when there was 
no work to be done. The Diesel engine only con- 
sumed oil in proportion to the actual work done. 
This was of great importance in warships, especially 
turbine-fitted vessels, where the consumption at 
low speeds was high compared with the power 
developed. This was not so with the internal- 
combustion engine. The proportion of fuel to be 
carried would, with Diesel engines, only amount 
to one-fifth or one-sixth that carried for a steam- 
driven ship. In connection with the description 
of the two-stroke cycle, he would like to add that 
the Diesel engine was destined to be essentially 
a two-stroke engine, for the following reasons: (1) 
because scavenging was made with pure air only, 
and not with a mixture of gas and air, so that there 
were no fuel losses by the scavenging; and (2) 
because ample scavenging air can be used, and 
the process made thorough in every way. He 
considered that the marine Diesel engine of the 
future would be the two-stroke cycle engine. 
Mr. Milton had spoken of the oil-cooling of the 

istons. This hy of course, to be accompanied 

y some process of cooling the oil itself in an 
apparatus like a surface condenser. Though this 
was a slight complication, oil-cooling simplified the 
engine itself and all the cooling devices. Broadly 
speaking, different kinds of fuel could be injected 
with one adjustment of the fuel-valve, and there 
was only necessary a variation in the pressures of 
the air used for injection. This could be arranged 
for by the man in charge, aceording to his experi- 
ence. Tar-oils—that is, the oils made from coal- 
tar—were the only class which needed the special 
arrangement already referred to. 

The question of whether many small, or a few 
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larger, cylinders are best had not yet been settled, 
except as regards submarines, where only one solu- 
tion of the problem was possible, on account of the 
restrictions of space. In this case, undoubtedly, 
double-acting engines would be too high. Single- 
acting cylinder two-stroke cycle engines were 
already under construction for submarine-boats of 
about 5000 horse-power, with two propellers, there 
being eight cylinders per shaft, and two scavenging 
pumps placed at both ends of the engine. ith 
this arrangement perfect balancing could be secured, 
and the engine rendered free from vibrations, which 
was of importance. Freedom from vibration was 
very difficult to secure with a few large cylinders, 
and possibly this will have a strong influence on 
the question of type. The question of the use 
of large double-acting cylinders will probably be 
settled this summer by experience with the 3000- 
horse-power ship of the Hamburg-Amerika Line 
being built by Messrs. Blohm and Voss at Hamburg. 
It was well known that a six-cylinder engine was 
entirely balanced if two of the six cranks were 
always placed in the same plane and in the same 
direction symmetrically about the middle of the 
length of the engine. Such an engine had only 
three different crank positions, at 120 deg., and 
only three impulses per revolution. In the Diesel 
engine, especially for low speeds and manceuvring, 
in order to do away with the fly-wheel, it was 
necessary to have as many impulses as cranks, and 
therefore in a six-cylinder engine the cranks would 
have to be set at 60 deg. Such an engine was no 
longer balanced, but by adding two scavenging- 
pumps at both ends, and by carefully arranging the 
weights of their reciprocating parts and crank 
angles, it was possible to produce an entirely 
balanced engine. The same could be done with 
eight or more cylinders. This arrangement gave 
entire security in case one scavenging-pump failed. 
This was a better arrangement than that in which 
the scavenging-pump is placed under the cylinder, 
when proper balancing could not be secured, 
and when the pumps were entirely inaccessible. 
The modern three-stage compressor used in these 
engines, with inter-stage cooling, was found to be 
very reliable. He might point out that the quantity 
of the air used for the injection of the fuel in- 
creased rapidly with a decreasing number of revo- 
lutions, and was not constant, as mentioned in the 
aper. 
J Vith regard to the general design of the engine, 
he thought that if the double-acting type was the 
engine of the future, then the crosshead had to be 
accepted. As long as the single-acting engine 
prevailed he thought the combined crosshead and 
trunk piston best. After making engines with 
crossheads, manufacturers had abandoned it, since 
it was possible with the trunk piston to provide 
much greater bearing surface than in the case of a 
crosshead, resulting in less wear. The lubrication 
also, under pressure, of an enclosed cylindrical 
guiding surface was much better than in the case of 
open guides, while the piston moved also over 
perfectly cooled walls ; whereas a crosshead always 
tended to heat, and was difficult to cool. Theo- 
retical and practical reasons supported the use of 
the trunk piston and crosshead, and the only thing 
against it was the fact that the gudgeon-pin was 
inside. This, with modern systems of lubrication 
and oil cooling, was a very slight point. Steam- 
engive builders and shipowners might not readily 
accept these views. e had met with similar 
opposition twelve years ago in connection with 
land engines, but that had now been overcome. 
While the total annual output of Diesel engines 
of all kinds now amounted to several millions 
sterling, marine engines had only been built in 
small sizes. He knew, however, of 250 ships 
fitted, or being fitted, with such engines. The 
most important field had, up to the present, been 
that of submarines, in which work France took the 
lead seven or eight yearsago. To-day all countries 
except Great Britain used these engines on sub- 
marines. Such installations ranged from 300 horse- 
power to 5000 horse-power. These boats are no 
longer merely weapons of defence, but are now 
useful in attack owing to their increased power and 
range of action. Russia had some Diesel engine- 
fitted gunboats and small cruisers. Tank-ships, 


with engines of 600 horse-power, were a 

running. Vessels of several other types had also 
been equipped. This year witnessed the intro- 
<uction of the engine into large cargo boats. The 
Vulcanus, built at Rotterdam, made a start, others 


the Hamburg-Amerika Line. A transformation in 
shipbuilding and ships of war would follow. 
Already one cruiser fitted with Diesel engines was 
under construction. In connection with the equip- 
ment of war vessels he might be permitted to point 
out that the use of such engines would enable the 
radius of action to be increased so that a vessel 
could sail round the world, fight battles and come 
home again, without taking additional fuel on 
board, being thus independent of coaling-stations 
The engine could be arranged entirely below the 
armoured deck, with most of the machinery below 
the water-line. Guns could be trained to any 
point on the horizon, and their number and size 
increased. Such points as these would ultimately 
lead to all countries embarking upon great changes 
in war-ship construction. 

At the close of Dr. Diesel’s remarks, Sir William 
White inquired if he could give any information as 
to the largest power now used in a single cylinder 
on the Diesel system. Dr. Diesel replied to the 
effect that he hoped later speakers would give 
information on the point, but, as far as he knew, 
the highest figure was 1000 horse-power (fora single 
cylinder); the engine was a two-stroke double- 
acting Diesel engine. 

The second speaker was Dr. Bruhms. He opened 
his speech by saying that Mr. Milton had stated that 
the volume of the scavenging air-pumps should be 
about 1.8 times greater than the working cylinders. 
According to the experience of the speaker’s firm, 
this was rather high ; it was sufficient, he thought, 
in long-stroke, slow-running engines to have a 
volume of 1.2 to 1.25, and in quick-running engines 
with short stroke—as submarines and torpedo-boats 
—this volume should be increased to 1.5. The 
volume of these scavenging air-pumps should not 
be greater than was absolutely necessary. It was 
not important for the air within the cylinder to be 
absolutely pure ; some residues might remain, and 
the efficiency of the engines would not be dis- 
turbed. But if the pumps were too large there was 
a great loss in extra work. It was, however, of great 
importance to so arrange the scavenging air-pumps 
that there was a constant pressure in the receiver 
into which the air passed from the pumps and then 
to the cylinders. If this pressure were constant, 
it could be rather low. In reversible engines this 
receiver should always be small, so that the neces- 
sary constant pressure could be raised very quickly. 
Otherwise there was danger that the engine would 
not start up promptly. For these reasons he would 
not advise the use of only one pump ; it was better 
to have at least three pumps, in which case it was 
possible to have a nearly constant pressure in 
the receiver. Mr. Milton had also spoken of the 
number of engine cylinders. According to the 
speaker’s experience, by arranging to dispense with 
the flywheel it was possible to avoid very serious 
trouble and danger. At the works at Nuremberg 
they had made trials of a three-cplinder double- 
acting engine, and they had found very serious tor- 
sional strains in the crank-shaft. These disap- 

red when they took off the flywheel, and they 
ad therefore come to the conclusion that there 
should be sufficient cylinders to avoid the need of 
a flywheel, but not more. For the purpose it was 
enough to have in two-cycle engines three double- 
acting cylinders or six single-acting cylinders. If 
such engines had a flywheel, the danger of strains 
or of heavy vibrations within the crank-shaft was 
always present. In their case, as they had had 
many failures with flywheels, they intended to 
try to get along without them, Three double- 
acting cylinders were sufficient to give a torsional 
moment which never became negative, so that the 
engines could run without a flywheel. With such 
an engine it was possible to diminish the number 
of revolutions to one-third or one-fourth of the 
higher speeds ; that was to say, engines of 120 to 
150 revolutions could be run at 30 to 40 revolu- 
tions. The author had also spoken of the diffi- 
culty with piston-rod stuffing-boxes. In the works 
at Nuremberg they had made an immense number 
of gas-engines of the double-acting four-cycle type, 
which involved some 1500 stuffing-boxes, some of 
which had been running ten years and more. At 
first they had difficulties, but these had been quite 
overcome. 

The single-acting engine with the trunk piston, 
of which Dr. Diesel had spoken, always resulted in 
smoke issuing from the lower end of the cylinder, 
and this in a closed engine-room was not only 


boxes had a small chamber from which the gases 
were drawn off and led to the suction-chamber of 
the scavenging-pumps, no smoke would issue from 
the stuffing-boxes. Care, of course, should be 
taken to see that the stuffing-boxes were suf- 
ficiently tight. With a double-acting engine’ a 
crosshead must always be used. Dr. Diesel was, 
the speaker thought, right in saying that for engines 
for stationary purposes trunk pistons presented 
no difficulties. The speaker was of the opinion 
that such pistons, however, would not do for 
marine engines. The marine engineers always 
desired a crosshead, and therefore they should 
have double-acting engines. The single - acting 
engine if fitted with crossheads was more expen- 
sive, and was also more dangerous, on account of 
the very long crank-shaft. 

With regard to cooling of the piston and piston- 
rods, up to now they had always used lubricating 
oil. They had also tried water for this purpose, 
but feared that if the pipes carrying it to the piston 
and piston-rods were not absolutely tight, the water 
would get into the oil within the bilge of the engine, 
and in the end endanger the bearings. ith 
regard to the question that with the two-stroke 
engine the bars of the exhaust-ports might become 
overheated, he had up to the present known no 
such trouble. It healt not be forgotten that the 
exhaust-gases were seldom hotter than 400 deg. 
Cent. ; this was not high enough to cause trouble 
with the cast iron. Many accidents, caused by 
valve failures, had occurréd with engines having a 
large number of cylinders, but never with four or 
six-cylinder engines. It might, therefore, be 
assumed that with the 8 or 10-cylinder engine there 
was more risk of the cylinder gear breaking down. 

With regard to auxiliary engines, one of the 
alternative methods which Mr. Milton had pro- 
posed was a donkey boiler separately fired by oil 
for continuous work at sea. The speaker did not 
believe it possible to use exhaust gases for this 
purpose. In two-cycle engines about 40 per cent. 
of the thermal units were used for working, 40 per 
cent. were absorbed by the cooling water, only 
20 ag cent. remaining within the exhaust gases. 
Only in very large plants, therefore, would there 
be a sufficient amount of heat in the exhaust for 
heating a boiler. He believed a good arrangement 
would be that in which a donkey boiler would be 
used only when in harbour for working the winches 
and capstans, and for heating. At sea the heating 
apparatus could be switched over to utilise the 
exhaust gases, while the steering-gear and all 
necessary pumps should be worked by electricity. 
This could be generated by the compressor engine 
or by a special auxiliary engine. 

In conclusion, the speaker referred to the ques- 
tion which Sir William White had put to Dr. 
Diesel as to the largest power for one single 
cylinder. He said that cylinders of 300 to 500 
horse-power were running, and had given no 
trouble. In their works they had made large gas- 
engines which worked with 3000 to 3500 horse- 
power on one crank only, and he could see no 
reason against building engines of 2500 horse- 
power in one cylinder. 

Dr. Kroos, of Amsterdam, followed. His firm 
owned the only sea-going vessel fitted with the 
Diesel motor engine for commercial use — the 
Vulcanus. This vessel had made several long- 
distance and consecutive voyages, and he would 
endeavour to place before the meeting a few of the 
difficulties experienced, which, however, were being 
gradually overcome. Diesel engines had been in 
use by his firm for a number of years. The ordi- 
nary builder of land engines was, unfortunately, not 
acquainted with what the sea engine was required 
to do, and only by going to the practical marine 
engineer was it possible to obtain an engine suitable 
for driving a heavy cargo-ship at an economical 
speed. The land engineer was wholly unfamiliar 
with the conditions the marine engine had to meet. 
Although the land Diesel engines had given ex- 
cellent results, there were many minor details in 
connection with the marine engine, such as that in 
the Vulcanus, which had taxed the designer’s 
ability. The first voyage of the Vulcanus was 
made from Rotterdam to Hamburg and back, the 
only trouble experienced being with the air- 
pumps. This was, however, very trivial, and easily 
remedied. On the second voyage, made to Granton, 
the vessel encountered very heavy weather, the 
seas breaking over the ship and water going down 





uncomfortable, but also dangerous to the crew. If 





will follow ; as, for instance, the 9000-ton boat of 





the engine were double-acting, and the stuffing- 





the funnel. The extra strain put upon the air- 
pumps, through the engines, caused a lever to snap. 
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This trouble was got over at Granton by,making 
new and stronger levers, since which there had 
been no further trouble whatever with the air- 
pumps. The vessel was then sent on a third voyage, 
and the defects found after this trip were of very 
minor consequence. Overhauling was found to 
have been unnecessary, and the ship proceeded 
again without repairs. On the second voyage there 
had been trouble with the piston-rings seizing. This 
was due to incomplete combustion. This must have 
been caused by the intake air-valve getting choked. 
He would pn tee that a new pipe had been put on 
the air-valve, and had been covered with gauze wire. 
This gauze had become choked, and prevented the 
proper quantity of air being supplied. This was easily 
remedied. On the question of cooling water versus air, 
it had been found, in the case of the smaller Diesel 
engines, that neither water nor air was necessary. 
In the engines of the Vulcanus air was employed 
for cooling the cylinders, with very good results. 
For engines just ordered by his company, and now 
being constructed, however, water-cooling would 
be adopted. Dr. Diesel and Dr. Bruhms had 
spoken of pistons and crossheads. He would say 
that his firm merely kept reliability in view. Long 
pistons were liable to bend slightly at one side, 
and in doing so the piston seized, after which it 
might occupy half-a-day to get them working again. 
He considered that this seizing of the piston, as it 
might stop the ship for several hours, was a source 
of great danger. With the heavier proportions he 
had adopted, this seizing, at improper moments, 
would not occur. It was to avoid this that he had 
adopted the pistons and crossheads he used. Dr. 
Diesel had said that trunk-pistons offered no objec- 
tions in land practice. In his own experience he 
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had had 20 or 30 cases, at least, of such pistons 
seizing badly. In the crosshead type the piston did 
not stick in that manner. 

The discussion was continued by Dr. Paul Rieppel, 
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who said that Mr. Milton had referred to the paper 
which the speaker had published some four years 
ago on the combustion process in oil-engines. The 
oil-engine business had meanwhile rapidly in- 
creased, and for that reason the question of 
experiments had become of greater interest and 
importance. He hoped that some firm or engineer 
would continue his experiments and test the be- 
haviour of oil at very high temperatures and pres- 
sures, in order to determine the exact rules for 
combustion in the engine and to be able to decide 
if an oil were good or not. In such a case he 
would be glad to assist with any further informa- 
tion he had. With regard to the dimensions of 
the scavenging air-pumps for two-stroke engines, 
that was an interesting, but not yet settled, ques- 
tion. Some firms went as high as 1.8, and others 
as low as 1.25; the right thing might be some- 
where about the mean, or about 1.5. Messrs. 
Blohm and Voss, of Hamburg, were now about 
to make some interesting investigations on the 
point. The speaker's firm separated the scavenge 
ump of a big two-cycle oil-engine, and drove it 
™ electricity. By this means it was possible to 
arrive at the best variation for the air-pressure 
and receiver dimensions in order to be able to 
get at the best thermo-dynamic process with the 
smallest loss of power. Mr..Milton had also re- 
ferred to experiments made with uncooled pistons. 
It might be of interest in that connection to 
say that in America there had been running 
for eight months a four-cycle double-acting engine 
of small size, which was doing well with uncooled 
pistons. This engine was built by the South- 
wark Foundry Company, and was, so far as he 
knew, a solitary case of a double-acting engine 
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running without special cooling. With reference 
to the piston-rod stuffing-boxes, the speaker took 
the same view as Dr. Bruhms, and could not see 
any difficulty. Tests seemed to bear that out. An 
vil-engine (double-acting) was now being tested by 
his firm, and no difticulty was experienced with the 
stuffing-boxes ; the engine was in service, although 
this service was not regular. A stuffing-box in an 
oil-engine that proved successful for several hours 
should stand all right; it was only a question of 
material. With regard to the possible difficulties 
owing to want of access for overhauling, he con- 
sidered it feasible to build double-acting engines 
equally accessible as the ordinary steam-engine in 
ships. It was a question merely of construction, 
and a satisfactory result could, he was sure, be 
reached. He highly appreciated what the author 
of the paper and Mr. Kroos had said on separate 
pistons and crossheads on single-acting two-cycle 
engines, and on this point he was sorry that he 
could not agree with Dr. Diesel. The piston should 
be used as a piston only in the case of marine 
engines. It might fulfil the dual function of piston 
and guide in stationary engine practice, but there 
would, he thought, always be failure if the 
stationary type were utilised as a marine engine 
merely because it could be reversed. There was a 
definite difference between the marine engine and 
the reversible stationary engine. Any reversible 
engine would not do for marine purposes. 

Mr. Westgarth stated that Messrs. Carels Fréres, 
with whom his firm were working in building Diesel 
engines, had already made and run experimentally 
& single-acting single-cylinder engine of the two- 
stroke cycle of 1200 horse-power ; this engine 
promised well. He agreed generally with the con- 
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clusions that the Dicsel and other marine oil-engines 
should resemble as much as possible an ordinary 
marine steam-engine. He did not, however, con- 
cur with Mr. Milton’s proposals for the sizes of 
crank-shafts, as they seemed to penalise long 
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bearings. He further considered that the author's 
suggestions relative to the size of the scavenger 
air-pump were excessive. Mr. Milton’s arguments 
were right, but were based upon wrong premises. 
The author had presumed that there would be as 
much air used with the engine running slowly as 
when running fast. Makers were overcoming that 
and would not use so much air when running 
slowly as when on full power. 

It might be of interest if he submitted particulars 
of what was now being done by Messrs. Richard- 
sons, Westgarth, and Co. Lord Furness, in speak- 
ing to him some time ago, said that if they could 
put a reasonable proposal for an oil-engine-driven 
ship before him, he would lay down the ship 
and give the firm an order for the engines. He had 
therefore conferred with Sir Raylton Dixon, with 
a view to deciding upon the best form of ship. 
Although his first idea had been a ship of about 
1000 tons, that would be too small to convince ship- 
owners. On the other hand, the experiment with a 
6000-ton ship appeared too costly. Messrs. Dixon 
were finally commissioned to build a ship of the 
same size as several running, which, in their round 
trip, included crossing the Atlantic, to carry 3100 
to 3200 tons total dead weight—about 275 ft long. 
The ship would be like existing ones, except in 
regard to the finer lines aft, which were obtainable 
owing to the smaller diameter and faster running 
of the propeller. In the final comparison, there- 
fore, something would have to be allowed for this 
difference ; but it would have been foolish to destroy 
the experiment by adhering too slavishly to the 
idea of making the ships exact duplicates. 

The engine-room had been reduced as much as 
possible consistent with getting the 32 per cent. 
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reduction in tonnage under Board of Trade rules. 
By carrying the fuel oil largely in ballast tanks the 
usual coal bunkers could be dispensed with, and 
something like 8000 cub. ft. to 10,000 cub. ft. of 
hold capacity was gained. ‘Then there was the 
saving eifected in dead-weight carrying capacity. 
For reasons which he would explain later, the 
engines were heavy ; but, even so, nearly 100 tons 
were saved as compared with the weight of engines 
and boilers inthesteamship. The ditference in the 
weight of fuel consumed as between coal and oil 
would show a saving of nearly 9 tons per day for 
ordinary work in the trades concerned. If the 
figure were put at 8 tons»per day, as these par- 
ticular ships bunkered for twenty-five days’ steam- 
ing, some 200 tons were saved for payable cargo. 
There were therefore great advantages, provided 
they were not secured at too great a cost. As regards 
the propelling machinery, the cost of oil-engines 
would be more than the cost of the ordinary steam- 
engines for cargo-boats. 

Coming to the question of the engines, they were 
working with the English Diese) Company (Carels 
Fréres, of Ghent). Although they started, of 
course, with due consideration of the fact that they 
wanted to economise fuel and weight, they had no 
intention of doing that at the expense of reliability 
It was, therefore, decided that the engine should be 
a slow-running one and strong, and therefore rather 
heavy. Notwithstariding this;-as had been said, 
nearly 100 tons could be saved in the weight of the 
machinery. The speaker did not agree with Dr. 
Diesel that the connecting-rod top ends should be 
within the trunks, and it had been decided in this 
case that they must be outside. It was also decided 
that the engine should not have forced lubrication, 
but must be open and slow running, so that any 
sea-going engineer would see that he had prac- 
tically an ordinary marine engine with a little bit 
extra on the top, perhaps. The engine adopted 
had four cranks, was of the four-cylinder, two- 
stroke, single-acting type. It was not the most 
economical engine in weight, and certainly not 
in cost, but these considerations were put aside. 
They had finally come down to four cranks, as that 
seemed to be as many as was consistent with 
reducing the working parts. The cranks were 
made in two interchangeable pieces of two cranks 
each. All these were commercial advantages. 
The low-pressure air-pump and scavenge - pump 
were at first designed to work in line with 
the cylinders, but that plan destroyed the inter- 
changeability of the shaft. Again, the ordinar 
engineer would have pumps like those with whic 
he was familiar, so they had applied the ordinary 
system of levers with the pumps at the back of the 
engine. The compressing-pumps were divided into 
two units, so that instead of one air-pump there 
were two, each being rather larger than half capa- 
city, so that if one broke down, the ship had still a 
reasonable chance of getting home. The water- 
pumps for circulating, the usual bilge-pumps, and 
the oil-pumps, were made and worked in the usual 
way. The high-pressure compressor was one of 
Reavell’s three-stage rotary pumps, fitted on the 
forward end of the crank-shaft. There was a small 
fly-wheel, and the shafting was, of course, as 
usual; but the propeller was rather different. 
He thought the importance of the propeller effi- 
ciency, particularly with certain screws, for cargo- 
boats was not entirely grasped. Using a propeller 
of as large diameter as possible (as this was an ordi- 
nary cargo-boat), it was necessary to reduce the 
number of revolutions ; the latter were gradually 
brought down until the engine was run at only 115 
revolutions. In that way it was thought that an 
engine would be constructed which almost anyone 
could deal with. In reply to an inquiry, Mr. 
Westgarth added that the corresponding number 
of revolutions in the case of the steam-engined ships 
was eighty. 

A great deal of consideration had been given 
to the matter of auxiliaries. Naturally, it was 
desired to dispense with steam on board, and the 
tirst idea was to have a Diesel auxiliary engine to 
operate either a dynamo or an air-compressor. It 
appeared that all the auxiliary emt. fe both in 
the engine-room and on deck, could be worked either 


by compressed air or by electricity ; but on going 
further into the question difficulties arose in both 
systems. He was certain, however, that both these 
systems would ultimately be perfected. As, how- 
ever, the ship was to be an ordinary trading vessel, 
it was thought better, at first, to reduce the number 
of “experiments” on board to the minimum. It 





was therefore decided that steam should be used ' increase in the size of shaft should, as it appeared 
for the auxiliaries, the only ‘‘experiment” being to the speaker, be determined upon a higher ratio 


the main Diesel engine. The donkey boiler plant, 


necessary for working the cargo, would be divided than that of 


into two units, sothat one of the smaller donkey 
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between the bearing centres, 


boilers could be kept under steam at sea with either | Probably it would be better to devise a formula 
coal or oil—probably the latter—for the steering , having as its basis the distance between bearings 


gear, and, when necessary, for working the 
auxiliary compressor and the auxiliary pumps. The 
only other point of interest was the cost. It was 
a that the saving in engine-room staff 
would give a saving of about 10/. a month for two 
firemen. Such a ship would want three engineers, 
and three donkeymen instead of five firemen. Then 
there was the all-important question of oil supplies. 
He had made many inquiries, and was surprised to 
find at how many places in the world suitable oil 
could be got. Oil could be bought now in reason- 
able quantities, such as would be required for 
bunkering, in many ports in England ; including 
London, for 40s. or less per ton put on board ; and 
considering that there was only one-third—Dr. 
Diesel had said one-fifth or one-sixth—weight of 
oil needed as was required of coal, the cost was 
pretty muchthesame. The different oil companies 
were gradually extending their points of supply ; 
indeed, so fully awake were the companies to this 
necessity that they were quite prepared to under- 
take the supply of oil wherever it was called for in 
reasonable quantities. Undoubtedly the prudent 
shipowner should, before ordering a ship with oil- 
engines, consider very carefully his arrangements 
for getting supplies of the fuel. 

Mr. Foster King said that Mr. Milton’s paper 
was probably one of the most important of the 
papers read before the Institution that session. 
Only a few months ago the coming of the internal- 
combustion engine was regarded with great in- 
terest, mingled witha suspicion of amusement. At 
present hundreds of these engines were being made 
on the Continent for land purposes, and he knew 
that a number of large ships to be so fitted were being 
built. In this country he knew that there were 
now building four or tive boats, ranging from two 
little fishing-boats up to a 7000-ton deadweight twin- 
screw steamer, to be fitted with Diesel oil-engines. 
It might be an advantage if Mr. Milton were to 
add to his paper particulars of the method by which 
the Diesel engine had been made an effective re- 
versing internal-combustion engine. With regard 
to fuel, that, of course, was an important factor in 
the equation. Mr. Milton had referred to the 
different qualities that might be used; but it 
seemed at present, at any rate, that users should 
not contemplate anything in the engine - room 
having a lower flash-point than 150 deg. He had 
found great difficulty in getting even experts to 
state whether a lower flash - point than this 
might be used with safety. All concurred in 
thinking that in the hands of the ordinary man 
a fuel oil of a flash-point of 150 deg. could be 
used without special precautions, and that seemed 
to be what was wanted for the moment. He 
hoped that in the desire to obtain the maximum 
results from the new development in the way of 
capacity the risks of storing all the fuel in the 
double bottom, and in other places liable to external 
damage, would not be forgotten, or ships might be 
left helpless in some place where they could not get 
oil. e would suggest, therefore, the provision of 
a reserve tank, with a reasonable supply, removed 
from the skin of the ship. He did not think the 
time was yet come for laying down regulations. 
Marked ditterences of opinion were so far observable 
among those who had experi: nce in the design and 
use of the Diesel motor. 

In regard to the suggested formula for crank- 
shafts, Mr. Westgarth touched on-a point which 
appealed strongly to him. Mr. Milton’s formula 
was based on the assumption that the crank-shaft 
could be regarded as a fixed girder—fixed at the 
middle of the length of the bearing, although 
Mr. Milton had been careful not to make any 
pretence to scientific accuracy for the method. As 
a matter of fact, it could be demonstrated that a 
shaft was not, and never could be, considered fixed 
at the middle of any bearing in the mathematical 
sense of beam formule. The formula certainly 
could be adjusted to give results for certain fixed 
proportions of bearing to shaft diameter, as repre- 
sented by present practice ; but no one could tell 
how design might develop in the future. It 
might be, for instance, that the distance between 
bearings may be greatly increased in some future 
design, and to meet such a case the rate of 





rather than between their centres. 

From a practical point of view, as Mr. West- 
garth had pointed out, the formula would be a 
positive handicap to the man who wanted to fit 
big bearings, and an incentive to him who wanted 
to cut down cost and fit small bearings. Mr. 
Milton’s constants were based upon an average of 
stresses recognised as successful in steam prac- 
tice. Having regard, however, to the increased 
stresses which occur in the case of internal- 
combustion engines, and the rapid increases in 
crank-shaft diameters, when compared with steam- 
engines, he thought that every precaution should 
be taken to discover what is the highest safe stress 
that may be taken rather than to base the con- 
stants upon such an average. Mr. Milton’sTable IV: 
showed in several cases a stress of 7800 lb. per 
square inch for the combined moment, and the 
difference between the average of 7300 lb. and 
7800 lb. is important in its effect upon diameter. 
If a number of engines were running safely at 
7800 lb., why should a formula be adopted which 
was based on an average figure of 7300 lb. He 
would have thought that the argument was rather 
that, having regard to the large increase in diameter 
for oil-engines as compared with steam-engines of 
the same power, due to the conditions of the 
formula, higher stresses even than 7800 lb. would 
probably provide a sufficiently large margin of 
safety. 

Mr. E. Hall-Brown, who followed, said he thought 
the paper contained much information and much 
suggestive thought, which would be of great value 
to engineers and shipbuilders ; but, in relation to 
shipowners, he feared it might prove absolutely 
misleading, unless the discussion brought out a 
more correct estimate of the relative economy to 
be obtained from Diesel engines, as compared with 
steam-engines, for the propulsion of ordinary 
merchant ships. The author had also said that 
the chief inducement to forsake the steam-engine 
would be mainly, if not solely, the question of 
fuel economy. Before discussing that point he 
would say that he did not consider that the internal- 
combustion engine using oil possessed many advan- 
tages, for marine work, over one using gas or 
coal. That opinion might, of course, be disputed. 
Although Mr. Milton had at first stated that the 
advantages of the use of oil over coal in boiler fur- 
naces were very great, he had afterwards pointed 
out that in the ordinary cargo steamer, which had 
to seek employment all over the globe, coal was still 
a necessary fuel. He was of opinion that it was, 
in all probability, the more economical fuel from 
the point of view of cost. In the ordinary cargo 
steamer, engaged in the ordinary carrying trade, 
and having speeds of 11 knots, the mechanical efti- 
ciency of the ordinary marine engine was given by 
Mr. Milton as 85 per cent.; that, he would say, 
was a very low estimate, and he thought the figure 
need not be less than 93 per cent., or even higher. 
He had known several cases in which the efticiency 
percentage was not less than 94 per cent.; but 
93 per cent. might be taken as a fair figure. That 
made a considerable difference in the estimate of 
the cost of fuel. It brought the 1.47 lb. given by 
Mr. Milton for the steam engine down to 1.344 lb. 
The corresponding proportion was about 30 per 
cent., the Diesel engine using about 30 per cent. 
of the weight of fuel of the steam engine. It 
should be remembered that one ton of oil would 
cost 45s., while the price of coal might be any- 
thing from 10s. onwards, so that the cost of 
fuel for 1000 brake horse-power for the Diesel 
engine would be 9. 13s. 6d., whilst coal for the 
steam-engine of the same brake horse-power at 12s. 
per ton would be 8/. 12s. per day, showing a saving 
of over 21s. per day in favour of the steam-engine. 
It should not, however, be supposed that 1} lb. of 
coal per indicated horse-power was the best attain- 
able result for the marine steam-engine. If ship- 
owners were prepared to pay as much for the steam 
installation as for the Diesel installation in a cargo 
vessel of normal dimensions, he was sure that many 
engineers would be prepared to guarantee a sub- 
stantial reduction in that figure, and that, of course, 
would improve the comparison in favour of the 
steam-engine. The matter did not end there. The 
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marine engine existed to drive the propeller, and if, 
for any reason, the propeller efficiency was lower 
with the Diesel engine than with the steam-engine, 
the position of the latter would be further improved. 
This, it would seem, would invariably he the case. 
The Diesel engine must, for an ordinary cargo 
vessel, run at a higher number of revolutions than 
would correspond to the most efficient propeller. 
Few examples, however, could be cited, but taking 
the Vulcanus, mentioned in the paper (having a 
length of 196 ft, a beam of 37 ft., a draught of 
9 ft., and a displacement of 1900 tons), this vessel 
was said to have made 8.4 knots on trial with a 
Diesel engine of 550 brake horse-power running at 
130 revolutions. Put shortly, a steam-engine to do 
the same work need not be of more than 500 indi- 
cated horse-power, and 8 knots at sea would be got 
quite easily for 450 indicated horse-power, although 
this ship, being of shallow draught, was specially 
favourable for the Diesel engine. The ship was 
said to require 24 tons of oil per day, costing 
51. 12s. 6d., whereas coal for 450 indicated horse- 
power cost 31. 12s., or a saving of about 2/. per day 
on the steam-engine. On the question of lubricat- 
ing, he thought the lubricating-oil bill was a very 
substantial item in all internal-combustion engines, 
and was very much in excess of anything required 
for the steam-engine. He did not consider that the 
personnel would be found to be reduced by the use of 
the Diesel engine, in view of the large amount of auxi- 
liary machinery, althongh, of course, fewer stokers 
were required. He did not yield to anyone in 
his admiration of the Diesel engine as a piece of 
engineering. He believed it had its legitimate 
application, even in marine propulsion ; but every 
point must be considered, and the pros and cons duly 
weighed before its application in every case was 
advised as a general solution to the problem of 
marine propulsion, particularly in the case of the 
vessels with which he had been dealing. He did 
not think that at the present time the marine 
Diesel engine was a commercial proposition. 

Mr. L. Smart said the first Diesel engine put 
into a boat in this country was put into a towing 
craft, and the engine, of 35 brake horse-power, 
installation had justified the English Diesel Com- 
pany in their assertion that the engine would work 
efticiently through a wide range of revolutions per 
minute. The fuel economy came out at practically 
the figure given in Mr. Milton’s paper. That 
engine was designed to run at 260 revolutions, and 
it ran for hours quite satisfactorily at practically 
half that speed. Mr. Smart thought the saving, by 
using Diesel engines, in crew space, stokehold, 
and bunker space, especially on long voyages where 
measurement cargo was carried, would be more 
important than fuel economy. Diesel engines 
were not found to be heavier than first-class steam- 
engines and boilers in repairs and renewals. For 
instance, two Diesel engines driving on the same 
shafting, after running continuously for seven or 
eight years, during which time they had never had 
a thorough overhaul, were last year dismantled, 
and were found to be in such good condition that 
they were put together again with but very little 
work. They were each of 80 horse-power. The 
cylinders had not worn taper, but had worn oval 
by about ;;)in. They had run about 30,000 hours, 
and their fuel consumption just before being laid off 
was about 0.43 lb. per horse-power at about 80 per 
cent. load. As they were in a mill, some of the heavy 
band-saws taking 50 horse-power, their work was 
very rough. The replacements were principally of 
new valves. During the last three years they had 
aggregated for the two engines 75l. 6s., or about 
12!. 10s. per engine per annum. For overhauls 
during the same three years, including the dis- 
mantling after Seven years’ work, the cost was 1201., 
or about 201. per engine per annum. The Diesel 
engine required a class of workmanship far beyond 
that usually considered necessary in marine engine 
practice. In the installation also precautions were 
necessary, as, for instance, with regard to prevent- 
ing grit getting into the air-compressor working up 
to 800 lb. per square inch. This, if allowed, would 
cause trouble. Mr. Smart thought there was a 
great future for the Diesel engine using gas made 
from coal. This was important, for, if the Diesel 
engine became common for marine use, the price of 
suitable oil might go up. On the ordinary trade 
route from London to Japan there were somethi 
like seventeen or eighteen ports at which oil antl 
be procured, and others not far removed from the 
route. The price at many of these places worked 
out at less per unit than that of first quality coal. 





Many, if not most, of the crude oils had asphaltum 
in solution ; such oils should not be used. If the 
auxiliaries were calculated at 20 per cent. of the 
main engine requirements, he thought that the 
total fuel consumption could be brought down by 
the Diesel engines to 25 per cent. of the amount 
necessary with steam-driven engines, instead of the 
28 per cent. mentioned by Mr. Milton. While he 
thought the two-stroke Diesel engine would replace 
the four-stroke cycle engine for marine work, and 
that the double-acting two-stroke cycle engine would 
be adop‘ed, he was in favour of moving slowly at 
first. Mr. Smart proceeded to refer to the use of 
Diesel engines combined with electric propulsion, 
and pointed out some of the points of this system, 
as, for instance, the employment of multiple units. 
He was, however, reminded by the Chairman that 
this was not part of the discussion, so he concluded 
by saying that, starting with the four-stroke single- 
acting engine, the two-stroke cycle engine would 
follow, and later the two-stroke double-acting 
engine, forming steps towards the reversing engine 
direct coupled to the propellers. From seven or 
eight years’ experience of these engines he would 
hardly like to start with them to New Zealand with 
only a chance of cleaning the valves at ty Town. 
The multiple-unit system of installation, however, 
offered greater facilities for cleaning and repairs. 

Mr. A. E. Seaton inquired whether the Diesel 
engine would reverse. He understood the engine 
was noisy ; if that were so, it would be unsuitable 
for warshi and would not be pleasant for 

ssenger ships. He believed also that the Diesel 
and engine was costly in regard to wear and 
tear. The experience of many years ago with 
Penn’s trunk-engine was such as would lead to the 
avoidance of any repetition of that type. He 
doubted whether, for large sizes at least, a success- 
ful stuffing-box would ever be accomplished, and he 
also doubted whether it would ever be possible to 
do away with cooling the pistons. Experience with 
comparatively small engines was not always a guide 
as to what would happen with big ones. The single- 
acting engine with trunk was excellent for motor- 
cars, and could not be bettered for small engines ; 
with bigger sizes the experience was that indicated 
by Mr. Kroos. 

Mr. A. P. Chalkley said that Mr. Milton had 
urged that the sole aim was pure economy, but Mr. 
Westgarth had said enough in relation to saving of 
Space and increased cargo capacity to disprove this. 
The strategic value of the Diesel engine for war- 
ships was, he thought, not fully understood. At 
present Germany would be greatly handicapped in 
a naval war by the absence of coaling-stations, and 
for that reason could not take the offensive ina 
great war. As four times the radius could be 
obtained for any battleship fitted with Diesel 
engines, the adoption of this system would entirely 
do away with Germany’s disadvantage. The Diesel 
engine had been running for seventeen years, and 
might therefore be considered fairly reliable. He 
thought that all auxiliaries might be electrically 
driven. Even the steering gear was electrically 
driven on most of the Russian and United States 
battleships, and there was not much to be feared in 
that direction. With regard to ultimate saving 
from fuel, pricing coal at 14s. a ton and oil at 40s., 
the saving could, in any case, always be made out 
at 30 per cent. in actual fuel cost. Inthe Vulcanus, 
where the power was about 500 horse-power, he 
understood the saving was about 4l. per ihe. 

Mr. W. Reavell spoke on the question of auxi- 
liaries. Allusion had been made to the compressor 
made by his firm, and it might be of interest to 
state that they were then constructing a compressor 
for a ship with engines of about 2000 horse-power. 
They were also studying how compressed air could 
be efficiently used for the purpose of working deck 
machinery and steering machinery, and had erected 
an experimental plant in which the heat of the 
exhaust of the Diesel engine was used to heat the 
air for working the deck machinery. The experi- 
ments showed that while the heat was easily 
imparted to the air after compression, it was some- 
what evanescent, and unless lagging were very care- 
fully carried out, it was not easy to keep much of it 
till the air reached the machinery. 

Mr. Westgarth had stated, in relation to their 
ship, that the intention was to use steam for steer- 
ing at sea. He was interested in a Continental ship 
of larger power, and it was the intention in that 
case to go a step further, though he d that Mr. 
Westgarth was wise in trying one thing at a time. 
It was, however, the intention on the Continent to 








construct the compressors so that they would supply 
air for steering-engines, and thus, after leaving 
port, it would be possible to shut down the steam 
lant. In order to obtain data for this, Mr. 

estgarth and Sir Raylton Dixon had allowed his 
firm to make careful experiments as to the quantity 
of air needed, and the necessary pressure, for 
working an ordinary steering engine. The ship on 
which the experiments were made was of some 
8000 tons, so that the information was of service. 
Investigation showed that when the rudder was 
only moving through a few degrees, the pressure 
needed for steering engines was low, but when 
turning with the extreme angle of helm a pressure 
of 80 Ib. or 90 Ib. would have to be provided. 
With regard to the requirements on the high seas 
they had been able to make trials on a ship 
proceeding from Dover to New York. As a re- 
sult it seemed quite possible to steer at sea by 
means of air with a reasonably small compressor. 
When steam was used for deck machinery it was a 
simple matter to se in a winch of large enough 
capacity to handle the occasional large loads, 
because the steam and water supplies in the 
boiler would enable it to do the lift when 
called upon. When, however, compressed air was 
used, a compressor of a certain size must be put in, 
and if the winch were called upon to do more work 
than the compressor would enable it to do, the 
pressure fell, and the operation became exceedingly 
slow. When, therefore, a shipowner contemplated 
the purchase of a Diesel-engined ship, and was con- 
sidering the question of auxiliaries, he would need 
to go very carefully into the question of average 
rates of loads required. The use of air for dealing 
with cargo as well as steering was quite a feasible 
and good mechanical proposition. 

Sir William White said the paper and discussion 
had impressed upon him the fact that the question 
of using internal-combustion engines for ship- 
propulsion had made a remarkable advance within 
the past few years. But we were only on the 
threshold of the subject. When Mr. McKechnie’s 
ay was read in 1907, that author’s experience 

ad been restricted to an engine of 800 horse-power. 
The powers of engines mentioned in the discussion 
indicated a great advance. He felt that they were 
under a great obligation to Mr. Milton, and was 
sure that the result of the paper and the debate 
would be most profitable. 

Mr. Milton then replied to the discussion, The 
Institution, he had no doubt, felt exceedingly 
honoured by the presence of Dr. Diesel, Dr. Bruhms, 
Dr. Rieppel, ond Dr. Kroos, and by the assistance 
they had given to a consideration of the subject. 
With regard to reversibility, the Diesel engine 
could be made reversible with certainty. Being 
easily startable in any one direction, ahead or astern, 
the engines would, of course, be equally easily rever- 
sible as well as thoroughly reliable in this respect. 
He was pleased to hear Dr. Bruhms say that he had 
no trouble with stufting-boxes ; in view of his large 
experience with gas-engines, he thought Dr. Bruhms 
should be able to speak with confidence on the 
matter. In other cases experience had not been alto- 
gether favourable, and he had beentold that, although 
improved, stufting- boxes were not yet perfected. 
He was pleased also to hear Mr. Westgarth’s state- 
ment of an engine of 1200 horse-power in one cylin- 
der having been made, and Dr. Bruhms’ to the 
effect that there would be no difficulty in going to 
double that power on the crank. Such develop- 
ments promised well for the future of the Diesel 
engine for marine purposes. Mr. Westgarth had 
clearly shown that it was not the cost of fuel 
only which made an engine economical, but it 
was partly due to incidental savings, coupled 
with not having to carry so much fuel. _Keply- 
ing to a question as to whether funnels were 
necessary, Mr. Milton pointed out that they were 
of less importance on a ship that did not burn coal, 
and that the gases could be Sag rid of as in a small 
craft, without funnels. r. Foster King had 
criticised his formula for crank-shafts, and he would 
say that if Mr. Foster King were to work to the 
original conception, allowing a bending moment 
greater than that allowed for in the paper—} in- 
stead of 4—a very much bigger crank-shaft than 
was suggested in the paper would be required. 
It would not do to take an isolated case, and 
say that there was a crank-shaft running success- 
fully under great stress, and, therefore, it was safe 
to use that as a basis for the design for other engines. 
It had been publicly stated that when Maudslay 
Brothers started, years ago, a new engine in their 
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(For Description, see Page 480.) 
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works, the crank, of wrought iron, had broken. | stresses set up owing to the pitching and heaving | book, and with that he used for his own work at 
Owing to the difficulty of then getting a big wrought- ‘of ships, the method forming an extension of the! the Armstrong College. The only difference in his 


iron shaft made quickly, the firm made a cast-iron 
shaft in order to keep the engine running. That 
shaft, he understood, was not taken out, and was 
still in use up to a few years ago. That was an 
isolated case, on which it would have been unsafe 
to base subsequent practice, and he considered that 
there was a real advantage in taking the average 
of practice, especially when rules were to be for- 
mulated. In considering data supplied available 
to him he found that one firm had given him 
figures which showed very high results for all sizes. 
It would evidently not have been reasonable to 
base conclusions on those particulars alone ; he had 
obtained other results, and had assumed a mean 
between the two. 

At the conclusion of Mr. Milton’s reply the 
Chairman adjourned the meeting until after the 
interval for lunch. The announcement was also 
made that arrangements hed been made for Dr. 
Bruhms to show some lantern-slides illustrative of 
his remarks, at the evening meeting. 


Weiceut DistrRisUTION IN THE BENDING 
MomEnT oF SHIPs. 


The meeting reassembled in the afternoon at 
3 o'clock, Sir William White again being in the 
chair. The first business was the reading of the 
paper entitled ‘‘The Influence of Longitudinal 

istribution of Weight upon the Bending Moment 


of Ships among Waves,” by Mr. F. H. Alexander. 
The paper, which we propose to reprint later, dealt 
with a method for graphically representing the 





well-known system of so representing the static 
stresses only. 

Dr. S. J. P. Thearle, who opened the discussion, 
said that his attention had been mainly attracted 
by the last paragraph in the paper. He would 
point out that for years past Lloyd’s had been pre- 
pared to — special scantlings, suitable for the 
work the ship had to do, for fine-form vessels of 
limited draught. They, under suitable circum- 
stances, would admit vessels with such special con- 
structions to the 100 A1 class. 

Mr. J. Foster King, the next speaker, began by 
saying that apparently the paper was mainly 





method was that he arranged for the separation of 
the effects due to heaving and pitching, in order 
to show the results more clearly. In an example 
worked out by one of his students, it was found 
that ina 420-ft. ship with a maximum heave of 
nearly 5 ft., there was a reduction of bending 
moment of 7 per cent., as compared with the static 
bending moment. With pitching of 7} deg. the 
maximum bending moment was altered by 14 per 
cent. 

Mr. Archibald Denny said that his ideas on this 
matter were generally known, and he had found 


| vessels of fine form less stressed than full ones. He 


intended to describe a pretty way of showing | was glad Mr. Alexander had called attention to the 


dynamic forces acting on a ship in a seaway. He | matter. 


Incidentally he would suggest that in fine 


thought the last paragraph important, and suggested | vessels driven at high speeds local stresses might 
that Lloyd’s Rules related in general to fixed | come in which, in some cases, might result in inaccu- 
draught and loading rather than to special con-| rate diagnosis, so that the fine ship might not get 


ditions. He thought that if one confined him- 
self to the general conditions of practice, examples A 
and C, in the paper might be eliminated. The most 
useful comparison Hines, haere examples B and C,. 
He thought it would be useful if Mr. Alexander 
would examine some more ordinary cases on his 
method. Years ago he had disputed the idea that 
displacement should be a measure of the size of 
scantlings, and neither Lloyd’s Rules nor those of 
his own association (the British Corporation for the 
Registry of Shipping) recognised it to-day. 
Professor J. J. Welch pointed out that the 
method of analysis was not new, and was identical 
in substance with that given in Professor Biles’s 





credit for the smaller main stresses which actually 

existed in it. 
The Chairman thought that methods of analysis 

similar to those employed in the paper were of 


‘much value in dealing intelligently with the results 


of experience, but that they must not be given too 
much weight. This paper was concerned with the 
question of pitching, but he doubted if anyone who 
had ever been to sea could, for instance, quite believe 
that the angle of pitching shown in Figs. 6 and 7 in 
the paper ever existed in practice. He had been 
el er sea in the last six years, and had paid 
some attention to the question of pitching. He 
thought its amount was often exaggerated ; 5 deg. 
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the time spent on it. 
plating, he would say that Mr. Montgomerie was 
now engaged on a series of experiments, for which 
funds had been found by Lloyd’s. 

Mr. Archibald Denny also congratulated Mr. 
Montgomerie, pointing out that although he was 
now with Lloyd’s, he had originally been one of 
his staff. He thought that Lloyd’s some time ago 
had made some tests on flanged and built girders, 
which did not bear out the contentions of the 

per. There wasasmall point on which he would 
ike an explanation. Mr. Montgomerie had con- 
sidered the shearing where the bending moment 
was a maximum, but he had always understood that 
at this point there was no shearing. In reference 
to stresses in flat plates, he had made some experi- 
ments some time ago, but found it almost impos- 
sible to get consistent results. 

Mr. J. Foster King thought the paper intended 
rather to guide the younger men than to teach the 
older ones. He did not altogether like the first 
paragraph in the paper, which practically denied 
the possibility of designing a ship from first prin- 
ciples. If one adopted a similar point of view and 
definitions to those contained in the introduction to 
Professor Coker’s paper, this was no doubt true, 
but with a proper understanding of what was 
meant by first principles, the process was quite 

ssible. In the matter of columns he would ask 
if Dr. Lilly’s experiments referred to had not been 
carried out on round-ended columns. Such an 
arrangement seemed to have little application to 
ship practice. 

‘The Chairman stated that on the general princi- 
ples involved in the paper he would hke to say that 
in his belief there was much to be learnt, by mer- 
chant-ship builders, from warship practice. He 
thought in the merchant service the factors ot 
safety taken were frequently excessive. He had 
no wish to attack anyone in saying this, but thought 
warship practice was worth more attention than it 
got from those dealing with other classes of ship- 
building. One result of the light scantling used in 
some classes of warship construction was that the 
local stresses dealt with by Mr. Montgomerie 
often assumed extreme importance. 

Mr. Montgomerie, in reply, said that in refer- 
ence to the question of bending moment and 
shearing, raised by Mr. Denny, he admitted, 
of course, that on the actual edge of a plate 
there was no shearing ; but if a point quite close 
to the edge was considered, the shearing might 
be quite considerable. The part of his paper 
referring to this matter should be understood in 
this sense. In reply to Mr. Foster King, he would 
say that many of Dr. Lilly’s experiments were 
carried out on flat-ended columns, fixed at the 
ends, in as far as a column of any sort can be 
considered fixed at the ends. He would say, in 
reply to Mr. Denny, that he quite realised the 
difficulty of experimenting on flat plates, but was 
adopting methods which he hoped would at least 
eliminate some of the disturbing conditions. 

The meeting then adjourned until the evening 
at 7.30. 


ACCELERATION IN FRONT OF A PROPELLER. 


On reassembling at 7.30 r.m., Sir W. White again 
took the chair, and the proceedings commenced with 
the reading by Dr. R. EK. Froude of a paper entitled 
‘*The Acceleration in Front of a Propeller.” This 
paper was virtually a reply to one read last year 
at the spring meeting by Professor Henderson. 
Professor Henderson’s paper was entitled ‘‘Some 
Considerations Regarding the Phenomena of Pro- 
pulsion,” and was reprinted in ENGINEERING, with 
the discussion at the time.* In Professor Hender- 
son’s paper he set out the reasoning based on 
hydrodynamic theory, which convinced him that 
the precedent acceleration did not contribute to 
thrust. We reprint in full, on page 499, Dr. 
Froude’s psper, and we have appended to it, on 

ge 502, a pre 
>rofessor Henderson. 

At the close of Professor Henderson's reply, Mr. 
S. W. Barnaby was called upon by the Chairman. 
He said the position was a difficult one, as they had 
the curious position of a fundamental difference 
existing between the Admiralty at Haslar and the 
Royal Naval College at Greenwich. He might be 
slightly biassed, as he had studied under Dr. 


* See ENGINEERING, vol. Ixxxix., page 304, for Professor 
— paper; for the discussion on it, page 374, 
et seq. 


In the matter of stresses in | 


red reply made at the meeting by i 


Froude. He was glad Dr. Froude’s paper of 1889 
was again brought to light, as he thought it con- 
tained invaluable groundwork for students on this 
subject. It was difficult to deal with Professor 
Henderson’s theory ; it was very difticult to grasp, 
and had not greatly enlightened his understanding of 
the subject. The weak point in Professor Hender- 
son’s theory lay, he thought, in the fact that it 
was based on observations in which the screw did 
not advance through the water. If the screw 
did advance, many additional difficulties arose. 
Professor Henderson stated that there was a differ- 
ence between considering a propeller advancing 
through still water and the case of a fixed propeller 
in moving water. Since the motion was relative 
in both cases, he could not see why that should be 
so. The experiments suggested by Professor 
Henderson did not appeal to him as decisive. For 
instance, the propeller had a certain mass, and the 
driving propeller would continue to revolve after 
the motive power was taken off. 

The Hon. C. A. Parsons followed, remarking 
that water was not a perfect fluid, and that the 
lines of actual flow round a body such as the 
sphere Professor Henderson had chosen were 
turbulent, and could not be represented by the 
source-and-sink theory. The motion was complex. 
It would be remembered that some years ago 
Professor Hele-Shaw had given a demonstration in 
that room of the lines of flow past a rudder, and 
Mr. Dunkerley had then remarked that if those 
really represented the actual lines, the rudder 
would not turn the ship. He thought, from expe- 
riments made in a vacuum-tank, where a depression 
was easily observed, that the acceleration mostly 
appeared to be in front of the propeller. The 
whole ultimately resolved itself into a vortex 
column, with the greatest speed aft at the centre. 
He thought that the greatest contraction of the 
path would _— occur at the blades. He 
might remind members that the problems relating 
to the flow of steam from a jet were not solved by 
mathematicians who only built up a suitable theory 
after De Laval’s practical demonstrative work. 
Propeller phenomena were very complex, and, he 
thought, only soluble by experimental research. 
Mr. Hall-Brown said he differed from both Dr. 
Froude and from Professor Henderson on the sub- 
ject, and one of Mr. Parsons’ remarks encouraged 
him to state his view. It seemed to him that the 
fluid was fully accelerated before it touched the 
propeller, passed through the propeller at constant 
velocity, and lost its velocity or became decelerated 
gradually, after having ed the propeller. 
Although this appeared to involve a paradox that a 
force could act upon a mass free to move, without 
altering its velocity, this was no contradiction of 
the laws of motion, but followed from them. The 
change of velocity produced by a force was propor- 
tional to the time during which it acted, and in the 
limit when the time of action was infinitely small 
the change of velocity was nil, as was the case of 
the fluid passing through Dr. Froude’s ideal actuator. 
If this were so, the acceleration was antecedent to 
the propeller, which, nevertheless, supported on its 
driving surface a force equal to that necessary to 
produce this acceleration. This force constituted 
the thrust. This would alter the equations given 
in the appendix to Dr. Froude’s paper. For 


instance, T becomes equal to 25. and not Qs. 
g g 


which introduced similar changes throughout. 

Dr. Froude, in summing up, said that as they 
had to consider the future equally with the pre- 
sent, he would send in his full reply in writing. 
He also thought that as his paper was a criticism 
of that of Professor Henderson’s of last year, it 
was only just that the latter should have the last 
word. He was content to let others judge between 
them. He thought that Professor Henderson had 
— to definite conceptions, which became 
indefinite when applied to some of these points. 
There was to some extent, for instance, the ques- 
tion of virtual mass in the propeller stream which 
came in in connection with all large bodies started 
or brought to rest. There were differences of 
condition. In the case of a body moving through 
a fluid there was no change of energy involved, 
whereas in the propeller stream the whole con- 
dition was a continual creation of energy, and 
therefore the moment the propeller pease, He 


ceased, the creation of energy would cease ; and 





though the fluid would continue to flow, it would 
_ 800n lose its character. 


He did not think Professor 





Henderson’s suggested experiments would be con- 
clusive until it was definitely recognised what they 
were expected to demonstrate. 

The Chairman, in closing the discussion and 
moving votes of thanks to Dr. Froude and also to 
Professor Henderson, suggested that as the question 
was a mathematical one, Sir George Greenhill 
should be invited to contribute something upon it 
to the Proceedings. This was heartily approved. 

At the close of this paper Dr. Bruhms showed on 
the screen a large number of lantern-slides which 
were illustrative of his remarks made at the morn- 
ing meeting, when Mr. J. T. Milton’s paper on 
‘* Diesel Engines ” was read. 


Srresses in Screw-Prore.ter Babes. 


For the last paper the chair was taken by Mr. 
A. F. Yarrow, who called upon Lieut.-Engineer 
A. Turner, R.N., to read his paper entitled ‘‘ An 
Investigation into the Stresses of a Screw-Propeller 
Blade.” In this paper Lieutenant Turner took 
blades of arbitrary dimensions for the purpose of 
deducing comparisons as to sections. Combining 
the centres of thrust and transverse force, and 
using a coeflicient of propulsion of 0.7, he calcu- 
lated out the tensile and compressive stresses in 
the roots of the blades, showing that the compres- 
sive stresses were by far the more important. The 
stresses set up by direct radial centrifugal pull 
were next considered as affected by different types of 
blades, and in conclusion the author suggested that 
it was a question whether throwing back the tip 
of the blade in fast-running turbine propellers 
might not advantageously be dispensed with, and 
that actually throwing it forward instead might 
prove to be beneficial. 

The discussion on this paper was not very lengthy. 
Mr. C. E. Stromeyer opened it, remarking that he 
could not follow whether the twisting of the blade 
had been taken into account by the author. The 
centre of pressure on the blade was not far from 
the leading edge, with the result that compound 
stresses were set up. On this subject Guest’s work 
was all we had to go upon; but while materials 
like mild steel appeared to follow Guest’s law, hard 
steels, cast-iron, and other materials did not seem 
to conform to it altogether. Nothing on this 
subject was known with regard to bronzes. 

Mr. C. H. Wingfield said he was glad of the 
opportunity of drawing attention to the fact that 
makers of propellers nearly always gave the tensile 
strength of the material they used for propellers 
when describing its qualities. What, he thought, 
should be given instead was the transverse strength, 
as all propellers were subject to bending. Mr. J. 
Hamilton said he thought that the author’s con- 
clusions were, to some extent, vitiated by the 
fact that, after following what was presumably the 
exact method of Mr. Taylor, he had selected an 
arbitrary coeflicient of propulsion. If the centres 
of thrust and transverse pressure were so close as 
the author concluded, he thought the usual practice 
of taking them as acting at two-thirds radius from 
the centre was good enough. It would be interest- 
ing if there were known cases of weak blades to 
make comparisons by this method, so as to find out 
what was a safe stress. Usually weak blades failed 
altogether. 

Lieutenant Turner, in reply, said that accord- 
ing to Mr. Taylor’s recent work the compressive 
stresses were all that it was necessary to take into 
account. He thought his coefticient a fair one. 
The meeting then adjourned till 11.30 on Friday 
morning, the 7th inst. 

(To be continued.) 





RESULTS OF TRIALS OF THE ANTI- 
ROLLING TANKS AT SEA.* 
By Herr H. Fraum, Member. 

GENERAL OBSERVATIONS ON ANTI-ROLLING TANKs. 

ANTI-ROLLING tanks have been develo by the author 
in the shipbuilding yard of Messrs. Blohm and Voss, 
Hamburg, during the last few years. In explanation of 
the action of the anti-rolling device, some general remarks 
on their nature will be useful. ; 

The idea of employing free water, placed in the hull, 
for damping the rolling motions is not new. In the old 
ironclad Tnilexible, a parallel-sided athwartship chamber, 
Ee filled with water, was intended for this purpose. 

ir Philip Watts in 1883-5 read before this Institution 
papers describing very thoroughly the experiments and 
results obtained with these water-chambers. 

The experiments with the Inflexible, which proved the 


* Paper read before the Institution of Naval Architects, 
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efficiency of these tanks, took place in the Mediterranean, 
off Alexandria, but to our knowledge the trials have not 
been repeated ; apparently it was impossible to master 
the water, rushing freely from side to side in the tank. 
Besides, the latter, which extended right across the ship, 
occupying a full deck’s height, required too much room, 
which could not be spared from other purposes. After 
these trials water-chambers do not seem to have been 
made use of for any length of time. 

The present device avoids the disadvantage of having 
such a big tank, while it is at the same time far more 
efficient against rolling. This result has been obtained 
by the most careful a of the laws of resonance, 
the great importance of which, in engineering generally, 
is recognised more and more every day. 

Under the effects of destuanen, bodies that can oscillate 
about a condition of equilibrium are made to swing 
severely under comparatively small impulses, as soon as 
the period of oscillation of the impulse is synchronous 
with the individual periods of the respective bodies. The 
phases of oscillation of the body and of the impulse are 
deferred by 90 deg.* 

A ship constitutes a body of this kind, as she will 
oscillate under the impulse of the waves. As is well 
known, a ship will roll almost exactly in the periods of 
her individual oscillations. This has been proved by 
practical observations at sea, and is confirmed by the 
diagrams given on page 479, which were recorded on 
on. Vpieenae and Corcovado, as well as by experiments 
on models mp ee of which are given in the A ppendix). 
It can thus be shown that a ship will roll in her individual 
number of oscillations, even if the impulse be more or 
less irregular. 

Large heeling amplitudes can only be produced on a 
ship if she is struck by a series of comparatively regular 
waves, and struck in the measure of her individual num- 
ber of oscillations. Under such circumstances the influ- 
ence of resonance will be promptly felt, and there will be 
an increase of the angle of heeling from wave to wave. 
All large rolling amplitudes observed in practical seafaring 
are due merely to the influence of resonance between wave 
and vessel. On this fact the present device has been 
based. It utilises a secondary and artificial resonance in 
order to annihilate the influence of the primary resonance 
between waves and ship. his secondary resonance is 
introduced by means of a U-shaped tank, located athwart- 
ship and extending from side to side, in which a water 
column can oscillate with the same nuwwber of swings per 
minute that are uliar to the ship herself. The tank 
is designed in the form of a communicating tube (see 
Fig. 8, page 482), and consists of two vertical parts § at 
both nF a, and a connecting part H. The water fills the 
latter entirely, and about one-half of the vertical tanks. 
The individual number of oscillations of the water column 
thus enclosed will, of course, depend upon the dimensions 
of the whole tank, and it will, therefore, be the designer’s 
task to calculate them accordingly.t 

According to the law of resonance, the phases of the 
impulse of waves and ship are deferred by 90 deg., that 
is to say, the ship lags a quarter of her full period behind 
the wave, or, in other words, the ship arrives at the heel- 
ing climax a quarter of a period later than the wave in 
its advancing movement arrives at its maximum “~~ 
towards the ship. The same law naturally applies to the 
rolling of the ship, and the oscillating movements of the 
tank water produced by the former. Also, in this instance, 
the phases are deferred by 90 deg., and the tank water 
will reach its highest or lowest level in the vertical parts 
a quarter of a period later than the greatest heeling of 
the ship to one side or the other. 

Consequently there results a total difference between 
the impulse of the waves and the oscillations of the tank 
water of 90 deg. + 90 deg. = 180 deg., and the latter will 
act just in the opposite direction to the impulse of the 
waves. Thus the ship will heel only as far as the water, 
under the action of secondary resonance, rises or falls in 
the vertical tanks to such an extent that the heeling 
moment imparted to the ship by the waves is balanced by 
the opposite turning moment, produced by the oscillations 
of the water. The increment of heeling, from impulse to 
a in a free ship, cannot take place now, and the 
rolling motions will be limited to such as will be sufficient 
to produce the necessary oscillations of the tank water in 
accordance with the foregoing explanation. 

It may here be pointed out that Sir Philip Watts had 
already found out that the damping efficiency of his 
water-chambers was, at its best, at a certain depth of 
water, t.¢., a depth sufficient for producing a wave moving 
from side to side in the same time as the ship performs 
half a heeling motion. 

In his device the principle of resonance also existed, 
but this fact was not discerned or stated at that time, 
this being reserved to the present invention. In the 
earlier device a free wave was breaking from side to side 
in an open chamber, while in the present instance a 
homageneets water-column is encl in a well-dimen- 
sioned tank, where it performs steady and uniform move- 
ments, which at any moment can be controlled by blocking 
the connections. 

A great advan of this invention is that only a 
comparatively small connecting is required, 
whereas the earlier water-chambers wholly occupied the 
space from side to side to the full deck’s height. 

Professor Biles improved upon the open water- 
chamber (especially for ships of slow period) by narrowing 
the bulkheads of the chamber, thus leaving the tank 


* This law can be demonstrated with a special appar- 
atus based on the well-known double pendulum. 

+ The effect of this device, and principally the influence 
of the secondary resonance, can be explaimed with this 
experimental apparatus by simply adding a third pen- 

ulum. 





TABLE I.—Generat Conpitions or STasiLity or “ 





| | | 


tank, and without 














ete 
|1. Without water in the anti-rolling| 





Corcovano” puRING TRIALS OF ANTI-RoLLiIne TANKS. 





[s Anti-rolling tanks filled 
and partly filled com- 


2. Without water in the 
anti-rolling tanks, the 


taking into) partly filled compart-| 








| | consideration the free water in| | mg of the double 
Date. | — | Draught. od the jw J filled compartments of —. ME FR ttom taken into con- 
iment. | the double bottom. | po ee~ Beary sideration. 
e Se ehLw S = ae 
} | | 
| | | [MK.|GKjMG] Bj) t'2 |MGO| BR] & | 2 ime} R | t | 2 
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M = Transverse metacentre. G = Centre of gravity. 
t = Duration of a single period in seconds. 


somewhat narrower in the centre of the ship. But the 
free-water surface remained, and consequently it was 
impossible to keep the water under control, nor was it 
possible to arrive at the efficiency which is obtained with 
the — arrangement. 

The author has to thank Sir William White and Sir 
Philip Watts for informing him that the first proposal for 
the Inflexible was somewhat different. It was intended 
to arrange a cross connection between the cofferdams, out 
of which the cork filling was to be withdrawn and replaced 
by water. The cork, stored in other parts of the ship, 
was only to be replaced on the declaration of war, but 
this proposal was not agreed to, as it was considered that 
the replacing of the cork would take too much time, and 
the water-chamber, as already described, was adopted 
instead. 

Although this proposal was somewhat similar in appear- 
ance to the present device, it must be stated that the 
fundamental reason of the great efficiency of the new 
anti-rolling tank, viz., the effect of resonance between the 
enclosed water-column and the ship’s oscillations, and 
the phase difference of about 90 deg., were not discerned 
at that time, and, consequently, could not be made use of. 

The connection between the upper parts of the ver- 
tical tanks is provided with a throttling apparatus (D) 
which is of great importance to the present invention. 
It serves first of all to stop the movement of the water by 
simply blocking the connection. Besides, the air passing 
through the upper connection, in accordance with the 
rising or falling of the water in the vertical tanks, can be 
more or less throttled in order to adjust the oscillations 
of the water to the condition of the sea. 


EXPERIMENTS ON ss. “* YPIRANGA” AND ‘‘CORCOVADO.’ 


The first experiments to be referred to took place on 
the passenger steamers Ypiranga and Corcovado. These 
ships, although new and of excellent construction, and 
fitted with bilge keels 1 ft. in depth over two-thirds ot 
their length, were said to be bad rollers, and, therefore, 
made excellent subjects of trial. 

The principal data of both vessels, which have been 
built as sister ships, are as follows :— 


Length between perpendiculars 447 ft. 
Extreme b: th ai RB 55 ft. 
Loaded draught ... ade 25 ft 5 in. 
Loaded displacement ... 14,100 tons. 
Speed en io 13 knots. 


The arrangement of the tanks is shown in Figs. 1, 2, 3 
(page 478). There are two sets of anti-rolling tanks, one 
fore and one aft, placed at the ition of the masts 
between the existing loading hatches on the uppermost 
deck. Each set consists of two tanks, of 9 ft. height and 
10 ft. athwartship breadth, placed close to the shell- 
plating, with a lower connection of 1 ft. 6 in. height, 
carried over the deck aot Ra, 2). The length of each 
basin in the ship’s longitudinal axis is 25 ft. The upper 
parts of the side tanks are connected by a flying brid 
in order to get the n space for the location of the 
winches, which hitherto had been placed on the continuous 
deck. Below this bridge are placed the air connections 
of the tanks, provided with valves for throttling or 
entirely cutting off the connection, which will regulate or 
stop the motion of the tank water. 

‘or better guidance of the water, rushing in and out 
of the tanks in a seaway, special guide plates have been 
provided. The tanks are filled by the wash-deck pump, 
and discharge directly outside through a foot valve. In 
the middle of the lower connection a water-gauge is 
arranged. The total quantity of water in each tank is 
94 tons. 

The first ex pepe benee made of tees end of wash, 
1910, during t t outward trip of the Ypiranga, after 
she had been fitted with the entodiing tanks. Duri 





The Value of the Different Letters is as follows _ 





K = Upper edge of keel. 


R = Radius of gyration. 
z = Double oscillations per minute. 


prominent nautical and technical experts who went out 
in her to Lisbon, the damping effect of the anti-rolli 
tanks, although the sea was not very rough, was saoved 
in the Gulf of Biscay and off the north coast of Spain. 
It was therefore resolved to have her sister-ship, Corco- 
vado, also fitted with anti-rolling tanks. 

During the experiments the rolling motions of the ship 
with the tank partly out and partly in action were re- 
corded by means of a specially arranged recording pen- 
dulum. 

In the course of last summer the experiments were 
continued on the Ypiranga, as well ason the Corcovado, 
during their regular voyages between Hamburg and Buenos 
Aires or Mexico, under many different conditions of sea ; 
some characteristic fom are given in Fig. 4 (page 479 
for the Ypiranga, and Fig. 5 for the Corcovado, an 
the excellent damping efficiency of the anti-rolling tanks 
was confirmed in every way. In special cases heeling 
angles of 11 deg. to either side were reduced through the 
action of the anti-rolling tanks toonly 2 deg. to 24 deg. It 
was stated that the influence of the —y teem tankson the 
health of the passengers was very favourable, and that 
these ships, which previously been unsteady and much 

iven to rolling, had become, through the addition of this 
Seven, uiet, comfortable vessels. 

Though both ships had occasionally met with bad seas 
on their first voyage, the anti-rolling device had still to 
be experimented with during really heavy weather. 
Ample occasion for this was afforded last winter during 
the heavy gales in the Atlantic. The Corcovado, on her 
tenth trip, met with very rough weather in the middle of 
the Atlantic. The di ms of December 12, 1910, are 
shown in Fig. 7, 9. 

The curves, which were continuously recorded from 
11.30 a.m. to 5.55 p.m., and which are partly reproduced 
in Fig. 7, show, for the undamped ship, rolling angles 
ranging up to 18 deg. on each side of the vertical. At noon 
first the fore tank was set free, and immediately a regular 
decrease of the rolling was experienced. The aft tank, 
hitherto empty, was filled up during the next few hours, 
and put into action at 3.52 p.m., and from that very 
moment the ship showed an extraordinary regularity in 
her movements. The greatest heeling angles were scarcely 
more than 3 deg. to 4 deg., and further diagrams, the 
recording of which was continued to the next port, showed 
exactly the same result. 

From the diagram it is obvious that under the then 
existing conditions of sea and weather, one tank by itself 
had a favourable influence on the ship, but could not 
entirely damp her rolling. 

For immediate comparison it ought to have been 
possible to suddenly block both tanks at the same time, 
in order to obtain diagrams of the unquenched rolling 
under the same conditions ; but during the heavy weather 
this could not be allowed by the captain on account of 
the passengers. The general conditions of stability of the 
Corcovado during this voyage, and especially during 
- experiments just mentioned, are shown in Table L., 
above. 

The Ypiranga on her outward trip to Mexico (Decem- 
ber 7, 1910) also met with exceedingly heavy seas and a 
strong gale in the Bay of Biscay. yor een taken under 
these conditions from 11.20 p.m. to 12.25 a.m. is shown in 
Fig. 6, page 479, but only the curves with both tanks in 
action have been recorded; the average heeling angles 
range from 4 deg. to 5 deg., and only occasionally some- 
what wider ranges are to found. In this case, also, 
consideration for the Dy comfort and the ship’s 
safety did not admit of blocking the tanks for immediate 
—e. Thus the undamped motion of the ship 
could not be recorded, but it was supposed by the leading 
men on board that without the damping action of the 
anti-rolling tanks she would have rolled to more than 
25 deg. on either side. 

During the homeward trip of the 


and under 





this voyage, and in the presence of quite a number o 
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slightly easier conditions in the middle of the 
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experiments were made, on January 20, 1911, with the 
aft tank alone. The corresponding diagram recorded 
from 4.35 to 5.40 p.m. is shown in Fig. 6, second row. 

From 4.50 to 5.24 p.m. the tank was blocked, with the 
result that during this time the heeling angles increased 
to a maximum of 18 deg., whereas with only one tank in 
action a maximum of but 7 deg. was recorded. Thesecond 
tank had, unfortunately, to undergo some small repairs, 
and could not therefore be used to complete the experi- 
ments. 

The conditions of stability of the Ypiranga, both for 
outward and homeward voyage, are shown in Table II. 
on the preceding page, 

The data obtained during the experiments lead to the 
general conclusion that the anti-rolling tanks added on 
the ss. Ypiranga and Corcovado have fully done their 
duty under very different conditions of weather and 
sea, a8 well as of loading. Under she average and more 
favourable conditions, which are usual, the efficiency of 
the anti-rolling tanks is absolute, inasmuch as all rolling 
motions are almost entirely damped. But they have also 
undoubtedly a very favourable influence under the worst 
conditions. It is a fact that on both ships, since the 
anti-rolling tanks had been added, safety-boards, which 
had always to be used before, are now no longer A 
even with the weather and sea at their worst. Moreover, 
the passengers, during the frequent experiments with the 
tanks out of action, urged to have them put on again, 
which speaks strongly in their favour. 


When in full action these tanks exert a turning moment 
of 2790 foot-tons, thus counteracting wave-impulses of 








equal turning moment. This figure is of great import- 
ance for judging the whole problem, as it throws some 
light on the power required for effectually damping the 
rolling of a ship like those mentioned. In order to obtain 
equal efficiency, the same power ought also to be exerted 
by any other anti-rolling device—e.g., the [age 
but it is doubtful if it will be possible to develop the 
latter sufficiently. 

Experiments with anti-rolling tanks have been also 
made on other ships, details of which may be seen 
in last year’s Transactions of the Schiffbautechnische 
Gesellschaft, which include a paper on this subject read 
by the author.* Further experiments are to be le, as 
= a number of shipowners (Hamburg-Amerika Line, 

lamburg-South American Line, German East African 
Line, Woormann Line) are having their new passenger 
ships fitted with these tanks. + 

e first of these vessels, the ss. General (13,620 tons 
loaded displacement), of the German East African Line, 
has now been completed ; she started on her maiden tri 
to East Africa at the inning of March. She is fitt 
with a tank, as shown in Fig. 10, above, and has met with 











* See ENGINEERING, vol. xc., page 832. : 

+ In England also this question is being followed with 
the greatest interest, and negotiations are ——_ 
with some of the largest firms with a view to fitting su 
tanks in vessels under construction, and in existing 
ones, The Hamburg-Amerika line have decided to fit 
the system to their existing Atlantic liners and excursion 
steamers, 








SECTION A.A. 


device proved 
highly satisfactory.* As a rule, all ships fit with 
anti-rolling tanks are also fitted with a recording pen- 
dulum, in order to collect data, which will furnish 
additional records of interest. 


On THE Location oF ANTI-ROLLING TANKS. 

The practical location of the tanks is determined by 
various considerations. As they only exert a turning 
moment round the longitudinal axis, theoretically it will 
be of no importance whether they are placed amidships, 
fore, or aft. Practically the —? position will always 
be preferred, because this is the broadest part of the 
vessel, and, besides, the yawing of the ship—#.c., the 
lateral sheering under the impetus of cross-seas—is less 
felt here. 


a storm, during which the anti-rollin 





* According to detailed reports, the ss. General met 
with strong winds and a heavy sea in the Bay of Biscay on 
March 8 and 9, 1911, which made her roll 14 deg. on either 
side, when the tanks were out of action. The following 
experiments were then made :—First the smaller (fore) 
tank was put in, with the result that the heeling angles 
were at once reduced by 7 deg. or 8deg. Then the larger 
(aft) tank was also put in action, and the rolling was 
reduced to 3 deg. in either direction. By blocking the 
latter tank the rolling amplitudes rose again to 5 deg., 
and, with both out of action, 14 deg. The 
diagrams recorded during these experiments will be pub- 
lished in next week’s issue with the discussion on this 
paper. 
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BATTLESHIP WITH ANTI-ROLLING TANKS. 


Fig. 12. 


Fig.11 BATTLESHIP OF 


(2200 c) 


These sheering motions may possibly diminish the 
efficiency ef the tanks by accelerating the movement of 
the water contained in the cross-connection ; but this is 
only likely to happen in stiff vessels with a high period 
of frequency, which consequently requires the cross-com- 
munication to be rather wide. normal vessels—t.e., 
not too stiff—the tanks may as well be placed fore and aft. 
Instead of only one big tank, twoor more smaller ones 
may be employed and placed in different parts of the ship. 

As to height above load water-line, no general rules can 
be established. The best efficiency will be obtained by 
Paw the cross-connection above the centre of gravity. 

n this case the hydrodynamical action of the water in 
the connection will increase the statical action of the 
side tanks; on the other hand, it would be quite possible 
to place the connection below that centre, if the tanks 
ean be enlarged accordingly. This increase in size will 
be small in ships with slow periods, but more important 
in stiff vessels with comparatively short periods. 

It will now be shown by someexamples how the tanks, the 
dimensions of which should be calculated according to the 
rulesgiven in the author’s paper, published in the Journal of 
the Shiffbautechnische Gesellschaft, 1911, are to be locat 
in the ship. Fig. 9, on the opposite page, is a section 
and part of the profile of a very large passenger and ca: 
steamer of 51,000 tons, in which the tank is located in the 
middle of the ship, somewhat above the load water-line, 
and occupies a space hardly available for other purposes. 
The wing tanks are 16 ft. 5in. broad, and are carried 
through two decks. The cross-connection is 2ft. high, 
and placed below the lower deck. Special guide-plates 
are arranged to check the flow of water rushing in and out. 
The cross-connection has also been furnished with vertical 
guide-plates, in order to proportion the section of the 
water to the values obtained by calculation. It will be 
noted that the size of the tanks, although designed for 
the high damping characteristic of 3.2 deg.,* is of prac- 
tically no importance compared to the size of the ship. 





_ * A definition of the “damping characteristic ” is given 
in the author’s paper referred to above. 
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ANTI-ROLLING TANKS 


DISPLACEMENT. 





In Fig. 10, on the opposite page, the arrangement of 
the anti-rolling tank on board the German East-African 
liner General is shown. The feeding and discharging 
arrangements, as well as the air-throttling valves, are 
operated from the fore stokehold. 

Figs. 11 and 12 (above) show the arrangements for 
an anti-rolling tank on a modern 25,600-ton battleship, 
which has been designed for a foreign government. The 
design of the tank is on a damping characteristic of 
2deg. From Fig. 11, showing a cross-section of the ship, 
it will be seen that the tank follows the double bottom, 
the latter being carried up to the armour deck. The 
cross-connection is 1 ft. 10 in. high, and graded into the 
wing tanks, the latter being each 6 ft. 5 in. wide. Between 
the inner skin of the side tanks and the longitudinal 
torpedo bulkhead an accessible ——- of 2 ft. 7 in. width 
is left. The air connection is located between the deck- 
beams below the armour-deck. The throttling apparatus, 
in the form of a valve, can be actuated from the centre- 


line 7 
: Where t stresses are to be expected, such as when 
docking the ship, the cross connection has been stiffened 


ted | by special cast-steel pieces. The frictional resistance of 


these stiffeners, as shown by experiments made for the 
pu , is so insignificant that these additions in no way 
prejudice the action of the tank. The latter, in its longi- 
tudinal direction, has been divided in four compartments, 
each fitted with separate feeding and discharge-va] ves and 
separate air connections. The total length of the tanks 
is 834 ft., which appears rather large, ut it has to be 
borne in mind that in this instance the wing-tanks could 
be given a breadth of only 6 ft. 5 in. 
(To be continued.) 





THE TWELFTH INTERNATIONAL 
NAVIGATION CONGRESS. 
Tue International Association of eg Congresses 
will hold its twelfth meeting at Philadelphia, U.S.A., in 
the spring of 1912, under the auspices of the United States 


Government. In view of the fact that this Congress is 


\afford 


‘now comprises over 1600 








held for the first time in an English-speaking country, 
and is likely to be largely attended by British repre- 
sentatives, it may be of interest to describe briefly the 
objects and ure of the Co: 

ts object is to promote the progress of inland and mari- 
time navigation by an oy its members informed of the 
most recent experiénce in the construction of great public 
works. Itis the outgrowth of Congresses on Inland and 
Maritime Navigation which were held in Brussels in 
1885, and in subsequent years in Vienna, Frankfort, 
Paris, and in other capitals. 

The work of the pus will, as usual, be divided 
into two sections; one dealing with Inland Navigation, 
and the other with Ocean Navigation. In the first section 
the discussions will bear upon the improvement of rivers 
by regulation and dredging, the dimensions to be assigned 
to canals for heavy traffic, methods of freightage between 
waterways and railways, recent applications of reinforced 
concrete to hydraulic works, measures for improving and 
developing lines of inland navigation, the protection of 
banks, and the use of vessels and motors in the naviga- 
tion of shallow rivers. 

In the section which deals with ocean navigation, the 
discussion will cover the means of docking and repairing 
vessels, the dimensions to be assigned to maritime 
and the probable dimensions of sea-going vessels of the 
future, also the mechanical equipment of ports, dredging 
and removing of rock under water, application of rein- 
forced concrete to breakwaters, bridges and channels over 
and under waterways, and the protection of navigation 
by buoys and lightships. 

The procedure of the Congress is to draw up an agenda 
of the most pertinent subjects to be discussed, and to 
appoint a reviewer for each subject in each country, 
whose mission it is to report upon the recent practice in 
his country on that particular subject. The reports from 
the different countries on one subject are then submitted 
to a general reviewer (in this case an American, since the 
Congress is to be held in America), who will review these 
reports in such a form that their conclusions and recom- 
mendations may be suitably submitted in a summarised 
manner before the Congress at its deliberations. 

This procedure ensures that each question is thoroughly 
thrashed out, and that the publications issued after the 
meeting, which are distributed to all the members of the 
Association, contain the most up-to-date information. 
One of the most important questions, for instance, which 
can be discussed by such a body at this moment is the 
advisability of limiting the maximum artificial depth of 
rivers and harbours to accommodate international com- 
merce, and to keep down the size of the modern leviathan. 
The relations between these two are of intense interest, 
and it is only by the opportunities which the 
of an exchange of international views on such 
quéstions that a solution satisfactory to all parties may 
be arrived at. 

The Association of Navigation Congresses has been in 
existence since 1884, and has held meetings in all the big 
States of Europe. This is the first time that the Con- 
gress crosses the herring-pond, and the proceedings which 
are to be held in an glish-speaking country should 
appeal particularly to British engineers. The iation 

; ae pe members, and is 
supported officially by 37 foreign governments and 358 
institutions and corporate bodies. The subscription of 
permanent members is the nominal one of 8s. per annum, 
and the mass of literature that is distributed to 
each member, as well as the privileges that he enjoys in 
facilities for attending the Congresses, more than repay 
this small contribution. It is proposed to charter a 
special steamer to a the delegates to America, and 
further particulars of this proposal will be available 
shortly. Itis not too much to say that the papers and 
decisions of these Congresses have had a very powerful 
influence on the development of the great seaports and 
systems of inland navigation in Europe. It is to be 
hoped that British engineers will take advantage of the 
forthcoming Congress to become permanent members of 
the Association. Further particulars can be obtained 
from the English representative, Mr. L. Serraillier, 
Queen Anne’s bers, Westminster, London, 
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MALLET COMPOUND LOCOMOTIVES FOR 
THE ST. LOUIS AND SAN FRANCISCO 
RAILWAY. 


THe American Locomotive Company have recently 
turned out from their Schenectady works seven large 
Mallet compound locomotives for the so-called Frisco 
lines, five being put into service on the Kansas City, 
Fort Scott, and Memphis Railway, and two on the St. 
Louis and San Francisco Rai . These engines are 
typical of the effect of a movement which has affected 
very many of the systems in the North American 
continent. Although in some cases the big-train-load 
principle can be pushed too far, it is undoubtedly 
true that, in certain services, traffic is facilitated by 
the employment of exceptionally large locomotives on 
difficult sections, in order that the traffic may be got 
through in a reasonable time, and a constant flow of 
adequate volume thus maintained. The engine, of 
which we give a general view in Fig. 1, Plate XXIX., 
with this week’s issue, weighs with its tender, in work- 
ing order, about 253.3 tons. The design is not by any 
means as heavy or as powerful as the large Atchison, 
Topeka, and Santa Fé engines, with the same wheel 
arrangement, of which we gave a description on 
page 276, vol. Ixxxix., of ENGINEERING. The Santa Fé 
engines weigh with tender, in working order, 312.5 tons, 
and are designed to give greater tractive power. It 
should be pointed out, however, that of the difference 
in weight of these two locomotives, the greater part is 
accounted for by the exceedingly large tenders adopted 
for the Santa Fé Mallet engines. The locomotives 
themselves differ in weight by a little less than 
20 tons. 

The locomotives we now illustrate are intended for 
pusher service, and they are designed to handle loads 
of 1950 tons on a 1.5 per cent. grade at a speed of 
5 miles per hour, and 1600 tons at 10 miles per hour. 
The maximum grade on which they will operate will 
be 2.3 per cent., and they have been built to handle 
working loads on this grade of 1230 tons at 5 miles 
per hour, and 1000 tons at 10 miles per hour. These 
are the first locomotives of this wheel arrangement 
built by the American Locomotive Company. 

As usual in these engines, the high-pressure cylinders 
are on the main frame, and drive the back group of 
coupled wheels, while the low-pressure cylinders are 
on the front truck. The general arrangement of the loco- 
motive is clearly shown in Fig. 2, Plate XXIX., while 
Plate X XX. shows a number of cross-sections taken at 
different places. In Fig. 3 of this latter plate is given 
a half end elevation, while Fig. 4 gives a section 
through the cab. Fig. 5 is a half section through the 
fire-box looking forward, though details are not shown. 
The corresponding half section, Fig. 6, is one taken in 
a plane further along the barrel, but behind the steam- 
dome. The next figures, 7 and 8, show the high-pres- 
sure cylinders and saddle. It will be noticed that 
these are made in two castings, of which the joint is 
on one side of the centre line, so as to obtain good 
flange-joints, &c., for the necessary connections to the 
low-pressure cylinders, &c. Fig. 9 is a little further 
forward, and shows one of the cross-stays and slides 

rovided for the articulated frame and boiler, while 
Fig. 10 shows another slide further forward, and, in 
fact, just at the back of the smoke-box, and the spring 
controlling gear for returning the articulated truck to 
its central position. Fig. 11 shows a section through 
the articulated frame, while Fig. 12 gives a half-front 
elevation. The engine has a two-wheeled truck at the 
leading and trailing ends. The articulation is arranged 
with one hinge-joint only. 

Details are given of the boiler in Figs. 13 to 19. 
From the longitudinal section it will be seen that the 
fire-box is provided with a large combustion-chamber, 
which is shown in cross-view and section in Figs. 16 
and 18. Figs. 14, 15, and 16 give a good idea of the 
shape of the fire-box and shell. Fig. 17 shows an 
intermediate tube-plate, which is placed 5ft. 84 in. 
back of the smoke-box tube-plate. The feed-water is 
poured into this space through a fitting on the top of 
the barrel (see Figs. 1 and 2), and a shoot, shown in 
Fig. 13 and also in Fig. 1, carries the feed forward 
and allows it to fall through the steam space into this 
front section of the boiler. 

The new arrangement adopted for the steam-pipes 
from the dome to the high-pressure cylinder is hows 
in Figs. 2, 6, and 20. These pipes are in two sections, 
one being inside the boiler anc connecting to a T-head, 
to which the regulator is fixed. The other section is 
outside the boiler and is carried forward to the high- 
pressure steam-chest. The use of the combustion- 
chamber allows space between the tubes and shell for 
these pipes. The outside pipe is of copper, with an 
elbow at either end and ball-joints. The fittings allow 
of the outside pipe being removed without disturb. 
ing the inner. This arrangement obviates the need 
of a steam dome of cast steel of the special design 
necessary where the pipes are carried outside the 
boiler. The pipes no longer interfere with the driver's 
view—a point of some importance where this is alread 


sufficiently obstructed by the large boilers of suc 
locomotives as these. 








The principal dimensions and particulars of these 
locomotives are as follow :— 


ine : 
Cylinders: high-pressure... md 


4 in. diameter 
low-pressure ... 39 in, ¥ 


Stroke... aoe me saa 30 in. 
Valves: high-pressure, ty at Piston 
” ” o” diameter 14 in. 
+ je wa travel ... a 
” oe ee 1,, 
” * a exhaust-lap +; ,, 
” ” ” lead +e ro ” 
», low-pressure, type ... —— rted 
ide 
* ” travel ... 6 in. 
pe ‘ a oy 4 Bs 
a is »  exhaust-lap 5 ,, 
” ” ” lead tee 2? 
Wheels: driving ; ty ... 57 in, diameter 
a truck =~ ie ... 30 in. a 
Boiler : first ring, outside diameter... 6 ft. 98 in. 
Fire-box : len oe Nad — = m 
= width - -_ unt ge Ke 
on thickness of crown roe 2 in. 
me thickness of tube-sheet ... “~ 
* thickness of side-sheet ... i 
a thickness of back-sheet ... ae 
” water-spaces wae wae S 
‘i staying (crown) ... Fos Radial 
Tubes (charcoal iron): numbe rz 342 
»» diameter ae fe fe 2} in. 
» length ... 24 ft. 
»» thickness 11 B.W.G. 
Heating surface : tubes a ... 4817.1 sq. ft. 
re fire-box ... —— 0 ||US 
ee arch tubes zd RO . 
Total ... —  #e 
Grate area - 75.4 4, 
Working pressure... aa 200 Ib. p. sq. in. 
Wheel-base, driving and rigid 15 ft. 6 in. 
a tal engine OF si Be 
Weight in working order 186.5 tons 
» on drivers pee ml 160.6 ,, 
Smoke-stack : diameter ins 18 in. 
i height above rail 15 ft. 9,5; in. 
Tender : 
Frame . 13-in. channels 


Wheels, diameter 


ad in. 
Water capacity... .. 8000 U.S. gals. 
Fuel capacity ... 10 tons 
Engine and Tender : 
Wheel-base, total a 85 ft. 6} in. 
Weight in working order 253.3 tons 





NUREMBERG MARINE OIL-ENGINE. 
Amoncst the Continental engineering firms who are 
more prominently identified with the recent develop- 
ment of the marine oil-engine is the Maschinenfabrik 
Augsburg-Niirnberg A.G., of Nuremberg, and interest 
will therefore be taken in the two engravings of one 
of the later type of engines squatent on page 486 of 
this issue. As is now almost universally the case, the 
Nuremberg Company have adopted the well-known 
Diesel principle of combustion under constant pres- 
sure, and they have built quite a number of marine 
motors on this principle, not only of the single-acting, 
but of the double-acting type. The total power of 
engines made, or being made, by them now reaches 
about 30,000 horse-power, of which 11,000 are on the 
double-acting two-stage system, the remainder being 
of the single-acting type, the great majority light- 
weight —- for the propulsion of submarines and 
other small craft. The characteristic of the light 
—_— is high revolving speed. Thus the rate of re- 
volution ranges, according to power, from 600 per 
minute in the case of a 150-horse-power engine, the 
anticipation being that, in the case of the 2000-horse- 
power engine, the revolutions will be 300 per minute. 
The makers claim that with this light engine the 
weight can be reduced to 35 lb. per brake horse- 
power, or to 40 lb. per brake horse-power for the 
smaller powers. This weight includes the auxili 
machinery and apparatus, such as water and = 
pumps, fuel-pumps, air-pumps, coolers and filters for 
air, oil and water, and the entire reversing apparatus, 
with compressed-air reservoirs. In the heavy- 
weight engines the revolutions for 150 horse-power are 
350, ranging up to 185 revolutions for ‘ brake- 
horse-power units. These are, as a rule, 6-cylinder 
engines, and the weight, it is claimed, is equal to 
88 lb. per brake horse-power. In this case it is stated 
that a lower consumption is ible, the rate suggested 
by the firm being about 4lb. per brake horse-power 
r hour, using oil of a specific gravity of 0.85 to 
.95, a flash-point between 120 deg. and 300 deg. Fahr., 
and of a calorific value of 18,000 B.Th.U. per pound. 
The illustrations which we reproduce on 
show the heavy-weight type of engine, one of which 
has been installed in a tug-boat, another in an oil- 
tank ship in the Caspian Sea, while two more have 
been built for propelling a French sailing-ship during 
calms. The engine illustrated is of brake horse- 
wer when making 300 revolutions per minute, and 
is of the single-acting two-cycle type. As is now 





generally the practice, special provision is made for 
scaven air in order to facilitate the cleaning out of 
the cylinder preparatory to the admission of the new 
charge of air. In most of the engines now made this 
pump is an independent cylinder, driven by a separate 
crank or by an eccentric from the main shaft. The 
Nuremberg Company, however, have an extension of 
the lower end of each main cylinder, but of increased 
diameter, to serve as an air cylinder, the piston to fit 
this air-cylinder being connected to the ordinary 
piston-rod. The scavenging air is compressed in these 
cylinders to 6lb. or 71b. above atmosphere. It is 
discharged from the cylinder into a pipe extending 
fore and aft and common to all the main cylinders, to 
which it is admitted near the end of each working 
stroke. 

The mechanism for working the valves differs from 
that in most other engines. ‘The valves are, of course, 
on the top, and are worked from a cam-shaft, which 
serves both for ahead and astern motion. The dif- 
ferent relative positions, however, are arranged with 
the assistance of a spiral cam in a vertical shaft con- 
necting the crank-shaft with the cam-shaft. This 
spiral cam is in the form of a sleeve, threaded on the 
inside and square on the outside. When this sleeve is 
moved endwise the inner threading turns the cam-shaft 
into a new position for the driving of the engine in the 
opposite direction. Compressed air is used for starting 
the engine from rest, and also for the few revolutions 
necessary when the engine is to be reversed. The 
—. of course, is that common to all reversing 

Jiesel engines. The pumps for supplying this com- 
“gg air for reversing are independent, and driven 

a separate oil-engine. The high-pressure air—at 
about Ib. per sq. in.—is stored in ‘* bottles,” and is 
used also for spraying the oil through the valve into 
the cylinder, when the air within the cylinder has 
been compressed to about 500 Ib. per sq. in. 

The ‘gluten, of course, are water-jacketed in the 
usual way ; but a distinctive feature of the Nuremberg 
engine is that the oil used for lubricating the working 
parts, including the piston, is also utilised for cooling 
the top of the piston in the working cylinder, a cooler 
being included in the forced lubricating system. 
One end of the piston oil-pipe is screwed through 
oo ; the other end slides telescopically into the 
fixed pipe, which is connected to the oil-well in the 
crank-case. 

The Nuremberg Company are taking up also the 
construction of the double-acting direct reversible 
two-cycle engine, and the first engine, of 1000 horse- 
power at 130 revolutions per minute, will be subjected 
to tests in the course of a few months. In this case 
the valves, on the top and bottom of the cylinder, the 
piston glands and the piston-rod, as well as the piston, 
are oil-cooled. Provided the results are satisfactory, 
two sets of this type of engine will be installed in a 
twin-screw cargo-steamer which is being built by 
Messrs. Blohm and Voss, of Hamburg, Each of these 
twin engines is to be of 1000 brake horse-power when 
running at 130 revolutions per minute. The first set 
is that now built for trial by the Nuremberg Company, 
and the other set will be built from the same designs, 
by Messrs. Blohm and Voss. A second vessel has been 
ordered from Messrs. Blohm and Voss. This ship, 
which is of 9000 tons gross register, is for the Ham- 
burg-Amerika Line, ont will be fitted with two engines 
of the Nuremberg design, each developing 1500 brake 
horse-power at 120 revolutions. It is anticipated by 
the Nuremberg Company that the fuel consumption 
of these engines, including auxiliaries, will be about 
0.5 1b. per brake horse-power per hour, while the weight 
and space saved will be about 40 to 50 per cent. of that 

uired for a steam-engine plant of the same power. 
The auxiliaries of both vessels will be worked by 
electricity generated by oil-engines of the single-acting 
type. The compressed air necessary for spraying the 
oil and for reversing the engines is to be supplied by 
separately-installed compressors driven by oil-engines. 








New Copper - Mines.—Deposits of copper ore have 
been discovered on the Vestmanna Islands, south of 
Iceland. The deposits are understood to be of consider- 
able magnitude, but they have not yet been thoroughly 
examined. 





Tue InstiruTion or Civit Eneingers: Students’ 
Meegtincs.—At the Students’ Meeting, held at the Insti- 
tution at 8p.m. on Friday, the 8th instant, Mr. E. P. 
Hill, M.Inst.C.E., in the chair, Mr. E. E. Farrant, 
Stud. Inst. C.E., read a paper on “Retaining Walls.” 
The author described the various theories in common use 
for the determination of earth pressures, and, with the aid 
of lantern-slides, described several works that had actually 
been carried out, calling attention to the various features 
which had been embodied in their design to meet the 


486 | conditions under which they were required toact. Messrs. 


Meade, Freeman, Hutt, Reid, Reynolds, Brims, Taplin, 
Clark, Hart, gpd ager took part in the discussion 
following the ing of the paper. The chairman, 


remarking on the great differences in the values found for 
the earth pressure by the use of various formule, stated 
that for this reason it was usually found desirable in 
practice to construct walls on lines somewhat heavier thar 
those indicated by the theory to be necessary. 
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NOTES FROM SOUTH YORKSHIRE. 

D, Tuesday. 
at Hull during 
last month amounted to 523,152 tons, which compares 
with 441,381 tons in February last, and 504,624 tons in 


HEFFIEL 
Hull Coal Returns.—The coal dealt with 


March of last year. The foreign export accounted for 
205,700 tons, and London and the home ports for 90,940 
tons. The quantity sent abroad showed a decrease of 


20,000 tons, but there was an increase of 12,000 tons to | h 


the home ports. The falling off in the takings of Holland 
and Germany, together with the late opening of the 
Baltic ports, is responsible for the decreased exports. 
Throughout the quarter Germany and Holland have been 
taking considera ly less fuel, but there have fortunately 
been other outletsfor the supply. It is very notable that 
the total on the three months is ahead of that for the first 
quarter of 1910. At that time special circumstances were 
benefiting the local collieries, and the trade done was of 
preenon: | proportions. The figures are 1,490,460 tons u 
to March this year, and 1,471,984 tons in the correspond- 
ing period last year. There have been important increases 
of output at several of the collieries, but the Denaby and 
Cadeby collieries, with the largest output, have not 
reached their own figure for March, 1910. 


South Yorkshire Coal Trade.—The hard-coal market 
has been a little more satisfactory on account of an im- 
sroved demand for shipment and a larger call for 
industrial purposes. This latter increase in supplies is, of 
course, due to the Easter holidays. When the shipping 
season gets fully ——— coal-owners are — ty higher 
prices. Several of the Continental buyers have deferred 
contracts in the hope of reductions, but it is not expected 
they will obtain them. There are considerable deliveries 
of gas coal on contract account, best slacks are selling 
well, and coking smalls are in good demand. As was 
anticipated, the cold weather sent up the demand for 
house coal, though the milder spell, which commenced the 
other day, will oy — the market again this 
week end. Collieries have nm dealing with a steady 
inquiry, and business at dépéts has been brisker. The 
most active inquiries are for best qualities, inferior 
sorts being offered at considerable reductions. The posi- 
tion at pits is very good, considering the advanced state 
of the season, and prices generally are firm. Latest 
ae quotations are:— Best branch hand - picked, 
13s. 6d. to 14s. 6d. ; Barnsley best Silkstone, 12s. to 13s.; 
Silkstone, 10s. to 11s.; Derbyshire brights, 11s. to 12s.; 
Yorkshire hards, 9s. to 10s. 6d.; Derbyshire hards, 8s. to 
9s.; washed nuts, 7s. 9d. to 8s. 9d.; rough slacks, 5s. 3d. to 
7s.; best seconds, 3s. 6d. to 4s. 9d.; smalls, 1s. to 2s. 3d. 


Tron and Steel.—Recent expectations, so far as the iron 
market is concerned, have not been realised. Buyers and 
sellers have got into such a position that nothing is likely 
to be done whilst they raintain their present attitudes. 
Something was hoped for as a result of the quarterly 
meeting at Birmingham, but things are, if anything, 
worse than before. ny makers of pig iron say that at 
existing prices they have difficulty in producing at a profit, 
and generally the depression in the market is widespread. 
The recent revision of prices has not tempted consumers 
into the market, and producers have declined to make 
further reductions. At the moment hematite prices (dis- 
trict delivered) are:—West Coast, 79s. 6d. to 8ls.; 
East Coast, 72s. 6d. to 73s. The common iron quota- 
tions are :—Lincolnshire, No. 3 foundry, 52s.; forge, 51s. ; 
Derbyshire No. 3, 52s.; forge, 51s. r-iron makers are 
working in a state of uncertainty as to future orders, and 
the quotation of 6/. 15s. is to be continued. Some of the 
steelmakers are not taking so freely of raw material, but 
otherwise the steel industries still wear their flourishing 
—— There is no question that the home trade, on the 
lighter side, at any rate, is making considerable progress, 
and its development has made up for some increase in 
exports. So far as foreign business is concerned, the 
demand for all kinds of high-speed steel specialities 1s one 
of the most notable features. In the heavy branches, 
excluding armaments, where present and prospective work 
ensures no slackness for months to come, the position is 
not quite so satisfactory. The required quantity of work 
is not forthcoming on engineering account. Shipbuilders, 
however, are making considerable demands, so that con- 
ditions are uneven and varying. In the lighter trades, 
again, makers of files, machine-knives, and all kinds of 
tools are very busy. There isa big demand from Australia 
and America for sheep-shears. 





DIAGRAMS OF THE PROPORTIONING OF REINFORCED 
ConoreTs.—Messrs. E. and F. N. Spon, Limited, have 
just published a series of diagrams a by Mr. 
J. A. mee tay A.M.I. Mech. E., by which the labour 
necessary in fixing the proportions of ferro-concrete beams 
is greatly reduced and the risk of errors minimised. 
Beams and columns in this system of construction being 
commonly monolithic, the ends are more or less fixed, thus 
reducing the maximum bending moment at the centre of 
the beams. The degree of fixation which can be relied 
upon varies in practice within wide limits, but Mr. 
Davenport gives a diagram . which the maximum 
moments can be obtained by little more than simple 
scaling, whatever the degree of rigidity at the ends of 
the beam companion di allows the shearing 
forces, which have to be taken by the stirrups, to be esti- 
mated with — facility. The remaining diagrams— 
sixteen in number—are, in principle, graphs of the equa- 
tions given in the report of the Royal Institute of British 


Architects. They enable the stresses taken by the steel and 
concrete respectively to be determined with t facility 
whatever the 

crete. An explana 
grams, and contains 
price of the set is 5s, 


mtage of steel embedded in the con- 
pamphlet is issued with the dia- 
ull direetions for their use: The 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MrppiEsBrovcH,. Tuesday. 

The Cleveland Iron Trade.—There is a decidedly better 
tone in the market so far as Cleveland pig is concerned. 
Buyers of that commodity are once more coming for- 
ward, and values are stiffening. This is partly accounted 
for by the better news to hand from America, where pig 
as been advanced by 25 cents, and the heavier deliveries. 
Another strengthening influence is the intimation that 
Messrs. Bell Brothers, Limited, are about to blow out for 
repairs a furnace at their Clarence works, which will 
leave the firm with seven of their eleven furnaces in 
blast. The reduced production by a furnace 


ing on steadily for some time. Up to 47s. 44d. 
is week been named for early f.o.b. delivery 
of No. 3 g.m.b. Cleveland pig iron, and some fairly 
sales have been recorded at 47s. 3d. No. 1 is 50s. 9d. to 
51s.; No. 4 foundry and No. 4 —— 9d. to 46s. 104d. ; 
and moti and white iron, 46s. 3d. to 46s. 44d.—all for 
early delivery. Unsatisfactory accounts continue to be 
iven of the hematite branch of the staple industry. 
usiness is practically at a standstill, and quotations are 
steadily falling. Mixed numbers are now being pressed 
on the market by both makers and merchants at 63s. for 
a delivery. Foreign ore is still idle. Nominally 
market rates are based on 22s. 6d. ex-ship for best Rubio, 
but it is understood that buying could done on 1s. to 
ls. 6d. easier terms. Coke was slightly firmer, owing to 
a little extra demand for local use over the holidays, but 
average blast-furnace kinds were not more than 15s. 3d. 
delivered here. 


Manufactured Iron and Steel.—There is nothing new 
of moment to report concerning the manufactured iron 
and stee] industries. New orders are very scarce, and in 
some branches contracts are being well worked off, but in 
several departments there is still a lot of work on hand. 
Common iron bars are 7/.; best bars, 7/. 7s. 6d.; best best 
bars, 7/. 15s.; packing iron, 5/. 15s.; iron ship-plates, 
6l. 12s. 6d.; iron ay te 7l.; iron ship-rivets, 7/. 5s. 
to 7/. 7s. 6d.; iron boiler-plates, 7/. 7s. 6d.; steel bars, 
6l. 5s.; steel yk ee 6l. 15s.; steel ship-angles, 
6l. 7s. 6d.; steel boiler-plates, 7/. 10s.; cast-iron railway 
chairs, 3/. 12s. 6d.; light iron rails, 6/. 10s.; heavy steel 
rails, 5/. 12s. 6d.; steel railway sleepers, 6/. 10s., and 
galvanised corrugated sheets, 10/. 15s.—sheets less the 
usual 4 per cent. f.o.b., railway material net at works, 
and all other descriptions less 24 per cent. 


Trade Statistics.—The quarterly returns of the Middles- 
brough Chamber of Commerce just issued show that, at 
the end of March, of 79 blast-furnaces within the port of 
Middlesbrough 57 were in operation, and produced during 
the first three months of the ne 600,000 tons of pig iron, 
400,600 tons of which was Cleveland iron and 200,000 
tons hematite, spiegel, basic, and other special irons. For 
the previous quarter the total output was 590,000 tons, 
and for the first quarter of last year the make was 540,000 
tons. Imports of foreign ore into Middlesbrough during 
the first three months of the year reached 549,742 tons, as 
compared with 444,493 tons for the previous three months, 
and 590,232 tons aye | the first quarter of last year. The 
total value of goods other than coal and coke exported to 
foreign and colonial destinations from Middlesbrough 
during the first quarter of the year was 2,103,218/.—an 
increase of 290,379/. as compared with the corresponding 
period a year ago. 

Cleveland Miners’ Wages.—At a meeting of the Cleve- 
land ironstone mine owners and miners’ representatives 
held this week, Sir Hugh Bell, Bart., presiding, the 

uestion of wages for the ensuing quarter were discussed. 

aving regard to the recent ascertainment of the price 
of pig-iron, the mine owners considered they were entitled 
to a reduction of 1.10 per cent. in w: and it was 
understood the miners’ representatives should place the 
owners’ claims before the miners and meet the employers 
again on the 24th inst. 


been 
has t 





TRANSVAAL MINERAL OvTPUT AND LaBour STaTISTICs 
FOR JANUARY, 1911.—The following are the particulars of 
the output of minerals, and the number of workers em- 
ployed in the Transvaal mines, during the first month of 
this year :— 

















Labour. 
Whites. Coloured. Total 
No. in No. in No. in 
Service. Service. Service. 
Witwatersrand 

Gold area .. .. 24,608 185,250 209.858 
mines Other districts. . 959 9,960 10,919 
Total gold mines 25,567 195,210 220,777 
Coal mines... os és 610 9,159 9,669 
Diamond mines 766 10,626 11,392 
Base mineral mines .. bs 258 2,852 3,110 

Miscellaneous works and con- 
cerns .. es oe 281 2,518 2,799 
Grand total 27,382 220,365 247,747 

Output. 
Fine Value. 
Ounces, £ 
Witwatersrand area 623,346.354 2,647,808 
G Other districts 24,892.410 105,735 
old Ftc a De 
Total .. 648, 238.764 2,758,543 
Silver .. s nn 860. 7,906 
Tons 

Coal .. e ee - -. 839,162 82,928 
Base minerals, other than coal .. _ 47,840 
Total value 2,892,217 


The output of diamonds is published half-yearly only. 


going | and sm 10s. 6d. to 11s. 
out should check the increase to stocks which has | large 








NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has been rather irregular. 
There have been moderate arrivals of tonnage, but not 
sufficient to. meet the necessities of the case, and as a 
result of this thete has been no improvement in the 
demand for large coal for prompt shipment. Forward 
values, however, have been upheld. firmer conditions being 
ag yy after the holidays. The best | has made 
17s. 3d. to 17s. 6d. per ton ; ordinary qualities have ranged 
between 15s. 3d. and 15s. 9d. ; best bunker smalls, 10s. to 
10s, 6d.; and cargo smalls 9s. to 9s. 3d. ton. In the 
house coal trade the best ordinary qualities have made 
14s. 6d. to 16s. 6d. ; No. 3 Rhondda 17s. to 17s. 6d.: 
per ton. No. 2 Rhondda 
has quoted at 12s. 6d. to 13s.; and smalls at 
8s. to 8s. 6d. per ton. Foundry coke has brought 19s. to 
2is., and furnace ditto, 16s. 6d. to 17s. 6d. per ton. As 
regards iron ore, Rubio has made 21s. 6d. to 22s. per ton, 
upon a basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 


Electrical Energy in Wales.—The past year showed a 
further expansion in the business of the South Wales 
Electrical Power Distribution Company, several new 
colliery undertakings, the pits of which are being sunk, 
having been connected. e sales effected in the Tre- 
torest and Cwmbran areas in 1907 were 8,777,420 units ; 
in 1910 the corresponding sales were 11,548,253 units. 
The marked improvement observable was attained not- 
withstanding that the figures for 1907 included 2,990,570 
units supplied to consumers who later on put down their 
own generating _— and ceased to take supplies from 
the company. The cost of production by unit was re- 
duced last year to the extent of about 45 per cent. as 
compared with 1907. Two large and important colliery 
companies have decided to take electrical energy from 
the South Wales Distribution undertaking, viz., the 
Rhymney Iron Company, Limited, and the Newport 
Abercarn Black-Vein Steam-Coal Company, Limited. 


Swansea.—The monthly meeting of the Swansea Har- 
bour Trustees was held on Monday, Sir G. Thomas in 
the chair. It was stated that the trade of the port 
during the past month had been, on the whole, satisfac- 
tory, although the te tonnage had fallen off 10,000 
tons. The imports showed an advance of 18 per cent. 
There was, however, a decrease of 5000 tons in the imports 
of iron ore ; this —_ yy to be mee for by a 
large importation of stee s. As is the exports, 
there had been a falling off of 13,000 tons in cok Galen 
and patent fuel; the shipments of tin-plates and gal- 
vanised plates had been very satisfactory. The executive 
committee recommended certain alterations and addi- 
tions to workshops at a cost of between 600/. and 700/., 
and that a granolithic fioor should be laid at the new 
transit shed at the King’s dock. 


Dowlais.—The Goat Mill has been en on heavy 
steel rails, tin bar, and steel sleepers. The Big Mill has 
not been working regularly. The collieries have been 


well employed. 








AGRICULTURAL MAacHINERY.—Our exports of agricul- 
tural machinery this year has shown a satisfactory activity, 
the value having amounted in March to 103.8602, as com- 
pared with 77,765/. in March, 1910, and 57,6142. in March, 
1909, while in the first quarter of this year an aggregate 
of 232,530/. was ehtsincl, as compared with 151,910/. and 
139,445/. in the corresponding period of the two previous 
years. 





BaLpwin Locomorives.—The turnover of the Baldwin 
Locomotive Works for 1910 was 29,057,998 dols., and the 
rough profit realised for the year was 3,360,725 dols., 
increased by miscellaneous sources of revenue to 4,368,503 
dols., and decreased by miscellaneous charges, taxes, 
ream | &c., to 2,516,680 dols. The amount dis- 
tributed in dividends for the year was 1,026,000 dols., a 
— of 1,490,680 dols. being carried to the credit of 





Our Locomotive Exports.—A fairly good start has 
been made this year by our locomotive export trade so 
far as a comparison with 1910 is concerned ; but the 
ground lost last year has not been fully recovered. The 
value of the engines sent abroad in March was 169,439/., 
as compared with 163,717/. in March, 1910, and 334,657/. 
in March, 1909; and in the three months ending Marvh 31, 
this year, 499,206/., as compared with 457,468/. in the 
first quarter of 1910, and 764,339/. in the first quarter of 
1909. 





Tue GrAncesperc Mininc Company. — The large 
Griingesberg Mining Company, in Sweden, had a very 
?. year in 1910, the net profits amounting to 15,300,000 

r. (850,000/.), against 7.259.856 kr. (403,325/.) in the 

revious year, and 8,988,896 kr. (499,383/.) in 1908. 

ere was carried forward from the previous year about 
2,000,000 kr. (111,111/.), so that the available sum is 
17,300,000 kr. (961,111/.), out of which it is pro to 
pay a dividend of 18 kr. (1/.) per share, which will absorb 
13,608,000 kr. (756, 0007. ). 


Our Raits Asproap.—There has been a moderate rally 
in our rail exports this year, but the decline which 
occurred in the earlier months of 1910, as compared with 
the corresponding period of 1909, has been by no means 
fully recovered. The shipments for March were only 
30,483 tons, as com with 40,808 tons in March, 1910, 
and 63,447 tons in March, 1909; but in the three months 
ending March 31, this year, rails were despatched from 
the Uni Kingdom to the extent of 116,988 tons, as 
compared with 110,259 tons in the first quarter of 1910, 
and 144,378 tons in the first quarter of 1909. 
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SURFACE COMBUSTION AND ITS 
INDUSTRIAL APPLICATIONS. 

Nearty 100 years have elapsed since Davy dis- 
covered the phenomenon of flameless combustion, 
and it has long been general knowledge that if 
under certain conditions a combustible gas is 
allowed to play on heated surfaces, it will continue 
to burn on this surface, although no visible flame is 
produced. Many have been the attempts to make 
use of this principle of combustion industrially, but 
hitherto practical difficulties have invariably super- 
vened. This, however, was for long the case also 
with various other catalytic reactions, which have 
ultimately secured an established position in the 
manufacture of such commodities as sulphuric acid. 
There is thus sufficient precedent on which to base 
the hope that the phenomena of surface combustion 
may be on the _— of finding many industrial 
applications, as the result mainly of the researches 

of which Professor Bone, of Leeds, gave an extremely 
atenationn description in lectures delivered at the 
Royal Institution on the afternoons of March 30 
and April 6 last. 

Surface combustion is a phenomenon due to the 
accelerating influence which hot surfaces exert upon 
chemical changes in gaseous systems. Thus mix- 
tures of hydrogen and oxygen (electrolytic gas) 
appear inert at ordinary temperatures and pres- 
sures ; but when the temperature is raised ae 
450 deg. Cent., the formation of steam can, Pro- 
fessor Bone says, be detected after the lapse of a 
few days, though the rate at which energy is set 
free by this combination is insufficient to raise the 
temperature of the mixture. When the temperature 
of the enclosure is raised to about 550 deg. Cent., 
self-heating begins, and the rate of combustion 
is rapidly accelerated until the ignition point is 
reached. Combination or combustion can thus occur 
homogeneously under two sets of conditions—slowly 
without flame, and rapidly with flame. If, however, 
the gases at a temperature below that required 
for rapid combustion—say at 450 deg. Cent.—are 
in contact with a porous material of large surface, 
the gas burns on this surface. At his lecture Pro- 
fessor Bone showed this with the aid of two glass 
tubes, both containing electrolytic gas, and heated 
in an electric furnace up to 420 deg. Cent. ; the 
one tube was packed with fireclay, the other not ; 
and pressure-gauges connected to the two tubes 
showed that combination of the gases took place 
only in the first tube. 

The easiest way of showing the phenomenon is per- 
haps, however, that adopted by Professor Bone in 
another experiment, in which a platinum crucible was 
heated in the flame of a Méker gas-burner, the flame 
turned out, and the gas turned on again a moment 
later, when the already dark crucible begins to glow 
again. In another equally well-known experiment a 
spiral of platinum wire is kept glowing by being 
Somiell in a beaker partly filed with methylated 
— Investigating these _ roblems, Dulong and 

énard, and simultaneously Débereiner, observed, 
in 1823, that the metals of the platinum group were 
not the only substances which would sustain com- 
bustion in this way ; all substances did it—platinum 
below 100 deg. Cent., gold and silver at 150 deg. 
and 250 deg. Cent., pon ass, rock-crystals, &c., at 
350 deg. Cent. Débereiner invented his famous 
hydrogen torch in the course of these researches ; 
a jet of hydrogen (generated from zinc and acid) 
was ignited when playing upon the spongy platinum 
contained in a cu pon the jet. The automatic 
gas-lighters, which have had repeated trials of late 

ears, are, of course, based on 4 similar principle. 
ébereiner considered that the platinum absor 
oxygen from the air, and acted, Sadctonn, as carrier 


504 -¥ the oxygen ; while Fusinieri oo that it was 


he hydrogen which was condensed the spongy 
Seities and rendered active. The latter view was 
supported by William Henry (1825) and Thomas 





roved that, in contact with platinum, 

urned preferentially to hydrocarbons 
a aod when the suppl of oxygen was defective. 
It was now known, Professor Bone explained, that 
this was the be ry of what occurs in explosive 
combustion, ere the h bon burns much 
more rapidly than the hydrogen. The causes of 
surface combustion became the subject of a cele- 
brated controversy between Faraday and De la Rive 
in 1834. Faraday maintained that hot solids con- 
densed both oxygen and hydrogen at the surface, 
thus producing a condition on the surface layer 
comparable to that of high pressure ; whilst De la 
Rive believed in a series of rapidly-alternating oxi- 
dations and reductions of the solhy iy material. 
This view, we may add, gr Been to 
explain the efficiency of the pe ee: gas- 
mantle, but it is not an easy one to accept. 

Passing on to a review of modern work, Professor 
Bone, who was assisted by Mr. ®. Hartley, one of 
his collaborators, first showed that the accelerated 
rate of surface combustion extended to higher 
temperatures. In a very interesting experiment, he 
let the gas-flame play upon nickel gauze, asbestos, 
and fragments of firebrick until they glowed a dark 
red ; he then blew so much air into the gas-flame 
that it roared and was extinguished ; but flameless 
combustion supervened, and the materials men- 
tioned became white-hot. 

The advantage of surface combustion lies in the 
fact that the energy is largely liberated in the form 
of radiation. As is now realised, the efficiency of 
the fire-box surface of a boiler is largely due to 
the fact that the walls are heated by radiation, 
and have not to pick up their heat from a badly- 
conducting layer of gas. 

Frederick Siemens was, perhaps, the first to 
impress the importance of radiation on engineers ; 
but he did not recognise the importance of hot 
surfaces, which, on the contrary, he thought would 
not only hinder combustion, but promote dissocia- 
tion. To demonstrate the fallacy of this, Professor 
Bone, at his lecture, passed a mixture of gas and 
air through a diaphragm of very porous fireclay (so 
porous that one could blow through it) ' in. thick, 
under a pressure of ,4 in. of water ; the surface, 
he pointed out, became red-hot without any appear- 
ance of flame. 

In some further experiments ordinary combustion 
tubes were packed with the material, of which the 
surface influence was to be investigated (platinum, 
copper, nickel, gold —active at low temperatures ; 
oxides of iron, nickel, cobalt—active at 200 to 
220 deg. Cent.; magnesia and fireclay—active at 
440 deg. Cent., and others), and charged with 
mixtures of hydrogen and oxygen, of carbon mon- 
oxide and oxygen, and other gases in various pro- 
portions. The tube was kept at constant tempera- 
ture, and formed part of a closed circuit in which 
the gases were kept in circulation at constant rate 
by the aid of a Sprengel pump. It was evident 
that combination was occurring within the system, 
but not uniformly throughout the circuit, but 
alinost wholly at the surface of the active materials. 
The surface in short seemed to be ‘activating ” 
the gases in some way—perbhaps by an ionisation 
of the gas—and the actual rate of combination at 
the surface was almost infinitely great in compari- 
son with the rate of diffusion of the gases to the 
surface of the combustion and away from it. Nernst, 
the lecturer said, considered reactions in hetero- 
geneous systems as analogous to the phenomena 
accompanying the dissolution of salt in water, and 
on that theory the velocity of surface combustion 
would depend merely upon diffusion factors. This 
view, however, ignores the activation of the gases by 
the surface, and it has not been borne out by the 
experiments conducted at Leeds. 

is activation of the gas would seem, from 
Professor Bone’s experiments, to play a principal 
part in the phenomena in question. The rate of 
combustion is apparently — to the jal 
pressure of the combustible gas, but not to that of 
the oxygen needed for combustion. This ap 
to be connected with the fact that, as Professor 
Bone’s measurements show, treating a surface with 
hydrogen increases its catalysing power, whilst a 
similar treatment with oxygen diminishes it. Thus} 
denoting on a certain scale the normal catalysing; 
power of a — surface by 0.430, then stimula~ 
tion by hy en was found to increase this figure! 
to 0.515, Whilst a similar treatment with oxygen ' 
lowered it to 0.305. 

That the surface is itself affected has been proved 
by microscopic examination of the silver gauze used 
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in some of the experiments. Before the treatment 
the threads of silver show a bright, smooth surface ; 
whilst after it they have a highly frosted and almost 
blistered appearance. Moreover, when absorbing 
hydrogen, silver (and gold) becomes negatively 
charged ; but when absorbing oxygen, positively 
charged. Further, it 2 en that during the actual 
combustion the metal also becomes negatively 
charged, and there must hence be some interaction 
between the gas and the surface. That the old view 
of alternating oxidations and reductions cannot be 
upheld Professor Bone has proved by the behaviour 
of nickel oxide and copper oxide when used as contact 
materials for electrolytic gas. In the case of copper- 
oxide at 200 deg. Cent., the hydrogen of a mixture 
of (2 H, + N,) disappears very much faster than 
the hydrogen of electrolytic gas (2H, + O,); 
with the latter, indeed, there is strong evidence 
of the formation of a protective layer of oxygen on 
the surface of the oxide, which thus altogether 
escapes any local reduction by the hydrogen. Again, 
when hydrogen and oletine hydrocarbons are —~ 
over freshly-reduced and finely-divided nickel, they 
are completely converted into paraftins at 150 deg. 
Cent., this being a very low temperature for this 
reaction ; nitro-benzene is similarly reduced to 
aniline, whilst one volume of CO and three volumes 
of H into steam and methane at 250 deg. 
Cent. This extraordinary activation realised with 
the aid of nickel has been utilised industrially. 

A very remarkable feature of the phenomenon 
is that the presence of moisture tends to check the 
combustion, whilst, as is well known, the presence 
of a certain amount of moisture promotes, and is, 
indeed, actually essential to, combustion as we ordi- 
dinarily know it. 

Perhaps, however, the most striking of Professor 
Bone’s experiments, and those giving the most 
promise of important industrial developments, were 
those exhibited in the second of his two lectures 

Here the active surfaces were those of artificial 
slabs having a very porous texture and composed 
of fireclay crushed to pass a }-in. mesh and to be 
retained by a mesh of ,y in. This material is 
mixed with a fine meal of felspar, moistened with 
water, dried, and baked ina kiln, Such diaphragms, 
Professor Boue said, can be easily made up to 2 ft. 
square and 31n. thick, and stood many months’ 
work without becoming clogged, provided the gas 
was dust-free. These slabs are so porous that it is 
easy to blow through one 1 in. thick. 

Fig. 1 shows how one of these diaphragms is 

mounted so as to form the cover of a feed-chamber, 
to the back of which the gas-pipe is joined. In 
the first experiment shown a square diaphragm, 
2 ft., was used in the vertical position. The gas 
from the main entered at the back, was lighted in 
front, and burnt with a pale-blue flame ; the air 
pressure was then put on, and the velocity of flow 
then became so great that the flame went out, but 
flameless combustion ensued on the heated surface 
on which dark-red spots soon appeared on the blue 
background ; and after a minute the whole surface 
was at red glow. That this glow was confined to a 
thin surface layer, about 4 in. in thickness, was 
proved by turning off the air; the blue flame ap- 
peared again, but was quickly replaced by the red 
glow, when the air was once more turned on. When 
the gases were gg adjusted there was a glow 
without any visible flame, and Professor Bone 
accentuated the fact that the combustion was really 
accelerated, and that what the audience saw was not 
a very large number of small Bunsen flames burn- 
ing in the interstices between the granules of the 
fireclay. The metal of the chamber at the back 
actually felt cold to the hand. The air pressure 
was supplied under 4 in. water-gauge in this ex- 
panne. though sometimes it is advisable, Pro- 
essor Bone stated, to use a pressure of 2 in: or 
3 in. of water. That the combustion took place at 
the expense of the air admitted from the back, and 
not with the aid of the atmospheric oxygen in front, 
was demonstrated by lowering .. smaller diaphragm 
into a glass case, charged with carbon dioxide—an 
a sg which did not diminish the intensity of 
the glow. 

A brighter glow was obtained by mounting a sheet 
of nickel gauze about }in. in front of a diaphragm. 
The nickel gauze absorbed most of the radiation 
and emitted rays of slightly shorter wave-length at 
a slightly increased efficiency. The supply of gas and 
air in these experiments is regulated so as to ensure 
a small excess of air and an oxidising atmosphere, 
in which the nickel gauze will keep for months ; 
though a reducing atmosphere, which could also be 





obtained, would, of course, rapidly destroy it. The 
convenience of the diaphragms, which may be used 
in any position for the laboratory, Professor Bone 
demonstrated by placing a round diaphragm, glow- 
ing face downward, a few inches over a porcelain 
dish filled with sodium silicate (water glass), a solu- 
tion which cannot be evaporated by heating over a 
burner, as it bumps dangerously. The drying in 
this experiment was so quick that the dried salt 
could be skimmed off almost at once. 

The other demonstrations had a more direct 
industrial bearing, surface combustion being applied 
to the heating of crucibles and boilers with the aid | 
of various refractory materials, mostly granulated 
fireclay, broken up to lumps of hazel-nut size. 
Fig. 2 shows a magnesite crucible on a bed of fire- 
clay. Here the gas mixture was injected from 
below at a speed sufficient to prevent back-firing, 
and though no flame issued from the top, tempera- | 
tures of 1400 deg. and 1500 deg. Cent. were quickly | 
attained, because the hot gases were baffled and | 
impinged repeatedly against the crucible. The) 
temperature limit, Professor Bone states, is fixed | 
merely by the refractory character of the materials. | 
Professor Bone showed some carborundum (silicon 
carbide) which had been used in the place of fire 
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clay ; part of the carborundum had, in this in- 
stance, been converted into white fused silica, indi- 
cating that the carbon had burnt away and that a 
temperature of 2000 deg. Cent. had probably been 
exceeded. In another furnace of this kind pig iron 
was melted during the lecture, and diagrams of 
other arrangements for metallurgical and annealing 
furnaces were exhibited. Thus, Fig. 3 shows a 
muffle packed in fireclay, similarly to the crucible, 
Fig. 2. The brazing of copper heated by the radia- 
tion from an annular furnace packed with fireclay 
was also demonstrated. 

A small boiler of the locomotive type, having 
three tubes, each 3 ft. long and 3 in. in diameter, 
was also shown. Here, as indicated in Fig. 4, the 
interior of the tubes is packed with fireclay from 
Glenboig, Scotland. The combustible mixture 
enters on the left, and flameless combustion ensues 
within the tubes. The waste gases pass through a 
feed-heater, as shown on the right. The water- 
gauge is, it will be seen, very high, but there is no 
difficulty in raising steam to 100 lb. gauge pressure 
in twenty minutes from starting cold. An evapo- 
ration at the rate of 21 lb. per hour per square 
foot of heating surface has been secured, with a 





thermal efficiency of 94 per cent, To start the 


boiler a gas-torch was held to the open ends of 
the tubes, and the gas turned on, when it burnt 
in long flames. The air was then admitted under 
high water-gauge, and the flames were replaced 
by surface combustion. Actual combustion was con- 
fined, Professor Bone said, to about 4 in. next to the 
admission nozzles, and about 65 per cent. of the 
steam was produced in the first foot of the boiler 
length, 25 per cent. in the second foot, and 10 per 
cent. in the third. The rest of the material served 
merely to baffle the gases. The heat, we may add, 
is greatest in the cores of the material ; the parts 
in contact with the boiler-walls not being very hot, 
and the use of the nozzles protected the joints in 
the tube-plate. Professor Bone said that the tem- 
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Pressure 17-3 WG. 


perature gradient from end to end of the boiler is 
very steep, so that a brisk natural circulation of 
the water is set up and maintained. 

Where greater capacities are required Professor 
Bone proposes merely to increase the diameter of 
the boiler, and not its length, since the gases are 
reduced to a temperature of 230 deg. Cent. on 
reaching the smoke-box, although the tubes are 
only 3ft. long. This small boiler took a gas supply 
at the rate of 100 to 120 cubic feet per hour, the 
gas leaving the tubes at a temperature only 126 deg. 
Fahr. above that corresponding to the steam pres- 
sure. By passing them subsequently through an 
economiser as indicated, the temperature of the 

es on their final discharge was reduced to 95 deg. 

ent. only, the calorific efficiency of the complete 
plant being 94 per cent. 

The following tests were made, last December, by 
Professor Bone, at Leeds, with a 10-tube boiler of 
the same construction. This boiler was lagged, so 
that only 2 per cent. of the total heat was lost by 
radiation. 

Pressure of gas mixture entering } 
boiler tubes as ... 17.3 in. w.g. 
products 


Pressure of gaseo us 
leaving boiler tubes 
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Boiling point of water at 100 = (er deg. C. 


per sq. in. ... se _ deg. F.) 
Temperature of gases yee | 230 deg. C. 

bouer tube ... nat ae ... J (446 deg. F.) 
Temperature of gases leaving feed- } 95 deg. C 

water heater A a ...} (208 deg. F.) 
Temperature of water entering) 5.5 deg. C 

feed-water heater... a ‘es 2 deg. F.) 
Temperature of water leaving feed- } 58 deg. C. 

water heater as a ...J (186.4 deg. F.) 
Evaporation fromandat 100 deg. C. 

per sq. ft. of heating surface ... 21.6 Ib. 

Heat Balance. 
Gas burnt per hour (at 0 deg. 

Cent. and 760 mm.) ~ ... 996 cub. ft. 
Net calorific value of this gas 562 B.Th. U. 
Total heat supplied to boiler per 

hour ... Fi ig te ... 559,800 B. Th. U. 
Temperature of feed-water 5.5 deg. C 


Pressure of steam ... = 
Water evaporated per hour a 
Water evaporated at and from 
100 deg. Cent. per hour ... is 550 Ib. 
Heat transmitted to water, 450.3 
x 1172= ... wi a ... 527,800 B.Th.U. 
Heat ratio, 527,800/539,800 = a 0.943 

It will be seen that a pressure of 15.3 in. water 
gauge (17.3 — 2) was required to force the gases 
through the tubes. That the combustion was 
perfect was proved by an analysis of the products ; 
no carbon monoxide, methane, nor hydrogen were 
found, although the fuel-gas contained a consider- 
able proportion of hydrogen. 

Turning to general features, Professor Bone said 
that in efficiency tests of boilers fired with blast- 
furnace gases an efficiency of more than 55 per 
cent. had never been attained with the best types 
of water-tube boilers; though with Lancashire 
boilers and economisers, also using blast-furnace 
gas, he had reached 59 per cent. With coke-oven 
gas-firing 70 per cent. was considered a very high 
efticiency. Now he obtained 94 per cent., and 
deducting 4 per cent. for the power expended in pro- 
viding the air pressure, there remained an efficiency 
of 90 per cent. The new boilers could be set upon 
brickwork, and required no elaborate system of flues 
nor chimneys, and they were not liable to distortion 
strains, because they were short. With some sacrifice 
of efficiency they could raise the evaporating power 
to 30 1b. per square foot of heating surface, while 
10 lb. was a very good performance for a locomotive 
boiler. Steam, he said, was raised quickly, and the 
tubes could be grouped and be cut out separately, 
so as to vary the fuel consumption to suit fluctua- 
tions in the load. 


... 100 Ib. per sq. in. 
450.3 Ib. 








THE POSITION OF RESIDENT 
ENGINEERS. 

THE position and degree of authority of a resident 
engineer is often what he makes it for himself. We 
refer to the resident engineer in the ordinary accep- 
tation of the term, as usually understood on public 
works. Asarule, chief engineers look to the residents 
to carry on the work, and to save them from worry 
and trouble, especially over small matters. As far as 
we are aware, no one has attempted to lay down what 
a resident engineer may or may not take upon him- 
self. It is certainly not desirable, if it were feasible, 
at all definitely to define the scope to be allowed. 

The matter is, however, undoubtedly worthy of 
present attention, because we hear it said from 
time to time that resident engineers are not what 
they used to be. The independence, self-reliance, 
and readiness to act, which were attributes of a 
good resident engineer, are, we are told, frequently 
lacking to-day. We have heard of complaints 
made by contractors, more especially in connection 
with works for large public companies and authori- 
ties, that the resident engineers either cannot, or 
will not, take responsibility, and will settle nothing. 
Matters often of very trivial nature have continually 
to be referred to the head office. A craving for 
centralisation and the improved means of communi- 
cation now available are largely responsible for this. 
The supposition might also be fairly made that 
chief engineers have not now the confidence in 
their lieutenants which formerly obtained. 

When a resident engineer is not allowed to act 
and decide even minor points, the general progress 
of the work is bound to suffer, and his efficiency 
and keenness rapidly decline. He becomes little 
more than a glorified inspector, who can set out 
and measure up. This state of things is not what 
used to be, or what ought to be. idents who 
stick religiously to drawings made by draughtsmen 
in the head office under all circumstances, with no 
initiative and no ideas beyond the printed specifica- 





tion, are very inefficient persons. Needless expense 
often results either to the contractors or employers. 
We venture to think the position and authority of 
assistant engineers is therefore well worthy of 
full consideration. 

A resident engineer who is permitted and cap- 
able to fill the position as it ought to be wields 
very considerable authority—in many respects an 
almost arbitrary authority. Not only is respon- 
sibility put upon him in connection with the 
actual work, but he also deals with large sums 
of money. Few men are in the position to sign 
away thousands, or tens of Geena: with so little 
check upon them. In this respect young men are 
sometimes placed by those above them in positions 
in which it is not right any man should be 
Numbers of cases have occurred, and no doubt still 
occur, where men in receipt of a salary of anything 
from 801. to 150/. per annum are responsible for 
monthly certificates amounting to thousands of 
pounds. Such salaries are quite inadequate, for 
the qualities which go to make a good resident are 
numerous and varied. A resident engineer ought 
to bea man of rigid integrity, one whose word is 
as good as his bond. He must be broad-minded, 
business-like, and have confidence in himself. He 
must not shrink from responsibility and must be able 
to make up hisown mind. He must be something of 
a disciplinarian and a judge of men, with a know- 
ledge of how to talk to and deal with workmen. 
This latter quality is often lacking. It is astonish- 
ing what little idea some resident engineers have of 
what work ought to cost. A resident engineer should 
not be afraid of his chief, or he will not be thoroughly 
efficient. He must be able, when occasion arises, 
to stand with his back to the wall immovable. Ifa 
chief engineer has not full confidence in the resi- 
dent, and cannot leave to him the authority and 
freedom which residents used to enjoy or take to 
themselves, he will do better to replace him. To 
measure and know the exact worth and capability 
of responsible assistants, and to what extent con- 
fidence is to be reposed in them, is part of the 
business of all chiefs, and particularly so in the case 
of assistants who are at a distance, working among 
conditions which cannot be fully foreseen, and con- 
trolling contractors who have thousands of pounds’ 
worth of plant on the ground which may be thrown 
more or less idle while reference is being made to 
headquarters. 








POSITIVE RAYS AND CHEMICAL 
ANALYSIS. 

Tue discourse on ‘‘ A New Method of Chemical 
Analysis,” which Sir J. J. Thomson delivered at 
the Royal Institution last Friday evening, showed 
that a line of research, of which Professor Thomson 
gave a preliminary account before the Sheftield 
meeting of the British Association,* has led to 
most remarkable results. There is nothing chemical 
in the new method of analysis. But the study of 
the positive rays (Kanalstrahlen) tells the scientist 
not only what gases he is actually dealing with in 
the apparent residual gas of his vacuum tubes, but 
in what state—atomic, molecular, or molecular 
aggregations—they are, all deduced from measure- 
ments of deflection of the rays, which measure- 
ments give a clue as to the atomic weight (or equi- 
valent). This is the strength, and possibly also 
the weakness, of the new method, which bears 
some resemblance to spectroscopy. The new 
method identifies the elements by their masses. It 
informs the experimenter that some substance 
having a certain e/m is present, and as the experi- 
menter knows with some degree of certainty what 
substances he starts with, the method affords a 
valuable help to the chemist, especially as it is 
wonderfully sensitive and records the presence and 
mass of elements or radicles which are far too 
evanescent to be isolated. 

Sir Joseph said, in introducing his subject, that 
he approached a chemical problem with some 
trepidation, since chemists were fighting men. But 
his weapons were bullets travelling at a thousand 
miles per second. The positive rays were positively 
electrified caer attracted to the negative 
electrode. hen that electrode was perforated (by 
Goldstein’s Kanal), the particles would pass through 
the cathode in streams which, in neon, had a 
beautiful orange-red colour, as was shown. The 
particles were deflected both by the magnetic and 
the electric field, and the research depended upon 
the measurement of these deflections. e arrange- 


* See ENGINEERING, vol. xe., page 422, 
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ment of the bulbs (very large sometimes) has several 
times been illustrated in our columns. In one of 
the new arrangements (Fig. 1) the tubular cathode 
is continued backward in a fine tube, terminatin 

at two electrodes, between which an electric fiel 

is established. A magnetic field is also provided 
so that after passing through the two fields, the 
particles strike the flat screen of willemite, closing 
the tube. With the magnetic field alone in action, 
the original light spot O (Fig. 2) of the undeflected 
particle is shifted to N ; the deflection O N being 
equal to Ae/mv, where A wasa constant depending 
on the intensity of the field and the size of the 
tube. The electric field similarly deflected the 
particle to OM, at right angles to ON, and 
= Be/m v*, where B_ was another constant, 
while m was the mass of the particle, e its 
charge, and v its velocity. When both fields 
were excited the particle would be shifted to P, 


m 


and it could easily be shown that — should vary as 
é 


OM 
ON 
kind and had the same speed, the position of P 
would merely depend on m/e, and a number of spots 
P—as many as there were different kinds of 
particles—would be seen. But the particles of the 
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If, now, all the particles were of the same 
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same kind did not move all at the same speeds, 
and each spot was drawn out into a curve, which 
was a parabola if m were constant. 

The lecturer and his assistants had at first made 
the measurements directly on the screen, while the 
experiment lasted. But that was very laborious, and 
they had substituted a photographic plate for the 
screen, so that each particle photographed itself. 
They had placed the em bic plate first outside 
and then inside the bulb (as ~ also been done in 
similar researches conducted by Koenigsberger and 
others), and with the aid of a slide shutter, due to 
Sir Joseph’s assistant, Mr. F. W. Aston, the ex- 
posure was made at the proper moment, and several 
photographs were taken on the same plate. In 
each case the first photograph was taken with the 
magnetic field producing a deflection upward, the 
second with the reversed field giving a deflection 
downward. Thus they obtained full parabolas (not 
only one branch), and they could ascertain the zero 
from which to measure with more definiteness. In 
the slide used the a plate was sus- 
pended by a silk thread wound round a plug 
worked in a glass-ground joint. 

Fig. 3 illustrates the beautiful curves obtained 
with a tube containing nitrogen isolated from 
the atmosphere. The central light spot indicates 
the original position of the undeflected ray. There 
were many faint and bright curves, sometimes 
beady; their number suggested the presence of 
many substances, constituents or impurities ; the 
argon curve was present, for instance, while 
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absent on another photograph taken with nitrogen 
prepared from ammonium nitrate. Most of the 
curves were on the right side of the photograph, 
in which direction the positive particles were de- 
flected. But there were also some faint curves on 
the left-hand side, showing that some negatively- 
charged particles had found their way through the 
cathode. The uppermost curve always corresponded 
to the hy en atom, and this was present 
on all plates from discharges through all sub- 
stances. Traces of oxygen, carbon, and mercury 
were also found on almost all the plates, no 
matter what substance they were experimenting 
with. The other substances followed in the order 
of their atomic or equivalent weights. Thus, 


taking the ratio * as unity in the case of hydrogen, 


it is possible to calculate from measurement of 
the curves the relative value of this ratio for the 
other particles impressing themselves on the plate. 
We reproduce below figures deduced from the 
measurements of the parabolas of Fig. 3, showing 
the discharge through atmospheric nitrogen ; the 
enumeration starts from the top of the diagram. 


Negative Side. 
1.0H- 


11.2 C— 
15.2 O-- 


Positive Side. 
1.00 H 


1.99 Hy 
6.80 Ny 4 


11.400, 
13.95 N 
28.1 No, 
39.0 Ay 
101.0 Hg, , 
198.0 Hg, 


The + and — indicated, the lecturer explained, 
the simple or double charge carried by the particle. 
Thus H = 1 corresponded to the hydrogen atom 
carrying a single charge; the second, H, = 1.99 
(instead of 2) to the hydrogen molecule ; 11.40 C+ 
to a carbon atom (C = 12); the 6.80 Ni 4 toa 
nitrogen atom carrying two charges (N = 14); 
the 13.95 N+ to the nitrogen atom; the 28.1 N.+ 
to the nitrogen molecule ; the 39.0 A+ to the argon 
atom (A = 40); and the two last curves 101 Hg++ 
and 198 Hg+ tomercury (Hg = 200), carrying one 
and two charges respectively. The agreement 
between the deduced values and those assumed 
by chemists (figures added in brackets) was very 
close. The hydrogen, carbon, and oxygen found 
on the negative side were all in the atomic 
state. 

Comparing the new method with spectroscopy, 
Sir Joseph pointed out that the spectroscopist, 
observing a new line, was not always certain 
whether he was not looking at a line of an old 
known substance produced under special thermal 
or electrical conditions. In his new method the 
particles wrote their. names on the plate. The 
method was also exceedingly sensitive. He had 
traced the presence of helium in this way, when it 
could not otherwise be detected, requiring only a 
few particles of the substance confined in a vessel 
ata pressure of 0.03 mm. of mercury. The accuracy 
of the measurement was not dependent upon 
the weight of the substance present. Although 
these researches had only been going on for a few 
mouths, he realised an accuracy of 1 per cent. with 
0.01 milligramme of substance. No chemist would 
undertake a determination of atomic or molecular 
weights under similar circumstances. Another 
great advantage was that the purity of his sub- 
stance—the great difficulty of the chemist—was .of 
no consequence. Thejmethod sifted the en 
merely giving an additional curve for each consti- 
tuent. It was further noteworthy that the atom 
or particle recorded itself within a millionth of a 
second of its production; thus substances were 
detected of which the free existence had not, so far, 
been proved by other means. 

The lecturer then exhibited slides of the curves 
obtained with other —chemically-prepared 
nitrogen, carbon monoxide, carbon dioxide, methane, 
chloroform, carbon oxychloride, &c. ; and he repro- 
duced also the tables of the measurements. We 
will point out a few characteristic features. The 
chemically - prepared nitrogen did not give the 
argon line, as it should not. A faint mercury 
curve 65.5 Hg+ ++ was frequently observed, but 
somewhat uncertain. The carbon compounds 
showed 6.0 C+. + in addition to the 12.02 C+. In the 
experiments with methane, CH, (marsh gas), a 
veil in the neighbourhood of the carbon line had 
finally been resolved into four curves, 11.95 C +, 


12.9CH+, 14.05 CH, +, 14.9 CH,+; these were 
familiar groups to the chemist, but had never been 
obtained in the free state. They hoped to study 
the transformation products of radioactive sub- 
stances in this novel way. In the case of chloro- 
form, CH Cl, and some other compounds, two 
obscure faint lines were observed, 1.5 and 3, the 
1.5 also on the negative side ; the 3 might possibly 
be C+++4. The lecturer did not comment on 
the fact that none of his photographs exhibited 
any helium curves. 

Passing to general conclusions, Sir J. J. 
Thomson remarked that, leaving accidental im- 
purities out of consideration, this analysis always 
demonstrated the presence of the respective sub- 
stance in several states or systems, atomic, mole- 
cular, or complex aggregations, carrying one or 
several positive, and sometimes also negative, 
charges. Oxygen, for instance, was found in nine 
modifications, comprising ozone, O,+ (the sug- 
gestion is not new to chemists), O-, and uncharged 
atoms and molecules. In view of this variety, 
it did not appear surprising that substances gave 
many kinds of spectra under different conditions ; 
the various systems might give rise to different 
spectra. On the negative side were found the 
atoms of hydrogen, carbon, oxygen, and chlorine, 
but. never in the molecular condition ; the last 
two would naturally be expected on the negative 
side, and the association of hydrogen (though 
a highly electropositive element) with negative 
charge was no longer a novelty. As regards these 
curves on the negative side, it would appear that 
negative particles were carried through the 
cathode, and that they were picked up by neutral 
particles and held by attraction. Only the atoms, 
not the molecules, seemed to be able to do this, and 
the phenomena illustrated the different behaviour 
of atoms and molecules. Apparently the atom, not 
the molecule, was capable of exerting momentarily 
a very powerful attraction. The explanation was 
probably that the atom had more freedom of motion 
than the molecule. When magnetism acted ona 
sphere of a magnetic substance, the electricity 
within that sphere was free to move and to readjust 
itself in accordance with the magnetic induction, 
and a strong attraction resulted. On a sphere 
of sulphur the freedom was limited, and the attrac- 
tion was weak. 

In illustration of this view about half-a-dozen 
compass needles had been mounted, each on its 
vertical pivot, on a piece of cardboard, which was 
held suspended by strings in front of an electro- 
magnet. When the electromagnet was excited 
the whole system on the cardboard was attracted 
towards the electromagnet ; but when the needles 
were taken off their pivots and placed on the board, 
on which they could no longer move freely, hardly 
any attraction was observed. Similarly, Sir Joseph 
remarked, there were stiff and freely-moving atomic 
and molecular systems. It depended upon the 
numbers of corpuscles in the atom ; one corpuscle 
more than a critical number would (as he had 
explained on other occasions) impart to the atomic 
system one freedom of motion, one bond or one 
valency ; two free corpuscles would correspond to 
two bonds and two valencies. When the atoms 
joined one another to form molecules, the bonds 
were linked, the system became rigid, and it failed 
to attract bodies outside. These researches, Pro- 
fessor Thomson concluded, might help forward the 
solution of the problems of chemical combination. 








METALLOGRAPHY OF STEEL. 

Tue first of two lectures on the constitution of 
steel was given by Dr. W. Rosenhain at the 
Institution of Mechanical Engineers on Tuesday 
last. These lectures form somewhat of a depar- 
ture from the Institution’s usual routine, but have 
been specially arranged in response to the expres- 
sion of a desire that a comprehensive review of 
modern metallographic research on the iron-carbon 
alloys should be before the members of the 
Institution. Dr. yee bees first lecture covered a 
great amount of ground, starting with brief refer- 
ences to the main historical points which marked dis- 
tinct advances in the study of steel. The observa- 
tions of Gilbert on the magnetic properties of iron 
were mentioned as the first of which there were 
definite records of changes of constitution of these 
alloys. Since then investigation had followed two 
distinct lines—the thermal line of study and that 
of the investigation of the microstructure. The 





thermal work was begun by Barrett in 1873, when 





he discovered the phenomenon of recalescence, this 
being followed up by Gore with work on eutectic 
alloys. Tchernoff first connected the recalescence 
phenomenon with the hardening of steel. The 
introduction by Le Chatelier of the thermo-couple 
rendered great advance possible, and in 1890 
Osmond produced the first cooling curves. 

Structural investigations were first conducted by 
Hook in 1665, but Réamur was the first to use 
optical aids in the examination of metals. Sorby 
was the first to prepare specimens for microscopic 
examination. The famous work by Roberts- 
Austen is, of course, well known to the members 
of the Institution in connection with the Alloys 
Research Committee’s investigation, and diagrams 
from these reports illustrating their progres- 
sive nature were shown at the lecture. These dia- 
grams were taken from the 1897 (fourth) report, 
showing the equilibrium diagram in its early 
state, the 1895 (fifth) report showing the infor- 
mation that had then been added, and the still 
more complete diagram based on the investiga- 
tions of the 1904 (sixth) report. The lecturer pro- 
ceeded from this point to explain the meaning of 
the equilibrium diagram, pointing out what facts 
it recorded and what was its interpretation. He 
explained that the lines on the , ne repre- 
sented recorded points at which changes had been 
found to occur in steels, during cooling or heating, 
and passed on to show the meaning of cooling curves 
of various classes with one, two, or three peaks. Re- 
ference was made to Messrs. Carpenter and Keeley’s 
work in this connection, and to the fact that, though 
their conclusions had been arrived at by admittedly 
rather rough methods, they were confirmed by the 
later investigations on incipient fusion by Gutowsky. 
While in approximate agreement with the earlier 
work, the later results were more reliable, and gave 
more definite information. 

Dr. Rosenhain then proceeded to discuss the 
meaning of change points, and stated that these 
were points at shit waiendien changes occurred, 
and taking a cooling curve which showed three 
peaks, pointed out that each peak corresponded 
with an allotropic change from a iron to 8 iron, 
or to y iron. Passing on to the microstructure 
investigation, the lecturer showed the connection 
of this form of research with the facts brought out 
by cooling curves. Such investigation brought out 
the fact that at each peak in the cooling curve 
distinct microstructural changes occurred, denoting 
the presence of other constituents. The deductions 
drawn from the appearance of slip-bands were made 
clear, and Dr. Rosenhain briefly described a little 
apparatus used by him and Mr. Humphry in their 
microstructural investigations of steels at high tem- 
perature. 

This device consisted of a frame with one fixed and 
one hinged arm, forced apart by a powerful spring. 
The polished specimen was stretched by the spring 
between the arms, being heated by electric current. 
A wire fastened round the arms kept the load oft 
the specimen until the required moment, when this 
wire was fused by electricity. The whole device was 
put in a glass flask, in which a high vacuum was 
maintained. Salts of different known fusibility 
were placed on the specimen to be tested, so that 
temperature records might be made. The infor- 
mation derived from this work confirmed the con- 
tention that distinct changes occurred at the peaks 
of the curves. Proceeding, the lecturer showed a 
series of slides illustrating the microstructural 
changes of the alloys, passing from pure ferrite 
to ferrite with various proportions of pearlite up to 
0.9 carbon steel. Beyond this carbon percentage 
the appearance of cementite was pointed out. It 
was further shown that pearlite, which was a mix- 
ture of carbide of iron and ferrite, had some of the 
characteristics of each, and that it acted as a rein- 
forcement to the ferrite. With increasing pearlite 
the strength increased, but the hardness increased 
until the cementite appeared and the steel became 
brittle. The point of maximum tenacity was in the 
neighbourhood of the stage at which the structure 
showed complete pearlite. 








FRONT-WHEEL BRAKES FOR MOTOR- 
CARS. 

Some time ago we published an article* dealing 
with the question of the most suitable sections for 
the front axles of motor-cars, and we then pointed 
out that the H section, which is at present fashion- 





* See ENGINEERING, March 5, 1909, page 309. 
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able, is not satisfactory for taking the longitudinal 
stresses. In theory the stresses on the axle’are 
simply vertical, the wheels rolling on the ground with 
a negligible amount of resistance. In practice, when 
the steering-wheel is put hard over at any —_ 
there is a great resistance, and it will be found 
that when the H-section axle fails it nearly always 
does so horizontally. .The result of this is that, in 
order to take the horizontal stresses, the axle has 
to be made much heavier than it would be if the 
vertical stresses only were considered. This can 
easily be demonstrated by comparing the working 
stresses on H-section axles and solid ones, for 
some of the latter work quite well with vertical 
stresses about twice as high as is permitted on the 
H-section. 

The introduction of front-wheel brakes has, how- 
ever, intensified this position, and it is quite clear 
that, if such brakes come into general use, the 
H-section of axle is about the worst which could be 
used. It remains to be seen, of course, whether 
the front-wheel brake will become at all universal ; 
but there is no doubt that it is being used to an 
extent which makes it worth while to consider the 
construction of the axles. 

In the case of the front-wheel brakes two very 
heavy stresses are introduced, in addition to the 
vertical load. In the first place there is a longi- 
tudinal stress due to the resistance of the wheel 
on the ground. The limit of this 
stress is undoubtedly that which 
will make the wheels slip, for 
there is never any guarantee that 
the driver will not apply his 
brakes hard enough to do this. 
The limit, therefore, depends on 
the coefficient of friction between 
the wheel and the ground, and 
this varies very much according 
to circumstances. In these days { 
of studded tyres there is no ™ 
doubt that it may easily reach 50 per cent. of 
the load carried, or perhaps more. This shows how 
absolutely unsuitable a section such as that shown 
in the annexed diagram is for the purpose. Such a 
section is excellent for the vertical load, but its 
horizontal strength is only 0.24 of the vertical, and, 
therefore, in order to resist the possible horizontal 
stresses it must be made more than twice as strong 
as is necessary for the vertical ones. 

In addition to this, however, the fact of braking 
the front wheels puts a very heavy twisting stress 
on the axle. In this matter the front axle is in 
quite a different position from the back axle of a 
chain-driven car, where the brakes are on the 
back wheels, for, in the latter case, the braking 
stresses are usually taken directly by the radius- 
rods, and do not pass through the axle at all. 
Such an arrangement could no doubt be used with 
the front axle, but in practice it is seldom, if 
ever, adopted. Hence the twisting stress is trans- 
mitted to the spring seat, and taken up by the 
springs. 

The proportion between the twisting stress and 
the vertical bending stress is not constant, like the 
longitudinal stress, but depends on the diameter of 
the wheels. As this is usually from 30 in. to 
36 in., itis, however, very considerable, and is often 
nearly as great (expressed in inch-pounds) as the 
vertical bending stress. The H-section axle is, of 
course, quite unsuitable to stand such a stress. 

It is quite clear, therefore, that if front-wheel 
brakes are used, the section of the axle should be 
changed to one which is stronger in torsion and 
horizontally. Of course, the H-section axle can 
be made strong enough if it is heavy enough, and 
the pleasure-car is at present so much governed by 
fashion, that it may pay best to do this. In this 
case the H-section should be very shallow, and the 
axle made as nearly solid as is consistent with 
calling it an H-section. Alternatively, a tubular 
axle is undoubtedly the lightest in proportion to 
its all-round strength. 








RADIANT ENERGY AND MATTER. 

; On Saturday last, at the Royal Institution, Sir 
J. J. Thomson, F.R.S., of Cambridge, delivered 
the concluding lecture of his course dealing with 
the subject of ‘‘ Radiant Energy and Matter.” 

In commencing his discourse the lecturer said 
that he hoped on that occasion to give some account 
of the nature of the “‘lamps” which emitted the 
rudiation when a gas was rendered luminous in the 
vacuum tube, and also to discuss the character of 








the radiation itself. Waves — long had, he 
went on, now been obtained by Professor Rubens 
in his experiments on the long-wave radiation from 
hot bodies, and it was therefore almost within the 
range of possibility to measure some of these wave- 
lengths with a foot rule. The gap between visible 
light and the long electric waves used in wireless 
telegraphy was thus almost completely bridged. 
Returning to the nature of bright-line spectra, the 

speaker said that, in the last lecture, he had given 
reasons for believing that these lines did not originate 
in ordinary molecules, but were yielded only by 
molecules ina special state. These active molecules 
were, in fact, manufactured by the process which 
nae ye the luminosity. On the previous evening 

e had shown in that room direct evidence that, 
in the case of an electric discharge through a gas 
at a low pressure, the particles present included not 
merely ordinary molecules, but also atoms, carry- 
ing sometimes one and at other times two a 
of electricity. Aggregates, such as ozone, might a 
be present and even more complex forms than this. 
Many varieties of molecular and atomic arrange- 
ments were thus present in a luminous gas, and it 
was possible that each of the different spectra given 
by such a gas under different conditions of excite- 
ment arose from a different variety of these 
molecular aggregates. The change in the spectrum 
with a change in the conditions of the experiment 
was particularly marked in the case of argon, but 
most bodies had similar, if less pronounced, charac- 
teristics. Spectroscopists accordingly divided the line 
spectrum of such elements into series, the lines in a 
series being classified by the fact that they acted 
alike in a magnetic field; that when the pressure 
was increased, the lines of a series were similarly 
affected, or that there were groups of double and 
triple lines. Certain numerical relations had been 
found between the lines of a series, the most 
notable being known as Balmer’s law. Balmer 
found that the wave-lengths of successive lines in 
the hydrogen spectrum could all be calculated by 
the formula, 

C m2 
m2 — 4’ 


where A denoted the wave-length, C a constant, 
and m was in succession made equal to 3, 4, 5, or 
any other integer. The formula was a purely 
empirical one, but gave the position of the lines 
with such accuracy that spectroscopists considered 
the rule more reliable than their actual measure- 
ments. 

Similar but less simple formule had, he said, 
been found to apply to the spectra of other bodies. 

Denoting by the frequency of the vibration 
corresponding to a particular line, we had, for the 
hydrogen series, 


m=z =O(1- ss) 
r m2 


This form of the expression had been modified by 
Rydberg to 


C 
n=O ~ n+ a 

where C! C and a were all constants. The constant 
C was, moreover, the same for all elements and for 
all the spectra yielded by any one element. This 
expression gave the frequency corresponding to the 
lines in many spectra with considerable accuracy, 
but the formula of Ritz was still better. This was 
as follows :-— 


n=C- c 


BY 
(m +a+ 5) 
where 8 denoted a new constant. 

A physical explanation of this equation had been 
suggested by its originator, which, the speaker 
said, was interesting, though, he thought, not 
wholly adequate. 

Ritz regarded light as produced by the rotation 
of negatively electrified particles under magnetic 
forces. If such a particle rotated under the influ- 
ence of such forces, it would describe a circle. The 

etic force acting would then be Hev; H 
being the strength of the field, e the charge carried, 
and v the velocity of the motion. Equating this to 
the centrifugal acceleration, we had 


Hev=a “% 
r 
or 
? i 
v ar 


Now since the diameter of the path was 27, the 





fraction " was proportional to the time taken to 
v 


complete a circuit. Hence n, the reciprocal of this 
time, or, in other words, the frequency, was pro- 
portional to the strength of the magnetic force H. 
Ritz considered the magnetic force to be due to 
the action of a number of unit magnets placed end 
toend. Thus, if in Fig. 1, P denoted the position 


A B D 





P<-C- 
(2202) 


of the particle, and A B the first of the series of 
magnets, then the force at P due to the neighbour- 


The pole B, 


being more distant by unit length, would exert a 
,» 80 that the total 
+ 1? 


1 1 
force at P would be @(@+iy" 

Next, suppose another unit magnet placed adjoin- 
ing B as indicated by the dotted lines. The effect of 
this would be that the pole of opposite sign to A 
was now removed to D, and would thus exert a force 


Hence the total force at P would 














ing pole A was proportional to Ms 


force at P proportional aad 


1 
+ 2)" 
now be proportional to 

1 1 

oe (c + 2)" 
If more unit magnets were added, the total force 
would be correspondingly modified, and the succes- 
sive terms in Ritz series obtained. 

Without advocating this particular view, the 
lecturer said he believed that those lines, which 
showed the Zeeman effect, were due to rotation of 
negatively-electrified particles in the magnetic field. 
Professor Weiss had thus been led to believe that 
each atom contained permanent magnets, each being 
of the same kind, whatever the element in question. 
On this hypothesis he had been able to explain 
peculiar effects observed with iron and other mag- 
netic substances. Professor Weiss had further 
calculated the moment of these magnets, and this 
calculated moment turned out to be of the same 
order as had been deduced from purely thermal 
considerations by the lecturer. The difference, it 
was true, was of the nature of 2 to 1; but in such 
calculations an agreement even to this extent was 
— suggestive. 

here were, the speaker continued, other cases 
in which luminosity arose from the presence of 
special complexes. This he illustrated showing 
the thermo-luminescence of calcium sulphate having 
a trace of manganese sulphate. Bombarding this 
mixture with the cathode rays, he showed that on 
su uent heating, even to buta lowtemperature, it 
phosphoresced brightly; though were it heated prior 
to the exposure to the rays, it would, like any other 
body, not radiate visibly till red-hot. This experi- 
ment showed, he said, that under the action of the 
cathode rays something was formed which was not 
previously present in the mixture, and these excep- 
tional complexes gave out light on reverting to their 
original constitution. 

Similarly, on passing the electrodeless discharge 
through oxygen, ozone would be formed. This 
was essentially unstable, and, if the discharge were 
stopped, would revert to ordinary oxygen, yielding 
light in the process. 

Hitherto, Sir Joseph continued, he had been 
— with the producers of radiation, and he now 
wished to say something as to the physical nature 
of radiation itself. This, perhaps, might be ap- 

roached best by the analogy of a wave of sound. 

athematically considered the latter was very 
simple, being expressible in terms of the pressure 
at any point and of the velocity across a plane 
there. No phenomena were known which could 
not be explained by this simple mathematical rela- 
tion, into which the kinetic theory of gases did not 
enter. The mathematics, in fact, treated the air as 
continuous, and not asconsisting of a great number of 
particles ; yet, as stated, all the phenomena of sound 
could be accounted for by this simple mathematical 
theory. From the physical standpoint, however, 
a wave of sound was so complicated a phenomenon 
that a molecule, if it possessed intelligence, would 
not know that such a wave were passing by it, unless 
it took an instantaneous census of all the other 
molecules. When the wave passed, the average velo- 
city of the molecules would be merely a little 


equal to . 
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greater. in one direction than another, whilst 
the population at a particular spot would vary 
slightly in density. To such an intelligent mole- 
cule as imagined above, the mathematical treat- 
ment would appear highly artificial and inade- 
quate, being merely statistical ; yet, as stated, this 
mathematical theory was sufficient to account for 
all the phenomena of sound, as we know them, 
though it might fail if it were possible to get sounds 
so shrill that the wave-length was equal to the mean 
free path of the molecules, 

Similarly, in the case of light, the mathematical 
theory, on which light was treated as a wave motion 
in a continuous medium, was sufficient for all the 
requirements of optics pure and simple, and only 
seemed to break down in regions where other than 
purely optical effects had to be considered. These 
effects drove us, Professor Thomson said, to ideas 
as to the nature of a light wave, much more com- 
plicated than was called for by optics. Instead of 
a continuous wave, a beam of light was thus better 
represented by bright specks on a dark ground, 
of which we merely perceived the average effects, 
so that optics pure and simple was merely another 
branch of the science of statistics. 

Evidently, if the light wave were continuous, the 
whole of the space traversed would be filled with 
the energy the light carried with it, and the maxi- 
mum energy in a particular spot would be less then 
if the energy were concentrated into isolated specks. 
Treating the wave as continuous, it was possible 
to calculate the maximum value attained by the 
energy, and by the electric force, and this then 
turned out to be far from sufticient to account for 
certain effects. Thus, if a negatively charged 
plate were exposed to ultra-violet rays, it lost its 
charge ; due to the fact that the light caused nega- 
tively-charged corpuscles to shoot off the plate. 
The speed of these particles could be measured, 
and the time taken to give them their actual velocity 
calculated, on the assumption that the electric force 
was the maximum it could have, on the hypothesis 
of a uniform distribution of energy on the wave-front. 
It then appeared that the time needed to generate 
the cote velocity observed would be equivalent 
to billions and billions of vibrations. Hence the 
conclusion was reached that the maximum electric 
force in light must be much greater than if it were 
uniformly distributed. 

Further, it was well known that, given sufticient 
time, the feeblest light would affect a photographic 
plate. The intensity of such light could be reduced 
until the electric force, calculated on the hypotheses 
of uniform distribution, was less than ;gyq volt per 
centimetre, and still the plate would be affected. If, 
however, a similar plate were exposed to the direct 
action of electric forces of this intensity, it was un- 
affected. Here, again, the natural conclusion was 
that the feebler light had merely fewer of the bright 
specks than the stronger, but that the energy of 
each individual speck was the same. 

In a previous course of lectures the speaker had 
shown, : said, that if an ionised and saturated gas 
were suddenly expanded, a cloud would condense 
on the ions, Within the last few weeks Mr. C. E.T. 
Wilson had succeeded in a most remarkable experi- 
ment, in which this cloud was formed ina film of air 
between two plates. When produced in this way, no 
lateral eddies were stirred up, and this had enabled 
Mr. Wilson to detect the effect of each particle 
sent into the gas by a fragment of radium at the 
moment the expansion of the air was effected. Each 
narticle then left a trail, and these trails ran back 
ike spider lines to the radium particle. Repeat- 
ing the experiment with gy rays, which had 
the same physical character as light, similar effects 
were observed, the radiation showing no approach 
to uniformity. This seemed to furnish yet further 
evidence, irreconcilable with the idea that the energy 
in a wave of light was uniformly distributed. 








NOTES. 
German SHIPBUILDING. 

AccoRDING to official statistics, recently pub- 
lished, there were built, or in course of building, 
during the year 1910, in private German yards, 
and for German account, 47 warships, of an aggre- 
gate tonnage of 174,360 register tons gross, 942 
merchant vessels, of an te to of 
540,563 register tons gross (of which 266 were 
steamers, with an aggregate tonnage of 427,883 
register tons gross), and 117 river boats (steamers), 
with an gate ton of 15,410 register tons 
gross. Of these vessels there were finished during 





the year 17 warships, with an aggregate tonnage of 
42,820 register tons gross ; 658 merchant vessels, 
of an aggregate tonnage of 201,542 register tons 
gross (of which 135 were steamers, with an aggre- 
gate tonnage of 117,902 register tons gross); and 
84 river boats (steamers), with an aggregate tonnage 
of 10,650 register tons gross. For foreign account 
there were in course of construction five warships, 
with an aggregate tonnage of 3723 register tons 
gross; 151 merchant vessels, with an aggregate 
tonnage of 15,782 register tons (of which 57 
were steamers with an aggregate tonnage of 
3791 register tons gross), and 43 river boats 
(steamers), with an gate tonnage of 2052 
register tons gross. There were finished during 
the year two warships, with an aggregate tonnage 
of 1523 register tons gross, 114 merchant vessels, 
with an aggregate tonnage of 7728 register tons 
gross (of which 39 were steamers with an aggregate 
tonnage of 1729 register tons gross), and 35 river 
boats (steamers), with an aggregate tonnage of 
1550 register tons gross. There were further built 
or building for German account at foreign ship- 
yards 152 merchant vessels, with an aggregate ton- 
nage of 68,916 register tons gross (of which 13 
were steamers, with an aggregate tonnage of 31,881 
register tons gross), and 24 river boats (steamers), 
with an aggregate tonnage of 4183 register tons 
gross. Of these were finished 114 merchant vessels, 
with an aggregate tonnage of 40,122 register tons 
gross (of which four were steamers, with an aggre- 
gate tonnage of 9575 register tons gross), and 16 
river boats, with an aggregate tonnage of 2530 
register tons gross. 


JAPANESE StaTeE Rar.ways. 


The results of the great experiment made by the 
Government of Japan in nationalising all the more 
important railways in the country will be watched 
with interest by all who study national economic 
problems. It is admitted by those who are com- 

tent to judge that Japan has obtained as much as, 
if not more than, any other country for the money 
she has expended on her railways, 90 per cent. of 
which are now owned by the State. When rail- 
ways were inaugurated in Japan, in 1872, they were 
undertaken directly by the Government, and this 
was continued for some years, when a great railway 
boom took place, and limited liability companies 
were formed for carrying out the extended plans 
which were made. The Government never, how- 
ever, allowed the railways to drift entirely into the 
hands of private companies, as there was a strong 
feeling that such important national concerns 
should be worked in the interests of the nation, 
and there appears always to have been a reservation 
on the part of the Government in the rights granted 
to private companies, which made the purchase of 
the railways by the State in 1907 a less difficult 
question to deal with in Japan than it has been 
in other countries. The State seems to have 
made a good bargain, and the purchase was 
carried out on terms which were advantageous 
to the nation and fair to the sellers, although 
nothing was paid either for watered stock or for 
promoters’ profits. The owners were given 5 per 
cent. bonds for their interests, but these bonds 
may be retired and 4 per cent. bonds substituted 
therefor. After the nationalisation the receipts in- 
creased by leaps and bounds, as the result of the 
increase in the running mileage, the total receipts 
for the year immediately following the nationalisa- 
tion having reached 80,000,000 yen. The business 
expenses of the Government railway also increased 
greatly, amounting, as they did, to over 40,000,00C€ 
yen, the increase being chiefly due to the more 
complete arrangements for management which 
have been made. Subjoined isa summary showing 
the figures of gross receipts, business expenses, and 
net profits re | the years preceding nationalisa- 
tion and those following it :— 


| 
Expense per 
Mile. 





Fiscal Year. r 
| Mile. 


yen 
11,278 
13,460 
13,586 
15,360 





1910-1911 
1911-1912 


based on estimates. 


The ratio between the receipts and the business 
expenses increased to 50 per cent. in the year after 
nationalisation, from 42.8 per cent. of 1904-5 fiscal 

ear, the year preceding nationalisation. The fol- 
owing statistics show the increase of the amount of 
gross receipts relative to running expenses in the 
years after nationalisation :— 


Business 


Gross 
Expense. 


Fiscal Year. | Receipts | Net Profits. 





| (thousand yen.) 


1910-1911 


1911-1912 |... 7 | 48,757 


The figures for the 1910-11 and 1911-12 fiscal vears are estimates. 


THe WATERFALLS Property Ricut 1n Norway 
AND SWEDEN. 


The great financial and industrial importance to 
which water power has attained naturally necessi- 
tates new legislative measures, and both in Norway 
and Sweden the question has come to the front. In 
Norway, M. Bratlie, the President of the Storthing, 
at a meeting specially convened a short time ago, 
for the purpose of discussing Norway’s waterfalls, 
stated what he considered to be the main features 
of the policy to be followed. In the case of foreign 
individuals and foreign companies, he thought the 
acquirements and installations resulting from the 
concession ought to pass on to the State, without 
remuneration, at the expiration of the concession. 
This does not include the natural water-power 
proper, which cannot be ceded or transferred by 
foreigners, inasmuch as it has never been acquired by 
them. The State, he said, ought to pay the Norwegian 
vendor of the waterfall a compensation during the 
time of the concession, so that the State can take 
over the waterfall at the expiration of the conces- 
sion. In addition, the State should, as far as the 
finances will allow, and when favourable oppor- 
tunities offer themselves, buy such waterfalls as 
are likely to be suitable for development by foreign 
capital for foreign industries. Having acquired 
such waterfalls, the State should lease them, so 
to speak, for exploitation, unless it shall prove 
advantageous for the State to exploit them itself. 
The State should not buy the less important falls at 
a great distance from a convenient port that may 
be particularly suitable for Norwegian enterprise, 
unless the State should require them for the elec- 
trification of the railways. Norwegian municipali- 
ties should have the right to expropriate waterfalls 
to the extent that is necessary for supplying elec- 
tric power for light and heating to their inhabitants 
—farmers, artisans, small industries, &. The 
concession law of September 18, 1909, should be 
so altered that Norwegian owners of waterfalls can 
obtain compensation from the State for giving up 
their right of property after the expiration of the 
concession, and all companies which can be proved 
to be legitimate Norwegian concerns should be 
exempt from the necessity of securing a conces- 
sion. The question of a special tax for exploited 
waterfalls should be investigated at the instance 
of the Government. In Sweden a committe: 
appointed five years ago has just handed in its 
proposal for a new law concerning the water rights, 
and questions relating thereto ; but this does not 
deal with the question of concessions, &c. ‘The 
proposal is intended to clear up a number of 
questions, and its tendency is to facilitate more 
rational and comprehensive exploitation of the 
country’s water-power. 





READY-RECKONER FOR REINFORCED-CONOCRETE FLOORS. 
—Mr. F. Rings, M.S.A., of 92, Tooley-street, S.E,, has 
sent us a copy of a series of diagrams ke has prepared, 
by which the thickness and the reinforcement necessary 
for a ferro-concrete floor of any — to carry any 

ified load can be obtained practically instantaneously. 
Geo est of diagrams has been designed on the basis that 
the stress on the concrete shall not exceed 500 lb. per 
square inch, and that on the steel 15,000 Ib. per square 
inch ; whilst in another set the corresponding figures are 
600 Ib. and 17,000 Ib. per square inch respectively. An 
; explanatory pamphlet ew the diagrams, which 
are issued at the price of 7s. 6d. unmounted, and 10s. 6d. 
, mounted. 
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INDUSTRIAL NOTES. ' 

DurinG last year there was an increase of 841 | 
in the membership of the Society of Amalgamated 
Tool-Makers, for, according to figures published in the | 
Society’s monthly journal for April, the total member- 
ship in March last was 4929, against 4088 in March of 
1910. There was, however, an increase of 10 in the 
number of men unemployed, the actual figures being 
103 for last month and 93 in March of last year. 
There was a very substantial increase in the reserve 
funds during the last twelve months, the amount in 
these funds at the end of March, 1911, being 21,100/., 
against 15,300/. in 1910, or an increase of The 
net gain in members up to the end of March last was 
113, and the funds increased by 800/. There was a 
rise in the unemployed list during the month, said to 
be due to the dispute at Singer’s works. 

Some figures relating to what this Society has 
done since it was founded, towards easing the 
burden on its members, and aiding in the general 
trade-union movement, are of interest. Donation 
benefit received by far the greatest proportion of the 
funds expended, the actual amount being 43,500/. 
Holiday and exemption received 18,500/., and contin- 
gent benefit absorbed 11,000/. Propaganda and educa- 
tional work, federations, sick-pay, benevolent and 
emergency grants, legal aid and accident, and grants 
to other trades received 9000/., 5500/., 5000/., 3650/., 
3150/., and 3100/. respectively. Sick dividends ab- 
sorbed 3100/., and funerals 2850/. There is in the 
journal an interesting article on the education of the 
working classes. 





The monthly trade report of the United Pattern- 
makers’ Association, recently published, shows the 
condition of the society at the end of March. From 
this report it appears that the number of. members 
signing the vacant-books still show a steady decrease, 
and at the time of publication there were 267 
members out of work, as compared with an increased 
roll of 291 at the end of February. There has been 
a considerable improvement on the North-East Coast 
as compared with last month’s returns. There were 
55 members out of work in that district at the end 
of March, chiefly in Newcastle and Sunderland, the 
proportion being 4.8 per cent., as compared with 
7.4 per cent. who were out of work a month ago. On 
the Clyde trade is said to be good, few members being 
out of work. In Barrow and Belfast also trade is 
ood, and almost clear vacant-books are shown on the 
ast Coast of Scotland. Manchester reports trade as 
ood, but a considerable falling off is shown in the 
Sheffield returns, where two or three large firms have 
made rather heavy discharges of men. Reports are 
also good from Leeds, and the Midlands are well 
employed. A welcome improvement is shown, too, 
at Erith, which has for some time been a weak spot 
in the Metropolitan area. 


The fifty-third annual financial report of the Asso- 
ciated Blacksmiths and Ironworkers has recently 
appeared, and gives a statement of the work and 
progress of the association up to date. A comparison 
is made between the number of workers unemployed 
in this country and several foreign States, much to the 
advantage of this country as regards the percenta; 
of unemployed. It is stated that, according to the 
Board of Trade returns for October, 1909, there were 
7.1 per cent. trade unionists unemployed in this 
country ; in France, 13.5 per cent. ; and in the State 
of New York, 13.1 per cent. This, however, conveys 
very little to the mind, because it would be necessary 
to know a t deal more than is stated in the report 
before a fair comparison could be made between the 
different countries, at any rate, so far as the advan- 
tages or disadvantages of Free Trade are concerned, 
for which purpose the figures are used in the report 
under consideration. The number of men unemployed 
in trade unions is by no means a true guide as to 
whether a country should adopt Free Trade or Protec- 
tion, 

The income during the year was a record one, the 
amount being 8738/. Os. 6d., or an increase of 
1240/. 17s. 9d. The details of the several sources of 
income are :—From contributions, 7511/. 10s. 44d., an 
increase of 1104/. 6s. 14d. on the amount received during 
the previous year; entrance fees, 114/. 3s. 3d., anincrease 
of 42/. 17s. 4d. ; sale of rules and cards, 3/. 5s. 1ld., an 
increase of 1/. 14s. 3d. ; reports, 58/. 2s. 7d., an increase 
of 53/. 2s. 9d.; from fines, 5/. 193. 4d., an increase 
of 2/. 188, 9d.; benevolent and contingent fund levies, 
154/. 6s. 11d., a decrease of 5/. 15s. 9d.; legal expenses 
fund levies, 36/. 17s. 7d., a decrease of 2/. 6s. 11d.; 
while the gmount returned as accruing as interest is 
582/. 4s. 8d., which shows a decrease of 59/. 18s. 3d., 
and indicates a serious shrinkage which has taken 
place in the capital account. The net income, added 
to the balance of 19,172/. 13s. 34d. brought over from 
the previous year, gives a total of 27,910/. 13s. 94d. 
The payment made on account of unemployed benefit 
contrasts favourably with that made in the previous 





year, the amount being 2852/. 19s. 11d., which shows a 


decrease of 2383/.19s. OJ. It is thought that this 
decrease would have been greater but for the boiler- 
makers’ lock-out. Superannuation benefit amounted 
to 17731. 0s. 2d., as com with 888/. 123. 6d., or an 
increase of 884/. 7s. 8d. e total number of recipients 
at the end of the year was 124. Sick benefit amounted 
to 1959/. 83. 1ld., or a decrease of 463/. 2s. 4d. on the 
previous year. Benevolent and contingent grants have 
amoun to the sum of 265/. 19s. 3d.; management 
and miscellaneous outlays came to 1976/. 2s. 64d., or 
an average per head of 13s. 44d. The total member- 
ship at the end of the year was 2953, an increase ot 
93 during the year. 





The latest reply of the Durham Coal-Owners’ Associa- 
tion to the men’s request for fresh terms under the 
Kight-Hours Agreement is as follows :— 

** The coalowners have carefully considered the reso- 
lutions placed before them by the workmen’s repre- 
sentatives, and they must again point out that, he. wa 
the miners are prepared to consider the question of 
lengthening the hours of the hewers, so that both these 
and the ‘‘off hand” men may work the full number 
of hours permitted by the Act, the only other practical 
arrangement is to continue under the conditions set 
forth in the agreement, which provides for the varying 
conditions of the different collieries. 

‘*When this arrangement was come to, the coal- 
owners ed to the wages remaining the same for large 
classes of men, in spite of substantial reductions in 
their hours, and they would not have been justified in 
so a Bagenne the worknien, on their part, had facili- 
tated the working of the collieries by agreeing to 
arrangements which provided that the output may 
not be materially affected. One of these conditions 
was that the owners should have the free use of their 
shafts, and, having regard to the difficult and com- 
plicated conditions under which they have to arrange 
their work, so as to fall in with the above arrange- 
ments, they could not agree to any modification in this 


respect. 

‘** With regard to certain details of the agreement, 
particularly those in connection with the fourth shift, 
which the miners’ representatives specially referred 
to as inflicting great Fardahi on the workmen, the 
owners cannot agree that such is the case ; but would 
point out that there is no general intention on their 
part to increase the men working in the fourth shift, 
and they are prepared to discuss the possibility of 
making arrangements to remove causes of friction, 
provided this can be done without altering the prin- 
ciple which is adopted. With this object the owners 
will be willing to enter into negotiations with the 
miners’ representatives with a view of adding supple- 
mentary provisions to the agreement of December 13, 
1909, to provide as follows :— 

‘**]. Collieries which, prior to the Eight - Hours 
Agreement, were working two shifts of coal-hewers 
may in future, at the option of the management, work 
either two shifts of coal-hewers and one of tub-loaders, 
or three ful] shifts of coal-hewers ; but at such col- 
lieries there shall be no fourth shift. 

**2. At collieries where, prior to the Kight-Hours 
Agreement, three shifts of coal-hewers were working, 
there shall be no tub-loaders in the fourth shift unless 
such an agreement existed before. In such case the 
number of tub-loaders shall continue in the same pro- 
portion to the total number of hewers employed at the 
colliery as previously. In the event of the startin 
of new seams at such collieries, a similar proportion o 
tub-loaders shall be allowed in the fourth shift. If 
any dispute arises between the management and the 
workmen as to whether the colliery was a three-shift 
colliery prior to the agreement or not, such shall be 
determined by the joint committee. 

**3. Nothing in this arrangement shall affect the 
right of the owners to employ men at night in 
‘winning’ places, whether in coal or stone or both. 

“oe.” fat any colliery now working with a greater 
number of men in the fourth shift than as provided 
above, it is claimed that exceptional conditions exist 
requiring the continuance of such arrangements, then 
the present conditions shall continue until the matter 
is determined by the joint committee.” 

A strike of the men with regard to this reply 
appears to be highly probable. 





According to the Daily Chronicle, the Supreme 
Court of New York has established a precedent 
which will, it is thought, have a t effect on 
strikes and the conduct of labour contests in future. 
It has decided that workmen who strike are to pay 
for the keep of strike-breakers, as well as other 
expenses incurred by a corporation which has a strike 
on its hands. In addition, the e of the 
counsel employed to prosecute pickets of the strikers 
are also included. The case of the company whose 
machinists struck may be taken as an example. The 
company filled their places with other men, whom 
they housed and fed. Some of the strike-breakers 


were won over, but an injunction against picketing 
was secured by the company, who also filed a suit 
for damages incurred i 


in order to care for ite strike- 








breakers. It was held by the Supreme Court, .and 
uniformly affirmed by the Appellate Judges, that the 
machinists’ union must pay 700. to the company, or 
the cost of maintaining a commissariat and guards 
about the factory to prevent the union men on strike 
from taking awa e non-unionists, There is no 
higher appeal, unless the case is taken to the United 
States Supreme Court, but it does not appear likely 
that this will be done. 








It was decided last week by the moulders at Messrs. 
Kdgar Allen and Co.’s Tinsley Works to hand in their 
notices to cease work on Saturday next. The employ- 
ment of a non-union man has again been the cause of 
truuble. The malcontents say that the shop has 
hitherto been a strictly society one, and the man 
complained of had formerly been in the Moulders’ 
Society, but he recently allowed his membership to 
lapse. The society men say they are not prepared to 
work with non-unionists. There was a meeting of the 
men on Thursday last, and it was decided to leave 
work rather than be associated with non-union men. 
The executive in Manchester gives the mn its full 
support. About 100 men are involved. 





On Friday last, at the Westminster Palace Hotel, 
a meeting was held between the Executive Committee 
of the Miners’ Federation and the representatives of 
the Mining Association of Great Britain, Mr. Frank 
Brain being in the chair. The views of the coal- 
owners on the Mines Bill, which Mr. Churchill has 
introduced into the House of Commons with the 
object of minimising the danger of accidents in mines, 
was presented to the men, and the Miners’ Executive 
also represented their side of the question. After 
this exchange had taken place it was agreed that a 
further conference should held on April 27. It is, 
however, thought that in the meantime both coal- 
owners and miners will hold separate conferences on 
the subject. 





The engineers on the Clyde have refused the em- 
ployers’ offer of an increase of a farthing an hour in 
their wages, to take effect from the first pay-day in 
July. The men demand an increase of a halfpenny per 
hour, and it is said they will now request a conference 
with the Engineering Employers’ Federation in order 
to discuss the matter. 





The strike at Singer's Works, Glasgow, was settled 
late on Wednesday in last week, and the works were 
opened on the following day. About 11,000 persons 
have been idle for a fortnight. 








THE DESIGN OF AEROPLANES. 
To THe Eprror oF ENGINEERING. 

Srr,—Now that the Aero and Motor-Boat Exhibition is 
over, and we have finished patting ourselves on the back 
over our good display, a little impartial criticism on the 
aeroplane exhibits may be helpful to those firms who have 
embarked upon the industry. I must ask them to re- 
member the old, but true, saying, ‘‘Our enemies flatter 
us, our friends tell us the truth.” 

There were, of course, three or four machines shown that 
will require such a vast amount of modification that the 
could not be criticised in the same letter as those whic 
have already shown to some extent their capabilities. At 
first it was intended to criticise the machines individually, 
but it was felt that by so doing some particular firm might 
suffer incalculable harm, and, as this is not desirable, they 
are criticised collectively, it being left to the constructors 
to fit their own caps. 

Although the machines showed a marked improvement 
in detail and finish, there was a tendency all round to stan- 
dardise too quickly, and many faults in their construction. 
which have already cost lives, are being perpetuated. It 
is true that these parts, where possible, have been 
strengthened, but it would have been better to make im- 
possible, by an alteration in construction, a recurrence of 
such accidents. It must be remembered that the engine- 
power now employed is in some cases twice what it was, 
and the wind s' that is now considered safe has also 
doubled ; therefore, although the strength of members 
may have been doubled, pe on are only in about the 
same position with regard to their suitability to withstand 
the strains they may possibly have to bear. 

With the majority of biplanes, and some monoplanes, 
the general tendency is to reediness of construction, 
which necessitates cross-bracing to a remarkable degree. 
Apart from the head resistance thus caused, there is the 

ibility of one or more stays or eye-bolts giving out. 
Machines can be built more compactly with less outside 
bracing, which give better all-round results. Propellers 
are still placed between the fuselage or in positions 
where breakage will do the greatest possible amount of 
amage ; the engine in some cases is still placed behind 
the pilot—both dangerous positions. Constructors must 
remember that the people to whom they look for sales are 
not ignorant of these facts; the men purchasing aero- 
planes know as much of the construction, and go over the 
points much in the same way as a trainer does a racehorse ; 
they will not be talked into purchasing anything but the 
best, or, perhaps, one should say, the t so far as our 
knowledge at t 

The majority of aeroplanes are over-engined, and the 
strain thus thrown upon the whole structure is greatly 
increased without any adequate return. If speed be the 
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objective, a slight alteration in the angle of incidence of 
the planes, with less power, would give the same results. 
Where lifting, tail, or fore planes are fitted, the strength 
of the fuselage at its point of attachment to the main 
planes requires careful consideration, or, I should say, 
re-consideration. The leverage and the size of the planes 
in some cases, taking the 5) into account, is out of all 
proportion to the strength given. In other words, the 
engine power has been increased without any strengthen- 
ing of these members. 

The general tendency of the monoplanes is to lankiness, 
which is much to be ; it necessarily increases the 
head resistance, and therefore to the strain on the whole, 
in addition to the weight. It must be admitted that it has 
its advantages, but it is a feature which has been modified 
with marked success. In the majority of passenger- 
carrying types the pilot is being placed too much to the 
rear; a Clear view is indispensable, not only when land- 
ing, but when in the air ; itis not impossible to — 
this. Again, some are giving a limit to the action of the 
elevator by placing it between the rudders. Although 
this limit may leave araple room, pilots will not take the 
risk. In some the pilot’s position is cramped, and the 
control-pillar is both too vertical and too high for comfort, 
while in others the body is too shallow for safety. The 
legs—one can hardly call them a chassis—are also far too 
rigid and heavy ; it has been overlooked that a certain 
amount of elasticity is as desirable, if not more so, than 
rigidity in this member, and much weight and resistance 
can thereby be saved. 

A few faults that may be found in both ty landing- 
skids are often too long and too straight ; a long, straight 
skid will cause more evil than it will cure. One can still 
find sawing control-wires ; bolt ends and nuts projecting 
below the working surface of the skids ; stream-line bod 
with tank at right angles to the flight-path ; control- 
handles so confined that they limit the use of the controls ; 
control-pillar projecting below the body in close proximity 
to the ground, or a long, low axle, all undesirable features, 
and ones easily remedied. 

The camber of the under surface has in two or three 
of the exhibits entirely disappeared—a doubtful point, 
and one that will require thoroughly testing before being 
used indiscriminately. 

The whole tendency is towards speed ; but it is difficult 
to pick out a purely s machine. Some of the pro- 
fesed racing types will on trial be found slower t 
some of the passenger carriers, while the difference of 
speed between any of them will be slight. 

In conclusion, I must add that I looked in vain for a 
probable winner of the Gordon-Bennett Cup, or other 
valuable prizes to be won this year ; it is to be hoped that 
our constructors have a few dark horses up their sleeve. 
Nor was there any sign of a machine suited to the 
English climate and its natural conditions. For an island, 
the probable call is for an aeroplane that need have no 
fear of the sea, pone it were reasonably calm. 
The more than probable likelihood of the on re 
quiring aeroplanes suitable for over-sea work has not been 
anticipated ; yet when one thinks about it, the Army Air 
Battalion will not be required until the Navy has been 
finished with, unless they (the Air Battalion) are to scout 
with both, when they will require suitable aeroplanes. 

Thanking all those who so kindly explained their 
aga to me, knowing my intention to write this 
etter, 


April 3, 1911. 


I remain, Sir, Ya truly, 


FRANK B. HamBuine. 





‘* ATIR-RESISTANCE TO PLANE SURFACES,” 
To THE Eprror or ENGINEERING. 

Sir,—In reply to — correspondent ‘‘ R.” (whose letter 
gen on page 382 of your issue of March 24), although 

. Froude proposed the law of similitude for ascertaining 
the wave-makiug resistance of ships, he experimentally 

roved its accuracy, and it is now actually employed, for 

etermining the “ residuary” resistance, which includes 
both wave-making and eddy resistance. In modern shi 
the latter is small, but in the older ships—including the 
Greyhound, which Froude used—it was appreciable. It 
is still more nega in the case of submarines moving 
below the surface. If, therefore, eddy resistance does 
not follow the law of similitude, it is highly probable the 
fact would have been noticed long before this in connec- 
tion with the innumerable experiments carried out to 
determine the resistance of ships and submarines. Inde- 
pendently of this, there is evidence to show that the 
phenomena attending the motion of similar plates moving 
normally through water follows the law of similitude. 

I am familiar with the investigation given on 
of the Aeronautical Committee’s Report, 1909-10, but I 
have always understood that the effect of viscosity, 
interesting enough to the mathematician, is of very little 
importance when considering the effect of planes moving 
normally through air or water at usual velocities. This 
seems to be borne out by the results of experiments, for 
if compared for similar plates a‘ speeds given by V L a 
constant, there is no agreement between the values of 
K. The compressibility and viscosity of air being there- 
fore negligible, ge 4 asserts that should be inde- 
pendent both of velocity and linear dimensions, an 
assertion which is contrary to experimental results. On 
the other hand, as I tried to show in the article under 
discussion, these results point to the motion following 
the law of similitude. 

Ahlborn (Annual, German Naval Architects, 1904-5) has 
photographed the stream-lines around plates moving 
through water, and Eiffel (Resistance de Pair, page 2) has 
mapped out the lines around a plate in a current of air. 
The question of similarity is so important that it ap 
practicable and well within the province of the from 
nautical Committee’s work to map out and compare the 
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stream-line formation around similar plates at different 
velocities. : 

In conclusion, Sir, if I am wrong in assuming the law 
of similitude does not apply, I find myself in excellent 
company. In The Aero of the 22nd ult. I notice that 
Messrs. O’Gorman and Lanchester, both members of the 
Advisory Committee on Aeronautics, have expressed their 
belief in the application of the law of corresponding speeds 
to aeronautical models and flying-machines. 

I am, Sir, yours faithfully, 
* JOHNS. 
104, Huron-road, Upper Tooting, 8S. W., 
March 30, 1911. 








PROPELLERS FOR AEROPLANES. 
To THE EprTor OF ENGINEERING. . 

S1r,—In your review of the exhibits at Olympia you 
state that it is curious that while the planes of an 
aeroplane are curved, the propeller planes should be flat, 
which fact you gathered from inspection of the same 
exhibits. 

an | I again assert the fact that the working surface 
should be curved, and at one certain angle to the line of 
rotation, one certain proportion of each blade area to 
total disc area, and the different thrusts obtained by 
having different sized propellers, and altering the engine 
— to a certain extent. By so doing can we only 
obtain the highest efficiency of thrust to power supplied. 

The above is the outcome of a great number of experi- 
ments, combined with unbiassed knowledge and reasoning, 
opment the more common method (?) of blindly following 
the design of steamship propellers, which is the course 
pursued by the greater number of aeroplane manufac- 
turers and so-called designers. 

Of course, the outcome of this blind following of prece- 
dent is that larger and more powerful motors are required, 
and incidentally the weight per horse-power is cut down 
at the expense of reliability, and incidentally the motive 
power costs more, in first cost of motors, increased con- 
yg of petrol for the purpose of simply churning 
the air. 

The imperviousness of the Anglo-Saxon mind to rational 
ideas and reasoning is truly colossal. 

T have repeatedly offe to supply a propeller free of 
charge to aviators, the same to be cf my approved form 
and construction, and guaranteed to be at least three 
times as efficient as the ones they were using; but have 
been met with incredulous looks and a stare of blank 
self-sufficiency and idiocy. 

Yours faithfully, 
JOHN KiRKBY. 

Pilsley, near Chesterfield, April 3, 1911. 





HIGH VACUUM. 
To THE Epitor OF ENGINEERING. 

Six,—I notice, on page 424 of your issue of March 31, 
that Mr. D. B. Morison does me the honour to quote a 
remark of mine, in a discussion in 1902, to the effect that 
‘‘within reasonable limits better results were obtained 
(with the Willans engine) per indicated horse-power for 
every improvement of the vacuum, certainly up to 27 in.” 
This is quoted in support of Mr. Morison’s well-known 
advocacy of high vacuum ; and as I am a supporter of 
his views only to a limited extent, and have sometimes 
expressed opinions more or less contrary to them, I 
would like to point out that, though a suitably designed 
engine will give a better result (per indicated horse- 

wer) with high vacuum than with low, it does not 
Follow that it is always — to design the engine on 
those lines. The omy gain from high vacuum is that 
the steam is enabled to be worked more expansively, 
which, for a given power, is only possible through 
larger cylinder volume —that is, a larger engine (and 
condenser and air-pump) for the same power, greater 
first cost, and ter weight. In a given marine engine 
of ordinary cylinder volume an increase of vacuum, by 
removing fs pressure, adds to the power, and, theo- 
retically, if more power is not needed, it should enable the 
steam to be used a little more expansively. But at the 
same time it increases the total range of temperature in 
the cylinders, and therefore the initial condensation, and 
the general testimony of marine engineers appears to be 
that in going from 35 in. to 27 in., they make little, if 
any, cope gain. Mr, Morison says that ‘‘ Dr. Weigh- 
ton proved that the gain in power in a triple-expan- 
sion engine by increasing the condenser vacuum from 
25 in. to 28} in., provided the engine is suitably designed, 
is as much as 5 per cent.” No doubt, but the “‘suitably- 
heavier, and costlier, 
with 28 in. 


and it can hardly be deni workin 
more skilled 


vacuum needs more attention to leakage an l 
attendance generally than 25 in., or that the larger engine 
must have a greater friction loss than the small one, and 
therefore must lose some of its advantage in indicated 
horse-power. P : 

I am afraid it comes to this, that in a reciprocating 
engine there is and can be no such thing as a satisfactory 
low-pressure cylinder, for if it is to really utilise the 
expansive foree of the steam, that a cylinder 
will be too big to go into the ship ; if it only tries to 
utilise the steam a little better than at present, it will add 
enough to bulk, weight, cost, friction, and initial con- 
densation to make even that small advan doubtful— 
so you had best stay where you are. But there is a true, 
t h radical, remedy. Have no low-pressure cylinder 
at but finish up the expansion in the best of all 
forms of low-pressure cylinder—a oe turbine. 
Then the e, turned into a virtu: non-condensing 
engine, is onal’ light, and cheap, with a minimum of fric- 
tion, and with a 


and condensation, w! gets a duty out of the 





small of cylinder temperature | Swedish 
ile the turbine 


low-pressure steam which no reciprocating .engine can 
approach. Possibly the aid of the turbine to the recip- 
rocating engine may be as that of the Saxons to the 
Britons, for with the turbine installed as low-pressure 
cylinder, the owner may begin to think it would be cheaper 
to add a few more rings of blades to his turbine, and give 
it a “‘high-pressure end” as well, rather than employ a 
reciprocating engine however simplified. With the 
reported success of the turbine-driven propeller 
this consummation may be close at hand. However that 
may be, if the steam finishes up in a turbine there will be 
ample scope for the highest vacuum which Mr. Morison’s 
well-known improvements can produce—improvements 
which are, no doubt, as valuable if'the vacuum aimed at 
be 25 in. as if it be 28 in. or higher. 
I am, Sir, yours truly, 
Mark Rosrnson, M. Inst. C.E. 
Parliament Chambers, Westniinster, April 3, 1911. 





SECTION 33 OF THE PATENTS AND 
DESIGNS ACT. 
To THE Eprtor oF ENGINEERING. 

Srr,—Your leader on Section 33 of the Patents Act, 
published on page 453 of your issue of the 7th inst., 
raises some very interesting pointy worthy of the con- 
sideration of all interested in patents. I am inclined to 
think, howevér, that you have approached the section 
from the point of view of the patentee rather than from 
that of the infringer, and I submit that as the section is 
evidently drafted to protect the “‘innocent infringer,” it 
would have been an advantage to have viewed the section 
from this standpoint. 

The infringer, to be immune from being mulcted in 
damages, must prove that he was not aware of the 
**existence of the patent,” nor had reasonable means of 
becoming aware of it ; and if he can prove this, it issurely 
the patentee’s fault in a large measure, if not entirely. 
For instance, if a man has a patent for a motor-car wheel, 
and an infringer of it can prove that the existence of the 
patent was unknown to him (and the Courts, it is to be 
supposed, will tiot allow him to look with a blind eye 
down a very strong teJescope), then it seems that the 
patentee has only himself to thank. 

A man who has a fried-fish shop does not suddenly 
start to make motor-car wheels’; if this were so, then the 
section would be a ee the patentee. But a man 
making any article must in touch with the trade in 
which it is used, to a large extent, and thus, apart from 
the question of marking, there are trade papers, cata- 
logues, circulars, exhibitions, &c., where the patentee 
will, if a good business man, take care to advertise and 
show his invention ; and if he neglect these opportunities, 
then it is his own fault if he loses still more on the same 
patent by having it infringed ; for, speakin sonaky. a 
patent is infringed in the same trade in which it is used 
or made. 

A mining engineer in the ordinary course of his occu- 
7 will not infringe a patent for use on an aeroplane ; 

ut if he start making aeroplanes, then surely he has 
‘* reasonable means of making himself aware of the exist- 
ence of the patent;” but if the patent is so obscure 
that men in the aeroplane eg a are not aware of it, 
they cannot be to blame if they infringe it. 

As is well known, two firms often run neck and neck 
with regard to patents, and I have known of cases where 
one of such firms has laid a trap for their competitors by 
not marking a patent, and doing this with the intention 
of getting damages in an action. In asimilar manner, it 
is often a matter of great difficulty to get a reply froma 
firm to a question as to whether a thing is protected or 
not, and thus, by keeping up a mysterious feeling of 
semnetaaety, extending their monopoly beyond its legal 
imits. 

Under Section 33 this kind of thing will be stopped, and 
although there may be genuine cases of hardship, I am 
convinced that, as a general thing, the section will be of 
real benefit to commerce, which is the real aim and object 
of our patent laws. 

Yours truly, 
J. Beaumont PERCIVAL. 

Venice Chambers, 61, Lord-street, Liverpool, 

April 11, 1911. 








Cement Karten in Bouemia.—The North Bohemian 
cement factories have decided to form a syndicate, which 
is to enter into kartel relations with the German cement 
unions in Silesia and South Germany. An arrangement 
has been arrived at among the German cement unions 
concerning the export trade, whereby free competition as 

prices has been given more scope, especially in 
the matter of the oversea trade. 


INFLUENCE OF MAGNETISM ON THE THERMAL CONDUC 
tivity OF Iron.—An influence of magnetism on the 
thermal conductivity of iron and steel has recently been 
established by U. Bordoni, who describes his experiments 
in the “Nuovo Cimento,” vol. xx., ii., page 159. A rod of 
iron or steel, 60cm. in height, was placed within a coil and 
heated from below while in a vertical position. When 
constant temperature had been reached, temperature 
measurements were taken in various cross sections with 
the aid of thermo-couples. It resulted that longitudinal 
magnetisation had a small but distinct influence on the 
thermal conductivity ; the sense of the magnetisation did 
not make any difference. The temperature range was 
12 to 110 deg. Cent. ; the maximum magnetisation ap lied 
was 1700 units for iron and 1500 units for steel. In all 
the experiments the magnetisation reduced the thermal 
conductivity by 0.5 per cent. in the case of the softest 
ish iron, and by 6.2 per cent. in the case of hard 


wi 
Sheffield tool steel. 
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DIESEL ENGINES FOR SEA-GOING 
VESSELS* 


y J. T. Mitton, Vice-President. 


Tue possibility of employing internal - combustion 
engines for the propulsion of large vessels has recently 
been prominently before those interested in shipping, 
and, as it had been decided to fit several vi in- 
tended to be classed in Lloyd’s Register with these 
engines, the Committee of that society determined to 
obtain as much information as possible in regard to their 
construction and their suitability for the purpose. As 
the Diesel engine in some of its forms appeared to be that 
which was making most progress, they asked for, and 
obtained, the co-operation of those firms on the Con- 
tinent who had given special attention to this form of 
engine for marine work, and visits were made by the 
Chief Engineer Surveyor and other officers of the society 
to each of the firms in question, and much useful informa- 
tion was obtained. The firms were :—Messrs. Burmeister 
and Wain, of Copenhagen ; the Nederlandsche Fabriek 
van’ Werktuig en Spoorweg Materieel, of Amsterdam ; 
Messrs. Carels Freres, of Ghent ; the Maschinenfabrik 
Augsburg Nurnberg, of Nurnberg; Messrs. Sulzer 
Brothers, of Winterthur; Société John Cockerill, of 
Seraing ; and Messrs. Schneider et Cie., of Le Creusot, 
each of which, besides having considerable experience in 
the design and manufacture of internal - combustion 
engines, had either completed, or had in course of con- 
struction, some Diesel engines for marine = The 
British Diesel Engine Company were consulted, and a 
visit was also paid to Dr. Diesel, with the same object in 
view. This gentleman and the princi of the above- 
mentioned firms courteously and freely gave full infor- 
mation upon every point upon which their previous work 
had given them experience. 

Since then several British firms have decided to make 
Diesel marine engines, and as numerous inquiries are 
being constantly made by those interested in the subject, 
the present paper has been prepared. It is hoped that 
the information contained in it, and that brought out in 
the discussion which will follow, will be of service to 
shipowners, engineers, and shipbuilders, and will not be 
without interest to underwriters also. 

It need hardly be pointed out that the inducement to 
forsake the tried and trustworthy servant, the steam- 
engine, for ordinary sea-going vessels, will be mainly, if 
not solely, the question of fuel we | ; but this point, 
important though it is, would not of itself warrant a 
change to a new type of engine unless equal certainty of 
continuous efficiency on the voyages to be undertaken was 
provided—that is, as little risk of accident to machinery, 
and as great facility for using temporary expedients for 
reaching port in case of breakdown of part of the 
machinery. There must also be a prospect of a reason- 
able cost of upkeep. To each of these points some atten- 
tion will be given in this paper. 

It is evident that, apart from the question of the 
relative cost and facilities for obtaining supplies of oil 
fuel and coal, an internal-combustion engine using 
oil possesses many advantages for marine work over one 
using gas made from coal. Even for land installations 
the same thing may be said, inasmuch as with oil the 
comparatively bulky gas-producers and scrubbers are 
not required. There is no trouble with gas in the 
cylinders, and there should be none with tar on valve- 
faces, &c. Even as fuel for marine steam-boilers the 
advan of oil over coal are very —. Weight for 
weight it has at least 50 per cent. higher evaporative 
efficiency. It occupies less space per ton than coal. It 
can be carried in double bottoms and other spaces unsuit- 
able for coal or cargo. It requires no trimming, and 
lessens the number of stokers necessary. Owing to the 
higher temperature produced and more perfect combus- 
tion obtainable, more power can be realised by its use 
from the same size of boiler. There is greater regularity 
of power than with coal, owing to there being no fire 
cleaning necessary. It can be quickly pum from the 
stores into the bunkers, and the labour and dirt of coalin 
ships are avoided. Yet, with all these ee oo oil fue 
for ships’ boilers is very little used as compared with coal. 
Leaving war vessels out of account, oil fuel is only used 
on dilshoesd in those places where the natural advan- 
tages render its use more economical than coal, and by 
vessels which trade regularly to ports where supplies can 
be obtained. For the ordinary cargo steamer which has 
to seek employment all over the globe coal is still the 
necessary fuel. 

It is said that unlimited quantities of oil are known to 
exist, well distributed throughout the tropical and tempe- 
rate regions of the world, and that, given a regular and 
steady demand for it, commercial enterprise will place 
ample supplies upon the market. Undoubtedly, for many 
years most of the oil raised was for the supply of the 
refined products, petrol, lamp-oil, and to a less extent 
lubricating oil, the residuum, after these had been dis- 
tilled from the crude oil, being a by-product which had 
either to be thrown away or used as fuel. In these 
conditions, with a comparatively limited supply of 
residuum, its price would naturally be determined not b 
the cost of raising oil, but by the value of the coal wit) 
which it had to compete. The market for refined oils, 
although large, is not unlimited, and it is thought by 
some that they are at present over-produced. e cost 
of distillation is a very considerable factor. Considera- 
tions of safety render it necessary to use in ships’ boiler 
furnaces only fuel oils having a comparatively high flash- 
point. This practically shuts out from marine boiler use 
those crude oils which do not contain sufficient of the 





* Paper read before the Institution of Naval Architects, 
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lighter hydro-carbons to make it profitable to distil them, 
but which contain sufficient to give them a comparatively 
low flash-point. If the oils are to be used in closed 
cylinders instead of in ordinary boiler furnaces, there is 
not the same necessity for demanding a high flash-point. 
Experience has shown that even the extremely volatile 
“* petrol” can be safely carried in bulk on board ship. 

m the above it may be considered that, if internal- 
combustion engines of the oil-burning type become 
common in sea-going vessels, crude oil, rather than the 
residues from distillation, will form the major portion of 
the fuel employed, raised, perhaps, in places where it may 
be profitable to distil some portion, Put it will also be 

— to employ crude oils that are not suitable for 
ist g- 

In regard to this matter it may be well to state here 
that it 1s claimed for the Diesel engine that any oil can 
be used in it which will burn completely, leaving no 
residue. If this is so, the different qualities of oil must 

uire special experience to know how to adjust the fuel 
valve to spray them properly, so as to obtain a suitable 
combustion that will, on the one hand, consume them 
sufficiently slowly to prevent an undue rise of pressure, 
such as occurs in gas and petrol-engines, and, on the other 
hand, will permit of their total combustion in the engine. 
There have, however, been objections taken to this view. 
Mr. Paul Rieppel, of the Maschinenfabrik Angobans 
Nurnberg, of Nurnberg, who has had much experience wit: 
internal-combustion engines, has made some elaborate 
investigations on this point, and, after experiments with 
many kinds of oils, he has come to the following con- 
clusions :— 

The various hydrocarbon oils, which occur either as 
natural products or as the result of distillation either of 
brown coal, ordinary coal, or crude oils, may divided 
into two classes, which differ very much in their beha- 
viour when raised to a high temperature. Those of one 
class, when raised to such a temperature as is obtained by 
the compression in Diesel engines, readily decompose into 
free hydrogen and heavier hydrocarbons; those of the 
other class at first only vaporise, or partially he and 
require much higher temperatures than that due to the 
compression for their decomposition. In those of the 
first-class the hydrogen, because of its easy ignition, 
burns first, and the resulting heat enables the remainder 
of the hydrocarbons to ome completely burnt, the 
total combustion taking an appreciable, though small, 
amount of time. In the second, a very higt temperature 
is required to initiate combustion, which, when com- 
menced, approximates to an explosion, owing to part of 
the oil, having been made gaseous, becoming mixed with 
the compressed air, and so constituting an explosive mix- 
ture. e latter oils, therefore, may be either not pro- 
perly consumed, or they may be burned with explosive 
violence. 

It should be mentioned that Mr. Rieppel states that 
even these oils can be used in the Diesel engine by means 
of special alterations in the design, but it would appear 
that they could be used in an engine adjusted for the more 
suitable oils. In general the oils, which are not suitable, 
=e to be the result of distillation of ordinary coal, so 
that this matter is of more importance to the users of 
land engines, whilst the oils made from brown coal or 
from natural crude oils appear to be well suited for Diesel 
engines. 

here is, however, another point which requires atten- 
tion. Some of the crude oils, and therefore all the 
residues from their distillation, contain combined sulphur. 
Some oils are credited with containing as much as 2 per 
cent. This element, especially at high temperatures, 
has an affinity for copper, and it has been found that 
where oil containing sulphur has been used the valves 
and fittings coming into contact with the oil must not 
be made of copper or copper alloys. Fortunately cast- 
iron ap) to resist the action of the sulphur, and 
valves, &c., made of this material have stood well where 
brass valves have failed. This point shows also the ad- 
visability of making oil-fuel pipes of steel or iron, instead 
of using copper, unless it is certain that the fuel supply 
will not contain sulphur. 

Whilst dealing with the question of the quality of oil 
required, it may be advisable to state that extended ex- 
ee nage has shown that the requirements of Lloyd’s 

ules for oil-fuel bunkers, &c., have proved their suffi- 
ciency for safely dealing with heavy oils suitable for 
boiler fuel having a flash point of not less than 150 a. 
Fahr. Such oils have been through refineries, and all 
light hydrocarbons have been distilled from them. Any 


ge arising from them at even tropical temperature must | fah 


very small in aay and entirely _e ble. Provi- 
sion is made for dealing with any possible leakage from 
any of the oil-fuel compartments, and fore-and-aft peak 
tanks and double bettoms under cargo holds, may be 
safely used for the fuel. If, however, oils are to be used 
for oe fuel which have a low flash point, or which 
give off a perceptible amount of gas, it will be undesirable 
to carry them in double bottoms under cargo holds, or in 
spaces from which a leakage would permit of vapours or 
gas penetrating into cargo holds or other cl spaces 
where they would be a source of danger. 

It must be remembered in this connection that some 
of the hydrocarbons, creosote, for instance, have a most 
objectionable and penetrating odour, capable of contami- 
nating and spoiling many kinds of fine cargoes. How- 
ever, as ‘‘ petrol” can be safely carried in bulk, suitable 
provision can be made for any kind of oil to be carried 
without risk either to the vessel or her " 

It may be well to state here what is claimed for the 
Diesel engine in the way of consumption, In an ordinary 
steam engine, the power is generally reckoned as indi- 
cated horse-power. This is the work a the 
steam on the piston, and is the gross power obtai It 
has to overcome the friction of the mechanism, work the 





slide-valves and the pumps, and only about 85 per cent. 
in round numbers is transmitted to the shaft. 

In the Diesel engine the indicated horse-power has 
similarly to overcome the friction of the mechanism, it 
has to work the fuel-pump, the mechanism for actuating 
the valves, and to supply the compressed air nevessary 
for injecting the fuel. In the two-stroke cycle also it has 
to work the scavenging pump. These e up more of 
the gross power than do the accessories in a steam-engine, 
and hence a less proportion of the gross, or indicated 
power, is transmitted to the shaft than in a steam-engine. 
For this reason the power of a Diesel engine is more 
usually expressed as its brake horse-power—that is, the 
power usefully exerted outside itself. 

It is usually claimed that the oil consumption per brake 
horse-power per hour is 0.4 1b. when the engine is work- 
ing at full power, and when working at somewhat lower 
powers the rate of consumption is not much inc 

If one assumes that ina modern steain-engine the con- 
sumption of coal is 1.25 lb. per indicated horse-power per 
hour this corresponds to about 1.47 lb. per brake horse- 
power, so that the weight of fuel to be carried for the 
same voyage in a vessel fitted with Diesel engines would 
be only 28 per cent. of that of the coal necessary with 
ordinary steam-engines. 

We will now turn to the engine itself. Its principle 
of working is generally known. It is made in three forms 
for marine purposes—viz., as a four-stroke cycle single- 
acting engine, a two-stroke cycle single-acting engine, and 
a two-stroke cycle double-acting engine. n essential 
feature of these engines is that they require, besides their 
own cylinders and pistons, an auxiliary air-com r 
capable of producing a pressure of about 700 lb. per 
square inch. 

In the four-stroke cycle-engine the cylinder-cover con- 
tains a fuel-valve, a compressed-air admission-valve, one 
or more ordinary air-admission valves, and one or more 
exhaust-valves. All these valves are actuated—that is, 


opened—by, means of cams fixed to a cam-shaft, and are 
kept p in | by powerful springs when the cams are out 
of action. The cam-shaft is driven by a two-to-one gear 


—that is, it makes only one revolution for two revolutions 
of the engine crank-shaft. Broadly speaking, the cams 
are so arranged that the air-admission valves are open 
during one whole down-stroke, and the euhaumt-valves 
during one whole up-stroke, but actually a little “lead” 
is necessary. The cams for the fuel-valve and the com- 
pressed-air valve are so arranged that only one of these 
can be in operation at a time, so that when either is in 
use the other is entirely inoperative. In ordinary running, 
the fuel-valve is opened at the proper time when the 
piston is at the ~? of its travel, and is closed again when 
about one-tenth of the downward stroke has been made. 
The compressed-air valve is only used for starting pur- 
a and it is kept open for a longer period—say, for 
f or even more of the stroke—its range of openi 
being made to depend upon the number of cylinders — 4 
so that when these valves are in gear there is no position 
of the engine in which there is not at least one of them 


open. 

In starting the engines these valves are put into gear, 
and the fuel-valves are consequently put out of action. 
When the engine has made one or more complete cycles, 
the compressed-air valves are put out of gear, the fuel- 
valves commence their work, and the engine then con- 
tinues its motion, working under ‘‘fuel” conditions. As 
the air-admission valve-gear is in full action during the 
starting operations, the full compression would have to be 
overcome in each cylinder in turn, if it were not for a 
special arrangement made to relieve part of the pressure 
in order to facilitate starting. This is put out of action 
when the fuel admission is put into gear. 

Commencing with a piston at the top of the cylinder, 
the four-stroke cycle is as follows :— 

First Down-Stroke.—The ordinary air-admission valve is 
opened during the whole stroke, and the cylinder becomes 
filled with atmospheric air at the ordinary atmospheric 
pressure. 

Second Stroke.—The air-valve is closed, and the piston 
returns to the top of the cylinder, compressing the air 
which had been drawn in during the previous stroke. 
The clearance is so proportioned that in ordinary working 
at full s the pressure becomes about 5001b. per square 
inch, and the temperature is, at the same time, very much 
raised. The compression is not quite adiabatic, as the 
cold cylinder walls must abstract a little of the heat from 
the air. If it were truly adiabatic the temperature of the 
air would be raised from, say, 60 deg. Fahr. to 1000 deg. 

ahr. 
During this stroke a quantity of fuel has been pumped 
by the fuel-pump into an annular space round the fuel- 
valve. When the piston is at the top of the stroke, the 
fuel-valve is raised, and, at the same time, cold air from 
the air-compressor reservoir at a pressure of 700 lb. per 


‘square inch blows the fuel into the cylinder, which con- 


tains hot air, at a pressure of 500 lb. per square inch. 
The construction of the fuel-valve is such that the oil is 
pulverised or atomised—that is, it is divided up into a 
spray of very fine particles. These, upon coming into the 
very hot air in the cylinder, ignite, and the heat produced 
by the combustion increases the volume or the pressure 
| the air. When the adjustment of the valve is correct, 
the admission of the fuel and the combustion at 
such a rate that they are almost completed during the 
time taken for the piston to travel one-tenth of its stroke, 
and during this period the pressure of 500 lb. per square 
inch is maintained. 

Third Stroke.—The third stroke of the cycle commences 
with the combustion of the fuel as mentioned above, after 
which, during the remainder of the stroke, the hot 
in oS cylinder expand until the end of the stroke is 





reached. 
Fourth Stroke.—The return of the piston constitutes the 
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fourth stroke, and during this time the exhaust-valves are 
open, and the burnt gases are expelled from the cylinder. 
After this the cycle commences afresh. 

In the two-stroke cycle single-acting engine, the cylinder 

covers are similarly fitted with fuel valves and com- 

-air valves for starting purposes, but the ordinary 
air-inlet valves and exhaust valves are replaced by ey 
air valves. All these valves are actuated by cams; the 
cam-shaft, however, in these engines rotates at the same 
speed as the main engine shaft. 

The pistons are made somewhat deeper than the total 
length of stroke. At the lower end of the part of the 
cylinder barrel uncovered by the movement of the piston, 
there are numerous ports leading into the exhaust pas- 

These ports have a vertical dimension of about 
one-seventh of the stroke. 

The two-stroke cycle is as follows :— 

First Stroke.—When the piston is at the bottom of the 
stroke the cylinder is full of pure air at atmospheric 
pressure, which air has just been admitted through the 
scavenge-valve. During the up-stroke the air is com- 
pressed up to 500 ib. pressure per square inch, megane 
as in the compression stroke of the four-stroke cycle 
engine. 

Second Stroke.—The second stroke commences at the 
top centre by the admission of fuel sprayed in by com- 
pressed air precisely as in the previously described engine, 
and the stroke proceeds in exactly the same way until the 
piston has travelled about six-sevenths of the stroke. 
At this point it commences to uncover the exhaust ports 
through the cylinder sides. So much of the hot gases 
escape through these ports as to reduce the pressure in 
the cylinder to about that of the atmosphere. The 
scavenge-valves are then opened, and fresh air under 
pressure is admitted into the cylinder, blowing out the 
remainder of the burnt into the exhaust passages. 
With these gases some of the scavenge air also passes into 
the exhaust. By the time the piston has reached the 
bottom of its stroke the scavenge-valves are closed, but 
the cylinder is left full of clean air ready for the com- 
pression stroke to commence. 

There are different arrangements made by different 
makers for supplying the scavenge air. In some designs 
each main cylinder has its own air-compressing arrange- 
ment and receiver. In other designs sometimes one, and 
sometimes two, air-pumps are provided, sometimes 
worked by cranks from the crank-shaft, and in some cases 
by levers similar to the method of working air-pumps in 
ordinary marine steam-engines. 

There are also different methods of applying the 
scavenge air, one allowing it to enter through special 
valves in the cylinder cover, another by admitting it at 
one side of the bottom of the cylinder through ports 
uncovered by the piston in the same way as the exhaust 
ports are uncovered. In this latter case the scavenge 
ports are on one side and the exhaust ports on the other. 

The volume of the scavenge air-pumps is considerably 

ter than that of the cylinders, the proportion being 
in general not less than 1.8. This is necessary to ensure 
that all the burnt gases will be swept out of the cylinder. 
As the full quantity of air dealt with by the pump must 
pass from the reservoir into the cylinders every revolu- 
tion, the pressure to which the air in the reservoir attains 
depends upon the scavenge-valve openings. When these 
are large a less pressure is required to force the air 
through them than when they are small. Hence the 
larger the openings of these valves the less load there is 
thrown on the scavenge air-pump. 

In some designs the scavenge air-pressure is as much 
as 7 lb. to 8 lb. per square inch, in others it is as low as 
3 1b. to 4 1b. above the atmosphere. 

In the preceding engines the pistons are of the trunk 
form. In the double-acting two-stroke cycle engine the 
are necessarily made of box form, oa are fitted wit 
piston-rods, which, as they pass through the burning 
gases at the lower side of piston, have to be specially 
cooled. The pistons also, in general, have to be cool 
by either oil or water circulation, 

Water is the best cooling medium, as its specific heat 
is about three or four times that of oil, but some prefer 
oil, as any leakage from the water circulation washes off the 
lubrication of any of the rubbing parts which it touches. 

The admission, fuel, &c., valves, are designed for both 
the top and bottom of the cylinder. The exhaust ports 
are in the middle of the length of the cylinders, and the 
pistons, as in the single-acting engines, uncover the ports 
at nearly the end of the stroke. 

In smali engines of the single-acting type the pistons 
are not water or oil-cooled, as it is found they may 
kept at a sufficiently low temperature by their contact 
with the cylinder sides, which are water-cooled. A 
heated pee is not so objectionable as it is in an ordinary 
gas or oil-engine with timed ignition, because, in the Diesel 
engine, pre-ignition cannot occur. The main objections 
are that, with a re piston, overheating of the crown 
may be the cause of structural weakness, and that the 
expansion of the metal by its high temperature renders it 
necessary to make the piston crown initially smaller than 
the cylinder bore. This has to be arranged in all engines, 
and the exact amount of allowance is one of those points 
in which experience is the only guide. It may be said 
here that this is a matter of extreme importance in those 
engines in which there are no piston- This will be 
again referred to further on. 

Experiments are being made in the case of an engine 
with a large diameter of cylinder, to ascertain whether 
it is practicable to run it without special piston cooling. 

In all the types of engines highly-compressed air is 
needed for starting oo, and also for the fuel 
injection. This has to be supplied by an air-compressing 
plant worked by the main engine. The compression is 
sometimes performed in two stages, although a three- 
stage arrangement is generally used. The compressed 


ed | its temperature, and therefore its pressure, must fall 





air is cooled at each stage. The volume of the compressor 
is such as to provide a small surplus each revolution over 
that required for the fuel admission in continuous working. 
This surplus is stored in a reservoir constructed usually 
as a battery of seamless steel bottles. These are tested 
by hydraulic pa to 120 atmospheres. A safety 
valve is provided loaded to 60 atmospheres. The com- 
pression of the air is attended by the deposition of 
moisture from it, so that means of draining the steel 
bottles should be provided. 

Naturally there are advantages and disadvantages with 
each type of engine, and a judicious consideration of 
these should determine which is the more suitable ty 
to use in any particular case. The two-stroke double- 
acting engine will be higher than a single-acting one with 
the same diameters of cylinders and stroke, but the 

wer will be obtained with a less number of cylinders. 

n the other hand, there is considerably more complexity 
in the valve arrangements, and a probability of difficulty 
with piston-rod stuffing-boxes, to say nothing of the 
trouble of cooling the ee and is by water or oil 
circulation. There is likely to be considerable diffi- 
culty, owing to want of access for overhauling. It should 
be stated that no experience has been had, as yet, with 
large engines of this type. 

mparing single-acting engines of the two-stroke and 
four-stroke types, the former require only half the number 
of cylinders which are requisite in the latter, either to 
seule the same power or the same degree of uniformity 
of turning moment. The four-stroke therefore means a 
longer engine, and necessarily a heavier one also. The 
valve-gear of the two-stroke engine, being actuated by a 
shaft with the same rotational speed as the crank-shaft, 
is simpler than that in a four-stroke engine, and the 
reversing arrangements are much less complicated. The 
two-stroke, however, requires the addition of the scavenge 
arrangements which are absent from the four-stroke, an 
the necessity for supplying the energy for working these 
makes the mechanical efficiency less. the question of 
efficiency, however, it may be urged that the four-stroke 
engine has to overcome the friction of the piston &c., for 
what may be called two idle strokes out of every four, 
and this must, to some extent, counterbalance the energy 
necessary to work the scavenging-pumps. In the four- 
stroke engine all the hot used gases have to escape past 
the exhaust-valves, which thus may become abnormally 
heated. On the other hand, in the two-stroke engine 
they have to the bars between the exhaust-ports, 
and it is thought by some that although these parts of the 
cylinder are water-jacketed, they must become over- 
eated and lose their accuracy of surface, and it must be 
remembered that all the | pee have to pass these 
bars every stroke. Extended experience will be required 
to settle all these points. It may be mentioned that an 
engine is being made on the four-stroke system in which 
the major portion of the exhaust passes out of the cylinder 
through ports precisely as in the case of the two-stroke 
engine, leaving only a part of the burnt gases to be pushed 
out of the cylinder through the ordinary exhaust-valves. 

It is instructive carefully to examine the indicator 
diagram of a Diesel engine (Fig. 1), and to compare its 
queen and expansion lines with adiabatic curves. 

hen it is remembered that the circulating water 
abstracts about one-fourth of the total heat of combustion 
of the fuel, it will be seen that adiabatic conditions must 
be widely departed from. 

At the commencement of the compression the air tem- 
perature will not be very different from that of the 
atmosphere, and the air will no doubt receive some heat 
from the cylinder walls. During the compression, after 
its temperature rises above that of the cylinder walls, 
some heat must be given up, so that the pressure will not 
quite reach that due to adiabatic compression. 

During expansion, when its temperature is so very 
high, it must impart a very considerable amount of heat 
to the cylinder walls, sothat after combustion is com me 
ow 
that due to adiabatic expansion. The fact that during 
nearly all the expansion the pressure is above that of 
the adiabatic curve shows that combustion must be taking 
place almost throughout the stroke, and tosuch an extent 
as to supply more heat to the gases than is being 
abstracted by the cylinder sides. It is necessary for com- 
awed combustion to take place in order to prevent the 
ouling of the cylinders by the accumulation of carbon- 
aceous or tarry residues, and it is this necessity for com- 
pletion of the combustion, which may be termed slow 
compared with the more rapid burning of the major part 


be | of the fuel admitted, which limits the amount of fuel 


usable per stroke. It can be readily understood that the 
physical condition of the pulverisation of the fuel is of 
the greatest importance. If the spraying is not fine 
enough, the combustion will not be sufficiently rapid, 
whilst, if it is too fine, it may be so fast as to raise the 
ressure above the 500 > oe square inch, which should 
the maximum obtained. It would thus appear that 
different adjustments of the fuel valve will be required 
with different qualities of oil, which may vary in their 
chemical composition and also in their viscosity. Further, 
the conditions also will to some extent depend upon the 
speed of the engines. 
_ In small cylinders only one fuel-valve is employed. It 
is placed centrally. In very large cylinders it is thought 
that more than one must be used in order to provide for 
a more uniform distribution of the fuel into the com- 
pressed air, but the conditions determining the number 
actually necessary are matters which can only be ascer- 
tained by experience. 
_ From the results obtained with a Carels Diesel engine 
in some tests made by Professor H. Ade Clark at Ghent, 
which were published in ENGINEERING, August 7, 1903, it 
appears that the total amount of air used per stroke was 
3.31 times that theoretically necessary for the complete 





combustion of the fuel. This shows that the limiting 
y seer 4 of fuel which can be consumed in the engine 

epends not so much upon the oxygen supply as upon 
the time element, and, as above indicated, must be con- 
siderably influenced by the physical conditions of the 
spraying. 

The large amount of air used must have a considerable 
influence in lessening the temperatures obtained by the 
combustion, but these would be almost the same whether 
the dilution was with clean air or whether some small 
part of it was composed of already burned gases. With 
an admixture of burned gases, such as is always present, 
for instance, in an unscaven gas or petrol-engine, the 
combustion would probably be somewhat slower ; but it 
is worth investigation whether, under certain conditions, 
which, of themselves, necessitated slower running of an 
engine, complete combustion, and the consequent pre- 
vention of fouling of the cylinders, would not be obtained 
in cases where a less than normal oxygen supply was 
obtainable. This point will be again referred to later on. 
It may be noticed that in a four-stroke cycle engine there 
is always a small proportion of burned air present in the 
charge, as the clearance space must be left full at the end 
of the exhaust stroke. 

In dealing with —_ powers, it is not to be wondered 
at that there are different ideas amongst engineers who 
have had experience with Diesel engines as to the best 
course to adopt—viz., whether to use a large number of 
small cylinders or a less number of larger ones. For land 
engines, where very heavy fly-wheels can be adopted, the 
conditions are altogether different from those obtaining 
on board ship, and one, two, three, or any number of 
cylinders can be employed, according to the choice of the 
builders, provided the fiy-wheels are made sufficiently 
heavy to give the steadiness of motion requisite. On 
board ship, however, fly-wheels are not desirable, and 


d | very heavy ones are altogether out of the question, owing 


to the slowness of manceuvring they involve. _ 
In determining the number of cylinders requisite in any 


= case it will be well to examine the torsion moment 
jagrams. 

It will be seen from the indicator diagram that, when 
working at full power, the forward pressure starts at 
500 lb. persq. in., and at the end of the expansion it falls 
to less than one-tenth of this amount ; the back pressure 
similarly varies from atmospheric pressure at the com- 
mencement of the return stroke to about 500 lb. at its 
termination. These conditions are altogether different 
from anything occurring in a steam-engine. The effect of 
the inertia of the reciprocating parts, however, is con- 
siderable at full s; , lessening the maximum load upon 
the crank-pin at the commencement of the forward stroke 
and augmenting it towards the end, so as to tend to give 
a more uniform distribution of load throughout the stroke, 
and similarly during the compression stroke the inertia 
effect also tends to uniformity. 

As, however, in starting the engine the motion has 
necessarily to commence at a low speed at which the 
inertia effect is negligible, it is desirable to examine the 
torsion moment vy oe with the inertia neglected as 
well as when under full-power working eonditions. The 
figures on pages 497 and 498 showing the moments under 
normal working conditions are reproduced from some 
kindly supplied by Messrs. Sulzer Brothers. Upon some 
of them ove been drawn dotted lines, the conditions 
which apply upon starting without allowing for the inertia. 

In the four-cycle engine it will be seen (Fig. 2) that 
with one egtindos only the torsion moment varies from 
thirteen times the mean effective noment in a positive 
direction to nearly four times the mean in a negative direc- 
tion, a total fluctuation of about seventeen times the mean. 

When four cylinders are used, the torsion moment 
varies, as shown in Fig. 3, from about two and a quarter 
times the mean moment to one-tenth of the mean moment 
in a negative direction, the total range of stress being 2.3 
times the mean. In the corresponding two-cylinder two- 
stroke cycle engine the range is greater, being from a 
maximum of 2.8 to a minimum of — 0.68 times, or, 
approximately, three and a-half times the mean stress. 

e figure further shows that in this case the four-stroke 
cycle engine will work more agen d than the other. 

Consi — the four-stroke cycle engine with six 
cylinders, which is the smallest number of cylinders 
likely to be proposed with this type of engine, and the 
corresponding two-stroke cycle engine with three 
cylinders, Fig. 4 shows that in the former the stress varies 
from 1.85 to 0.25, a range of 1.6 times the mean, and in 
the latter from 2.1 to zero. The advantage again is in 
favour of the former. 

Comparing a four-stroke engine with eight cylinders 
with a two-stroke single-acting with four cylinders (Fig. 5), 
and a double-acting engine with two cylinders, we see that 
all three engines have about equal variations of torsion 
moment, the range being from 1.75 to 0 37 in each case. 
With these numbers of cylinders the motion approximates 
in uniformity to that obtained with a steam-engine with 
two cranks. 

If we similarly examine the diagrams of a four-stroke 
cycle engine with twelve cylinders, a two-stroke with six 
= and a double-acting with three, we find in all 
three engines a fairly uniform torsion moment, the ratio 
ing not greater than 1.15, which is 
less than is usually obtained in an ordinary triple- 
expansion steam-engine. It may fairly be said that with 
these numbers of cylinders there is nothing further to be 
desired regarding steadiness of motion. 

In deciding upon the number of cylinders to employ in 
any case, considerations of the turning moments point to 
aminimum of six cylinders with the four-stroke cycle, 
of three cylinders with the two-stroke cycle, and that the 
larger number of cylinders employed the smoother and 
better the engines will work. Against this, however, is 
the fact that the larger the number of cylinders the 
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greater will be the number of moving parts, and the The ballast pump may be a steam pump worked from the 
more the attention required. More space will be de- | donkey boiler, but it may be dealt with by working it by 
manded for the engines, which will also become more | means of a small separate oil-engine, There remain the 
costly. With the larger number of cylinders, however, in | steering-gear, whistle, distiller, and heating appliances. 
general, owing to the more evenly distributed stresses,| The alternatives proposed are :— 

the smaller will be the size required for the shafting for, 1. Having a donkey boiler separately fired by oil-fuel 
the same power. continuously at work at sea for all these purposes. 

When very large powers are required, the question! 2. Utilising the heat of the exhaust gases by passing 
will arise as to the upper limit of size of cylinder permis- | them through an auxiliary boiler, and raising sufficient 
sible. On this point there is no actual experience. It is | steam for this purpose. 
stated that there need no limits of size other than | 3. Working the steering-gear and whistle by compressed 
those demanded for strength considerations. With larger | air from the first stage of the compressor, which would be 
cylinders, however, it is thought that multiple fuel ad-| made larger for the purpose. 
mission valves will have to be employed. In general it| The second alternative has much to recommend it, in 
is thought that for very large powers it will be advisable | view of the great quantity of heat which passes off with 
to use more than one line of shafting, keeping the sizes | the exhaust gases. According to Professor A. Clark’s 
and numbers of cylinders on each shaft within reasonable | tests, previously mentioned, nearly one-third of the total 





limits. 

One point in connection with the number of cylinders 
is the question of handiness for manceuvring. The 
engines have to be started with compressed air, and 
when they have commenced to move the air arrangement 
has to be put out of action, and the fuel supply put into 
gear. In the six-cylinder engines of the Vulcanus the 
starting arrangements have been subdivided, so that 
the change over can be first made with three cylinders, 
whilst the other three are still working with compressed 
air, after which the change can be made with the re- 
mainder. The experience of the readiness of handling 
which this method provides is so satisfactory that it 
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will be repeated in some larger engines being made by 
the same firm. 


Another point in connection with the best number of | 


cylinders to employ in any particular case arises when 
consideration is given to the possibility of working the 
engines in the event of the breakdown of one of the 
cylinders, connecting-rods, &c. 

In a steam-engine many casualties may occur in which 
one cylinder only is disabled, and the engine can still be 
worked by the remaining two without a serious loss of 
power or speed, each of the remaining pistons getting a 
higher pressure upon them than when working under normal 
conditions. In the Diesel engine, under similar condi- 
tions, one cylinder may be disabled, and the others will 
still be able to work at their full pressure ; the loss of 


work then will be less in proportion to the number of | 


cylinders employed. 
It may be here mentioned that in the four-stroke cycle 
engines actually made, or in process of building, for 
large ships, either six or eight cylinders are being used 
per shaft. In the two-stroke cycle single-acting engines 
four cylinders seem to be preferred, whilst the double- 
acting engines being built have three cylinders. Both 
five and six cylinders have been proposed for the two- 
stroke cycle. 
In a steam vessel, besides the main propelling machi- 
nery, there are a number of auxiliaries, all worked by 
steam. Itremains to be considered what would be the 
best way to provide for doing their work in a vessel fitted 
with Diesel propelling machinery. 
The more important are the following :— 
1. Steering gear. 
2. Whistle. 
. Donkey pumps for bilge and fire service. 
. Electric-light machinery. 
5. Distillers. 

}. Steam-heating apparatus. 
. Water-ballast pump. 
Winches. 

9. Windlass. 

10. Ventilating apparatus in passenger vessels. 
Of these, one to six and the last are always required at 
sea, the remainder are generally only needed when the 
vessel is either in or near port. Probably for these latter 
the best solution is to continue the present practice of 
working them by steam from a donkey boiler, which may 
be fired with oil-fuel. This boiler can be put into action 
only when in or about to enter port. For the remainder 
there are some alternatives. 

The electric-light machinery presents no difficulty, as 
it can be worked by a small oil-engine of either Diesel or 
other type, using the same kind of fuel as the main engine, 
resulting in a similar economy of fuel as will be obtained 
with the main engine. This engine might also be used 
for working the pumps for bilge and fire pu as 
these pumps are only required on emergencies when part 
of the electric light may be dispensed with. The venti- 
lating arrangement can be eleetrically driven, the motive 
power being the same engine as is used for electric light. 
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heat of combustion passes off in this way. In the four- 
stroke cycle engine these gases have a temperature of 
| about 700 deg. Fahr., and are, therefore, capable of giving 
| a good useful effect in a boiler. In the two-stroke cycle, 
| however, owing to the dilution of the hot gases with the 
excess of the scavenging air, the temperature will be much 
| less, and will probably be-not greater than 400 deg. Fahr. 
Besides these auxiliaries the Diesel engine requires 
|others of its own. The quantity of circulating water 
| required to keep the cylinder cool is very large. This is 
| probably best tm te by a pump worked from the main 
| engines, but in view of a ible derangement of this 
pump it will be desirable to have also a separate con- 
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that the engines are worked continuously day after day 
without stopping, and still more rarely without a week! 
stop. These give opportunities for cleaning and for onl 
adjustments. At sea they are required to work con- 
tinuously. The present marine steam-engine is the result 
of many years’ experience and evolution, and if the Diesel 
engine is to be successful at sea it must be made in accord- 
ance with marine-engine practice wherever possible. 

On land it is customary to have the connecting-rod 
working on a gudgeon secured inside the trunk piston. 
The piston itself serves as a guide. Marine engineers are 
accustomed to have the gudgeon exposed to view; its 
adjustment can then be quickly and accurately accom- 
plished, and it can be ascertained at every stroke whether 
its lubrication is satisfactory. 

In a double-acting steam-engine the alternate thrust 
and pull of the connecting-rod always tend to keep the 
guide surfaces in contact—that is, the load on the guide 
is always one way, and if there is any slack there 1s no 
blow and noise. In a Diesel single-acting engine the 
impulse on the down-stroke and the compression on the 
up-stroke require the guides to be on opposite sides ; 
hence, if there is the least slack due to wear in the guides, 
there is a knock both at top and bottom of the stroke. 
This, for an engine to run continuously, necessitates 
adjustable guides. The net result is that the gudgeon 
should be outside the piston, and should have separate 
adjustable guides, as in an ordinary steam-engine. In 
other words, a cy should be used as a piston only, and 
should not fulfil the dual functions of piston and guide. 
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| nection with the ballast-pump. The air-compressors for 
| supplying the commenell air for injecting the fuel 
will also be worked by the main engine, but a supple- 
mentary compressor will be necessary to keep up the 
supply of air which is used in manceuvring. This must 
be worked by a separate engine. Further, in the event 


| started without compressed air (say a small paraffin 
engine), in order to obtain a sufficiency of compressed air, 
preferably in a small separate reservoir, to start the 
auxiliary compressor engine. The size of the auxiliary 
compressor demands attention. Where an ample volume 
of reservoir is provided, a comparatively small com- 
| pressor is sufficient, as it can be kept working con- 
tinuously, whilst the demand for air for manceuvring is 
intermittent. If, however, it is desired to consider it as 
a provision against a breakdown of the main compressor, 
it must be made nearly as large as the main. The quan- 
tity of air delivered through the fuel-valve depends upon 
the time the valve is open, and, as the proportion of this to 
the time taken for a revolution of the engine is fixed, it 
follows that each cylinder will use about the same quan- 
tity of air per minute irrespective of the number of revolu- 
| tions—that is, the air supply required will be the same 
| whether the engine is running fast or slowly. If, there- 
| fore, a small auxiliary compressor is used for the main 
| engines, the only way to keep up the pressure necessary 
| to inject the fuel will be to shut off some of the main 
cylinders entirely, working only with a similar proportion 
of the whole to that which the capacity of the auxiliary 
compressor bears to that of the main compressor. | 

As a security against breakdown of the main com- 

ressor, therefore, it would appear that it is advisable to 
foe it designed so that all working parts are easily 
| accessible, and to provide a spare piece for each part 
which is likely to become deranged. v; 

With regard to the upkeep of the engines much can be 
said. Up till recently these engines have been designed 
to meet conditions of service on land differing very con- 
siderably from those at sea. On land it rarely happens 














of the receivers losing the air pressure from any cause, it | surfaces are plane, a { \ 
is necessary to have another small engine which may be | trouble. Too much attention cannot be given to the 














| In land engines it isa satisfactory arrangement to have 


| the guides bored out to cylindrical surfaces, which can 
| be made axially true with the cylinders. This would not 


| be satisfuctory for long in a marine engine, as, owing to 
| the wear and possibly to the yielding of the thrust, the 


|crank-shaft gradually works forward. If the guide- 

little wear of this kind does not give 
lubrication of the pistons in the cylinders. In the steam- 
engine practically none is required, but in the Diesel 
engine it is necessary that the whole of the rubbing sur- 
faces should be well lubricated. The lubrication is forced, 
and the arrangement should be such that, for each part 
requiring it, the oil supply, drop by drop, should be 
visible, so as to render it oantiboaly certain that no de- 
ficiency is occurring. It is desirable also that the water 
cireulation of each part should be controllable. 

In marine engines built crank-shafts have almost en- 
tirely superseded solid ones, and marine engineers are 
not likely to go back from their use. This will necessitate 
the strokes of Diesel engines being made longer in propor- 
tion to the diameters of the cylinders than is usual in land 
practice. 

Much more consideration will have to be given to the 
accessibility of every working part than has been done in 
some designs. Every part of the engine which requires 
periodical inspection or occasional adjustment must be 
made easily accessible. Provision must be made for the 
possibility of renewing the crank-shaft without lifting 
the engines out of the ship. 
| Inshort, the Diesel marine engine should be Diesel 
| only as regards the cylinders and their accessories, and 

should be of the ordinary marine type as regards all the 
rest of the engine. 

In some designs of two-stroke-cycle engine each 
cylinder has been arranged with its separate scavenge- 
pump. In other os one large double-acting pump 
| supplies all the cylinders. In the former arrangement, 
j if one cylinder fails from any cause, the remainder are 
| not interfered with, and if a scavenge-pump valve gives 
| out, only the one cylinder which the pump serves will be 
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disabled. Where, however, one large pump serves all the 
cylinders, while it is recognised that the arrangement of 
the pump with one piston and one mechanically-worked 
valve is very simple and most unlikely to get out of 
order, yet it must be admitted that its failure, if it does 
occur, will occasion a complete stoppage of the engine. 
Possibly in recognition of this some recent designs pro- 
vide for two independent scavenge-pumps, both requiring 
to be in use under normal working conditions. It is 
improbable that both can be damaged at one time, and 
seeing that the air eupply in each cylinder contains three 
times the quantity of oxygen chemically necessary for 
the complete combustion of the fuel, it is expected that 
in the event of one — only being at work there will 
be sufficient air supplied to either work all the cylinders 
with a reduced fuel supply, or to work, say, three out of 
four of the cylinders at nearly full power. 

_ It will not be outof place to discuss rules for determin- 
ing suitable sizes of shafts for Diesel engines. In a steam- 
engine it is usual to consider only the steam pressure, 
cylinder diameters, and stroke as affecting them. In 
other words, the shafts are proportioned to the torsion 
moment only, and the bending moment which has to be 
borne by the crank-shaft is ignored, or, at most, is only 
indirectly ‘allowed for by considering it to be propor- 
tional to the torsion moment. In a Diesel engine, how- 
ever, the bending moment is the more important of the 
two, and demands to be taken into account. 

It is not difficult to ascertain the torsion moment with 
precision, but the case is different in rd to the bend- 
ing moment. Where a shaftis one on two bearings 
only, it is usual to consider the bending moment it sus- 
tains at any part to be equal to that which would be borne 
by a girder supported at the bearings and loaded at the 

ition of the crank-pin. This assumes that there is no 
nding moment at the bearings, and that the greatest 
bending comes upon the crank-pin. ere, however, 
the crank-shaft is supported at several bearings, the 
actual bending moments upon it depend upon the distri- 


Fig.7. 


TORSION MOMENT ON THE 2° LENGTH OF 
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running slowly, but is considerable with high speeds. At 
about the middle of the stroke there is no difference at 
any speed, and as it is at this part of the stroke that the 
leverage of the crank is greatest, it is found that the 
inertia effect is not so —_ when dealing with tor- 
sion moments as it is when bending moments are con- 
cerned, seeing that the latter do not depend upon the 
angular position of the crank at all. 

the rotary motion of the engine as a whole, 
where there are two eranks at right angles, if the recipro- 
cating weights upon each are equal, the effect of the 
inertia on one crank almost exactly balances that on the 
other, so that the estimated combined torsion moment 
has the same value, whether the effect of inertia is taken 
into account or not. If there are three cranks equally 
spaced at 120 deg. = and equally loaded, the combined 
effect of inertia is very small, although not quite so 
small as with two cranks. 

With four cranks equally spaced the effect is that of 
two pairs at right angles, and is therefore also negligible. 
In general, where several cylinders are employed, the 
combined torsion moment will show the same result 
whether the inertia is included or not. 

Seeing that all engines have to be started and stopped, 
and that from the time they are started they have to 
progress through all ranges of s from very slow up 
to full speed, it is necessary in their design to consider 
all the conditions under which they work. From what 

een said, it is clear that if we neglect the inertia and 

<p for the conditions at starting, those occurring at 

ull speed will be less onerous, and will therefore also be 
fully met. 

In the comparisons of Diesel engine shafts with those 
of steam-engines, the inertia effect has therefore not been 
taken into account in either case, it being considered 
that by taking the most severe conditions in both cases a 
proper comparison will result. 

‘or the Diesel engines with varying numbers of 
cylinders the particulars of piston loads taken are from 


TORSION MOMENT ON THE 3#° LENGTH OF 
CRANKSHAFT OFA 5 CYL. ENGINE 


data kindly supplied by Messrs. Sulzer Brothers relating 
to a marine engine made = to work on the two- 
stroke-cycle single-acting. e indicator diagram (Fig. 1) 
is an actual one taken while full — was being deve- 
loped. The initial pressure is 500 lb. per sq. in., the mean 
forward pressure is 171.5 Ib. ay sq. in., the mean pressure 
during compression is 55.5 1b. persq. in. These figures 
give a mean effective pressure of 116 lb. per sq. in. 

Fig. 1 shows the indicator diagram. 

Fig. 2 shows the torsion moment which would occur at 
every position of the crank throughout one revolution in 
an engine with one cylinder only. 

This diagram is important, as being the basis of a series 
of di which were obtained by superimposing dia- 
grams like Fig. 2 upon one another with the starting points 
in the positions ae gos to the positions of the cranks. 

This series included the cases of two, three, four, five, 
six, and eight cylinders respectively, and from them tle 
results given in Tables I., IT., and I1I, have been obtained. 
When the whole of the cylinders are thus taken account 
of, the combined diagrams give only the torsion moments 
on the shafting abaft the aftermost crank-pin, and thus 
apply only to the aftermost journal of the crank-shaft, 
ms to the thrust, tunnel, and screw-shafting. 

To determine the torsion moments on the other journals 
of the crank-shaft a similar procedure has been taken. 
As an example of the method, the case of a five-crank 
engine is illustrated in Figs. 7, 8, and 9. 

ft we consider the forward crank-shaft first, it is seen 
at once that this part of the crank-shaft is precisely in 
the condition of the shaft of a single-cylinder engine, as 
shown in Fig. 2. The conditions of the other crank- 
| shafts will depend upon the sequence in which the cranks 
|are arranged. It is probable that the arrangement which 
will best meet the requirements of this kind of engine is 
that shown in Fig. 6, the figures denoting the numbers 
of the separate cranks counting from forwards. In this 
arrangement each crank is, as nearly as possible, opposite 
' to its next neighbours. 
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bution of the supporting forces between the several 
bearings. It is generally considered that, as regards 
bending moments, the shaft is under the condition of a 
continuous girder, fixed in position, not merely ay oe 
at each bearing. This assumption involves a — 
moment at the Teasing about equal in intensity, althou 

of opposite direction, to that at the crank-pin. If the 
load on the crank-pin is assumed to be concentrated at its 
centre, and the points of fixity of the bearings are at the 
centres of the journals, then the greatest bending moment 
upon a crank-shaft will be given by 


Mp = 4th load x length between centres of bearings. 


This is the amount of the bending moment, which has 
been taken in the following calculations. It is not put 
forward as being absolutely correct, but it is considered 
that it is sufficiently accurate to enable it to be used as a 
basis of comparison of the stresses in similar engines. If 
the bending moment only were considered, then in engines 
of various proportions, assuming the same initial pres- 
sure and fuel supply, a rule dx 3/27, would be suitable. 
If we consider torsion moments only, the rule would be 
dx 4/p2s§, where 


d = diameter of crank-shaft. 

D = diameter of cylinder. 

S = stroke of piston. 

L = space between centres of bearings. 


As, however, both moments must be considered, it can 
be shown that a suitable rule can be made of the form 
d=V/DI(Ax S +B x L). 

where A and B are coefficients whose proportion to one 
another depends upon the relative magnitudes of the 
bending and torsion moments, and whose actual amounts 
depend upon the working factor of stress deemed to be 
suitable. 

In the comparison which will be made, it is assumed 
that it is desirable to have the same margin of security 
in the shafts of marine Diesel engines as experience has 
shown to be necessary in those of marine steam-engines. 
For these latter the rules of Lloyd’s Register have been 
taken as a fixing minimum size. _ 

In determining the load which is actually exerted at 
any moment upon the crank-pin, reference is made to the 
indicator diagram (Fig. 1), which shows the pressure 
exerted on the piston. Allowance then has to be made 
for the effect of the inertia of the reciprocating parts and 
for the obliquity of the connecting-rod. 

The effect of the inertia is to render the actual load on 
the crank-pin less than that on the piston during the 
first part, and greater during the latter part of the 
stroke. The amount of this difference between piston 
and crank-pin loads is negligible when the engines are 
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TABLE I.—Showing the Values of the Various Maximum 
Torsion, Bending, and Combined Moments coming upon 
the Crank-Shafts of Diesel Engines, the Product of 
Piston Load and Stroke being taken as 1.00, and Inertia 
being Neglected. The Space between Centres of Bearings is 
taken as 1.2 times the Stroke. These Data refer to an 
Engine with Mean Effective Presswre of 116 Lb. per Sq. In. 


Crank-Shaft Allow- 
ing for Power 
Absorbed by Com- 
pressors. 


'Tunnel-Shaft 
| Torsion 


| Crank-Shaft Under 
Moment. Full Load. 


Equivalent “Maximum 


Torsion 
Torsion 


Equivalent Maximum 


Maximum Torsion Moment on 


oment Estimated as 


Bending. 
Maximum 


Tunnel Shaft. Allowing for Power | 


Moment Estimated as | 
| Absorbed by Compressors. 


the Instant of Maxi- 
Bending. 


the Instant of Maxi- 
mum Torsion. 


Bending Moment at 
mum Torsion. 


Maximum 

Moment. 

Moment. 
| Bending Moment at 


| Maximum. 


~ 
bo 
os 
i] 
o 
tw 


Be 


0.087 
0.074 | 
0.111 
0.148 
0.185 
0.222 | 0. 
0.296 | 0.420 


TABLE II.—Showing the Values of the Various Maximum 
Torsion, Bending, and Combined Moments coming upon 
the Crank-Shafts of Diesel Engines, the Product of 
Piston Load turd Stroke being taken as 1, and Inertia 
being Neglected. The Space between Centres of Bearings is 
taken as 1.2 T'imes the Stroke. These Data refer toan 
Engine with Mean Effective Pressure of 94 Lb. per Sq. In. 


0.033 | 0.262 | 0.124 , 0.232 | 0.259 
2 0.065 0.262 | 0.128 0.232 

0.097 | 0 262 | 0.124 | 0.232 

0,129 | 0.288 | 0.124 | 0.247 

0.162 0.309 | 0 124 | 0.260 

0.194 0.317 | 0.124 | 0.265 

0.259 | 0,367 | 0.124 | 0.295 


“Tanur IIL.—Mean Results Obtained | 
and II. 
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3.124 
0.124 


0.281 0.085 | 0 281 ; 0.124 | 0.243 0.27: 
0.281 0.070 | 0.281 0.124 | 0.243 0.27 
0.245 0 104 | 0.281 | 0.124 | 0,343 
0.245 0.139 | 0.309 | 0.124 | 0.260 
0.235 | 0.174 | 0.832 | 0.124 | 0.274 
0.245 | 0.208 | 0.840 | 0.124 | 0.279 
0.300 0.278 | 0.394 | 0.124 | 0.312 











With this arrangement Fig. 7 shows the torsion moment 
on the aft journal of the second length of the crank-shaft ; 
Fig. 8 that on the similar journal of the third length ; 
oo Fig. 9 that on the fourth. From Fig. 7 is seen that 
in the second length the maximum positive and negative 
torsion moments are the same in amounts as in the first 
length of shaft. Fig. 8 shows that, on the third ~~ 
there is a maximum torsion 18 per cent. greater than 
that on the first shaft, but there is a less negative 
moment. Fig. 9 shows that on the fourth shaft there 
is ~ same maximum tension as on the third, with a 
slightly greater negative moment. 

Phe figures fg in the tables show that, whereas a 

rogressive increase in the number of cylinders from 1 to 
P actually decreases the maximum stress on the tunnel 
and screw-shafts, each increase in the number of cylinders 
above three produces an increase of the stress upon the 
erank-shaft. ; j 

It is seen from Fig. 2 that the maximum torsion 
moment is three-tenths of the product of the piston load 
and the stroke. In Table I. the values of the torsion 
and other moments are given in this proportion, the 
product of the piston load and stroke being taken as 


unity. ; ’ aa 
When the bending moment is considered it is found 
that the greatest intensity does not occur at the same 
instant as the maximum torsion stress. If we consider 
the case of an engine with the distance between the 
centres of bearings equal to 1.2 times the stroke, the 
maximum bending moment, which occurs when the crank 
is on the centre, will be 0.15 x load x stroke. The 
bending moment, however, which has to be considered 
is that which occurs at the same instant as the greatest 
torsion moment, and it is only 0.825 times that of the 
maximum amount. . 
In determining the effects of the torsion and bending 
moments combined, the usual formula has been taken— 


viz. :— 
M. = 0.35 My + 0.65 /M 22 + Me? 
where 
M- is the combined moment estimated as a bending 
moment. 
Mb is the actual bending moment. ; 
M: is the actual torsion moment occurring at the 
same instant. 

The values obtained for M- are ee in the tables. 
They will enable the size of the crank-shaft to be deter- 
mined, provided a definite value for the intensity of stress 
is agreed upon. : : 

A similar set of calculations has been made, using dia- 
grams obtained when working at ordinary full power in 





an engine made by another maker. These diagrams do 


' not show so large an amount of power as those previcusly 
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referred to; but, as they represent good practice, the 
values obtained from them have been given in Table IT. 

It has been thought desirable to use the mean of the 
two results to compare with the mean of results obtained 
from marine engines. The mean results have been stated 
in Table ITI. 

In the Diesel engine a considerable amount of com- 
pressed air has to provided for the injection of the 
fuel, and in the case of the two-stroke cycle engine the 
scavenge air also has to be compressed. The power re- 
quired for these operations is usually obtained from the 
forward end of the crank-shaft, but sometimes the various 
compressors are worked by levers actuated by the motion 
of one of the pistons. When the power is obtained from 
the forward end of the crank-shaft, the arrangement 
lessens the torsion moment upon all the shafting by an 
amount equal to that absorbed by the compressor. If 
it is assumed that 10 per cent. of the gross power is used 
in this way, and that the compressors are so designed as 
to use a fairly consistent torsion moment, the resulting 


effects on the shafte of the various engines are included in 1 


Tables I., II., and ITI. 

In order to determine a proper value of the intensity of 
stress to for crank-shafts for marine Diesel 
engines, so as to preserve the same factor of security as 
that which obtains with the shafts of steam-engines doing 
similar work, the metage go of seventeen engines by 
eleven different makers of repute were taken; these are 
given in Table IV. The torsion moment diagrams have 
been calculated for three of the engines—viz., Nos, 3, 7, 
and 11—and in these cases the ratios of maximum to mean 
stress were found to be 1.24, 1.28, and 1.265, giving an 
average value of 1.262. This has been assum 
reasonable value to take in the calculations of all the 
engines. 


TABLE IV.—Givine Particunars or Suarts, &c., oF Martine StzaM-ENGINES. 














to be a! 


ward end of the crank-shaft. We shall have the load on 
piston = D? x J * 500 Ib. 

From Table III. we see that the maximum combined 
moment on the crank-shaft, estimated as a bending 
moment, is, load on piston x stroke x 0.251. Hence, if 
d is the diameter of shaft, which will give a stress of 
7300 lb. per square inch 


es x 7300 = D® x 7 x 500 x 8 x 0.251, 


32 
from which 
@ = D?8 x 0.1375, 

and ESI ROAL 
d = 3/D?8 x 0.1375. 
This rule is only suitable for cases in which L is 1.28. 
As has been stated, the rule can be put into the form 


D=3/D7(AS+B L) to suit all ratios of ~@ from 1.2 to 


.8. 
The following Table V. gives the suitable values of 
AS+BL:— 

TABLE V. 
Values of (A S + BL) in the formula D = / D2 x (AS + BL). 





For Engines For Engines where 








Description of Single- | J. Com rs are 
Acting Engine. | — Worked from Fore 
| pressors. | End of Orank-Shaft. 
One, two, or three cylinders) 0.0898+0.087L | 0.086 §+0.038 L 
Four cylinders ; ..| 0,099 S+0.0386L | 0.093 840.037 L 
Five or six cylinders .| 0.111 8+-0.035 L| 0.108 $+0,036 L 
Eight cylinders ° .| 0.131 $+-0.033 L 0.120 8 +-0.034 L 
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~ | L 
= | @ | aes 2 SESe | wee. |ees rr 
& i F: | lab |asé S84 | £84 ou \Fes 
aig | Maximum Steam |p, Load as oSt - 218 g 2°34 See 
Diameter of Cylinders. |g .|:3 g| % |. |Pressureon Pistons. | a SSB |e & ods | Ze dt em | ob 
58/25] 98 | Lb. perSq.In, | Pistons 288 35 wee gk age ze 
E =\|\+ : ; : ls 2 
é ESS) 32 | Eig |22.| 384 aa ghdsbee 
Zz eles) § |o ae? is | | am 
inches H.-P. | L.-P. | L.-P. | H.-P.| L-P. | L.-P. | in. | 
1 25, 40,68 by 48 stroke 18086 2470 120 | 54 19 120 | 188 | 140.6 13.277 44 380 4973 | 7132 
2 234, 38, 64 by 42 stroke | 1067 1353 124 | 45 16 124 | 117.5 118.4, 12.198 39} 1605 253 4504 | 6420 
3 +8, 30, 50 by 36 stroke | 18083 882.3) 105 | 48.5 | 182) 105 | 1385 | 141 | 9.777 34 846 152 4616 | 6677 
4 26, 43, 70 by 45 stroke 18064 1843 115 | 48 19.2 115 | 181 139 | 13.393 44 2291 411 4857 7024 
5 30, 48, 78 by 54 stroke | 16062 2882 | 100| 54 | 18 | 100| 137 | 121.5) 14.932 | 57 3699 621 | 5659 | 8121 
6 30, 48,78 by 54stroke | 16061 2974 106 | 62 15.8 106 { 158.5 107 | 14.982 | 57 3880 545 5935 | 8361 
7 25, 42, 71 by 48 stroke | 20078 2821 128 | 58 18.5 128 | 163.5 148.5| 13.894 | 529 | 2878 483 5465 7854 
8 264, 44, 72 by 48 stroke | 18076 2770 120 | 57 17 120 157 125 | 13.876 49. 2900 426 5527 | 7822 
9 26, 43, 70 by 48 stroke 18069 2184 108 | 48.6 16 108 | 133 116 | 13686 48 2519 371 6004 | 7085 
10 244, 40, 66 by 45 stroke | 18060.51521 | 112 | 40.5) 15 112 | 108.5) 109 | 12.846 | 43 2001 278 4807 | 6764 
11, 274, 434, 73 by 48 stroke! 180/71 2382 128 | 54.4 17.4 128 | 136 124 | 14.086 | 48 2614 436 4763 | 6830 
12 19, 31, 51 by 36 stroke | 180/78 1080 | 108) 55 20.4 108 | 146 147 | 30.067 32. 1102 168 | 5500 , 7796 
13, 26, 42, 70 by 48 stroke | 18062.51991 | 121 | 44.7 | 19.5 121 116 141 | 13.573 45: 2535 427 5163 7413 
14 26, 42, 70 by 48 stroke 180 2018 | 122; 48 | 18 122 | 125 | 180 | 18.573 45 2471 5032 7181 
15 25, 41, 68 by 48 stroke 180/62 1632 117 | 48 15.1 117 | 129 | 112 | 13.330 48: 2095 334 4504 6415 
16 254, 42, 69 by 48 stroke | 180/70 2276.5 118] 54.5 17.75) 118 | 148 | 129 | 18.508 45 2588 379 5347 | 7565 
17 25, 42, 69 by 48 stroke | 18075 2420 114 | 448) 16 114 | 126 122 | 13.395 45 2567 342 5488 | 7668 
| | Mean . 7 5123 | 7302 











From the diagrams which were made it was apparent 
that, if the sum of the torsion moments of the high 
pressure and intermediate pressure only were considered, 
their combined effect had at no instant a maximum 
greater than the maximum of the comb.ned moment of 
the three engines. In other words, the maximum of the 
two engines does not occur near the points where the 
low-pressure moment is negative. It was also found that, 
even allowing for the somewhat greater load, which, in 
two cases out of the three, came upon the intermediate- 
pressure piston than upon the low-pressure piston, the 
effect of the combined bending and torsion moment upon 
the intermediate crank-shaft always fell short of the 
combined effect on the low-pressure crank-shaft. In the 
case of steam-engines, therefore, the aftermost crank- 
shaft is somewhat more stressed than either of the others, 
— is, therefore, this shaft only which has been dealt 
with. 

In making these calculations of the stresses caused b 
the bending moments and torsion moments combined, 
the former have been assumed to be due to the greatest 


load coming on the piston, which occurs at the commence- | 


ment of the stroke. Although the load is slightly lessened 
at the instant when the greatest torsion moment is acting, 
the reduction is not nearly so much as that which occurs 
in the Diesel engine, and it has not been taken into 
account. In all these cases the size of shaft is assumed 
to be that which would be.the minimum required by 
Lloyd’s Rules, not the somewhat larger shafts actually 
fitted by the makers in each case. 

The combination of the bending and torsion moments 
has been made by the usual formula, and as a result an 
average stress of 7302 1b, per square inch was obtained. 
It must be distinctly stated again that it is not claimed 
that these figures are absolutely correct, as they are 
obtained upon certain assumptions regarding the bending 
moment, but they are reliable as a means of comparison 
with figures obtained in precisely the same way with 
other engines. 

It now remains to apply this stress intensity to the 
shafts of the Diesel engine. 

As an example, let us take an engine with, say, four 
cylinders, two-stroke cycle, snglogeting. Its diameter 
of cylinder = D inches, its stroke S inches, and its s 


of bearings L = 1.2 S; that is to say, its proportions 


being the same as those taken in Tables I., II., and IIL, 
snd assume the compressors to be worked from the for- 





We have next to determine a rule for tunnel shafts, 
which are subject to torsion only. In the steam-engine 
the usual practice is to make the tunnel shaft > of the 


diameter of the crank-shaft. 

In Table IV. it is seen that the average stress caused by 
the maximum torsion moment upon shafts of the sizes re- 
quired by Lloyd’s Rules for the crank-shafts of the engines 
under consideration averages 5123 Ib. per square inch. 


As the tunnel-shafte will be bd of the sizes of the crank- 


shafts, the average of the stresses on them will be (3) 
x 5123 = 5930 Ib. per square inch. 

Takin ain the four-cylinder engine, we see from 
Table III. that the maximum torsion moment to be pro- 
vided for is— 

Load x stroke x 0.231. 

Hence, if d+ be the diameter of the tunnel-shaft to give 

a maximum stress of 5930 Ib. per square inch, we get— 


x 5930 = D? x Fx 500 x S x 0.231. 





| T 
|, @*g 
| whence— 
dad’ = D?§ x 0.07791. 
In this way we get the following Table VI.:— 
TaBLe VI.—Giving the Vulue of the Coefficient Requircd 
in the Formula. 
Diameter of tunnel-shaft = coefficient x ./D2 8. 





Fo eine | "Sample 
— seanere, Worked from Fore 
P’ End of Crank-Shaft. 


Description of Single- 
Acting Engine. 











One or two cylinders 0.456 0.454 
Three, four, five, or six 

cylinders - we 0.436 0.429 
Eight cylinders 0 466 9.452 





It is to be noted that no allowance is,made for the 
ualising effect on the torsion moment of the fly-wheel, 
which must be fitted in engines with a small number of 


cylinders. As against this, however, it may fairly be set 
that not only will the fly-wheel ‘be as small as will suffice 





to enable the engine to turn the centres, but also in these 








engines the range of stress through the inequalities of the 
torsion moments is considerably greater than in the 
steam-engines which are taken as standards of comparison, 
and experience shows that with a large range of stress a 
shaft cannot stand so high a maximum stress as may be 
safely borne when the range is small. 

The calculations have nm made for the two-stroke 
single-acting type of engine. They will all be owaly 
applicable to the four-stroke single-acting engine wit 
double the number of cylinders. 

With regard to the double-acting type of two-stroke 
cycle engine, with the exception of there being no allow- 
ance made for the lessening of the piston area for the 
up-stroke due to the piston-rod, the single-cylinder engine 
will compare in all respects with the two-cylinder single- 
acting engine. The two-cylinder double-acting ne, 
with cranks at 90 deg., will also com with the four- 
cylinder single-acting so far as tunnel and screw-shafts 
are concerned, but the crank-shaft will not be so much 
strained, owing to there being no part of it in the same 
condition as the third crank of the four-cylinder engine. 
The maximum torsion on the crank-shaft will be the same 
ace 7 ~s shaft of a ya ag ape Sete engine. 

ree-cylinder engines with the cranks equ apoase, 
and four-cylinder engines with cranks amet deg., 
45 deg., 90deg., and 135 deg., will be under the same con- 
ditions as single-acting y ro with six cranks at 60 deg. 
and with eight cranks at 45deg. respectively, there being 
in these cases the corresponding phases which bring the 
greater torsion moments upon some of the cranks. 

In conclusion, reference should be again made to the 
kindness of the various firms and individuals mentioned 
in furnishing so much information as they havedone. The 
author also wishes to acknowledge the t assistance 
he has had from Mr. J. E. Milton in dealing with the 
very numerous calculations and diagrams which have been 

e in order to obtain the results given in the tables, 








THE ACCELERATION IN FRONT OF A 
PROPELLER.* 


By R. E. Frouper, LL.D., F.R.S., Hon. Vice-President. 


§ 1. THE purpose of this paper is to resist the inroad 
which Professor Henderson’s propulsion paper of last year 
makes upon my own of 1889, the principal purpose of 
which latter was to prove from hydrodynamic theor 
that, in so far as the fluid acceleration by which thrust is 
satisfied may be treated as external to the propeller, one- 
half of that acceleration must take place before the pro- 
peller in obedience to defect of pressure in front of it 
and the other half after it in obedience to excess of pres- 
sure behind it. Professor Henderson’s paper purports to 
prove, also from theory, that the precedent acceleration 
cannot possibly contribute to thrust. There is, therefore, 
a clearly-defined issue between us in a matter of theo- 
retical reasoning ; and, since I can find nothing whatever 
in the considerations adduced in his paper, or in his reply 
to my written remarks on his paper, which in the least 
degree invalidates my conclusions, I consider it behoves 
me now to reassert my theory, with such further con- 
siderations as appear tu be called for by the matter of 
Professor Henderson’s pa and remarks. 

§ 2. To speak frankly, I am not sorry to have occasion 
for recalling attention to this 1889 | pan of mine, because 
I honestly consider that, by way of a groundwork for the 
study of screw propulsion, the position which that paper 
purports to establish might, with advantage, be more 
generally recognised than it apparently now is. In the 
text of the present paper, I shall only give a brief descrip- 
tion and explanation of the main points of this position, 
before going on to consider what I take to be Professor 
Henderson’s objections. But I subjoin, in an appendix, 
a short account of the successive ideal steps and algebra 
by which, in the 1889 paper, the final position was reached 
and substantiated. And in connection with this account 
I take occasion to criticise Professor Henderson’s “jet 

ropeller” treatment, and to show that his difference 

rom Mr. MacEntee’s formula is incidental to his peculiar 
—and, as I contend, dynamically inadmissible—treatment 
of the precedent acceleration. 

§ 3. The ideal type of flow by which my theory repre- 
sents the propeller disturbance is illustrated in Fig. 1, 
on page 501, reproduced here (with some modifications) 
from my 1889 paper. 

As iscustomary, and most convenient for hydrodynamic 
reasoning, it represents the propeller as stationary and 
the undisturt fluid as flowing past it at the speed V, 
which would be the speed of advance of the propeller if 
the undisturbed fluid was treated as stationary. 

As is also customary for one large and representative 
class of propeller problems, I ideally assume the propeller 
to impart a homogeneous acceleration to the entire column 
of fluid which passes through it, this being an ideal con- 
dition to which an ordinary screw-propeller obviously 
approximates, though imperfectly. 

if 4. From this last assumption it at once follows, first, 
that the local acceleration of the column must be accom- 
panied, pari passu, by corresponding local contraction of 
its cross-section area ; and, secondly, since this contrac- 
tion cannot be effected suddenly at the point of passage 
through the propeller, that the actual acceleration must 
be largely external to the propeller. The acceleration is, 
therefore, effected, not directly by the propeller as it 
were 4 | geometrical constraint, but by pressure gradient 
in the fluid ; a gradient towards a region of low pressure 
in front of the propeller. in so far as the acceleration is 

recedent ; and away from a ion of high-pressure 
behind the propeller, in so far as the acceleration is sub- 
sequent ; the propeller thus operating to effect the accel- 





* Paper read before the Institution of Naval Architects, 
April 6, 1911, 
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eration indirectly, by maintaining a greater pressure 
behind itself than in front of itself. 

§ 5. That a screw-propeller is competent to cause such 
a difference of pressure cared and behind it, in a column 

ing through it, was shown by Professor (now Sir 
Jeorge) Greenhill’s paper of 1888. But for the purpose 
of the reasoning of the present paper, I prefer to leave 
the nature of the propeller undefined, and simply assume 
that at some definite transverse section in the column this 
difference of pressure is somehow effected.* This trans- 
verse section, following my 1889 paper, I term the “‘actu- 
ator”; and its function, as an ideal substitute for the 
propeller, must be understood to be, on the one hand, arti- 
ficially to raise the pressure of the fluid passing through 
it, by the total amount which has to be expended in the 
total acceleration, and on the other, to sustain the force 
due to this difference of pressure on its two faces; which 
force is the thrust. 

§ 6. From the diagram (Fig. 1), we may notice that the 
centrifugal forces of the inward curvature of the outer 
streams in the earlier part of the contraction of column, and 
likewise of their converse curvature in the latter part of it, 
tend respectively to satisfy, and be satisfied by, the defect 
of pressure within the column in front and the excess 
within the column behind.t And since, without both 
kinds of curvature the column could not contract at all, 
this consideration in itself suffices to prove that at least 
some portion of the total acceleration must be precedent 
and some portion subsequent ; but the reasoning already 
referred to as appearing in the Appendix proves definitely 
that (in order to satisfy the necessary dynamic relations 
between thrust, useful power, and waste power) out of 
the total acceleration of column, say, = S, one-half must 
occur before the actuator and the other half after it, the 
actual fluid speed through the actuator being, therefore, 
Ss 
2 

§ 7. While the fluid is in’the act of acquiring these two 
several accelerations, no energy is imparted to it, both 
accelerations being alike acquired by simple exchange of 

ressure for equivalent s , a8 in ordinary free flow. 
The entire energy that is imparted is imparted by and in 
the actuator, in the shape of the additional pressure there 
acquired without sacrifice of speed; which suffices in 
amount, first, to replace what has already been lost in the 
precedent acceleration ; secondly, to provide for what has 
yet to be lost in the subsequent. This additional energy, 
once thus imparted to the column within the actuator, 
permanently attaches to it throughout its further 
course; and when it, with its accompanying streams 
of surrounding fluid, has finally resumed the normal 
pressure proper to the normal speed V, this added 
energy of the column appears in the form of the speed 
excess S without difference of pressure. Thus, the 

»rtion of the column behind the actuator, while resem- 
sling all the rest of the flow in that it is perfect fluid 
flowing freely under perfect fluid conditions, differs from 
the rest in that it possesses this additional energy, or 
‘* potential,” as in stream-line parlance it is termed, show- 
ing everywhere in higher pressure than corresponds to 
the pn In respect of this characteristic of ‘‘ potential,” 
there will thus be a sharp cleavage at the boundary of the 
propeller column all the way behind the actuator. 

Some further points of interest concerning this stream 
system are noticed in the Appendix. 

§ 8. Now, this conception which I have been describing 
is, strictly speaking, an ideal one. But I should claim, 
in the first place, that it shows a verisimilitude to what 
we observe generally as to the character of the contraction 
of column in passing a screw-propeller, which gives it a 
reasonable primd facie relevance to the actual problem of 
screw propulsion. Secondly, though the diagram I have 
presented can lay no claim to mathematical accuracy— 
and in truth the ordinary methods of determining even 
olane stream lines are not applicable to a system of this 
Find, involving streams of more than one potential—I 
submit that the modus operandi, which it exemplifies, 
purports to provide at all points for the kind of pressure 
Coen system requisite for dynamic equilibrium ; and 
this so directly and plausibly that it seems scarcely ible 
to doubt its substantial soundness. Not only so, but the 
reasoning already referred to as given in the Appendix 
shows the conception to be a very small mental step from 
simple tube-propeller constructions, as to the dynamics 
of which we stand on perfectly firm ground. Lastly, and 
above all, if we do accept it as sound, then the proposition 


=V+ 


* I assume this, partly to avoid raising any questions 
as to the precise effect of a screw or any other specific 
mechanism; but also because, for the purpose of the 
theoretical “gone T am all through tacitly assuming 
what is called ‘* perfect fluid,” on which, in strictness, no 
such mechanism can exert any net reaction. My assump- 
tion may be conceived as equivalent to supposing a kind 
of selective magnetism, operating only in the direction of 
flow, and acting exclusively on all the fluid particles com- 
posing the race, while they aré passing through the 
** actuator.” 

+ In reality, it is the mutual adjustment and equilibrium 
between these centrifugal forces and the radial pressure 
gradients due to the pressure change at the actuator, 
which serve to graduate the rate of contraction of column. 

~ In og ey eee a system of only one potential, the 
fluid may be instructively sup; to have all originated 
in a stationary reservoir of definite pressure, say = H. 
Then the pressure at any point in the system where speed 


is = v, will be = H - Po The excess of potential of the 
g 


race column in our propeller conception is equivalent to 
supposing it to have originated in a reservoir of pressure 
exceeding H by the amount added in the propeller. 





that the precedent acceleration does contribute to thrust 
—or, a8 1 should prefer to express it, does form part of 
the total acceleration which satisfies the thrust—is at once 
placed beyond any ible room for question. For there 
ts the thrust, pial exhibited in the diagram, as wit- 
nessed by the total pressure difference on the two faces 
of the actuator, expended in effecting both the accelera- 
tions, and necessarily the equivalent of their collective 
momentum. 

§ 9. And, indeed, if I rightly understand Professor 
Henderson’s written reply to my written remarks,* he 
does not dispute the soundness of this conception as I 
present it; but he argues that it is not relevant to the 
actual case, because in effect I assume the race, or pro- 
peller column in rear, to run on for ever with its excess 
of speed S and correspondingly contracted area.t If (so 
he surmises) I had gone on to discuss what results when, 
as does happen in the actual case not far behind the pro- 
peller, this column loses this extra speed through the 
retarding influence of the surrounding streams, and so 
recovers its initial sectional area, I should have come to 
the same conclusions as himself. 

§ 10. He surmises this, in particular, because ke con- 
siders I should then have found—or, at any rate, ought to 
have found—that the pressure surrounding the race was 
not, as I have assumed, that of the undisturbed water, of 
8 V, but ‘‘ considerably less.” Of course, if this were 
the case, then primd facie the total pressure augment 
required in the actuator, and therefore the thrust, would 
be correspondingly reduced, and conceivably at least by 
the amount corresponding to the precedent acceleration.} 
But why Professor Henderson considers that the pressure 
round the race would be less‘than the normal, I am quite 
at a loss to conjecture, especially seeing that the analo 
of the sink and source flow to which he appeals—and the 
relevance of which I fully admit in this connection—proves 
just the opposite, as we shall presently see.§ So also 
does ordinary stream-line reasoning. For (see Fig. 2), 
the re-expansion of the column only makes a swelling or 
bulge in it, following the propeller at a fixed distance 
behind, and the effect of this will be to raise the pressures 
in front of it, and therefore around the race.||_ In propor- 
tion as the re-expansion is abrupt in character, and follows 
closely on the heels of the contraction, this region of 
increased pressure in front of the re-expansion tends to 
join up with the similar region which on similar principles 
surrounds the latter part of the contraction, the two thus 
uniting to form that continuous region of widened 
streams, and therefore super-normal pressure, which on 
stream-line principles necessarily surrounds any such fea- 
ture as this locally contracted portion of the propeller 
column, and which is commonly termed the ‘‘ counter- 
current.” The effect of the race re-expansion therefore 
will be—not to lower, as Professor Henderson expects, 
but—everywhere to raise, the pressure surrounding the 
race ; with this result, that since the race will never fall 
quite to normal pressure before the re-expansion sets in, 
it will never quite reach the theoretical speed augment S 
corresponding to the pressure difference in the actuator. 
The thrust will therefore be greater, not less, than there 
is actually realised acceleration to show for. { 

In any case, whatever the nature of the effect of the 
race re-expansion, the amount of such effect must neces- 





* Transactions of the Institution of Naval ‘Architects, 
vol. lii. (1910), es 105 and 106. 

+ Professor Henderson goes on to speak of this as an 
‘‘abstraction of energy from the system.” The point of 
this objection is somewhat obscure, since in my concep- 
tion the energy equivalent of this speed S was imparted 
by the actuator, and as such (as he explicitly recognises 
in several es), has in any case to be destroyed. 
This being so, what matters its ‘‘abstraction”? But, in 
the light of his reference directly afterwards to the sur- 
rounding pressure, I judge his meaning to be that, of 
the entire race speed, a portion is due, not to pressure 
augment inthe actuator, but to a local (it cannot be other 
than local) defect from the normal pressure. If so, of 
course that portion of the speed cannot count for thrust, 
and its energy cannot be destroyed, but has to be recon- 
verted into pressure (in company with the correspondent 
speed excess above V in the surrounding fluid) whenever 
the normal pressure is resumed. But (1) the existence 
of such a local defect of pressure has to be proved, and 
as I presently show in the text, all the argument is against 
it; (2) even if it did exist, the su ition would not 
invalidate my position in any way. For, in my argument 
(V + 8) is not defined as the maximum s anywhere 
attained by the race, but the speed it attains ‘‘ when” the 
norma! pressure ae yl to V has been “‘ finally resumed.” 
S therefore expressly excludes any local excess of speed 
due to local defect of pressure; and the conceivable 
occurrence of a low-pressure place somewhere behind the 
actuator would not impair the reasoning which shows 
that of this speed augment S which satisfies the actuator 
pressure augment, one half must be precedent and one half 
subsequent. 

+t But see preceding note. 

§ See § 13. 

|| Iam not forgetting that the actual propeller race is 
largely dis by eddy action, so that the axial column 
of s eventually found in its place does not all con- 
sist of the same fluid particles. But such mere mutual 
interchange of particles cannot alter the effect on the 
stream-lines in front. 

‘| The sense of the matter is really this: that, just as 
when a business firm goes bankrupt, so here, when the 
race breaks up, we have to ‘‘close the accounts” (for per- 
fect fluid reasoning) before the transactions have borne 
full fruit. Accordingly, in effect, we credit the propeller 
with ‘‘unsold:stoek,” in the shape of the residual pressure 
excess, vice “cash proceeds” in the shape of the residual 
acceleration due, 





sarily be a function of the eeeapiaine of the re-expansion 
and its nearness to the propeller, concerning neither of 
which things have we any very definite knowledge. How, 
then, Professor Henderson was led to credit so fis hly in- 
definite a cause with so highly specific an effect as he 
alleges—namely, the annulment of the precise thrust due 
to the precedent portion of the acceleration—I cannot 
imagine. 

§ 11. So much, now, for my theory, and for Professor 
Henderson’s comment on it, as approached from my own 
starting-point. It remains for me next to take what I 
gather to be Professor Henderson’s starting-point in place 
of my own, and discuss how the “sink-source” concep- 
tion, which figures so largely in his paper, bears upon the 

uestion of the precedent acceleration. That in his view 
there oo ———— ano aa between them would 
appear from seve’ es in his paper and remarks, 
which I shall ponnently cite. Tome this sink and source 
conception is both a taking and instructive one, and 
I nore Professor Henderson will not feel that I am 
poaching unfairly on his own preserves because I find it 
necessary to develop it at some points more specifically 
than he was led to do in his own paper. 

§ 12. We start, then, with an unlimited extent of 
perfect fluid at rest, and in this we introduce what is 
technically termed a “sink,” or point of fluid withdrawal 
at the position of an imaginary propeller ; a!so, at the point 
where we might conceive the race from such imaginary 
propeller to break up and lose its excess speed, we intro- 
duce a “‘source,” or point of fluid supply, supplying just 
as much fluid as the sink withdraws. In “ plane stream- 
lines,” which will serve for illustrative purposes, the result- 
ing flow will take the well-known form shown in Fig. 3 
—namely, a ‘closed circulation” from source to sink, 
which (except, indeed, for the rather important defect 
that there is no stream at all representing the actual 
propeller race) bears a more than superficial resemblance 
to the kind of circulation set up by a screw working 
without advance, as, ¢.g., in the ‘‘ basin trial ” of a ship’s 
engines. 

§ 13. Next, combining this flow (by the usual stream- 
line method) with a uniform flow (from right to left) of 
speed V, we derive (in Fig. 4) a correspondingly imper- 
fect approximation to the flow past a propeller advancing 
at speed V relatively to the endisturved flow. Here we 
may notice that the propeller column, ahead of the sink 
and in rear of the source, has now attained an individuality 
of its own, and possesses a clear boundary distinguishing 
it from the ‘‘surrounding fluid,” none of which latter 
now either enters the sink or issues from the source ; and 
although for this reason the “closed circulation” of 
Fig. 3 has disappeared in the literal sense, it is still 
represented by what is, in fact, its ‘“‘stream-line” counter- 
part under the new conditions—namely, the region of 
widened, and therefore slowed, streams in and abreast of 
the interval between sink and source. This region of 
slowed streams is, of course, neither more nor less than 
the feature which we havealready discussed under the name 
of the counter-current, or region of widened streams and 
enhanced pressure, which tends to surround the race, or 
locally contracted portion, of the column, but especially 
emphasised in this case, use the column itself is here 
contracted out of existence altogether. 

And I here pause to remark that, since it is the middle 
of this counter-current region that Professor Henderson 
(in his written reply tomy remarks on his paper) presum- 
ably refers to as ‘‘the centre of the sink and source 
system,” his reference to it as a region of ‘‘ considerably 
less” pressure than normal becomes quite inexplicable 


to me. 

§ 14. I have just noticed that in this figure, as in Fig. 3, 
the race-stream itself is conspicuous by its absence. This, 
by the mathematics, it necessarily is, as an item of free 
flow ; nevertheless, if we wish in some way to signalise 
an identity between the quasi- propeller column dis- 
appearing at the sink and that reappearing at the source, 
we can do so in imagination by providing a pipe leading 
from sink to source. ince the mathematics treat the 
sinks and sources as points, such pipe would be indefi- 
nitely small, and can therefore be su d to lie along 
the axis (as indicated by the dotted line) without signifi- 
cant displacement of the stream system. But it 1s all 
essential to bear in mind that in any case such stream 
must be enclosed in a pipe, because otherwise it would 
be instantly choked by the surrounding streams of normal 
(or rather supernormal) pressure. 

§ 15. For the reasons just given, this apology for the 
screw race, of ultra-microscopic sectional dimensions, is 
the best we can do, as long as we stick to the regulation 
mathematical sink and source flow. Professor Hender- 
son’s paper is not very explicit on this point; but I 
rather infer from some expressions in it that he would 
have us enlarge the sink-source connecting-pipe to a finite 
size—say that of the race, or perhaps that of the pro- 
peller, and so give us such an entire propeller column as 
is indicated in Fig. 5, one which certainly affords us a far 
more encouraging imitation. Such a flow is not one 
which can be computed or delineated by the ordinary 
sink and source method ; and it is, perhaps, a question 
whether it can fairly be described as a sink and source 
flow in the ordinary sense. But, so far as I can see, it is 
a flow which, under the assumed conditions (not forgetting 
the necessary provision of the pipe’, and in perfect fluid, 
would continue to subsist if once started, and therein so 
far can claim to be a sink and source flow relevantly to 
the present discussion. 

§ 16. Judging this, in principle, at least, to be the 
conception to which Professor Henderson appeals, I next 
proceed to consider what argument he founds upon it 
relatively to the mechanics of the precedent acceleration 
of a propeller. And here, having perused and reperused 
his paper and remarks many times, I think it correct to 
say that the following passages (which are those already 
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referred to in § 11) pueey exhaust all the indications 
on this head which he gives :— 

In his ‘‘Conclusion (3),” 68, we find: ‘‘The 
acceleration of the fluid ahead of the propeller does not 
contribute to the thrust, but is brought about by a circu- 
lation of energy from the wake, as in a moving source- 
and-sink combination.” 

Again, in the added note (page 69), he speaks of the 
conclusion “that the acceleration of the fluid ahead of 
the screw does not contribute to the thrust, but is part 


§ 19. The real effective cause, which in the sink and 
source flow does “bring about” the acceleration, is 
simply the low pressure in the pipe; and this is in turn 
maintained by the retardation in rear, which in this ty 
of flow can only take by exchange of speed for 
pressure without loss of potential, and so maintains in 
the pipe in front of it just that defect of pressure which 
suffices to induce the acceleration into the pipe at the 
other end. That is the sum and substance of the 
mechanics of the precedent acceleration in the sink and 





of a circulation due to a self-propagating source-sink 
combination.” ; ; acer. 

Lastly, in his written ony, to my written criticism | 
(vol. lii., pages 105 and 106), he says that ‘‘from the | 
boundary of this a. of dissipation of energy ” (where | 
the race mixes with the surrounding fluid) “there is a | 
circulation round to the advancing face of the screw | 
corresponding to the circulation due to a combination of 
sources and sinks, the former on the boundary in ques- | 
tion and the latter on the advancing face of the screw. 
I have shown that this circulation exists between back | 
and front of the screw. But if any doubt as to its exist- ' 





; source flow, and the presence of the counter-current is 


nothing but the necessary concomitant effect. 

§ 20. In the propeller flow, on the contrary, while, on 
the one hand, we have not got the pipe which could so 
bring low pressure to bear on the flow in front; on the 
other, the re-expansion and retardation in rear is of an 
essentially different character*—namely, by loss of poten- 
tial and without rise in pressure—and so cannot maintain 
any such low pressure in front of it. In this case, there- 
fore, acceleration can only be brought about by the un- 
aided action of the propeller, which has not only to 
artificially raise the pressure so that the acceleration 
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ence in an actual case can exist, a very few simple experi- 
ments will make it evident.” 

§ 17. Now I must confess that I cannot find in these 
passages, as they stand, any argument definite enough 
to be definitely answered. But the line of thought 
which they do seem to me to suggest I should express as 
follows :— 

First: taking a hint from the circumstance that the 

counter-current in the sink and source flow of Fig. 4 
becomes the closed and continuous circulation of Fig. 3 
when the speed of advance is eliminated; we are to 
infer that in the sink and source flow this counter-current 
operates ‘‘ by a circulation of energy” to “bring about ” 
the acceleration. 
_ Secondly: since the counter-currert is equally observable 
in the actual propeller flow, it must be held to “bring 
about” the p ent acceleration there also. That ac- 
celeration therefore cannot contribute to thrust. 

§ 18. If such be the suggestion, I profess I can only 
see in it a curiously inverted conception, implying a 
fatal confusion between cause and effect.  counter- 
current is an effect, not a cause ; and no more “brings 
about” the acceleration, whether in the sink-source or 
propeller flow, than the running of the batsmen at cricket 
Mh about” the big hit which enables the runs to 
be e. The counter-current is simply the upshot, the 
necessary upshot, of there being a | y-contracted place 
in the column, whatever may be the cause of this feature 
in it. Though the column were of wood, and not fluid 
at all, so long as the contracted place were there, the 
counter-current would exist just the same, 








| behind it can be completed without the pressure falling 


below normal, but also must artificially produce the low 
pressure in front of it which alone can effect the prece- 
dent acceleration, both of which pressure differences at 
the propeller ipso facto contribute to thrust. 

§ 21. Surely all this is a perfectly plain and straight- 
forward story, consistent all through. Is it not, then, 
monet to invite Professor Henderson to reconsider 
that “very sweeping general proposition of his that an 
acceleration which comes about purely by exchange of 
pressure for speed cannot posers meres to thrust? If it 
were true, my actuator could not experience any thrust 
at all, since both precedent and subsequent accelerations 
come about in that way.t And, after all, in the very 
argument which he uses, in his reply to my remarks, to 
prove his proposition true, he really puts his finger 
on the very consideration which proves it false. He says 
** the reaction is the force on the fluid.” Exactly; that 


* I pointed this out in my remarks on Professor Hender- 
son’s paper of last year, in reference to the vortex flow 
which I then understood him to have in mind. But since 
it applies with precisely equal relevance to the sink and 
source flow, his rejoinder is more dialectically pointed 
than substantially to the purpose. 


+ Neither would my Case II. of the Appendix; nor 
Professor Henderson’s own “‘ Ideal Jet Propeller,” which 
is the same in principle—viz., a tapering tube with a 
pump somewhere in it to raise the pressure for the 

eration, 





|is just it; ‘the force on the fluid.” And what, I ask, 
|is the direct, instantaneous, ipso facto condition induced 
by force on fluid unless it be oy pressure difference ? 
| What other condition does the force of gravity, for 
instance, ordinarily induce in fluid? Force apphed to 
| fluid means, primarily, pressure difference created in it ; 
| and this, in a moving stream, as in my actuator, at once 
embodies the reaction sustained and the energy im 

to the stream. Professor Henderson adds ‘‘a fluid must 
yield.” Yes, in due course it must ; and so the immediate 
pressure difference is in due course satisfied by equivalent 
speed difference ; but the when and where of this satis- 
faction depends on circumstances. The convenience of 
all the surrounding streams has to be consulted in this. 
And when and where this satisfaction does come about, 
it can only come about with constant potential by simple 
exchange of pressure for speed. Is there anything e 
to explain? 

Doubtless, the phrase ‘contributes to thrust” is a lax 
one. Strictly speaking, no acceleration in itself ‘‘con- 
tributes” to thrust. It, in due course, satisfies the 
pressure difference, which in itself constitutes the primary 
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| reaction; and this is what we ought to mean when we 
use the phrase in question. 

§ 22. S conclusion, I summarise my main argument 
as follows :— 

1. The acceleration which satisfies thrust involves a 
corresponding contraction of column ; 

2. Which cannot occur entirely within the propeller. 

3. Hence the acceleration must be largely external to 
the propeller ; 

4. And effected by pressure gradients due to a pressure 
difference at the propeller, and created by it ; 

- Which pressure difference immediately satisfies the 
thrust. 

6. The stream curvatures incidental to the contraction 
of column dynamically require some portion of the total 
acceleration to precede the propeller ; 

7. And the equations of thrust and power show that 
this portion must be half the total. 

8. The presumable break-up of the race before the 
acceleration is sensibly complete does not nullify the pre- 
ceding reasoning. 

¥. The internal mechanics of the sink and source flow 
(appealed to by Professor Henderson) are totally different 
from those of the propeller flow, the acceleration in front 
being induced in the former by a pressure-exchange re- 
tardation in rear, which does not exist in the latter. 

10. Moreover, the former is dependent for its subsistence 
on the etn g~ of the artificial sink and source, or their 
equivalent, a connecting-pipe, none of which things are 
represented in the latter. 

23. I add, however, as a corollary to this paper, that, 
in spite of the entire discordance between the sink and 
source column and the propeller column in respect of 
internal mechanics, still, in virtue of a certain element 
of external resemblance between the two, the study of 
the former seems not unlikely to afford useful assistance 
in the study of the stream-line system surrounding the 
latter. In bringing this to our notice I think Professor 
Henderson has done valuable service. 





APPENDIX. 


§ 24. The following symbols, &c., are used throughout 
the text and Appendix. 
V = (sternward) s of whole body of undisturbed 
fluid relatively to propeller. 
S = additional (sternward) speed acquired by the 
propeller column. 


Q = quantity of fluid composing this column, passing 
any fixed point in it (in cubic ft. per sec.). 

v = local (sternward) speed of this column at any 
given point. 

2. (consequently) the sectional area of the column 


at such point. 

T = thrust. 

P = power expended (per second). 
Speeds, in feet per second ; dimensions, in feet ; force 
| unit = weight of 1 cub. ft. of fluid. 
| The steps by which the final propeller conception 
| described in the text (§§ 3 to 7) was reached in my 1889 
paper are in effect as follow ;— 
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§ 25. Case 1.—Taper Tube Propeller ; Continuous Pro- 


peller Action.—Long, straight tube, tapering from area = Vv 


at inlet to _@ git outlet (see Fig. 6); fluid, therefore, 


V+ 
entering at ot V and leaving at speed (V + 8S). Tube 
ape to long enough relatively to diameter, and 
to taper gently and evenly enough for external pressure 
to be everywhere sensibly that of the undisturbed fluid 
of speed V. Fluid, everywhere within tube, supposed 
to be subjected to an artificial sternward force just 
sufficient to neutralise the descending pressure gradient 
proper to the acceleration, so maintaining pressure every- 
where the same inside as outside—viz., that proper to 
speed V. Walls of tube consequently everywhere in- 
operative. Then, for this case— 
7-28 p- 8) 


a [tv + SP - ve]=T(v+ 


Hence, the useful power being = T V, the waste power 


_TS_Q®, 
2 39° 
namely, that represented by the speed augment S of the 
issuing stream, as it ought tr he. 

§ 26. C se 11.—-laper Lube Propeller ; Local Propeller 
Action.—Tube, inlet and outlet areas, and speeds all as 
before ; but artificial sternward force on fluid in tube, 
now concentrated at one place in it, termed the ‘‘ actua- 
tor” (see §5), and made such as to raise the pressure 
there by the amount corresponding to the entire accelera- 
tion from V to (V + 8). The walls of the tube now 
become operative to resist excess of external pressure in 
front of the actuator and of internal pressure behind it. 
The issuing speed S, total quantity Q, and aggregate 
pressure augment impar to it being all unchanged, 
the net thrust of the system T, power expended P, and 
useful and waste power are all st eles The thrust 
reaction taken by the actuator itself, however, depends 
on its longitudinal position, the algebraic balance of the 
true thrust T being taken by the net axial component of 
the pressure difference between inside and outside of tube. 
The thrust in the actuator itself will be 


.Q@, (V+S8P-V?_ QS 2V+8 
" 2y y° 2e 


where v = the speed at the actuator position. 
Hence, in order that this may equal the net thrust of the 


system ( = & *), and that the net axial reaction taken 


by the tube may be nil, v must be equal (v + >) 
§ 27. The actuator being pv to be thus placed, 
a Pp 


so as to free the tube from axia. ction asa first step, 
the further step to the final open propeller conception of 
the text (Fig. 1) is made by supposing the taper of the 
tube to be so regulated as to make the curvatures of the 
streams serve the purpose of the walls of the tube, for 
resisting the excess of external pressure in front of 
the actuator and of internal pressure behind it, as 
suggested in the text (§ 6). This done, the tube becomes 
inoperative altogether, and may be discarded. 

§ 28. By way of illustrating this effect of the curvatures 
of the streams to balance the pressure gradients arisin 
out of the pressure difference created by the actuator, and, 
generally, how the pressure gradients and the fluid 
accelerations may be conceived mutually to satisfy each 
other throughout the system, I have sketched in the 
diagram, Fig. 1, pRanade ; eontour lines of equal pressure 
(drawn by guess, of course, as is the entire diagram— 
see §8). The clue to the general conception thus em- 
bodied lies in the circumstance that we have a region 
of artificial excess of pressure (relatively to the normal 
or undisturbed fluid pressure) behind the actuator, 
and one of similar defect of pressure in front of it. 
whereby there is necessarily found, throughout the whole 
body of fluid considered, a continuously descending pres- 
sure gradient from the one to the other, along a cir- 
cuitous path round the sides of the actuatdr. us, if 
we represent pressure differences to our minds by the 
more familiar notion of differences of level, the portion 
of the stream plan of Fig. 1 immediately surrounding the 
actuator resembles a winding stairway. In the light of 
this illustration, we come to see that although, as regards 
alteration of potential, the actuator does (and can) affect 
the propeller column alone, still, as regards local accele- 
ration and retardation, the gradients which it creates 
affect the surrounding fluid , and that, on the whole, 
less forcibly only in virtue of the greater general distance 


* Or we may arrive at the same result by considering 
the axial components of the internal and external pres- 
sures on the walls of the tube, taken for convenience in 
the following three terms, vix.:— 

I. The forward force due to the internal pressure dis- 
count (from the statical) proper to the varying internal 


speed at each point; which integrates to = 38. 

II. The sternward force due to the external pressure 
discount ae) proper to the constant external speed 
V; which = 2° x ie. 1 

g 

III. The further sternward force due to the augment 
of internal pressure behind the actuator placed where 
internal speed = V + Be which =98 % 

: gy 

Then, since I. = (II. + ITII.), the net 

the walls of the tube = nil, , 


axial force on 





of action. The descending gradient and consequent 


Q| acceleration towards the actuator in front and away 


from it behind, which we have recognised as being of the 
essence of the propulsive reaction of the propeller column, 
we see to be shared in its due measure by the surrounding 
fluid also. So, likewise, the local rise of pressure in the 
actuator, by which, in the propeller stream, this descend- 
ing gradient is made possible without ultimate loss of 
pressure, finds its due counterpart for the surrounding 
streams, in a local rise of pressure encountered by them 
abreast of the actuator. The difference is that for the 
latter this pressure rise is accompanied by its appropriate 
retardation, whilefor the propellercolumn itisnot. An 
it is just this retardation in the surrounding streams 
(most severe nearest to the edge of the actuator), and 
concomitant thickening of streams, which serves to fair 
off the abruptness of contraction of the column on the 
side presented to the surrounding fluid. ; 

§ 29. This consideration brings into view the difficulty 
noticed in my 1889 paper (§ 14) of ps ery that the 
hard and fast difference of pressure without change of 
speed, in theactuator, extends toits very edge. We may 
get over this difficulty (and thereby mitigate to any de- 
sired extent the severity of the contrary flexure of streams 
just at the actuator edge) in either of two ways, or by a 
combination of both. Thus, we may suppose (1) that 
(near the edge, at any rate) the actuator force on the fluid 

ing through it is not concentrated quite at one point 
in the travel, but is extended over some convenient 
length of the travel; in which case the streams forming 
the outermost layer of the column will receive their poten- 
tial augment in the shape of acceleration rather than in 
that of pressure augment without acceleration. Or (2) 
we may suppose that the potential augment is not uniform 
pee ea the cross-section of the column (as for sim- 
plicity of description’we have hitherto supposed), but 
shades off to nil at the edge. In this latter case the dif- 
ference in potential between the propeller column behind 
the actuator and the immediately surrounding fluid 
(which must in any case show in speed difference and not 
in pressure difference), will be graduated, instead of pre- 
senting a perfectly sharp cleavage, as is suggested in p 3 

§ 30. In conclusion, it should be noti that, of the 
above two preliminary ideal steps by which the final con- 
ception is reached, Case II. is identical in principle with 
Professor Henderson’s ‘‘ Ideal Jet Propeller” (pages 60 
and 61), when % (his notation) is taken = V. In this 
case the results are also identical, his thrust, = F (vo — 7 ), 


being equivalent to my Qs and his total power ex- 


g 

pended, = 4 F (v. 2-7: 2), to my :, [wv +) - v:| . 
The efficiencies therefore also agree, and are both in agree- 
ment with Mr. MacEntee’s expression ; whereby thus 
far we are all agreed. Professor Henderson, however, 
takes the inlet speed x; to exceed the undisturbed fluid 
speed V (presumably by the amount of the inlet speed, 
which he i previously taken to exist with pump sta- 
tionary relatively to the undisturbed fluid; at least 
I can divine no other reason for the assumption) ; 
and then proceeds to reckon the thrust and the 
wer expended by the above-quoted expressions, 
eaving V out of account. But in truth the pres- 
sure which must have been lost by the stream in 
acquiring the additional s (vi — V), the pump would 
have to restore, besides imparting the further accelera- 
tion from 1; to v ; so that really the total power requisite 
ought to come to just the same as if 7; = V, viz, 4F 
(vo 2— V2). Hence it comes about that his expression for 
efficiency, in so far as it differs from Mr. MacEntee’s, 
depends paradoxically on the relative areas we choose to 
assign to inlet and outlet. Thus, for example, if we 
make the former twice the area of the latter, so that 

“ = 40, and also make V =, say, 0.80 vo» (perfect! 
ible, if the pump work be regulated to suit), we shall 

ave 8a = 2.5 8n, — efficiency exceeding unity ! 

§ 31. Again (and it is strange to me that Professor 
Henderson does not see this), supposing vi to exceed V, 
as he assumes; if we were then to extend the inlet 
forwards, at the same time expanding it so as just to fit 
the natural stream contraction, such added structure 
would he ex hypothesi inoperative ; yet, according to his 
expression, by making 7 = V, it would alter the effi- 
ciency altogether. 


Proressor HENDERSON’s REPLY TO Mr. FRovpDE. 


The prepared reply by Professor Henderson, read at 
the meeting, was as follows :— 


The problem Mr. Froude has set me of justifying the 
conclusion I arrived at in my last year’s paper—namely, 
that the acceleration in front of a propeller does not con- 
tribute to thrist—is not an easy one within the limits 
of discussion imposed by precedent. Mr. Froude’s 
paper was really a discussion of mine, and there is a 
danger of a prolon; discussion losing all interest. I 
shall content myself, therefore, with (1) restating my 
arguments and challenging Mr. Froude to submit the 
question at issue to experimental test, and (2) pointing 
out what I consider to be the weaknesses in his theory. 

Mr. Froude’s fundamental conceptions seem to differ 
from mine ; for example, his statement that the *‘ accele- 
ration satisfies the thrust” has caused me much thought, 
and, ——- enough (on § 21), he objects to my expres- 
sion ‘‘contributes to thrust” as being a lax one ; again, 
his definition of potential must differ from the generally 
accepted one, as he uses it synonymously with energy, 
instead of which it is only one of the factors of energy. 
I mention these points by the way, as other readers may 
find the same difficulties as I have had. 

Mr. Froude and I are that the water gains 
no energy ahead of the screw, but that in gaining velocity 





it loses pressure correspondingly, so that the total “‘ head” 
is constant. In passing through the screw it suddenly 
gains energy or ‘‘ head” by a sudden change of velocity 
or of pressure, or of both. From these premises and 
first principles I conclude that the thrust is contributed 
by the water as it passes through the screw, because 
it is impossible to act on a fluid by an external force 
without the fluid yielding to the force. Hence the por- 
tion acted on gains energy, and it is only in virtue 
of gaining energy that it can offer a reaction to the 
force. In the case of a force — on a body in a 
perfect fluid, the body is accelerated, and the velocity 


d | of every particle of fluid is also changed, so that the 


energy in the whole system is increased, but to diffe- 
rent extents at different points. The portion of fluid 
acted on is in this case the whole fluid. Since action and 
reaction are equal and opposite, and since the reaction 
is confined to the seat of the gain of energy, the thrust 
must be likewise confined, and only that portion of the 
fluid which passes through the screw disc contributes to 
thrust—i.e., supplies the reaction—and it contributes at 
the moment of its gain of ene The phenomena ahead 
of the screw and elsewhere in the fluid must, therefore, be 
accoun for quite apart from thrust, and must have 
existence independently of thrust. 

Consider the motion of any body through a fluid, a 
ship, or, for simplicity, say a sphere. The body is the 
centre of a system of moving particles of fluid, the rela- 
tive motions of the body and the particles being in the 
well-known system of stream-lines. here is one 
difference, however, between the case of the stationary 
sphere and moving water, and the case of stationary 
water and moving sphere, which is important. In the 
first case, the energy in a particle of fluid is constant; 
but, in the second case, the energy of a particle varies as 
the sphere approaches and passes it, but the energy is 

on from particle to particle in such a regular 
manner that the distribution of energy is always sym- 
metrical round the sphere. If the sphere he accelerated, 
the energy of the system increases; and if the sphere 
be retarded, the energy is given out again. This energy 
system is well known, and is allowed for in ships by 
what is called the “‘ virtual” mass. 

Now a screw propeller is a body moving through 
water and must have a virtual mass, which will prob- 
ably differ in the case of the advancing and non-advanc- 
ing screws rotating in otherwise still water. Its existence 
is easily demonstrated in the case of a non-advancing 
screw rotating in a tank; the circulation between the 
back and front of the screw is quite apparent, and if 
the screw be suddenly set free—say by knocking off the 
belt driving it—the screw does not come to rest imme- 
diately, but continues to rotate, being driven at the 
expense of the energy stored in the circulation. The 
advancing screw presents a difficulty because it is not 
easy to demonstrate that the circulation which exists 
when the screw is not advancing must advance with 
the screw, The source-sink conception I have used in 
= paper offers a theoretical proof. An advancing 
sphere is equivalent in hydrodynamics to an advancing 
point doublet (a point source and sink very close together), 
and the energy in the system is usually obtained from 
this point of view. The circulation round a non-advanc- 
ing screw rotating in water otherwise at rest may be 
imagined to be due to a source-sink combination (not 
necessarily point sources or sinks, but a plate sink in 
the front of the screw, and a distribution of point sources 
in the race) which can advance cuubonaed fest as the 
source-sink system advances unchanged in the case of 
the sphere 

This use of source-sink systems cannot appeal to any- 
one who has not studied hydrodynamics, and as many 
more people study electrical science than hydrodynamics, 
I gave electromagnetic analogies in my paper last 
year. But if Mr. Froude denies the right of a screw- 
propeller to have a virtual mass (and his theory makes no 
allowance for one), and denies also that the acceleration 
ahead of the screw is simply a portion of the system 
which constitutes the virtual mass, let me challenge him 
to submit the point to experiment. If the acceleration 
‘*in front” contributes to thrust, it should disappear and 
reappear with the thrust. Let him rig up two screws 
on the moving truck used for screw experiments in 
the experimental tank, the one driven as usual, and the 
cther running loose as a log in comparatively still water. 
Arrange the frictions of both shafts so that when both 
screws are running as logs their speeds are approxi- 
mately equal. The two screw-shafts used for twin-screw 
experiments would be well suited for this experiment 
if they can be mounted far enough apart. ow run 
the truck at constant speed, driving one screw at con- 
siderable slip, while the other runs simply as a log. 
When a steady state is reached, knock off the belt driv- 
ing the screw and observe the relative speed of the 
two screws. If the speed of the driven screw imme- 
ages | falls to that of the free screw, Mr. Froude 
is right; but if it continues to revolve at a higher 

than the free screw, then I am right, because it 
indicates that there is a circulation being propagated 
with the screw. The relative s of the two screws 
would be most easily observed by means of two strobo- 
scopic discs, one behind the other, and driven respec- 
tively from the two screw-shafts. I sincerely hope 
Mr. Froude will be able to make this test, but if his 
routine work does not allow of the disorganisation the 
experiment would involve, perhaps Mr. Baker could 
arrange to make the test at the National Physical Labora- 
tory. The point is of great importance, use if the 
acceleration ahead of the screw is part of a circulation, 
then the nominal slip (i.¢., slip relative to still water) 1s 
not the cause of the thrust. Hence the experimental 
thrust curves, from which all our data are derived, do 
not represent cause and effect ; and, unless the actusl 











Apr 


IL 14, 1911.] 


ENGINEERING. 


$03 











slip is ultimately found by experiment to be simply 
proportional to the nominal slip, it is probable that a 
simplification of the results will arise from a study of the 
thrust on a base of true cause—namely “‘actual” slip. 

Having re-stated my —— arguments, it remains 
now to point out what I consider to be the weaknesses in 
Mr. Froude’s. If his premises regarding the tubular pro- 
peller were admitted, then his conclusion must also be 
admitted, because there is no mistake in his argument so 
far as I can see. His premises assume (1) a conical tube 
capable of transmitting tension, and (2) uniform pressure 
outside this tube. These premises are, to my mind, quite 
inadmissible. (1) There was no connecting-link between 
the fluid on the two sides of the propeller which can by 
any process of reasoning be considered as transmitting 
tension between them, and it does not matter how Mr. 
Froude may assumes the velocity and pressure to be 
distributed in front of the screw disc, there must be, 
according to his theory, a tension between the fluid 
before and behind the screw. (2) Mr. Froude justifies 
the assumption of uniform pressure outside the conical 
tube by assuming that the tube can be made so long 
that the stream-lines outside it are sensibly parallel. 
| will now show that this assumption is equivalent 
to neglecting all the water except the small quantity 
which passes through the screw disc. Since the pressure 
is uniform, we may arrange to have its numerical value 
of any convenient magnitude. Suppose we make it atmo- 
spheric, then all the fluid which does not pass through 
the tube may be replaced by still air, and there re- 
mains a jet of water, say, issuing from a hose at speed 
V, and entering a jeg | tube of the same diameter at 
entry as the jet, from which it issues at speed V +8, 
having its total head increased in the tube by the actuator. 
This assumption of uniform pressure outside the tube 
is, therefore, equivalent to neglecting the surrounding 
fluid, and the pressure cannot be uniform if the motion 
of the surrounding fluid is considered. In the actual 
case, in which the tube is represented by a stream sur- 
face in front of the screw and a surface of discontinuity 
behind it, there can be no difference of pressure on the 
two sides of these surfaces. 

Another point in which Mr. Froude’s theory breaks down 
is in §6, where, in the discussion of the curvature 
of the stream lines, Mr. Froude shows that the curvature 
of the lines before and behind the screw disc is of oppo- 
site signs and is just the type of curvature his theory 
demands, so that the centrifugal forces may balance 
the pressure gradient which he assumes. This is quite 
correct for the stationary propeller and the moving fluid, 
but in the case of a screw advancing through still water 
the curvature of the paths of particles in front of the 
screw is opposite to that drawn in Mr. Froude’s dia- 
gram, hence the centrifugal forces would introduce an 
opposite pressure gradient, and his explanation would no 
longer hold. 

In my theory the pressure surrounding the screw is 
considerably less than that in still water, and, in’ the case 
of an actual screw, we have objective demonstration of 
this reduced pressure in the fall of surface level above 
the screw, and also in Mr. Taylor’s pressure experiments, 
which were mentioned in my paper last year. 

Of course, the thrust is the difference of the axial 
pressure on the two sides of the screw, and the accelera- 
tion in front of the screw affects the pressure in front of 
the screw; but if it is part of a circulation, it affected 
the pressure not only in front, but also behind the screw 
—that is, it determined the absolute values of the pressure 
in the immediate neighbourhood of the screw by fixing 
the pressure of particles outside the race. 

I do not understand Mr. Froude’s attempt to explain 
the expansion of the race on ‘‘stream-line theory” in 
§ 10. he race really meets the slower-moving water, 
and expends its energy in impact and eddies, the latter 
being still visible in the wake of a screw-steamer after 
she is miles distant, helping also to render the fan-shaped 
wake visible. 

The weakness of the source-sink theory to my mind lies 
in the indefinite position of the sources because of the 
eddy motion in the race; but if the eddies have the property 
of annulling circulation in one case, they ought to do it 
in every case. Hence, in the case of the moving cage 
if moving through an actual fluid, the eddies formed in its 
wake should annul the virtual mass of the sphere; like- 
wise, also, a ship when towed should have no virtual mass 
if there is no circulation of energy round the ship from 
the race forward. But we knew by experience that both 
the sphere and the ship had virtual masses, in spite of the 
eddies. Why deny it then to the screw? 

In §17 Mr. Froude throws doubt on this circulation of 
energy round the screw. I would ask him whether he has 
any doubt about the circulation round a moving sphere, 
the sphere being the centre of the energy system, and the 
system moving forward with it. 

In discussing this circulation Mr. Froude accused me 
of a ‘curiously inverted conception, implying a fatal 
confusion between cause and effect,” but that was due to 
their different interpretations of the phenomena. Mr. 
Froude looked upon the acceleration in front as caused by 
the screw at the moment, while I consider it a portion 
of a circulation started by the screw during its period of 


FOREIGN ENGINEERING PROJECTS. 


_ We give below a series of colonial and foreign engineer- 
ing peeesn, for several of which tenders are asked. 
Further data concerning them can be obtained from the 
Commercial Intelligence Branch, Board of Trade, 73, 
Basinghall-street, E.C. 

South Africa: H.M. Trade Commissioner for South 
Africa has forwarded a copy of a report by the Finance 
Committee of the Johannesburg Municipal Council, 
which includes a statement of the estimates, not yet voted, 
of expenditure on municipal public works during the five 
years 1911-15. The total estimates amount to 2,375, 285/.; 
the following are among the more important items :— 
Town hall buildings, 231,241/.; art gallery, 20,000/.; 
swimming-bath, 7870/.; market at Newtown, 56,460/.; 
laying out and improvement of parks and estates, 
54,715/.; Fordsburg bath and wash - houses, 10,000/.; 
refuse-destructor for eastern suburbs, 16,630/.; intakes 
and pipe-lines, 13,258/.; municipal compounds, 17,000J.; 
compounds for native housing, 39,000/.; abattoirs, 28,6007. ; 
live-stock market extension, 15,000/.; electric power and 
lighting, 289,680/.; electric tramways, 289,236/.; water- 
supply, 100,000/.; fire-stations and plant, 37,000/.; road- 
construction, 120,000/.; bridges and subways, 132,487/.; 
kerbing and guttering, 166,782/.; sewerage and storm- 
water drainage, 547,000/. Towards this expenditure it is 
proposed that borrowing powers shall be obtained to a 
total sum of 500,000/., and that a loan of 250,000/. shall 
be raised at once. 

Russia: With reference to the proposed erection of 
a grain-elevator at Libau, the British Vice-Consul at 
that port reports that the Russian Ministry of Trade 
and Commerce has prepared a project for the improve- 
ment of Libau Harbour at a cost of some 5,600,000 
roubles (about 590,000/.). Among other things it is pro- 

to construct a grain-elevator. The provision for 
these works has, however, to pass the Duma and the 
Council of the Empire. In this connection it may be 
noted that, according to the Official Messenger, the 
Ministry of Trade and Commerce has submitted to the 
Council of Ministers the project for the improvement of 
Libau Harbour. The Official Messenger also states that 
the Kharkov municipal authorities have applied to the 
Ministry of the Interior for powers to contract a loan of 
6,200,000 roubles (about 654,000/.) for the construction of 
tramways, the enlargement of the electric generating 
station, the carrying out of water and sewage works, &c. 

Serrvia : H.M. Legation at Belgrade reports that tenders 
will shortly be invited by the Servian State Railways 
Administration for the construction of two railway lines 
(normal gauge) from Belgrade to Mala Krana, and 
Knjazevatz to Nish, and of two lines (broad gauge) 
from Laikovatz to Gorni Milanovatz, and Pozarevatz to 
Osipaonitza. A narrow-gauge line is also to be built, 
connecting Krushovatz-Stalatz-Paratchin, between which 
places a broad-gauge line already exists. The invitations 
to tender will cover, besides the construction of the lines, 
the necessary rolling-stock, the various station buildings, 
furniture, &c. H.M. Legation add that invitations will 
at the same time be issued for quay construction and 
other port works at Raduyevatz, where it is hoped that 
the bridge across the Danube in connection with the 
Trans- Balkan Railway will ultimately be built. The total 
sum which it is expected will be spent on these contracts 
is estimated at some 2,000,000/. sterling, which will be 
paid out of part of the 1909 loan. According to the 
Oesterreichischer Zentral Anzeiger, tenders will be opened 
on April 27 by the Stadtvertretung von Belgrade, Kana- 
lisationsabteilung, Jugovits ul. 1, Belgrade, for the 
carrying out of the seventh section of the Belgrade city 
sewage and drainage works. 

Turkey : With reference to the proposed construction 
of a port at Ras-el-Ketib, and a railway thence to Hodeida, 
Sana’a, and Amran, the Bulletin Commercial, Brussels, 
states that the syndicate which has obtained the concession 
for the construction of the railway from Hodeida to Sana’a 
and also for the construction of a harbour at Ras-el-Ketib 
(3 miles north of the former town) has despatched eight 
engineers to Hodeida for the pu of commencing 
operations. The Bulletin adds that it will take five 
years to build the section of line from Hodeida to Obal. 

Italy ; The Gazzetta Ufficiale, Rome, contains a decree 

ranting to the Société Francaise de Chemins de fer en 
Gooctins a seventy years’ concession for the construction 
and working of a standard gauge railway from Siena to 
Montantico via Buoncouvento. The line will have a 
total length of 34 miles, and the cost of construction, 
including the initial ee of rolling-stock, is esti- 
mated at 7,671,000 lire (306,840/.). Two years are allowed 
for the carrying out of the work. ‘ 

Spain : The Gaceta de Madrid contains a notice to the 
effect that Don José Prats and Don Garcia Olalla have 
applied to the Ministerio de Fomento for a concession 
for the construction and working of a secondary railway 
from Salamanca to esma (Province of Salamanca). 

Portuguese West Africa : With reference to the pro- 
jected port improvements at Lobito, H.M. Representa- 
tive at Lisbon reports that the intention is at present 
only to build a jetty 100 metres long. Later on it is pro- 
posed to construct a landing quay and public buildings. 

P : His Majesty’s Minister at Panama reports 





.cceleration, and then moving forward with it practically 
unchanged. 

Mr. Froude’s difficulty in understanding my paper has 
evidently been one of fundamental conceptions. To my 
mind the mere fact that the water ahead of the screw 
does not gain energy is sufficient to make me infer that it 
(loes not contribute to thrust; hence I had to aczount for 
its motion apart from thrust, and I find it in circulation, 
of which the screw is the centre. I regret to have been 
unable to convince Mr. Froude, but if my arguments fail, 
perhaps the experiments I have outlined will decide the 
question for us one way or the other. 








that tenders are invited by the Government of Panama 
for the construction of the narrow-gauge railway from the 
city of Panama to David, with branch lines, of a total 
length of 361 miles. Tenders may be made (1) for the 
construction of the line for account of the Government of 
Panama ; or, (2) for the construction of the line for account 
of the contractors, who will work it for a number of years 
under a guarantee from the Government of interest at 
the rate of 5 per cent. per annum on the capital expended 
on the works up to 10,000,000 balboas (about 2,083,000V.). 
Tenders, together with a deposit of 10,000 balboas 


(about 2483/.), will be received at the office of the Secre- 
tary of Public Works, Panama, up to June 30, and they 
will be adjudicated upon within ten days from that date. 
Copies of the plans, specifications, &c., for the railway 
may, it is stated, be obtained at the Panama Consulate in 
London, 3, Cross-lane, St. Mary-at-Hill, E.C., on deposit 
of a sum of 5. 4s. 2d., which will be refunded on return 
of the documents, 

Brazil: The Diario contains a decree, No. 8591, approv- 
ing os oy eres d clauses to the agreement with the 
Sociéte de Construction du Port de Pernambuco, whereby 
the latter is authorised to carry out additional works in 
the harbour of Pernambuco. 

Argentina: The Boletin Oficial publishes a decree, 
issued by the Ministry of Public Works, approving the 
agreement provisionally entered into between the General 
Directorate of Irrigation and the provincial authorities of 
San Luis, relative to irrigation works in the Department 
of Lujan. The undertaking, which is estimated to cost 
102,000 pesos currency (about 9000/.), will be under the 
direct control of the Argentine Government. It also con- 
tains the text of the following decrees issued by the 
Ministry of Public Works :—(1) Approving the plans, &c., 
submitted by the General Directorate of Railways, for the 
construction of 21 miles of the railway from Diamante to 
Curuzti Cuatia. The cost is estimated at 1,287,000 pesos 
gold (about 257,000/.). (2) Sanctioning the construction 
of the projected railway from Ledesma to Embarcacidén. 
(3) Granting to the Central Argentine Railway powers to 
construct a section of line from Las Rosas to Villa Maria, 
couing part of the railway from Montes Grandes to Villa 

aria. 








Turkish Navat Contract.—The Turkish Govern- 
ment have ordered two battleships from a British syndi- 
cate, composed of Messrs. Armstrong and Co., Messrs. 
Vickers, Limited, and Messrs. John Brown and Co. 





Tae Quesec Briper.—From a tel m to the Jimes 
we learn that the official design for the Quebec Bridge, 
of which we gave particulars in our issue of March 2 
last, has been abandoned, and the contract awarded to 
the St. Lawrence Bridge Company, of Montreal, on its 
own designs. The structure now proposed will not carry 
ordinary road traffic; but, with the exception of two 
narrow side-walks for pedestrians, be devoted exclusively 
to railway uirements. No particulars are as yet to 
hand as to the general character of the proposed new 
structure. 





ATTENDANCE AT GERMAN TECHNICAL Hicu ScHoo.s, 
Winter, 1910-11.—The attendance during this winterat the 
eleven German Technical High Schools (Aachen, Berlin, 
Braunschweig, Breslau, Danzig, Darmstadt, Dresden, 
Hanover, Karlsruhe, Miinchen, and Stuttgart) does not 
much differ from that of last winter, the figures being 
16,568 (1911) and 16,071 (1910) students. Of these, 11,183 
are full students, 1256 are ‘* hearers,” people not entitled 
to matriculation, but pre a full course, while 4129 
are ‘‘ hospitants,” people attending certain lectures only ; 
the “hearers” have decreased, the *‘ hospitants” inc 
by 515 since last winter. The most —— school is, at 
present, Miinchen, which with its 3062 students (of all 
classes) surpasses Berlin (2948 students) for the first time. 
Karlsruhe and Stuttgart have lost 3.5 and 5 per cent. of 
their students; in Berlin the loss against Jast year 
amounts to 0.16 per cent.; Aachen (8 per cent.), Braunsch- 
weig (11 per cent.), and Hanover (8 per cent.) show the 

atest gains over last year. As regards professional 
cee al architecture, building, engineering and electrical 
engineering, mining, and textiles have more students 
than last winter, while shipbuilding, chemistry, and 
electro-chemistry have fewer. The number of diplomas 
granted last year was smailer than in the preceding year. 





Tue BurroveHs Appine AND Listing MAcHINE.— 
Some time (see ENGINEERING, vol. Ixxxiii., page 580 
we illustrated and described in detail the very ingenious 
mechanism of the adding and pane anes made by the 
Burroughs Adding Machine, Limited, of 76, Cannon-street, 
E.C. With the machine as then described any number of 
cash items could be typed one after the other on astrip of 
paper. Each item as entered was registered on a counter 
compri in the machine, and when the list was complete 
the total of all the items could be automatically printed 
at the foot. Whilst no essentially new departure, viewed 
from the mechanical standpoint, m made in the 
construction of this machine, a later model, which we 
recently had the opportunity of examining, is designed for 
somewhat more complica entries and operations. In 
the first place provision is made by which, in addition to 
printing the amount of a cash item, a number can 

rinted against it for the purpose of reference, Thus in 
fisting dividend warrants, the number of the warrant and 
its value are printed simultaneously, and the cash total 
is finally printed at the bottom of the money columns 
as before. Another new feature of the machine is the 
addition of a second counter, which can be used alterna- 
wnely to that provided in the original machine. Items 

© 


can entered and added up on the auxiliary counter, 
and the total printed as in the ordinary use of the 
machine. These totals can, however, also be transferred 


tp the main counter, which will then print the final 
grand total of all the intermediate totals. As in the older 
pattern of the machine, mechanical checks are provided, 
which make it impossible to handle the machine wrongly 
either by inadvertence or design. As before, the actual 
drive on the mechanism is provided by springs, which 


are put in tension by the operator, and drive the machine 
by relieving themselves. It is thus impossible for the most 
careless or enthusiastic user to overstrain the machine. 
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‘‘ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
OATIONS UNDER THE AOT OF 1907. 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned, the Specification is not 
ilust . 

Where inventions are communicated from abroad, the Names, £c., 

copi “y , yer nat nas i cont a at the Patent Office, Sale 
‘opies of Speci, may ry a q 
Branch, £5, ‘Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 

The date of the advertisement of the pratense of a Complete 
Specification is, in each case, given after abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the pt of a Complete Specification, 

give notice at the Patent — of opposition to the grant of a 

Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 

27,168/10. Firm Robert Bosch, Stuttgart, Ger- 

° etos. [2 Figs.) October 29, 1910.—The inven- 

tion consists in an improved construction of the casing of 
magneto electric-ignition machines for internal-combustion 
engines, and, according thereto, the abutting surfaces of 
the casing and engine-frame are cylindrical and co axial with the 
armature shaft. In this manner, if the ignition machine has not 
been exactly set, the position of the armature shaft relative to its 
driving-shaft will not be altered, but the adjustment of the 
time of ignition will be affected ; this can be subsequently cor- 
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rected if it should appear necessary. A is part of the engine-frame, 
The casing of the ignition-machine consists of magnet B, pole 
pieces BI Bi, and base-plateG, O is a tension-strap, by which the 
casing is held in its working position. The under surface of the 
base-plate G of the casing is cylindrical and co-axial with the axis 
a of the armature-shaft, and the engine frame A is provided with a 
corresponding cavity. A displacement of the ignition-machine 
casing on the cylindrical surface of the engine part A therefore 
cannot affect the position of the armature shaft. (Accepted 
February 15, 1911.) 

3518/10. A. W. Ashton, London. Alternating- 
Current Circuits. [1 Fig.) February 12, 1910.—This inven- 
tion relates to the running of electric lamps on alternating- 
current circuits of a voltage higher than that of the lamp or 
lamps. According to this invention, the voltage across the ter- 
minals ofan alternating-current circuit is resolved by means of a 
condenser in series with a lamp or lamps into two o_o in 
suchwise that one component is equal to the voltage of the lamp 
or lamps to be employed and is in phase with the current, and the 
other component is equal to the voltage across the terminals of 
the condenser and lags a phase of 90 deg. behind the current. The 


say, 35 per cent. of the supply voltage, and the rated currents 
of the lamps must be the same. The employment of a condenser 
in series with metallic filament lampsalso has the advantage that 
it prevents the rush of current which takes place when such a 
lamp is switched on, and which is the cause of the failure of many 
of such lamps. (4ccepted February 15, 1911.) 


GUNS AND EXPLOSIVES. 


3422/10. A. T. Dawson and G. T. Buckham, London. 
Sighting Apparatus. (3 Figs.) February 11, 1910.—-This 
invention relates to sighting apparatus of the kind in which a 
travelling pointer is actuated with respect to a range or deflec- 
tion dial or drum through worm-gearing by an electric motor, 
controlled from a distant station, whence the information re- 
lating to the sighting is transmitted... According to this in- 
vent:on, the electric motor A, the pointer B, and the gear- 
ing connecting the motor with the pointer are mounted on a 
plate C, which isdetachably secured in any convenient position to 





the casing carrying the. range or deflection dial D. The above- 
stated parts thus constitute an independent unit which can be 
detached from the sighting apparatus for the purpose of testing, 
or for converting the sighting apparatus into one of ordinary 
construction—that is, one in which the electrically - actuated 
pointer is not employed, the parts removed being substituted by 
a plain plate which corresponds, both as regards weight and 
Selemen, with the parts removed, so that no alteration is made in 
the balance of the gun-mounting, and (in the case of the deflec- 
tion gear) in the balance of the sight also. (Accepted February 
15, 1911.) 


MINING, METALLURGY, AND METAL- 
WORKING. 


21,031/10. M. Ruthenburg, London. Magnetic Sepa- 
ratore. (3 Figs.| December 9, 1916.—In a magnetic separator 
according to this invention, arevoluble drum of non-magnetic mate- 
rial passes through the gap between the edges of two straight 
internal poles surrounded by coils or windings, the drum being 
mounted eccentrically with regard to the lower pole, so that the 
magnetic material es over the pole with the drum, whilst the 
non-magnetic material moves against the direction of rotation of the 
drum and falls down on the other side thereof. Upon a base A is 
bolted an electromagnet, comprising limbs B and C, a lower pole D, 
a yoke E, andan upper pole F. Each of the poles D and F is provided 
with a winding H. There isa gap between the base A and the pole D 
to afford clearance for the lower part of a drum J which surrounds 
the lower pole and its winding. The adjacent edges of the poles 
are in close proximity to each other, and through the straight 


Fig. 1. Fig. 2. 














specification shows how to calculate the capacity of the i 

when the supply voltage, supply frequency, lamp voltage, and 
lamp current are known. In the carrying out of the invention, it 
will be preferable, as ing the liest interference with the 
wiring, to employ, in installations in which each lamp is controlled 
by a switch, a separate condenser for each lamp. In such event, 
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the condenser will preferably be mde in the form of a cylinder, as 
shown in the drawing. th such a construction of condenser, 
the upper end is provided with an adapter 1 which is fixed in the 
am older 2 that heretofore held the high-voltage i and 
the low-voltage lamp 4 and le are carried by the lamp-holder 
and shade-carrier 3 fixed to the lower end of the condenser. 
Where a switch controls a group of —* connected in parallel, 
the arrangement just described would not generally, or, as 
a rule, be suitable, and it would therefore be necessary to 
fit the eondenser otherwise. This conveniently can be done 
by fixing it in a box carrying the controlling switch. In 
installations in which the cablesof single points are brought to 
the distribution board, or are specially wired, the condenser or 
condensers are, or may be, fixed to the distribution board. If two 
or more lamps are run in series with a condenser, one or more 
of such lamps may be short-circuited, and the remaining lamp or 
lamps used, With this arrangement the aggregate of the voltages 
of the lamps in series connection must not at any time exceed, 























narrow gap between them passes the upper portion of the drum J. 
The drum J is provided with flanges which rest upon flanged 
runners formed on shafts K! carried in suitabie bearings on the 
base A, and one of them is provided with a pulley, so that it can be 
driven. Thus the drum J can be caused to revolve slowly in the 
gap. Mounted upon the yoke E is a bracket or frame L which 
supports a shoot M. The lower extremity of this shoot leads 
into the gap between the poles F and D, and the material for treat- 
ment in the separator is poured into the shoot and passes down, 
falling on to the surface of the drum J just above the edge of the 
pole D. It will be seen that the edge of this hole is sharper than 
the edge of the adjacent pole F, and also that the drum J is nearer 
the pole D than it is to the pole F ; thus, when the material falls 
on to the drum, it enters a strong magnetic field, and its magnetic 
constituents are tarily retai on the surface of the drum 

d are carried by the rotation of that member out of the mag- 
netic field, when oar oor off or are washed off by a stream of 
water. (Accepted February 15, 1911.) 


6807/10. Argy Limited, and J. M. Rubury, 
Alexandria, and H. Perrot, Cardross. Front-Wheel 
Brakes. [6 Fi7s.) March 18, 1910.—Front-wheel brakes for 








motor road vehicles are, according to this invention, characterised 
by an arrangement of brake-operating free to move with the 
spring-supported chassis without affecting the brakes or the | 
steering, one end of the rod being carried by the spring-supported | 
chassis, and its other end being jointed by means of a universal | 
— located on an unsprung part of the vehicle, and in the pivotal | 
ine of steering, direct to the brake-operating cam or its equiva- | 
lent. 2represents one of the front steering-wheels, 3 the brake- | 
drum carried thereby, and 4 the cam or equivalent, whereby the | 
free ends of the brake-shoes 5 are forced apart to apply the brake. | 


According to the present invention, the cam 4 is coupled up to the 
brake mechanism on the chassis by means of an articulated brake- 
rod 6, which runs direct from the side of the chassis to the cam, 
To allow for the movement of the wheel 2 in steering, the articula- 
tion in the brake-rod is made in the vicinity of the brake-drum‘s, 
in the form of a universal joint, having its centre arranged to 
coincide with the point of intersection of the axes of the cam 4 and 
the adjacent steering-wheel pivot 7. lhe inrer end of the brake- 
rod 6 is connected up to the brake-operating lever 16 on the 





chassis in such a manner that it may slide or rock relatively 
thereto within certain limits to accommodate the movement of 
the vehicle springs. For this purpose, the inner end of the brake- 
rod may pass through an aperture in the frame 19 of the chassis, 
and be provided with a spherically-formed collar. This collar 
may be mounted loosely on the brake-rod, and is located in a 
bearing, of corresponding shape, secured on the frame 19 of the 
chassis. The brake-rod may be left free to slide through the collar, 
and the brake-lever 16 is keyed to the projecting inner end of the 
brake-rod, (Accepted February 15, 1911.) 


PRINTING AND ALLIED MACHINERY. 


2845/10. G. A. Wilson, Hoylake. Moun Stereo- 
Plates. (3 Figs.) February 5, ee ree: 
relates to the usual dogs or clips which are screwed up against the 
bevelled edge of the stereo plates to hold such plates in position 
on the cylinders, and the object is to provide means to prevent 
the screws slacking back by vibration while yet allowing of easy 
turning of the screws by the usualspanners or keys when required 
to remove the plates. a is the printing cylinder, ) the dog orclip 





sliding in guides c in the usual manner. d is the screw provided 
with a wheel or collar e, having \¥-shaped teeth, into which takes 
a detent g sliding in a guide A and held up by a spring ¢ with suffi- 
cient pressure to prevent the vibration of the machine or plate 
from forcing out the detent and slacking back the screw. This 
pressure, however, is not sufficient to prevent the screw being 
turned in either direction by a spanner when required. The collar 
e, which prevents longitudinal motion of the screw, the detent a, 
and spring i are contained in a box or gland j secured to the 
cylinder @ by bolts. (Accepted February 15, 1911.) 


MISCELLANEOUS. 


2595/10. A. J.Thornton, Manchester. Theodotites. 
{4 Figs.] January 2, 1910.—This invention relates to theodolites 
or other instruments which require to be mounted on a stand or 
tripod, and provides fittings for obtaining a rapid adjustinent of 
the theodolite on uneven frowns. and which leave more accurate 
adjustment to be obtained by the usual parallel plate screws. An 
appropriate type of screwed union, for example, an upper union 
consisting of the turned annular parts a and b, the two parts 
being connected by screws forms the upper union, which can be 
screwed to the “‘tribrach” by the screw-threaded neck. This 
upper union is connected toa lower screwed union ¢, provided with 
a screw thread and having wings c? to allow of the lower union 
being turned for attachment to the metal fitting on the tripod or 
stand. These upper and lower union halves b and c are separated, 
and the one is jointed to the other by a fitting d having rounded 
faces which engage corresponding faces on the union halves and 


Fig.1_£ a 
a 
7 STONY ae ae 





















; Adi S 
OT 1A ey 
is 6m Ws 


& 
















Ley 


so constitute a double ball-joint arrangement, one for the upper 
and one for the lower union. One semi-spherical head may be 
made detachable to facilitate putting together of the parts. In- 
termediate of the two unions are fitted two tape annular 
plates f,g. These inclined annular plates have turned projec- 
tions and recesses which combine together, and they are also 
shaped to correspond with faces formed on the unions b and c, 
and so either, or both, of the plates f, g can be turned around ‘o 
get the desired adjustment, the plates / and g corresponding|y 
affecting the upper union / and its sustained paris. Operating 
bars f1, g! project from these plates /, g which the surveyor can 
handle with facility, to turn the plates relatively one to the other. 
An easy rapid adjustment of the supe 1 instrument can be 

‘ot by manipulating the plates /, g, the further fine adjustment 
Ce got by the usual parallel plate screws, intermediate of the 
tribrach and the instrument itself, in the known fashion. (4¢- 
cepted February 1, 1911.) 
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WATERFORD BRIDGE. 


Styce our last reference to the subject,* tenders 
have been obtained by the Joint Bridge Committee 
for the construction of the Hennebique ferro-con- 
crete bridge over the River Suir, at Waterford, in 
accordance with the order of the Lord-Lieutenant, 
and the plans and specification -— by Mr. 
J. S. E. de Vesian, M. Inst. C.E., on behalf of 
Messrs. L. G. Mouchel and Partners, of West- 
minster. ; 

Fourteen tenders were received, two having been 
reserved for special consideration. — 
Yorkshire Hennebique Contracting Company, 
Limited, of Leeds, amounted to 59,9431, 19s. 6d., 
with 500l. per annum for additional maintenance 
if required by the Committee beyond the two 
years’ free maintenance demanded by the spccifica- 
tion; but excluding accidents, the centre lift-span, 
and wear and tear, and with the additional item of 
1000/. for providing sureties. The second tender, 
from Messrs. Kinnear, Moodie, and Co., Limited, 
of Glasgow, was for 64,311/., with 100/. per annum 
for additional maintenance, if required, and included 
everything necessary for the complete erection of 
the bridge. Taking into account all the items in- 
volved, the tender of Messrs. Kinnear, Moodie, and 
Co. was finally accepted by the Joint Bridge Com- 
mittee in October last. Including maintenance for 
two years, the total cost of the bridge will amount to 
64,3111., or over 50,0001. less than the cost of the 
steel bridge previously recommended by the Viceregal 
Commission, and 66891. below the limit of 71,0001. 
fixed by the order of the Lord-Lieutenant. 

The Joint Committee, representing the Corpora- 
tion of Waterford and the various contributory 
county councils, was appointed under the Bridges 
(Ireland) Act, 1867, and the Waterford Corporation 
and Bridge Act, 1906. The engineer to the Com- 
mittee is Mr. A. M. Burden, M. Inst. C.E., the 
county engineer of Kilkenny, with whom Mr. 
J.S. E. de Vesian, M. Inst. C.E., is associated as 
ferro-concrete specialist, and the resident engineer 
at Waterford is Mr. W. Friel, A.M. Inst. C.E., the 
harbour engineer of Waterford. Mr. Burden has 
already had practical experience of ferro-concrete 
construction, his most important work being the 
recently-completed bridge at Kilkenny, with the 
clear span of 140 ft., and Mr. Friel has been 
responsible for the construction of some important 
ferro-concrete works at Waterford, Sligo, and else- 
where. Therefore the execution of the works 
has been commenced under distinctly favourable 
auspices. 

In view of the technical interest attaching to the 
new bridge project, to say nothing of the con- 
troversy now happily closed, full particulars of the 
works will undoubtedly be of interest. These are 
given in the present article, the arrangement of 
which is based mainly upon the order in which the 
various parts of the work will be undertaken by the 
contractors. 

The Old Bridge.—At the time when this structure 
was first contemplated there was no known example 
of a bridge crossing an estuary with such a depth of 
water as that on the site, which attains 26 ft. below 
low water of ordinary spring tides. Among the 
various designs submitted, one suggested filling the 
river-bed with stone ballast, so as to leave only 8 ft. 
of water at low-water mark, and then to erect on the 
embankment so made a masonry bridge in eight 
spans. Finally, the scheme of an American named 
Lemuel Cox was accepted, and the existing bridge 
was built of Quebec oak. The pier trestles, ranging 
in height up to nearly 60 ft., were assembled on 
shore, floated into position, and after being brought 
upright, were sunk as far as possible in the river- 
bed by loading. Stone ballast was then tipped 
around the piers with the object of making them 
secure. In Fig. 1, page 506, we showa general view 
of the existing bridge as seen from the north side 
of the river. In Fig. 2 is a cross-section illus- 
trating the construction of the trestles, which were 
placed about 20 ft. apart, the decking consisting of 
3-in. Quebec oak planks carried on stringers. The 
opening span at first provided was only 26 ft. wide, 
but this was replaced by a 40-ft. lift-span in the 
year 1852. The toy 9 has been a good deal 
patched up during the last fifty years, and within 
recent times the cost of maintenance has averaged 
something like 12001. per annum. 

Ten days after the signature of the contract, 
Messrs. Kinnear, Moodie, and Co. took over the 








* See ENGINEERING, vol. lxxxvii., pages 823 and 853. 
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maintenance of the old structure, with the respon- 
sibility of keeping it safe for traffic until temporary 
provision had been made for the convenience of 
cross-river communications. The old bridge will 
thereafter be employed, so far as suitable, as staging 
for execution of the ferro-concrete work. 

Construction of the Temporary Bridge.—Although 
about 12 ft. narrower than the old bridge, this 
temporary structure is slightly longer, and of very 
substantial character, so that it shall be safe for 
ordinary highway traffic. It includes an opening 
span of 40 ft. clear, together with moorings and other 
facilities for navigation purposes. Fig. 3, page 506, 
shows a cross-section of the temporary bridge and 
details of the parapets. i are of pitch-pine, 
cantilever timbersof hardwood, stringers and decking 
of pitch-pine, and the rails and boarding of the para- 
pets of spruce. The roadway is 20 ft. wide, and 
formed of 3-in. material spiked to the stringers ; 
the footpath, 8 ft. wide, is formed of 9-in. by 3-in. 
timbers, laid with }-in. spaces between. The fact 
that this temporary bridge is now almost finished 
is a striking proof of the advantages offered to con- 
tractors by modern construction plant and methods. 

General Description of the New Bridge.—Figs. 4 
and 5, on Plate XXXI., published this week, give 
a general elevation and plan of the ferro-concrete 
bridge, the plan denoting also the positions of the 
old and the temporary bridges, thus showing at 
a glance the nature of the arrangement.’ The 
new bridge will be about 700 ft. long by 48 ft. 
wide between parapets, giving a roadway of 32 ft. 
and two footpaths of 8 ft. each. There will be a 
central opening of 80 ft. clear, spanned by a rolling- 
lift bridge in two leaves. On either side of the 
machinery-houses for the lift-bridge there are six 
ferro-concrete girder-spans of 46 ft. 44 in. between 
pier centres. The piers are composed of ferro- 
concrete piles driven in clusters of three, there 
being four such clusters for each pier. Each 
cluster is formed into a cylinder pier by sinking 
over the piles a series of ferro-concrete. cylinder- 
rings, and then filling up the interior space with 
ferro-concrete, the whole being thoroughly bonded. 
For the opening-span piers, which each consist of 
eight cylinder piers in two rows, two of the outside 
aban enclose five piles, and two enclose seven 
piles, whilst the remaining four inside cylinders 
each enclose three piles. The lower cylinder- 
rings are to be sunk to ample depth below the sur- 
face of the river-bed, and the completed cylinders 
will be braced together in groups of four to con- 
stitute the river piers of the new bridge. In the 
case of the lift-bridge and the machinery-houses 
the supporting piers are composed of eight grouped 
cylinders. 

The main girders in each span are four in 
number, one coming over each cylinder in the river 
piers. The girders are connected by transverse, or 
secondary, beams, and further by a continuous 
monolithic decking-slab, carrying the paving of the 
roadway and footpaths. The ends of the transverse 
beams project for a short distance as cantilevers 
for support of the footpaths and parapets, the 
latter, together with the architectural treatment 
of the machinery-houses, giving an appropriate and 
pleasing finish to the structure. At the north end 
of the new bridge the work will be joined up to the 
Hennebique riverside viaduct, constructed a few 
years ago for the highway improvement in front of 
the Great Southern and Western Railway station. 
At the south end there will be comparatively little 
work in connection with the approaches, and the 
existing quay wall need not be disturbed. 

Construction Yard and Plant.—One distinguish- 
ing feature in the construction of the bridge is that 
with the exception of the lift span and its mecha. 
nical equipment, practically the only manufactured 

roducts to be imported are cement and steel. 

ence the works will give employment for a very 
large amount of local labour, and so return to the 
people of Waterford a considerable proportion of 
the contract price. Simultaneously with the erec- 
tion of the temporary bridge, the contractors 
occupied themselves with the arrangement of a con- 
struction yard, with all conveniences for moulding 
and seasoning piles, cylinder-rings, and braces to 
be used in forming the river piers, the construction 
of sheds for the storage of cement and steel, and 
buildings for use as workshops and offices, and the 
installation of the necessary machinery and appli- 
ances for working timber, mixing cencrete, driving 
piles, and handling materials generally. The entire 
site of the works will be commanded by a number 








of 15-ton cranes with 90-ft. jibs, and these will 





enable the contractors to deal readily with the ferro- 
concrete piles, weighing nearly 10 tons each, as 
they are brought from the moulding yard to be 
slung, pitched, and driven. te 

Pues and River Piers.—The piles used as pier 
foundations are 16 in. square, and the average 
length may be taken at 64 ft., although many of 
the piles are still longer. The method of reinforce- 
ment is that always followed in the Hennebique 
system, the longitudinal bars, which are of ample 
diameter for transverse strength and rigidity, being 
braced at short intervals by links in sets of four. 
These links have the further useful effect of 
restraining the lateral expansion of the concrete 
under axial loading, and of affording great resistance 
at the toe and head of the pile, where they are 
spaced more closely. Having been slung and 
pitched in the customary manner, the piles will be 
driven by a pile-driver through sand, gravel, and 
boulder clay to solid rock. Trial borings made at 
various times, and recently for the purpose of the 
new bridge, show that sound rock is encountered 
at the depth of about 30 ft. below the bed of the 
river ; but to make quite sure that the foundations 
shall be secure, the specification demands that the 
contractor shall drive the piles to such a depth as 
will ensure absolute safety. 

The set of the piles is not to exceed din. asa 
total for the last ten blows ofa 2}-ton monkey with 
a drop of 4 {t. Fig. 6 is an elevation showing the 
arrangement of the piles and cylinders in the river 
and opening span piers for half of the bridge, and 
Fig. 8 is the corresponding plan of the river piers. 
The plan of the opening span piers is shown in 
Fig. 7. The contractors are required to keep the 
piles plumb during the driving, and, if necessary, 
to draw and re-drive any piles which may be found 
out of alignment. It should be stated that after 
the piles have been driven to the set specified, the 
head of each is trimmed off to the Sovel of the 
first horizontal bracing member, but the longitu- 
dinal reinforcing bars are not cut off short, as 
they are required to constitute a metal bond be- 
tween the piles, braces, and upper portions of the 
cylinder piers. 

The cylinder-rings are reinforced similarly to 
ferro-concrete pipes, and moulded beforehand in 
6-ft. lengths, and are to be lowered over the pile- 
heads and sunk 6 ft. into the river-bed in the case 
of ordinary piers, or 10 ft. for the front row of 
cylinders on each side of the navigation we 

Figs. 9 and 10 give details of the cylinder-ring 
construction. The river - pier cylinders are of 
5 ft. 6 in. diameter outside, and the shell 4 in. 
thick, while the cylinders for the piers under the 
machinery houses, to which the illustrations refer, 
are 7 ft. in diameter, the thickness being the same 
as in the smaller cylinders. The bottom ring is 
provided with a cutting-edge to facilitate sinking, 
and the joints between successive rings are of the 
tongue-and-groove type, as represented in Fig. 11. 

he concrete hearting, reinforced as shown in 
Fig. 10, will be deposited —— telescopic pipes or 
other approved means, and the filling of each cylinder 
to at Teast 4 ft. above Ordnance datum will le 
performed in one operation to ensure monolithic 
connection. The bracing between the cylinders is 
illustrated more fully in Figs. 12 and 17. 

The bracings, 36 in. deep by 18 in. wide, are dis- 
posed in pairs, and reinforced as shown in Figs. 12 
and 13, their longitudinal bars being carried into the 
hearting of the cylinders, and bent up at right 
angles for secure anchorage, the bracings and the 
cylinders being moulded together with a monolithic 
connection. The cylinders above the pile-heads 
are continued up as columns, reinforced with seven 
longitudinal bars, and transverse links in sets of 
twelve, spaced 12 in. apart vertically, as shown in 
Figs. 12 and 14. The cylinder caps in turn are con- 
nected by bracing members, 30 in. deep by 18 in. 
wide, also in pairs, as shown by Fig. 12, and by 
the main girders of the 46-ft. 44-in. spans, all 
three types of member being in monolithic con- 
nection. 

Main Girders and Decking.—The girder spans 
comprisetwo typesof girder, asrepresented in Figs. 19 
and 20. The outside girders are 5 ft. 6 in. deep 
by 16 in. wide, and the two inside girders 4 ft. 2 in. 
deep by 16 in. wide. The soffit follows the 
same curve in each variety, and it should be ob- 
served that the main girders are specially designed 
so as to be independent, and thereby to avoid the 
effects obtaining in continuous girders. The rein- 
forcement is of the customary Hennebique nature, 





now so well known that detailed comment is un- 
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spaced 13ft. 10 in. apart from centre to centre, 
perpendicularly to the axis of the bridge, and con- 
nected at intervals of 3 ft. 8} in. apart, centre to 
centre, by the transverse beams of the decking, 
which measure 7 in. wide by 14 in. deep, without 
taking into account the 5}-in. decking-slab. The 
arrangement of the longitudinal and transverse 
girders is further shown in Figs. 15 and 16. The 
cantilever extension of every alternate transverse 
beam affords support for the overhanging portion 
of the footpath construction. Figs. 15 and 16 give greater part of the 20,000-volt network is laid There is much overhead distribution in connection 
a cross-section of the decking, these views serving underground aper-insulated lead-covered cables| With the power mains, but in two cases only are 
the additional purpose of making clear the «4 being ae Ode 

tion of the roadway, footpaths, and parapets. Wh 

referring to the views relating to the main girders 
and decking of the bridge, we may call attention | direct into the ground, with wood protecting covers, 
to the provision made in the designs to furnish | have been usedi» In the former case the cables high-tension circuits below 20,000 volts and also 
adequate resistance to diagonal tension in the| were supported in their troughs by earthenware | 
girders and beams. rises ; —— 
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pieces placed every 18 in., the troughs then being 
| filled in with tempered pitch. At the present time 
| wooden troughing is employed when laying cables 
| along railways, and where the cable is exposed iron 
|troughing is used to resist mechanical damage. 
| Armoured cables are protected from moisture and 


Like the cylinders, the girders are | ELECTRIC POWER ON THE NORTH.) earth currents by a bitumen sheath over the lead, 





(To be continued.) 


EAST COAST.—No. III. 
Caples aN» Pore Lints. 

A GLANCE at the map given in Fig. 8,* in the, : : t : 
second article of this series, will show that the Pper-insulated pilot cable and a multi-core air- 
power is mainly transmitted by the 20.000-volt trunk i! , ) ™ 
system which is now connected to all the principal each high-tension main. The minimum depth of 
stations, and at these different feeding points on the the cables below pathways is 12 in., below roadways 
system it is transformed down to lower pressures 24 in., and below railways 30 in. The largest 


for distribution by subsidiary networks. The 20,000-volt cables are 0.15 sq. in. section. 


. The earlier cables were laid solid “ ' 
ile|in earthenware troughing with tile covers, but to Bankfoot, and from Spennymoor to Bishop Auck- 


latterly specially-constructed armoured cables laid land, as shown by heavy broken lines in Fig. 5. 


* See ENGINEERING, page 337 antec. 


and strong waterproof wrappings of specially im- 
| pregnated type. All lead covering and armouring 
/and metal troughing is earthed by means of cast- 
iron earth-plates at the generating stations. A 


| space telephone cable are laid in most cases with 


20,000-velt lines so carried. These are from Durham 


| The major part of the overhead transmission covers 


low-tension circuits for the distribution of current 
in residential districts, for lighting, heating, and 
| cooking. In view of the opposition to the introduc- 
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tion of this type of line in early days in this country, 
and the great economy and advantages to rural 
districts which have resulted from its use, it is 
interesting to note from the figures on page 507 
how very inconspicuous and harmless such a line 
really is. When the pole-line crosses a single tele- 
graph line the latter is usually carried underground 
a few yards, as shown in Fig. 20, on the page just 
mentioned. When the telegraph wires are numerous 
the electric-power cables are carried underground. 
All crossings of public highways are protected by 
means of ‘‘lace” or ‘lattice’ guard-nets (see 
Fig. 20),. properly earthed, so that in the event of a 
line breaking, the cable is immediately earthed, and 
the current automatically cut off the faulty section 
by the balanced protective gear. 

The lightning-arresters are of the electrolytic type, 
and are capable of very close adjustment. They 
consist of a series of concentric inverted aluminium 
cones placed one above the other, with a vertical 
spacing of about 0.3in. The electrolyte is poured 
into the cones, and partially fills the space between 
the adjacent ones. Ihe stack of cones is then placed 
in a steel tank, and immersed in oil. The cones 
are insulated from each other, except for the elec- 
trolyte, the oil both improving the insulation and 
preventing evaporation of the electrolyte, and help- 
ing to dissipate the heat of the discharge. The 
action of the arrester arises from the fact that the 
surface of the aluminium is covered with a very 
thin insulating film, which opens up like a safety 
valve at a definite pressure and allows the dis- 
charge to pass. They are usually used in series 
with a horn-gap arrester. Fig. 22, on page 507, 
shows an arrangement of such horn gaps in a sub- 
station, while Fig. 35, on the present page, shows 
the arresters themselves. 

For use in cases where 20,000-volt overhead lines 
join up to three-core cables, a special trifurcating- 
box has been designed. This box, which is illus- 
trated in Fig. 36, annexed, has diverging insulators 
arranged to keep the incoming wires well apart. 
The method of fixing such a box on a pole is shown 
in Fig. 21, on page 507. 

The type of cable and the methods of laying for 
pressures lower than 20,000 volts are very similar 
to those just described. In general armoured cables 
are laid direct in the ground, and where cables are 
laid on the solid system earthenware troughing is 
employed. A good deal of trouble was at first 
experienced in cable-laying in the colliery districts, 
due to subsidence of the soil, which caused the copper 
cores of the cable to buckle or part at the joints. 
This has now been overcome by the use of a special 








ELECTRIC POWER ON THE NORTH-EAST 


Fie. 35. 20,000-Voitr Exvectrrotytic Ligutnine- 
ARRESTERS. 


design of expansion joint, which we will describe in 
detail later. Particulars follow of the distribution 
system of the largest of the power companies, but 
many of the details apply equally to the smaller 
networks. 


Low-Tenston UNverGRounD NETWORKS. 
Vewcastle.—The main lighting network in New- 
castle is on the three-wire continuous-current 
system, and consists of single-core vulcanised bitu- 
men cables laid solid in bitumen in three-chase 
earthenware troughing, with tile covers. 

The main distributors are of 0.5, 0.25, and 
0.5 sq. in. sectional area, and are laid in all the 
main thoroughfares, smaller distributors of 0.25, 
0.1, and 0.25 sq. in., and 0.1, 0.06, and 0.1 sq. in. 
sectional area, being used to form the backbone 











Telephone Cableunder Trough abe lirom ut 
ARRANGEMENT OF 2Q000VOLTE PILOT CABLES INSAME TROUGH 































Fic. 36. 20,000-Vo~tr Turee-Way REYROLLE 
Divipina- Box. 


of the distributing system. The system is fed 
by a number of 1, 0.5, and 1 sq. in. vulcanised 
bitumen feeders running from the several sub- 
stations to suitable feeding-points in the town. A 
pilot-wire is also laid with each feeder, to enable 
the pressure to be regulated at the feeding-points. 
All the above cables are of Messrs. Callender’s 
manufacture, and were laid by them in the outlying 
districts, those in the more congested parts of the 
town being laid by the company’s own staff. 

The standard disconnecting-box used for the 
single-core vulcanised bitumen cables is of the 
solid-link type, and is shown in Figs. 37 to 39, on 

e 509, which also shows the method of fixing the 

xes in situ. Services on this system consist of 
single-core vulcanised bitumen cable tee’d off the 
separate single-core cable forming the distributors, 
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core cables, the tee-joints being made in a lead box 
wiped on to the lead. 

Gosforth, Walker, and Wallsend Networks.— 
These networks are laid on the same lines as detailed 
above’ or Newcastle, the only difference being in 
Gosforth and Wallsend, where the vulcanised bitu- 
men cables are each laid in a separate single 
earthenware trough instead of a three-chase trough. 
The cables also are not so heavy, the feeders being 
of 0.5, 0.25, 0.5 sq. in., and 0.25, 0.1, 0.25 sq. in. 
section in Gosforth and Wallsend, and 0.25, 0.1, 
0.25 sq. in. and 0.15, 0.06, 0.15 sq. in. section in 
Walker. 

The vulcanised bitumen distributors are all of 
0.1, 0.06, 0.1 sq. in. section for the vulcanised 
bitumen cables, and three-core subsidiary mains of 
0.05 and 0.025 sq. in. sectional area are also used. 
The laying was carried out chiefly by Messrs. 
Callender and the Newcastle Electric Supply 
Company, and also by the British Insulated and 
Helsby Company. 

Whitley and Monkseaton Network.—This network 
was laid down by the Northern Counties Electricity 
Supply Company, from which the Newcastle Elec- 
tric Supply Company purchased the undertaking. 
Single-core vulcanised bitumen cables, laid side by 
side in wood troughing filled with bitumen, without 
any intermediate separation, were originally used, 
but all extension work carried out by the Newcastle 
Electric Supply Company, since its purchase, have 
been on the lines of the Newcastle system. 

Benton, Low-Fell, and Ohester-le-Street Networks. 
—These networks are fed from three-phase low- 
tension sub-stations, and consist of four-core paper- 
insulated and lead-sheathed cables laid solid in 
pitch in earthenware troughing, with tile covers. 

The networks are laid out.as a number of sepa- 
rate cables radiating from the sub-stations at which 
each cable is fused. Branches are tee’d off these 
main cables for side streets at intervals, but there 
are no other fuses than those in the sub-stations. 
The largest size of cable used is 0.1, 0.1, 0.1, 0.06, 
four-core and other sizes are 0.05 and 0.025 four 
core. The service cables are also lead covered and 
laid solid, and are tee-jointed in a lead box wiped 
on to the lead. 

The laying work was carried out chiefly by the 
British Seodioted and Helsby Company, and also by 
the Newcastle Electric Supply Company. 

Gateshead, Jarrow, and Durham Networks.— 
These networks are arranged for three-wire con- 
tinuous-current supply, and were originally laid 
down by the County of Durham Electrical how 
Distribution Company, Limited, before its affilia- 
tion with the Newcastle Electric Supply Company, 
Limited. 

The original cables consist of three-core jute-insu- 
lated and vulcanised bitumen-sheathed cables laid 
solid in bitumen in wood troughing, with tile covers. 
All subsequent extensions have been carried out 
with three-core paper-insulated and lead-sheathed 
cable laid solid with pitch in earthenware troughs, 
with tile covers. All feeders are of the triple-con- 
centric jute-insulated and vulcanised-bitumen type, 
laid solid in bitumen in wood troughs, and range 
from 0.25 sq. in. to 0.1 sq. in. in sectional area. 

The original work was carried out by Messrs. 
Callender, and the extensions by them and the 


Washington and Blaydon.—W0ood poles through- 
out, with steel tubular poles for terminals and 
angles. 

The normal spacing of the poles is 40 yards. The 
conductors are 0.1, 0.1, 0.1, and 0.06 sq. in. in 
the main streets, but 0.05 and 0.025 sq. in. con- 
ductors are used in less important streets. The 
erection of the whole of these networks has been 
carried out by the company’s own staff. 


HicH-TEnsion TRANSMISSION SYSTEMS. 

6000- Volt System.—The company started distribu- 
tion at a pressure of 6000 voltsin 1901. Practically 
the whole of the cables are plain lead-covered, 
laid solid in pitch in either wood or earthenware 
troughing. Earthenware is generally used, except 
on railways, where wood is used to minimise the 
ibility of trouble from vibration. The largest 
volt cable is a three-core 0.25 sq. in., and the 
other standard sizes used are 0.1, 0.05, and 0.025 

































































side by side, touching each other inside the joint- 
box. In the second case, no insulation is wrapped 
on the joints, but the cores are spaced and held 
apart by means of porcelain distance-pieces, the 
compound filling the box, which is of a fairly liquid 
form, being relied on entirely for the insulation. 
The second system has, on the whole, proved the 
more satisfactory. The types of box used with 
these joints will be clear from the figures. In the 
first case, shown in Figs. 33 and 34, a simple lead 
sleeve is used ; while in the second case, shown in 
Figs. 43 to 45, a cast-box is employed. In these 
latter figures the box is shown in the outer wood 
casing, which is used when it is fitted to cables laid 
in wood troughing. The strip shown inside the 
lower half of the box in these figures is used to 
connect together the earth strip of copper-sheathed 
cables. A method of connecting together the cores 
of the cables, and which is employed instead of the 
usual sleeve, is illustrated in Figs. 40 to 42, on 
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British Insulated and Helsby Company, also by the 
Newcastle Electric Supply Company. 

Low-Tension Overhead Network.—The company 
distributes by means of bare overhead wires in the 
following districts in Durham—viz., Boldon, Clea- 
don, Blaydon, Washington, Birtley, Winlaton, and 
in Northumberland at Ponteland. 

In each case special attention has been paid to 
erecting the work in accordance with the ameni- 
ties of the district, and various types of poles have 
been adopted to this end. Probably the most 
pleasing network is that at Boldon, which is carried 
out with steel lattice poles in the main street. The 
type of pole used is shown in Figs. 52 and 53, 
annexed. In all cases stays are dispensed with, 
and the poles designed of suwificient strength to 
stand up without them. The above networks con- 
sist of the following classes of poles :— 

Boldon.—Steel lattice-poles throughout the main 
street ; wood poles in k streets, with lattice 
poles for terminals and angles. 

Birtley.—Steel tubular poles throughout the 
main streets ; wood poles and steel tubular poles 


for terminals and angles. 
Cleadon, Winlaton, and Ponteland.—Wood poles 
throughout, with steel lattice poles for terminals 


and angles, 


laid solid, about a year ago the solid system was 
abandoned, and a type of armoured cable, with 
special water-proof coverings, laid direct in the 
ground, was introduced. An example of one of 
these 6000-volt armoured cables, as used in connec- 
tion with the new station at Dunston, is given in 
Fig. 24, on page 508; Fig. 25, on the same page, 
shows the type of 6000-volt cable used between the 
engine-room and switch-house at Dunston, while 
Fig. 23 shows the latest type of 10,000-volt cable. 

ilot wires for use in connection with the Merz- 


Price system of protection have been laid with all 
high-tension feeders for the past four years, and an 
example of a tape-armoured pilot-cable for this 
purpose is 


iven in Fig. 29, on page 508. Figs. 28 
and 30, on the same page, show telephone and pilot- 
cables such as are used at Dunston between the 
engine-room and switch-house, while Figs. 27 and 31 
show 600-volt interconnecting cables used for the 
same pu Fig. 26 is an eight-pair telephone 
cable such asis used in connection with the feeders. 
Two types of joint have been used on the under- 
ground cable system, and examples of each are 
shown in Figs. 33 and 34, on page 508, and in 
Figs. 43 to 45, on page 509. In the first case 








insulation, usually in the form of tape, is wrapped 
directly over the joints, and the covered cores lie 
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** Vernier cable joint,” consists in using strips of 
flexible copper braid, which are laid longitudinally 
along the conductors, and then bound down tightly 
with copper wire, the joint being afterwards 
soldered. Joints made in this way are said to give 
greatly increased conductivity as compared with 
ordinary types. 

Some trouble has been experienced on the system 
owing to joints being pulled open, following earth 
movements, and to meet such cases a form of 
flexible joint, which is illustrated in Figs. 46 to 
51, on page 509, has been introduced. The arrange- 
ment of the actual joint will be easily followed 
from Fig. 49, it being understood that the cores 
are loose and able to slide inside the centre guide- 
tube. The joints are covered by micanite or 
paper sleeves, of the section shown in Fig. 48, 
while the sleeves are kept from touching and 
maintained in these coned relative itions by 
means of tape bindings, as shown in Figs. 46 and 
47, and 50 and 51. In the first case, it will be seen 
that a wrought-iron sleeve is used to form the box 
proper, and that, in the second case, a cast lead 
arrangement is employed. : 

20,000- Volt System.—In 1906 it’ was decided to 
lay out a comprehensive system of 20,000-volt 
transmission cables, and the contract was placed 
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with the A.E.G. Electric Company for the laying 
of 40 miles of such cable, and for several complete 
sub-stations in connection with the scheme. The 
cables are laid solid in earthenware troughing, with 
dome tile covers, the pilot-cables for the Merz- 
Price gear being, in some cases, laid in the same 
trough, as shown in Fig. 32, page 508, and, in 
other cases, armoured and laid direct in the ground 
under the trough together with the telephone- 


cable. 











Blackwell and Co., the whole of these lines have | 
been erected by the British Insulated and Helsby 
Cable Company, Prescot. 

Statistics.—On December 31, last year, the fol- 
lowing route length of mains comprised the two 
companies’ cable systems. The lengths refer to 
route yards, irrespective of the number of cables 
laid side by side in one trench. 


Newcast.ik Execrric Suppty Company. 








makes of automatic protective devices, such as 
overload and reverse power relays, with and with- 
out adjustable time limit. These, or indeed any 
form of reverse or overload relay instruments, 
though theoretically adequate for the protection of 
a comparatively simple and restricted system, 
necessarily ceased to be reliable as soon as the 
system grew, and became useless when power 
stations were interconnected. The interconnecting 
of feeders on a network at once makes it possible 






































High-Tension Overhead Transmission.—A number Cotes eae Grethend  Seatiee for power to flow round the ring main so formed in 
of the feeders are run as overhead transmission Yards. Yards. either direction under normal circumstances, »ccord- 
lines, consisting of bare wires supported on porce- —_ volts . “— a ing to the loads existing at the various sub-stations 
lain insulators carried on wooden poles. The 6000 ” * 148°955 6573 on the ring. 
earlier lines were erected with single wood poles | 3,000 ,, Nil Nil | The ideal cut-out is, of course, one which will 
and 40-yard spans, but all the later lines have ‘*‘ A”’ | Totals Werner 7ees isolate the faulty section only, and isolate it instan- 
poles and 80-yard spans. Some of these lines are | Underground. : Overhead. | taneously, without affecting any healthy section in 
for 6000 volts and some for 20,000 volts, as per list aceite = —_ doing so. After a large amount of experimental 
below. | ph coe = TT as ; work had been carried out, a method was evolved 

Horn-gap lightning-arresters are used with resist- - 1? «il 4682 | whereby this perfect discrimination was obtained. 
ances in the earth circuit. All the important lines | Direct-current - mae =» This is known as the Merz-Price balanced protec- 
carry a lead-covered pilot suspended from a steel | Totals . 182,698 4802 | tive gear. The system of operation of this gear is 
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catenary suspension wire by leather suspenders for 
use in connection with the Merz-Price gears. The 
heaviest line in use has conductors of 0.15 sectional 
area. Other lines are 0.1, 0.05, and 0.025 sq. in. 
in section. Several 20,000-volt lines of 0.1 and 
0.15 sq. in. section are in hand. Arrangements of 
an ‘‘H” type corner pole and an ‘‘A” type pole 
are given in Figs. 54 to 57, on page 510, while in 
Figs. 58 to 61, on the present page, details of a 
catenary type of guardimg for road and railway 
crossings are given, and in figs. 61 and 62 the 
arrangement of a lace-type guard. - 


20,000 and 6000-Volt Overhead Lines. 


| 








s a 

-~ ae | eS) & 

e's 818 
‘ yards yards 
Kenton to Ponteland . Single 40 6,000) 0.025 6,578 
Washington to Springwell Do. 40 6,000 0.025 1,943 
Pelton to Tribley Pit .. \. Do. 40 6,000 0.025 936 
Birtley to Harraton .. ; “— 80 6,000) 0.1 2,747 
South Shields to Whitburn . noe 40 6,000) 0.1 2,884 
Harton Bogs Tee > cnt ee 40 6,000) 0.05 732 
Durham to Crook S “—_" 86 20,000) 0.05 | 16,348 
Sherburn Collieries .. Me” Ss 80 6,000/ 0.15 | 15,080 
ast Benton to RisingSun.. “‘A” 80 6,000) 0.05 | 1,392 
Rising Sun to Backworth .. “A” 80 6,000 0.05 3,542 
East Holywell to Seghill ‘a” 80 6,000! 0.05 | 3,979 
Seaton Terrace Tee .. “A” 80 5,000! 0.025; 539 
Ryhope to Leechmere. . a 80 6,000, 0.025 | 1,390 
Silksworth Tee.. “5° 80 § 3,000 0.05 | 1,307 


_ With the exception of the Sherburn ‘Collieries 
line, erected by Messrs. Callender, and the Ponte- 
land and Springwell lines, erected by Messrs. 
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County or DurHam ExecrricAL Power DISTRIBUTION 








Company. 
Underground High-Tension Overhead High-Tension 
Cables. Lines. 
Yards. Yards. 
20,000 volts .. . 122,849 16,348 
ll, ” - 8,888 Nil 
6,000 ,, . 147,257 9,024 
3,000 ,, 1,875 il 
Totals i . 280,369 25,732 
Underground. Overhead. 
Yards, Yards. 
Low-tension feeders 14,698 Nil 
Low-tension distributors : 
Three-phase .. .. 22,198 25,752 
Direct-current 27,906 7,297 
Totals 50,104 33,031 


Protective Devices. —It will be realised that 
although the interconnections of so many generating 
stations and sub-stations affords great security 
against total failure of current, it also requires 
special care to prevent the effects of breakdown in 
one place from spreading to the rest of the system. 

The protective system is, in fact, quite as im- 
— as the signalling system is to a railway. 

en the high-tension 6000-volt network was first 
begun, the generators and other apparatus, and the 
feeders themselves, were protected by fuses, prac- 
tically the only form of high-tension alternating 
current cut-out then available. These were, how- 
ever, very soon discarded in favour of automatic 
oil-switches, as it was found that fuses could not be 
relied upon to isolate a fault without at the same 
time seriously disturbing other parts of the system. 
This led to the introduction of various kinds and 
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now generally known, but it will perhaps be well 
to refer to its essential features. 

The system is based upon the principle that 
while normally the amount of current leaving 
a conductor at one end is equal to that which 
enters it at the other, as soon as a fault or leak 
develops this equality disappears. By inserting 
current-transformers at both ends of each core 
of the cables, and connecting their secondaries in 
opposition by means of pilot-wires with relays in 
circuit, it is made possible when, due to a fault, the 
balance between the two sets of current trans- 
formers is upset, and, in consequence, a current 
flows through the pilot-wire, to trip the switches at 
both ends of the cable. In this way, as a fault 
affects only the particular pair of current-trans- 
formers on either side and immediately adjacent to 
it, causing a current to flow along the pilot-wire 
connecting these transformers, the faulty section 
is isolated without disturbing va other. There 
are several ways of creating this balance of opposed 
forces applicable to various sets of conditions, but 
the principle remains the same in all. 

With this system it is possible to obtain the full 
advantages of a duplicate supply, because the whole 
network may be kept continuously alive in the 
assurance that a faulty cable or other piece of appa- 
ratus will be isolated without in any way effecting 
the healthy duplicate, which will be thus left inact 
and automatically take the load without even momen- 
tary cessation of supply. No matter how much cur- 
rent flows through a healthy section—i.e., a section 
in which there is no fault—the balance in the pilot- 








512 


ENGINEERING. 





[APRIL 21, 1911. 








wire-circuit controlling such section will not be 
affected. It should be noted that in addition to 
securing perfect discrimination between the cut- 
outs by adopting this system of protection, great 
economy in feeders has resulted, as it has been 
possible to adopt the principle of the ring main in 
place of the radial system of feeders which would 
otherwise have had to have been used. With the 
balanced system, as the discrimination does not 
depend upon difference of adjustment, the number 
of feeding-points on one line may be extended in- 
definitely. The fact also that balanced relays are 
not affected by reversal of current has made it 
possible to run any number of generating-stations 
in parallel, and, indeed, it is difficult to see how, 
without excessive capital expenditure on mains, the 
recent developments in the utilisation of waste heat 
could have taken place, as these small generating- 
stations can only be built cheaply and worked 
economically when they are all normally inter- 
connected with each other and with the main 
generating-station of the system. 

Of course, the fact that a fault on any feeder or 
piece of apparatus will only affect the particular 
current-transformer designed to protect it requires 
that all the automatic control gear, including the 
pilot-wires, battery-circuits, tripping-gear, and oil- 
switch itself, should always be ready to perform 
their functions satisfactorily, and suitable insulation 
and continuity tests must, therefore, be made a 
matter of daily routine. Even so, and since it 
would be too expensive to duplicate the protective 
gear and switches throughout, it is conceivable 
that the gear on a faulty section might on some 
occasion fail to operate, ;and so fail to clear the 
fault: and to provide against this remote con- 
tingency it has been considered advisable to divide 
the network as a whole into a number of sections, 
which, though normally interconnected to form one, 
will, in the event of prolonged trouble, become auto- 
matically separated. This sub-division of the net- 
work is provided only to limit the extent of a shut- 
down in the last extremity ; but, as a matter of fact, 
although it is now several years since the balanced 
SS gear above described was installed, it 

as not yet failed to isolate faults, however severe, 
and without shock to the generating plant or the 
improper operation of switches on healthy plant. 
Its action is so rapid when controlling a properly 
constructed switch that synchronous machinery is 
not affected by the shock to the system at the 
moment of a cable or other breakdown. 

With this system it has not been found necessary 
to protect the bus-bars themselves, because the 
absence of potential transformers has made it pos- 
sible to adopt iron-clad gear in which the the sect 
are totally enclosed in a cast-iron case filled up 
solid with insulating compound. The bus-bars are, 
in fact, equivalent to lead-covered cables, and, once 
they have been tested to three or four times the 
working pressure, it is hardly conceivable that they 
should give trouble. 





THE INSTITUTION OF NAVAL 
ARCHITECTS. 
(Concluded from page 480.) 

Tue third day’s meeting of the Institution of 
Naval Architects opened at 11.30 a.m. on Friday, 
the 7th inst., in the house of the Royal Society of 
Arts. Sir William White presided. 


Triats oF AntTI-Roiirne TANks. 


Dr. H. Frahm read the first paper, entitled 
** Results of Trials of the Anti-Rolling Tanks 
at Sea,” and exhibited a model to illustrate the 
effect of one of his tanks on the rolling of a 
ship. The model consisted of a heavy —- 
oscillating with 50 swings a minute, and kept in 
motion electrically. If a second pendulum of 
similar length to the first was suspended from the 
bottom of the first, it was shown that heavy 
oscillation. was erg | set > -n it, owing to the 
integrating-effect of the small impulses continually 
given to it by the pendulum from which it was 
suspended. If pendulums considerably longer or 
shorter than the electrically-driven one were used, 
the integrating effect. was not produced, as their 
natural swings were of different period from that of 
the small impulses. It was then shown that if when 
using the second pendulum of the same length as 
the first, a third pendulum was hung from the 
bottom of the second, again of the same length as 
the tirst, the extreme oscillations of the second 





were damped out and transferred to the third. In 
the model the second pendulum could be taken to 
represent the ship, and the third the water in the 
anti-rolling tank, so that the model illustrated the 
fact that the effect of the impulses due to the waves, 
which ordinarily caused serious oscillations of the 
ship, could be transferred to the water in the tank, 
and that with the tank fitted the oscillations of the 
ship would only be small. The necessity of pro- 
portioning the tank so that its contained water 
would have the same period as the ship was shown 
by fitting both shorter and longer third pendulums 
below the second, when it was seen that the damping 
effect on the second did not take place. Dr. Frahm 
also had a large model in the library below the 
lecture hall which illustrated the eftect of one of his 
tanks on an actual floating model of a ship. We 
commenced the reprinting of Dr. Frahm’s paper on 
page 480 of our last issue, and conclude it in the 
present one (page 533). We also illustrate, in Fig. 1, 
on the present page, some rolling diagrams taken on 
the ss. General, of a somewhat later date than those 
contained in his paper. We may here say [that 








and the only addition permitted was the intro- 
duction of partial bulkheads near the sides of the 
ship, to retard the motion of the water. Some 
time before the completion of the ship, the forward 
water-chamber—which was as much the shape 
advocated by Dr. Frahm as it was possible to get 
with the chain-lockers in the middle of it—was given 
up, and the spaces appropriated permanently as 
store-rooms, &c. The air spaces were connected 
across the ship by a pipe or trunk, and it was 
proposed to make the action of the water-chamber 
available for ventilating the ship. 

In the experiments which were afterwards made, 
it was shown that the partial bulkheads in the 
after chamber were not required, and they were 
accordingly removed. He believed that it was 
shown conclusively that in this particular rectangular 
water-channel, when about half full of water, the 
best possible use was made of the shallow space 
available. By its action the rolling was reduced by 
from 20 to 25 per cent. If the forward water- 
chamber had en retained, he thought the 
reduction in the rolling would have closely approxi- 


“S.S. GENERAL". ROLLING DIAGRAMS, RECORDED IN THE BAY OF BISCAY 
ON HER 1/57 VOYAGE FROM HAMBURG TO EAST-AFRICA.- 
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Dr. Frahm informs us that, although not mentioned 
in the paper, the Hamburg-Amerika Line has 
decided to fit his tanks both in their existing 
Atlantic liners and in their excursion steamers. 
It may also be mentioned that we devoted a 
leading article to this subject at the time of the 
reading of Dr. Frahm’s paper before the Schiff- 
bautechnische Gesellschaft.* 

The discussion was opened by Sir Philip Watts, 
who said the question of the reduction of the rolling 
of ships was one of great interest. Several methods 
had been tried, with more or less success, by Sir 
John Thornycroft, Dr. Schlick, and others. He 
thought Dr. Frahm’s work an important addition 
to earlier investigations on the subject. Dr. Frahm 
had pointed out that he (the speaker) had done 
some work in connection with the matter, and it 
was gratifying to find his method taken up again 
with so much skill. His proposal for reducing 
rolling on the Inflexible, completed in 188!, was to 
fit water-chambers of practically the same shape as 
those now advocated by Dr. Frahm. It was at first 
thought the wide cork spaces along the sides of the 
ship, before and abaft the citadel, might be used, by 
connecting themacross below the lowerdeck ; but this 
was not approved, for the reason given by Dr. Frahm. 
A proposal to fit a large water-chamber in the wake of 
the forward magazines, identical in shape to that 
shown in Fig. 2, page 478 ante, was also considered, 
but was objected to as gratuitously introducing a con- 
siderable volume of water into the hold of the ship. 

Finally, two spaces immediately above the lower 
deck, one forward and one aft, were set apart for 
the purpose. The one forward was in the wake of the 
chain-lockers and extended to the upper deck. It 
consisted of wide spaces between the chain-lockers 
and the sides of the ship, connected below by a 
trunk of irregular shape around the chain-lockers. 
This trunk consisted of a passage 8 ft. wide on the 
fore side of the chain-lockers, one 2 ft. wide on the 
aft side of the chain-lockers, and a flat passage 
15 in. deep below the chain-lockers. The trunk 
and chain-lockers rose to a height of a few inches 
above the main deck. The chain-lockers were 
afterwards raised in this ship, so that the trunk 
might, and could, have been placed wholly beneath 
them. 

The after water-chamber was situated immediately 
abaft the cork spaces and extended only from the 
lower deck to the main deck--a distance of about 
7 ft. 
width fore and aft was 14 ft. Both of the water- 
chambers had to be made available as store-rooms, 





“ See ENGINEERING, vol. xc., page 832. 


Its length across the ship was 55 ft., and its | recogn 





mated to that obtained by Dr. Frahm. The water- 
chamber of the Inflexible was perfectly satisfactory, 
and was repeated in several ships. It was not 
given up, as Dr. Frahm appeared to suppose, 
because it was impossible to master the water 
rushing freely from side to side. 

On several occasions during recent years he had 
contemplated the reintroduction of water-chambers 
for reducing rolling in modern warships, and 
had endeavoured to allocate positions to them. 
They had been similar to the forward water- 
chamber contemplated in the Inflexible, and at the 
same level, but more amidships. Unfortunately, 
the requirements of the armament and armour, and 
the small displacement available, have made it 
hitherto impossible tofit them. He felt bound totake 
exception to one remark of Dr. Frahm’s, repeated 
more than once in the paper. Speaking of the 
Inflexible’s water-chamber, he said: ‘‘In his device 
the principle of resonance also existed, but this fact 
was not discerned or stated at that time.’’ And again, 
it was stated that ‘‘ the effect of resonance between 
the enclosed water-column and the ship's oscillations, 
and the phase difference of about 90 deg., were not 
discerned at that time, and, consequently, could not 
be made use of.” The speaker did not recollect 
that the actual term ‘‘resonance” was used in 
either of the Institution papers dealing with this 
matter, or in the discussions which accompanied 
them ; but it was perfectly clear, he thought, to 
anyone reading those papers that the correct 
adjustment of the phase of the oscillations of the 
water and the ship itself was what was relied on to 
check rolling. 

The principle of resonance as regards the wave 
impulse and the ship response was the main subject 
of the very important paper read before the Insti- 
tution in 1861 ™ the late Mr. W. Froude. Again, 
in the speaker’s paper, read in 1883, there was 4 
diagram illustrating the production of oscillations in 
ships, by men running across the ship, in which the 

hase difference of 90 deg., referred to by Dr. 
aul is clearly shown, and in the text of the 
paper the analogy and difference between the 
moving men and the moving water employed— 
the one to produce rolling, and the other to 
damp it down—were'clearly explained. The follow- 
ing quotations from his paper of 1885 also clearly 
showed that the period and timing of the water 
oscillations in relation to those of the ship were 
ised as the most important factors in the 
success of the device. In that paper he said: ‘‘ The 
speed of a wave, such as can travel across the 
water-chamber, depends on the depth of the water, 
and therefore with a water-chamber of given dimen- 
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sions, and given period of ship, the timing of the 
water for stants angles of roll will depend upon 
the quantity of water carried by the chamber. 
Hence the question :—What is the most effective 
quantity of water to be carried by a given water- 
chamber? has been one of the most important of 
this inquiry.” Again, in the paper: “The pre- 
liminary experiments proved that the most effective 
depth of water was that which made the natural 
period of the water for that width of chamber the 
same as the natural period of the ship.” Mr. 
R. E. Froude, in his remarks on this paper, 
stated ‘‘the efficiency of water in a nce- 
chamber to check rolling depends on the relation 
of the period of the water to the period of the ship, 
and the period of the water depends on the dimen- 
sions of the chamber.” The speaker thought, 
therefore, that Dr. Frahm’s statement, that the 
principle of resonance was not recognised at the 
time of his (the speaker’s) original experiments, 
was certainly not justified by the facts. He, how- 
ever, congratulated the author heartily on the very 
able and interesting paper he had contributed. 
Professor J. Harvard Biles thought there was 
no doubt but that anti-rolling tanks were first 
fitted in the Inflexible, and that Sir Philip Watts 
originated the idea. Once the idea of damping 
the rolling of a ship by means of a shifting weight 
was realised, it was capable of various applications, 
of which the rectangular tank of the Inflexible 
was probably the simplest, but the idea of reso- 
nance was odeabieliey fundamental to that tank. 
In 1887 he (the speaker) had had to consider the 
question of the ibility of reducing the rolling 
of an existing ship, and, starting from the type of 
tank adopted in the Inflexible as a standard, he 
had made a number of experiments which resulted 
in valuable information, which, however, had, un- 
fortunately, not been recorded in the Proceedings of 
the Institution. Tanks of many forms were experi- 
mented on, although the actual type with which 
Dr. Frahm had had so much success was not tried. 
The most satisfactory results were obtained with a 
rectangular tank having a portion cut away at one 
side, as shown in Fig. 2. The restriction of the 
tank at a resulted in a restricted flow and better 








control of the water, while further control was 
obtained by fitting a flap-door at the middle of the 
smaller part, as shown in dotted lines. Although 
the best results were obtained with this form of 
tank, many other types were tried, as shown in 
Figs. 3, 5, and 6. Fig. 3 consisted of two rect- 
angular tanks joined by a pipe, the cross-section 
being as in Fig. 4. This arrangement was the 
nearest approach they made to Dr. Frahm’s system, 
but they did not experiment with a U-connection, 
as shown dotted in Fig. 4. This modification would 
have made their arrangement identical with Dr. 
Frahm’s. The great merit of Dr. Frahm’s con- 
struction was that there was less free water surface, 
and, consequently, less noise, than with other 
arrangements. Their actual experimental arrange- 
ments were very simple, consisting merely of a 
chamber, about 2 ft. wide, carried on bearings, 
and having the anti-rolling tank fixed inside it, as 
shown in Fig. 7. 

His experimental work had resulted in the fitting 
of a tank to the steamer Ohio. The ship was 45 ft. 
beam, and the tank was of almost that length. 
On trial the tank was found to reduce the ro ing 
of the ship by 60 deg., and its success led to 
the liners City of Paris and City of New York 
being fitted with similar arrangements. The end 
of the whole matter was, however, that the owners 
of the liners thought the taken up b 
the tanks could be more pro tably occupied wi 
cargo, and as they were, apparently, comparatively 





indifferent as to whether the boats rolled or not, the 
tanks were finally removed, and nothing more was 
done. One thing that should be kept in view in 
connection with this matter was that the modern 
tendency was to build ships tender, so that they 
were very easy rollers. A tank was most effective 
in a tender ship, but she did not want one to the 
same extent as a stiff ship. In reference to 
Dr. Frahm’s reference to his (the speaker’s) work 
in the paper, he would point out that his investiga- 
tion was concerned only with a special case, but 
that he had not implied that the tanks were suit- 
able only for tender ships. 

In connection with the general question of damp- 
ing oscillations the members might remember the 
model exhibited eight years ago by the late Mr. 
Froude, in which a marble lying on an oscillating 
board was arranged so that as the board moved it 
was continually running up hill. There was also 
the method of allowing a solid to move through a 
viscous fluid. A aoidlen this principle was com- 

red with the tank developed in his experiments, 

ut he thought it did not give such good results. 
In conclusion, he thought the thanks of the Institu- 
tion were due to Dr. Frahm for the excellent 
results he had brought forward. The subject was 
certainly well worth further and continued investi- 
gation. 

Sir John Thornycroft, who was the next speaker, 
stated that twenty years ago he had made a study 
of an apparatus in which a moving weight was 
employed to decrease the rolling of a ship. He 
thought the Institution much indebted to Dr. 
Frahm for the account of his very success- 
ful investigations. The results achieved from 
the tanks seemed to be well worth the space 
they occupied in a ship. He would like to 

int out, however, that in the model exhibited 
in the library downstairs waves of continuous 
period only were arranged for. This hardly corre- 
sponded with the conditions of actual practice, in 
which, aftera few waves of one phase, there was 
frequently a break and an abrupt change to waves 
which would be quite out of phase with the move- 
ment of the water in the anti-rolling tanks. The 
effect of this might be that the movement of the 
water would at times actually assist in the rolling 
of the ship. He thought this effect might be seen 
in some of the diagrams accompanying the paper. 
Dr. Frahm’s system was very simple, but a perfect 
apparatus would not have to depend on being in 
synchronism with the sea. It must at all times 
act against the forces acting on the ship. Years 
ago he had attempted to make an apparatus which 
should come into action before the ship actually 
rolled, and which should act in terms of the 
slope of the waves. It was possible to con- 
struct such an apparatus which should actually 
completely eliminate rolling. A ship so fitted 
would, of course, be lifted by the waves and 
moved sideways—it would, in fact be moved in 
a circle—but it would not roll at all. Water ballast 
would, of course, entirely damp out rolling in a 
synchronous sea, but such seas were not met with 
in practice. Water ballast, in any case, took up a 
good deal of room, and it was possible that some 
construction involving a solid weight might, for 
this reason, prove more satisfactory. If it was 
possible to use it, mercury would bea very suitable 
material for the moving weight, as with it quite a 
small tank would be sufficient. With reference to 
the ope, Dr. Frahm seemed to think that it 
wall hardly be possible to develop it sufficiently 
to deal with large vessels, but it was probable that 
when space was valuable it might prove a very 
efficient system. , 

Sir William White, who spoke next, said he 
wished to confirm, from his personal knowledge, 
all that Sir Philip Watts had said. Some of the 
tank arrangements which had been tried in the 
Navy came very close to that used by Dr. Frahm. 
In addition to the Inflexible, tanks were also tried 
on the Edinburgh and Collingwood, of 1886, and the 
experiments with them confirmed those made on the 
Inflexible. The Edinburgh was a 9000-ton ship, 
and the tank used contained 80 tons of water. The 
angle of rolling was, in some still-water tests, 

uced by 20 deg. She was a stiff ship, and had a 
metacentric height of 5 ft. Experience at sea with 
the tanks quite confirmed the results obtained with 
the Inflexible. He had hoped that Sir Cyprian 
Bridge, who had commanded the ship, would be 
present at the meeting to tell them his actual 
experience with the tanks, but he might say that 
they were finally given up because the noise of the 


water rushing through the tanks underneath the 
living quarters was objectionable, and because 
even without them the ship was not subject to 
— rolling. With rd to the pendulum with 
which Dr. Frahm had illustrated the principle of 
his tank, he would say that he had used a similar 
ag ee years ago, and that the whole of 
Dr. Frahm’s work depended on the principle of 
the compound pendulum. In saying this, however, 
he did not wish to detract in any way from the 
scientific value of Dr. Frahm’s work, which had 
covered the subject in a complete and masterly 
way. In the matter of Sir cohn Thornycroft's 
work in this subject, he thought that Sir John had 
done himself much less than justice in his remarks. 
The arrangement which he had developed actually 
worked in advance of the sea, and came into opera- 
tion before the ship it was fitted on began to move. 
It practically, so to speak, asked the sea beforehand 
what it was going to do, and was never taken in. 
It was, however, not of general application, and 
was so delicate that he was afraid it would have 
but a short life in the hands of the ordinary sea- 
going engineer. For success, it was essential that 
an anti-rolling device should be very simple. The 
development of this matter had been retarded by 
the fact that, in general, shipping people did not 
mind much if boats did roll; but the practical 
success of Dr. Frahm’s work would, none the less, 
probably result in the extended application of 
anti-rolling tanks on passenger vessels. 

Mr. Archibald Denny referred to an actual 
experience he had had of an anti-rolling device 
consisting of a weight moving in a fluid. The 
apparatus worked well, but the ship encountered 
very bad weather, and the weight jammed in some 
way. The result of this rather frightened most of 
the ople on board, and the shipowner insisted on 
the device being removed. He anahb Dr. Frahm 
had attained the first real practical success in con- 
nection with this subject, but thought his tank 
chiefly of value for boats of small metacentric 
height which were not suited for general trade. 
No doubt, however, the arrangement would be 
further developed, and quite possibly, by improved 
methods, smaller tanks might be used. 

Dr. Frahm, in replying, thanked the meeting for 
the attention they had given to his paper, and 
regretted that his limited command of the English 
language did not permit of his dealing in detail 
with the points raised in the discussion. He would 
like to say, however, in reply to Sir Philip Watts 
and Sir William White, that, although they referred 
to both open tanks and tanks in the side of a ship, 
only open tanks were ever tried in real vessels. 
He appreciated the early work which had been 
done in this country, but it must be recognised 
that it had come to nothing, while his work had 
resulted in practical success. He thanked the 
Institution for giving him an opportunity of putting 
his work before it. 

The thanks of the meeting were then expressed 
to Dr. Frahm for his contribution. 


Sreerinc-Geak EXPERIMENTS ON THE TURBINE 
Yacut ‘* Atgion,” 


The Chairman then called upon Mr. F. Leigh 
Martineau to read the paper on the above subject, 
which had been pre’ by Dr. H. 8. Hele-Shaw in 
conjunction with himself. This paper we reprint on 
page 516 of this issue. It described results obtained 
on the Albion with an electro-hydraulic steerin 

ear, and compared them with results obtained 
rom the steam gear, which was retained when the 
new gear was fitted. 

The Chairman thought that the gear described in 
the paper deserved to be widely known, and that it 
et be much used. He would like to say, in 
reference to the Albion’s original electrical steering- 

r, that it was not removed owing to any defects. 

e was on board the boat during its first long trip, 
and the gear operated excellently. There were two 
points in the paper which he thought merited special 
attention. ese were the ingenious method of 
transmitting power employed in the gear, and the 
valuable mass of information which had been 
obtained in reference to its actual operation. He 
hoped this latter information would be put into the 
hands of someone capable of analysing it in refer- 
ence to the whole problem of steering. He would 
say that the Albion had — been a very easy 
boat to control, so that, with the new gear, he 
would imagine almost anything could be done with 
her. 





The meeting at this point was adjourned for 
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luncheon, and on resuming the chair was taken by 
Engineer Vice-Admiral Sir John Durston. 

Mr. S. W. Barnaby, continuing the discussion, 
said he was very much impressed with the gear, 
especially in the fact that its installation entailed 
no material alteration in the ship. It took up 
practically no room, as it went under the tiller 
of the screw steering gear and did not require 
additional accommodation. The most important 
feature was, he thought, the distributing pump, 
which would work up to 3000 lb. or 4000 Ib. pres- 
sure per square inch, and ran at 1500 revolutions per 
minute. ‘The captain’s opinion of the gear was 
most enthusiastic. Since its installation it was 
found that much less movement of the rudder 
was needed. A considerable saving in coal resulted, 
attributable to the reduction of steam required 
and to the smaller rudder movement. It was a gear 
which might with advantage be used in internal- 
combustion-engined ships, as nearly all vessels 
nowadays carried a dynamo, and that was all it 
required. For that reason, for one, he thought the 
gear had a great future before it. 

Mr. W. H. Whiting said the Albion had once had 
electrical gear, which had also greatly pleased the 
captain, and it would be interesting to know 
whether the captain then in charge of the yacht 
was the person to whom Mr. Barnaby had referred. 
Since then the electrical gear had been removed, 
and the steam gear had been relegated to a secon- 
dary position, and this latest gear installed. He 
thought it undoubted that this gear promised well, 
owing to its great mechanical efficiency, and to the 
exactness with which it followed the movement of 
the wheel. With regard to the question of lag, 
investigations had been carried out on this matter 
by Mr. Elphinstone, of Messrs. Elliott Brothers, 
in connection with gyroscopic compasses. It was 
a difficult matter to make experiments with steering 
year, and if the only way to fit alternate gear 
entailed the use of a clutch on the main rudder- 
head, he was afraid the risks were too great for 
the experiment to be made in big ships. It might 
be all right on the small Albion. He noticed that 
in the liners on which it was to be adopted the 
Rapson slide was to be used. While it was advan- 
tageous to secure high mechanical efficiency in 
steering gear, too much reliance should not be 
placed on that point. The screw gear, for instance, 
was very extravagant in steam, but other points 
recommended it. He considered that the small 
lag and the great accuracy possible with the Hele- 
Shaw gear should secure a great future for it, and 
he would look forward to seeing the results obtained 
with larger vessels. 

Captain F. E. D. Acland asked a number of 
questions with regard to the cost of running com- 
pared with former gears, how long the gear had been 
in service, and in what the present gear was superior 
to the earlier electrical gear on the Albion. 

Mr. C. H. Wingfield followed, remarking that if 
he had been consulted with regard to the working 
of this design, he would have said that it would not 
work. He would have been afraid of a tendency 
of the pump to jam, but this, it had been proved, 
did not exist. He asked how the plungers arranged 
on each side of the pump were worked. Referring 
to the Rapson slide, he said that though it was 
valuable, it should be remembered that it could be 
thrown over so far as not to be reversible. There 
was no connection shown in the paper between the 
gear and the wheel. He would like information on 
that point, and he also asked what form of ixidicator 
or tell-tale there was to show the steersman whether 
the position of the wheel coincided with that of 
the rudder. 

Mr. Basil Joy was sorry that the cards taken for 
going astern were at such low speeds; he would 
have liked cards at higher speeds had they been 
possible. As he was pons responsible for the 
timing records, he might state that the two 
were treated with absolute impartiality. He thought 
there was less liability to break down with this gear 
than with the steam gear, even with the inter- 
vention of the springs on the tiller. In internal- 
combustion-engined ships the question of auxi- 
liaries was a difficult one. This gear solved one of 
these difficulties at least. There were many other 
possibilities for the mechanism in addition to its 
— to steering-gears. 

r. F. Leigh Martineau, in reply, said that the 
gear was now being fitted’ on three Diesel-engined 
boats, one being built in Scotland and two in Den- 
mark. The original r fitted to the Albion was 


of the direct type, and records showed that it took 





160 amperes to work. The whole generating plant 
on board gave only 250 amperes, so that with 
so much required by the steering gear, little was 
left for other purposes. Comparative tests were 
made after the new gear was fitted, and it took 
only 30 amperes. These were 24-hour tests, first 
with the electrical gear and then with steam 
gear, and resulted in a saving in coal consump- 
tion of 8 per cent. for the Hele-Shaw gear. The 
greatest saving was due to the small movement 
of the rudder. A straight-line course was steered 
instead of a wave line of considerable amplitude. 
The economy was actually derived from two 
sources, 2 per cent. accruing from the actual 
saving in steam, and 6 per cent. resulting from 
the straighter course and small movements. The 
rudder took 22 seconds to throw over with the 
steam-gear, and 12 seconds with the electrical gear, 
but the arc of movement was slightly less in the 
latter case. The introduction of a clutch on the 
rudder-head had not been adopted without some 
hesitation, but there was virtually the equivalent 
of a clutch when a fixed tiller and the loose quad- 
rant coupled by spring gear was used, driven by a 
pinion. The tooth of the pinion was analogous to 
a clutch. 

As joint author, Dr. Hele-Shaw also added a few 
remarks in reply. He said that one captain had 
been in charge of the Albion throughout, and after 
experience with all gears, had expressed his satis- 
faction with the latest in a letter, which he would 
hand in to be included in the proceedings. The 
reason for the electrical gear having a smaller arc 
than the steam was solely due to the fact that the 
electrical gear was installed in the room left by the 
steam gear. The secret of success of the gear was 
due to the inertia of the rotating armature, which 
formed a store which could be drawn upon. 
Although only a few hundred pounds pressure was 
the most that had ever been called for, there were 
several thousand available. The pump had been, 
and was being, applied to other purposes. 


Srasitity anp Trim InpicaTor. 


The next paper to be read was one by Mr. S> B. 
Ralston, entitled ‘‘A Description of a Stability and 
Trim Indicator.” This paper we print on page 537 
of: our present issue, and it is unnecessary, there- 
fore, to give any abstract of it here. 

The first speaker in the discussion was Mr. A. 
Denny, who reminded the meeting that on two 
occasions he had read papers before the Institution 
on GM meters. He had thought it desirable that 
captains should have the means of knowing the 
conditions under which their vessel was sailing. 
The first method he brought forward involved 
inclining the ship in port before leaving. The 
apparatus consisted briefly of a pendulum swinging 
over a charted board. Though supplied to a large 
number of vessels, only two captains made use 
of the apparatus consistently. (ne of these two 
took a real interest in it, and did the necessary 
work twice a voyage, once at Rangoon and once 
at Port Said. The resultant data and reports on 
the vessel at sea had enabled his firm to design 
very easy and serviceable ships for that particular 
trade. It was a matter of great difficulty with 
this apparatus to get the necessary inclining done. 
The second apparatus was simpler, but also required 
inclining. r. Ralston did the same calculations 
in a rough-and-ready way, in a manner which was 
a distinct advance on his own methods. With a 
knowledge of the ship and of the manifests, a very 
fair degree of accuracy could be arrived at. In his 
(Mr. Denny’s) earlier methods captains had had to 
make calculations for trim involving moments, and 
for this work a manual had been provided. He 
thought that Mr. Ralston’s system of using definite 
weights was better, being more easily managed and 
less liable to slips. 

Mr. Wm. Gray, who had assisted Mr. Denny in 
his earlier work, corroborated his statements with 
regard to the lack of success met with in trying to 
get captains to take an interest in their systems of 
making calculations. What Mr. Ralston did was 
to make mechanically graphical calculations of 
moments. He believed that in the case of the 
Waratah there were on board some 9000 tons of 
cargo made up of innumerable items, and he thought 
that in such a case, if there were difticulty in 


calculation due to the variety of the cargo, Mr. | pape 


Ralston’s method would not be of very great 


assistance. 
Mr. P. A. Hillhouse considered Mr. Ralston’s 


invention a very ingenious mechanical means of 





making ships’ calculations. He believed the cap- 
tains of the Orient Line worked out these calcula- 
tions consistently, but many others certainly did 
not trouble about them. Mr. Denny’s method was 
one of finding out what the GM was after it had 
been obtained. Mr. Ralston’s was a method of 
finding out with reasonable accuracy what the 
probable GM would be for any conditions of 
loading. 

In reply to the discussion, Mr. Ralston said that 
captains could not trouble about inclining after 
loading. They had to get away as soon as the cargo 
was on board. One definite G M figure for each 
ship was of little use for calculations, as conditions 
when loaded and only partly loaded might be 
different. With his machine simple arithmetical 
mistakes, such as so commonly occurred, were 
impossible. A vote of thanks was then passed to 
Mr. Ralston for his paper. 


Tue BaLaNcinG OF THE Four-CYLINDER 
MaRINE ENGINE. 


The last paper taken at the afternoon session 
was one by Mr. C. E. Inglis, M.A., on ‘ General 
Propositions and Diagrams Relating to the Balanc- 
ing of the Four-Cylinder Marine Engine.” This 
paper, which will be reprinted in extenso in a sub- 
sequent issue of ENGINEERING, being of a mathe- 
matical nature, did not lend itself to reading, and 
the author, therefore, gave a résumé of it, explain- 
ing in detail the use of the diagrams which accom- 
panied it. These diagrams had been prepared by 
the author to simplify drawing-office work by 
giving rapidly the main dispositions of parts re- 
quired in order that an engine of the four-cylinder 
type may be properly balanced. The diagrams 
cover crank positions, cylinder spacings, &c. 

Mr. A. E. Seaton thought the paper would prove 
a most valuable one in the drawing-office. He had 
himself attempted something in the way of sim- 
plifying the work of the designer many years ago, 
but the task was a very different one then. To-day 
matters were changed, and this paper was addressed 
to a very different class—in the possession of greater 
knowledge and more appreciative of sound prin- 
ciples. He did not agree, however, that the valve 
gear should be treated separately. Small valve- 
gear masses were often found to affect the balancing 
very materially. To-day, considering the class of 
men to whom the paper was likely te prove of 
service, that paper, with its diagrams, was sure 
to be of practical use in drawing-oftice work. 

Professor J. B. Henderson said it was very 
evident that there was a great amount of work in the 
paper. He thought diagrams Nos. 3 and 4, relating 
to the solution of mass ratio and crank-angle pro- 
blems, and to the magnitude of the residuary 
secondary tilting couple, most valuable, and 
covered work which it had hitherto not been pos- 
sible to handle adequately. 

A few words of acknowledgment from the author, 
after the passing of the vote of thanks, concluded 
the afternoon meeting. 


Pxoto-E.astic MetHops AND THE DISTRIBUTION 
or STREss. 


On reassembling at 7.30 p.m. on Friday, the 
7th inst., when Sir William White was again in the 
chair, Professor E. G. Coker read his paper on 
‘*The Determination, by Photo-Elastic Methods, 
of the Distribution of Stress in Plates of Variable 
Section, with Some Applications to Ships’ Plating.” 
The paper dealt’ with Professor Coker’s method of 
optically examining the distribution of stress in 
xylonite models under load, by means of the colour 
bands produced by polarised light. The cases 
dealt with in his paper mainly had reference to 
riveted joints. Professor Coker has already de- 
scribed his methods and main results in our 
columns.* We commence the reprinting of Pro- 
fessor Coker’s paper on page 531 of this issue. _ 

Mr. Archibald Denny opened the discussion. 
He said that as yet he had hardly grasped the details 
of the results, and, for instance, was not clear as 
to whether a dark colour in the images of the 
specimens represented a big stress or a small one. 
The general lines of the results were, however, 
quite clear, and he would say that on first looking 
at the coloured illustrations accompanying the 
r, he saw at once what they represented, 
although the subject was quite new to him. Ob- 
viously the method might be made extremely 


. See ENGINEERING, page 1 ante, 
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useful, especially for difficult cases ; but he thought 
considerable experience would be needed to cor- 
rectly interpret the colour effects which were 
obtained. f é 

Dr. H. S. Hele-Shaw pointed out that in his 
paper Professor Coker had referred to an article 
in ENGINEERING,* and had evidently taken it that 
that article disproved that stream-lines, flowing 
between two plates of glass set closely together, as 
in his experiments, were analogous to lines of stress. 
Professor Coker had doubtless chosen the wording 
of his paragraph carefully, and had said: ‘‘The 
general similarity between this system of, stress- 
lines and those obtained experimentally by Pro- 
fessor Hele-Shaw, for the stream-line motion of a 
perfect liquid flowing round an obstacle of circular 
section, may afford the hope that the two systems 
are identical ; but, unfortunately, this does not 
appear to be the case.” He noted Professor Coker’s 
use of the word ‘‘ may,” which seemed to indicate 
some doubt as to the validity of the point of view 
advanced in ENGINEERING, although the word ‘‘ un- 
fortunately,” used later in the sentence, seemed to 
imply an acceptance of this view. The stream-lines 
which, in his experiments, were obtained in a sheet 
of viscous liquid gave results directly applicable to 
the case of a perfect liquid, and which had been 
extended to important investigations into the flow of 
electricity and heat through bodies, as these obeyed 
the laws of a perfect fluid. Investigations on the flow 
of heat and electricity were frequently carried out 
in practice on his method. 

In 1899, Captain Kriloff, in the discussion on a 
paper read before the Institution of Naval Archi- 
tects, drew attention to the applicability of his (the 
speaker’s) method for determining the distribution 
of stress in a plate, and apparently conclusively 
demonstrated the accuracy of its use in this way, 
while the matter received further support in a paper 
read by Professor J. Smith before the British Asso- 
ciation in 1906. In this paper it was argued that 
the stream-lines were identical with stress-lines, and 
the possibility of applying the method to the deter- 
mination of the stresses in the deck of a battle- 
ship was pointed out. Many mathematicians were 
present at the reading of this paper, and no attempt 
was made to dispute Professor Smith’s conclusions. 
Later, however, the article in ENGINEERING, 
referred to by Professor Coker, appeared. This 
article traversed the results arrived at by Pro- 
fessor Smith, and in itself resulted in a spirited 
discussion, which, in his opinion, left the matter, in 
certain respects which time prevented his entering 
into, still sub judice. Professor Smith had left the 
matter by saying that if a satisfactory experi- 
mental test could be arranged which would actually 
show the stress-lines in a body, it would satisfac- 
torily settle the analogy, or otherwise, between the 
two sets of lines better than any amount of mathe- 
matics. This led him to the subject of Professor 
Coker’s paper, because it appeared that the optical 
method therein described would allow a direct 
comparison to be made between stress-lines and 
stream-lines, and he, as a result, felt a close per- 
sonal interest in Professor Coker’s work. Dr. Hele- 
Shaw concluded by pointing out the great interest 
of one case given—viz., a rivet-hole in a tension 
strap—as being a sort of test example, and asked 
the author for further information on certain points 
concerning his method of arriving at his results. 

Mr. C. E. Stromeyer thought the paper of great 
value. In reference to the question of an analogy 
between the stress-lines obtained by Professor 
Coker and the stream-lines produced by Dr. Hele- 
Shaw’s method, he would point out that Professor 
Coker’s figures did not actually show stresses, 
since there was no distinction between tension and 
compression, and when they existed together, as in 
shear stresses, these would not ap If, as in 
Fig. 31 in the paper, indications of the direction of 
the principal stresses could be obtained, and if 
these could be combined with the coloured indica- 
tions of the intensities, it might be possible to 
deduce the shearing stresses which were present, 
and which were most important. 
ask if Poisson’s ratio was the same for xylonite as 
for steel. He would also like to ask a question in 
reference to the thickness of the models. It was 
stated that the colour effect depended on the stress 
per square inch. Did that mean that if the model 
was made thicker the colours would be the same 
for the same load? He would like to know if Pro- 


fessor Coker could make some investigations on the 


* See Encrvgerine, vol. lxxxix, page 303. 





question of double, treble, and quadruple riveted 
boiler seams. The value of any further rows of 
rivets above two was a doubtful question, and in his 
(the speaker’s) opinion a properly designed double- 
riveted seam represented the limit of strength which 
it was possible to get. 

Professor C. A. Carus-Wilson drew attention to 
the paragraph in the paper which referred to the 
theory suggested originally by SirG. H. Darwin, and 
which rested on the assumption that the difference 
of the principal stresses at a point is the true criterion 
of elastic strength. The paper went on to say 
that if the theory applied, the examination of a 
transparent elastic body afforded a ready means 
of determining its ability to resist an arbitrary 
system of applied forces, since the colour effects 
depended on the magnitude of the difference of the 
principal stresses at any point, and this difference 
could be obtained directly. He (the speaker) 
thought that the word ‘‘if” in this e@ was a 
very important one, because if the theory did not 
apply, Professor Coker’s work was largely thrown 
away. If shear isa criterion of the ultimate strength 
of a material, then Professor Coker was on the 
right track ; if not, then the whole matter was a 
mere academic discussion. He would like to refer 
to the reasons we have for believing that shear 
is the measure of the ultimate strength of a 
material. If one considered a bar under tension, 
there were two distinct changes which took place 
in each small element making it up. In the 
first place, there was a change of volume —-an 
expansion ; and in the second place, a change of 
shape—a distortion. The question was, Which of 
these two changes wasthecauseofrupture ? Obviously 
it could not be change of volume; to suppose that 
would be to postulate some sort of spontaneous 
explosion, something on the lines of the fracture 
of a Rupert drop. When it came to the second 
change, however, it was easy to understand the pro- 
duction of rupture. A change of shape involved a 
sliding of one part of an element over another, so 
that in time the two would shear away from each 
other. This was in effect what happened, and 
when the bar broke under tension, the elements 
parted by shearing. He had discussed this matter 
some years ago with Sir George Darwin, and had 
made tensile and shear tests on the same material 
which proved that the shear of a material was a 
criterion of its ultimate resistance. 

He thought Professor Coker’s work was entirely 
on right lines, and so far from leaving shear 
out, he measured it, because it was the difference 
of the principal stresses. Professor Coker’s experi- 
ments gave us a means of getting at the stress on 
which the real strength of a bar ultimately de- 
pended. He then referred to Fig. 1 in the 
paper, which showed a flat bar with a circular 
hole in it, ruled with a series of small squares 
on its surface, and then stretched beyond its 
elastic limit. This method of investigation was ob- 
jectionable, as stated in the paper, because to obtain 
a record of the flow-lines it was necessary to strain the 
material beyond its elastic limit. From considera- 
tion of shear, the lines could, however, be plotted 
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without this necessity. For instance, as in Fig. 8 
herewith, if one drew lines across the bar at 
45 deg., and touching the rivet-hole, as at o, 6 
and c, d, then, since shear was inversely propor- 
tional to cross-section, the line of flow above 


He would like to ' these lines would be horizontal, as at f, g. If, 


however, one considered a point below either of 
these lines, as at k, a line through this point at 
45 deg. would cut through the rivet-hole, so that 
the line of flow would curve down, as shown be- 
tween gandh. This gave a means of plotting the 
lines without overstraining the bar. The conclu- 
sion of the matter was that the distribution of 
shear was the important thing, and if one could 
determine this, one was on the track of the vital 
thing that produced deformation in the bar, 





In reference to the question of stream-lines, he 
could not see that the stress-lines obtained by 
Professor Coker in any sense represented the flow 
that took place in the straining of a material 
beyond its elastic limit. He thought the idea little 
more than a fascinating analogy, and could not 
agree that the lines of principal stress were flow-lines. 
The compression lines obtained by Professor Coker 
were lines of fracture, and it wasalong these lines that 
fracture would take place. He had come across an 
interesting case of fracture along lines of compres- 
sion. It consisted of a sheet of plate-glass, from 
the back of which a saucer-shaped piece had been 
removed by a blow by a bullet on the front side. 
Similar examples were seen in the case of armour- 
plates struck by shot. 

Mr. J. 8. Wilson stated that he was very much 
interested in Professor Coker’s paper, as he had 
been working jointly with Mr. W. Gore on some- 
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what similar investigations. He had put some of the 
results obtained on the two diagrams given in Figs. 9 
and 10, annexed. The method he had employed was 
not an optical one ; and he determined the stresses by 
means of india-rubber models. Briefly, the method 
consisted in shaping a piece of light-coloured rubber 
to the required dimensions, ruling a system of black 
lines or circlesover the surface to be investigated, and 
then taking two photographs of it, one when un- 
strained, and the other when strained by the 
necessary loads. On the two negatives, the black 
lines on the model ap as clear ones on a dark 
ground, and this made it ible to measure the 
strains very accurately, and from them the stresses 
were deduced.* 

The problem could be divided into three distinct 





* An illustrated description of Mr. Wilson’s method 
appeared in ENGINRERING, vol. lxxxv., page 692, 
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cases : first, the effect of open holes pierced in a | being very interesting. 
© deal beyond the | the Chairman asked 


late which was uniform 
influence of the holes; second, the stresses pro- 
duced when the loads were applied at the holes— 
the riveted-joint problem ; oat third, the same as 
the first case, but with the holes fitted with plugs 
representing the rivets. This last was the most 
general case, and was the one he had been investi- 
gating. The diagrams referred to the stresses 
measured on a strip of rubber 9 in. wide, with 
three holes at 3 in. pitch on one line, and two 
holes on a line 5 in. from it. The holes were tf in. 
in diameter, suitable for {-in. rivets. The plugs 
cut out in making the holes had been put 4 
and were a good fit. The experiment was one of 
a series being made with the object of getting a 
more exact estimate of the stresses in riveted 
bridge members. The rules followed at present 
were not very satisfactory, and were based on the 
ultimate failure of plates, and not on the elastic 
stresses. Asan example, if the distance between 
the two lines of holes in the diagram were under 
about 3 in., some engineers would deduct three 
holes in determining the net area, while others 
would deduct all five, thus arriving at widely- 
differing tensile stresses. 

Using india-rubber models, it was possible to 
determine both the principal stress p and q, and 
both were plotted on the two lines of rivets (Fig. 9). 
In Fig. 10 the principal stresses in the vicinity of 
the hole J were represented by ellipses. he 
intensity of stress on points on the lines of rivets 
could be compared with the mean stress on the net 
area by means of the percentage scales at the side. 
It was noticeable that the maximum intensity of 
stress was as much above the mean on the section 
through two rivets as it is through the three. 

The most nearly comparable case in Professor 
Coker’s paper was Fig. 30, where the three holes 
reduced the area by one half, whereas in this case 
the three holes reduced the area by rather less than 
one-third, and brought the outer holes nearer the 
edges than was consistent with the best practice. 
The values of p and q in both cases could only be 
compared indirectly. The mean value of (p — q) in 
Professor Coker’s curves (Fig. 30) was 84 per cent. 
of the mean longitudinal stress, and since the mean 
p must equal the mean longitudinal stress, it followed 
that g must have a mean value of about 16 per 
cent. of the mean stress, and be of the same si 
as p. The mean value of q on the line across the 
three holes in his diagram was only about 10 per 
cent. of the mean stress. This was a difference in 
the direction which would be expected, since the 
sides of the holes pressing against the plugs made 
q compression at those points. 

He wished to drawattention to theremarkable fact 
that although, in Professor Coker’s model, Figs. 29 
and 30, the width of plate between the hole and the 
edge was only ;y in., by the optical method it was 
possible to determine the stress difference at three 
distinct points. 

He aid not understand why in Professor Coker’s 
photograph (Fig. 29) the colour did not change 
appreciably in a longitudinal direction from the 
centre of the hole. e had plotted some results in 
that direction from holes Q and H for comparison, 
as he found the stress varied considerably. 

He thought Professor Coker had been confronted 
with the same difficulty that he had experienced in 
trying to represent the conditions of stress clearly 
in a diagram. The principal stresses could only 
be plotted, as he had done, on the two section lines 
shown on the diagram. Cn intermediate section 
lines they would be inclined, and could not be shown 
properly. To represent the principal stresses by 
ellipses required very large diagrams to keep the 
ellipses from overlapping. Bearing on this point, 
he exhibited a diagram which Mr. Gore and he had 

repared to show the stresses in a masonry dam, 
or the article on ‘* Water Supply ” in the new 
edition of the ‘‘ Encyclopedia Britannica.” In it 
conveniently spaced lines of varying thickness were 
drawn along the lines of principal stress. The 
thickness of the line at each point represented the 
intensity of the stress. Where there was tension 
the lines were dotted. 

Finally, he thought that the special thanks of all 
engineers were due to the Institution of Naval 
pe wasp for i oa an paw re excellent 
coloured photographs wit: essor Coker’s r. 

At the end of the discussion Professor ‘Coker 
carried out some experiments illustrating his method 
in actual operation, the gradual putting on of the 


weight and the growth of colour in the specimens 





As the time was then late, 
ofessor Coker if, instead of 
replying at once to the various points raised, he 
would send in his remarks in writing. 

The next item was the paper entitled ‘‘ Notes on 
a New Design of Merchant Vessel,” which was read 
by its author, Mr. Maxwell Ballard. There was 
no discussion on this paper, which we hope to 
reprint later. The proceedings then concluded 
with a vote of thanks to the Royal Society of Arts 
for the use of their hall—which was proposed by 
Mr. W. J. Luke and seconded by Mr. P. A. Hill- 
house—and a vote of thanks to Sir William White 
for occupying the chair. This was proposed by Mr. 
H. E. Deadman and seconded by Mr. J. Foster King. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, April 5. 

More large consumers of iron and steel are now 
trying to buy for third-quarter delivery than at any 
time for the t year. There is a willingness to 
place large orders since the hardening of prices set 
in. The steel-rail mills are securing more business 
for export at this season than for many years, and 
the information from representatives in outside coun- 
tries is full of encouragement of a coming heavier 
demand. The long-talked-of orders for the Quebec 
Bridge have been finally Ce. the Carnegie Steel 
Company, of Pittsburg, being the successful com- 

titor. 

abricate the steel and erect the bridge. The contract 

calls for 60,000 tons. The largest contract of recent 
years was placed a year ago for the Panama Canal, 
and called for 80,000 tons. The plate-mills are again 
booking —— orders, among which was one for 8000 
tons for Lake ore and coal docks, and 6000 tons for 
construction in shipyards, and 4500 tons for extension 
of manufacturing plants. 

The sheet-mills are doing a good business, but it 
does not look so because of the fact that the capacity of 
sheet-mills has been largely increased during the last 
twelve months. 

April 12. 


The threatened increase in production of pig iron 
during the coming month is not looked on favourably 
in the light of the present conditions of the market, 
and efforts will be made in the Pittsburg district to 
restrict the output for another month. Actual ship- 
ments of pig iron have not increased since the middle 
of March, and for the last ten days the market has suf- 
fered from inaction, and the same condition has been 
reflected further west, as there has been an actual 
decline in prices in the Cincinnati district, and inquiry 
has decreased to practically nothing. Wire mills are 
running to almost their full capacity. Tin-plate mills 
are crowded, rail mills are doing better than any time 
for six months. They are not by any means crowded, 
nor will they be. Steel car construction is growing in 
activity. early all the larger railway systems are 
in the market for cars, and the interesting feature of 
many of the incoming orders is the size and capacity 
of the cars wanted. The Great Northern and the 
Northern Pacific railroads have juet contracted for 
14,000 tons of bridge material, which is to be furnished 
by the American Bridge Company, a subsidiary of the 
United States Steel Corporation. Large quantities of 
structural material are now under inquiry for construc- 
tion in the cities of the country, the largest order 
being for 11,000 tons for a building in Chicago. 








ELECTRIC-HYDRAULIC STEERING-GEAR. 
Steering-Gear Experiments on the Turbine Yacht 
«* Albion.”* 
By H. S. Hetz-Suaw, LL.D., F.R.S., Associate, and 
F. Leigh MARTINEAU. 

Introduction.—The experiments recorded in the follow- 
ing paper were undertaken by the kind permission of Mr. 
H. ffler, M.A., the owner of the steam-yacht Albion, 
one of the largest British yachts (240 ft. long between 
es by 37 ft. beam, and 16 ft. 6 in. draught), 

aving a displacement of 1700 tons, turbines of 2000 
horse-power, and a maximum speed of about 15 knots. 
She was built by Messrs. Swan, Hunter, and Wigham 
Richardson, in the year 1905, to the designe of Sir William 
White, K.C.B., F.R.S., the turbines being supplied by 
the Parsons Marine Steam-Turbine Company. 

The yacht was originally fitted with electrical steer- 
ing-gear, which, in 1908, was replaced by steam steering- 
gear. Messrs. J. Hastie and Co., of Greenock, who were 
the makers of the steam steering-gear, in the early part of 
last year obtained an order to add, as an alternative gear, 
the electric hydraulic devised by the authors of this 
paper. The latter gear has practically been in continuous 
operation ever since it was installed, and, asthe two gears 
are worked from the bridge from the same steering-wheel 
and telemotor, or hydraulic connection between the wheel 
and steering-gear, either one or the other being as 
desired, the preference shown by the captain and quarter- 
masters for the new gear entirely supports their testimony 
as to its satisfactory working. 


* Paper read before the Jastitution of Nay.l Architects, 
April7, 1911, 


A Canadian company has been organised to} board 





The hydraulic gear lends itself admirably to measure- 
ment of rudder pressures and power used, and, as it was 
possible to obtain alternative records under the same con- 
ditions of this gear and of the steam steering-gear by 
simply changing from one gear to the other with a clutch, 
a series of trials was arranged, the results of which, it 
was thought by the authors, would be of ‘interest to 
members of this Institution. 

It is unnecessary to give a description of the steam 

steering-gear. which is shown in dotted lines in Figs. 5 
and 6, page 517. Itis of the well-known type adopted in 
all vessels by the British Admiralty, in which two steam- 
cylinders Crive a right and left-handed screw through the 
medium of a worm and a worm-wheel. The right and 
left-handed screws respectively operate nuts, which in 
turn are connected aaah cecaiinn s040 attached to oppo- 
site ends of the tiller-head. The other gear is of novel 
form, and, as this is the first of the kind ever installed, a 
brief description will now be given. 
_ The Electric-Hydraulic Steerina-Gear.—Fig.1, page 517, 
is a diagrammatic view of the electric-hydraulic gear, in 
which it will be seen the rudder-head A is operated by 
rams, working in two cylinders B, and B,. The rams 
themselves are actuated by oil, which is supplied from a 
rotary variable-stroke pump C. The pump itself is driven 
by the electric motor D. 

The operation of the gear is as follows :— 

E is a spindle controlling the operation of the pump in 
such a way that when it is in mid-position no oil is being 
pum According as it is moved in or out from the 
central position, the oil is transmitted under pressure 
through one or other of the pipes F, and F, to the cylin- 
ders B, and By. In this way, by the mere movement of the 
spindle E, the rudder-head can be put over to port or star- 
I asrequired. The actual operation of the spindle E 
is effected by means ofa floating lever G, coupled near its 
middle point to the spindle E, and controlled at one end 
by a lever H, which is connected with the telemotor, and 
by means of the latter is operated from the bridge. The 
other end of the floating lever G is connected, by means 
of the link L, to the tiller-head. Thus, as the link H is 
moved, the other end of the lever G being for the moment 
fixed, the spindle E starts the pump in operation, and, as 
a consequence, the tiller-head begins to move. In doin 
this the link L moves the other end of the lever G, rom 
hence tends to bring the spindle E to its middle position, 
and so stops the pumping action (although the pump con- 
tinues rotating), and in doing so the rudder-head is left 
exactly in the position corresponding to that which the 
wheel and telemotor have been made to take up. 

_ The only other essential feature is the pipe P connect- 
ing the two ram cylinders, in which is placed a spring- 
loaded by-pass valve M, so arranged that, if the rudder 
be subjected to any shock which would bring about more 
than certain ay ee caer stresses, the rudder-head is 
able to yield by the transfer of oil from one ram cylinder 
to the other, and, since the floating link is thereby moved, 
the pump isautomatically set in operation and the rudder 
restored to the position corresponding to that of the 
—— (without the intervention of the steers- 
man). 

_ There is practically no leakage, but what little there is 
is taken back into the make-up tank, which is con- 
veniently placed below the level of the system. It is 
obvious that, as the flow is reversible (the pressure and 
suction sides being interchangeable), the two sides of the 
pump must each be connected with the tank by a pipe 
having a non-return valve, and by means of these two non- 
— valves the leakage is returned to the circulating 
system. 

The object of this paper is not to describe the new 
steering-gear itself, but rather to give the results which 
have been obtained with it; but there is one part of it— 
namely, the variable-stroke pump—to which allusion 
must be made, as it is this pump which has rendered 
possible the invention of the steering-gear itself, and 
which has enabled the difficulties which have hitherto 
proved so great in previous attempts to employ electric 
steering- gear to be successfully overcome Space 
does not permit a full account of the pump to be given, 
which, owing to the introduction of a new mechanism, 
has a very high efficiency for a large range of pres- 
sures, and which can work at high speed, thus enabling 
it to be coupled direct to the electric motor. It will 
suffice to give a brief explanation of the manner in which 
the reversal of flow, together with the required variation 
of stroke, is obtained by means of this pump. This will 
be understood from Figs. 2, 3, and 4, which represent 
views of a purely diagrammatic character, showing the 
operation of the pump. 

From these diagrams it will be seen that the pump 
consists of four parts, namely :— 

1. The containing case, which carries the bearings in 
which the rotating portion works. 

2. The revolving cylinder body, in which it will be 
seen the working rams operate. 

3. A central fixed shaft, made of hardened steel, which 
serves as the bearing of the cylinder body, and in which 
are the induction and eduction passages P and Q length- 
ware. and which acts asa fixed valve in communication 
with the various cylinders. 

4. Lastly, what is called the “‘guide-ring,” which is a 
circular frame capable of being moved to and fro by the 
spindle E, so that it can either be placed in the central 

ition, as shown in the first diagram, or moved to and 
fro on either side of centre, as shown in the second and 

i Ss. 

Suppose, in the first instance, that the guide-ring is in 
the central position, as in Fig. 2, and the cylinder 
body rotating in the direction shown by the arrows, 
then, inasmuch as the slippers rotate in a circle, 
no movement of the plungers takes place, and there 
is no suction or delivery. This is the usual condi- 
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tion of affairs when the helm is steady, and the course 
ship is set. , 
= 4 now a movement of the wheel is made; 
the telemotor instantly operates on the spindle, and 
the guide-ring is moved in one direction or the other, 
according as the helm is put over to port or starboard. 
Let us sup , in the first place, it is put over in the 
direction shown in Fig. 3. In this case, the plungers 
moving above the centre line will evidently be moving 
outwards, and, therefore, will be drawing oil along 
the p P, which is shown in the cross section, | 
and, having reached the extreme outward position on 
the left, they are in turn closed by passing the shaded 
portion of the bridge, and on aes through the lower 
half of the circle are gradually forced inwards, the oil 
contained in them being driven along the passage Q, 
shown in cross-section, and, finally, when empty, are 
closed by passing over the bridge on the right-hand 
side. Thus, under these circumstances, P becomes the ' 
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nduction and Q the eduction and the volume in 
the ram cylinders to which 7 rts are respectively 
connected by the on F'! and e in Fig. 1 becomes 
greater or less, and so causes corresponding movements 
of the rams, and consequently of the tiller-head. It is 
obvious that exactly the reverse operation takes place if 
the movement of the guide-ring takes place through the 
spindle E being moved in the opposite direction, as in 
Fig. 4, in which case Q becomes the induction and P the 
eduction passage, the tiller-head being immediately moved 
in the reverse way. 

In practice the extreme stroke, as shown in the 
figures, is, however, rarely used ; and, as will be made 
evident hereafter by the di ms taken in the experi- 
ments, the tiller-head responds so quickly to the slightest 
movement of the steering-wheel that in general an almost 
imperceptible movement one way or the other of the 
guiding-ring—that is, a minute stroke of the plungers 
—serves to keep the ship on the required course. 

The pump itself requires very little effort to keep it 
continually running, and derives its high efficiency from 
certain features which do not materially complicate it, 
and which are not directly involved in the theory of its 
operation. 


The actual arrangements in the case of the Albion are | bend 


shown in Figs. 5 and 6, where the relative positions of 


the steam and electric-hydraulic steering-gears are clearly | . 
as is | tion, quickness of action, and convenience of handling of 


| the two kinds of gear. 


visible in re and elevation, the former being given in 
dotted, and the latter in full, lines. The letters which 
are employed in connection with the electric-hydraulic 
gear in Figs. 5 and 6 correspond to those in the 


em Fig. 1, so that the general arrangements will be 
easi | 


y understood. 
_ The operation of the gear itself is illustrated by a work- 
ing model, showing an alternative disposition of the ram 
cylinders, which in this case have their axes in one line, 
ins of being, as in the case of the Albion, parallel to 
each other on either side of the rudder-head. A hetensents 
of this model is reproduced in Fig. 7. This disposition 


of the rams is the same as that adopted in the new Orient | 





liner ss. Orama, and also in the two new Austrian Lloyd 
steamers Wien and Helouan, and several other large 
vessels which are being fitted with this gear. This type 
embodies the well-known feature and corresponding 
advantage of the Rapson slide. In some designs for 
naval purposes a combination of the two above positions 
of the ram-cylinders is Ts In the latter case, the 
ram-cylinders are, as in the Albion, —— lengthways 
with the ship; but, instead of trunk pistons, double- 
acting rams with two ram- oy are employed, 
operating a false tiller-head, which is coupled up with 
the true tiller-head by means of connecting-rods, so that 
the steering gear can be placed in a convenient and safe 
position. 

General Nature of Experiments.—The experiments, 


measurement of power and efficiency, are quite complete 
in the case of the new gear, since it has been possible to 
make very accurate electric and hydraulic observations, 
whereas the steam indicator diagrams which have been 
taken in the case of the steam gear do not, of themselves, 
give a record of the whole of the steam which has been 
used, which it is very difficult, if not impossible, to ascer- 
tain, since the steam for the steering-gear is taken from 
the main boilers, which are employed for other auxiliary 
machinery, such as the turbo-generators, in addition to 
the main turbines themselves, the same condenser being 
used for all auxiliaries. Although, as will be seen here- 
after, a very practical general conclusion can be arrived 
at, it would not be scientifically correct to institute exact 
comparisons as to the relative efficiencies of the two 





which extended over three days—namely, February 24, 
25, and 27, 191l—were conducted under a sufficiently 
wide range of conditions. During these three days the 
weather was boisterous, and advantage was taken of the 
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kinds of gear. There is another reason for not tabulating 
' the exact relation to each other of the results obtained, 
and that is, whereas the steam gear represents the results 
of a long process of evolution, and is, according to the 
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Fig.5. STEAM STEERING GEAR (DOTTED LINES) AND ELECTRIC-HYDRAULIC GEAR(FULL LINES) 
OF TURBINE YACHT “ALBION” 
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| bei 
| the shelter of the land. 


| general results appear to 


fact to make a certain proportion of the observations in a 
fairly rough sea off the Needles, the same experiments 
repeated in the smoother waters of the Solent under 


The main results may be given under two distinct 


8:— 
1. Those which relate to the relative ease of manipula- 


2. The engineering aspect of the working, as repre- 


/sented by the power absorbed with the two gears, and 


their respective efficiencies. 

In the case of the former, it will be shown that means 
were found to arrive at a very definite conclusion. The 
be confirmed in a note made by 
the captain, who can give an extended experience of 
working, and thereby deal with a side which it is not 
possible to touch upon as the result of a limited number 
of experiments. ‘ z zl 

The second series of experiments, which deal with the 


makers, as small a size as it would be safe to use, with 
the electric-hydraulic gear, which is the first of its kind, 
it was obviously a een f to be on the safe side in the 
| matter of power and weight. The experiments made, as 
| well as the running of the past year, have proved that 
| the electric-hydraulic gear is more t three times as 
werful as was necessary; and that, instead of a 10- 
Somoqewer electric-motor and corresponding variable- 
stroke pump (which was put in, as the steam gear was 
shown to be capable of developing 20 horse-power) a 3- 
horse-power motor and suitable pump would have been 
| amply sufficient for any call that has ever been made upon 
it. Notwithstanding the fact that for the two foregoing 
reasons the conditions of the experiments are in favour of 
the ges gear, it = be — re the new r shows 
to great advantage, having a high efficiency and requiring 
| the expenditure of a remarkably small amount of power 
| in its actual operation. 
The way in which the experiments were conducted was 
as follows :;— 
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A series of observations were made under five condi- 


mer Full speed (1 kn 
1 4 to 15 knots). 
2. Speed of 11 knots. 


My hard ht f 
. From mi ition to port, right from port 
to starboard, and eon pnw to middle position. 
2. From middle position hard to starboard, right from 
starboard to port, and back from port to middle position. 
This was done in general for three speeds of movement 
of the wheel—namely :— 
(a) One minute for putting the helm over from middle 
position to port or starboard. 
(b) Half a minute for ditto. 
(c) As quickly as the helm could be moved (about 
5 seconds). 
« Thus, apart from the repetition of experiments, which 
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Fig. 9. 
THEORETICAL LAG DIAGRAM 
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in many cases were repeated several times, there were, 
in general, thirty systematic experiments with both steam 
pot hydraulic gear. All these experiments involved the 
taking of complete diagrams, which were carefully worked 
out and tabulated. 

In order to avoid an undue amount of repetition, 
examples only of these diagrams have been given in this 
paper, and a general summary of results; but the data 
themselves are available to those who may wish to make 
similar experiments, and it is probable that observations 
may be obtained from the larger ships which have been 
mentioned above. 

Relative Ease of Handling and Quickness of Action of 
the Two Kinds of Gears.— Assuming any steering-gear to 
be sufficiently strong and well proportioned to meet all 
contingencies, there are two primary requirements for a 
steering-gear—viz., efficiency anc. economy of operation, 
and readiness of manipulation with prompt action. The 
former, although a most importans matter, must be con- 
sidered of only secondary importance compared with the 
latter, which will therefore be now considered. In all 
ships of any size the steering-gear is set in Snare Be 
some system of communication from the bridge or wheel- 
house, usually by a telemotor, and the quickness of the 
action of the steering-gear is measured by the speed with 
which the movement of the steering-wheel, however 
slight, acting through the telemotor or other arrange- 
ment, is followed by the movement of the rudder-head. 
In other words, the measure of sensitiveness of the 
steering-gear is really the accuracy with which the posi- 


_recorder in the present experiments simply consisted of a 








tion of the steering-wheel is reproduced by the tiller-head 
at any instant, 

The authors have not been able to discover in the 
numerous contributions to the questions of steering, 
gpuebad in the Transactions of this Institution, any 

irect mode of measuring and recording this relation. A 
new instrument has therefore been devised, which enables 
the relative movement of the telemotor and the rudder- 
head to be graphically described at every instant. 
Inasmuch as the movement of the steering - wheel 
must presumably always e, even if by a momentary 
interval, that of the rudder, the rudder in turn must 
behind the steering-wheel, and the property which this 
a records may, therefore, be called ‘‘ the lag,” 

the recording instrument a “‘lag-recorder.” The lag- 


sliding board on which a square piece of paper is placed, 
and which is capable of being moved in one direction 
between guides by the tiller-head, whilst a frame carrying 


right over to the opposite side, and back to the original! 
position. The area of the closed curve is a measure of 
sensitiveness of the ech ee 

Fig. 9 shows a theoretical curve thus produced :— 

A B is the straight line drawn by the pencil, which 
represents the curve under an ideal condition when the 
rudder-head moves in absolute unison with. the steering. 
wheel and telemotor. In this case the area is zero, and 
the sensitiveness infinitely great. Let us now suppose 
that the wheel and rudder are in the middle position, 
and the pencil is at point O. Suppose the movement 


lag | of the telemotor takes place without the rudder moving, 


and the pencil is brought into the position C by 
moving along the line O C; from that point the rudder 
and telemotor move together, the pencil describing the 
line C D till the point D is reached, where the move- 
ment of the wheel ceases (this may not necessarily mean 
in the position when the wheel is hard over), and the tele- 
motor stops, while the rudder goes on moving, the pencil 
moving along the line DE. If the movement which the 





a pen or pencil is moved at right angles across it by the 
telemotor or other connection from the steering-wheel. 
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rudder finally takes exactly corresponds to the position 
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Fig. 8 illustrates this instrument, in which A is the 
sliding board, B the cord lead 
the spring which keeps the cord always in tension, D the 
carriage carrying pencil, E the cord leading to telemotor, 
and F the spring which keeps taut the telemotor cord. | 

The character of the curves obtained will be easily 
understood from Fig. 9. If the two movements above 
described exactly correspond, a straight line would be 
drawn at an angle which would depend upon the relative 
scales of the two movements. If, however, one move- 
ment lags behind the other, the complete cycle would 





result in a closed curve. The complete cycle consists of | 


putting the helm over to either port or starboard, then 


ing to rudder-head, O| A 


in which the wheel is left, the point E falls on the line 
AB. Suppose now the wheel is reversed, the telemotor 
| travels along the line EF when the movement of the 
; rudder commences and the line F G is drawn, when 
the wheel stops, and the pencil, under the influence of the 
| rudder, describes the line GH. The wheel is now 
| reversed, the line H K is drawn by the telemotor, K L 
| being the movement when the rudder is moving with the 
| telemotor, and, finally, when the wheel is in its middle 
| position, the telemotor stops, and the rudder causes the 
| pencil to describe the final line L O, 
It will be seen that not only does the area of the curve 
measure inversely the sensitiveness of the steering-gear, 
| but it is possible to draw a line either horizontally or 
| vertically, which becomes the measure of the lag move- 
ment at any point. It is obvious that, in order to fulfil 
| the theoretical conditions, and to obtain a curve which 
|can be at once interpreted, the exact movement of the 
| telemotor and rudder-head, and nota harmonic projection, 
| must be re uced. In the arrangements under dis- 
| cussion, while the movement of the telemotor was directly 
|reproduced on the paper, the rudder movement was 
obtained by a cord attached to a lever, and therefore it, 
will be obvious that in the actual curve a slight deviation 
|from the straight line occurred, which could be easily 
| obviated, if desired, by passing the cord over a quadrant 
| on the rudder- he general character of the curves, 
however, is obvious from the diagrams reproduced in 
| Figs. 10 to 13, in which A, C, and D represent respec- 
tively pairs of diagrams taken under exactly the same 
conditions of movement for the steam gear and electric- 
| hydraulic gear. The serrated line is caused by the fact 
| that, in order to obtain accurate movement of the wheel, 
| the observer on the bridge, having a watch in his hand, 
| gave the time at intervals of half a second to the quarter- 
| master, who moved the wheel one spoke at each signal. 
| The rectilinear movement at the upper ends of the dia- 
| grams can be easily traced, the curved lower end, in the 
|ease of the hydraulic-gear diagrams, being due to the 
| action of the obliquity of the connecting links of the gear. 
large number of these diagrams were taken. Th 
samples shown in the figures show the great differenc« 
between the action of the steam gear and that of the 
hydraulic gear, the diagrams bracketed together showing 
the lag curves obtained under practically identical con- 
ditions for the two kinds of gear. Fig. 11 isa record by 
the electric-hydraulic gear, in which the spokes of the 
wheel were moved at the rate of one second at a time, 
showing how nearly this gear approximates to the theo- 
retically perfect movement when the wheel is moved at 4 
fairly slow rate. 
There gre one or two points which should be noted. 
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One is that, in the case of the hydraulic gear, the rudder 
cannot be moved over to the same angle as in the case of 
the steam. This, however, has really nothing to do with 
the gear itself, but is due to the conditions under which 
the gear had to be installed, in order that it should not 
interfere with the existing steam gear. (This, however, 
does not in any way affect the steering of the ship.) 
Another point is the fact that in the diagrams the curve 
of the steam gear is not a closed one. The pencil does 
not come back to its original position, which is due partly 
to the backlash of the gear and partly to the action of the 
control-valve. “ 

There is another use to which the lag-recorder may be 
put, and that is to take a continuous record, not merely 


. Fig. 19. 








The method by which this is done is to have a continuous 
roll of paper moved by an accurate clock, stamped at 
regular intervals in plain figures with the time. Opposite 
to these time-stampings a pencil continuousl, sengety the 
exact position of the rudder, being connected to the latter 
by Bowden wires. A num of records were taken with | 
one of these instruments during the trials, but it was | 
found that the experiments by the authors being made at | 
specified times, and not continuously, the records taken 
by the above instrument were not essential to the actual 
experiments, although they afford a valuable means of | 
taking the exact movements of the rudder, and the times | 
at which these movements occurred. It is obvious that | 
such a record would be extremely useful if the steering 





of Figs. 5 and 6 shows that the steam and hand a - 
rom the 


be entirely disconnec by means of a clutch 

electric-hydraulic gear. It is thus possible to ascertain by 
direct observations of the hydraulic ram-pressures the 
pressures on the rudder itself, the friction on the rudder, 
and the inertia forces, under various of putting 
over the helm. A number of di ms from both cylin- 
ders were taken for this purpose, the results of which will 
be given. Having got the resistances of the rudder, it is 
possible to arrive at a fairly approximate comparison 
between the two kinds of gear, by taking, in the case of 
the steam gear, a complete set of indicator di ms, 
under the various conditions, and for the electric- 
hydraulic gear, a continuous measurement of the 


DIAGRAM SHEWING RELATION BETWEEN TORQUE REQUIRED TO TURN RUDDER, ANDRUDDER ANGLE FOR VARIOUS SPEEDS OF THE VESSEL. 
THE FULL LINES REPRESENT TORQUE DUE TO PRESSURE ON RUDDER AND ARE PLOTTED UPWARDS 
THE DOTTED LINES REPRESENT TORQUE DUE TO FRICTION OF RUDDER ANDO ARE PLOTTED DOWNWAROS FROM ZERO LINE. 
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DIAGRAM FROM STEAM CYLINDERS 
AND RUDDER HEAD. 
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of one cycle of operations, but over a run of any given | observations were taken contiineenty gest a long voyage, 


distance. 

_ Figs. 14 and 15 show two records, taken under prac- 
tically the same conditions and about the same distances 
(about 6 miles), which tell their own story as to the 


action of the respective gears in the narrow waters of | be 


the Solent. The black portion shown in the middle 
represents the repeated movement of the pencil over the 
Same area, and indicates at once the ter amount of 
movement of the steering-wheel required for the steam 
gear than with the electric-hydraulic gear. 

As the authors do not cheisn any authority on the 
subject of steering, they asked the captain if 4 would 
independently state his views, in order to see whether 
his experience confirmed or contradicted in any way the 
indications of the lag-recorder, and his letter entirely con- 


—_ a conclusion to be drawn from the records given 

In recent years an instrument has been invented, under 
the name of the Russell-Rankine recorder, which takes a 
continuous record of the movement of the rudder-head. 








as such records as those shown in Figs. 14 and 15 could 
then be compared with the Russell-Rankine recorder, and 
the complete movements of the helm under any exceptional 
conditions, such as a collision or a man over i, would 
recorded jointly by the two records, the rapidity with 
which the helm was put over being immediately shown 
on the lag-record. ’ 

The Russell-Rankine recorder would show theoretically 
such a movement by the slope at which the recording 
lines run, if the time scale was sufficiently open. In order, 
however, for the instrument to be of any practical use, 
and to avoid using too much paper, the time scale in this 
recorder would be a close one, and the angle of slope 
too small to show the rate of movement of the rudder- 
head. The real object is to show the extent of the move- 
ment and the time at which it takes place. The lag- 
recorder, however, while of no use for doing the special 
work of the Russell recorder, would record just this 
particular point. legate 

Power and Efficiency Measwrements.—An examination 





/ 





electric current by means of the recording ammeter. 
Before giving the results of the measurement, it may 
be well to point out that the rudder is of the balanced 
ty Fig. 16 shows the rudder drawn to scale, and it 
wit t be seen that it closely corresponds in form to that of 
the 30-knot torpedo-destroyer, for which the stream-lines 
were worked out in a paper by one of the authors, 
before this Institution some years ago.* . 

The indicator diagrams of the two rams (Figs. 17 and 18) 
were taken alternately with TN agp Ccosby indicator at 
the same time as the other ki of diagram in the trial. 
The pencil was moved up and down in the usual way by 
fluid pressure, but the motion of the barrel was obtained 
by direct attachment to a lever from the rudder-head. A 
series of sample diagrams is shown in Figs. 19 to 23, these 
diagrams being corrected by superposing the two sets of 
diagrams taken from each ram cylinder. 





° Transactions of the Institution of Naval Architects, 
vol. xlii., 1900, vig. 7 (Plate XXVI.). ENGINEERING, 
July 13 and 20, 1900. 
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Examination of these diagrams will show the difference 
of the power required to move the der at various 
speeds, and also, in the case of both the high speed ahead 
and astern, it will be noticed that there was a certain 
amount of negative work which will be found automatic- 
ally taken account of in the ammeter records as work 
given back to the electric motor. 

Fig. 24, page 519, represents three diagrams taken when 
the ship was anchored, and superposed on each other. 
Inasmuch as the speeds of movement from one side to 
the other were respectively 120 seconds, 60 seconds, and 
11 seconds, that is to say, roughly. in the proportions of 
10:5:1, and the diagrams practically coincide with 
each other, it may be assumed that the inertia effects 
are absolutely negligible and need not be taken into 
account. 

The series of diagrams in Figs. 19 to 23 gives a very good 
idea as to the amount of power required to put over 
the helm at the various speeds of the ship. 

It is noteworthy that a series of complete observations, 
taken when the ship was at anchor, on Saturday, 
February 25, showed conclusively that the force to put 
over the rudder differed very little whether the rudder was 
put over slowly or quickly. It may, therefore, be assumed 
that the varying pressures of the rudder are independent 
of the slowness or quickness of the steering-wheel move- 
ment, and depend almost entirely upon the rate at which 
the ship is moving. Another factor which makes itself 
unmistakably felt, particularly in the case of a balanced 
rudder, is the whirl produced by the central propeller. 
This effect certainly influences the force required accord- 
ing as the helm is being moved over to the port or star- 
board side, making it easier in the present case to move 
the rudder from starboard to port than from port to star- 
board. ‘hus, diagrams Figs. 19 to 23 show clearly that 
the central positiun of pressure on the rudder is not when 


the rudder is in its middle position, but when the rudder | pe} 


is about 10 deg. to the starboard sice. 

From the data and observations obtained in the above 
manner, the forces required to move the rudder may be 
arrived at with tolerable accuracy. It may be mentioned 
in passing that the general nature of the hydraulic curves 
obtained correspond with those given in a paper by Mr. 
Maginnis a few years ago, which were obtained in a similar 
way.” In the present case, however, the pressures have 
been obtained, it is believed for the first time, for a number 
of different speeds of the ship, and also both going ahead 
and astern, and, asa result of this, Fig. 25 gives a curve 
which has been worked out for one particular case— 
namely, to bring the rudder from hard over on the port 
side to midships position. This curve appears clearly to 
show that the rudder is overbalanced, inasmuch as work 
has to be done to bring it back into the latter position. 
On the same diagram is also shown, in dotted lines, the 
work expended in overcoming friction. 

The forces required to move the rudder have now been 
ascertained, and it is possible to arrive at an approximate 
comparison of the work done by the steam as against the 
work done by the electric current, when the steam and 
electric gear are respectively employed. 

Before examining the results given by the steam indi- 
cator and ammeter diagrams, it must be pointed out that 
there is no appreciable friction due to the action of the 
hydraulic rams in the cylinders. This has been proved 
by having both steam and electric gear disconnected, and 
operating the rudder by the hand-steering arrangement 
shown in Figs. 5and6. This was done both with the 
ram connecting-rods attached and when they were discon- 
nected, and no appreciable difference could be detected 
in the effort required to move the hand steering-wheel. 
This absence of friction is no doubt eapely due to the 
fact that oil is used as the medium of hydraulic transmis- 
sion, which causes the working parts to be, at all times, 
under satisfactory working conditions. 

Steam-Indicator Results.—The steam-indicator diagrams 
were not taken in the usual way in which diagrams are 
taken, but while the ordinary indicator was employed 
(one of the MacInnes-Dobbie type) and the steam pres- 


sure taken in the usual way, the drum was con- 
nected directly to the rudder-head. A fresh diagram- 
card was u for each movement, so that there was 


no possible confusion in the diagrams, and the kind 
of record obtained is shown in Fig. 26. The object 
of this type of diagram for the particular purpose is 
obvious, since in the present case, when there is no lap 
or lead to the valve, the full.volume of steam is used in 
the cylinders for each revolution, there was no object 
in taking the usual indicator-card, but what is required 
to be known is the upper and lower limit of pressure, and 
the number of strokes taken. The diagram shown in 
Fig. 26 gives quite clearly the data required. From a 
number of such diagrams the steam pressures were taken 
out, which are shown compared with the electric power 
on Figs. 27 to 31, page 519. 

Electrical Measurements.—The current employed for 
the hydraulic gear was obtained from the turbo-generator 
system, which is employed for the lighting of the ship, 
for ceiving the fans, for forced Craught, and other pur- 
poses, The voltage is 100. As already stated, the 
electric shunt-wound motor employed was of 10 horse- 
power, supplied by Messrs. Siemens, and, as mentioned 
previously, this motor proved to be far larger than has 
ever heen required for actual steering. The loss in run- 
ning this motor idle is between 7 and 8 amperes, and, 
therefore, as the motor runs continually, this loss is very 
much greater than would be the case if a suitable motor 
were ten For recording the current, which was 
continually taken throughout all the experiments, a 
Siemensself-recording ammeter was used. In thisinstru- 
ment, instead of a pencil being used, the record is in- 





* Transactions of the Institution of Naval Architects, 
vol, xxvil. (1886) Plate XIV. 





scribed by a momentary spark, the chart being pierced 
by this spark immediately under the pointer. In this 
way the moving parts of this instrument have a very 
short period of oscillation, and are practically dead beat. 
The position of the pointer 7 corresponds with the 
amperes, at the moment of each spark recorded. The 
accuracy obtainable of this instrument is, therefore, far 
greater than could possibly be obtained with any form of 
pencil record, and it was clear from the records obtained, 
and the behaviour of the instrument, that it was doing its 
work in an admirable manner. The paper was moved 
continuously by means of clockwork, and continuous 
records were therefore obtained for the whole of the ex- 
periments obtained. From the nature of the records, 
they are not themselves suitable for reproduction, so that 
tracings of them have been made, samples of which are 
given on Figs. 32 and 33, representing a record at full 
speed ahead, and another at full speed astern. In each 
case will be seen the six movements given under the 
headings 1 and 2 of the wheel movements mentioned 
above, and are marked as follows :— 


(a) Midships to port. 
(b) Port to starboard. 
(c) Starboard to midships. 
(d) Midships to starboard. 
(e) Starboard to port. 
(f) Port to midships. 


If si permitted, the whole series of diagrams could 
have won examined in this paper, and the features 
analysed. For instance, in the example given, it will be 
seen that the influence, which has been previously pointed 
out, of the central propeller accounts for the respective 
ditferences between (a) and (d), (b) and (e), and (c) and (f) 
on the ahead diagram. On the astern diagram the nega- 
tive work at (a) and (d) can be distinctly seen in the drop 
ow the normal current. This latter point incidentally 
reveals the high efficiency of the gear, seeing that actual 
current can be restored through the pump and rams, and 
back to the electric motor. 

Comparative Effort Diagrams of the Two Gears.—In 
Figs. 27 to 31 are those in which the indicated steam 
pressures of the steam gear, and the mechanical effort of 
the motor of the ag een pr iarengs gear, and the resist- 
ance of the rudder have all been reduced to a common 
basis of comparison. These are plotted only for the 
case in which the rudder has been moved from port to 
starboard at the maximum speed of the steering-wheel 
movement.. Thecases given are 14 knots, 11 knots, and 
6 knots ahead, at anchor, and 5 knots astern. The 
horizontal scale in the diagram indicates the angular 
movement of the rudder, while the vertical scale shows 
the various quantities reduced of the torque in foot-tons 
at the rudder-head. 

These diagrams are chiefly useful as showing what is 
well known, though not hitherto shown in a similar way 
—viz., the great loss in friction which occurs with the 
use of worm and screw gear of the ordinary steering- 
gear. They also indicate the comparatively high mecha- 
nical efficiency of the electric-hydraulic gear. 

One final point may be noted—namely, the dotted line 
of electrical effort supplied to the motor, which shows 
that there is a continual loss of electric energy, due to 
the running of the motor itself; but this, as hus already 
been pointed out, would be uced, were the motor 
the proper size for its work ; and probably represents 
contiderably less loss of energy than is due to the con- 
densation and leakage of steam in the steam gear. 

The authors, in conclusion, wish to express their thanks 
for the assistance they have received in making the 
experiments recorded in this paper—first and foremost to 
Mr. H. Loefiler, M.A., not only for his great kindness 
in placing at their di 1 the steam yacht Albion for 
the purpose of the trials, but also for the keen personal 
interest which he displayed in the work. They also wish 
to thank Messrs. Siemens for the loan of the recording 
ammeter; Messrs. F. M. Russell and Co. for the loan of the 
Russell-Rankine recorder; Messrs. Crosby Steam hen 
and Valve Company for the loan of the special high- 
pressure hydraulic indicator, which was used throughout 
the hydraulic experiments ; Messrs. Day, Summers, and 
Co., of Southampton, who also lent the MacInnes indi- 
cator with which the steam records were taken. 

They were assisted in the trials—first and foremost by 
Mr. T. E. Beacham, B.Sc., who assisted in the prepara- 
tion for the trials and in the actual experiments, and com- 
piled and tabulated most of the data. In the actual 
experiments they received valuable assistance not merely 
from the captain, officers, and crew of the yacht, but also 
from Mr. Basil Joy, Secretary of the Institution of Auto- 
mobile ~ Mr. E. A. Holmes, M.I.E.E., of Messrs. 
Siemens Brothers, who supervised the working of the 
ammeter; and Mr. G. W, th, who kindly undertook 
the management of the experiments with the lag- 
recorder. 





ConTracts.—Messrs. Jens rs. tg 4 and Co., 94, 
Union-court, Old Broad-street. E.C., have recently 
booked orders for six Francis turbines, one ag patent 
turbine, two Victoria turbo-pumps, and for welded and 
riveted pipe-lines, for this country, New Zealand, Japan, 
and Mexico. ‘ 





Otp Frrrantians’ Dinner.—The dinner of old Fer- 
ranti men, at which Mr. Ferranti is to be the guest of the 
evening, will take place at the Trocadero taurant, 
Shaftesbury - avenue, London, W.C., on Saturday, 
— 29 next, at 7 o’clock for 7.30, Mr. C. P. Sparks 
will be in the chair. Further information in reference to 
the dinner may be obtained from the honorary secretary, 
Wasai E. Warrilow, ‘‘Selwyn,” Mildred - avenue, 

atford. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market opened with a very weak tone, and 
Cleveland warrants fell away in value. The turnover 
was small, and only consisted of 1000 tons at 47s. 5d. 
three months, and closing sellers quoted 46s. 9d. cash, 
47s. one month, and 47s, 54d. three months. In the after- 
noon the market continued quiet, and prices were a 
fraction easier. The dealings amounted to 2000 tons of 
Cleveland warrants at 46s. 84d. and 46s. 8d. cash, and at 
46s. 104d. one month, and at the close there were sellers 
at 46s. 84d. cash, 46s. 1ld. one month, and 47s. 5d. three 
months. The market was closed on the following day 
Good Friday—and op Monday, the latter day being Glas- 

w Spring Holiday. When business was resumed on 
Pecnday morning the market was very idle, and a flat tone 
— The business consisted of only one lot of Cleve- 
and warrants at 47s. 44d. three months, and closing quota- 
tions were 46s. 7d. cash, 46s. 10d. one month, and 47s. 4d. 
three months sellers. In the afternoon the market con- 
tinued quiet, but Cleveland warrants were the turn firmer, 
and 2500 tons changed hands at 46s. 64d. cash, 46s, 94d. 
and 46s. 10d. one month. Sellers’ closing prices were 
46s. 8d. cash, 46s. 11d. one month, and 47s. 4d. three 
months. When the market opened to-day (Wednesday) 
a steady tone prevailed, but business was quiet. The 
turnover consisted of two lots of Cleveland warrants at 
46s. 11d. one month, and closing sellers quoted 46s. 8d. 
cash, 46s. 1ld. one month, and 47s. 5d. three months. 
Hematite was quoted 63s. 9d. sellers, three months. In 
the afternoon the market became weak, and the only trans 
action was one Cleveland warrant at 46s. 6d. cash. Closing 
prices were 3d. down from the morning, and were 46s. 5d. 
cash, 46s. 8d. one month, and 47s. 2d. three months 
sellers. Hematite was weak, with sellers at 63s. 6d. and 
buyers at 62s. 6d. three months. The ee | are the 
market quotations for makers’ (No. 1) iron :—Clyde and 
Calder, 60s.; Gartsherrie, 60s. 6d.; Summerlee, 62s. 6d.; 
Langloan, 64s.; and Coltness, 82s. (all shipped at Glasgow) ; 
Glengarnock (at Ardrossan), 62s. 6d.; Shotts (at Leith), 61s. ; 
and Carron (at Grangemouth), 62s. 6d. 


Sulphate of Ammonia.—An easier tone prevails in the 
sulphate of ammonia market at the present time, and the 
strong demand has somewhat fallen off. The current 
price for lots for prompt delivery, Glasgow or Leith, is 
now 13/. 17s. 6d. per ton, which shows a decline of 
12s. 6d. per ton from the highest point of this year. The 
amount shipped from Leith Harbour last week was 670 
tons. 


Scotch Steel Trade.—During last week the state of 
affairs in the Scotch steel trade was not so good, but con- 
ditions are a shade better this week. Specifications for 
ship-plates are rather more plentiful, and some improve- 
ment has also taken place in the demand for boiler-plates, 
but angle-makers complain of a scarcity of orders. In 
light steel the demand has fallen off considerably, both 
for home requirements and for export, and similar con- 
ditions prevail in the demand for structural material, 
although in the latter connection there are signs of an 
improvement in the near future. 


Malicable-Iron Trade.—The recent reduction in prices 
in the malleable-iron trade of the West of Scotland has 
not had the much-desired effect of improving the con- 
dition of the industry ; but although some good has been 
done, the majority of the establishments are still working 
a reduced number of shifts. The competition from 
Continental makers is exceedingly keen, and large 
deliveries are ccming into this district at very low prices. 
_ local rates are based on 6/. 10s. per ton for crown 

rs. 


Scotch Pig-Iron Trade.—There has been little change 
in the Scotch pig-iron trade of late, and almost all qualities 
of iron for the home market are in very poor demand. 
The number of inquiries from consumers in mag has 
been smaller, due, no doubt, to the Easter holidays, but 
— orders are nominally satisfactory. The position 
of hematite has undergone no change, and there is an 
absence of demand. ucers are quoting 68s. 6d. per 
ton, but even at that figure only small lots are being 
dealt in. 

Shipbuilding.—The Scotch shipbuilding industry at the 
present time is in a fairly healthy condition, especially on 
the Clyde, and employment generally is __ Order- 
books are well filled, But new contracts are still being 
added. The Greenock and Grangemouth Dockyard 
Company, Limited, have received an order to build 
a steamer of 2000 tons dead-weight carrying capacity 
for the carri of coal in the Australian trade. 
This vessel, which will be built at the Grangemouth 
yard, will be about 230 ft. long, and will have a 
8 of 11 knots.—Messrs. William Beardmore and Co., 

imited, Dalmuir, have secured another order for 4 
steamer of 8000 tons for the Adelaide Steamship Com- 
pany, Limited.—Messrs. George Brown and Co., Limited, 
Greenock, have contracted to build two small coasting 
steamers for Live 1 owners. Messrs. Gauldie, Gil- 
lespie, and Co., Glasgow, are to supply the necessary 
machinery.—Messrs. R. Duncan and Co., Port Glasgow, 
have received an order from Messrs. W. 8. Miller and 
Co, G w, for a single-deck steamer of 6400 tons 
dead-weight carrying capacity. 


Institution of Engineers and Shipbuilders in Scotland.— 
The annual general meeting of the Institution of Kng!- 
neers and Shipbuilders in Scotland was held in the hal! 
of the Institution, Elmbank-crescent, Glasgow, last night 
(Tuesday). The office-bearers for sessions 1911-14, nom- 
nated at the previous meeting, were duly elected, and 
the adjourned discussion of Mr. Thomas B. Mackenzie's 
paper on “Means for Economising Fucl and Utilising 
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Waste Heat in Malleable-Iron and Steel Works” was 
afterwards concluded. A paper by Mr. Robert Boyle on 
“ Large-Power Fitting-Out Cranes, with Special Refer- 
ence to Electric Revolving Cantilever Cranes, ” was then 
read and discussed. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Moulders’ Dispute.—Some concern was caused by the 
action of the moulders employed at the works of Messrs. 
Edgar Allen and Co., Limited, who, a short time ago, 
handed in their notices as a protest against the employ- 
ment of a non-union workman in the moulders’ shop. 
Apparently this was done without the sanction of their 
union, for the notices have now been withdrawn pending 
a conference with the employers on the subject, and it is 
confidently hoped the matter will be amicably settled, 
and thus avoid an unpleasant deadlock detrimental to the 
interests, not only of masters and men, but of trade 
generally. 

South Yorkshire Coal Trade.—In view of the holidays, 
the industrial demand for hard coal was much greater, 
and is largely responsible for the fact that last week 
showed a great improvement in the trade. There was 
also a bigger inquiry for shipment. Oollieries have 
disposed of most of their stocks. There have been larger 
deliveries of gas-coal under contracts. The holidays 
have had a good effect upon the demand for slacks. 
Coking smalls have been selling well. The house-coal 
dépéts were closed from Friday to Tuesday, but prior to 
the holiday they had been doing good business. Orders 
at collieries increased through an accession of inquiries 
from the London merchants, and some of the pits are 
remarkably busy for the period of the year. There were 
a good many orders on hand upon which work was com- 
menced as soon as the pits re-opened. No coal exchange 
was held in Sheffield last Friday. Prices have been firm] 
held, and the following quotations rule :—Best branc 
hand-picked, 13s. 6d. to 14s. 6d. ; Barnsley best Silkstone, 
12s. to 13s. ; Silkstone, 10s. to 11s. ; Derbyshire brights, 
lls. to 12s. ; Yorkshire hards, 9s. to 10s. 6d.; Derbyshire 
hards, 8s. to 9s, ; washed nuts, 7s. 9d. to 8s. 9d. ; rough 
slacks, 5s. 3d. to 7s.; best seconds, 3s. 6d. to 4s. 9d.; 
smalls, 1s. to 2s. 3d. 


Tron and Steel.—During the last few days it was hardly 
to be expected that much business would be done in the 
iron market, and the resumption of work after the holi- 
days sees things in much the same position. There is a 
certain amount of optimism, however, in regard to the 
immediate future, and though quietness continues to rule 
in this district, it is stated that in some of the other iron- 
producing areas the outlook is more cheerful. On the 
other hand, it is evident from their attitude that many 
buyers anticipate a further fall in prices. The market 
generally may be said to be suffering from over-production. 
Bar-iron works are fairly weil employed, and there is 
better work in the various kinds of finished iron. Scra: 
is very quiet. The position of the iron market has h 
a certain effect upon the steel industries, and buyers are 
showing a disposition to maintain their attitude of aloof- 
ness. There has been a falling off in some of the overseas 
exports of steel, but the Continental and Colonial in- 
quiries are very considerable. There is not much change 
in the heavy trades generally. The big steel firms, in- 
cluding the armament houses, are so busy that they 
resumed work again on Tuesday, after only the one 
holiday. The rolling-mills are well occupied. The 
output of tools of all kinds, machine knives, and agricul- 
tural implements remains at a high figure. Work has 

n increasing satisfactorily amongst file-manufacturers, 
though they are not yet full up of orders. 








PERSONAL. — Messrs. Marks and Clerk, chartered 
poe agents, London, Manchester, and Birmingham, 
nave appointed Messrs. Gill and Chaviara, consulting 
engineers, Scottish Provident Buildings, 25, Castle-street, 
Liverpool, their representatives for Liverpool and dis- 
trict. 





DreADNOoUGHTS.—In answer to Mr. Ashley, Dr. Mac- 
namara, in the House of Commons on the 19th inst., 
said :—The first contract-built battleship of the Dread- 
nought type to be built under a contract period of two 
years was the Superb, delivered on May 24, 1909, with a 
displacement tonnage of 18,600 tons. he next contract- 
built ship coming within this category was the Vanguard, 
delive: on February 28, 1910, with a displacement 
tonnage of 19,250 tons. The displacement tonnage for 
the latest Dreadnought ships now building has not yet 
been published. In reply to Mr. Kellaway, Dr. Mac- 
namara said :—For the Dreadnoughts already completed 
the following are the particulars asked :— 


Average Cost 
Tonnage. o- of Total 
isplacement. 
Dockyard-built :- — ” £ 
Dreadnought. . - 17,900 99.8 
Bellerophon is am ms 18,600 94.8 
Téméraire.. : - 18,600 93.7 
St. Vincent .. = 19,250 89.4 
Collingwood .. sie = 19,250 87.1 
Contract-built :— 
Superb. a im a os 18,600 89.2 
Vanguard... a 19,250 83. 


I have no f advised my hon. friend that any compari- 
son institu between the cost of dockyard-built ships 
on the one hand and contract-built ships on the other is 
subject to the reservation that the of cost are 
not precisely identical. This comment particularly 
applies to the items included under the looding of 
indirect charges, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The market was re-opened 
to-day after the Easter holidays, but very few people 
attended Change, and business was tically at a stand- 
still. Buyers and sellersalike were backward, and values 
of Cleveland pig dropped below what has ruled for the 
meg two years. No. 3 g.m.b. became 46s. 74d. f.o.b.; 

o. 1 was on sale at 50s.; No. 4 foundry and No. 4 forge 
were each 45s. 10}d.; and mottled and white iron each 
45s. 44d.—all for early delivery. There was nothin 
ed in East Coast hematite pig iron, offers to 

os. 1, 2, and 3 at 63s. for early delivery failing to draw 
buyers into the market. Foreign ore was still idle. Average 
furnace coke was on sale at 15s. 3d. delivered here. 


Manufactured Iron and Steel.—Nothing new of moment 
can be reported concerning the various branches of the 
manufactured iron and steel industries. Several depart- 
ments are kept busy on contracts made.some time ago, 
but in other branches slackness is noticeable. Orders are 
very scarce. Common iron bars are 7/.; best bars, 7/. 7s. 6d.; 
best best bars, 7/. 15s. ; packing-iron, 5/. 15s.; iron ship- 
plates, 61. 12s. 6d.; iron ship-angles, 7/.; iron ship-rivets, 
71. 5s. to 7l. 7s. 6d.; iron’ boiler-plates, 7/. 7s. 6d.; steel 
bars, 67. 5s.; steel a wre 61. 15s,; steel ship-angles, 
6l. 7s. 6d.; steel boiler-plates, 7/. 10s.; steel strip, 6/. 10s. ; 
steel hoops, 6/. 12s. 6d. ; cast-iron railway chairs, 3/. 12s. 6d. ; 
light iron rails, 6/. 10s.; heavy steel rails, 5/. 12s. 6d.; steel 
railway sleepers, 6/. 10s.; and iron and steel galvanised 
corrugated sheets, 10/. 15s.—sheets less the usual 4 per 
cent., railway material net, and all other descriptions less 
24 per cent. 


Iron and Steel Shipments.—Shipments of pi iron are on 
a very satisfactory scale. To date this month they average 
5343 tons per working-day, as compared with a daily 
average of 5 tons to the same date last month, and 
5162 tons for the corresponding part of April last year. 
Manufactured iron shipped to date this month averages 575 
tons per working-day, and steel 807 tons per working-day. 








THE Rattway AccIpDENT NEAR WyrE Dock, FLEET- 
woop.—The conclusion arrived at by Lieut.-Colonel E. 
Druitt in his report to the Board of Trade on the acci- 
dent which occurred near Wyre Dock, Fleetwood, on 
February 15, is that this breakdown was due to the 
failure of an engine spring. The place at which the acci- 
dent happened is on the Lancashire and Yorkshire and 
London and North-Western Joint Railway, the line being 
on a curve of 52 chains radius, and running on a low 
embankment. The passenger train was being worked 
by a four-coupled radial tank engine, running bunker 
first, and the engine and leading coach fell over the 
embankment. Examination after the accident showed 
that the trailing coupled axle Jeft-hand spring and 
the spring of the right-hand driving-wheel were not in 

lace. The former was found under the engine, but the 
atter was altogether missing, and, according to the report, 
was not subsequently found: The cause of the accident 
is attributed to the loss of this spring. 





Tue JuBILEE MEETING OF THE INSTITUTION OF NAVAL 
ArcHITEcTSs.—The jubilee meeting of the Naval Archi- 
tects, of which the preliminary programme has just been 
issued, promises to be worthy of the splendid position 
— by the Institution in past years, and to signalise 
the a ae of work in an appropriate way. It will be 
remembered that the meeting was postponed last year 
owing to the death of King Edward, and the same reason 
has involved a change in the honorary oe ap 
King George (then Prince of Wales) had kindly con- 
sented to open the International Congress, and, 
according to the revised programme, this duty now 
devolves upon H.R.H. the Duke of Connaught, who 
will inaugurate the Congress in the Connaught Rooms, 
Great Queen-street, near Kingsway, in the fore- 
noon of ‘luesday, July 4. On the preceding evening a 
reception will be held at the Royal United Service 
Institution. On the afternoon of Tuesday there will be 
an official visit to the Coronation Exhibition at Shep- 
herd’s Bush, and in the evening a reception by the Right 
Hon. Lord Brassey, Past-President of the Institution. 
On Wednesday, Thursday, and Friday following, ses- 
sional meetings will be held for the reading and discus- 
sion of papers, between 11 a.m. and 1 p.m., in the Halls of 
the Institution of Civil Engineers and the Institution of 
Mechanical Engineers. The titles of the papers are not 
yet announced, but, to judge from the list of authors, 
these promise to be of exceptional variety and interest. 
The programme, Mr. Dana in his circular points out, 
will include papers contributed by Admiral Sir Cyprian 
Brid G.C.B., Sir Andrew Noble, Bart., ROB. 
Sir William H. White, K.C.B., Sir ——. K.C.B., 
the Hon. C. A. Parsons, C.B., Mr. 8S. W. Barnaby, Mr. 
8S. J. P. Thearle, D.Se., Mr. C. E. Ellis, Colonel G. 
Russo (Italy), Admiral Kondo, IL.J.N., Mr. Uchida, 
Count Shiba, and Professor Terano(Japan), Dr. O. Schlick 
and Professor Flamm (Germany), Professor A. Rateau 
(France), and Mr. J. Johnson (Sweden). The afternoons 
and evenings of the three days will be devoted to various 
excursions, &c. Thus on Wednesday afternoon a visit is 
to be paid to the Empire Festival at the Crystal Palace, 
and in the evening a festival concert will be given at the 
Queen’s Hall, at which the Leeds Festival Chorus will be 
the chief attraction. On Thursday afternoon the National 
Physical Laboratory is to be inspected, and in the evening 
there will be a banquet to the delegates and representa- 
tives at the Connaught Rooms, Great Queen-street, 
Kingsway. On Friday afternoon there will be a river 
trip down the Thames, to visit the docks and shipping of 
the Port of London. 








NOTES FROM THE SOUTH-WEST. 


Cardif.— Business has, of course, been a good deal 
interrupted by the Easter holidays. For loading in the 
latter part of April colliery owners, with g orders, 
have been asking firm prices ; buyers, on the other hand, 
are waiting for the easier conditions which they hope to 
obtain. The best large steam coal has been quoted at 
17s. to 17s. 6d. ton, while secondary qualities have 
ranged between 15s. 3d. and 16s. 9d. per ton ; best bunker 

10s. to 10s. 6d.; and cargo smalls, 9s. to 9s. 3d. per 
ton. The house-coal trade has not shown much activity ; 
the best ordi ualities have been quoted at 14s. 6d. 
to 16s. 6d. ; No. da large at 17s. to 17s. 6d. ; and 
smalls at 10s, 6d. to lls. per ton. No, 2 Rhondda large 
has brought 12s. 6d. to 13s.; and smalls, 8s. to 8s. 6d. per 
ton. Patent fuel and coke have been about stationary ; 
foundry coke has brought 19s. to 21s., and furnace ditto, 
16s, 6d. to 17s. 6d. per ton. As regards iron ore, Rubio 
has made 21s, 6d. to 22s. per ton, upon a basis of 50 per 
cent. of iron, and charges, including freight, insurance, 
&c., to Cardiff or Newport. 


The Swansea Valley.— Some of the local collieries closed 
down on Friday for the Easter holidays, and in some 
instances on not re-start work until yesterday 
(Thursday). ork has been tolerably regular in the 
steel trade, but some furnaces have m stopped for 
periodical ny Smelting factories have been well 
employed, and an additional furnace has been lit at the 
Upper Bank works. Two furnaces are being constructed. 


Water for the Rhymney Valley.—The Rhymney Valley 
Water Bill has now reached the stage of ‘‘ second reading,” 
and will no doubt shortly come before the Committees. 
The Bill is promoted by the Urban District Councils of 
Gelligaer, rphilly, and Mynyddislwyn, the object of 
the Bill being to provide a supply of water for the future 
requirements of the Rhymney Valley, and to acquire the 
existing water undertakings in the valley. The scheme 
provides for the formation of a Water d consisting 
of nineteen members elected by the seven district councils 
which lie within the limits of supply, the area of the 
latter amounting to 66.2 square miles. In addition to 
the purchase of the existing undertakings, the new Water 

rd, acting on the advice of their engineers, Messrs. 
Willcox, Raikes, and Reed, of Westminster and Bir- 
mingham, propose to construct additional works involv- 
ing an estimated expenditure of 515,000/. These works 
include an impounding reservoir on the Taf Fechan, 
about 24 miles north of Dowlais, having a capacity of 
2859 million gallons, with the necessary mains, service 
reservoirs, filters, and subsidiary works. 





Tue British AssociatTion.—Invitations to the eighty- 
first annual meeting of the British Association, to be 
held under the presidency of Sir William Ramsay, 
K.C.B., F.R.8., at Portsmouth, from Wednesday, 
August 30, to Wednesday, September 6, are being issued 
by the local committee. The chairman of the local 
executive committee is the Mayor of Portsmouth, Mr. 
T. Scott Foster ; the honorary local secretaries are Mr. 
G. Hammond Etherton, Town Clerk, and Mr. A. Mearns 
Fraser, M.D. Among the places of scientific and general 
interest in the neighbourhood of Portsmouth the invita- 
ticn circular mentions the Royal Dockyard, the Gunnery 
and Torpedo Schools, and the Submarine Dépdt. It 
may therefore be presumed that certain facilities for 
visits to these institutions will be given. The Pr sidents 
of the Sections whose proceedings we have been accus- 
tomed to notice in icular will be Professor H. H. 
Turner, F.R.S. (A, Mathematical and Physical Science) ; 
Professor J. Walker, F.R.S. (B, Chemistry); and Pro- 
fessor J. H. Biles, LI..D. (G, Engineering). Intending 
members should apply to the Assistant Secretary of the 
British Association, Burlington House, Piccadilly, W. 





So_pER FoR ALUMINIUM JoINTs.—A new solder for 
alominium has recently been placed on the market by 
the Vacuum Sapneenng onan , Limited, 24, South 
Molton-street, London, W., which appears to answer 
admirably for making joints between different pieces 
of aluminium, aluminium and iron, and aluminium 
and brass or copper. A special flux is ured which 
is in the form of a white powder, and which has the 
interesting property of producing, in light articles, a 
secure joint without the aid of additional solder, the flux 
itself containing the ingredients necessary to make the 
two pieces of aluminium unite. In the case of heavier 
pieces, however, it is necessary to use solder in addi- 
tion to the flux. The flux melts at a comparatively low 
temperature, and appears to clean the surface of the 
aluminium, and to form a sufficient quantity of metal 
upon it to take the place of tinning. The joints can be 
made by means of a Bunsen or blow-pipe flameas well as 
by an ordinary copper-soldering bit. The solder melts 
at a temperature slightly above that of the flux. It 
appears to be well suited for making joints in stranded 
cables, as these can be sweated up solid by pouring the 
solder through the joint, as in the case of a copper joint. 
We have seen some of these joints cut through, and they 
appeared to be perfect. In appearance the solder looks 
very much like ordinary solder, and makes a very strong 
joint. Two pieces of thin sheet aluminium which we saw 
soldered together by the flux alone we tried to separate by 
placing one piece in a vice and pulling hard on the other 
piece by the aid of a pair of pliers. The result was that the 
sheet aluminium itself gave way, and not thesolder. In 
another similar piece the solder did partly give way. We 
are informed that this solder does not corrode, and that 
two pieces of aluminium strip soldered together and 
placed in London tap-water some months ago show no 
signs of corrosion at the joint. 
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THE BROTHERHOOD-REES ROTURBO BOILER-FEED PUMP. 
MESSRS. PETER BROTHERHOOD, LTD., PETERBOROUGH, AND THE REES ROTURBO MANUFACTURING O0., LTD., WOLVERHAMPTON. 
(For Description, see Page 528.) 
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auditors for the year. Students’ Meeting, Friday, 
April 28, at 8 p.m.: Lecture on “ The Commercial and Technical 
Relations of ngiveering Design and Work,” by Mr. T. Frame 
Thomson, M. Inst. C.E. Sir James C. Inglis, Past-President, will 
occupy the chair. Members of all classes of the Institution are 
invited to attend this lecture. Students’ Special Visit, Friday, 
May 5, to the Locomotive Works of the ndon and South- 
Western Railway, Eastleigh. 

THE INSTITUTION OF MECHANICAL ENGINEERS.—Tuesday, April 25, 
at 8 p.m., at Storey’s-Gate, Westminster. The second lecture to 
engineers on ‘‘ Steel,” by Dr. Walter Rosenhain, of the National 
Physical Laboratory. Chairman, Mr. W. Gowland, F.R.S., Emeritus 
Professor of Metallurgy at the Royal School of Mines. Friday, 
April 28, at 8 p.m.: Papers to be read and discussed :—‘‘ Gas- 
Producers,” by Mr. J. Emerson Dowson, Member, of London. 
“The Effect of Varying Proportions of Air and Steam on a Gas- 
Producer,” by Mr. E, A. Allcut, M.Sc., Graduate, late Bowen 
Research Scholar, University of Birmingham. The Anniversary 
ae, will be held at the Hotel Ceci London, on Thursday, 
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as Rovat Society oF Arts.—Wednesday, April 26, at 8 p.m. 
“The Production and Identification of Imitation and artificial 
Gems,” by Mr. Noel Heaton, B.Sc., F.C.S. Thursday, April 27, 
at 430p.m. Indian Section: ‘‘The Trend of Mineral Develop- 
ment in India,” by Sir Thomas Henry Holland, K.C.1.E., D.Sc., 
F.R.S. Sir Arundel T. Arundel, K.C.8.I., will preside. 

Tue INSTITUTION OF ELRcrRicaL ENGINEERS. — ursday, April 27, 
at8 p. m. ** Battery Economics and Battery Discharge Arrange- 
ments,” by Mr. A. M. Taylor, Member. 

Tas PuysicaL Socisty or Lonpon. —Friday, A 
at the Imperial College of Science, a 
South Kensington. Agenda: 1. “ High-Tensio 
Wattmeters,” by Professor Ernest Wilson. 
netic History as Affected by Tem 
Wilson and Mr. L.C. Budd. 3. “ 
descent Lime Cathodes,” by Dr. R. 8. Willows and Mr. T. Picton, 
M.A. 4. “Onthe Formation of Dust Striations by an Electric 
Spark,” by Dr. S. Marsh and Mr. W. H. Nottage, B.Sc. 

Tux Royat Instrrvrion or Great Britain.—Friday, April 28, at 
9p.m. Professor W. M. Flinders Petrie, D.C.L., Litt.D., LL.D., 
F.R.S., F.B.A., on ‘‘ The Revolutions of Civilisation.” Afternoon 
lectures next week at 3 o’clock. On Tuesday, April 25 : (1) “‘ Cardinal 
Manning,” by Mr. J. E. ©. Bodley. On Thursday, April 27 : 
‘*The Optical Properties of Metallic Vapours,” by Professor R. W. 
Wood, LL.D. (Lecture L.). (The Tyndall lectures. ) On Saturday, 
April ’29. (1) “ John Ruskin, or the Seer and Art,” by Professor 
Selwyn Image, M.A. 
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STRESS-LINES AND STREAM-LINES. 
PHILOSOPHERS, we believe, admit that the argu 
ment from analogy is the most conclusive of all 
arguments, provided only that the existence of 
analogy can itself be proved, and argument from 
analogy has undoubtedly been the basis of the major 
portion of the great advances made in physics during 
the past 150 years. Indeed, there were not a few 
physicists and chemists, particularly on the Con- 
tinent, who for long refused to consider the atomic 
theory of Dalton as more than a mere analogy. 
Substances, it was admitted, behaved as if they 
were built of the supposititious atoms, but the 
theory, nevertheless, was held to be a mere work- 
ing hypothesis ; its effectiveness in rendering intel- 
ligible chemical and physical phenomena being 
regarded as little more than accidental. Now, 
however, that measurements have been made on 
individual atoms, as in the very striking researches 
: Thomson recently gave a 
description at the Royal Institution, the view that 
the atomic theory is merely a useful practical 
formula for operating on Nature appears hardly 
sustainable any longer. Nevertheless, the theory 
for a considerable proportion of its useful life could 
not, in strictness, be considered as doing more than 
providing an analogy by means of which the nature 
of chemical change and the intimate constitution of 
a gas could be more or less successfully pictured. 
The method of argument by analogy, indeed, is 
an exceedingly seductive one, and often very 
rolific of important results. For success in the 
hater: neue it is, however, essential that the 
analogy rognail be a sound one, and if further 
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perfection, and it is, perhaps, not surprising that 
those who saw in Professor Hele-Shaw’s beautiful 
experiments on stream-lines a simple means of 
solving complicated problems in stress distribution, 
should be hard to convince that whatever the 
analogy which may subsist between stream-lines 
and stress-lines, it is far too remute in character to 
serve any useful purpose in practical engineering. 

A glance at the stress-lines mapped out by Pro- 
fessor Coker, and exhibited at the recent meeting of 
the Institution of Naval Architects, is undoubtedly 
most suggestive of a series of equipotential lines 
and stream-lines. In fact, it is ible to go farther, 
and admit that it is theoreti y possible to obtain 
a set of stream-lines which will nt serncces point by 
point with the stress-lines pertaining to a specimen 
under however complicated a system of loading, so 
that, in a sense, a close analogy does indeed exist 
between stream-lines and stress-lines. 

In practice, however, it is impossible to make any 
effective use of this correspondence, and for this 
reason : If a body—say a strip of metal—is loaded 
along its edges, a certain system of stress-lines will 
be developed in the body of the sheet. In general, 
however, the stream-lines corresponding to these 
stress-lines cannot be developed in the hydraulic 
analogue by feeding in and abstracting fluid at the 
edges of the strip only. To obtain the set of 
stream-lines which will correspond, to the actual 
stress-lines, it is, in general, necessary to provide 
an elaborate system of ‘‘ sources” and ‘‘sinks ” 
within the body of the specimen. At each of 
these sources fresh fluid must be fed in, whilst at 
the sinks a due proportion of the flow has to be 
subtracted. 

As stated, such a provision of sources and sinks 
is, in general, necessary, but there are a few simple 
special cases in which they may be omitted—at 
least, if what is required is merely the direction, 
and not the intensity, of the principal stresses, 
The simplest of such cases is a bar under uniform 
tension. Here the stress-lines are obviously 
respectively parallel to, and at right angles to, the 
axis of the bar, as will be also the stream-lines and 
equipotential lines, if a current is fed in uniformly 
at one end and abstracted at the other. In this 
case ‘‘ internal” sources and sinks can be dispensed 
with, but the hydraulic analogy, though adequate, 
is useless, since the direction and nature of the 
principal stresses are already known. 

If, instead of a bar being under uniform tension, 
it is subjected to a pull at each end, so distri- 
buted that it varies uniformly from zero at the 
one edge to a maximum at the other, we have 
the case of a bar subjected to uniform bending, 
such as arises in the middle of a weightless bar 
resting on two supports, and overhanging them, 
and loaded at the overhanging ends. In aa a case, 
as is known from the ordinary theory of bending, 
the stress is similarly distributed over each section 
of the bar which lies between the two supports. 
There is no equalisation of the stress. If the span - 
between the supports is 10in., then if the maximum 
stress at the support is 10 tons per square inch, it 
will also be 10 tons per square inch at mid-span, 
and the stress-lines are thus a system of unequally- 


8 lines running from end to end of the s 
parallel to the neutral axis. The corresponding 
system of stream-lines cannot, however, pro- 


duced by feeding in and subtracting current merely 
at the ends of the bar. In fact, however the 
current is fed in at these points, it will adjust itself 
so as to be very nearly uniformly distributed by 
the time it reaches the centre of the bar. Hence 
to get a system of stream-lines ap a ssgracing to 
the stress-lines even in this very simple case, it 
would be necessary to feed in an mes for rns current 
at points all along the faces of the specimen. 

he experimental difficulties attendant on such 
an operation would be sufficiently appalling per se, 
but it has further to be noted that ti e magnitude 
and distribution of the sources and sinks necessary 
could only be determined after the stress distri- 
bution had been calculated, in which case the 
hydraulic experiment would be useless. 

It will be obvious that the provision of sources 
and sinks at points in the body of the specimen is 
really equivalent to introducing into the hydraulic 
problem, flow in three dimensions, so that Professor 
Coker is absolutely correct in his contention that 
‘in general the problem of stress distribution has 
no complete analogy in plane hydro-dynamics.”’ 
Many workers have failed to realise this, and 
believed that it was possible to determine the 
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and stream-lines which resul from a similarly 
distributed system of ‘‘ edge” feeders and sinks. 
That this very comprehensive view is totally 
erroneous will be at once apparent from a con- 
sideration of the problem of the beam under uniform 
bending, which has already been discussed above. 
That the supposed analogy was of a less catholic 
character than had been often assumed has, however, 
been realised by other experimenters, who have 
contended, nevertheless, that a. direct comparison of 
the stream-lines and stress-lines was passible in 
the limited class of cases in which the strains are 
‘‘irrotational.” If a strain is irrotational, then, if 
an ellipse of stress is drawn for any point of the 
material under strain, the direction of the major 
axis of this ellipse is constant whatever the intensity 
of the strain. This condition is an exceptional one. 
In general, an increase of stress alters not merely 
the size of the ellipse of stress at any point, but 
also the direction of its principal axis. Where, 
however, the stress is irrotational, the equations 
for the displacement of a point from its original 
position are prper 4 the same as those relating 
to the flow of a perfect fluid. In a paper read at 
the York meeting of the British Association, 
Professor J. Smith noted this fact, and concluded 
that im such cases the direction of the lines of 
displacement coincided with the direction of the 
principal stresses, and consequently with the lines 
of flow of a fluid having ‘‘ sources ” and ‘‘ sinks” at 
the ends of the specimen only. He recognised that 
the coincidence could be in direction only, since the 
displacement of any point of a bar under end traction 
increases with the distance from the origin. On the 
other hand, the flow of a current under the condi- 
tions stated is constant across any given cross-section, 
so that a really complete analogy between the lines 
of displacement and the lines of flow does not sub- 
sist. fa order that the hydraulic flow should be an 
exact representation of the displacement in a bar of 
uniform section under uniform tension, it would be 
necessary that a continuous system of sources should 
be supplied all the way down the bar, so as to keep 
the current at any point, oo to the distance 
from the origin, just as the displacement is. Hence 
even in the simplest possiblecase the analogy claimed 
by Professor Smith did not extend to more than 
the direction of the principal stresses. Assuming 
that this limited correspondence would hold in 
more complicated cases, he applied Professor Hele- 
Shaw’s method of mapping stream-lines to the 
determination of the direction of the stresses in a 
ship’s deck — by various openings, and sub- 
jected to end tractions. As Professor Hele-Shaw 
pointed out at the last meeting of the Institute 
of Naval Architects, this contention passed un- 
challenged at the meeting, although some eminent 
mathematicians were present. This is true, ‘‘and 
ity ‘tis ‘tis true.” Indeed, one speaker in the 
iscussion declared that the paper constituted an 
admirable example of the usefulness of higher 
mathematics to the engineer, and the only adverse 
criticism brought forward was that the method was 
inapplicable in cases where the strains exceeded 
the elastic limit. It is, however, exceedingly 
difficult to grasp the full bearings of a paper of the 
character in question merely from hearing it read. 


Such — really require some hours’ careful’ 


study, but the British Association does not pub- 
lish such papers in advance of the actual meeting. 
The eminent mathematicians apparently did not 
take the trouble to study the paper, or they would 
have seen that the direction of the displacement 
in the case of irrotational strain—that is to say, 
the direction of the analogous stream-lines— 
coincides with the stress-lines only when a certain 
relation subsists between the displacements lel 
to the principal axis of the specimen and those at 
right angles thereto.* This relation shows that if 
the displacement is a function of more than one 
co-ordinate, then, if the displacement along one 
co-ordinate is zero at any point, so, in general, 
must be that along the other, and this condition 
was not satisfied in Professor Smith’s experiment. 
A still more fundamental objection to these 
experiments is, however, to be found in the fact that 
though Professor Smith’s argument was based on 





* When the strain is a function of two co-ordinates, 
the condition that the lines of displacement shall coincide 
with the lines of principal stress may be written 

ut= vf (y) — of 
where u denotes the displacement in the direction of 2 ; 
v, that in the direction of y; whilst f(y) is an arbitrary 
function of y. 
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‘* edge tractions,” by determining the equipotential 





the assumption that the stresses were irrotational, 
the cases to which he actually applied it were cases 
in which this condition is not satisfied. 

Thus the stresses round an opening in a ship’s 
deck must be much the same in general character 
as those round a rivet-hole in a specimen such as 
that experimented on by Messrs. Wilson and Gore, 
and described by the former at the discussion on 
Professor Coker’s paper. A diagram showing a 
number of ellipses of stress in the neighbourhood 
of the hole was exhibited at the meeting, and is 
reproduced on page 515 in this issue. If the stress 
were irrotational, then, however it varied in inten- 
sity, the direction of the major axis of these ellipses 
would remain unchanged. A glance at Mr. Wilson’s 
diagram is sufficient to suggest that this invaria- 
bility of direction is, to say the least, extremely 
improbable ; and Messrs. Wilson and Gore have 
been good enough to examine for us their original 
negatives for evidence of rotation, and have found 
several cases in which the direction of major axis 
changed by fully a degree between full load and no 
load. None of the spots investigated were close to 
the edge of the hole, where the amount of rotation 
would naturally be a maximum. Indeed, it is easy 
to show on elementary principles that the stresses 
round the opening in a ship’s deck cannot be really 
irrotational. 

Obviously, under the stress, a round hole will 
deform, becoming elliptical. Now, by an elemen- 
tary principle the major axis of an — of stress, 
if at a point on the free boundary of asurface, is 
always a tangent to this surface. Hence, if the 
hole pulls out into an ellipse, a point—A, say, on 
the edge of the hole—will be displaced to a point B 
on the edge of the deformed hole, but the tangent 
at A to the undeformed hole will not in general be 
— to the tangent at B to the deformed hole. 

ence the stress is not irrotational, and there is 
thus no direct analogy between the lines of dis- 
om pry and the stream-lines in the neighbour- 

ood of the edge of the hole. 








THE RAILWAY CLEARING-HOUSE 
RULE 55. 

Tue subject of Rule 55 of the working rule-book 
of the son who are parties to the Railway 
Clearing-House has again been raised by Lieut.- 
Colonel Druitt’s report to the Board of Trade on 
the fatal accident which occurred on January 23, 
when a passenger train ran into a stationary 
mineral train near Pontypridd, on the Taff Vale 
Railway. This accident was primarily due to some 
irregularity in block-working, which is not alto- 
gether elucidated in the Inspector’s report. This 
particular point has less interest at the moment 
than some others in the report, for the regulations 
for the block system are quite clear as to the proper 
working. There appears to have been confusion on 
the part of the signalmen involved, and the 
Inspector points out that the two-position indicator 
instruments in use at the place where the accident 
occurred do not give, necessarily, an efficient check, 
as the normal position for such an indicator shows 
‘*train arrived,” though the instrument may not 
have been worked. 

In the case of this accident it is ible that 
disaster might have been averted if Rule 55 had 
been expeditiously attended to. This rule, as we 
recently pointed out, is somewhat indefinite in 
its requirements that the fireman or guard of a 
train standing at a home, starting, or advance 
signal should proceed to the box to remind the 
signalman of their ition. In this case the 
driver knew that a train had just been let on to the 
road ahead of him, and would take some 4 minutes 
to clear the section. He could not therefore have 
expected to get a clear signal for that time. After 
a rather longer wait in this instance, the fireman 
proceeded to the box, but was delayed in going, 
owing to a train passing. When the man had 
explained his presence at the box to the signalman 
on duty, time was so short that the accident was 
practically inevitable. 

The extreme value of some check of this kind 
has been brought out clearly both by this acci- 
dent and by that on the Midland, which occurred 
about a month previously, but it is also manifest 
that less fallible means should, if possible, be 
found of acquainting the signalman with the 
necessary information. As we have pointed out 
before, electric checking is one of the best means of 
doing this. The trouble, of course, is in anticipating 
the event, so to speak, and in finding out at what 
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laces checks of this nature should be installed. 
ith track-circuiting, the presence of a train at any 
signal can be made known to the signalman in a 
variety of ways, and with little trouble electric 
locking can be introduced, so that while a train is 
standing no signals affecting that, or a fouling road, 
can be manipulated. 

If it be thought advisable that the enginemen 
or guard should retain some active part of the 
duty which at present devolves on them, instead 
of track-circuiting a device might be installed on 
the signal-post, workable only by a key carried 
by train-men. Such a device would require one of 
the men to leave the engine, but would only 
require him to go a short distance in order to 
make the nece contact which would advise the 
signalman of their presence and simultaneously, 
if it be thought desirable to do so, lock the pro- 
tecting signals. Some such arrangement would 
be a vast improvement on the present rule. 
There would not be equal hesitancy in making use 
of a convenience of this kind at hand, as there is 
indecision in sending a man away from his train to 
a box some distance off. The present system not 
only requires that the driver should determine 
what is a reasonable time to allow to elapse before 
sending to the box, but troubles his mind with the 
fact that time will be wasted if the signal be given 
soon after the fireman has started, and he has to be 
recalled or his return awaited. These matters all 
contribute to difference in the practical interpreta- 
tion of the rule, which should undoubtedly be 
avoided. This seems, in fact, most certainly to be a 
case for the introduction, where possible, of greater 
mechanical security, for, as the present rule stands, 
a is a weak link in an otherwise fairly satisfactory 
chain. 














THE SUSPENSION WHEEL. 


THE origin of the wheel appears to be lost in 
the mists of antiquity, and there is no doubt that 
it dates very far back indeed in the world’s history, 
probably far further than any documentary evidence 
we possess would lead us to suppose, although that 
documentary evidence carries us a good way. At 
any rate, we know by the oldest Indian literature 
that wheels were used on vehicles as early as 
1700 8.c. Intheir earliest form they were probably 
solid, and may have been simply discs or labs cut 
from the trunks of trees. This would be natural, 
because it would require much less manual skill to 
construct wheels of this type than to build one up 
of several different parts. Those of us, however, 
who have not forgotten all our classical learning 
may remember that disc-wheels are mentioned by 
Virgil, though in this case they were built up of 
planks fixed together by iron hoops. Anyone, also, 
who has seen the bullock-wagons of the South of 
Spain will recognise how very little the wheels of 
to-day have, in certain parts of the world, advanced 
beyond those of the days of Virgil, for it is still a 
common sight in Andalucia to see and hear these 
bullock-wagons lurching and groaning along the 
roads on wheels little, if anything, different from 
those described by the Latin poet. 

Whatever may have been the origin of the wheel, 
however, even after its disc form had been dis- 
carded by the majority of people for the lighter one 
of spoke construction, in principle it remained for 
many centuries unchanged, belonging to what is 
now known as the compression type, in which the 
strength of the wheel depends on its power to 
resist compression between the ground and the 
axle, and it was only in quite recent years that the 
suspension form, in which the spokes are in tension, 
was made a practical success. In this wheel, as is 
well known, the whole of the spokes are in tension, 
even those between the hub and the ground. 
This form marked an enormous advance in wheel 
construction, rst omagpenA for use on compara- 
tively light vehicles, such as bicycles, and, to a 
certain extent, on motor-cars as well. e advance 
consisted chiefly in the increased lightness of the 
wheel and its power of absorbing shocks due to its 
elasticity. The chief interest of the modern 
suspension wheel to the-average engineer of to-day, 
however, is on account of its utilitarian bearing, 
fascinating though the study of the wheel from 
early times may be. The subject was dealt with 
in an interesting paper by Mr. Henry L. Heath- 
cote, read before the Royal Society of Arts on April 5, 
and though a very considerable portion of the 
paper was historical, the construction of the modern 
suspension wheel was described, more particularly 
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as regards the methods of construction ye by 
the Rudge-Whitworth Bicycle Company, Limited, 
of Coventry. 

As a shock-absorbing piece of mechanism, the 
modern wire suspension wheel has proved itself 
very efticient, apart from the assistance gained 
from pneumatic tyres, and this kind of wheel 
construction is considered by Mr. Heathcote to 
be the counterpart of tyre-inflating, and, in 
his opinion, the best results are obtained when 
sufficient tension to produce torque rigidity 
is combined with conditions that develop in the 
wheel a maximum cushioning effect. The design 
has, however, to be very carefully considered, for 
the maximum cushioning effect from a suspension 
wheel is obtained only when moderate spoke 
tension is combined with a flexible and resilient 
rim and thin spokes. It may be a comparatively 
easy matter to make a rigid wheel, but to con- 
struct one that is at the same time strong and 
resilient is another matter. A very stiff wheel 
sideways may, of course, be made by dishing the 
spokes well, and fixing them to the rim as near 
the edge as possible, in which way the ten- 
dency of the rim to twist when there is great 
side pressure, as when rounding a corner, is 
obviated. An important point is that spoke ten- 
sion must never be allowed to fall to zero. This 
zero point might be reached owing to the flatten- 
ing of the wheel under load, but must be pre- 
vented by the spokes having a sufticient initial 
tension to counteract it. Suspension wheels are 
now made with spokes of high elastic limit, and 
the metal of the hub-shell is worked cold round 
the spoke, and the metal of the rim similarly 
worked round the nipple-holes by hammering and 
bulging, and what is called the vibration elastic 
limit is made so high that, after a slight initial 
bedding, the ordinary stresses are not sufficient to 
‘* soften” the wheel. High-class wheels, made on 
the most approved modern lines, will, however, 
not absorb as much shock as a pneumatic tyre, and 
they are not expected to do so; but they do absorb 
a very great deal more than the older type of 
compression wheel. 

The present Rudge-Whitworth motor-car sus- 
pension wheels, in order to prevent the stresses 
rising too high when rounding corners or when 
skidding, are dished, and the outside spokes are 
relieved of the whole or greater part of their share 
in transmitting the drive. In some cases this is done 
by making the hub of much larger diameter at the 
end near the car than at the other end. The result 
of this is that the displacement of the inside om 
heads under torque is greater than the displace- 
ment of the outside spoke-heads. In other types 
the end of the hub to which the outside spokes are 
attached can revolve so that no torque is trans- 
mitted by them, and their whole duty is to resist 
side thrusts. 

By no means the least interesting part of Mr. 
Heathcote’s paper was that devoted to the experi- 
mental tests carried out in the laboratories of the 
Rudge-Whitworth Company in order to ascertain 
the quality of the materials used. In the case of 
the inner hub, which is of steel, the material is 
analysed, and its physical properties, tensile 
strength, elongation and contraction are ascertained 
by tests. Pieces are also clamped in the vice and 
struck by an impulse pendulum, the results being 
recorded diagrammatically. An important part of 
the inner hub is the threaded end, because on it the 
lock-nut, which holds on the wheel, is screwed, and 
this part is tested by screwing the hub into a fixed 
lock-nut and applying a torque nearly up to the 
maximum that is ever likely to be applied. The 
hub-shells are drawn from sheet steel, and for some 
types are inone piece. A special quality of steel is 
used, and every consignment is analysed and tested 
for tensile strength, yield-point, elongation, contrac- 
tion, and resistance to impact. In addition, every 
consignment is examined microscopically for flaws, 
manganese sulphide, size of opal eudat, form of 
carbide, &ec. 

On the spokes much care naturally is expended, 
because they play a very important part in the 
anatomy of the wheel. Their peculiar position, 
and the varying stresses they have to withstand, 
make it imperative that they shall be above 
suspicion as far as is possible. An alternating 
tensile test is used in order to subject them to 
variations like those experienced by a spoke in 
a wheel. They are also tested for tensile strength, 
elongation, and contraction of area, near the head 
and on the swaged part. The matcrial is also 





examined microscopically, and occasionally analyses 
are made. The initial tension on the spokes of a 
wheel is ascertained by taking two detached spokes, 
an outside one and an inside one, and fitting 
them into a hub, the nipples are screwed on, and a 
pull is applied to the nipples by a Denison testing- 
machine. The pitch of the notes emitted at dif- 
ferent tensions by the spokes when twanged is then 
compared with whistles and tuning-forks. These 
notes are afterwards used in order to ascertain the 
tension in the spokes of actual wheels. In this 
way great uniformity of tension is ensured, pro- 
vided, of course, that the material used is similarly 
constituted. The screw-threads on the spokes are 
rolled, not cut. The rims of the wheels also are very 
carefully tested, occasional analyses of the material 
being made as well as microscopic examinations. 





THE CENTRAL BUFFER-COUPLING. 

THe question of the universal adoption of 
automatic couplers is one that has been virtually 
closed as regards the railways of this country. The 
memorandum prepared by Colonel Yorke in 1908 
dealt with this matter in a very conclusive manner, 
summing up concisely the data and reasoning which 
give the railways here so strong a case. When 
referring to the subject at that time* it was scarcely 
necessary for us to enforce the arguments, so clearly 
had they been put by Colonel Yorke, and we con- 
tented ourselves with quoting largely from his 
report. It is clear that while existing conditions 
prevail here, no sweeping change from the present 
standard couplings is at all likely. The conditions 
under which we labour are not, however, universal, 
and in some countries they are very much more 
favourable to transformation. 

The case for the central buffer-coupling is all 
the stronger in countries where the 5-ft. 6-in. gauge 
is the standard, and there is now a distinct ten- 
dency towards its adoption on such roads. This 
is, for instance, the case in India and in the 
Argentine, both countries of considerable interest 
to British railway engineers and manufacturers. 
In India, where there are some 16,300 miles of 
5-ft. 6-in. gauge line, according to the official 
figures for 1909, the standard coupling is causing 
ever-increasing trouble. The extent of this trouble 
may be gauged by the fact that the renewals neces- 
sary to replace one year’s breakages on one line 
alone necessitated the placing of orders recently, at 
home, for 10,000 screw-couplings. The line to 
which we refer is the North-Western State Rail- 
way of India, which is of a length of about 4500 
miles, and has a wagon stock of something more 
than 20,000 vehicles. Already everything that can 
be, has been, done in the way of increasing dimen- 
sions and strength, the present standards giving a 
coupling of about the maximum weight which can be 
conveniently handled by the native staff. The only 
directions in which relief can now be sought are 
either in making use of much more costly material, 
or in making a change in the type of draw-gear. 

The present trouble, which is — more 
acute each year, arises from the greater hauling 
capacity of the modern locomotives, the larger use 
of high-capacity wagons, and the more general 
application of automatic brakes. The accentuation 
of the trouble by the increasing use of the automatic 
brake is due, of course, to the difficulty of propor- 
tioning the brake-power to the actual gross weight 
of the vehicle. It is accepted as the most work- 
able plan to arrange the a with regard 
to the tare weight of a wagon. e ratio of brake- 
power to gross weight will, therefore, vary accord- 
ing to the loading. This results in different 
degrees of retardation throughout a train of vehicles, 
on application of the brakes, with proportionate 
unequal strain on the couplings. 

In considering the relative merits of the central 
versus the side-buffer systems there is one point 
which has frequently been debated, but on which, 
we believe, very few actual facts are published, 
The point we refer to is the relative amount of 
flange friction produced, in the two systems, on the 
outer rail on curves. It has been widely held that 
the effect of the compression of the inside buffers 
necessitates greater tractive effort for trains of side- 
buffered stock, this effect becoming more marked 
with the greater strength of the buffer springs. 
Data bearing on this were given in a contribution 
to the discussion on a paper on “ Rolling Stock 
for Heavy Gradients,” read by Mr. F. W. Bach 
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some little time ago before the Institution of 
Civil Engineers,* the figures given relating to 
tests carried out on a 5-ft. 6-in. line in India. 
It is there stated that, on a 40-chain curve, 
a train fitted with side-buffers absorbed 1281 
foot-pounds per ton per second, while a train 
fitted with central-buffer couplings absorbed only 
1210 foot-pounds per ton per second—an increase 
of power required by the side-buffered stock of 5.82 
per cent. This test was made by dynamometer 
with trains of the same number of bogie-carriages, 
identical in all respects save that the one was fitted 
with compensated side-buffers and the other with 
automatic central-buffer couplings. Confirmation 
of this is found in the fact that on a certain section 
of the line some engines were found to be able 
to take, in regular service, eight bogie-carriages 
fitted with central buffers, as against a maximum 
of seven fitted with side buffers. This is an 
effective increase of 14 per cent. in favour of the 
central-buffer train, and represents the reduction 
in train resistance on the ruling curves. The 
increased flange friction to which this difference is 
due, naturally means increased rail and tyre wear 
with side-buffered stock, and thison many railways 
of the world is so serious that anything which will 
tend to mitigate it is worthy of attention. If of 
adequate flexibility, the central buffer for similar 
reasons reduces the liability to derailment on cross- 
over roads and switches. Such derailments in 
shunting are often due to the front wheel of a 
pushed vehicle mounting the rail, the force bei 
exerted in the direction of a line passing choot 
the inside buffer and the front outside wheel, 
instead of more nearly parallel to the rail, as it 
would be in the case of the central buffer. 

The arguments for and against automatic working 
have been worn fairly threadbare, but it may not be 
out of place to point out that an accident such as that 
which occurred recently at Roscrae, on the Great 
Southern and Western Railway of Ireland, would 
not be likely to occur with automatic couplers. The 
stock would have coupled up on contact, instead of 
being started off, as it was, down a long incline, 
with disastrous results. 

The change from one form to the other is now 
occupying the attention of some of the broad-gauge 
lines in India. It is under consideration by the 
Locomotive and Carriage Superintendents’ Con- 
ference, and some systems have gone so far as to 
make trials of different designs of central buffer 
draw-gear. ‘The North-Western State Railway 
(5-ft. 6-in. gauge) has, for instance, just ordered 
45 vehicle sets of the A.B.C. automatic buffer 
— in order to test the advantages of central 
buffer couplings against side buffers and screw 
couplings on passenger vehicles. In the Argentine 
matters have taken more definite shape. A law, 
promulgated in October, 1909, made it compulsory 
for all rolling-stock to be fitted with automatic 
couplers within a period which shall not exceed 
nine years from that date. Three years of this time 
are allowed for investigations and trials by a 
Commission appointed by the State. All stock 
is to be fit with the type of gear decided 
upon by this Commission within six years of th® 
date of its decision. This Commission is now at 
work. Drawings, &c., had to be deposited by com- 
petitors by the close of last December. From 
are will be chosen several designs, which 
will subsequently examined in the form of 
models, and from these will be selected types 
considered worthy of actual trials, fifty sets of 
each apparatus being required for this purpose. 
These will probably constitute some of the most 
important trials since those of the Master Car- 
Builders’ Association in 1887, when the type of 
coupling for United States roads represented in 
the Association was fixed. 

At those trials, it may be well to remind our 
readers that several types fulfilled the specified 
tests, and that at the subsequent meeting of the 
Association it was only by an adverse vote of 
three that further experimental work with these 
was not carried out. The type finally selected was 
advocated partly because, in addition to its actual 
performance on test, it approached in form certain 
other comes and its adoption therefore involved 
changes of a less radical nature than would that of 
some of the others which were rejected. For so 
important a matter it was considered in many 
quarters that that Association’s step had been too 
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hastily taken, but in view of threatened disunited 
action on the part of the several States, which 
might, of course, have involved the railways in 
endless difticulties, it was undoubtedly expedient 
that a decision should be quickly come to. The 
final choice was prevention only ratified in the 
ballot by a majority of twenty-nine above the 
number necessary to secure the adoption of a 
standard by the Association, out of a possible 800 
votes. Mr. A. W. Gibbs, General Superintendent 
of Motive Power of the Pennsylvania Railroad, at 
the Washington International Railway Congress of 
1905, quoted these figures to show that ‘‘ all were 
not agreed that it was the best coupler.” The 
vertical plane coupler selected, however, has, in 
view of subsequent development, fairly justified 
the choice made, although it is not yet a perfected 
piece of apparatus, and does not completely meet 
the requirements of the large modern cars. 

At the same Congress referred to above, Mr. 
Muhlfeld, of the Baltimore and Ohio Railroad, 
said that ‘‘in the vertical plane coupler there are 
quite a number of defects which still remain when 
it comes to severe conditions,” subsequently re- 
ferring to specific cases, such as, for instance, to 
the difficulty of coupling cars in commercial dis- 
tricts, for which special provision has still to be 
made. Mr. Gibbs likewise alluded, in his report, 
to this point, stating that in yards, Xc., ‘‘radii as 
small as 50 ft. are encountered, under which con- 
ditions it is impossible to couple,” continuing by 
a reference to the special arrangements necessary, 
to which the men do not always pay sufficient heed. 
He also pointed out that on account of a want 
of flexibility in this type ‘‘ the wheel-flanges, truck- 
frames, bodies . . . are subjected to very severe 
lateral strains.” The M.C.B. coupler remains also 
inconvenient in the more uncommon conditions 
under which the line presents a sharp vertical 
curve, such as occur when running cars on and off 
car-ferries, &c., but in other respects it has been 
gradually improved. 

Increased recklessness in handling rolling-stock 
has been the outcome of the adoption of automatic 
couplers in America, with the result that failures 
continue to be numerous. The small face of the 
M.C.B. coupler, which takes all the severe bufting 
shocks, frequently fractures, while the wedging 
action, which also occurs, causes cracks in the face 
to open. In 1907 failures of these kinds were 
reported to be high and on the increase, but ste 
have since been taken to cope with them. The 
lugs and pins also fail, but in decreasing numbers, 
owing to recent recommendations. The knuckles 
fracture through the pivot pin-hole, while the tail 
of the knuckle, and the locks, do not stand the severe 
wear as well as might be desired Alteration of 
the knuckle itself cannot be made without affecting 
the standards, though at present there appears to 
be no immediate need of this, the recent abolition 
of the slot provided for the transition period having 
nade this part rather stronger than formerly. 

At the M.C.B. trials several other types were 
represented. One of them, the Miller, was fairly 
popular, and at the time used to a considerable 
extent. This took the form of a horizontal hook. 
Several link and pin couplers were also tried, and 
developments of this type are in common use to- 
day in certain parts of the world, as, for instance, 
on the United Railways of South Africa. The 
so-called Norwegian hook was also represented 
at the M.C.B. trials, and some patterns of this 
type complied with the tests satisfactorily. This 
type of coupler is in use in Ireland, Australia, &c., 
while in the form of the Jones coupler it is used 
very largely indeed in India. The chief defect of 
the Indian pattern is in the fact that vehicles must 
be fitted with a different coupler at either end, and 
if two similar couplers come together, one must be 
altered before coupling is possible. 

A coupler now coming into use in various parts 
of the world, and already largely used in India, 
bearing no resemblance to any pattern tested at 
the M.C.B. trials, has been mentiored above. We 
refer to the Jepson coupler of the A.B.C. 
Coupler, Limited, which was shown at the recent 
Buenos Aires Exhibition, and is entered for the 
Argentine Government trials. It is an automatic 
coupler using a vertical hook and shackle, and is 

rovided with a large buffer face solid with the draw- 

r, to which the shocks are transmitted direct. 
No buffing-stresses are transmitted through the 
coupling-gear in this case, while the coupler is very 
flexible, and the gear, on curves, sets itself to enter 
fair instead of, as is the case in many designs, one 





head pushing the other away. Differences of level, 
which the M.C.B. coupler easily allows for, have 
in the A.B.C. type to be provided for at the expense 
of a slight increase in the length of shackle, and 
consequently slackness between the faces when 
coupled. In practice it is found that a range of 
4 in, is sutticient to meet ordinary conditions, and 
this can be provided with only g-in. slack between 
the faces—a matter of really little moment. The 
A.B.C. coupler, with its broad face, is conducive to 
easy riding, and is suitable for vestibule or any 
class of stock. When vehicles part, the coupler sets 


itself for automatic working. It can be released | 


from either side.. The introduction of a small spring 
hassometimescalled forth criticism, butthis is merely 
provided to accelerate the action of a locking-bar, and 
otherwise does not affect the working of the coupler. 

During the transition period, a phase to which 
due consideration has always to be given, the 
A.B.C. coupler, with its vertical hook, can be used 
with vehicles of the ordinary type. The position 
of the hook necessitates the use of a special three- 
link coupling for the time, but there is no coupler 
which does not require some special arrangement 
for this period of conversion, and the use of such a 
three-link coupling is not found troublesome in 
—. as evidenced in India at the present time. 
‘his coupler can also easily be made to couple to 
the M.C.B., the link and pin, or the Norwegian 
hook types. In the M.C.B. coupler in America 
the transition was carried out with a much cruder 
arrangement of simple link and pin, a relic of the 
old ‘‘man-killer” days. A much more satisfactory 
transition development, as far as the M.C.B. type 
of coupler is concerned, is that of the Laycock 
modification of the Janney coupler, and a similar 
modification introduced on the Continent. In 
both these the automatic coupler-head, when not 
in use, swings out of the way, in the Laycock 
design down vertically, and in the other round 
horizontally, to bring an ordinary draw-hook into 
use. Though these are, strictly speaking, transition 
types, and suffer from the fact that buffing stresses 
are all passed through the pivot-pin, it is probable 
that a coupler such as the Laycock will continue 
to be largely used in this country, where the transi- 
tion phase is likely actually to become a perma- 
nency, owing to the improbability of anything like 
wholesale conversion ever being attempted here. 
If some of the stock is likely always to be fitted 
with the ordinary draw-gear and a portion of 
it only with a central automatic coupling, the 
Laycock probably offers one of the best solutions 
possible; but it cannot, if complete conversion be 
determined upon, be regarded as a permanent 
type, since, after all the stock is fitted, the draw- 
hook and pivot-pin embodied in it are no longer 
necessary, and the adoption of the ordinary 
M.C.B. design would naturally follow. 





THE NATIONAL PHYSICAL 
LABORATORY IN 1910. 
(Concluded from page 409.) 

Metrology (Messrs. J. E. Sears, M.A., G. W. C. 
Kaye, D.Sc., S. W. Attwell, A. R. Marshall, B.A.). 
Plant; 50-Metre Tank ; Invar Tape.—The plant of 
this division has considerably been increased by the 
addition of high-class balances and weights, for 
maximum loads of 10 Kg. and 1 kg., 100 grammes, 
and 2 grammes (from Mr. L. Oertling), two large 
measuring - machines (from Messrs. Armstrong, 
Whitworth and Co.), Hoffmann steel balls, standard 
screw gauges, United States screw taps from } in. 
to 1 in. (presented by Mr. F. O. Wells), &. A 
43 per cent. nickel-steel bar has been ordered from 
the Société Genevoise to be standardised at the 
Bureau des Poids et Mesures at Sévres, in the first 
instance. The 50-metre mural tape bench com- 
parator for accurate measurements on the flat or in 
catenary and the 50-metre water-bath for the 
determination of expansion coefficients are now 
completely installed. The two apparatus are placed 
in the corridor, the tank on what used to be an 
outside wall, but which will be a partition wall 
of the new lathe building. The tank is 170 ft. 
long, 6 in. wide and 8 in. deep; it is built in 
galvanised iron, which is lagged with felt and 
boards. A centrifugal pump draws water from the 
two ends and neue -wy Ned. again 4 the middle I 

ipes are also heavi a e two tapes (the 
ring Th ioeaiitgailath and the standard) are sup- 
side by side, one end of each being attached 

to a bell-crank lever dipping into the bath and pro- 
vided with a screw adjustment to give a small end- 





ways movement to the tape. The tension is applied 
to the tapes at the other end, a suspended horse- 
shoe arrangement being employed as a device 
for getting the straining cord past the end of 
the tank ; when the suspending cords are vertical, 
the tension in the cord must he the same inside 
and outside the trough. The glass rods, on which 
the tapes are supported, are also suspended from 
above. Observations on the 50-m. tape bench 
have been going on since May, 1909, and the bench 
is becoming very steady, so that lengths of about 
100 ft. may be dete:mis.ed within 1 in 100,000. The 
temperature in the corridor can be kept steady 
within 1 deg. Cent., but was varied on some days 
for determining the expansion of invar tapes. 

_ Some of these tapes were the three Carpentier 
invar tapes used in measuring the Semliki Valley 
base in Uganda ; one of these had already been 
measured. The new comparisons were made against 
one another, against a pure nickel tape, and against 
the tape-bench mentioned, at temperatures ranging 
from 9 to 24deg. Cent., and further experiments 
were made with lengths of 1 m. cut off from each end. 
The final coefficients of the three tapes are : — 0.38, 
— 0.93, — 0.58 x 10-® per deg. Cent.; as the 
three tapes were rolled from the same batch of 
invar, expansion coefficients should be determined 
for each tape. 

Silica Standard of Lingths.—The tubular stan- 
dard of silica, 1 m. in length, 2 cm. in diameter, 
was described last year. A knife-edged trunnion is 
fused into the tube at one of the points of support, 
the other point being a ring etched round the 
tubular rod ; two holes are provided for immersion 
in water, as the tube would otherwise float. Semi- 
circular dises of especially clear silica, optically 
polished by Messrs. Hilger, form the ends of the 
rod. The discs are platinised on the lower surface 
with Messrs, Johnson Matthey’s liquid platinum, 
into which the reference lines are scratched. The 
expansion of fused silica has been investigated by 
Dr. Kaye ; the temperature curve is about straight 
from — 80 deg. Cent. up to + 1000 deg. Cent., 
but not outside this range, below and above which 
silica expands with falling temperature. There is 
also a weak length-maximum at 500 deg. Cent., due 
probably to traces of unconverted quartz. The 
formula for the mean linear expansion is (0.39 + 
0.0012 t)10-®6 for the range 0 deg. to 50 deg Cent. 
Careful determinations of the thermal hysteresis 
show fused silica to be superior to invar, to the 
Jena glasses 59". and 16", and to verre dur, as was 
to be expected. Silica is soluble in water to 1 part 
in 100,000. 

Diffraction Gratings ; Blythwood Machine.—The 
Blythwood machine has been fitted with a large 
cubical case, 9 in. in thickness, of wood and cotton 
flock ; the pyramidal top of the case can be lifted 
up. The case is electrically heated by water circu- 
lating in a glass tube inside the case; the thermostat 
comprises toluene and a mercury contact. One 
grating has been ruled on speculum metul by the 
machine, and another, Rowland grating, belonging 
to Mr. J. W. Gifford, has been counted ; it was 
supposed to contain 14,438 lines to the inch, but 
the temperature at which it had been ruled was 
unknown. The counting was carried out in the 
following way. A number of short reference lines 
were ruled on the edge of the grating, at such dis- 
tance apart as to include about 100 grating lines. 
The grating was then mounted on the stage of a 
projecting microscope, and an image of the edge 
thrown on a screen ; about 150 grating lines, appa- 
rently 2 mm. apart, and two reference lines were 
seen in focus. On the screen was drawn a scale of 
divisions, each equal to the distance between two 
grating lines in the projected image ; the hundredth 
line of this division was emphasised (made longer), 
and it could easily be seen at a glance whether groups 
of about 100 lines and divisions coincided ; thus 
1000 lines were counted in four minutes, and it 
resulted that the grating contained 14,433.7 lines 
to the inch at 16 deg. Cent., 45,668 lines in all. 

Porcelain Soakages.— Another research was under- 
taken in connection with the specification for 
bayonet-socket lampholders, for the Engineering 
Standards Committee. Most of the porcelain 
sockets were partly or wholly glazed; they were 
heated to dry them, cooled, and immersed in water 
for twenty-four hours; the soakage proved very 
small, amounting in most cases to less than 0.1 per 
cent. One batch of four samples gave less than 
0.01 per cent. ; another, however, 6 per cent. 

Taximeters (Messrs. H. A. Dear, J. K. Enock, 
C. H. Bone).—Since October, 1910, all the taxi- 
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meters on the London streets have had to conform 
to the same Police Regulations. We mentioned last 
year that some irregularities had been traced to the 
jerking of the flexible shaft ; this jerking is now 
measured by a novel instrument, due to Mr. Sears, 
comprising a cam, a ball governor, and a sleeve ; 
only comparative tests are possible. New instru- 
ments of the Aron, Bruhn, Darras, Halda, Kosmos, 
Nicole Nielsen types have received Class I. certifi- 
cates. The testing of taximeters and gear-boxes 
has much increased during the year. 

Optics (Mr. T. Smith, B.A.), Photographic 
Shutters.—Most shutters, even the most expen- 
sive, do not prove reliable in speed and efficiency 
tests. By efficiency, Mr. Smith understands the 
ratio of total duration of exposure to equivalent 
exposure ; the equivalent exposure is the length of 
time required to transmit to the plate the same 
amount of light as that received during actual expo- 
sure, when throughout the exposure every part is 
effective which is effective at any moment. The 
efliciency tests could afford useful information to the 
designers of shutters. Many of the shutters are of 
the focal-plane type, in which a blind, provided with 
a horizontal slit, sometimes adjustable in width, 
moves downward, in some cases at variable speeds. 
These shutters are, on the whole, as good as lens 
shutters, although they really give a series of pic- 
tures, the one below the other, and are liable to 
horizontal distortion of moving —. At high 
speeds their efficiency falls off rapidly ; this may 
improved by bringing the blind nearer to the plate ; 
the highest speed of the shutter so far observed is 
3 m. per second. : 

Clinometers and Levels.—A large iron tilting-table, 
3 ft. 6 in. long and 8 in. wide, has been constructed 
in the Laboratory for testing clinometers and 
levels. The base is mounted on three levelling 
screws, resting on metal blocks embedded in a 
concrete pillar ; the table is a girder, which turns 
about a horizontal axis at one end, and is raised to 
inclinations up to 30 deg. by means of a screw and 
nut with the aid of bevel gearing at the other end ; 
the nut is free to move about a horizontal axis, and 
is further mounted on a lever to obtain a fine adjust- 
ment for the inclination. On the top of the table 
rests a steel plate, and over this fits a frame provided 
with six pairs of long and short screws, so that six 
levels can be mounted and tested at the time. The 
readings are checked with the aid of metal prisms 
(iron or steel) made in two sets ; the one hollow set 
of prisms, which is measured to a fraction of a 
second of arc, serves as standards ; the other set of 
solid prisms (wedges) serves as working standards. 
The angles of the prisms are submultiples of a 
right angle—viz., 22.5 deg., 15 deg., and 10 deg. ; 
when the prism rests on the table, and its upper 
face is horizontal, the inclination of the table is 
equal to the prism angle. The standardisation of 
the hollow prisms is effected on the principle that, 
if two plane mirrors be inclined to one another at 
an exact submultiple of a right angle, light incident 
on one of them parallel to the other will ultimately 
be returned exactly along its original path. The 
light is received through a collimator. 

Telescope Objectives ; Range - Finders.—Of the 
various other work we notice the calculation’ of 
telescope objectives, as regards which formule for 
the aberrations of the third and fifth orders have 
been prepared; Mr. Smith has also deduced a 
general method for calculating the aberrations of 
any order. Range-finders have been tested between 
0 deg. and 50 deg. Cent.; some of the instruments 
had effectually been compensated for temperature. 

Tide Prediction (Messrs. F. J. Selby, M.A., 
T. Smith, W. H. Brookes).—-The mean monthly 
tables for Kidderpore, Calcutta, have been revised, 
and tables for the Port of Brisbane for the year 
1912 were completed in February, 1911. 

_ Metallurgy and Metallurgical Chemistry (Super- 
intendent, W. Rosenhain, B.A., D.Sc.; Messrs. J. 
Murdock, G. Barr, B.Sc., B.A., J. C.W. Humfrey, 
B.A., M.Sc., W. Gemmell, 8S. L. Archbutt, W. H. 
Whitney, B.A., H. T. Reeve, L. L. Bircumshaw, 
G. A. M. Cunningham).—The new building, for 
which Sir Julius Wernher has given 10,000/., is a 
block of two stories, 150 ft. by 59 ft., forming an 
extension of the Chemical Laboratory; it was built by 
Messrs. Dick, Kerrand Co. In addition to the metal- 
lurgical rooms, there will be rooms for photo-micro- 
graphy, a museum, and a foundry. 

loys; Envtectics; Temperature-Density Ourves 
(Messrs. Rosenhain, Archbutt, and Cunningham). 
—The ninth report to the Alloys Research Com- 
mittee on copper-aluminium-manganese alloys was 





presented to the Institution of Mechanical Engi- 
neers last year, and has been dealt with in our 
columns. Most of these alloys resist the corrosive 
action of sea-water remarkably well. As regards 
aluminium-zinc alloys, the existence of the com- 
pound Al, Zn, has been established ; but the com- 
pound is only stable within the range 254 to 443 
deg. Cent.; at lower temperature the zinc separates 
as a definite micro-constituent resembling the 
eutectoid pearlite structure in annealed steel ; at 
higher temperature the zinc dissolves in liquid 
aluminium. The strength of the alloys rich in 
zinc (70 to 80 per cent.) has also been investigated. 
Like the lighter alloys of Al-Zn, they gave sound 
castings even with complicated geen which 
kept bright in the atmosphere of the metallurgical 
laboratory ; elsewhere alloys of zine and alu- 
minium, not obtained from equally pure mate- 
rials possibly, have not behaved so well. The 
bars can be cold drawn and roiled hot at 350 deg. 
Cent., but they break up at 400 deg. Cent. ; 
these alloys give very definite yield-points. The 
addition of a little’ copper further improves the 
aluminium-zinc alloys mechanically. Sand and 
chilled castings of such alloys, containing up to 25 

r cent. of zinc and 3 per cent. of copper, — 
tt the Laboratory, oun rolled hot Ot tho ilton 
Works of the British Aluminium Company, but they 
could not be drawn cold ; alloys richer in zinc and 
copper were also prepared. A very hard {-in. bar 
gave a tensile strength of 30 tons per square inch, 
and an elongation of 17 per cent. on 2 in. ; the alloy 
would thus be a substitute for steel, with a density 
of only 3.26, particularly as the strength could 
further be increased by work. Under alternating 
stress and shear stress the alloys also behaved well. 
But they lost strength at 40 deg. Cent., and would 
not be reliable beyond 100 deg. Cent. 

For the continued researches on eutectics of 
aluminium-zinc, lead-tin, tin-bismuth, and copper- 
silver, long narrow bars, or strip, are cast and slowly 
cooled ; these various eutectics show fundamental 
differences in their crystalline arrangements as to 
slip-bands and bands of twinnings. In determining 
temperature-density curves and volume changes on 
freezing and melting by the apparatus described 
last year, the chief difticulty experienced is to find 
a suitable liquid in which the specimens can be 
heated and weighed. The thick lubricating oil first 
used gave off offensive vapours at 200 deg. Cent. ; 
paraffin wax did not prove much more suitable, and 
palmine (a vegetable fat and butter substitute) will 
not bear temperatures above 300 deg. Cent. either. 
Fused salts would act chemically on the alloys of lead- 
tin, tried so far, and others, and the difficulty is 
serious. 

Strain at High Temperatures ; Electro'ytic Iron 
(Messrs. Rosenhain and Humfrey).—The apparatus 
(noticed last year) for determining strain at high 
temperatures failed, because the glass bell-jars 
were crushed in by the air pressure; a welded 
steel vessel, presented by Mr. P. N. Cunning- 
ham, of Glasgow, would have answered, but open- 
ings had to be made in it and covered with plate 
glass, and the cement of the glass would not keep 
air-tight. In the modified apparatus only the 
specimen is kept in a vacuum. The specimen is a 
strip of metal attached above to the cross-bar of 
an annular float of iron which moves in an annular 
trough; stress is applied by admitting mercury 
between the two parts. The lower end of the 
specimen is held by a shackle, which is fixed to a 
vertical rod of iron 3 ft. long, standing in a glass 
tube. The specimen is surrounded by a porcelain 
tube, and this tube is continued in the g tube 
just mentioned, which dips into mercury, 40in. 

low the specimen ; the heater nickel coil is wound 
round the porcelain, and a thermo-couple is tied to 
the specimen. When the space inside the porcelain 
and glass tubes is exhausted, the mercury will rise to 
the barometric height, but not into the porcelain, and 
when the specimen stretches, these two tubes move 
freely with the upper shackle holding the specimen. 

The experiments have so far been made on 
electrolytic iron obtained, under a German patent, 
from a mixture of iron and calcium chlorides by 
electrolysis at 110 deg. Cent. with a current of 
23 amperes per sq. cm.; @ high current density is 
essential. The report does not give analyses of this 
iron, whose purity is perhaps doubtful; Amberg 
found nitrogen in iron deposited from chloride, 
among other impurities. The cathode is a hexagonal 
prism which yields six slabs of iron 3 in. by 1 in., 
4 in. thick ; these slabs are rolled in the cold and 
annealed in vucuo (to get rid of hydrogen), The 





thin strips can be bent between the fingers, and 
long crystals, 1 in. long, of iron, as thick as the strip, 
may then split off; these crystals of pure iron 
are tough and ductile, while the metal is brittle 
along their boundaries. Mr. Humfrey has heated 
long strips to high temperature (say 1000 deg. Cent.) 
at one end and to 500 deg. Cent. at the other, the 
strip being enclosed in an evacuated porcelain tube ; 
the strip is afterwards etched by admitting gaseous 
hydrochloric acid or bromine, and it then shows 
changes, corresponding to a wide range of tempera- 
ture. The method is an amplification of one intro- 
duced by Baykoff. 

Chemical Analyses; Spontaneous Combustion ; 
Window-Blinds; Balloon Fabrics.—The small boats 
of fire-clay wanted for combustion tests were formerly 
moulded and then pressed. The clay is now forced 
through a die and delivered as a (J-shaped strip, 
which is pinched off at suitable length—a more rapid 
and neater process. The new electric oven for 
carrying on spontaneous-combustion experiments is 
a cubical box with asbestos walls, containing a 
copper box, 18-in. cube, in which the materi«l is 

laced ; a temperature of 500 deg. Cent. can be 

ept constant within 1 deg. There is a free air- 
space of 3 in. around the box. When materials 
like cotton-wool or charcoal are examined, a rise of 
the thermo-couples inside the material above those 
outside would indicate chemical changes which might 
lead to combustion. Window-blinds have been 
examined, on behalf of the British Museum, to test 
their permeability to actinic rays. Some opaque 
fabricsdarkened photographic paper behind the blind 
more than transparent blinds ; but that might be a 
contact effect due to the dye or fabric. From 
experiments with the various colours of the spec- 
trum it appears that the actinic and ultra-violet are 
the most injurious to the colours of birds’ pluinage. 
Similar results have also been obtained with balloon 
fabrics, which could, however, stand several months 
of expesure to a quartz-mercury lamp. Rubber- 
proofed materials allowed more leakage of gas 
when warm than when cold. The slow leakage of 
hydrogen through balloon shells is being investi- 
gated by Dr. Rosenhain with the aid of a novel 
automatic registering device ; this leakage depends 
also on the weather, of course. To test the in- 
flammability of fabrics, Mr. Carlton-Sutton brings 
folded pieces of the fabric in contact with an elec- 
trically-heated platinum wire, whose temperature is 
determined by measuring the drop of potential 
along it; the experiments are carried on in the 
still or in draughts, sometimes in the cubical oven 
mentioned. 

Observatory Department (Superintendent, Dr. C. 
Chree, F.R.S.; T. W. Baker, E. G. Constable, J. 
Foster, W. J. Boxall, G. Badderley, A. C. Cooper, 
A. G. Williams, W. J. Stockwell).—The observa- 
tory department at Kew remains connected with 
the National Physical Laboratory, but only so far 
as test-work isconcerned. It is projected to remove 
the testing plant over to the National Physical 
Laboratory, so that meteorological work alone will 
be carried on at Kew. The meteorological obser- 
vations have since July 1, 1910, been combined 
with those of the Meteorological Office, and are no 
longer noticed in the report of the National Physical 
Laboratory. Dr. Chree’s compilation on the growth 
of test-work since 1880 is very interesting. Test- 
ing commenced at Kew in 1853. In the decade be- 
ginning 1880, 12,516 instruments were on an average 
verified per year ; in the second decade the number 
rose to 23,081; in the third, to 31,723; 673,200 
have been tested since 1880, and altogether some 
725,000 instruments have been tested since 1853. 
The most noteworthy novelty of last year is the 
inquiry into the behaviour of stop-watches, under- 
taken for the Commissioner of Police, and syste- 
matic testing of these watches is to be entered upon. 

As regards watches and chronometers, the general 
performance was less good in 1910 than in 1909. 
The percentage of ‘‘ especially good ” watches had 
risen to 56.8 by 1908; the figures for the last two 
years are 54.7 and 37.7; a keyless double-roller 
going-barrel bar-lever watch from Messrs. Golay 
Fils and Stahl, of Geneva, obtained the highest 
marks. Of 94 marine chronometers presented (108 
last year) 29 failed to pass, which is also a poorer 
result than last year. Watches and chronometers 
have been tested at Kew since 1884 and 1887; 
binoculars and telescopes for the Admiralty since 
1889. The Magnetic Observatory, Eskdalemuir, is 
now also attached to the Meteorological Office, and 
disappears, therefore, from the National Physical 
Laboratory Report, 
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INDUSTRIAL NOTES. 


AccorDING to the Board of Trade Labour Gazette, 
issued on Tuesday last, employment continued to 
improve in March, and was, on the whole, good ; it 
was much better than a year ago. 

The coal and iron-mining industries, engineering, 
shipbuilding, and the cotton, woollen and wors 
trades were all well employed. Employment at iron 
and steel works, though still good, showed a slight 
decline. The building, brick, furnishing, and wood- 
working trades were only moderately employed, but 
showed a seasonal improvement. As compared with 
a year ago, the industries in which the improvement 
was most marked were tin-plate, engineering, ship- 
building, cotton, glass, furnishing, a woodworking. 
Coal-mining showed little change, and in the jute, 
linen, and lace trades there was a decline. 

In the 395 trade unions making returns, the net 
membership was 759,605, and 23,035, or 3 per cent., 
were returned as unemployed at the end of March, 1911, 
compared with 3.3 per cent. at the end of February, 
1911, and 5.2 per cent. at the end of March, 1910. 

Returns from firms employing 470,550 workpeople 
in the week ended March 25, 1911, showed an increase 
of 1 per cent. in the amount of wages paid compared 
with a month ago, and of 5.5 per cent compared with 
& year ago. 

Twenty-three increases in rates of wages, affecting 
15,400 workpeople, took effect in March ; and one 
decrease, affecting 130,000 miners in Durham. This 
decrease was largely the result of a fall in the price 
of coal during the quarter ended December, 1910. 
Amongst those whose wages were increased were 8000 
Jaber ee in shipyards at Belfast, and 3500 iron- 
moulders in Lancashire. The computed effect of all 
the a was a net decrease of nearly 2500/. per 
week. 

The most important disputes in progress during the 
month were those involving 12,000 coal-miners in the 
Rhondda Valley, 2600 coal-miners at Lintz Green, 
County Durham, 4000 jute-workers at Dundee, 1300 
tailors at Leeds, and 3000 compositors, &c., in London. 
The total number of workpeople involved in all dis- 
ew in March, 1911, was 46,577, or 69 fewer than in 

ebruary, 1911, and 4211 more than in March, 1910. 
The time lost during the month by these workpeople 
amounted to 723, working days, or 137, more 
than in February, 1911, and 96,800 more than in 
March, 1910. 

Four fresh cases were reported under the Concilia- 
tion Act, involving joiners at Glasgow, carpenters and 
joiners at Coventry, painters at Rochdale, and slaters 
at Glasgow. Arbitration awards were issued relating 
to Jewish tailors at Leeds, carpenters and joiners at 
Coventry and Wigan, and painters at Rochdale. The 
provisional agreement for regulating the hours and 
wages of above-ground colliery enginemen in Scotland 
was accepted by employers and workpeople, and is 
now in operation. 





In the monthly journal of the Associated Iron- 
Moulders of Scotland for April are to be found figures 
relating to the period extending from February 25 to 
March 25 inclusive, from which we gather that the 
condition of the trade remains steady, though there is 
still room for improvement. During the time men- 
tioned the net income throughout the trade was 
2278/. 1s. Q4d., and the net expenditure was 
2123/. 13s. 64d., which shows a gain during the month 
of 1541. 8s, 3d., and which, added to capital, brings 
the total up to 47,456/. 11s. 44d. Quarterly salaries and 
rents had to be met this month, the total under these 
heads being 179/. 13s. 104d. more than the previous 
month. An accident claim of 100/. had also to be 
met, as well as the quarterly payment to the General 
Federation, amounting to 101/. 11s. 8d. 





At the annual conference of the Postal Telegraph 
Clerks’ Association, held last week at Nottingham, a 
resolution was moved by Mr. H. Parker, the Parlia- 
mentary Secretary, condemning the report of the 
Departmental Committee on Boy Labour. Mr. Parker 
stated that a few months ago the number of boys 
employed was 15,000, and the number who annually 
obtained employment under the old scheme was 1600. 
Under the new scheme of the Departmental Committee 
the number would be 1900. e@ practice of asking 
boys of sixteen to go into the army on & promise that 
when they came out they would be given appointments 
in the postal service was condemned The resolution 
was carried. In his reply to the message sent him 
from the conference regarding the wages question, 
Mr. Samuel, the Postmaster-General, stated that he 
had repeatedly expressed his willingness to receive a 
deputation to deal with any question of wages arising 
from the interpretation of the Select Committee's 
report, not dealt with in that report, and that he 
had already received a great number of deputations 
from various branches of the staff. The suggestion 
that he had at any time promised to receive a deputa- 
tion with a view of re-opening the w: uestion, 


specially settled at the request of the staff by the 





recent Committee of the House of Commons, was, Mr. 
Samuel said, quite inaccurate. 





Serious labour conflicts are again disturbing a 
number of industries in Denmark, Norway, and 
Sweden, and the men apparently show very little 
inclination to bring about a more settled state of the 
labour market. 

First, as far as Denmark is concerned, one of the 
principal points at issue is the duration of the agree- 
ments between masters and men, the masters, more 
especially in the building trades, being desirous of 
some years’ settled peace, which, naturally, is most 
essential in building undertakings, as they often extend 
over several years. In Denmark a lock-out, affegting 
some 15,000 men in the building trades, came into 
operation on April 4, the proposals of the official 
mediator being refused by all the five trades con- 
cerned ; the main stumbling-block was the question 
of three or five years’ agreements. A strike at some 
glass works on the following day put another 1000 men 
out of work. The masters have given notice of an 
extension of the lock-out so as to make it embrace 
the iron industry, the cpap agg: and other con- 
cerns ; making, all told, an addition to those idle of 
20,000 to 24, men. If no agreement is arrived at 
before this lock-out comes into force (which is subject 
to 14 days’ notice) about 40,000 men will be out of 
work. The masters have expressed their willingness 
to continue negotiations, but the men appear to be 
inclined for a fight. 

In Norway, the trouble is in connection with the 
iron industry, manufacturing engineers, iron works, 
shipyards, &c., and principally turns upon the position 
of labourers outside the trade unions. The masters 
want free hands, as distinct from organised hands, 
but this the trade unions have been unwilling to 
sanction. They are willing to give a guarantee against 
strikes with the view of forcing a man into the organisa- 
tions, but will yive no guarantee against action in order 
to compel an unorganised labourer to leave his work. 
As the masters consider this a point of vital and far- 
reaching importance, with regard to which they do 
not see their way to give in, the negotiations came 
to an end after a great number of meetings. The 
Presidents of the Storthing and others have repeatedly 
attempted mediation, which, up to the time of writing, 
has been of noavail. There are, however, other points 
at issue, such as a demand by the men for a rise of 
the minimum pay, and the shortening of the hours by 
three hours in the week, which would mean a loss to 
the masters concerned of some 2,500,000 kr. per year. 
The dispute affects some 100 establishments and some 
14,000 men. The negotiations eventually fell through, 
it being impossible to arrive at an agreement about 
the different points at issue. 





The executive of the Northumberland Miners’ 
Association have been interviewed by the Welsh 
miners, to solicit aid for the Welsh strikers. The 
executive cannot, however, see their way at present 
to do more for the federation than they have already 
done for twelve weeks. but they have left it to 
the lodges to decide whether any more assistance 
can be given to the strikers through their special 
funds le a speciallevy. It is intended to bring the 
whole question up at a meeting of the National Federa- 
tion in London on April 26. The twenty-third consecu- 
tive allowance to the Thirlwell miners was distributed 
by the Northumberland Miners’ executive on Thursday 
in last week, the men having been on strike for forty- 
six weeks. The association have handed over nearly 
2800/. to this colliery, the pay being 120/. a fortnight. 





The annual report of the Yorkshire Miners’ Asso- 
ciation takes a hopeful view of the prospects for this 
year in the Yorkshire coal trade. It is thought that 
prices may not advance —— to the increased output, 

rticularly in the new fields ; but if contracts have 

nm made over long periods, the increase in prices 
ought to begin to show itself during the last two 
quarters of the year. During the past year the 
membership of the association increased by 4445. The 

yment for strikes and lock-outs was 15,811/. 15s. 1d. 
an than in the previous year, but there was an 
increase of 763/. 7s. Yd. in ‘‘ victim pay.” 





A demand for certain alterations in working condi- 
tions under the conciliation scheme has been laid before 
the Lancashire and Yorkshire Railway Company by 
the goods inspectors and foremen shunters in the 
company’s employ. The demand includes a standard 
day of not more than eight hours, and a minimum 
wage of 32s. 6d. per week. The conciliation scheme 
has up to the present time been taken advantage of 
only by the lower-grade men, and this is the first 
occasion on which the men employed in higher grades 
have lodged a complaint regarding their conditions of 
labour. 





It is reported by the committee of the Amalgamated 
Society of Engineers that negotiations for higher wages 





in the various centres of the engineering trade have 
resulted in an all-round increase in wages, and that in 
only five cases is there said to be dissatisfaction as to 
the result. In the Rochdale and Coventry districts 
the men’s demand for 2s. per week advance has been 
refused by the employers, who have offered 1s., which 
the men have been advised by the committee to accept. 
At Nottingham the men have been offered 1s. per week 
advance on time rates and 24 per cent. on piece rates, 
instead of the 2s. and 5 per cent. asked, and, although 
there is some dissatisfaction, it is believed that the 
men will not press for further concessions at present. 
At Sheffield the employers have refused to entertain 
the men’s demands, and fears are entertained that a 
strike may follow unless concessions are made. An 
increase of ls. per week has been conceded at Belfast, 
but the men are pean for an additional Is. in June. 
This has been refused by the general employers, but 
the committee have re-opened negotiations with ship- 
yards, and have obtained the concession from both. 





Dissatisfaction with regard to the working of the 
railway conciliation scheme of 1907 does not appear 
to decrease ; on the contrary, the Parliamentary repre- 
sentatives of the railway men have, it is said, decided 
to seek the intervention of Parliament and the Board of 
Trade to put an end to the friction there is between 
the men and the various companies. A notice of 
a motion for the reduction of the salary of the 
President of the Board of Trade has been given by the 
Labour Member for Stockport in order that the whole 
question may be raised in Parliament. It is thought 
that the conciliation scheme is much too cumber- 
some, and consequently grievances exist for a lon 
time before they are attended to, which has ptt | 
much irritation amongst the men. Another point is 
that the legal phraseology employed in making the 
awards has caused controversies as to the exact mean- 
ing of words that need not have occurred. The men 
are pressing for the abolition of the intermediate 
vend and more frequent meetings of the central 
board. It is suggested that all railway Bills which 
are proposed during the present session should be 
systematically opposed in order to direct public 
attention to the matter. 





At the annual conference of the Midland Counties 
Trades’ Federation, held at Walsall on Tuesday last, 
a resolution was moved and adopted in favour of the 
payment of Members of Parliament, but declining to 
accept this as a solution of the difficulty created by the 
Osborne judgment. The chairman stated that trade- 
unionists simply claimed the same privileges as the 
political parties possessed, of being able to apply their 
funds for the propagation of their own views. 








THE BROTHERHOOD-REES ROTURBO 
BOILER FEED-PUMP. 

WE do not know who was the first to realise the fact 
that a suitably-designed centrifugal pump, turbine 
driven, could be used with success and satisfaction for 
the feeding of even high-pressure boilers. It is not 
so many years since centrifugal pumps, as applied to 
high lifts, were almost unknown quantities, this use- 
ful type of water-elevator being applied practically 
exclusively to the raising of very large quantities of 
water to a moderate height. In this region its former 
supremacy is now contested by a later developed rival, 
but in revenge the centrifugal pump is invading regions 
hitherto assigned exclusively to the reciprocating form, 
which attains its maximum of efficiency under such 
conditions. Where the lift is very high, and the 
quantity considerable, it seems probable that the best 
class of reciprocating pump will still hold the field. 
In other cases, however, such as occur in boiler feed- 
ing, we have a demand for a high lift in combination 
with a small delivery. The total horse-power involved 
is in such cases very small at the best, and it has 
accordingly never been commercially possible to intro- 
duce the refinements which have made high-lift recipro- 
cating pumps of the best type so very economical of 
fuel. The eld has therefore been open for the intro- 
duction of high-lift turbine-driven centrifugals, which, 
from the point of view of the power-station engineer, 
have many excellent features. The possibilities of 
this new departure were perhaps first realised on the 
Continent, und many British firms, with a diffidence 
which we trust is not about to become a charac- 
teristic feature of manufacturers in this country, have, 
in taking up the manufacture, felt it necessary to go 
abroad for the designs of the turbine and the pump, 
though, as the plant we illustrate on page 522 shows, 
this distrust of native talent is unnecessary, and is, 
indeed, not a little singular in a country to which the 
world is indebted for the introduction both of the 
high-lift centrifugal pump and of the steam-turbine. 

e plant shown in Fig. 1 is intended to deliver 
10,000 gallons per hour against a head of 180 Ib. to 
200 Ib. per sq. in. Itconsists of a Brotherhood turbine 
designed to run at 3000 revolutions per minute, coupled 
direct to a two-chamber Rees Roturbo pump, built by 
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the Rees Roturbo Manufacturing Company, Limited, 
of Wolverhampton. A idea of the appearance of 
the complete plant will be obtained on reference to 
Figs. 1 and 2, while the constructive details are shown 
in Figs. 3 to 8. 

The turbine, which has been constructed by Messrs. 
Brotherhood, Limited, Peterborough, to their own 
designs, is a single-stage, velocity compounded impulse- 
wheel, intended to exhaust at atmospheric pressure. 
The nozzles are gun-metal castings, bolted on toa steam- 
chest formed in the cover of the turbine, and designed 
to take steam at 150 lb. gauge pressure, and two of 
them can be independently shut off. These nozzles 
expand the steam down to about atmospheric pressure, 
and deliver it on to a wheel 304 in. in mean diameter, 
and running at 3000 revolutions per minute. The 
fixed blading between the two moving rows is fitted, 
as indicated at A, Fig. 3, so as to be easily removed 
without dismantling the turbine as a whole ; but as 
the clearance between fixed and moving parts is 
nowhere less than 4 in., the necessity is little likely to 
arise. The wheel is mounted on a very stiff shaft 
packed by water-glands where it s through the 
casing, and supported externally on ring oiled bearings 
borne on independent brackets, as shown. This 
arrangement ensures that heat shall not be conducted 
from the casing to the bearings, and thus simplifies the 
question of lubrication. The bearings have phosphor- 
bronze bushes, and there is a separate strap over each 
bush, the bearing cover being therefore only a shell, 
an arrangement which makes it easy to keep the whole 
oil-tight. An oil-gauge is fitted at the side of each 
pedestal to indicate the level of oil in the well, and a 
drain-cock is also provided for drawing off the worn- 
out oil when a fresh supply is required. The governor 
is mounted direct on the main shaft, as shown to the 


right in Fig. 3, and thus runs at the full speed of 3000 | 24.7 


revolutions per minute. The thrust is taken by a ball- 
bearing, and transferred through a hard point to one 
arm of a system of bell-crank levers and to the spindle 
of the main-governor valve, which is the one shown 
next the casing on the left in Fig. 3. The tail of this 
spindle is ground, and passes steam-tight through a 
long sleeve, reamed accurately to size, and receives at 
its outer end the pressure of a spiral adjusting 7. 
A small hand-wheel screwed on to the spindle 
makes it easy to adjust the speed of the turbine 
when running by altering the compression of this 
spring. An emergency cut-off, shown at B, is also 
provided. This is normally held open against the 
pressure of a spring by a catch, but should the turbine 
speed exceed the safe limit, this catch is knocked out 
by the expansion of a helical spring joined up to make 
a complete band and sprung over the shaft, as indicated 
at C. If the turbine races, the centrifugal force 
causes this spring to expand, and it then comes in con- 
tact with a stop, and knocks out the catch, which, as 
already stated, normally prevents the closing of the 
emergency valve. An idea of the arrangement of 
gear at this end of the turbine will be obtained on 
reference to Fig. 2. 

The funnels shown at D, Figs. 3 and 4, are for the 
supply of the water gland. The pipes from these funnels 
enter the gland at the bottom, asshown at EE. Shields, 
or water-throwers, are provided at F F to prevent any 
occasional surplus of water creeping from the gland 
along the shaft into the bearings. Exhaust branches 
are provided at both sides of the casing, as shown at 
G, G in Fig. 4, one of which is, of course, closed by a 
blank flange, as best seen in Fig. 1. The casing is 
split in halves along a horizontal joint, and the front 
cover, which carries the steam-chest, is also in halves, 
and, like the main casing, is also completely lagged. 
The shaft is stiff and the wheel runs below its critical 
speed, and is so well balanced that there is an entire 
absence of noise and vibration. 

The pump, on the other hand, runs above its critical 
speed, but is equally vibrationless. It is connected to 
the turbine-spindle by a ‘‘ pin” coupling. A longi- 
tudinal section through this pump is represented in 
Fig. 5, whilst the system on which the impeller and 
deflectors for the diffusion-chamber are designed is 
clearly shown in Figs. 7 and 8, which, however, illus- 
trate a wn, eer ponerse impeller, instead of the 
double-chambered one actually used in the feed-pump. 
The double-chamber impeller is adopted in all the 
Rees Roturbo series pumps, so as to eliminate end 
thrust. The suction branch is arranged on one side 
of the main casing, as indicated by the dotted circle 
on Fig. 5. The water passes, as indicated by the arrow, 
into the inner eye of the left-hand impeller. On 
leaving this impeller, it passes through the diffusion- 
chamber, and is delivered into the passage J, whence 
itenters the outer eye of the same impeller. From 
the second ring of diffusion-vanes the water then 
passes into the inner eye of the right-hand impeller, 
and the cycle is repeated ; but it will be noticed that 
as the water enters the second impeller in the reverse 
direction to the first the impellers act the part of a 
balancing system, and do away with the necessity of 
any external balancing arrangement. The flow of 
water will be followed more clearly in the diagram- 
matic sketch of the four-chamber twin-impeller pump, 





shown in Fig. 6. Referring to Figs. 7 and 8, it will be 
seen that the impeller is essentially a wide box, into 
which the water enters round the shaft ; and in this 
particular case (which, as already stated, represents a 
single -chambered impeller) on both sides. As it 
enters the box the water is gradually given a whirling 
motion by the action of the vanes shown, and as a 
result an hydraulic pressure is set up near the periphery 
of the box by the consequent centrifugal action. The 
water therefore tends to escape through the nozzles H H. 
These have an area only a small fraction of the area of 
the waterways inside the impeller, so that, although 
the water issues from the openings H H with a velocity 
of 45 ft. per second or so, its velocity of flow within 
the body of the impeller is always small, and the 
frictional loss correspondingly unimportant. The direc- 
tion of rotation being clockwise, it will be seen that 
the nozzles are directed backwards. One consequence 
of this is that if the head be reduced below its designed 
limit whilst the speed is maintained constant, a 
larger quantity of water is delivered without any 
notable reduction in the efficiency of the pump, 
since the backwardly-directed jets contribute then a 
larger proportion of the total power needed to drive 
the impeller. In all cases this power is made up of 
two elements—viz., the torque applied to drive the 
shaft, and that arising from the reaction of the jets 
issuing through H. If the velocity of flow through 
the latter goes up, this second element increases very 
rapidly, since not only is the velocity of issue greater, 
but the weight passed per second is correspondingly 
augmented. The result is that the pump has a very 
flat efficiency curve. 

On test, using wet steam coming through an un- 
lagged pipe, the pump delivered 195 gallons per minute 
against 180 lb. pressure. The water horse-power was 
The brake horse-power developed by the tur- 
bine was 41.5, and the steam consumption was 33 lb. 

r brake horse-power per hour, or 55 lb. per water 

orse-power per hour. These figures compare very 
well with those realised by many feed-pumps of the 
reciprocating type. 

It is claimed that the trial efficiency of Roturbo 
feed-pumps is sustained in actual service. There are, 
in fact, no parts to wear or to require an adjustment, 
which in practice they might not always receive. The 
maintenance costs are thus low, the oil consumption 
is also insignificant, and as there is no internal lubri- 
cation, the exhaust steam is absolutely clean. The 
absence of noise also in many cases constitutes a very 
desirable feature. The attention required is very 
small, since the pump can be run continuously, the 
feed being adjusted as required by opening or closing 
the boiler feed-valves, in which case the pump will 
automatically adjust itself to the output required. 








FOREIGN ENGINEERING PROJECTS. 

WE give below a series of foreign engineering projects, 
for several of which tenders are asked. Further data 
concerning them can be obtained from the Commercial 
a Branch, Board of Trade, 73, Basingh 
street, E.C. 

Spain : The Gaceta de Madrid contains a notice, issued 
by the General Directorate of Public Works, granting to 
the Sociedad Minero Guipuzcoana, of Bilbao, a concession 
for the construction and working of a strategic railway 
from Andoain to Lasarte. 

Spain (Canary Islands): The Gaceta de Madrid con- 
tains a notice, issued by the Ministerio de Fomento, 
Madrid, to the effect that tenders will be opened on 
May 18 for the carrying out of harbour works at San 
Sebastidn de la Gomera (Canary Islands). The upset 
price is put at 877,000 pesetas (about 32,000/.). This 
notice contains a clause to the effect that, should the 
contract not awarded at this competition, a secon 
call for tenders may be issued, in which foreign firms may 
participate. 

Italy : The Gazzetta Ufficiale notities that tenders will 
be opened on May 9 at the offices of the Direzione Gene- 
rale delle Ferrovie dello Stato, Rome, for the construc- 
tion of the third section, 9 miles in length, of the railway 
in course of building between Spilimbergo and Gemona. 
The upset price is put at 2,110,000 lire (84,400/.). Although 
the contract will in all probability be awarded to an Italian 
firm, nevertheless the carrying out of the works may 
involve the purchase of some materials out of Italy. 

Turkey in Asia: With reference to public works at 
Jerusalem, including the provision of a water-supply, 
H.M. Consul at that city reports that tenders are invi 
by the municipal authorities there for the concession for 
water-supply works. A deposit of T1000/. (900/.) is 
required with each tender, and the tenderer must supply 

roof of his financial and technical ability for the work. 
oe fel will be received, up to 2 p.m. on June 14, at the 
office of the President of the Municipality, Jerusalem, 
and a local representative will be necessary in the case of 
a non-resident tenderer. . 

Note.—A list of British commission agents established 
in Constantinople may be obtained, and a copy of the 
specification (in French) relating to the Jerusalem con. 
tract seen, by British contractors at the Commercial 
Intelligence Branch of the Board of Trade. 

Netherlands East Indies: The Bulletin Commercial 
(Brussels) notifies, on the authority of the Belgian Consul 
at the Hague, that the Netherlands Government have 
applied for a supplementary credit for the purpose of 
constructing a railway from Bandjar to Parigi. 





China: The Frankfurter Zeitung notifies that the 
Viceroy of Kansu has submitted plans and specifications 
for the construction of a railway from Boa-Tou (near 
Kalgan) to Lan-Chau (capital of Kansu), whence it will 

roceed to Urumtsi (Mongolia) and Kuldja (capital of Ili). 
t appears that the Chinese Government have approved 
the project. 

Argentina: H.M. Minister at Buenos Aires reports 
that the Argentine Budget for 1911 makes provision for 
the expenditure of 100,000,000 pesos (about 8,750,000/.) on 
various public works, the chief items being as follow :— 
Purchase of two suction dredgers for deepening the 
channels giving access to the port of Buenos Aires, 
1,363,636 (about 119,000/.); purchase of dredging 
ms for the rivers Parand and Uruguay, and the Punta 

e Indio bar, 1,272,727 (about 111,000/.) ; building 
and furnishing of new law courts, 6,000,000 (about 
525,000/.) ; construction of new General Post Office, 
1,000,000 pesos (about 88,0002.) ; new pee at Mar del 
Plata (see Board of Trade Journal of January 5 Jast, 
page 15), 6,818,182 (about 597,000/.) ; construction 
work on various railways already being built, and begin- 
a lines (1) from San Juan to Jachal, and (2) from 
Villa Dolores, Cordoba, to San Luis, and rolling-stock, 
&c., 45,454,545 pesos (about 3,977,000/.) ; construction of 
military barracks, 2,000,000 pesos (about 175,000/.) ; con- 
struction of the port of Quequen, 1,818,182 pesos (about 
159,000.) ; extension of water supply and drai works 
in Buenos Aires, 9,000,000 pesos (about 788,000/.) ; water 
supply and sanitary works in several towns in the pro- 
vinces, 6,000,000 pesos (about 525,000/.) ; construction of 
immigrants’ hotels and homes, &c., 3,000,000 
(about 263,000/.). H.M. Minister adds that it is impos- 
sible to say at present which of the public works autho- 
rised by the budget will be carried out during this year. 
With reference to a proposed canal from the Rio Negro 
to the port of Sen Antonio, the Boletin Oficial contains a 
decree empowering the General Directorate of Irrigation 
to appoint the staff required to carry out surveying 
operations and to draw up plans for the construction of an 
irrigation canal from the Rio Negro to San Antonio. 
The Boletin Oficial also publishes a decree approving the 
plans relative to the carrying out of important irrigation 
and dam works in the neighbourh of the Tercero 
river in the province of Cordo The cost of the work 
is estimated at 7,022,000 pesos currency (about 614,000/.). 
This will include the construction of a large dam, a 
reservoir, and a system of distributing canals. For the 
execution of the work the General Directorate of Irriga- 
tion is authorised to enter into a contract with the 
Central Argentine Railway authorities. 

Chili : The following information is from the report by 
H.M. Consul at Coquimbo on the trade of that district in 
1910, which will shortly be issued :—There is noticeable 
an increasing need of agricultural machinery to supple- 
ment an ever-decreasing supply of farm labourers, and 
although the aggregate quantity of machines of late 
imported is still insignificant, yet a beginning has been 
made, and one sees implements of European and of 
United States make more frequently than heretofore. 
Only a small proportion comune Given to Coquimbo, hew- 
ever, the bulk of the machinery being transhipped from 
Valparaiso, where British and other foreign mebers have 
agencies established and machinery on view. Irrigation 
works sre foreshadowed, to be undertaken by the central 
Government, and managed by the Department of Public 


all. | Works when completed. There exist extensive tracts of 


land suitable for culture, but which are at present sterile 
for want of irrigating canals; the tillage of these tracts 
should help to meet the demand in the province for an 
increased f supply. _H.M. Consul at Antofagasta 
reports that in the province of Atacama, in the vicinity 
of Copiapé, a scheme for irrigation on a considerable 
- has been approved, and is likely to be commenced 
shortly. 

France (Martinique): H.M. Consul at Martinique 
reports that the General Council of that colony has 
approved a proposal for raising a Joan of 6,000,000 fr. 
(240,0007.), to be expended as follows :—Extension of the 
dry dock at Fort-de-France, 2,360,000 fr. (94,4002.) ; con- 


qd | 8truction of an iron wharf at which ocean-going vessels 


shall be able to discharge, 640,000 fr. (25,600/.); water 
supply works, 1,848,000 fr. (73.920/.) ; sanitary works, 
952,000 fr. (38,080/.). It is further proposed to grant a 
concession to private persons for the establishment of a 
coal dépét at Fort-de-France. 








Mortor-Boat ‘‘Ursuia.”—The Wolseley motor-boat 
Ursula, owned by the Duke of Westminster, has again 
been doing brilliant work at Monte Carlo, althougb a 
simple acvident robbed the boat of the highest prize of 
the meeting at a moment when it was certain that she was 
superior in 8 to all her competitors. She, however, 


ted | secured the Prix de Monte Carlo, which she has won for 


three years in succession; this year, however, no com- 

titor ap In the Toute de Piste competition 

rsula covered the course in 5 minutes 13} seconds, beating 
her previous year’s record by 7 secon The general 
performance proves the lasting character of the work done, 
and, in connection with one of the breakdowns, the 
Wolseley Tool and Motor-Car Company gave full evidence 
of remarkably good factory organisation. On the 5th inst. 
one of the propeller-shafts snapped. The fact was at once 
communicated by telegram to the Birmingham Works. 
A forging of nickel-chrome steel was put in hand at the 
Vickers’ Works at Sheffield, and this forging was 
machined and finished at the Birmingham Works, and 
despatched on the 8th inst., arriving at Monaco on the 
10th inst. Thus, within five days of the accident, the vessel 
was again omuneene. The significance of this result is 
further established by the fact that the shaft is 16 ft. in 
length, and was machined to yqyy in, 
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ROAD CONSTRUCTION AND 
MAINTENANCE. 


At the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, April 4, Mr. A. G. Lyster, 
Vice-President, in the chair, the papers read were :— 
“ The yn ey of Highways to meet Modern Con- 
ditions of Traffic,” by Mr. J. Walker Smith, M. Inst. 
C.E., and ‘‘ Recent Development in Road Traffic, Road 
Construction, and Maintenance,” by Mr. H. P. Maybury, 
M. Inst. C.E. 

In the first of these two papers the present-day methods 
of transport on roads are considered in the introduction, 
and statistics are submitted in diagrammatic form, show- 
ing the growth of motor-vehicles and the decline of 
horse-drawn vehicles, but also indicating that the ratio of 
motor-vehicles to horse-drawn vehicles is very small, both 
in number and in mileage run. 

Dealing next with road construction, the two general 
methods of preparing and laying bituminous - bound 
macadam are described—namely, the formation of tar- 
macadam, or tar-concrete, and the penetration of macadam 
with bituminous grout. The costs of these are considered 
in general terms. The advantages of bituminous-bound 
macadam may be summarised as suitability for both 
horse-drawn and self-propelled traffic, comparative free- 
dom from dust, economy in maintenance, imperviousness 
and density, power of distribution of weight, decreased 
camber, and noiselessness ; against these may be set the 
disadvan of increased cost of construction, ible 
bad foothold on gradients, and the effect of weather con- 
ditions during construction. The question of tractive 
effort is also dealt with. 

Passing to the materials comprising the road surface, 
the physical, mechanical, and chemical agents of destruc- 
tion of road-stone are described ; and the author considers 
what has been attempted, and what may profitably 
be attempted, to predetermine, b boratory means, 
their effect upon various stones under service conditions. 
For this purpose a number of physical tests—fully 
described in the Appendix—and petrological observa- 
tions are suggested, for record, with the practical results 
obtained, in order that they may be correlated. The 

romising field for experimen work may thus be 
urther and more thoroughly exploited, and the laws 
which appear capable of being deduced may be deter- 
mined from organised research. With reference to the 
bituminous binder, after pointing out the possibilities of 
the natural asphalts and petroleum residues in the con- 
struction of bituminous macadam roads—which is yet in 
its infancy—the tar and its products are fully discussed. 
Statistics are given, tests are suggested and described, 
and specifications for different grades of tar are submitted. 

The financial considerations affecting the reconstruction 
of existing macadam roads in the bituminous-bound form 
are submitted in the form of curves, whilst similarly are 
shown the fluctuations of the mileage and costs of the 
various classes of roads. Upon the basis of the beneficial 
results, financial and otherwise, which will accrue from 
the adoption of this form of construction, it is suggested 
that certain classes of roads should be so reconstructed. 
To illustrate this proposal, the reconstruction of about 
50,000 miles of roads in England and Wales is considered, 
upon the principle of spreading the cost over a period of 
seven years. The net result of this—upon the data 
assumed —is that the whole of this length of roads would 
be entirely reconstructed in a period of thirty-four years. 
At no period would the present cost of maintenance be 
exceeded, whilst at the twenty-third year a gross annual 
saving would commence, increasing until, in the forty- 
first year from commencing, there appears a maximum 
permanent saving of between 2,000, . and 3,000,000. 
per annum. 

In the concluding portions of the paper the author makes 
recommendations for the standardisation of materials of 
construetion, and for the accumulation of data for the 
design of future roads. In the case of standardisation, it 
is suggested that there should be commenced and there- 
after continued systematic laboratory tests and analyses 
of stones, the physical and petrological results of which 
should be recorded for each trial length of road laid under 
service conditions. These records are suggested with a 
view to correlate the various physical tests, and further 
to correlate the physical tests with the petrological de- 
scriptions. Itis desired to establish ultimately—at least 
for physical qualities—relative values of stones for bitu- 
minous-bound and water-bound macadam. It is suggested 
that there should be laid down three or four standards for 
the bituminous binder, and that the subject should be pur- 
sued further in the laboratory. The standards for tar 
itself would thus be greatly improved, and such correla- 
tion in laboratory-test results might be found as would 
enable a number of tests to be eliminated, and reliance 
to be placed upon a very few. Further, the effects of 
blending tar with other substances, such as petroleum 
residues and asphalt in various proportions, could be as- 
certained, and also the effect of introducing various 
proportions of inert matter. 

nsideration is then given to tle second suggestion, 
** that data should be accumulated to admit of the desi 


of roads to meet any known conditions of traffic.” The] fi 


dominating factor, ‘‘ traffic,” is pro to be dealt with 
by enumeration under certain headings ; and the relative 
potential damaging effects of various vehicles upon various 
grades of road would be reduced to a common denomi- 
nator by a scale of average weights and a scale of 
coefficients. It is suggested then that a number of 
ig, ed experimental roads should be constructed 
in localities having different intensities of traffic, and 
that records in connection with these should be kept. 
A form is suggested to include records of materials and 
methods of construction, first cost, cost of complete 
re-surfacing, intensity of traffic, cross-sectional wear, 





longitudinal unevenness, general condition of the surface, 
cost of maintenance each year, average annual cost of 
cyclic maintenance, annual repayment of capital cost by 
instalment with interest. A table has been prepared 
upon these lines, and the results are plotted in diagram- 
matic form, from which may be seen at a glance the 
ints—in terms of traffic—at which each class of road 
mes the most economical. From these results a 
certain formula has been deduced for the construction 
of roads when certain data are available. Such 
formula, of course, will need to be used with due 
to the recorded conditions of the road sur- 
face throughout the whole cyclic period of its life; 
and also to the type of foundation and subsoil, gradient, 
prevalent weather, general meteorological conditions, 
and any special local conditions obtaining. In addition, 
as already mentioned, the composition of the units of 
traffic making up the total weight of traffic used in the 
formula will have to be taken account of, a single heavy 
vehicle often having a greater damaging effect than several 
smaller ones of the same te weight. 

The author of the second paper first draws attention 
to the vast development of self-propelled traffic during 
the past few years, and states that on December 31, 1910, 
there were 218,680 self-propelled vehicles in the United 
Kingdom licensed and registered for use. He points out 
that this new form of traffic was legalised without any 
inquiry as to what effect it would have upon the roads, 
and without any provision for strengthening them, thus 
creating a very difficult position for those responsible for 
their construction and maintenance. The first essential 
condition for successful road construction is a — 
foundation, and the author states that to provide a 
proper foundation for the 27,000 miles of main roads 
in England and Wales would cost 55,000,000. He 
then refers to the heavy motor-car traffic and the 
anomalous position of the heavy or commercial motor, 
which is permitted to have an axle weight of 840 Ib. 
per inch width of tyre on a wheel 3 ft. in diameter, 
while a traction-engine is only allowed a weight of 
616 lb. per inch width. He gives examples of the damage 
caused by these heavy motor-vehicles, and suggests that 
steps should be taken to remedy this anomalous state of 
affairs. He then deals briefly with various ways of usin, 
tar in the construction of roads, and suggests a standa 
specification for suitable tar, to be applied in accordance 
with the circumstances obtaining in particular districts ; 
and finally he describes the treatment of the surface of 
roads with tar, the laying of tarred macadam, and pitch 
grouting of ordinary macadam, and defines the desirable 
qualities of the tar or tar compounds. 





ROYAL METEOROLOGICAL SOCIETY. 

THE monthly meeting of this Society was held on 
Wednesday evening, the 19th inst., at the Institution of 
Civil Engineers, Great George-street, Westminster, Dr. 
H. N. Dickson, President, in the chair. 

Mr. W. Marriott read a paper on ‘‘ Variations in the 
English Climate during the Phirty Years 1881-1910.” The 
Royal Meteorological Society in 1874 commenced the 
organisation of a series of ‘*Second-Order Stations,” at 
which observations of pressure, temperature, humidity, 
rainfall, and wind are made twice a day—viz., at 9 a.m. 
and 9 p.m. In addition to these, another class of stations 
comal **Climatological,” at which observations are made 
once a day—viz., at 9 a.m.—was organised in 1880. The 
monthly results from all these stations have been pub- 
lished in the Meteorological Record. The author has 
taken the general monthly means of all these results as 
representing the means for England and Wales, and 
these general means were exhibited to the meeting in the 
form of an interesting series of diagrams in which the 
variations of the various elements for each month were 
shown in red when above the average, and in blue when 
below the average for the 30 years1881-1910. The warmest 
months were August, 1899, July, 1900, and July, 1901; 
while the coldest months were February, 1895; January, 
1881, and December, 1890. During the last 14 years the 
temperature in October was above the average, with only 
one exception—viz., 1905. The years with the highest 
mean temperature were 1898, 1893, and 1899, and the 
years with the lowest temperature were 1892, 1888, and 
1887. The month with the highest mean pressure was 
February, 1891, and that with the lowest pressure was 
March, 1909. On the average April is the month with 
the least rainfall, and October the month with the heaviest 
rainfall; while June has the least number of days of rain. 
The wettest months during the thirty years were October, 
1903, and October, 1891, and the driest months were 
February, 1891, and April, 1893. The years with the 
heaviest rainfall were 1903 and 1891, and the years with 
the least rainfall were 1887 and 1893. The wind diagrams 
showed that the prevailing winds were from the south- 
west and west, but that in April, May, and June north- 
easterly winds were more pronounced than in the other 
months of the year. 7 

Two — y Captain C. H. Ley were also read, viz.: 
—‘'* The Value of the Two-Theodolite Method for Deter- 
mining Vertical Air Motion,” and ‘*‘ An Automatic Valve 
‘or Pilot- Balloons.” 








Exrractinc Moisture FRoM Peat.—According to the 
American Consular Agent at Wiesbaden a new method 
of treating peat has been devised by a German engineer. 
The method relates to the extraction of water from the 
peat. The process consists of mixing with the peat an 
amount of peat coke in the proportion of 1 of peat coke 
to 15 of peat, and subjecting the whole to high pressure, 
which is effected by means of s ly constru 
machinery of a simple kind. The exact effect of the peat 
coke is not stated. 





HIGH VACUUM. 
To THE Eprror OF ENGINEERING. 

Srr,—In view of the great interest taken in Mr. 
Morison’s paper, may I call attention to the annexed 
diagram for showing the comparative results of the tests 
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quoted. A similar curve showing the average results of 
steam-turbines ay Spe the great advantage possessed 
by the turbine in this respect. 


Yours faithfully, 
London, April 5, 1911. W. i. Watus. 





‘“*SURFACE COMBUSTION AND ITS 
INDUSTRIAL APPLICATION.” 
To THE EpiToR oF ENGINEERING. 

Srr,—May I be permitted to point out an error in the 
report of my recent lectures at the Royal Institution on 
the above subject, which appeared on pages 487 to 489 of 
your last issue. It is aonlon page 488 (third co!umn) 
that the small three-tube boiler, which was fired accord- 
ing to the new principle, at the close of the second lecture, 
** took a gas supply at the rate of 100 to 120 cub. ft. per 
hour,” whereas this was the amount of gas burned in each 
one of the three tubes per hour, the total consumption 
being between 300 and 350 cub. ft. of coal-gas per hour 
plus an amount of air requisite for its complete combus- 
tion. The ten-tube boiler, upon which we have experi- 
mented at the works of Messrs. Wilsons and Mathiesons, 
Armley, Leeds, will burn between 1000 and 1200 cub. ft. 
of coal-gas per hour, transmitting 94 per cent. of the net 
calorific value of the gas to the water. We are now 
designing a fifty-tube boiler for coke-oven gas, which we 
hope to instal very shortly in connection with a battery 
of Lh gree coke-ovens. 

ou omitted to state in your report that throughout 
the investigation on the industrial application of surface 
combustion, the results of which were described in my 
second lecture, I have had the able collaboration of Mr. 
C. D. McCourt, whose special knowledge of refractory 
materials has been of the test value in overcoming 
many of the practical difficulties inherent in the problem. 
Yours truly, 
WictiaM A. Bone. 
The University, Leeds, April 15, 1911. 








MINING Macuinery.—The value of the mining machi- 
nery exported from the United Kingdom in March was 
84,669/., as compared with 98,3927. in March, 1910, and 
70,386. in March, 1909. In these totals the exports to 
British South Africa figured for 39,737/., 53,113/., and 
36,5382. goeerg n the three months ending 
March 31, this year, mining machinery was exported to 
the value of 255,397/., as compared with 300,636/. in the 
~ heed of 1910, and 177,217/. in the first quarter 
oO ‘ 





Launcn or H.M.S. ‘‘ Yarmouru.”—The protected 
 anwed beh emcee “A which a built by = come! = 
ow Shipbuilding and Engineering Company, Glas- 
ww, was launched at Govan 9 the 12th inst. The ship 
is of the Town class, which has already been fully 
described in ENGINEERING in connection with the launc 
of earlier vessels of the type. The turbine machinery of 
the Yarmouth, which is Gees supplied by Messrs. John 
Brown and Co., Clydebank, is of the Brown-Curtis type, 
which proved so successful in the Bristol, and the boilers 
are of the Yarrow superheater design. She will have 
twin-screws instead of four, as fitted in her sister ships, 
which have Parsons turbines. The revolutions of the 
propellers are considerably less, and slightly increased 
screw efficiency is obtained. The ship, which is being built 


cted | at a cost of 330,000/., exclusive of armament and naval 


stores, was berthed in a large new fitting-out basin which 
the firm have constructed as an extension of their works. 
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PHOTO-ELASTIC DETERMINATION OF 
STRESS. 


The Determination, by Photo-Elastic Methods, of the 
Distribution of Stress in Plates of Variable Section, 
with Some Applications to Ships’ Plating.* 

By Professor E. G. Coxsr, D.Sc. 
INTRODUCTION. 


Tur accurate calculation of the state of stress in a 
structure, when loaded by forces called into action by the 
actual working conditions, is generally one of the most 
difficult problems which an engineer is called upon to 
solve, 

In the very simplest cases, however, as, for example, a 
tension member, it is a simple matter to determine the 
stress, provided that no complications are produced, by 
the needs of practical construction, by the dynamic effect 
of the load, and the like. 

If, however, the tension member is not an ideal rod of 
homogeneous and perfectly elastic material, of uniform 
section, with a steady load applied so that its line of 
action coincides with its axis of figure, the difficulty of 
determining the stress conditions may be very great, as, 
for instance, in the neighbourhood of rivet-holes in a 
built-up member, or at a place where there isa discon- 
tinuity in the section. 

Again, if we take the case of a beam of rectangular 
section loaded by a constant bending moment, it is quite 
a simple matter to accurately calculate the stress through- 
out the beam; but immediately we pass to practical 
examples, like plate girders and frames built up of plates, 
angles, channels, and other rolled sections, riveted or 
otherwise secured together, we obtain an extremely 


would, no doubt, be possible to determine this indirectly 
by measuring the c of form on the surface of the 
bar, which latter may be divided up into convenient areas 
for the purpose, coh as those shown on the mild-steel 
bar of Fig. 1, subjoined, which has been purposely over- 
strained in order to greatly ex rate the changes of 
form produced within the elastic limit of the material. 
The distribution of stress is evidently far from uniform 
in the neighbourhood of the rivet-hole, while the elastic 
deformation is so very minute that it would be exceed- 
ingly difficult to obtain any accurate measurements from 
which to infer the stress in the material, while in most 
cases surface measurements would not truly represent the 
condition of strain in the material. At an early ——. 
when our experimental knowledge was defective in fun: 

mental matters, the need of means of measurement: in 
cases where strain varies rapidly as regards length, area, 
and volume, was hardly felt ; but this is no longer true, 
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Fig.2. 
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complex structure, which, if we take account of such 
devices as stiffeners, gusset plates, and such like practical 
details, makes the problem so difficult that the accurate 
calculation of the stress becomes almost impossible, and 
the designer has to content himself with determinations 
based on a theory of elasticity which is only a rough 
approximation to the truth. : 
is calculations are therefore usually tempered by his 
practical experience of the behaviour of other loaded 
structures ae similar character, coupled with physical 
considerations derived from experiments on the behaviour 
of materials under load, whenever data are available for 
the problem in hand. é 
In the development of knowledge of the physical 
properties and Sobasiane of materials under stress, it is 
noteworthy that the experimental information upon which 
engineers chiefly rely in designing structures is almost all 
of one kind—viz., that in which purely mechanical 
measurements of stress and strain are obtained, from 
which the laws of the behaviour of materials are deduced. 
This is perhaps accounted for by the remarkable 
development in the power of measurement which resulted 
from the invention of the true plane and screw by 
Whitworth, followed later by the statement by Kelvin 
and Tait of the scientific principles which govern the 
desi, of. measuring - instruments, thereby making it 
possible, when such an accuracy is required, to construct 
strain-measuring apparatus to detect differences of length 
of the order of one millionth of an inch, and to measure 
— forces to almost any required degree of accuracy 
urely mechanical apparatus for measuring c’ o! 
length, area, angle, or volume, have, in fact, reached such 
a degree of perfection that their Se accuracy 
appears to be amply sufficient for all present pur: , as 
far as they are applicable ; but, unfortunately, the range 
of problems which can be examined in this way is some- 
what small, owing to the necessity of obtaining uniform 
conditions in a given length, or over an area, or through- 
out a volume. These limitations can be overcome 
to some extent because of the precision with which 
instruments can be made; thus, extensometers capable 
of measurement over, say, a length of 1 in. to a limiting 
accuracy of = im., have been frequently used to 
examine the behaviour of tension and com ion 
members, pillars, beams, and the like; but this does not 
get rid of the difficulty that if the strain varies over the 
measured interval, it is only possible to obtain an average 
value for that interval. if for example, the state of 
Stress is required near a rivet-hole in a tension member, it 


* Paper read before the Institution of Naval Architects, 





April 7, 1911. 











and in many cases, such as in the investigation of stresses 
in structural members in the deck-plating of ships and 
the like, the difficulties increase so much that other 
materials, such as jellies, india-rubber, vulcanite, and the 
like, have been employed for experimental purposes, in 
which much larger strains are obtained within the elastic 
limit of the material than is the case with the material 
actually in use. 

Some objections may be raised to this mode of experi- 
ment on the ground that the physical properties of the 
material tested differ widely from the material used for 
constructive purposes ; and while this is probably a well- 
founded objection, it is not sufficiently important to 
deprive such investigations of particular interest and im- 
portance, and it is an undoub’ fact t experiments 
a lines have produced information of the greatest 
value. 

To estimate the importance of the objection that 
materials like jellies and india-rubber are only partially 
elastic, and therefore do not accurately represent the 
behaviour of steel and other metals under stress, it is 
worth while to quote the results of some mechanical 
measurements* of the relation of stress to strain for 
certain materials to show the amount of their defect from 
perfect elasticity. In all the cases quoted, where a 
minute accuracy of measurement was necessary, a Ewing 
extensometer was employed capable of measurement to a 
quarter millionth of an inch, and the material was sub- 
jected to a complete cycle of os ina machine capable 
of applying compression or tension loads. 

The annexed Table I. shows the results of experiments 
on steel, wrought iron, cast iron, and plate glass for cycles 
of stress varying between 1000 lb. and 9000 Ib. per sq. in. 
These values are plotted in Fig. 2, above, from which it 
will be observed that the cycles are practically straight 
lines returning upon themselves, and therefore indicating 
a very high degree of elasticity for the range of stress to 
which the materials have been subjected. 

The high degree of elasticity possessed by glass shows 
that, for experimental purposes, the behaviour of this 
latter is likely to resemble steel and wrought iron and 
other metals somewhat closely; and since, as is well 
known, it possesses optical properties which are valuable 
for experimental purposes, it may be used with consider- 
able confidence for experiments on the distribution of 
stress in a body. It is interesting to compare these 


* See ‘A Laboratory Agencies for Measuring Lateral 
Strains, &c,” by E. G. Coker, Proceedings of the Royal 
Society, Edinburgh, vol. xxv., page 452, and “‘ An Investi- 
gation of the Elastic Constants of Rocks, &c.” by F. D. 
Adams and E. G. Coker, Proceedings of the Carnegie 





Tasie I. 


Extensions in a Length| Compressions in 




















of 8 In. |Millionths of an Inch 
1 Divn. = wane In, | wae ‘ena 
Load in Pounds. 5 . : 
Wrought |, | British 
Si lo ¥ 
teel | Iron. {Cast Iron. | plate Glas 
1000 : i eS 0 o- 
34 37 160 240 
3000 34 | 37 | 160 240 
32 35 160 240 
5000 66 | 72 | 320 480 
33 34 Cl 160 220 
7000 99 106 480 700 
33 37 | 160 | 260 
9000 132 143 | 640 960 
35 148 240 
7000 108 492 720 
36 152 240 
5000 _ 72 340 480 
35 164 240 
3000 37 176 240 
37 176 249 
1000 0 | 0 0 0 
Sectional area in teal 
square inches. . 0.800 0.7854 | 1.041 1.0057 
Young’s modulus | | 
in pounds and | 
inches .. ..| 80.2 106 | 28.45 x 166 15x 108 | 10,35 x 106 
Tasie II. 


Xylonite specimen, 8 in. long between measuring points, 
0.49 in. wide, and 0.123 in. thick.* 


Load. Extension. Differences. 
Ib. in. 
0 0 0.017 
40 0.017 
0.018 
30 0.035 
0.017 
120 0.052 
0.019 
160 0.071 
0.016 
120 0.055 
0.018 
80 vu, 087 
0,017 
40 0,020 
0.019 


0,001 

* The Optical Determination of Stress,” by E. G. 
(Philosophical Magazine, 1910, page 740). 

Taste III.—TZenston Test of Rubber.* 


Length under test, 15 cm. = 5.904 in. 
Cross-section of circular form area = 0.412 sq. in. 


Coker 


Load. Pounds | Extensions 
Load. Grammes. per Square per Inch of Differences. 
Inch. Length. 
0 0 0 

0.0050 

200 1,07 0.0050 
0.0047 

400 2.14 0.0097 
0.0066 

600 3.21 0.0163 
0.0064 

800 4.38 0.0227 , 

0.0059 

1000 5.45 0.0286 
0.0050 

3800 4.38 0.0236 
0.0056 

600 3.21 0.0180 
0.0059 

400 2.14 0.0121 
0.0065 

200 1.07 0.0066 
0.0060 

0 0 0.0016 


* Data obtained by Mr. R. Harrison, senior student of the 
Mechanical Engineering Department, City and Guilds of London 
Technical College, Finsbury. 


results with others obtained from semi-elastic bodies like 
xylonite and india-rubber, both of which have been used 
experimentally for a the distribution of stress 
in ies cut to the sha in engineering structures. 
Table II., above, shows the values of stress and 
strain for a specimen of xylonite, and Table IIT. is taken 
from a student’s note-book, and both are plotted in Fig. 3, 
on the pane page. 
The loop giving the relation of stress to strain is now 
quite apparent, and the experiments show that, while 
both materials are inferior to glass for experimental 
pu yet xylonite, within a limited range of stress, 
sufficiently resembles the behaviour of steel, wrought 
iron, and cast iron to warrant its use for experimental 
work where the highest degree of accuracy is not abso- 
lutely essential. For cases where it is desirable to 
magnify strains india-rubber has valuable properties ; 
but, on account of its large deviation from elasticity, it 
requires very considerable care and skill to determine 
from its behaviour the distribution of stress in a body 
like steel, which is almost perfectly elastic. The most 
serious objection is, however, that the stress at a 
not in general determined by mechanical meth and 
these latter are not applicable to a great variety of 
problems of the distribution of stress in practical cases 
where there is a rapid variation from point to point. 

The Optical Determination of Stress.—A well-known 


int is 





Institution, 1906. 
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body is, however, open to us, in which ene | 


materials, such as glass and the like, are employed, and 
the effect of a system of loading is studied by the aid 
of polarised light. This method has the very great advan- 
tage that the difference of the principal stresses at a 
point can be directly determined. 

The objections raised against the semi-elastic character 
of jellies, rubber, and the like is much less applicable to 
glass, because it has properties resembling most engineer- 
rm Fg go in a very marked degree, and, as indicated 
in Table I. and Fig. 2, plate-glass can be obtained which 
is nearly as homogeneous as steel, and not very inferior to 
it in its elastic properties, within certain limits of stress. 

The particular pene which makes glass so valuable 
as an experimental material is the optical character which 
it assumes under stress. A slip of glass, when stressed 
by a push or a pull, behaves like a natural crystal having 
unequal optical axes, and it is thereby enabled to exert a 
directive action on light, which has a particular mode of 
vibration 

As the optical effects which are produced by the action 
of stresses in materials like glass form the su go of this 
paper, it may be worth while briefly to recall the prin- 
cipal facts of importance in this connection. 

We may assume that a ray of light consists of vibra- 
tions which take place in an all-pervading medium—the 
luminiferous ether-—and in any azimuth transverse to the 


direction of the ray, and that, by suitable prisms or | 


reflecting devices it is possible so to change the character 
of the ray that its vibrations may be limited to one plane. 
Thus in Fig. 4, annexed, a beam of ordinary light, con- 
ventionally represented by an irregular spiral L, is 

through a prism P of Iceland spar, which has been cut 
obliquely by the plane C D, and the two parts afterwards 
cemented together by Canada balsam, the arrangement 
being such that this prism now exercises a selective action 
on the beam, only allowing the components parallel to one 
plane to pass through it. We, therefore, obtain a ray in 


Fig. 5. 




















If, however, a stress g in the plane of the plate and at | 
right angles to the direction of p is im it tends to 
annul the retardation, if of the same character, and to 
increase it, if of opposite character, and, in a plane where 
the principal stresses are p and g, we may state the 


law as 
R =c(p — q)T. 

While this law may not be exact, and the value of c 
may differ for different colours, yet, for experiments of the 
kind to be described, it can be taken as sufficiently near 
the truth for practical purposes. If we take as a simple 
example the case of a slip of glass, and stretch it by a 
gradually increasing force, when plane polarised light is 
passed through it, we obtain an increasing difference of 
phase between the two rays into which the incident beam 
1s broken up ; and if these rays are recombined, we get 
colours which are measures of the stress, when interpreted 
by the law stated above. 





A convenient arrangement of apparatus for examining 
the behaviour of specimens of glass or other transparent 
materials under stress is shown by Fig. 5, subjoined, in| 


variation, and the distance between the bands affords 
a measure of the variation of the stress. These methods 
are useful, but they are not usually so easy to apply as 
those about to be described. 

_The first of these consists in subjecting a standard test- 
piece to such a degree of tension or compression that the 
colour produced 3 with that at a desired point in the 
body under examination. ‘This arrangement permits a 
ready determination of the stress in cases where simple 
tension or compression stresses are met with, and the 
general arrangement of an experiment is shown in the 
accompanying* Fig. 7, in which a uniform beam carried 
on supports, not shown, is loaded by equal weights at 
the projecting oy Oe that a uniform bending moment 
is obtained. The m under these conditions shows 
a dark band at or near the centre, where the stress is 
zero, and at intervals parallel bands of colour, which 
form delicate indications of the stress. These are cali- 
brated by reference to the test-bar shown alongside, which 
may be stretched or compressed by a simple lever-testing 
machine to give a uniform tint, and so arranged that the 


which a — source of light from an arc-lamp projector | two bars can be brought into close proximity for matching 
es pened 


L furnishes a parallel beam, which is first 







Fig.4. p 
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which the vibrations are limited to one plane. Such a 
ray is said to be plane polarised, and it is found to have 
se age properties which distinguish it from ordinary 
light, and which make it valuable as an aid to experi- 
ment. 

It is perhaps necessary to add that a ray of plane 
polavisel light is now known to be an electro- etic 
disturbance in which we have transverse electrical and 
magnetic vibrations in planes at right angles to one 
another ; but for the purpose in hand, the extra complexity 
involved by a consideration of both sets of vibration is 
usually unnecessary, and we shall, therefore, limit our- 
selves to the consideration of one set—the magnetic— 
and we shall call the plane in which these take place the 
plane of polarisation. A plate of unstressed glass F has 
no action on such a ray, but if by any means stresses p 
and q are set up in the material, it assumes optical 
properties like some natural crystals which break up the 
plane vibrations into two ee O and E at right 
angles to one another, and which are resolved in the 
direction of the principal axes of stress X and Y. These 
two rays have different properties, in that one called 
the ordinary ray O traverses the stressed plate at the 
same velocity as an unpolarised ray, while the other E, 
called the extra-ordinary ray, moves at a different 
velocity, and usually in a slightly different direction. 
Consequently they emerge with vibrations at right angles 
to one another and with somewhat different phases, 
which maintain themselves undisturbed in air. If now 
a second prism A similar to the first is interposed in their 
path, the components of each ray parallel to the principal 
plane of the prism will be transmitted, and these latter 
will emerge as vibrations U and W in.the same plane, 
and their interference with each other will produce 
colour effects, which can be observed by the eye as bright 
and dark bands, if homogeneous light is used, or brilliant 
chromatic colours, if white light is employed, 

Experiments on glass show that if it is subjected to a 
tensional stress of, say, @ pounds per square inch, the 
retardation R between the two sets of rays is propor- 
tional to the stress p and to the thickness of the glass T, 


so that 
R=cpT, 
where c is an optical constant. This latter number shows 


Bon variations if the range of stress is very consider- 
; but it is not necessary to e any allowance for 


this unless a very great degree of accuracy is required. 




















a prism P to plane polarise the ray, and then through a 
specimen B A red (om a load C, 

The resulting plane polarised rays are received by a 
condensing lens D, and are focussed on a second or 
analysing prism A. The effect of interference can be 
observed by oo i to image of the object on a screen, 
or the image may be photographed on any ordinary plate, 
or, better, on one capable of permanently recording the 
brilliant interference colours obtained. 

In order to obtain an estimate of the stress produced, 
it is often convenient to examine and compare the colours 
produced by the object under examination with those 
produced by a specimen of the same material under simple 
tension or compression stress. An arrangement by which 
definite loads can be applied to a standard tension-piece 
is indicated in Fig. 6, annexed, which shows a miniature 
testing-machine, having a single lever A, pivoted at B on 
knife-edges, and applying stress to a specimen C carried 
between knife-edges D and E. ; 

The loading may be effected by weights, or, more con- 
veniently, by a spring-balance F, which latter arrange- 
ment allows the testing machine to be set at any angle on 
the supporting bracket G, a feature which is convenient 
in practice. With such an apparatus, it is easy to form 
a colour table for a simple tension, or a simple compres- 
sion stress, whereby the stress can be determined approxi- 
mately by inspection. Thus, in the case of a piece of 
transparent material examined in plane polarised light, 
the following colour scale was established :— 








TaBie IV. 
Load. Colour. | Load. | Colour. 
Ib, persq. in. | lib, per sq. in. 
™ ° Dark field } 2170 | Reddish purple 
670 | Intense white | 2510 Sky blue 
1680 Orange yellow 3020 | Neariy white 
| 


But such a table is not very easy to use, as it is very 
difficult to estimate slight changes of tint, especially when 
very brilliant tints of other colours are in close proximity. 
Another method is to use light of as homogeneous a 

ter as ible, such as that obtained with common 
salt in a hr rns mame flame, or by prose light through 
a solution which only allows rays of one period of vibra- 








through | the colours. Some difficulty is caused by the fact that 


























pure compression is difficult to obtain without bending 
the specimen, and it may sometimes be advisable to 
determine thé stress in a compression member with a 
calibrated tension specimen only. This can be accom- 
plished, if account is taken of the alteration in thickness 
produced by stress. Thus a tension member of thickness 


T changes to T ( - 1 , where m is Poisson’s ratio, and 
m 


if O and E are the velocities of the two rays in the 
material, and A is the velocity in air, we have the 
retardation given by— 


1 A A\ 
R=T (1-2) (g E): 

As an example of this method, we may quote a deter- 
mination of the stresses in the cross-section of a beam, 
where the loads were applied so that the bending moment 
was uniform between the supports. The general appear- 
ance presented by the beam is similar to that shown by 
Fig. 7. The beam was 0.65 in. deep and 0.125 in. booed, 
and the optical arrangements were adjusted to throw an 
image 4 in. deep on a sheet of squared paper. The stresses 
at intervals of 4 in. in depth are given in Table V. 

The values are plot in Fig. 8, page 533, and the 
diagram shows that the variation of stress across the sec- 
tion of the beam is a linear one, agreeing with the results 
of the simple theory of the bending of beams. The neutral 
axis is not quite at the centre of depth, and it moves 
away slightly from the tension side as the bending moment 
increases. The results in this example have not been 
corrected for the values of Poisson’s ratio, as they are 
practically negligible. : 

A modification of the first method, which has the merit 
of not requiring any judgment in matching colours, may 
be applied in all cases where the stresses are either tension 
or compression, and consists in arranging a simple tension 
or compression member in the same field of view as, and 


* [Figs. 7, 9, 29, 33, 34, 38, 39, 40, and 42, which accom- 
pany Professor Coker’s paper, are coloured lithographs 
Home Rake by the three-colour process, and it has not been 
possible for ustoreproduce them. We may say, however, 
that they are similar in character to those which we 
published in connection with Professor Coker’s article on 
page 1 of the current volume, but they refer to different 
specimens, as will be gathered from Professor Coker’s 


tion to h it. 
We then een right and dark bands due to the stress | paper.—Ep. E.]) 
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TaBLe V. 


Stress in Pounds per Square Inch. 



































Distance from + Denotes Tension. - Denotes Compression. 
Extreme Tens on ei 
side of Beam. Losing. 
Inches. | 1. IL. IL 
! — 
0 | 670 1250 2020 
0.5 ! 490 960 1480 
1.0 | 290 600 1060 
1.5 | it ie 480 
Bitanee, of Beye 1.8 In. 18 In. 1.88 te 
od 2 - 410 - 740 
3.0 - 480 - 860 — 1320 
3.5 “> - 1240 — 1760 
4.0 ~— 820 — 1460 — 2310 


immediately in front of, the object under examination. 
To determine the stress atany point the reference member 
is loaded until the original dark field produced by the 
op’ical arrangement reappears. When this happens, the 


Fig.8. 
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stress in the reference member is the same as that at the 
point considered, and no correction is required for the 
alteration in thickness produced by the stress, since both 
are in exactly the same condition. 

The general arrangement for the case of a beam or 
pillar test is shown by Fig. 9, in which a beam and 
a test-piece have their axes at right angles, and the 
tension member is subjected to a stress of an amount q 
sufficient to quench the colour-band and produce a dark 
line. The stress may therefore be read off at once, 
since the stress p at the point of the beam considered is 
equal to q in the absence of any other stresses. This is a 
very convenient arrangement, as the value of Poisson’s 
ratio does not enter into the calculation, and the matchi 
of colours is reduced to the more simple problem o 
determining when the field of view is perfectly dark. 
This latter modification is, in effect, a zero method of 
measurements for all intensities of stress. 

An exam may be quoted which illustrates the 
method, and also incidentally serve to show that the 
behaviour of the material closely resembles that of a 
ay i 

specimen, 0.48 in. wide and 3 in. thick, was loaded 
by « pull 0.63 in. distant from the centre line so that a 








compound stress, due to a pull P, and a bending moment 
M = Pa (a = 0.63 in.), was set up, thereby causing colour- 
bands to appear somewhat similar to those shown in 
Fig. 9. The stress p at any point in the cross-section is 
given by the formula— 
of sar 
dn 

where A denotes the area of the secti n, I is its second 
moment of area, and y is the distance from the neutral 
axis of the point considered. With the dimensions given, 
stresses produced at points in the secti»m are as follows. 
These values are plotted in Fig. 10, annexed, and, as may 
be readily shown, they very well with the values 








obtained by calculation from the formula. 
Taste VI. 
2s 
3 z Observed Stress in Specimens at 
-— 5S oe 
ae: 
eo) . Neutral . : ; 
Bsa) A pn a] er liaiaien ie 
18 | - 2380 - 1550... { pe }. 2160 2710 
27.2 | - 3060 - 1940 . * .| 1710 | 2840 4100 
32.4 - 2610 .. 2380 3940 _ 


| — 4200 
| | 


It will be apparent that while this optical method ma 
be of value in many cases, its application is very muc 


RESULTS OF TRIALS OF THE ANTI- 

ROLLING TANKS AT SEA.* 
By Herr H. Frau, Member. 
(Concluded from page 483.) 
ReoorDING PENDULUM FoR ROLLING Morions. 
_ For the practical experiments a reliable recording 
instrument could not be dispensed with. For ordinary 
ships’ use, therefore, a simple apparatus en 
designed, based on the pendulum and constructed from 
the fundamental ideas first propounded by Froude. 
This + ty has been used primarily for the experi- 
ments already described. For the sake of brevity we 
may call it the “roll-pendulum” (Fig. 13, page 534). 
Its essential part is a pendulum, placed on knife-edge 
bearings, of the long swinging period of 63 seconds, 
corresponding to 0.96 double oscillations per minute. 
The pendulum is formed by a beam with identical 
weights at both ends, the centre of vity being placed 
about yin. below the knife-edge by means of a small 
additional weight D. 

The knife-edges of the pendulum are placed in the 
bearings of a frame connected to the ship. The turning 
movements of ship and frame in relation to the pendulum 
are recorded by pencil G on drum E, the latter being driven 
by electromotor H. The a. on account of its great 
inertia and the very smal! distance of its centre of gravity 
from the axis of rotation, will keep its vertical position 
without following the rolling motion of the ship, as long 
as the frequency of oscillation of the ship is at least twice 


limited by the difficulties which arise in obtaining glass of | that of the pendulum. 

a homogeneous character, sha in the required manner, | As the rolling motion of ships will always keep above 
and able to resist a sufficient d of stress to enable | 24 oscillations per minute, the di ms recorded by the 
the colours to be easily obtained without fracturing of | apparatus can be regarded as reliable, and free from error, 


the material. 

Unfortunately, glass does not show good effects unless 
the stress is dangerously near the fail-point, and the 
specimen plate is thick. Moreover, the material is diffi- 
cult to fashion, even by expert glass-makers, while the 
cost of models of engineering interest, even if they can 
be obtained, is quite prohibitive. 

The intractable nature of glass for experimental work 
has apparently been a great bar to investigation of the 

hoto-elastic effects of stress; and although isinglass and 
jellies have been used as substitutes, they are so much 
inferior to glass that little success has attended their use. 
Fortunately, other materials are available at the present 
day, and, in —~— the artificial product of nitro- 
cellulose, which is familiar to engineers in the form of 
transparent set-squares and such-like drawing instru- 
ments, offers a ——_ happy medium for studying 
the behaviour of stress. This material has been by 
Hénisberg,* who has also obtained three-colour photo- 
graphs of specimens under stress. It can be obtained in 
nearly transparent sheets, which are optically isotropic, 
and it is easily fashioned into any engineering model 
capable of being represented ina plane. It is, however, 
only a semi-elastic material, and it shows some lag between 
the stress and strain, so that results obtained from ex- 
periments with this material cannot, in the nature of 
things, be of a high d of accuracy. 

On the other hand, it offers several advantages as 
an experimental material, in that any object, capable of 
being represented in a plane, can be easily cut to shape 
from the sheet by using engineers’ and pattern-makers’ 


The loads to be applied to represent systems of forces 
which may occur in a practical case are not excessive ; 
and the stress indications are exhibited to the eye in the 
form of a picture, which, although it is not easy to under- 
stand in most cases, yet presents the whole story of the 
stress in the interior of the body with a directness which 
appeals at once to the designers and constructors of engi- 
neering works, accustomed by their training to think out 
ape in engineering design as a whole, rather than 

y any rigid form of analysis. 


(To be continued.) 





Motor Pivot-LauncH FoR Be.rast Harsour Com 
MISSIONERS.—The pilot-boat Helen May, built by John I. 
Thornycroft and Co., Limited, and fitted with a Thorny- 
croft two-cylinder 15-brake-horse-power paraffin-oil motor, 
has just been completed to of Trade requirements 
for the Belfast Harbour Commissioners. The hull is of 
silver spruce and is 33 ft. 6in. long, with a beam of 8 ft. 
and draught of 2ft. 3in. It is fitted with a motor of 
15 brake horse-power, with which a mean s over the 
measured course on the Thames proved to be 8.26 knots 
per hour. The accommodation comprises a cabin with 
seats on each side, fitted up to serve as bunks. In a 
compartment forward of the cabin, lavatory accommoda- 
tion is fitted, while aft of the cabin is the enclosed engine- 
room, with ample 5) all round for handling the 
engine. The motor is further enclosed in a mahogany 
case with hinged lids. A full suit of sails is provided ona 
hinged mast, fitted in a tabernacle, so that it may be 
lowered quickly for the purpose of passing under brides 
The propeller, which is of the Thornycroft three-bladed 
type, is protected by a gun-metal skeg, which in turn 
is ay a by a continuation of the keel right aft. 
The launch was put ~— % the speed trials both on 
an open sea course in rough weather, a squall blowing 
at the time, and in the sheltered water course, the 
: pont ie age cones =e 7.84 knots —_ 8.27 knots. 

n each case t. elen y was carrying 
and thus on very much more than & bal oo 
which the speed of 74 knots was guaranteed. 


a fact that has been proved by experiments carried out 


in the Imperial German Navy. 
It should, however, be mentioned that the pendulum, 
under certain circumstances, may be influenced by lateral 


acceleration. The action of the rudder will cause a turnin 
motion of the ship round a vertical axis, which may | 

toa movement of the pendulum. Such motions, if they 
occur, will be noticed in the diagram as long curves, 
intersected by the rolling curves of the vessel, and will be 
—- “tamed if the rolling amplitudes are comparatively 
8 , 

The rolling amplitudes in such cases have to be counted 
from the undulating line, and the diagram has to be cor- 
rected by stretching the curves of the easy motions of the 
roll-pendulum and plotting the rolling amplitudes from 
the stretched line. 


Finat Depvctions. 


The foregoing explanations may be summed as follows : 
e present arrangement offers for the first time the 
possibility of building ships of any size and stiffness, so 
that their steadiness against rolling can be ensured. This 
is of special importance, as it will no longer be necessary 
to design v meme | passenger-boats, as tender as 
possible in order to make them ‘‘quiet and steady.” The 
anti-rolling tanks will allow greater freedom when settling 
the beam of ships, which is of fundamental importance 
for their stability. Nowadays, with the increasing ten- 
dency towards large ships, this point is of the greatest 
importance, as only length and breadth can be augmented 
but not the draught, which, on account of the limi 
depth in harbours and rivers, hardly admits of any increase 
at all. Also, for other reasons, greater beam be very 
favourable for some types of nger-boate, because they 
will thus be able to carry a — number of ngers. 
This will raise their earning capacity, and admit at the 
same time of a more favourable arrangement of saloons 
and promenade-decks. 

The quantity of water required for the tanks will, of 
course, increase with the ship’s beam. It will therefore 
be a question of careful study and calculation to ascertain 
to what extent the breadth may be increased without 
arriving at an excessive size of the anti-rolling tanks. It 
has, however, been shown by calculation that it will be 
quite possible to build passenger-boats with the usual 
high superstructure up to 120 ft. to 130 ft. beam and a 
draught of 34 to 36 ft.,.which, with the aid of the anti- 
rolling device, will be perfectly steady, the necessary 
water required being only 1.3 to 1.5 per cent. of the dis- 
placement. 

Further geen of the damping action of the tanks 
consist in the smaller loss of speed in unfavourable seas, 
the decrease of the transverse stresses in the hull, and 
improved steering and manceuvring qualities of ships. 

_. The tanks can also be easily built, without great addi- 
tional cost, into existing ships, thus essentially improving 
their sea-going qualities, 

The weight of the tank itself is small, compared with 
the total weight of the ship. As to the tank water, it 
may be mentioned that it will only have to be carried if 
rolling is going on or is to be expected. The tanks can 
also be worked with fresh water, carried for ship pur- 
poses, or liquid fuel, if such is used for the boilers. 

Hitherto the aye of the anti-rolling tanks for 
merchant vessels principally been dealt with, but 
they will doubtless prove of the test importance also 
to warships. A steady ship will always be welcome to 
poamegen, but a —~ gun-platform is almost indis- 
pensable to the gunner. Future naval battles will depend 
to an extraordinary extent on the guns, and every device 
tending to improve the efficiency of ordnance may be 

ed as a valuable improvement in an up-to-date 
battleship. 

Rolling in a warship is not only a serious drawback 
for her gunnery, but it may also raise the bottom edge of 





* Proceedings of the Fifth Congress of the International 
Association for Testing Materials, Brussels, 1906. 





* Paper read before the Institution of Naval Architects, 
April 7, 1911. 
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her armour-belt above the water surface, thus exposing 
vital parts to the enemy. In the location of the tanks 
on board warships some technical difficulties may arise ; 
but, in view of the importance of this question, it seems 
likely that a compromise will be arrived at in this instance, 
as in other questions of naval architecture. 

Finally, it is worth mentioning that the author has 
worked out still another form of anti-rolling device, which 
offers great advantages, especially for use on board war- 
ships, because it dispenses with the cross-connection. 
In this arrangement the wing-tanks, through specially 
shaped and dimensioned holes in the shell-plating, have 
direct communication to the sea. With this iam of tank, 
which in model experiments has given good results, 
further experiments on a larger scale are to be made 
shortly, and the author will pleased to publish the 
results later on. 

APPENDIX I. 
Mopet Experiments. 

Anti-rolling tanks have been carefully studied on 
models, in order to obtain the necessary fundamental 
data. For this - models of different types of ships 
were made, with all appen , such as rudder, bilge 
keels, propeller s, &c., and the static and dynamic 
conditions of real ships were reproduced with the utmost 


care. Assuming a linear reduction of 1 for the model, 
a 


the proportions for the corresponding values of the real 
ship are as follow :— 


Weight _... re 1: a3 
Metacentric height a ie ia lie 
Moment of inertia, referred to the 
longitudinal axis 3a veg i : a 
Number of oscillations ... Ja:l 


The principal object of the experiments was to obtain 
some data for the estimation of the eventual behaviour of 
the respective ships in a seaway, but the water surface 
of the experimental tank proved too small for producing 
waves of the necessary regularity, size and shape. Conse- 
quently a substitute to be devised. To this end a 
plate-spring was used, moved to and fro 7's crank-gear, 
and connected to the model. Thus, oscillating impulses 
were imparted to the model, of much the same kind as 
those of waves of a certain slope passing underneath a 
ship. A cross-section of the model will be found in Fig. 14, 
on this page. In the di m, A indicates the tank filled 
with water up to BB; C the model ship ; and D the plate- 
pring, placed on an intermediate shaft and representing 
the impulse of the waves. 

The intermediate shaft, by means of the link E, is con- 
nected to the crank-gear F, which can be moved either by 
an electro-motor or a hand-brace, with an intermediate 
toothed gear. The oscillations of the model are recorded 
by a pencil fixed at the end of link K, turning round a 

int. The oscillations are marked on drum L driven 

y an electro-motor. 

Similarly, the impulses imparted to the model by the 
woe fe aw we recorded on the same drum by a pencil 

xed at the end of rod N, which is placed in a bearing at 
the pivot of the plate-spring lever. The transmission 
been calculated, and the pencil placed so that the curves 
recorded will mark the magnitude of the impulses as well 
as their phase in relation to the oscillation of the model. 

The model floats in the tank, but is kept so that it can 
only roll and pitch, to the exclusion of all sideways move- 
ments. To this end the model has been fitted fore and 
aft with pivots 0, which are allowed to slide in a vertical 
slot. Also, on the model ship, the pivots may be shifted 
up or down, in order to find the so-called axis of oscillation, 
i.e., the axis about which the ship will be more or less 
likely to roll when at sea. This axis cannot be ascertained 
by calculation, as it will always depend on the distribution 
of the cargo in the ship, and on the underwater shape and 
the disposition of the appendages. 

The true axis, however, may be sup to be the one 
about which the ship will roll with the least resistance. 
In order to ascertain the true position of this axis, extinc- 
tion curves were recorded, with the said pi 
model at different levels. The model was then heeled to 
a certain point and left to itself; by means of graphic 
diagrams it could thus be found how many oscillations of 
the model took place before the poaas angle was redu 
to a certain point. The axis which, during these experi- 
ments, required the maximum nv inber of oscillations was 
kept as the standard one for the subsequent experiments. 
From the’experiments it has been found that for most 
ships the ‘axis of rolling practically coincides with the 
centre of gravity. 


TABLE III.—Dimensions of Model and of ‘‘ Ypiranga.” 











| Model | 

wees ido Pull Size.) Ship. 

Length between perpendiculars. . L 10.75 tt. 480 ft. 

Extreme breadth .. a é B 138,, |  55,, 

Draught : ¥ 0.59 ,, | 286,, 

o- | 

Metacentric height. G OVLin, | 36.4 in 
Displacement ‘ P 4071b. | 11,600 tons 

ius of inertia ‘ K 0.55 ft. 22 ft. 

Oscillations per minute .. an Z 27 4.27 

Weight of water in the anti-rollingtanks 5.3 Ib. | 152 tons 

In the experimental tank the principal types of vessels 
(merchant ships, as well as warships) have been studied 
systematically as is their behaviour with the anti- 


rolling tanks in and out of action. In amplification of 
the experiments the tanks have been frequently altered 
in shape and dimensions and also moved about, in order 
to find out the limits of their efficiency. The data thus 


ivots on the | 


obtained were very ample and interesting, but their 
publication tn extenso would lead too far. Asan example, 
the particulars of one experiment may be given. 

On the opposite page there will be found, in Figs. 15 
and 16, the results obtained with the model of an 
ordinary merchant vessel. In Table III. the principal 
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| as well as later on board of these vessels, the tanks were 
put in and out of action by simply opening or blocking 
the upper air connection of the wing tanks. After the 
| air connection has been closed, the free passage of the air 
| enclosed in the.tanks is cut off. The water, when oscil- 
lating, is, therefore, working against a kind of air buffer, 
































data are given for the model and for the corresponding 
ship, which has very similar proportions to the Ypiranga. 

anti-rolling tanks used during the experiments 
hereafter described were placed so as to resemble as closely 





and her sister ship Corcovado. During the experiments, 





as ible those constructed afterwards on ss. Ypiranga | 





and the oscillations will be reduced to very slight move- 
ments. On the other hand, by opening the air connection 
the water is set free again. _ 

For the experiments the ship was sup to be struck 
by waves of different energy and lel to her longi- 
tudinal axis. The angle a (see Fig. 18, on page 536) of 
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the theoretical maximum slope of wave was 
measure of the ene 


slope against the whole length of a ship are practicall these experiments 
‘ 1 position for each series of waves, was set free, and the| of increment of 
in order to obtain a measure for the impulsesimparted to gradually increasing oscillation curves were recorded, 
the ship by the waves. Their relation to the real wave beginning from the vertical position. 
slope, which in some cases will reach 8 deg. to 9 deg., | extinction were also taken ae the curves ' the | line which would be followed by the oscillations at the 
when returning from 

Model experiments have been made with the following | a certain point of heeling to its normal positio sed 
theoretical slopes: a = 1 deg,, 2 deg., and 3 deg. The! 


unknown, and are to be considered as merely theoreti: 


will be found in Appendix IT. 


. Waves which strike with uniform | model ene stern bag 5.06 to 2.85 for the akin). D 


6 want 


ed as a| periods being varied from 32 to 18 per minute for he 


the model, first kept in t 


| decreasing oscillations of the model, 
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The curves of 


n. 
It is interesting to compare the behaviour of the model | 


rolling from oscillation to oscillation in case of resonance 
ought to be nearly gy to the slope of the wave. 
This is contirmed by Fig. 16, below, showing the curves 
heeling for different slopes of waves 
at resonance. In the same diagrams theoretical curves 
(shown in dots and dashes) have been inserted, showing the 


different wave slopes if the ship or model could awing 
| in the water without any friction or form resistance. 
These lines have been constructed on the theory that 
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effect as waves of corresponding slope, if 


the behaviour of the model was noted, when 
& series of waves of equal periods; the 
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crank radius of the plate-spring moving was accord- | at the different slopes and periods of the waves. With 
ey, adjusted by continually varying ee alien until | the anti-rolling tank out of action, for every wave slope, 
the heeling handle of the model at the farthest range of |and especially in the proximity of resonance — t.¢., 
the spring corresponded to the respective wave slope. | co-periodicity between wave and model (27 per minute 
Theoretical considerations prove that the impulses to and | = 4.27 for the ship) from oscillation to tion, an 


in all cases far less. 








a 
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increment of heeling is observed, the increase being nearly 
roportional to the energy of the waves. Above and 
om this resonance point the increment of rolling was 

















Gperypaic 


the increment of heeling range from double oscillation to 
double oscillation ought, for each degree of wave slope, 
to be = r = 3.14deg. Thus, for a wave slope of 2 deg. 
the increment ought to be 3.14 x 2 = 6.28 deg., but the 
real increase, owing to friction and resistance of the ship 
against rolling motion, is less. In the case of a wave 
slope of 2 deg. the increment of heeling between the first 
and second impulse is 4.6 deg., between the second and 
third = 4.3 deg., and between the third and fourth = 4 deg. 

Through augmentation of the hull’s resistance, as by 
adding bilge keels, the increment of heeling can be further 
lessened. This point also has found due consideration in 
the experiments. There remains the question whether 
the laws of similarity between model and ship also apply 
to the resistance of the hull against rolling motion. 
Opinions may differ on this point, but it can be assumed 
that the law applies to the ship when at rest with suffi- 
cient accuracy. For the moving ship, however, this 
does not seem to be the case with absolute correctness. 

It will be possible to make further use of these data by 
obtaining oscillation curves on board ships when at sea, 
in order to ascertain the values of real increment. The 
latter, compared with the corresponding data obtained on 
models, will enable the necessary deductions to be made 
as to the energies of the impulses of waves for each case, 
in degrees of theoretical slope. 

Up to now we have only spoken about model experi- 
ments with the anti-rolling tanks out of action. The 
same experiments have also been made with the tanks 
acting, and the results thus obtained are shown in Fig. 15, 
immediately below the curves of the former experiments. 

Near the dangerous point of resonance the following 
results have been obtained for the heeling after the fourth 
impulses of equal period (see Fig. 16) :— 


With only One 





Slope of Damping of With Both 
Waves. Rolling Motion. Tanks on. Tank on. 
d deg. deg. deg. 
1 From 8.4 upwards 1 2 
2 », Le 2.7 7.8 
3 26.8 6.2 17.5 


” ” 


* This is proved by the experiments carried out some 
time ago in England on big ships and the corresponding 
models, in order to ascertain the extinction curves. It 
was then found that the decrease of heeling from oscil- 
lation to oscillation was identical, both for model and 
ship. This admits of the deduction that the damping 
action of the hull’s resistance (including bilge keels) also 





From theoretical reasons it appears that the increase of 


follows the laws of analogy. 
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As will be noted, the damping action of both tanks in 
use at the same time is almost perfect up to wave slopes 
of 2 deg., and decreases slightly only at 3 deg. With only 
one tank in action, the efficiency is far less, especially at 
a slope of 3deg. This proves that, with the dimensions 
assumed for the anti-rolling tanks, one of them by itself 
would not be sufficient for resisting strong impulses, 
which, however, happen but rarely. 

The curves showing the behaviour of the model under 
impulses above the resonance point, 1.¢., impulses of 
shorter aye as a rule, also show a considerable damp- 
ing of the rolling for all slo This refers to impulses 
below the said point, viz., the longer periods, but it is to 
be noted that very slow impulses will show a smal 
increase of heeling. 

This may be explained as follows :—As already stated, 
for the model experiments the energy of the impulses 
was ascertained by varying the pe radius, until the 
model at the greatest deflection of the plate-spring heeled 
at an angle corresponding to the respective slope of wave. 


ge 








Fig.19 
Position of Ship 
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Now these experiments were made with closed air-con- 

nections of the anti-rolling tanks, which put the latter | 
out of action. This method is only correct near the point | 
of resonance ; above it, the impulses so obtained prove a 
trifle too weak, while they are a good deal too strong 
below that point. The tank water, when set free, will, 
in the former case, lessen the action of the impulses, while 
it will considerably increase this action below the point of 
resonance, This 1s due to the varied phases of oscillation 
letween impetus of wave and ship as well as between 
ship and tank water. These phases come to 90 deg. at | 
the point of resonance, whereas they will be 180 deg. 
above and 0 deg. below that point. 

With the same model a series of experiments was made | 
in order to ascertain its behaviour towards irregular 
impulses. During these experiments the curves of oscil- | 
lation were recorded for constant wave slopes but chang- | 
ing periods. The latter varied from 15.8 to 68.5 per 
minute for the model = 2.5 to 11 for the ship. 

In Fig. 17, page 535, the curves are given for wave 
slo of 1 deg., 2 deg., and 3 deg., both with the anti- 
rolling tanks in and out of action ; the efficiency of the 
tanks, especially at the high slope of 3 deg., will be 
noted. During these experiments the electro-motor was 
uncoupled, and the plate-spring was made to move 
irregularly by a crank worked by The line indi- 
cating the curve of irregular impulses was recorded by 
the ian, apparatus, connected with the crank-gear, as 
a separate line and parallel to the oscillation curves. In 
Fig. 17, however, the curves are illustrated together, in 
pes that the lag of the phases between impetus of 
waves and ship may be more easily ived. — 

It will also be seen that, where the heeling increases, 
the ship as a rule is 90 deg. (=: } period) late ; while, on 
the other hand, she will advance by nearly 90 deg. as soon 
as the heeling decreases. In the former case, the impulse 
of the waves will augment the oscillations, while it will 
counteract the ship’s movement in the latter case, with a 
consequent diminution of heeling. | 

With the anti-rolling tanks in action, on the contrary, 
the lag of phases remains almost constant, and nearly in 
all instances the oscillations of the ship will be found 
about 90 deg. late. As noted in Fig. 17 (3 deg. wave 
slope), the lag of phase will not always be exactly 90deg., 
but the character of the phase-delay remains. 

From the curves obtained it may be deduced that a 
ship—as has already been mentioned—will roll only in 
her proper period, even in a very seaway. 

The general theory and the methcd of calculation for 

rticular cases have been published in the Journal of the 

hiffbautechnische Gesellschaft for 1911. 


APPENDIX II. 


General Norges ON WAVES AND THEIR EFrFEcT UPON 
Movine SuHIps. 


From a large number of observations* it has been shown 








1 | minute are, accordin 





~ * See A. White, Johow-Krieger, Guyon, &c. 


that the average periods of waves vary from 5 to 11 per | 
minute. The higher periods (8 to 11) are more es 
in shallow waters (North Sea, Baltic, &c.), while the lower 


are found in deep seas (Atlantic, &c.). 

Besides the depth of the water, the period depends 
upon the rman of the wind, its duration, and the ex- 
tent of water in the direction of the wind. It seems to 
be certain, however, that at any one time only waves of a 
certain period are found —i.e., if the general conditions are 
in favour of waves of period 6, none of 9 or 11 will be noted. 

Of course, certain fluctuations are always to be expected, 
as well as sudden variations of phase—e.g., the waves 
tilting over. Waves with less than five periods per 

to the sem very rare. 

As has repeated] n stated, real rolling is only pro- | 
duced if the periods of ship and wave synchronise. It 
must, however, be pointed out that by ‘‘ wave-period,” 
not its real period, but its apparent period relative to the 
moving ship is to be understood. Fhe real period only 
refers to a stationary vessel, or a ship that moves in a | 
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direction exactly lel to the waves. The apparent 
period is produced in the following way :— . 

If the vessel proceeds at an angle towards the gene- 
rating line of the wave, the intervals between the single 
ridges striking the ship will be shortened or deferred. 
They will be shortened if the waves come obliquely from 
ahead, and lengthened if they come up from behind 


(Fig. 19). 
The apparent period is given by the formula— 
T, a on. ie . 
v-crsna 


In this form: la— 


T, = apparent period of wave in seconds. 
L = real length of wave in feet. 
v = real velocity of wave in feet per second. | 
e = speed of ship in feet per second. 
s= le between the ship’s longitudinal axis and | 
the generating line of wave. This is positive 
if the waves come up from behind, and nega- 
tive if from ahead. 


Besides, there exists the relation— | 
L =r, T, 





‘and 70 deg., are shown, in o 


THE DEPENDANCE OF 
SHIPS SPEED & OBLIQUITY OF WAVES. 


where T signifies the real wave-period. Further, accord. - 
ing to the general wave theory— 


L = 5.12.¢ = 5.12 (% 
2 signifying the number of real period of the wave per 
minute. 

In Figs. 20 to 23, for periods of 3 to 11 per minute the 
corresponding apparent periods for different speeds up to 
26 knots at angles of obliquity of 10 deg., 30 deg., 50 yo 5 
n er to demonstrate how these 
figures depend on the ship’s speed and the obliquity of 
the waves. The waves for these diagrams have been 
su d tc come up obliquely from behind. 

aves coming in at an angle from ahead have not been 
specially treated, as these waves increase the apparent 
number of period, the latter thus getting quite out of the 
range of the individual phases of big ships, which interest 
us more especially. 

The curves thus obtained are interesting from different 
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points of view. We find, for instance, that with fast 
vessels and very oblique waves coming up from behind, 
the number of apparent periods of the waves will suffer 
such a marked decrease that this number may be less than 
half of that of the real periods. 

If, for instance, the waves have eight periods per minute, 
Sa period at a speed of the ship of 26 knots 
wi at an— 


Angle of 20 deg., about 4.8 per minute. 
30 2.4 


” 40 ” 2.1 
Now if the individual periods of oscillation of the vessel 
coincide with one of those values, considerable rolling 
would be likely to ensue on account of resonance. ; 

This will also explain the well-known fact that the big 
fast liners (including the Cunarders), though their indi- 
vidual period of oscillation is very low, and sometimes 
even below three per minute, will roll severely in com- 

nee short waves, coming in at an angle from 

ind. 

In general, it seems to appear from the curves that 
nearly every ship, in consequence of her speed, and 
notwithstanding period, may, under certain circum- 
stances, have to deal with conditions where the impulses 
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of waves and her individual oscillations synchronise, and 
thus cause her to roll. The requirements for this to 
happen are naturally very different. ; : 

n order to obtain a 4 idea of the hestieg action 
of oblique waves upon a ship, graphic researches assum- 
ing mer wave slopes of 8 deg. to9 deg. have been made, 
with the result that for big ships it seems hardly neces- 
sary for calculation purposes to go beyond a maximum 
theoretical slope of a = 2 deg. to 3deg. ; 

This is confirmed by a number of practical observa- 
tions (see ee diagrams of ss. Ypiranga and Corco- 
vado), from which it results that an increment of rolling 
of 5 deg. to 6 deg. for one double oscillation, correspond- 
ing to a theoretical slope of 2 deg. to 2.5 deg., is to be 
met with but rarely. For the relation between the incre- 
ments of rolling and the wave slope, see Appendix I. 

This small theoretical slope is to be explained by the 
fact that, in consequence of their irregular sha the 
waves, even if coming in athwartship, will strike big 
ships only partially. For wavescoming up obliquely from 
behind the theoretical slope will be still less, 








A STABILITY AND TRIM INDICATOR.* 
By S. B. Rauston. 

At some time or another, most shipbuilders have ex- 
perienced a difficulty in imparting to those in charge of 
a ship information sometimes necessary as to a vessel’s 
stability and trim in a form sufficiently non-technical 
and intelligible. 








trim, and consequently her greatest draught, on arrival, 
after the coal, stores, &c., have been consumed. In any 
case it is highly desirable to have some simple means of 
ensuring a proper stability and trim for each voyage (a 
record of which may be filed if desired), and it is common 
knowledge that the general public ascribes every disaster 
to a lack of stability, an accusation easily made, but 
difficult to disprove. With the above uirements in 
view, the instrument about to be descri has been 
designed to make the shipbuilder’s stability and trim 
calculations available for the shipmaster and shipping 
clerk, who, with the instrument and without the calcu- 
lations, can arrange a ship’s cargo either previous to or 
during loading, so as to ensure the necessary stability 
and any desired trim. 

In general appearance, the instrument consists of a 
swinging table containing an ordinary capacity plan, 
with above it a movable eres slide, on which is 
fitted a sliding weighted scale (Fig. 1). A series of weights 
are supplied, representing to a convenient scale tons of 
dead-weight, which are intended to be placed on the 
capacity plan, in positions desired by the operator. When 
the loading, as represented by these weights, is com- 
pleted, the sliding-scale is moved to balance the table, 
and noe the & - —a eae of the — ——e = 4 
—corresponding to the weight and position of cargo, &c. 
The en — slide is also moved to balance the table 
fore and aft, and a pointer indicates the corresponding 


trim, which, combined with the draught obtained from 
the D.W. scale, gives the draughts forward and aft. 





The table, or capacity, plan is made to scale, and 





the distance moved is a measure of the distance between 
the new C.G. and the original or light C.G. When the 
dead-weight is a constant quantity, the displacement, 
draught, and height of transverse metacentre (M.) are 
also constant, the only variable being the position of the 
dead-weight, with corresponding variation in the position 
of the total centre of gravity (G.). Each ition of this 
centre of gravity has a corresponding G.M. and one 
position of the weighted scale, and it is, therefore, a 
simple matter to plot a curve giving the G.M. for each 
position of C.G. with a constant dead-weight. Similar 
curves are plotted for suitable proportions of D.W., to 
obtain the G.M. lines on the engraved scale. The 
diagrams illustrate an indicator for a vessel of :— 


Dimensions . 395 ft. by 52 ft. 
by 35 ft. 6in. 
Light weight (steam up) 4300 tons 
Light V.C.G. above base... - 22.1 ft. 
Weight of weighted G.M. scale (W.), equivalent to 
1000 tons. 


The subjoined table is used to calculate the positions of 
ee scale corresponding to 0 ft., 2 ft., and 4 ft., 
G.M., when vessel is loaded with a dead-weight of, say, 
1000 tons, and a line A B (Fig. 2) of heights of G.M. (to 
any convenient scale) for every position of this 1000 tons 
is plotted from the last column of the table. 

t may be noted that, as A B is a straight line, two 














The information supplied usually takes the form of 
curves of righting arms and moments, or the metacentric | 
height, or G.M., for isolated conditions which may be 
expected to occur during a ship’s career, such as :— 

(2) Light condition, steam up, 

(b) Loaded, or departure, condition. 

(c) Arrival condition, with coals, stores, water, &c., 
consumed, 

_ Itis doubtful, however, if in the majority of cases this 
information is of much practical value, beyond giving a 
general impression (sometimes erroneous) that the vessel 
has a sufficient margin of stability, or the reverse. 

_ Probably owing to this limited value even the above 
information is not always supplied, or asked for, and 
consequently the loading of ships is conducted in a more 
or less haphazard way, in the absence (up to very recent 
times) of any simple method of predicting the effect on a 
ship of every possible condition of loading. 

_It is unnecessary to enlarge on the dangers of insuffi- 
cient stability, or on the reduced earning capacity of 
some ships which carry more water ballast than is neces- 
sary for safety ; and, on the other hand, too much stability 
or stiffness is also undesirable, as it is apt to result in 
minor damage in a seaway, with consequent delay and 
expense to the owner. 

With regard to trim, it is important to know, while 
loading a vessel, the exact effect of cargo in any hold, so 
that the final loaded trim may be satisfactory, although 
the vessel may be several feet by the head at some stage 
of the work ; and where the draught at an arrival port is 
limited, it is often of value to be able to predict a vessel's 


* Paper read before the Institution of Naval Architects, 
April 7, 1911, 





| contains the usual data of hold capacities, &c., as on a ship’s 
| ordinary capacity plan (Fig. 2, page 538). Theslide is made 


of suitable known weight, and is engraved with draught 
and dead-weight scales similar to those on a ship’s dead- 
weight plan, with. in addition, the G.M. and trim lines 
to be described (Fig. 3). The weighted scale is also of a 
suitable known weight, and is engraved with feet and 
inches for measuring the G.M. from the lines of the slide. 
The weight of the table, with all its fittings, slide, scale, 
&c., represents the weight of the ship in light condition, 
and it is supported and balanced on two sets of pivots ; 
one set (which may be called the stability pivots) coming 
into use when the G.M. is ascertained, the other set (or 
trim pivots) when the trim is found. The machine is 
based on the principle, for ascertaining both G.M. and 
trim, that, if any particular dead-weight is placed any- 
where on board ship, and a known weight already on 
board is moved to bring the new centre of gravity back 
to its original position, the distance this weight is moved 
is a measure of the distance between the original C.G. of 
the ship and the new C.G. of the combined ship and 
dead-weight. 

Stability.—The stability pivots are fitted to the table 
at a position corresponding to the vertical height of the 
centre of gravity of the ship when light, and for the light 
condition the weighted scale is so placed that the table 
balances on these pivots, or, in other words, the centre 
of gravity, as well as the ae ge of the table, corresponds 
to that of the ship. It will be observed that the ship 
must have been inclined to ascertain this C.G. 

When weights representing , coal, or other dead- 
weight are p) in their pro positions on the plan 
the table overbalances, and is rebalanced by moving the| 
weighted scale. This scale being a known constant weight, | 











positions only need be calculated, but three ensure 
accuracy. The whole diagram is obtained by repeating 
the calculation for, say, every 500 tons dead-weight. At 
: 
' 
' 
! 
| 
Table showing Positions of Weighted Scale. 
a? 8S 88 38 Ps 
$6 o£? £3 “<5 3 
“3 3s [Mo | al ig $5 mon Travel of 
é S le* | °S 3% 4 z W Along 
2 BE |°o «= Sue Se vo! S X Y to 
Ps § Ze. E 243 jee |8O3 & Balance- 
y = ere | 5 wMSEs Shei fae, Table. 
££ 8°88 2 tESah SSNSae 2 
4 A z°- =” qyeeo r= I] | a 
tons tons 
1000 | 5800 | 21.92 O | 21.92 —- 0.18 954 1000 0.954 (a) 
1000 | 5300 (21.92 2 19.92 —- 2.18 11,554 1000 11.554 (b) 
1000 | 5800 | 21.92 4 17.92 |- 4,1822,154''090 | 22.154 (¢) 
feet to same 


scale as plan. 


the higher values of dead-weight, it will be found that the 
lines A B tend to cross each other, owing to the recurved 
form of the metacentric curve. __ eB 

Trim.—As already stated, similar principles are em- 
ployed to find the trim, but the known moving weight 
includes the weight of the slide as well as of the weighted 
scale. The trim-pivots are fitted to correspond with the 
longitudinal position of the light centre of buoyancy, and 
in the light condition of the ship, the slide is first placed so 
that the C.G. of the whole corresponds with the light C.G. 
of the ship, and the slide is then moved to balance the table. 
The distance moved, multiplied by the weight moved, 
gives the moment tending to alter trim, and this moment 
can be converted into inches trim by dividing by the 
moment to alter trim Lin. The weight being constant, 
the distance is, therefore, a measure of the trim of the 
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RALSTON’S STABILITY AND TRIM INDICATOR. 


Fig. 2. 


PLACE IN POSITION, WEIGHTS FOR PASSENGERS, CREW, AND STORES. 
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NOTE THE TOTAL WEIGHT USED. FOR READING G™ AND TRIM SCALES 
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ship, and is divided into a scale of feet representing the 
light trim. As with stability, when dead-weight is p’ 
on the table, it overbalances, and is rebalanced by moving 


the slide, the distance moved being a measure of the} ,~ 


alteration in trim. For the same vessel :— 


Light weight... ws sl = 4300 tons 
Distance of light C.G. from aft per- 
mdicular... toe “ds we 188.8 ft. 
Distance of light C.B. from aft per- 
pendicular .... ae aa oa 200.58 ,, 
Light trim by stern ... da .. 5 ft. 9in 
Total weight of slide and weighted 
scale equivalent to ... a .. 1600 tons 


The following table is used to find the distance moved 
by the slide equivalent to 1 ft. alteration in trim, with 
varying dead-weights :— 








a to | 
| ange Trim. 
Dead- Foot-Tons. hy ng Distance Slide moves to 
weight. ‘snd. | Balance Table per 1-Ft. Trim. 
| Seale. 
1 In, | 12 In. | 
| . eninioas 
tons | | 
0 685 8220+ | 1600 =|5.188 as on line (d) trim scale. 
1000 720 | 8640+ | 1600 =/5.400 ,, ,, (e) ” 
2000 762 | 9026+ 1600 =|5.640 ,, » (S) 


&e, Feet to same scale as plan. 


The distance moved by the slide per foot trim, as 
obtained in the last column of the table, can be extended 
to any number of feet trim, as on trim scale (Fig. 3) ; 
but it should be noted that the moment to change trim 
only applies exactly to small variations from even keel, 
and as the moment tending to alter the vessel’s trim 
increases, the actual trim is usually less than that found 
by calculation, or, in other words, the distance the slide 
moves for, say, 5 ft. of trim, is usually greater than five 
times the distance required for 1 ft. trim. The exact 
amount of increase can easily be obtained by a few simple 
calculations from the ship’s lines. The curved form of 
the trim lines is due to the variation in position of the 
L.C.B. of the vessel as the draught increases, and is 
obtained by a calculation similar to the table already 

ven. 

“i conclusion, it should be said that no attempt has 
been made to describe the mechanical details of the indi- 
cator, or to give various small hints which materially 
assist its construction, as this paper is merely designed to 
illustrate the principles involved ; and the author desires 
to thank the proprietors of the Ralston patent for their 
permission to describe it, and also Messrs. Alex. Stephen 
and Sons, Limited, for the facilities the afforded during 
the earlier stages of its design. 





Vatve-Sertincs oF Prrrot-Motors.—We have re- 
ceived from the Motor-Car Journal a useful card on which 
are printed instructions for setting the valves of sixty-six 
engines of the leading motor-cars at present on the 
market. A smaller, similar card was issued about two 
years ago, and met with so a reception that the pre- 
sent card has been published. It affords all the requisite 
information for setting the inlet and exhaust valves. It 
may be procured from the publishers, Messrs. Cordingly 
ond Co., 27-33, Charing Cross-road, London, W.C., at 
the price of 1s, 
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THE PHYSICAL SOCIETY OF LONDON. 


At the meeting of the Physical Society of London, 
held on March 24, Professor H. L. Callendar, F.R.S., 
President, in the chair, an exhibition of a ‘‘ Sensitive 
Thermo-Regulator” and some “ Experiments on the 
Measurement of Electrolytic Resistance using Alternating 

” were shown by Dr. H. F. Haworth. The 
‘*thermo-regulator ” consists of a toluene thermometer 
with mercury platinum contacts in a capillary tube; 
these contacts operate, through a Siemens telegraph 
relay, an electro-magnetic switch, which cuts in or out 
the heating circuit. On account of the very small current 
required to oj the relay, a fine capillary may be 
used, so neene a high teen, > low —— 
capacity. is r was di y Messrs. Lowry, 
F. E. Smith, and ¥ ipple. 

iments were also shown illustrating the ease with 


whl a Welles enchants on alte 
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balanced by placing a variable self-induction in series with 
the cell and adjusting it and the resistance of the bridge 
simultaneously, as in Wien’s experiments, except that a 
vibration galvanometer was used in place of the optical 
telephone originally employed by Wien. The author's 
deduction from his o> ge say aoe that the resistance of an 
electrolyte varies with the frequency of the alternating 
electromotive force applied, was discussed by Messrs. 
Campbell, Duddell, wry, F. E. Smith, and the 
secretary. 

A paper on the “ Oscillatoru Currents in Coupled 
Cirewts” was read by Professor G. W. O. Howe. A 
demonstration was given by means of a double projection 
oscillograph of the currents in coupled oscillatory circuits. 
Each circuit consisted of a condenser, an air-core choking 
coil, and a strip of the oscillograph. 

_The condenser in the primary circuit was charged and 
Goo’ by means of a commutator on the spindle of 
the oscillograph motor. The two circuits may be taken 
to represent the condenser circuit and the aerial of a 
wireless-telegraph sending apparatus, the frequency being 
two or three hundred instead of a million. The currents 
in the two circuits can be studied, and every change due 
to a variation in the damping of either circuit or in the 
coupling between the two circuits can be followed. 
This was illustrated by a series of typical photographic 
records. 

A third oscillatory cireuit may be taken to represent a 
wave-meter, and used to plot resonance curves, from 
which the damping can be calculated, as is commonly 
done in radiotelegraphic work. Here, however, we have 
the great — of knowing the damping accurately, 
and thus being able to check the resonance-curve results 
under various conditions, 

By altering the counections, the conditions of the 
pene a = spark sending apparatus, as used by Max Wien, 
Lepel, &c., was represented. Here the primary circuit 
is opened at the first moment that all the energy has been 
transferred to the secondary circuit, and no further beats 
or spark-gap losses occur. Results were given showing 
that the oscillograph can be used to find the losses in 
condensers at various frequencies by discharging the 
condensers through inductances of known resistance. 

i Radiotelegraphic Apparatus in Use at the 
City and Guilds College” was briefly exhibited by Pro- 
fessor G. W. O. Howe. The wireless telegraphic receiv- 
ing apparatus was shown connected up to the aerial, 
which 1s 260 ft. high. A transformer specially designed 
for experimental work at Jong wave-lengths was shown. 
By means of a Brown telephone relay and special trumpets 
fitted to the telephone receiver, the time-signals and 
messages sent out from Norddeich and from the Eiffel 
Tower can be plainly heard anywhere in the lecture 
theatre. The various types of receiving apparatus in use 
at the college were shown. Owing to lack of time the 
discussion on these two papers was omitted. 





Tue Empire's Gotp Propuction.—The value of the 

ld produced in various parts of the British Empire 

7 the ten years ending with 1909 inclusive was as 
annexed :— 


Year. Value. Year. = 

1900.. 23,700,000 1905... 46,60,000 

1901.. 25,000,000 1906... 49,600,000 

1902... 31,900,000 1907... 50,700,000 

1903... 38,900,000 1908... 53,500,000 

1904... os 41,700,000 1909... ee 54,000,000 
The principal sources of supply have been British India, 
Australasia, South Africa, and Canada, 
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E . E. H. Turron, D.Sc., M.A., F.R.S. 
Othe. SL ttnieeel Scientific Series. London: Kegan, 

Paul, Trench, Triibner, and Co. [Price 5s.] 
ScaTTERED over the earth’s crust can be found a 
number of chemical substances of definite geo- 
metrical figure, bounded by plane faces, and these 
polyhedral figures are known as crystals. Super- 
ficial examination shows that, roughly, each crystal- 
line substance assumes some specific geometric 
form, characteristic of that substance, and closer 
inspection shows that while the crystals vary in 
size, and the bounding planes in relative area, yet 
the angles between corresponding pairs of faces on 
any two crystals of the same substance remain the 
same. This constancy-of interfacial angles among 
crystals of the same substance is as much a law of 
Nature as gravity, and to determine what is the 
meaning of this striking peculiarity, and of other 
extraordinary features that have been brought to 
light by diligent examination, is the object of 
crystallography, on which Dr. Tutton discourses 
very delightfully in this volume. It is a subject of 
absorbing interest, for not only does the crystal 
exhibit many of the characteristics we connect 
with living organisms, such as growth and recupera- 
tive power after injury, but the arrangement 
of the molecules in accordance with a specific 
architectural plan must be of profound significance 
in the construction of matter. Yet it is a science 
that has been neglected, or, at least, studied 
intermittently, notwithstanding the scope it offers 
for the exercise of experimental ingenuity and the 
attractiveness of the problems it puts before the 

hysicist, the mathematician, and the chemist. 

Ve are now passing through a period of activity, 
due to a great extent, at least in this country, 
to the brilliant researches and keen enthusiasm of 
the author of this book. There is now some danger 
that in the ardour of pursuit some of the evidence 
may be misinterpreted, and some of the deductions 
prove premature. 

In exhibiting the objects and outcome of crystal 
examination Dr. Tutton adopts the biographical 
method. ‘This is the more appropriate, as progress 
has not been uniform and continuous. In the 
hands of a few physicists or chemists the subject has 
made great strides, and then periods of quiescence 
or regression have intervened. Consequently, it 
is possible to pass over many years with slight 
mention, and yet preserve the historic continuity of 
progress. Among those who have provided a secure 
foundation on which others could build, none stand 
out more conspicuously than do MM. Haiiy and 
Mitscherlich. It was the peculiar merit of the 
former that he demonstrated that all the varieties 
of crystal forms could be constructed according to 
a few simple types of symmetry. Demonstrated is, 
however, too strong a word; he had neither the means 
of securing observational accuracy nor sufficient facts 
on which to base a theory ; but within the limits of 
his knowledge he established the fundamental law 
of crystallography, as also that of rational indices, 
a generalisation which is at the root of the science, 
limiting, as it does, the otherwise infinite number 
of forms which could find existence as crystals. 
The acuteness of Haiiy is shown by his suggestion 
that a crystal was built up of structural units, since 
continual cleavage gave him always smaller crystals, 
each possessing the full composition of the salt with 
which he experimented, leading him to enunciate 
an atomic theory, not unlike that Dalton gave to 
the world two years later. Haiiy did not know 
that there were crystalline substances which do not 
develop cleavage, and that other objections could 
be raised which prevented his theory being general. 
It is one of the triumphs of modern science to have 
overcome the difficulties that were urged against 
Haiiy, and to have vindicated his character as a 
philosopher. Mitscherlich approached the subject 
as a chemist, and his conclusions have been of the 
greatest service to that science. He was the first 
to detect or to describe the phenomena of dimor- 
phism, but a discovery of greater importance was 
that of ‘‘isomorphism,” a term by which he ex- 
pressed that ogous elements can replace each 
other in the crystallised compound without any 


apparent change of crystallised form. This identity 
of shape was in direct opposition to Haiiy’s theory, 
that any one substance of a definite chemical com- 
peamen is characterised by a specific crystalline 
orm. Both physicists were correct within the 
limitations imposed by their means, but the recon- 


ciliation has been effected only within recent years. 
If a third name be wanted to determine the plane 
on which crystall phy is constructed, it will be 
fittingly found in that of the author of this book, 
who has supplied the explanation and enriched the 
science by a brilliant generalisation. He is too 
near to us in point of time to permit us to see the 
éffect of his influence. It is impossible to forecast 
what direction the science will take, whether mathe- 
matics, chemistry, or optics will most contribute 
to its advancement, or the place that past histo 
will occupy ; but already we owe to Dr. Tutton muc 
enlightening and suggestive information. He has 
not only shown that the cry-tals of an isomorphous 
series do differ in their angles, but by amounts too 
small to be recognised by Mitscherlich, but also that 
the deviation from constancy follows a simple and 
interesting law, which may be thus expressed : ‘The 
whole of the properties, morphological and physical, 
of the crystals of an isomorphous series of salts are 
functions of the atomic weights of the interchange- 
able chemical elements of the same family group 
which give rise to the series ” 

Affecting these polyhedral shapes, there is 
another law besides that of constancy of interfacial 
angles whose study has been equally fructiferous, 
the character of homogeneity. All crystals can be 
regarded as structural edifices produced by accre- 
tien, in which the arrangement of the parts is 
uniformly repeated throughout, corresponding 
points having a similar environment everywhere 
within the finished edifice. Hence arose a very 
curious mathematical problem: How many types of 
homogeneous arrangement of points is it possible 
to construct in space? The solution of this prob- 
lem has occupied many mathematicians, but the 
independent labours of Schénflies, Fedorow, and 
Barlow have conclusively proved that there are 230 
different points of homogeneous structures, no 
more and no less. The whole of these fall natu- 
rally into thirty-two classes of crystals, leaving no 
class unaccounted for. These thirty-two classes 
may be grouped into seven distinct systems, ‘‘ the 
seven styles of crystal architecture,” each distin- 
guished “ its own elements of symmetry. The 
question which is now agitating both physicists and 
chemists is, What are the entities which are so 
homogeneously arranged, and what are the results 
of such arrangement? Very plausible suggestions 
have been made to show that the chemical phe- 
nomena of valency and the physical phenomena of 
crystalline form are naturally interdependent. The 
question is very ably discussed here, but it is not 
easy to explain briefly, introducing, as it does, 
assumptions on the size of the sphere of influence 
of an atom of an element, the relative sizes of such 
spheres of influence, and the modes in which they 
can be packed to give ‘‘ the closest packed assem- 
blage of equal spheres.” 

he 230 omalliie types of homogeneous structure 
are, however, susceptible of one striking sub- 
division. It has been proved that the majority of 
crystal structures need for their explanation only 
sixty-five of these ways of appropriating space, and 
account for only twenty-one out of the thirty-two 
classes. The remaining eleven classes, or 165 point 
systems, introduce a new element of symmetry, that 
of ‘‘ mirror-image” repetition, or ‘* enantiomor- 
phous similarity,” the two divisions being related 
to each other, as a right-hand glove is to a left- 
hand one. The importance of this class lies in the 
fact that substances exhibiting this peculiarity 
possess the property of rotating the plane of polar- 
isation. This introduces many fresh problems con- 
nected with optical phenomena on the one hand, 
and the chemical phenomenon of ‘‘ isomerism” on 
the other, and cannot be referred to further than 
to indicate how wide-reaching is the subject of 
crystallography, and the powerful engine it proves 
for the investigation 4 ig atomic and molecular 
chemistry. The experiments on quartz, and par- 
ticularly on the amethyst, are of a most entrancing 
character. Additional light is thrown on the 
phenomenon of crossed-axial-plane dispersion and 
the influence of temperature in equalising the 
refractive indices corresponding to the rectangular 
axes of an ellipsoid. 

An interesting chapter is devoted to the so-called 
‘living crystals,” an unfortunate name perhaps, as 
hardness and permanence of form has been con- 
nected with crystal structure. Justice is done to 











of these mobile or flowing crystals is an undoubted 
a fact, and it may be necessary to con- 
ider what pessible modifications may be required 
in the general theory to accommodate this new 
discovery. Will the geometrical work of the 230 
homogeneous structures, as an adequate explanation 
of the thirty-two classes of crystals, stand the strain 
of the new facts? Will the discovery establish the 
possession of a directive force in the molecule by 
which it arranges itself homogeneously by mutual 
accommodation with similarly catowel molecules. 
These are problems on the borderland of progress, 
and just as the author has been careful to avoid any 
expression of opinion on purely theoretical questions 
for which there is no definite experimental evidence, 
so we forbear speculating on obvious, but, on that 
very ground, probably erroneous, deductions. Dr. 
Tutton aimed at — the ordinary cultured reader 
in possession of the story of crystals. We hope 
that he will have succeeded, for though we cannot 
say, as he does, with his long familiarity with the 
subject, that it is a simple one, we can say that it 
is full of the most enthralling interest, revealing 
surprising phenomena of profound significance in 
the ultimate constitution of matter. 





A Text-Book of Geology. By Puiir Laks, M.A., F.G.8., 
Royal Geographical Society Lecturer in Regional and 
Eagetet Geography in the University of Cambridge ; and 
R. H. Rastatt, M.A., F.G.S., Fellow of Christ’s oliege, 
Cambri Demonstrator in Geology in the University 
of oe London: Edward Arnold. {Price 16s. 
net. 

Unper the editorship of Dr. J. E. Marr, Mr. 

Edward Arnold has published a series of text-books 

dealing mainly with the economic aspects of geology, 

or having reference to some particular application 
of geology to technology. In this instance, however, 
the authors approach the general principles of 
geology, as understood and illustrated in the well- 
known work of Sir Charles Lyell; and just as in 
the later editions of his ‘‘ Principles,” physical and 
stratigraphical geology were divided, so here we 
have two separate works, not the result of collabora- 
tion in the ordinary acceptation of the term, but 
two distinct treatises, Mr. Rastall being responsible 
for the portion of physical geology, and Mr. Lake 
for the stratigraphical section. In the former 
portion are described the processes and agents by 
which the earth’s architecture has been accom- 
plished. The author is content to accept the globe 
as he finds it, very wisely leaving to the astronomer 
and the physicist the task of explaining ‘*‘ how the 
world rose out of chaos.” Such Sastry problems as 
the consequences of the adjustment of a hardening 
crust toa shrinking nucleus, which involve a sufficient 
explanation of the foldings and crumplings of large 
areas, are not discussed. They are not students’ 
questions, and the book is arranged for beginners ; 
but naturally when the author has to consider the 
formation of mountains, some hazardous specula- 
tions cannot be altogether omitted, and it becomes 
necessary to consider the theories that have 
been suggested. Mr. Rastall is prepared to leave 
the selection to the choice of the reader. If 
he has a preference, it is probably in favour of the 
principle of isostasy, the tendency of a hetero- 
geneous revolving body to arrange the materials of 
which it is composed in a stable form of equilibrium. 

This cautious attitude, and the refusal to discuss 

vague hypotheses, however plausible, is very much 

to be approved. The indefinite is too stimulating 

a food for beginners, whose appetite ought to be 

satisfied by the problems connected with the actual 

existing configuration of the surface. As a general 
rule, wherever doubt and uncertainty obtain, the 
authors preserve a — reticence. For instance, 
the mechanism of the movement of glaciers presents 
difficulties which cannot be regarded as settled. 
We are left in doubt whether ice has the power to 
tear pieces of rock from the bed and use these as 
tools to plough or grind away more, or whether 
the larger fragments have worked their way to the 
bottom of the ice and ground against each other 
till they have produced the materials for a moraine. 

The evidence in favour of various theories is put 

before the reader, but without prejudice or bias. 

Examples or illustrations, such as the phenomena 

presented by the nunataks of Greenland, and the 

results of Dr. Harker’s examination of the erosion 
effects in the Isle of Skye, are given with sufficient 
fullness, and numerous other instances of a fair 


the work of Lehmann, who has shown that certain | way of eng Seer points might be quoted. 
liquids possess many of the attributes of crystals, | But if ice is a 

such as definite orientation of the ultimate particles, | tion, we doubt if it has received full consideration 
double refraction, and optic axes. The existence in the matter of marine deposits. The potency of 


ly treated as an agent in denuda- 
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icebergs in distributing material over wide sub- 
marine areas is practically overlooked. Yet, con- 
sidering the distances to which these ice masses are 
carried by winds and currents, their enormous 
volume, not to be judged by the small fragment 
visible above the sea, and their journey on land 
before floating, they must prove a powerful vehicle 
for distributing detritus over the sea-bottom. 

Having discussed the records of past events, 
whose traces are conspicuous on the earth’s crust, 
and the principles of whose interpretation are 
admitted, it becomes the duty of Mr. Lake to 
arrange these records chronologically, and decipher 
their meaning with the view of constructing the geo- 
logical history of the earth. England is an admir- 
able country for the study of fossiliferous rocks. 
There is a great diversity within comparatively 
easy distances. Scotland is said to present a com- 

lete epitome of the phenomena of rock structure. 

he author has done well to limit his study of 
stratigraphy practically to the British Isles, where 
he finds ample material for elementary teaching. 
The student can verify many of the statements in 
the course of a summer holiday, or collect new 
information. The plan adopted is, to give a series 
of maps of the British Isles, marking on each the 
— localities where may be found examples of 
the successive systems from the Pre-Cambrian to 
the Tertiary, dividing the latter into the usual 
series. In each section the inferences to be drawn 
from the inspection of the varying strata are clearly 
stated. The fauna, and flora where it exists, are 
described, and the characteristic indications of the 
several series examined. A summary is given at 
the end, which quite appropriately might have 
stood at the beginning. The object is to indicate 
the great changes that have taken place, by fur- 
nishing broad pictures of the conditions that pre- 
vailed in the alternating continental and marine 
periods. The student would have been better 
prepared for detail, possibly, if he had first gained 
an insight into the general history it was proposed 
t> explain. 





Der Briickenbau. Lehr- und Nachschlagebuch fiir Studie- 
rende und Praktiker. By M. Srrvuxet, Professor at 
the Finnish Technical High School, Helsingfors. 
PartI. First Edition. Atlas. PartI. Second Edition. 
Text and Atlas. Leipzig: A. Twietmeyer. [Prices 
16 and 12 marks. ] 

Tae history of these two volumes is somewhat 

peculiar. The atlas was the first part, published 

in 1900. The text-book follows now, together 
with a new, but unchanged, edition of the atlas. 

The author is a professor at the Finnish Tech- 

nical High School at Helsingfors. Like his col- 

leagues, he found that the time which could be 
spared in the schedule for his lectures on bridge- 
building was insufticient ; it was very difficult in 
particular for his students to copy even the chief 
features of the diagrams and views by which he 

explained his lectures. He therefore a 

his students with plates of diagrams, and he pub- 

lished those illustrations—modest in appearance, 
as they were originally—in 1900 in the shape of 

a call quarto atlas of 43 plates, containing 1100 

systematically - arranged figures of fixed wooden 

and iron bridges. The atlas further includes 

54 pages of explanatory notes, and, as the author 

makes a very ample use of judiciously - chosen 

abbreviations of titles of journals and text-books, 
these pages contain more than might be expected, 
in spite of the large type. The bridges are taken 
from all parts of the world, and American, English, 

French, German and Austrian, Russian, and 

Scandinavian journals have been consulted. 

The good reception accorded to this atlas induced 
Professor Strukel to publish his lectures — in 
enlarged form—likewise, and as the atlas was mean- 
while out of print, a new addition of the atlas was 
called for. Instead of bringing the atlas up to 
date, he has left it unaltered, but has noticed 
novelties in the figures of the subject - matter 
volume. The rite 50-80 title of this volume is, 
‘* Bridge Construction : Text-Book and Reference 
Book for Students and Practical Men ;” and the first 
number of Part I. before us deals with general 





features, statics of bridge girders, earth pressure, | 
and wooden bridges. e wooden bridges are not 
quite completed in this first number; a second 


number will conclude this section and deal with | 
iron bridges, while movable ge, and stone! 
e 


bridges are left to a second part. volume of 


subject-matter before us is of the same sizeas the atlas 
and comprises 216 pages, illustrated by 225 text 


figures. An alphabetical index could hardly be 
expected at present ; but a table of contents should 
have been provided. | 

The book certainly gives the impression of being | 
a useful and instructive guide. The section on the 
strengths of materials reters also to ferro-concrete. | 
In the notes on breakdown tests of iron and steel 
recent researches are not noticed, while the Brinell ' 
test is only brought up to 1906. However, struc- 
tures in iron are separately to be discussed in the 
second part, and the subject of tests of materials 
may be treated there. We presume that the 
lectures were delivered in Finnish ; but Professor 
Strukel also understands how to put his explana- 
tions and deductions into remarkably plain, clear 
words when using the German language. 
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VICKERS’ AUTOMATIC RIFLE- 
CALIBRE GUN. 

WHILE retaining the dominant principles of the 
automatic gun, which they have manufactured for 
many years, and which has proved its excellence 
in many small but sanguinary wars in recent years, 
the Vickers’ Company have from time to time been 
making important improvements, with the result 
that their automatic rifle-calibre gun to-day differs 
in most respects, except in principle, from their 





earlier type, and has attained very high efficiency. 
The main object has been not only to reduce 
weight, and therefore increase the mobility, but 
to effect such modification as would enable the 
gun to continue firing for enormously greater 
periods of time without getting overheated. The 
latest type of Vickers’ automatic rifle-calibre gun 
weighs only 27 lb., as compared with the 60 lb. 
of the British service automatic rifle-calibre gun, 
while the weight, with the necessary cooling water, 


_is 36 lb., as compared with 68.75 lb. This reduc- 


tion is the more important, as it has been achieved 
in association with great efficiency in cooling appli- 
ances. The length of the barrel is the same 
as formerly—namely, 28.4 in. The length of the 
water-jacket is slightly more—24.1 in., as against 
23.5 in., the addition being at the chamber end, 
where the greatest heat is generated. The diameter 
of the water-jacket is the same—4.28 in.—but the 
capacity is higher—7.5 pints, as against 7 pints. 
By the introduction of a new system of condensing, 
the water in the jacket is continuously renewed, 
and the effect of circulation is to add enormously 
to the number of rounds which may be fired 
without overheating. Thus the new gun on 
one trial fired a total of 180,000 rounds, of 
which 30,378 rounds were from one barrel, and 
it was only at the end of this exceptionally 
severe test that there was any indication of a 
falling off in efficiency. It willtherefore be evident 
that the new gun is of much greater fighting 
efficiency than the service weapon, as the success of 
an engagement depends upon a well-directed hail 
of bullets being directed upon the enemy’s troops 
during any short period of their exposure. More- 
over, there have been great improvements in the 
mounting, so as to fit it not only for rapid movement 
in the field, but also for ready adaptation to any 
available position, either on a level or against a 
parapet wall or embankment, without affecting the 
sighting, elevating, or training gear. 

The drawings which we publish on Plate XXXII 
and on pages 541 and 542 illustrate fully all these 
improvements. There is no need to describe in 
any detail the principle of the automatic gun ; that 
was done in our issue of January 25, 1907 (vol. 
Ixxxiii., page 111). It will suffice if reference is 
made to the changes introduced into the automatic 
mechanism which utilises the impetus of recoil to 
withdraw the empty cartridge, feed a new projec- 
tile into the gun, and lock the gear ready for 
automatic discharge. The direction of travel of the 
crank which effects this operation is reversed. This 
crank now rotates above the centre line, and the 
lock has been inverted, the trigger now being 
secured to the inside face of the rear cover, instead 
of to the bottom plate, as formerly. As a conse- 
quence the depth of the rear casing has been con- 
siderably reduced. At the same time advantage 
has been taken of the superior metals now available 
for the construction of the units ; but some of the 
parts of the cooling mechanism, such as the water- 
tubes, are still of brass. The water-jacket itself is 
of corrugated steel tubing, whereby greater girder 
strength is obtained for less weight, while the 
cooling area, as we have already indicated, is in- 
creased. These changes will be understood by 
reference to Figs. 1 to 3, Plate XX XII., and by 
comparison of these with the drawings of the 
standard gun in ENGINEERING four and a half years 
ago ; but some of the more important may be pointed 
out in fuller detail. 

Owing to the lock being inverted, the trigger-bar 
A is now on the top of the casing instead of at the 
bottom, as in the service gun, and it slides in a 
groove in the rear cover, as shown in Fig. 2. Two 
covers B and C are provided, the front one secur- 
ing the feed-box in position, and both are hinged 
on one pin. The feed-box D can thus be reached 
without uncovering the whole of the casing. More- 
over, the division of the cover into two parts tends 
to greater stiffness. The bottom plate E has longi- 
tudinal grooves, in which there slides a shutter F. 
The plate has the front portion cut away, so that 
there is a clear exit for the empty cartridge-case 
from the extractor in the centre of the gun. When 
this shutter is in the closed position the opening is 
completely covered, and the mechanism protected 
from dirt. In such a position there is no possi- 
bility of the gun being loaded, as the extractor 
cannot fall far enough to enable its horns to clear 
the bottom of the cams on the outside plates. 
The efficiency of the dead-stop is increased by the 
introduction of a ge pee rd G, which ensures 
that the locking face will act simultaneously with 











ApriL 28, 1911.] ENGINEERING. 541 





VICKERS’ AUTOMATIC RIFLE-CALIBRE GUN ON ADJUSTABLE TRIPOD (MARK F). 
CONSTRUCTED BY MESSRS. VICKERS, LIMITED, AT THEIR ERITH WORKS. 
Fig. 15. 
BEHIND COVER 


Fig.14 
HIGHEST POSITION 





























|the crank handle, which returns to its home 
a. Thus all tendency for the crank 
ndle to rebound is obviated. The handle- 
in H, again, is made very light, but strong, 





and is hinged to the casing at the bottom, and 
|secured in position by a screwed pin. Attached 
| to it is the firing mechanism I, which is exception- 
ally simple, consisting of : (1) a trigger at the rear 
- | of the handle-block, pivoted on an axis-pin at the 

-- Lee bottom ; (2) a trigger-lever mounted in a bracket 
————— ee ee : en formed on the inside of the handle-block, and 
actuating a trigger-bar in the cover ; (3) a trigger- 
pawl hinged at the middle of the trigger, and com- 
municating the forward motion of the trigger to the 
trigger-lever ; and (4) a safety-catch above the 
trigger, which must be raised before the trigger can 
be moved. 

The feed-box D is now provided with a quick- 
release arrangement, in order that a _partially- 
emptied belt may be quickly withdrawn. By cutting 
away a portion of the face of the feed-box, con- 
necting the two bottom pawls with a cross-plate, 
and providing the top pawls with thumb-plates 
placed side by side, both the bottom and upper 
pawls are made operative by one hand, so that the 
other hand of the operator is free to withdraw the 
belt Thus, although the top pawls can work inde- 
pee | of each other during firing, all four may 

simultaneously operated by hand for the with- ° 
drawal of the belt. 

The lock is, perhaps, the feature which differs 
most from practice in the standard weapon, because, 
in addition to being inverted, its details have been 
considerably modified in the direction of simplifica- 
tion, so that the taking of it to pieces for examination 
and the reassembling of it can be done in less time 
and without requiring any other tool than an ordinary 
punch. The lock is illustrated in Figs. 4 to7 in 
four different positions in the cycle of operations for 
firing the gun respectively. Fig. 4 shows the lock 
fully home immediately after the gun has been 
fired, the extractor being engaged with the empty 
case in the chamber, and a new cartridge being in the 
feed-box. In Fig. 5 the lock and barrel are in the act 
of recoiling, while the extractor is withdrawing the 
empty case, and a new cartridge is being fed, the 
firing-pin is cocked, and the safety-sear is engaging. 
Fig. 6 shows the position at nearly the end of the 
recoil—the barrel is returning to the firing position, 
the extractor is down, bringing the new cartridge 
in line with the chamber, and the empty case 
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VICKERS’ AUTOMATIC RIFLE-CALIBRE GUN. 
CONSTRUCTED BY MESSRS. VICKERS, LIMITED, AT THEIR ERITH WORKS. 
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opposite to the ejection-hole. Fig. 7 illustrates a 
further position in the cycle of. the operations, the 
lock returning to the firing position, the barrel is 
home, the extractor is being raised by levers, 
leaving the empty case to be ejected, while a new 
cartridge is in the chamber and another is ready in 
the feed-box. 

The lock-frame A (Figs. 4 to 7) slides between pro- 
jections on the recoil-plates and the bottom plates of 
the rear cover, and the main-spring B, tumbler C, 
safety-sear D, and firing-pin ih are similar in con- 
struction to the standard pattern, but they are all 
inverted when in position. The extractor F is 
shortened and the tail spring is dispensed with, as 
it was found unnecessary, owing to the large open- 
ing in the bottom of the casing. The lifting-levers 
G are made separately, right and left hand, and 
are hinged on a pin passing through the lock-frame, 
which also acts as the axis-pin for the tumbler. 
They support the extractor during the whole period 
of action, and limit its downward movement; 
consequently no lower stop is necessary. The 
side Gone H are secured on a spring axis- 
pin passing through the frame, and through 
the longitudinal slot in the firing-pin, and are 
so formed that they secure the lifting - levers 
in position. The bents so engage with the lifting- 
lever bents that the side levers have an idle move- 
ment after the extractor ix completely lifted ; con- 
sequently the lock moves forward a certain amount 
after the extractor is lifted and the cartridge is in 
the chamber, whereby the cartridge is firmly sup- 
ported at the instant of explosion, thus minimising 
any tendency to break or separate during firing. 
They are attached to the connecting-rod I by a 
bayonet joint, and an adjusting-nut J is placed on 
the connecting-rod, by means of which the distance 
between the face of the extractor and the face of 
the barrel may be adjusted. The safety-sear D 
has a longitudinal slot instead of the usual axis 
pin-hole, which to assemble is pushed on to a solid 
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pin in the lock-frame, and held up to position by a 
tail near the front, sliding in a slot in the lock- 
frame. The main spring B is held in position by a 
recess formed in the ock-frame, no pin being 









witH STANDARD GUNS. 


required, and the insertion of the spring in its place 
is made very easy. The only loose pins in the 
lock are :—(1) the spring-pin for the side lever, 
(2) the pin for the hand-sear, and (3) the pin for 
the lifting-levers. The first pin secures itself in 

ition, and the second is held by the form of the 
ifting-levers ; this arrangement does away with 
wire for securing the pins. 

The back-sight is of the modified rifle pattern, 
and provided with a deflection arrangement. Eleva- 
tion is given by moving the slide along in an 
inclined plane, the stem being provided with curved 


ramps. 
The adjustable wane mounting for this auto- 
matic gun has recently been greatly improved in 
order to make it adaptable for all uses to which 
it may be put in the field and to make it easily 
transportable on the march or on an advance in 
action. Complete illustrations are given on Plate 
XXXII. and on pages 541, 543, and 554. The 
mounting known as Mark E is shown in Figs. 8 to 
13, on the two-page — and that known as Mark 
F is illustrated in Figs. 14 to 18, page 541. The 
former, it will be seen, differs in having wheels on 
a movable cranked axle for transporting the gun 
from one position to another ; the latter is carried 
from point to point. ; 
The mounting generally is constructed asa tripod, 
on which the gun may be lowered or raised to suit 
any height of protection, either on the level or on 
any sloping ground, with a gradient up to 45 deg., 
in such a manner that the training-pivot remains 
vertical, and the angle of elevation at which the 
gun is laid does not alter. It can also be adapted 
with the training - pivot vertical on any sloping 
ground from a decline of 10 deg. to an incline of 
55 deg. When it is desired to alter the height of 
the gun, it is only necessary to raise the rear leg 
of the tripod and turn the adjusting-handle unti 
the desired height has been attained. About 
sixteen turns of the handle serve to lower the 
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Fic. 34. Marx E Trirop Gun in TRAVELLING ORDER. Fic. 35. Inrantry Carryine Equipment (Mark F). 


tripod from the highest to the lowest position, the | muzzle of the gun is well clear of the ground when | gear is disconnected by removing the joint-pin, 
line of sight being altered from 32.5 in. to 17.5 in. | the rear end of the trail is raised to a convenient) it is held clear of the trail-tube for training in 
off the ground. There are five positions in which height for wheeling purposes. These positions are | all the firing positions of the mounting. The socket 
each front leg may be attached so as to adapt the | illustrated in Figs. 8 to 13. The mounting can| in which the crosshead is pivoted is connected at 
mounting to any uneven ground. In any position the | also be used simply as an adjustable tripod by | the rear to the training arc, and these together are 
gun may be trained about the vertical pivot, without | removing the axle and wheels and the shield, which | mounted in the guides on the top of the adjusting 
: tering the angle of elevation, between any desired | are detachable. | gear-casing, and securely clampe to the same by the 
Paap up to 30deg. oneach side of the centre(Fig. 11). The mounting is constructed with a top carriage, clamp for the top carriage. ‘The clamp for the top 
~ this mounting a movement can be given to the | consisting of crosshead, elevating-gear, and training- carriage consists of an eccentric bolt with a handle 

adjusting gear beyond the lowest firing position in | arc, mounted in guides on the tripod, as shown in and a clamping-link with a hinged plate. The 
order to raise the legs off the ground fox the crawl- | detail in Figs. 19 to 21. The crosshead, of steel, is eccentric bolt is carried on the socket, and when 
ng — (Fig. 12). There are three positions in | pivoted in, and secured to, the socket by a central the handle is turned the clamping-link with the 
M ne a cranked axle may be secured ; the highest, | stud, and is provided, in the case of Mark E mount- hinged plate is raised, and by this means the top 
n = ich the wheels are off the ground, for all firing ing, with brackets in front for supporting the carriage is securely clamped down on the adjusting 
Leica of the mounting; the intermediate, in'shie’d. An arm extended to the rear carries the | gear-casing. The angles of training are marked off 
pie = ter) pe can raised off the ground elevating gear and contains the training-clamp. The on the training-arc, and in order to limit the train- 
Sie an or crawling purposes ; and the lowest, in | elevating gear is of the usual type. The elevating- | ing between any desired points two training-stops 
© mounting is raised higher, so that the hinge is formed with a stop, so that when the are provided which can be moved on the training- 
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arc and secured in any position. The training-clamp 
consists of a claw actuated by an eccentric bolt with 
a handle. When the handle is moved forward the 
claw is raised, and by this means the crosshead arm 
is securely clamped to the training-arc. 

The adjusting gear-casing consists of two side 
plates joined together by a connecting-plate. At 
the top of the side-plates are the guides for the top 
carriage, fitted outside as well as inside, and by this 
means the side-plates are held rigid by the top 
carriage. The side plates are provided with bear- 
ings for the fulcrums of the front and rear legs, 
and with slots which form guides for the adjusting- 
nut. They are also rovided with the bearing for 
the crank-pin and the arc on which the axle is 
secured in the various positions. The adjusting- 
handle at the side of the mounting operates, through 
bevel gearing, the adjusting-screw which raises and 
lowers the adjusting-nut. e upper ends of the 
legs are engaged by the adjusting-nut, and receive 
a parallel motion. 

The front legs of the tripod are attached to a 
connecting-piece pivoted in the front bearing, which 
receives its movement when the adjusting-nut is 
raised or lowered. On each side of the connecting- 
piece there is a bolt with an eccentric clamp for 
attaching the front leg, and on the outside radial 
from the bolt there are five holes for engaging the 
stud on the top link of the front leg. For ordinary 
firing positions the centre hole is used, the others 
being provided for adapting the mounting to uneven 
posed The front legs are made of steel tubing 
fitted with shoes to prevent them from digging into 
the ground, and at the upper end with a link 
having a longitudinal slot, so that they may be 
withdrawn from the holes in the connecting-piece 
and folded conveniently to the side of the tripod for 
transport. The rear leg or trail is also made of 
steel tubing, with a fitting at the top end which 
hinges in the rear bearing, and receives its move- 
ment from the adjusting-nut. The lower end is 
provided with a trail-shoe which has a deep flange 
to prevent it from slipping along the ground. 
The seat is made of thin steel plates, flanged and 
pressed into shape, and is provided with a leather 
pad. It serves as a seat for the higher firing 
positions, and, being carried on hinged brackets 
and a sliding sleeve, can be pushed down flat on 
the trail to form a kneeling pad for the inter- 
mediate firing positions (Fig. 37, page 554). The 
upper part of the seat is made in two halves, hinged 
in front, which may be swung round horizontally 
to form elbow-rests for the lower firing positions 
(Fig. 38). The seat is locked in its different 
positions by a sliding bolt. 

The axle, adapted for a width and track of 23.6in., 
consists of a hollow steel tube, on which are attached 
two crank-webs. It is connected to the mounting 
by the crank-pin, about which it rotates, and is 
locked in any of the three positions by means of a 
sliding bolt carried on the web, which is passed 
through the are on the socket and a projecting 
bracket at the middle of the axle. The axle and 
wheels can be detached from the mounting when 
the sliding bolt is released, and the crank-pin with- 
drawn. The crank-pin is secured in place by a 
split cotter. The wheels, 12in. in diameter, with 
tyres 2in. wide, are made of steel and built up, 
sheet-steel discs connecting the rim to the hub. 
They are provided with gun-metal bushes, and 
secured to the axle by washers and linch-pins, 
fixed in place by bent wire springs. 

The following are the particulars and weights of 
the gun and mounting : — 


Service 
Gun. Vickers’ Gun. 
Weight of gun without water 60 Ib. 27 Ib. 
Weight of gun with water ... 68.75 ,, 36 ,, 
uction in weight of gun 
from service pattern 33 ,, 
28.4 in. 


Length of barrel és . 23.4 in 
Length of water-jacket Sn | EI on 2> IS cee 
Diameter of water-jacket se = 4.28 ,, 
Capacity of water-jacket ... 7 pints 7.5 pints 
Weight of tripod with shield 
0.167 in. thick ye ag 90 Ib. 
Weight of tripod without 
shield and axle and wheels... a 
Maximum elevation +: 10 deg. 
9 depression ... | oe 
‘ training 30 deg. each 
side of centre 
Highest ition from the 
ground, line of sight a 32.5 in. 
Lowest position from the 
ground, line of sight 17.5 ,, 
Diameter of wheels... = a = 
Width of tyre ... er Pa ve et rss 
Width of track .,. ¥ as 23.6 ,, 








An important feature of the new equipment is 
the combined condenser and water-box with pump, 
for use in keeping the water-jacket of the gun 
cool. This is illustrated in detail by Figs. 22 and 
23, on page 542, and in action in Fig. 39, on page 
554 here is a small hand-pump connected to 
the gun by two lengths of flexible metallic tubing 
One tube serves to carry the water from the pump 
to the gun, and the other forms a condenser for 
the steam generated during firing, and draining 
back into the water-tank. The pump, as shown in 
Fig. 22, is inside the tank, and is vertical and 
single-acting, drawing water through ball-valves 
from the tank on the up-stroke, and delivering on 
the down-stroke. The delivery-tube is fitted with 
a non-return ball-valve near the gun end, so as to 
prevent primi from the water-jacket. The 
flexible tube, which forms the condenser, is attached 
to the steam-escape pipe of the gun. During firing 
the steam generated in the water-jacket passes 
through the tube to the water-tank, being con- 
densed during its passage and upon coming into 
contact with the water in the tank. The connec- 
tion on the tank for this tube leads into a per- 
forated pipe which lies along the bottom, so that 
the condensed steam is well mixed with the water 
in the tank. The large filling plug on the tank has 
a small hole fitted with a a which is removed 
during firing, so as to allow air to escape and to 
— any undue pressure being set up. During 

ring the water-jacket of the gun may be kept full 
of water by the pump. This keeps the barrel cool 
for a longer period. It is found that nearly the 
whole of the condensed steam is saved in the tank 
—a great advantage where the supply of water is 
scarce. The water-tank is made of copper-plate, 
tinned, and enclosed in a wooden casing. The 
outside dimensions of the tank are the same as 
for two ordinary ammunition boxes with 250 rounds 
each, and its capacity is 18 pints. The time taken 
by the pump to fill the water-jacket of the gun, 
which has a capacity of 7.5 pints, is 30 seconds. 

Not only has the cooling arrangement been im- 
pas by the addition of the condenser described, 

ut the water space surrounding the gun has been 
increased at the bullet-chamber, where the greatest 
heat is developed, and the diagrams, Figs. 24 to 29, 
on page 542, give a comparison of the water space of 
the new gun as compared with the standard gun. 

On es 543 and 554 there are various views 
showing the application of the gun in actual service, 
all of which establish the range in possibility of 
application. Fig. 31 shows the tripod mounting 
ready for service against a parapet, and Fig. 32 the 
very small area exposed to the view of the enemy. 
Fig. 33 is an illustration of the gun, with ammuni- 
tion and condenser packed on the saddle of a horse, 
while Fig. 34 shows the gun on wheels drawn by 
the gunner by means of the rope-sling attached to 
the trail end of one of the legs of the tripod. 
Fig. 35 shows the gun, with ammunition and tripod, 
mounted on the backs of three soldiers. Figs. 36 
and 37, on page 554, illustrate the tripod wheel- 
mounting in action. In one case the gun is in the 
lowest position, the gunner resting on the saddle 
of the back leg of the tripod, while in the other the 
gun is in the second position, the gunner kneeling 
on the saddle of the tripod. Figs. 38 and 39 show 
the Mark F tripod without the wheels, the first 
view indicating the lowest ition, while the 
second view shows the second position, in which 
case the gunner can easily work the pump of the 
condensing apparatus. 

The gun has been tested by various army authori- 
ties, and in Fig. 30, page 542, there is reproduced 
a target which shows the performance of the gun 
during an endurance test, in which 1500 rounds 
were fired at 2000 ft. range at a target 10 ft. 10 in. 
high by 7 ft. 104 in. wide. The target itself indicates 
the accuracy of the fire. 

The adjustable tripod with wheels for the auto- 
matic rifle-calibre gun was subjected to extensive 
trials, including a long series of trials abroad, where 
it gave great satisfaction to an Army Commission. 
The gun and mounting were dragged over rough 
and stony ground for about a mile, and afterwards 
pushed and pulled through a swamp by one man 
and then by two men. These trials were found 
satisfactory, although the tripod sank to the axle 
in the sa The next trial was to advance by two 
men crawling on the ground and dragging the gun 
and mounting by means of drag-ropes. These 
manceuvres were carried out quite easily; the 
time taken to change the mounting from crawling 
to travelling position was only 25 seconds, single 





handed. Trials were then carried out with the gun 
and mounting on a k-saddle, with three boxes 
of ammunition containing 750 rounds, as shown in 
Fig. 33. During further trials the equipment was 
carried on a two-wheeled ammunition-cart, without 
axle-springs, over 15 miles of pavement and over 
25 miles of country roads. Amongst the severe 
trials was the taking of the gun and mounting 
50 miles on its own wheels over rough ground and 
through a forest intersected with streams and rocks, 
and also running down a flight of steps. After 
each trial the gun was fired in all the positions of 
the mounting—highest, intermediate, lowest, and 
as a parapet mounting, in order to see that the 
rough handling had not in any way interfered 
with the accuracy of firing. In all these trials the 
Vickers equipment gave complete satisfaction to 
the Commission. 

At another of the trials to which this equipment 
was subjected, 180,000 rounds in all were fired, 
out of which 30,378 rounds were discharged from 
the same barrel. The gun was subjected to long 
series trials, from 2000 up to 9000 rounds each day 
—to all the usual trials for testing the efficiency 
of the mechanism by filling the gun with clotted oil, 
to sand tests and to travelling test. The gun went 
through all these different tests to the satisfaction 
of the Commission. Accuracy firing tests took 
place after each long series, and to A the high 
accuracy of the gun, the size of the target at a range 
of 311 yards at the commencement of firing was 
40 in. by 44 in., and after firing 10,600 rounds the 
target was 44 in. by 48 in. During this long trial 
it was only necessary to replace one carrier (worn 
out), three main springs, three firing-pins, and one 
tumbler. The first lock was replaced after firing 
45,908 rounds, and the second lock used, to replace 
the broken firing-pin, &c. 

At another Continental trial 21,860 rounds were 
fired in all, out of which 12,000 rounds were fired 
out of one barrel in series of 2000 up to 5000 
rounds. A rapidity series of 1000 rounds was 
fired on one occasion in 3 minutes 35 seconds 
against a target at 50 metres range, the size of 
target being 18} in. by 197 in. A series of 2000 
rounds was fired against a target at 100 metres range 
in 9 minutes, the size of target being 314 in. by 
19} in. An interesting series was fired against time 
to determine the number of rounds which could be 
fired within 15 minutes ; water was to be changed 
ad lib., but the supply being limited to 6 litres, 
and starting with water-jacket filled ; before time 
was called, 2672 rounds were fired, and, after 
firing, sufficient water (about 1 litre) was still left 
in the jacket to continue firing. All this firing 
took place against a target, so that aiming was 
essential. The gun was subjected to the usual 
sand test ; also firing after the belt had been soaked 
a considerable time in water, and in one case all 
the oil was wiped off and the gun fired in an abso- 
lutely dry condition. The gun went through all 
these trials perfectly, only such parts as safety 
sear-spring and firing-pin having to be replaced. 








FOUNDRY PLANT AND MACHINERY. 
No. XXV. 
By JosepH Horner. 

THE moulding-boxes illustrated in the last articles 
are representative of a large group, the function of 
which is to afford exterior support to the moulds 
which they wholly enclose. Another great group 
of equal importance provides the interior skeletons 
which support portions of moulds, or sustain cores. 
These include the infinite varieties in grids, draw- 
backs, core-bars, core-irons, core-plates, and their 
necessary adjuncts. 

Grids are primarily the open plates on which cores 
are rammed in boxes, or the green-sand cores in 
patterns. The sand ofall cores, except the smallest 
and slightest, requires something rigid to sustain it. 
This support ranges from the mere pieces of rod or 
wire enclosed and rammed in the smallest to the 
cast-iron grids and stout rods of the largest. The 
bricks in loam-moulds and loam-cores fulfil identical 
functions, though they are not grids. Loam-plates, 
however, are true grids. 

A grid must be made specially for its own core. 
One might easily draw a hundred or two hundred 
different grids illustrative of this fact, but an account 
of their general designs will be quite sufficient to 
explain their utilities as an important section of the 
appliances of the foundry. The type is drawn in 

ig. 381, on the next page. There is a pattern- 
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grid from which moulds of the same or of smaller 
dimensions are made in open sand by stopping off, 
either in straight lines or curves; or in larger 
dimensions by re-ramming the pattern twice or 
more, and modifying the outlines where required 
by stopping portions off. There will be several 
such patterns in a foundry, ranging from, say, tin 
square in the cross-section of the bars up to 1} in. 
or 14in. square. The grids moulded from these 
can be modified in regard to the dispositions of the 
bars by stopping out some of them, or by increasing 
their widths in localities where eyes, rods, or nuts 
have to be cast in. For the grid, as it stands in 
Fig. 381, has but a limited service. Additional 
means of support to cores must usually be provided, 
and also provision for lifting and locating the grid 
with its sand. In this respect the grid is allied to 
the drawback. In fact, the basis of the drawback 
is often a grid, while many grids of no great width 
are often solid plated, like drawbacks. 





A grid may have to be disposed either horizon- 
tally or vertically, depending on the shape and 
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is usually adopted for the grid, and a solid plate 
for the drawback, is that the grid in, perhaps, the 
majority of instances, has to be broken up in order 
to extract it from the cored-out portion of the 
casting. Butthe drawback lies outside the casting, 
whence it can be lifted away bodily. If, however, 
a grid can be pulled out of its casting without the 
necessity of breaking it up, it is as often as not 
made with a solid plate. 

The function of the drawback is the carrying 
of some portion of a mould, and its removal and 
replacement, either to avoid employing a corre- 
sponding joint between pattern and box parts, or 
to avoid going to the expense of a core-box. This, 
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Fig .384. 
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location. The sand, which is rammed on the draw- 
back, would otherwise either have to be rammed in 
a middle box, or a very deep down-joint would have 
to be made, which could not then be secured without 
carrying it on a grid. But when the sand is rammed 
on the drawback, the entire mass can be taken away 
bodily, and mended up and blackened away from 
the mould with facility, while the mould itself, after 
the withdrawal of the pattern, lies open and un- 
encumbered, to receive similar treatment. Often 
a drawback affords a means of carrying the sand 
which lies over a horizontal web or rib at some 
distance below the top of the pattern. Then a deep 
down-joint and deep lift are avoided. Fig 393 is 
an example of this kind. The sand is supported 
above the rib by bending a number of 8 over, 
cast in the plate. In plan view, drawbacks will 
be of any outlines to suit the pattern. Most often 
they are straight, but they also follow curved and 
other outlines as indicated in Fig. 394. The draw- 
back to the left is straight, that to the right follows 
round two sides of a pattern. If a plate encircles 


POS © 















oOoooo0o0o 


| 











OOOOOUOU 









OOOOOO0 














OOOOOOO 

















(| 





oooooon 
oooonoon 











\eciincetnstioneced 


















































Toooooo 
HOU OUOUOU 
HUOOUOUIO 











- Wiis 


DOOOOA 











Fig. 388, Fig.389. 








Fics. 381 tro 391. 


ocation of the core which it carries. Figs. 382, 
383, and 384 are typical of the first. Figs. 385, 
386, and 387 of the second. In some, wrought-iron 
rods are cast in to support the main body of the 
sand, the grid simply affording the necessary rigidity 
—the vertebra of the anatomy, so to speak. In 
each also provision is made by the eyes for lifting 
the cores about. Another variation is shown in 
Figs. 388 and 389, one common in cores used for 
lightening bed-sections. Being narrow, a solid 
plate forms the basis. The bottom of the plate 
lies in the impression formed by the core print, but 
elsewhere sand surrounds the grid and is supported 
by it. The rods, cast in at a slight angle, prevent it 
from falling off sideways. Figs. 390 and 391 show 
a grid made specially to carry the sand above a cy- 
lindrical piece of work moulded in the floor, for which 
a box part is not available. The arched rods sustain 
the sand, and the eyes are used to lift the grid and 
its mould. The whole is covered with a plain top. 
_ The elements of practically all grids are included 
in these examples. It is easy to understand that, 
sen the rigid base with rods and eyes, there can 
be no limit to the skeleton outlines which can be 
imparted to such forms, that any core, however 
intricate and weak be its form, can be fitted and 
strengthened with a grid of suitable design. 

The reason why an open-work grill-like pattern 
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TyeicaL Grips. Fies. 392 To 394. 
therefore, is nearly as extensive and elastic a device 
as the grid. It will comprise a plain plate only 
when the sand to be carried is shallow, or it may 
be studded with prods. But, generally, the draw- 
back has to carry a good depth of sand, and often 
overhanging portions besides. Then iron rods must 
be cast in, disposed in a manner best adapted to 
sustain the sand. The dispositions of these rods 
may be inferred from the figures annexed, Figs. 
392 to 394. The rods may be vertical, inclined, 
or bent over horizontally, in their varied adapta- 
tions to the outlines of the sand which they have 
to sustain. Drawbacks are used most frequently 
in bedded-in work. But they arealso employed in 
jointed boxes for carrying sectional masses of sand 
which lie under overhanging parts, and which 
would otherwise have to be cored, or entail the 
use of another box part to carry a deep mass 
against a plain face, and so avoid a deep down-joint. 

In no case is there any guide to the replacement 
of the drawback plate and its sand beyond that 
which the moulder himself makes. The edge of 
the plate is chamfered, Fig. 392, to make a joint 
with the sand adjacent to it, and the ends and 
back of the sand on it are sloped, so that without 
using a print the accurate return of the drawback 
to its original position in which it was rammed is 
assured. Sometimes stakes are used to assist in its 
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a pattern it is not strictly a drawback, though it 
fulfils its general functions. It is a framed grid. 
Drawbacks are moulded and cast in open sand 
from rough patterns, or no patterns, the moulder 
frequently marking the outlines of the mould by 
the pattern with which it is to be used, and shaping 
them with the trowel, and a templet strip or two. 
Rods and lifting-eyes are cast in similarly to the grids. 
In the work of the brass-moulder and statue 
caster, drawbacks under the name of false cores 
have far larger utilities than they have in iron- 
founding. But those are for the most part of small 
dimensions; the last are usually large. Except 
that they have in common the fact of being taken 
away or drawn away or back from the pattern, 
there is no similarity in their dimensions or shapes. 
Core-bars fulfil the same function for straight 
cylindrical cores that grids do for cores of rectan- 
gular and irregular outlines. But if a core, 
circular in section, is curved lengthwise, as in bend 
pipes of all kinds, the supporting element is not a 
core-bar, but a grid. It may be a plain curved 
bar of flat section, or, as in the larger sizes, a bar 
in which rods are cast, standing out to right and 
left, strongly suggestive of the backbone and ribs 
of a vertebrate. Such cores are either rammed round 
the grid in green sand, or swept up in loam. 
Core-bars are made and stocked in all sizes in 
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cast and wrought iron. The same bars are used 
for sweeping up loam patterns on. They are 
rallel, and tapered to suit pipes and columns. 
umerous holes are drilled or cast, through which 
the gases escape from the core into the interior and 
thence out at the ends. Journals are turned near 
the ends on which the bars are rotated in the vees of 
the trestles. Winch-handles are inserted in the ends 
in small bars. In large ones cross-bars or crosses 
are inserted in the ends with square necks, on which 
the winch-handles fit. The exteriors of the bars are 
smooth when core-ropes or hay-bands are wound 
round them. When green sand is swept on, they 
are roughened over with numerous little prods. 
The typical core-bar is seen at A in Figs. 395 and 
396. It may be termed a ‘‘ cylindrical grid,” but 
the numerous holes with which it is pierced fulfil a 
function which the grid has not to take. They are 
openings provided for the exit of the gases generated 
in the core by the heat of the pouring, which, rushing 
through the holes into the interior, escape at the 
ends of the bar. The plates B, shown, are not an 
essential element of the bar itself, but they illustrate 
the provision which is made for building up a large 
core on asmall bar. Such a combination is used in 
sweeping up the cores for crane-drums and other 


The conditions are obviously different when a 
casting is cored straight through, as in engine 
cylinders, columns, pipes, &c. 
no extraneous plates like those in Fig. 395, but is 


to be cored. 
of a foundry, hay-bands are wound round and 
covered with loam, to leave roum for which a bar 
cannot be less than from 1} in. to 1} in. smaller 
than the hole for which it carries the core. In 
some highly repetitive pipe work the hay-bands are 
dispensed with, and the bars are made in segments, 
to fall inwards on the knocking back of a wedge or 
wedyes, to enable the bars to be withdrawn readily. 
These are termed collapsible bars. They have no 
place in ordinary foundry work, but hay-bands, or 
sometimes tow-ropes or strands of tow, are sub- 
stituted and covered with loam. Bars are, how- 
ever, made ribbed or corrugated longitudinally, the 
better to hold the loam without the use of hay or 
tow. There are several German designs of this 
kind. Fig. 402 is a polygonal form. The advantage 
is better retention of the loam by comparison with 
smooth bars. 

Core guide-irons are an important, though not a 
large, group. When a core, or a loam pattern of 





work, in which a large body-core is enclosed between 


a bend pipe or elbow casting, is being swept up, 





Fig.395. 
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hen the bar has | 


made of a size only slightly smaller than the hole | 
In all the common and ordinary work | 


plates during pouring, Fig. 408. These plates are 
all made in open sand, without patterns, being 
swept up or rammed by the aid of strips and sweeps 
in green sand on the floor. Cores are laid on and 
weighted or nailed to form holes. Prods are stamped 
in from a pattern prod. 
| Striking or sweeping-bars, Figs. 409 and 410, pro- 
| vide the means by which loam moulds and loam 
| cores, and often green sand and core sand in shallow 
| moulds, are swept up around a vertical axis. The 
/bar is of square or round iron, stepped into a 
| tapered hole in a socket which is sunk below the 
|level of the floor, and maintained steadily by its 
feet, which are made in the shape of across. The 
| sweeping-boards are attached by straps which can be 
| adjusted vertically and clamped with set screws. 
| Each bar may have its own step, or one step may 
| receive bars of the same diameter, but of different 
lengths. Some steps are fixed permanently in the 
floor, others are set down where required for odd 
jobs. When set down in the floor a step is levelled 
y the top face, which is turned to ensure that the 
|hole is plumb. A hole is drilled in the top of a 
heavy bar to receive a bit of iron rod, which serves 
for lifting and lowering it by. Bars are often 
round (Fig. 411) instead of square. Straps often 
have slot-holes (Fig. 411) instead of round holes, 
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holes. The prods on the plate B to the right carry 
the loam around an internal boss. 

The bar A in the figure is parallel. Buta bar 
may be tapered, asin Fig. 398, if used for a tapered 
core, such as that of a pillar. These two illustra- 
tions are those of cast-iron bars. Wrought-iron 
tubing may be used in lengths, united with wedges, 
asin Fig. 399. Here the vent-holes must be drilled; 
in the cast bars they are cored more cheaply. The 
forms of the end fittings for turning bars by are 
seen in Figs. 396, 397, 400, and 401. 

These bars are operated in a horizontal axis. 
Trunnions are turned on them, seen at a, a in Fig. 
395 ; or they are, in the case of the larger bars, 
turned on se te castings or forgings, which are 
inserted and bolted in the ends, Figs. 400 and 401; 
or shafts pass right through, Fig. 402. The trunnions 
are turned on trestles, Figs. 403 and 404, the vees 
of which serve as bearings, being of various sizes, 
y+ a along the top edge to receive bars of 
different diameters. The extra width of the trestles 
affords support to the core-board, which is laid 
alongside the bar. Similar trestles, but with one 
vee'd recess, are used to support the swivels of 
moulding-boxes when being turned over, and when 
men are at work on the moulds. 

In these examples one object sought is obviously 
to make the core-bar follow approximately the 
outline of the core. This reduces the quantity of 
hay-band andloam and labour required. But in 
Fig. 395 the quantity cannot be reduced, since the 
whole of the space between the end plates B, B, from 
the bar to their circumference, must be occupied 
with hay-bands embedded in loam. It would be im- 
possible to increase the diameter of the bar solidly 
there, because it could not be drawn out of the 
holes in the end of the drum. The bolts C have to 
be withdrawn through small holes cast for the 
purpose, and the plates have to be broken up with 
a bar inserted from without, and withdrawn in 
fragments. The reason why numerous holes are 
cast in them is to render their fracture easier, 








on the interior in Fig. 
have provision for lifting them by. A central core- 
plate must have eyes cast in. 
tongues or horns cast in them, Figs. 406 to 408, 


in the crane. 
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Fies. 395 to 402. Typircat Corse-Bars. 


the core-bars are not applicable. Strickles are used, 
and the movements of these are coerced by the 
guide-irons, Fig. 405, which are bent to any curves 
to suit the work. Against these guide-irons the 
strickles are held, and by them are guided as they 
are moved along, sweeping up core or pattern. 
Core plates. or loam plates, are used when large 
cores or moulds are swept up around a vertical axis, 
using @ sweeping-bar and board. These are massive 
plates of cast iron, Figs. 406 to 408, made in open 
sand, of the outline and dimensions suitable for the 
section of the mould, or of the core which is swept 
on them. They are covered with prods to retain 
the loam, and frequently have holes cast in them, 
Fig. 406, to lessen the labour of breaking them up 
when they have fulfilled their functions. They 
most always have a central hole, Fig. 406, large 
enough to admit the stwiking-bar. But often the 
plate will be a ring, Fig. 407, as when it carries an 
annular body of a mould through which a central 
core has to pass; or a plate may have an extension 


on one side, Fig. 408, as to carry the portion of the 


mould for a steam chest. If a plate carries a central 


core it must be slightly smaller than the core, and 


must have prods on the —< similar to those 
407. These plates must 


Other plates have 


which are embraced by slings hung from the cross 
Frequently lugs and bolt-holes are 
provided for bolting through the top and bottom 








which permit of radial adjustments of the board. 
By means of these very simple elements tho most 
massive moulds are swept. A few very essential 
precautions must be observed or serious inaccuracies 
will result. Very much depends on the personal 
element. Loam work may be as accurate as any- 
thing moulded from a pattern, or it. may be very 
bad indeed. 

Slings and beams are used for supporting, lifting, 
carrying, or turning moulds with. The beams 
(Fig. 412) are slung in the crane, and the slings 
(Fig. 413) are suspended from the ends of the 
beam, and support the swivels of moulding-boxes 
or the lugs of plates for loam work. The beam in 
Fig. 412 is a casting, but wooden beams are often 
used. In that case they have no notches, but are 
plain along the top edge. The ends also are bonded 
with wrought-iron hoops. The suspending loops 
embrace the bottom edges of the beam, but are 
spread as in the iron beam illustrated. 

For the moulding-boxes the beam is single ; for 
the loam-plate it is a double beam, the arms of 
which form a cross (Fig. 414), from which slings 
depend. The top edgesin each are deeply notched 
to permit of suspending the slings, with the choice 
of a number of distances from the centre to suit 
various jobs. An eye cast in the central boss of 
the cross is slung in the crane. 

Chains are used for slinging work in the foundry, 
but not ropes. Sling-chains have swivels about the 
centre, to permit of adjustments of boxes and of 
patterns during withdrawal by the crane. A ring 
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at one end of the chain is hitched in the crane- 
hook, and a hook at the other end is attached to 
the moulding-box ; or the chain is passed round a 
portion of the box, as the swivel ora handle, form- 
ing a loop, the hook being hitched into a link of 
the chain. 
least once a year. : ‘ 
Numerous wrought-iron clamps of various dimen- 
sions are used in temporary and permanent work 
for retaining parts in position, both by moulders 
in green sand and in loam. These are forged by 
tg.4 02. aes 
3a “ WY Y 





atl » 


These chains should be annealed at) lay. 


kept for ramming flimsy patterns on, avoiding risk 
of inaccuracy, and saving time in making joints by 
hand. Irregular jointing is done on them also by 
fitting jointing-blocks against the patterns when 
the number of castings required warrants the out- 
s are cut in them also to receive 
solid patterns down to the jointing plane, a device 
/most frequent in brass foundries. These boards 
are made of narrow strips, with open joints secured 
| with battens, preferably in red deal for durability. 
| Runner-pins, or git-pins, or ingates, are stocked 






Fig. 405. 




















Fig.404. 
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the foundry smith as required, and stocked after use. 
Vent-pipes are odd plain lengths of wrought and 
cast-iron pipes, kept in stock and used for conduct- 
ing the gases away from cinder-beds and from the 
central areas of clinker or coke, enclosed in portions 
of moulds of large dimensions made in green and 
dry sand, and in cores. 

Bottom boards, joint- boards, and turn - over 
boards occupy a large place in the economies of 
ordinary foundry work, apart from their great ex- 
tension into the spheres of plate-moulding and 
machine-moulding. Such , ina e range 
of dimensions and shapes, square and oblong, are 


Fig. ais. 
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in large numbers and sizes, both in wood and iron. 
The types are shown in the group, Fig. 415. 
The round runner A is the most common; the 
square one, B, is used less; it is employed in 
preference to the round when an offset runner is 
rammed against it, C, to — the metal in horizon- 
tally. These types are suitable for castings which 
have sufficiency of metal to enable them to resist 
the tendency of a heavy runner to draw or fracture 
them in cooling. Thin castings must have propor- 
tionately thin runners which will cool as rapidly as 
the castings. Another reason why thin runners 
are often preferred, even though round or square 


c y E 





ones would give no difficulty in cvoling, is that they 
can be broken off with less risk of producing a de- 
pression in the casting at the fractured area. But 
the reduction of thickness must be compensated by 
increase in width, as in D. In thin work, instead 
of a continuous runner, a spray E is often used. 
This lessens the risk of da to the casting when 
the runner is broken off. But the collective area 
of the os must be sufficient to fill the mould 
before the metal can set. When a casting must be 





poured absolutely clean, and no head metal s 


Fig. 406. 
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Fies. 403 anv 404, Corz-TRESTLEs ; 
Fie. 405, Gurpr-Inons ; Fies. 406 
to 408, Core-Piates on Loam- 
Puiates ; Fies. 409 to 411, Sweep- 
inc Bars; Fies. 412 anp 413, 
Beam anv Suineo ; Fic. 414, Cross 
with Sunes; Fic. 415, Group or 
Runner PAtrerns. 





Lae 
| employed, a skimming-chamber is formed by the 
‘runner in F, This imparts a rotary movement to 
the metal, and sends the heavier metal to the out- 
side, where it goes into the mould, leaving the 
lighter sullage in the centre, where it fills a riser 
placed over that part. 

Among the numerous appliances required the 
following need only be mentioned :—Sieves and 
riddles, dry and wet brushes, barrows, blacking- 
bags, rapping- bars and mallets, lifting-screws, 
lamps, buckets, shovels, coke-baskets and devils, 


chaplets, &c. Then there are the small tools, the 
trowels, cleaners, spoon tools, sleekers, rules, &<, 
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INDUSTRIAL NOTES. 


AccorpINnG to the monthly report of the United 
Society of Boilermakers and Iron and Steel Ship- 
builders for April the number of members signing the 
book at the end of March was 2055, against 2053 at 
the end of February, the number of members on the 
sick fund for the same months being exactly the 
same—1242. The members on superannuation at the 
end of March were 2420, and at the end of February, 
2379—a decrease of 41 during the month. The total 
membership increased during the same time from 5674 
to 5717. The expenses for March were 6999/. 13s. 24d., 
against 5503/. 16s. 7d. for February, or an increase of 
1495/. 16s. 74d. during the month. There were, how- 
ever, five weeks’ expenses in March, against four 
weeks in February, so that the actual weekly expen- 
diture for both months was nearly equal. There were 
980 members admitted during March, while there was 
a loss of 290 due to members running-out and to deaths, 
leaving an increase of 690. The past month has been 
one of quiet progress in the society. 


According to the report of the Amalgamated Society 
of Railway Servants for 1910, there was an increase 
of 1582 in membership during the year, bringin 
up the total to 75,153. The increases in England, 
Scotland, and Ireland were 1036, 137, and 409 respec- 
tively. The gross receipts for the year amounted 
to 91,5727. 18s. 1d., against 93,764/. 9s. 10d. for 1909 
—a decrease of 2191/. lls. 9d. Entrance fees amounted 
to 619/. 6s., against 477/. 17s. for the preceding year, 
or an increase of 141/. 9s.; and members’ contributions 
decreased from 67,064/. 6s. 9d. to 66,6932. Os. 9d. 
Interest on investments amounted to the sum ot 
10,336/. 2s. lld., against 12,341/. 10s. 10d. in 1909—a 
decrease of 2005/. 7s. 1ld. This decrease was, how- 
ever, temporary, as the greater portion of the amount 
was received a few days after the accounts were closed. 
The year’s payments amounted to 79,664/. 10s. 9d., 
against 88,457/. 14s. 2d. for the preceding year—a 
decrease of 8793/. 3s. 5d. More than this amount 
was accounted for by the reduced expenditure in con- 
nection with arbitration and conciliation boards. 
Legal charges amounted to 15,154/. lls. 3d., against 
14,607/. 1s. 8d.—an increase of 547/. 9s. 7d. The 
value of the different funds and investments at the 
end of the year was 441,181/. 10s. 10d., against 
429,2731. 3s. 6d. for 1909. The society’s funds have 
doubled during the last eleven years. 


Another difference has unfortunately arisen between 
the operatives and the employers in the cotton trade. 
The trouble is at the County End Mill, Lees, near 
Oldham, over the use of a p Bodiam nd appliance. 
It is claimed by the operatives that they ought to have 
extra pay, on the ground that additional work is 
thrown on them by the use of the a. Ata 
meeting of the representatives of the Master Cotton- 
Spinners’ Federation and the Card-Room Workers’ 
Amalgamation, held in Manchester on Thursday last 
week, the masters intimated that they could not 
entertain the claim, with the result that the Workers’ 
Amalgamation informed them that they would support 
the men in declining to work the appliance after the 
following Sunday. 


There was a meeting of the Manchester and Salford 
Trades and Labour Council, at the Caxton Hall, West- 
minster, on Thursday evening, last week, at which 
the Pendleton branch of the Amalgamated Union of 
Co-operative Employees asked the council to pass a 
resolution recommending ‘‘ ail trade unionists who are 
members of the co-operative societies to support goods 
produced by the co-operative societies in preference to 
those produced by private firms, as a means of increas- 
ing wages, improving working conditions, and relieving 
unemployment.” The resolution was op by some 
members of the Council on the ground that the 
Co-operative Wholesale Society, and the societies 
belonging to the co-operative movement, were not 
upholding the principles of trade unionism, but were, 
on the contrary, supporting ‘‘ sweating.” What was 
wanted was real, and not sham, co-operation. On the 
other hand, the supporters of the resolution main- 
tained that trade unionists — to take a greater 
interest in the movement, and see that the things 
complained of were put right. No vote was taken. 


On Thursday in last week the North-Eastern Rail- 
way policemen in Newcastle, whe are members of the 
Amalgamated Society of Railway Servants, received 
an official request from the company to sever their 
connection with the society, and a week was allowed 
for the men to consider their decision. It is under- 
stood that similar action has been taken on other 
parts of the system where members of the railway 

lice have joined the union. The action of the men 
in joining the association appears to be quite a recent 
development. In the course of a few months, however, 
about forty men have enrolled themselves as members, 
chiefly in the Newcastle and Hartlepool districts. It 
is thought probable that the result of this request on 





the part of the railway company will be that the 
subject will be taken up shortly by the sosiety, though 
the men are for the must part reticent on the subject. 

The branch of the Amalgamated Society of Railway 
Servants to which the police belong has passed a 
resolution strongly Boge against the action 
of the company, and a call has been made on all 
policemen, who are members of the society, to stand 
firm. The railway men at West Hartlepool urge that 
if the policemen are dismissed by the company, all 
grades should cease work at midnight on the date of 
their discharge. 


According to an official statement made by the 
North-Eastern Railway Company regarding the strike 
of shunters at Thirsk, which ended on Friday last, the 
men practically admit that they have taken up a false 
position, and acknowledge that the company have a 
right to insist strongly on the necessity of implicit 
obedience to orders. This was an important point 
with the company. It is also stated that the men 
understand that, although they have been allowed to 
return to work, any breach of duty that may have been 
committed in a without proper notice will 
be dealt with later. Whether the dispute comes within 
the Conciliation Conference or not is doubtful. The 
question has been discussed between the general 
manager of the railway and the general secretary 
of the Amalgamated Society of Railway Servants 
since November, last year, and has received a great 
deal of attention. In the opinion of the general 
manager, the order that the shunters should render 
help in cleaning vans was a reasonable one, and 
shunters at other centres had for years made no demur 
about it. The assistant shunters at Thirsk had also 
done it regularly. It is now hoped that things will 
settle down amicably, and that no more trouble will 
arise on this point. 


At a recent meeting of miners and others in the 
central German district, complaints were loud about 
the unsatisfactory position of the men ; wages had gone 
down, and more work was demanded. As was the 
case five years ago, the miners have again to face a 
conflict for higher wages, which will have to take 
the shape of a tariff agreement. These complaints are 
being “ee by the masters, and statistics refer- 
ring to forty-five concerns show the following average 
daily pay for the miners in this industry during the 
last six years :— 

Marks. 
4.46 
4.73 
5.10 
5.09 
5.01 
4.91 


1905 
1906 
1907 
1908 
1909 
1910 


It can be no matter of surprise that the wages for the 
last two years do not come up to those of the excep- 
tionally good years of 1907 and 1908. In estimating 
the pay it must be borne in mind that the hours have 
been materially shortened since 1905. Whilst in that 
year a shift generally lasted 11.1 hours, the time for 
1909 had been reduced to 9.5 hours, including the time 
for getting up and down the shafts. When it has been 
argued that the work has been intensified so that a 
greater number of tons comes upon each individual 
labourer, it has been pointed out that this is not the 
outcome of a keener exploitation of the men, but is 
due to other causes. One of these is that the percen- 
tage of coal broken at the surface increases from year 
to year, which means easier work for the men below. 
In the Halle mining district, for instance, 44.6 per 
cent. of the total was, previous to 1909, surface out- 
put, and 55.4 per cent. de®p working, and for the year 
1909 the position had been more than reversed, the 
figures being respectively 57.7 per cent. for surface 
output and 42.3 per cent. for deep working. Secondly, 

wer (rope and chain railways, &c.) has in many cases 

n substituted for human labour in the further 
liandling of the coal, which circumstance explains the 
larger number of tons per man. The men maintain 
that the number of accidents has greatly increased. 
As far as the lignite mining industry is concerned, the 
opposite can be proved to be the case. Official statistics 
for the Halle district give the following particulars of 
fatal accidents in the lignite mining industry per 
1000 hands employed :— 


1900 
1901 2519 
1902 2339 
1903 1772 
1904 1990 
1905 1718 
1906 1693 
1907 2174 
1908 1651 
1909 1716 


2217 


Contrary to what was expected, renewed energetic 
mediation in the Norwegian labour conflict resulted in 
an agreement being arrived at between the delegates 
of employers and the employees. The points in dispute 


—it was in Norway, within the iron and the manufac- 
turing engineering industry, that the trouble arose 
—turned on the number of hours worked; the 
employers holding out for 554 hours per week and 
the men for 55 hours; the age-limit for assisting 
hands (the employers wanted it fixed at 21, the men at 
20 years) ; and neglected hours, with regard to which 
the masters wanting neglected hours to be worked off 
before the men could demand payment for overtime. 

According to the agreement, the hours were fixed at 
554 hours per week, the age limit for assisting hands 
was put at 20 years, and, regarding the loss during the 
ordinary daily hours, the masters can demand such 
time to be made up without payment for overtime, 
unless the neglect arises from a cause for which the 
employee is not responsible, and of which notice has 
been given in accordance with the regulations. 

With regard to the important question of principle 
—that of the employment of non-unionists in works— 
the agreement contains the following general regula- 
tions :— 

(a) The right of union to be respected on both 
sides. 

(b) Subject to the regulations of the agreement being 
otherwise observed, the employers have the right to 
conduct and distribute the work; to use what ma- 
chines and what working methods they find ex- 
pedient ; engage, employ, and discharge hands, whether 
these are unionists or not; and strike, blockade, and 
lock-out cannot be used for the purpose of compelling 
anyone to join or leave an organisation. 

(c) The men, however, are not compelled to work 
together with persons who suffer from unpleasant 
diseases, or who have been guilty of such repre- 
hensible behaviour that, according to general 
notions of the community, their removal could be 
demanded. Should disputes arise on this point, stop- 
page of work is not to take place, but allsuch disputes 
shall be settled by negotiations, or in case these do 
not lead to a settlement, then by arbitration accord- 
ing to the regulations. 

(d) No organisation can interfere with the mutual 
right to give notice, yet the organisations respectively 
have the right of protest when notices have been 
given which are held to be at variance with the 
present agreement. 

The result seems to have given universal satisfaction, 
and the mediators, both members of the Storthing, 
have received much praise for the manner in which 
they have succeeded in bringing about a conciliation. 

In Sweden matters are approaching a crisis in the 
great labour conflict in the building trades, and the 
masters are said to be very firm. 


With mg to the proposed strike of seamen, to 


which we have several times alluded, the prospect 
of a general stoppage of work is by no means 
certain. It was stated on Sunday last, on behalf of the 
National Sailors and Firemen’s Union of Great Britain 
and Ireland, that, if nothing favourable is heard 
from the masters before the oat of the present month, 
the whole subject will be settled finally by the Inter- 
national Conference to be held in London in May. If 
it was decided to go to extremes, the men belonging to 
the various unions all over the world were ready to 
support the Englishmen, and so make the strike world- 
wide. It is stated that as far back as a year ago the 
representatives of the shipowners were asked by the 
men to assist in the formation of a National Concilia- 
tion Board, so as to make possible the discussion of 
the following questions :—(1) A uniform scale of 
wages for all ports, a minimum living wage, and 
wages to be regulated on the basis of a sliding-scale ; 
(2) a scale of manning for the seamen employed on 
deck, in the stokehold, and in the galley; (3) the 
right of seamen to have a representative present when 
the articles of agreement are signed, so as to prevent 
the frequent disputes that occur during the progress of 
the voyage ; (4) the right of seamen when on voyages 
exceeding one month to claim the payment of two- 
thirds of their wages due at the end of each month, so 
as to enable men to purchase their clothes and other 
necessaries in the most favourable markets; (5) 
the question of Shipping Federation tickets and 
officials ; (6) medical examination ; and (7) the con- 
stitution of a board to settle claims for compensation 
under the Workmen’s Compensation Act, similar to 
the board now in existence between the mine-owners 
and miners of Durham and Northumberland, so as to 
avoid costly and unnecessary litigation. We are still 
inclined to look upon an effective international strike 
of seamen as a practical impossibility. 

The seventh issue of the ‘‘ Directory of Industrial 
Associations in the United Kingdom” has recently 
been issued by the Board of Trade Labour Depart- 
ment. Its first appearance was in 1899. The list of 
1119 employers’ associations is confined to those con- 
cerned with matters relating to Jabour and organisa- 
tions, such as chambers of commerce, of agriculture, 
and of shipping. Trade protection and insurance 
societies, and associations known to exist for objects of 





' @ purcly commercial or technical character, have 
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omitted. The list includes 1279 separate trade-union 
associations, of which 229 are national, 182 district, 
and 868 local. There are also 117 federations of trade 
unions, 256 trade councils, and 4 federations of trade 
councils. The organisation of workpeople is, on the 
whole, more subdivided than is the case with that of 
employers. Included in the textile trade groups there 
are 147 organisations in the cotton trade alone, and 
nearly all these are local. Federations of trade unions 
are most numerous in the textile trades, there being 
42 out of an aggregate of 117, the cotton trade claimin, 

32 of them. nciliation and arbitration boards an 

joint committees number 281, and these are, like the 
employers’ associations and trade unions, of the three 
main types—namely, national, district, and town or 
local. When classified in this way the result shows a 
strong predominance of local organisations, 164 of the 
281 bodies being local, 105 district, and only 12 national. 





Regarding the lock-out now existing in Denmark, to 
which we referred on e 528 of last week’s issue, the 
employers’ union has decided that if no agreement is 
reached before the end of this week, they will lock out 
another 26,000 men. It was intended to take this 
step earlier, but aftera discussion lasting the whole of 
last Saturday night, it was decided to postpone it till 
to-day, in order to give time for a final effort to be 
made to find a solution of the points at issue. On 
Sunday morning last the —— formulated their 
proposals, which were placed before the men. 





The miners in twenty-one coal-pits in the Cumnock 
district of Ayrshire struck work last week because one 
of their number, after twenty-one years’ service, was 
dismissed. 





The Swansea colliers, who have been on strike for 
several weeks, decided on Saturday last by an over- 
whelming majority to return to work. 





It is stated that no less than 250,000/. has now 
been devoted to strike-pay to the Welsh miners, some 
of whom have not ween for eighteen months. The 
miners’ lodges in Northumberland and the Boiler- 
makers’ Society have agreed to pay a levy on behalf 
of the Welshmen, and other collections are now being 
made by other trade unionists in Northumberland for 
the purpose of assisting the 12,000 men now on strike. 
Great suffering is said to prevail among the miners. 





WORKMEN’S COMPENSATION CASES. 
County Courts. 

Disease following Accident.—The most difficult cases 
under the Workmen’s Compensation Act are those which 
cause conflict of opinion among medical witnesses as to 
whether disease, and consequent death or incapacity, has 
been induced by an accident or by natural causes. me- 
times, doctors who have to deal with diseases, which 
most frequently arise from natural causes, do not pay 
sufficient regard to the a of the alleged accident 
having led to the workman’s diseased condition, or, at 
least, having accelerated it. A case in which medical 
evidence may have grievously misled the Court was heard 
at Woolwich on the 7th inst. The applicant was the 
widow of a workman named Jobson, who, with her five 
children, sought payment of compensation for the death 
of her husband, who was employed by Messrs. Cory and 
Co., coal merchants, of Mark-lane. 

The deceased workman met with an accident, for which 
he was paid compensation from September, 1907, till 
January, 1910. Afterwards the case came before the 
Court, when the claim was decided against the workman, 
who went home and grew worse, and died somewhat sud- 
denly in April last, to the great surprise of the doctor. 
The accident which was the subject of the first inquiry 
had caused an injury to the knee, and inflamed the tissue 
at the joint. he medical evidence so influenced the 
County Court Judge that he refused a continuation of 
compensation. The Judge expressed his great regret if 
he had been mistaken when at last the widow made appli- 
cation, after a post mortem examination proved that the 
cause of death was peritonitis, due to a gastric ulcer, 
caused, in the first instance, by the inflamed knee-joint 
and the lowered — of the injured workman. After 
being fully discussed, the case was referred to the Court 
of Appeal. Meantime the County Court Judge refused 
the widow’s application. 

_Light Work and Ending of Compensation.—At Derby 
County Court, on March 7, an application was made by 
8. J. Claye, Limited, toterminatean ment for payment 
of compensation made with Charles Stevenson, a moulder, 
who, in October, 1909, was severely injured by a ladle of 
molten lead falling on his foot. Compensation was paid 
at the rate of 15s. 4d. per week from October 21, 1909, until 
January, 1911. On February 13 Stevenson accepted 
light work. The County Court Judge had conflicting 
medical evidence before him as to total or partial capacity 
having been restored. There was, however, the evidence 
that the workman had been at work with his present 
employers for 40 years. He had been in bed ten weeks as 
& result of the accident. The Judge ted 10s. per 
week pennies from January 13 to date, 
forward the nominal sum of 1d. a week, since at the date 
of the employer’s application the workman was proved 
to be fully capable of returning to his usual work in the 
moulding-shop. 


and thence-| Lord J 


Workmen's Compensation and Creditors.—An important 

int'in compensation law came before the Wigan County 

urt, when the list of debts due by a man who was 
awarded 60/. compensation under the Workmen’s Com- 
pensation Act came up before the Judge for his advice 
and direction. 

It is not generally understood that any money awarded 
by the Court as compensation cannot be touched by 
creditors. With his 60/., however, the applicant, wit 
111l. old debts, could not go into business without his 

tors coming down upon him. The Judge’s advice 
was to make an arrangement in bankruptcy, and so get 
rid of his debts. Creditors might come to a settle- 
9 and the case was adjourned pending an offer being 


e. 

Employcrs and Other Employment.—At Dewsbury County 
Court a miner, eo! 26s. a week, in the employment 
of Messrs. John Naylor and Co., Pitslacre Collieries, 
applied for continuance of light employment and for 
compensation for an accident. He was disabled on 
January 27, 1908, after which he had been compensated 
and given suitable light employment at 22s. a week, 
which lasted till August 12, 1909. Then the colliery 
had become flooded, the company went into liquidation, 
and, asa consequence, the insurance company were joined 
with the — ers as respondents. 

By the 5th Section of the Workmen’s Compensation 
Act, the rights of the employers against the insurers, 
under the above circumstances, may be transferred to, 
and vest in, the workman, the insurers being under no 

reater liability to the workman than they would have 

n under the employers. 

The colliery company had paid as compensation half- 
wages—13s. a week ; when the worker was able for light 
employment at 22s. a week, he was given 4s, as weekly 

yment. In November, 1910, when the company went 
into liquidation, the light employment ceased, and the 
insurance company had not paid even the halance of the 
compensation of 4s. a week. There was no evidence 
before the Court as to what was the applicant’s earning 
capacity. At light work his late employers had given 
him 22s. per week ; but when the colliery stopped he was 
restricted to casual work, and he could not get more than 
14s. per week. An order was therefore made for pay- 
ment of 12s. a week as from November last. 

Recovery of Earning Capacity.— An application for ter- 
mination of agreement was made at Stockport County 
Court by the Reddish Brick and Tile Company. The 
workman who was compensated by the ment had 
suffered serious injury to his hand by machinery, which 
necessitated amputation of a finger. He received com- 
pensation of 9s. per week up to August, 1908, went back to 
work on September 30, 1908, and a memorandum of agree- 
ment was filed by which the workman was to receive 9s. 

r week during partial incapacity. He was paid 44d. an 

our for work and compensation for partial disablement 
under the agreement until the end of July, 1909; after 
that date the workman’s wages were increased to 64d. per 
hour, and then he had nothing under the agreement. 

On November 12 the applicant, with other men, was 
dismissed on account of slackness of trade. The other 
men had found work, but the partial disablement of 
the applicant had, it was alleged, made him unsuccessful, 
for his injury was permanent. It had not, however, 
diminished his wage-earning capacity when in work ; the 
Brick Company were not, of course, responsible for the 
slackness of the labour market. The Judge, therefore, 
made no award to the workman beyond what he had 
already got during partial incapacity. 


Court or APPEAL. 

What is Meant by “‘ Accident Arising out of Employment.” 
—In an employer’s appeal from the Manchester County 
Court the question was whether a worker who, at a big 
cotton mill, had gone to the pay-office to get her wages 
two days after her oy a oy ceased, and met with an 
accident on her return from the pay-office, was entitled to 
compensation as for an accident arising out of the employ- 
ment. The County Court Judge gave an award to the 
worker, and the employers appealed on the = that 
the implied contract of service ended on the Wednesday, 
two days before wages were due, and before the acci- 
dent happened. It was the practice for the ‘‘piecer” at 
the mill to call at the pay-office on a Friday for 
wages. The worker, to whom an ai was gran 
at the County Court, was a Mrs. Riley, a piecer, 
who worked in the place of a Mrs. Handley, who was 
absent through illness. On Wednesday, the 6th, Mrs. 
Riley was told there would be no more work for her, as 
Mrs. Handley was coming back on the 7th. On the pay- 
day, the 8th, Mrs. Riley called in the afternoon, as was 
customary, for wages, and on coming down-stairs she 
slipped and was injured. The County Court Judge held 
this was an accident which ‘“‘arose out of the worker’s 
employment,” although the worker’s contract of service 
was ended, and no actual work was being done at the 
moment of the accident. It was contended on behalf 
of the employers, Messrs. Holland and Sons, that the 
employment had ceased before the accident, but it 
was determined, in the Court of Appeal, that the course 
of the employment does not necessarily end with the 
cessation of the actual work. ‘‘The course of” and 
** arising out of ” the "oo extend to the evening 
of the pay-day when the employers’ obligation to t 
worker would be discha: , and the worker, by implied 
contract, called at the mill to lift her wages. 

The employers’ appeal in this case was dismissed by the 
Master of the Rolls and Lord Justice Fletcher Moulton, 
ustice Buckley dissenting. 
difference between the Judges of the Court of A 
as to whether at the date of the accident the 
master and servant subsisted between the ay 


was 
tion of 
Jicant and 





and Lord 


the millowners. But the Master of the Ro 





ted | Mr. A. T. Blackall (Reading). 


The grounds of the | and 


Justice Fletcher Moulton held the view that it was 
part of the worker’s contract of service that she should 
call at the company’s pay-office for w on the ap- 
pointed day (Friday), and that although the actual work 
was completed on Wednesday, the 6th, the contract of 
service which is the condition precedent to liability was 


not completed till Friday. The ju ent is thus in agree- 
ment with Lowry v. Sheffield Coal a (24 T.L.R.), 
and with all the leading cases in the Court of Appeal 


under this head. It is clear that, although the actual 
work be ended, yet the accident may happen within the 
course of the worker’s employment, and in the course of 
the contract of service which makes the employer liable 
for compensation under the Workmen’s Compensation 
Act. 

Court or Sxssion. 


Accident or Disease ?—An appeal by Cavan and Lind, 
contractors, Johnstone, was brought before the Court of 
Session on March 9, against the award to Mrs. Her- 
bertson, widow of a workman, who, in the course of his 
employment, was struck on the back while in a stooping 
position by a heavy stone, and was obliged to go to the 
doctor, spitting blood. He was kept in hospital on the 
advice of the doctor, who diagnosed pneumonia. The 
man, having insisted on being removed to his home, in 
spite of the doctor’s warning of the serious danger, was 
assisted to his own home by his neighbours. There he 
died. The employers, having heard that pneumonia was 
the immediate cause of death, resisted the widow’s claim 
for compensation. The Sheriff, depending on the medical 
evidence, found that pneumonia was accelerated by the 
accident, and the Court of Appeal upheld his decision as 
reasonable and in accordance with the evidence. The 
appeal of the employers was dismissed, and the claim of 
the widow admitted. The case shows how a workman’s 
folly in refusing hospital treatment, which might have 
saved him, hastened his death, and led the employers to 
contest the widow’s claim. 

Disobedicnce.—The Court of Session reversed the de- 
cision of a Sheriff-Substitute, who refused compensation 
to the parents of Maurice Conway, who was employed as 
a miner in No. 3 Starlow Shale Mine, by the respondents, 
the Pumpherston Oil Company, who alleged disobedience 
of mining fireman’s instructions. A gas explosion 
occurred in the mine where the young man and his mate 
were at work, and they were both ordered to another 
part of the workings and told not to continue to work in 
the place they left. The deceased met his death by going 
back for a pick which he left behind, and the escape of 
gas caught the naked light on his cap. His mate called 
out to warn him, and he either did not hear or he 
disregarded the warning. The employers assumed that 
the workman had caused his own death by his wilful 
misconduct. It will be remembered that the Act, in 
certain cases, denies compensation to an applicant, when 
it is proved by the employers that the workman has 
been guilty of serious and wilful misconduct. But if 
the workman lose his life in an accident, the employers 
will be liable for compensation to the dependants, and 
serious and wilful misconduct of the workman will be no 
defence. 

The Sheriff-Substitute erred in finding for the em- 
Le fm as the Lords of Session reve his decision, 
and the young miner’s parents were awarded compensa- 
= in accordance with Section 1, Sub-Section 2, of the 

ct. 





Mertatiic PeRMANENT Way.—The shipments of chairs 
and metallic sleepers from the United Kingdom im 
February amounted to 9448 tons, as compired with 
—— tons in February, 1910, and 3681 tons in February, 





Tue LystiToTIon or Crvi, Enoinrrrs.—The Council 
of the Institution of Civil Engineers have made the 
following awards for papers read and discussed during 
the session 1910-11 ~'Pelford Gold Medals to Mr. W. J. 
hele oy (New York) and Mr. J. Walker Smith a 
burgh) ; a George — Gold Medal to Mr. Phili 
Dawson (London); Telford Premiums to Messrs. G. W. 
Humphreys (London), H. K. G. Bamber (Greenhithe), 
A. E. Carey (London), William Dawson (Crewe), and C. 
S. R. Palmer (London) ; and the Trevithick Premium to 
The awards for papers 
published in the Proceedings without discussion, and for 
students’ papers will be announced later. At the annual 
general meeting of the Institution of Civil Engineers, held 
on Tuesday evening, the 25th inst., the result of the ballot 
for the election of officers was declared as follows :— 
President, Dr. William Cawthorne Unwin (London) ; 
Vice-Presidents: Mr. R. Elliott-Cooper (London), Mr. 
Anthony G. Lyster ayy Mr. B. Hall-Blyth (Edin- 
burgh), and Mr. John Strain (Glasgow); other members 
of Council: Mr. John A. F. Aspinall (Liverpool), Mr. 
John A. Brodie {Téverpool) Mr. William s Bryan 
London), Colonel R. E. B. Crompton, O.B. (London), 

r. William Davidson (Australasia), Mr. James - 
Dobson (London), Mr. H. F. Donaldson, C.B. (London), 
Mr. E. B. Ellington (London), Mr. Maurice Fitzmaurice, 
C.M.G. (London), Mr. J. P. Griffith (Ireland), Dr. 
Charles A. Harrison (Newcastle-on-Tyne), Mr. Walter 
Hunter (London), Mr. G. R. Jebb (Birmingham), Mr. 


the | Harry E. Jones (London), Mr. E. H. Keating (Canada), 


Sir William ‘Thomas Lewis, Bart., K.C.V.O. (Aberdare), 
Sir Thomas Matthews (London), Mr. William Henry 


Maw (London), Hon. C. A. Parsons, C.B. (Wylam-on- 
Tyne), Mr. F. E. Robertson, C.I.E. (London), Mr. Alex- 
ler Ross (London), Mr. J. W. Shores, C. South 


C.LE. (India), Sir Phili 
. B. Worthington (Derby, 
w). This Council will take 


Africa), Hon, F. J. E. Spri 
Watts, K.C.B. (London), Mr. 
and Mr. A. F. Yarrow (Gi 





office on the first Tuesday in November, 1911. 
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THE “PROTECTOR” 


AUTOMATIC SPEED-INDICATOR AND RECORDER. 
CONSTRUCTED BY MR. W. H. GROSSMANN, ENGINEER, DRESDEN. 


Fig.2. 
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Fra. 4. 

TRE automatic speed-indicator and recorder which 
we illustrate in the engravings, Figs. 1 to 6, on this 
and the following page, is the invention of Mr. H. 
Grossmann. of Dresden, and is intended for the 
control of high-speed machinery of all kinds, locomo- 
tives and tramway carriages, haulage and winding- 
engines, &c., and, more particularly, for automobiles. 
It indicates the actual s , low speeds down to three 
miles per hour as well as high speeds ; it records the 
distance covered in a run or day, and totals up the 
mileage. The instrument has repeatedly been tested 
since 1907 and been favourably reported upon by the 
Royal Saxon Testing Station in Dresden, the last time 
after trial runs extending over 2000 miles. We are 
also informed that judges have aecepted the ‘‘Pro- 
tector” records as evidence of the speed attained. 
Mr. R. Vieweg, who travelled 450) miles from Dresden 
via Calabria and Sicily to Tunis, the Sahara and 
Algiers, with a ‘‘ Protector” on his car, reports that 
the instrument did not fail once during that time, 
and that no part required replacement ; in the desert 
the instrument was serviceable as a log for determin- 
ing the position of the traveller. The instruments 
have likewise proved reliable during army mancuvres, 

The operation of the ‘‘Protector” speed-indicator 
is exclusively mechanical. Originally an electro- 
magnetic device was used in the apparatus, as will 
be seen; it was, however, discarded, not as unre- 
liable, but because it necessitated ing a ba 


At voreseut electricity is not used except for feed- | 


ing & small osram lamp which illuminates the dial. 
The instrument belongs to the class of positive 
mechanisms in which the speed of the driving-shaft is 
measured, during 4 definite interval, from the angular 
displacement of the shaft during that interval. The 
position of the pointer changes Do ape yey! to the 
angular velocity of the shaft, and thus of the driving- 
wheel, from which the shaft is directly actuated. A 
style with vertical movement records a speed curve 
giving miles per hour on a tape moved horizontally by 
clockwork at a fixed speed. Time divisions are printed 
on the tape before it is inserted. A measurement of 
the speed is made once every second, and each of the 
successive measurements occupies 0.85 second. 

The instrument is attached to the dashboard of the 
carriage next to the driver, and is best driven b 
means of a special sprocket gearing and a flexible shaft 
direct from the front road-wheel. It is of the class 
of instrument using a time-base, the distance run in a 
definite time being utilised instead of the time taken for 
a definite distance. The time measurements are de- 
rived from the main drive, which is, of course, of vary- 
ing , by an ingenious slipping-clutch device, 
descri below, whic 


provides a constant speed for | p 





of the gear. During each regular interval thus 
eek rd pone drive Sedirectiy provides motion for 
the pointer, the amount of movement being the index 
of the speed. In order to effect this the pointer gear is 
driven by a train of gears from the main shaft, for 0.85 
second, and is then disengaged for 0.15 second, the 


























ERT 


1 
! 
=n 





























OW 
N 
N 
N 


WARY 


“I 
yy 


LO TRA 


why) 


ddd dd 


Z 
AY 4 Wi -4% Y 
Ud Uc? iii Knnnnnrerccler 


os 
to 


SS MMH MAM MMW IA_ATA-A_-AQ-QWsjWA_MATMPTGAOwOMMMINIsO-d-O_TO_— 
4.8) 


go0o000ngog cog ogoongoC oC ooo aMGoOoOcCoOoon00o0oOo000n 


pointer being clamped until the time comes for it to 
take up the position corresponding to the new second. 
The gear-wheel ratio is calculated for the radius of the 
road-wheel, and is different for each size of wheel. 
In performing the calculation, allowance is made for 
the interval in which the coupling is interrupted, 
and also for the thickness of the tyre. The style 
is actuated through a rack and pinion, and registers, 
as above stated, the speed in miles per hour. 

The construction will be understood from the illus- 
trations on this and the next page. Fig. 1 isa front view 
of the instrument with the cover removed, and show- 
ing the dials. Fig. 2 is a vertical section. Fig. 3 isa 
vertical section illustrating the regulating mechanism. 
Fig. 4 is a photographic view taken from above, Fig. 5 
is a front view, and Fig. 6 isa back view. Fig. 8 is 
a reproduction of a speed curve. 

e feature of special interest to the mechanical 
mind is the means by which one of the shafts is made 
to rotate at a uniform speed of one turn per second 
without the use of clockwork. Clockwork is employed 
for coiling the ribbon on which the record is traced 


|(Fig. 7), but its operation is confined to this one 


Originally Mr. Grossmann also used clock- 
work to obtain the uniform movement which takes 
place every second. The mechanism required for this 
purpose was, however, too large, and it was found 
that aA did Rng run long Png n nky a second — 
would have been necessary for long stoppages on the 
road, This idea was therefore given up, and an eleg- 
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position, by the aid of the stop u (Fig. 2), so as 
to permit the pointer to be p against the 
cam on the ratchet-wheel B. The spindle of the 
pointer carries a toothed wheel, which engages 
with the pinion F, in gear with the rack G, 
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carrying the style H and K. Thestyle is pressed 
against the tape, and is turned a little about its 
axis each time the rack rises; this is done by the 
spring L (see Figs. 5 and 6), which rises when 
the rack is aie The style is conical, and is 
held inclined, like a lead pencil, and the slight 
rotation it receives keeps its point sharp. The 
tape is punched along both edges and is moved 
by a clock, which runs for thirty hours, at the 
rate of 15 cm. (6 in.) per hour. While the 
carriage is at rest, the style keeps along the 
zero-speed line. 

There are in all four indicators. The large 
left-hand dial in Fig. 5 gives the speed in miles 
per hour ; the right-hand dial A (Fig. 1) gives 
the length of the journey, and can be put back 
at its end; the totaliser (Fig. 1) gives the 
distance travelled bv the car up to 99,999 miles, 
and the chart (Fig. 7) records the speed at every 
moment of the journey. Many other purposes 
to which the apparatus can be applied, in addi- 
tion to indicating the speed of a motor-car, will 
occur to our ers. 

The instrument is provided with a brass case, 
which in the latest pattern completely encloses 
all the parts. The case measures 13 cm. by 16 om. 
(5 in. by 6} in.), and is under lock and key, water 
and dust-proof, and inaccessible without the 
key. After three screws have been released, the 











tromagnetic coupling was adopted. The clock had in 
this arrangement merely to close time-contacts. This 
device gave complete satisfaction, and but for it an 
ccommulsine battery was needed, though the current 
consumption was small. Finally, therefore, a purely 
mechanical gear was adopted. 

The drive for the time-measuring device is taken from 
the road wheels through a slipping friction-clutch con- 
trolled by a governor and a brake. As the speed rises 
the governor puts on the brake and the friction drive 
slips more and more, the higher the speed the greater 
the slip, the speed of the driven part remaining 
constant. This device is practically the same as 
those employed in astronomical telescopes. In these 
the telescope itself and the dome of the building 
in which it is installed are moved round by clock- 
work at the rate of one revolution in 24 hours, in 
order that the image of a star may be kept exactly 
in the centre of the field of view. The power required 
to do this varies greatly. At one time there may 
be a gale tending to make the telescope overrun 
the clockwork, and at another time the gale may 
be opposing the action of the clockwork. Yet, 
nevertheless, so perfect is the mechanism in observa- 
tories that the motion of the telescope is almost as 
uniform as that of the earth itself, which, in fact, it 
has to counteract. 

The mechanism is shown in Fig. 3 on the precedin 
page. In this c is a shaft driven from the 
wheel at a speed which is exactly proportional to that 
of the wheel through the bevel b. iding loose on 
this shaft is a toothed wheel h, which must rotate at 
one turn per second, whether the road-wheel runs fast 
or slow. Upon the accurate and uniform rotation of 
this wheel depends the accuracy of the speed indica- 
tion. Motion is transmitted from the shaft c to the 
wheel h by means of a friction clutch composed of two 
discs x and y, with an intermediate disc z of leather. 
The disc x has a long boss which can slide endways on 
the shaft, but is made to rotate with the shaft by a pin 
w, which engages ina slot in the boss. The disc y 
has a long boss which rides on the boss of the wheel 
h, but is not attached to the latter rigidly. An 
elastic connection exists between y and h, however, 
consisting of the spiral spring a!, the inner end of 
which is connected to the boss of the disc y, while 
the outer end is connected to a ring on the wheel h. 
The pressure between the two discs of the friction- 
clutch is obtained from the spring b!, the compression 
of which can be varied by the collar c!, provided with 
a set-screw. The end thrust of the spring is taken by 
the two ball-bearings d' and ¢!, which run against fixed 
portions of the frame. 

From the above it will be understood that the 
shaft ¢ drives the wheel h through a friction-clutch, 
of which the friction is constant as long as the adjust- 
ment of thespring is notaltered. The speed of h would 
naturally be the same as that of c were it not that it 
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slip, and that the wheel / no longer rotates at the 
same speed as the shaft c, but at a slower speed. It is 
quite possible by accurate adjustment of the governor 
to ensure that the s of h shall be practically 
uniform, and shall be at the rate of one turn per 
second, while the speed of the car varies over wide 
limits. When the car stops, the coiled spring a? main- 
tains the rotation of the wheel / for a brief period. Itis 
this device which the Technical Testing-Station at 
Dresden examined in the recent tests, and which was 
a to be a precision apparatus of the first 
order. 

The arrangement just described provides the neces- 
sary standard of comparison—namely, a shaft rotating 
at a uniform speed of once per second—with which 
to measure the speed of the car, or, rather, the speed 
of the shaft c, which is geared to the road-wheel of 
the car. It then becomes a simple matter to divide 
each second into two portions—namely, one portion 
of 0.85 second, during which the shaft pushes a 

inter (Fig. 5) through an arc, the length of which 

epends on the a of the shaft; and a second 
portion of 0.15 second, during which the parts 
return to the normal ready for a new movement. 
This is effected in the following way :—The wheel h 
(Fig. 3) has on its face a bevel-pinion &' which 
drives a bevel-wheel /. On this wheel are two cam- 
like projections o (Fig. 2), which at each revolu- 
tion come in contact with corresponding projec- 
tions p (Fig. 2) on a plate /' above and momen- 
tarily lift this plate, which is connected by rods 
to fingers g which lie between the two faces of a 
clutch e and f at the bottom of the vertical shaft m. 
The part e runs loose on a sleeve on the vertical shaft, 
and is driven by toothed gearing from the shaft c, 
which, as already stated, is operated from the road 
wheel by the bevel gear b. This gear b is actuated by 
ratchets, and will not reverse the motion of the indi- 
cator when the car moves backwards. The drive for ¢ 
is transmitted from the shaft c through a train of gears, 
shown in Fig. 2, and the worm visible in Fig. 4. During 
0.85 of each second e is in gear with /, and then the 
two are disengaged for 0.15 second. During the period 
of engagement the part f rotates the sleeve on the 
vertical shaft, and winds up the spring n ; during dis- 
engagement this spring unwinds, and returns the 
coupling / to its initial position, while at the same 
time the spring presses down the upper face so as 
to bring it into engagement with the lower. Upon the 
coupling f is a bevel-wheel g, which gears with 
the wheel vr carrying the finger s; the latter en- 
gages with the ratchet-wheel B (Fig. 1). When 
the coupling f is returning to its initial position, 
the ratchet-wheel Bis held by the two pawls C, which 
are one tooth and a half apart. Just before a measur- 
ing period ends B is pressed against the finger s by a 
lever, which lifts the two pawls. This lever is worked 





is provided with a brake regulated by a centrifugal 
governor. This overnor is shown at a (also in Fig. 6), 
and is driven by the pinion /}, gearing with the 
teeth on the periphery of h. When the governor- 
arms expand they draw the brake-disc g' into contact 
with the fixed ring h', and set up friction between 
the two, which varies as the square of the speed. The | 
result is that the friction coupling x y commences to | 


|movement of the gear. 


by the cam ¢ (Fig. 2). The shaft of the ratchet-whee! B 
is bored, and forms a bearing for the spindle of the 


| large pointer shown in Figs. 1 and 5 ; a spring presses; 


this pointer against the pin D (Fig. 1) on the ratchet- 


whole mechanism can be examined ; the opening 

of the lid gives access to the upper portion, which 

only contains the recording devices ; the machi- 
nery proper still remains encased. One roll of paper 
will take records for a hundred hours. The whole 
attention that the machinery requires is oiling about 
once every four weeks, when the motor is kept in 
constant use. The oiling is effected from one point, a 
proper distribution of the oil being provided for. 

One special feature, though apparently of minor 
importance, deserves particular mention. The instru- 
ment can be combined with a double speed-dial which 
shows the momentary speed to those in front and in 
the rear of the car. The dial has a diameter of about 
6in., and is divided just like a clock-dial. The pointer is 
sufficiently broad to be visible as a dark band from a 
distance when the dial is well illuminated. There are 
really two dials and two pointers arranged for move- 
ments in opposite directions, so that anybody whom 
the carriage passes can examine one dial like a clock- 
face. The exact position of the pointer may not be 
distinguishable, but the observer will see whether the 
pointer is in the position of the clock-hand at the 
quarter-hour or at the half-hour ; the former might 
in many cases be a permissible speed, but the other a 
forbidden one. 

The Rudley Auto-Car Com 
Portland-street, W., are the 
‘* Protector” speed-indicator. 


ny, of 208, Great 
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Water-PoweEr In IckELAND.—Two English experts have 
recently visited Iceland in order to survey the large 
Dettifoss Fall, on the River Tékulsa, which 1s calculated 
to have a capacity of 60,000 horse-power. Another less 
known fall, the Vigaberg Fall, is estimated to have a 
capacity of 50,000 horse-power. 





THREE-THOUSAND-KILOWATT WESTINGHOUSE TURBINE 
at Bristot.—We are indebted to Mr. H. 
Proctor for particulars of the remarkably good 
in the matter of steam consumption which have been 
attained on the official trials of a turbo-generator ey 
supplied by the British Westinghouse Company, Limited, 
to the Bristol Corporation Electricity Department. The 
turbine is of the impulse type, velocity compounded in 
the first stage, there being twelve pressure stages in all, 
It was designed for a steam pressure of 200 Ib. (gauge), a 
superheat of 200 deg. Fahr., and a back pressure of 2 in. 
of mercury. Its —_ is 1500 revolutions per minute, 
and it was designed to take an overload of 25 per cent. 
The generator, which is separately excited, yields three- 
phase current at 6000 to volts, with a periodicity of 
oe The results obtained on the trial are tabulated 

OW s— 


Approximate load Full | 





wheel. A further device is required to prevent the 
pointer oscillating on account of the ‘intermittent 


vented by means of the clamp E, which is released 
at the moment when the coupling / is in its zero 


These oscillations are pre- | 


eer Te ee 1k 
Output on kw. 1563 (2344.5 2930 3645 
8) ° . 1505 (1490 1500 1601 
Steam pressures .. . 192.5 | 189.2 | 195.4 | 193.6 
Steam temperature .., 556 560 | 668.1 646 
Steam superheat = ..| 171.2 | 176.6 182.1 | 179.72 
Vacuum (30 in. bar.) .. ..| B42 |) 2.47 28,18; 27.78 
Circulating water inlet deg. F. 41 41 43 4l 
Circulating water outlet ,, 59 61 64 66 
Energy for condensing plant. 
air and circulating pumpskw. 45 46 48 46 
Steam consumption, total .. 23,887 33,015 | 40200 | 61,171 
Steam consumption, pounds 
per kilowatt-hour os -| 16.28 | 14.08 13.72 14.08 
| Steam consumption, corrected 
| for 200 Ib. pressure, 200 deg. 
| Fahbr. superheat (vacuum as | 
| during test) és 14.78 13.64 13.47. 13.71 
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NOTES FROM THE UNITED STATES. 
DELPHIA, April 19. 

Tue steel trade has been taking sudden starts fol- 
lowed by dulness for a short period ever since the 
opening of the year. With each little revival the 
hopes of the trade were stimulated, and a steady 
improvement was believed to be at hand. The past 
week has been rather a dull one, and the manufac- 
turers are now endeavouring to once more size up the 
probabilities of the next thirty or sixty days. The 
backwardness of the railroads in buying is the sole 
cause of the unsatisfactory situation. At the present 
time orders have fallen off, and inquiries are less 
frequent. The railway managers still proclaim that it 
is their purpose to carry out all their plans for improve- 
ments and extensions agreed upon early in the year, 
and they are in many cases preparing for further 
improvements, which means unusual activity later 
in the season. Nowhere are there any indica- 
tions of any shading in current quotations. In fact, 
at present prices manufacturers would prefer to 
restrict production rather than to obtain business 
by « policy of shading prices. The Connellsville 
region is producing every week 265,000 tons of coke, 
which is distributed promptly under existing con- 
tracts. Shipments have not fallen below 10,000 cars 
a week since the middle of March. The only product 
which has shown marked activity within a short time 
is merchant steel. The agricultural manufacturers 
are calling for liberal supplies to fill out their yearly 
contracts. The Carnegie steel mills are running 
almost exclusively on export orders for steel rails, 
and the last order for 5000 tons will give a few days’ 
work. The rail-makers are working the outside 
countries vigorously for business, and conditions are 
favourable to them. Railroad building is destined to 
assume larger proportions in the western hemisphere, 
and that. traneh of the industry stands for a long period 
of prosperity as soon as developing economic conden 
reach a certain point. Railroad building is opening up 
opportunities which will invite the scattering of people 
from overcrowded sections of the world, especially that 
class of emigrants who have a knowledge that will 
enable them to use the soil. The shipyards of the 
country, or most of them, are contemplating some 
additions to capacity, which is probably significant of 
the fact that they have caught the drift of things on 
this side of the world. The present conservation in 
manufacturiug and commercial circles is viewed with 
favour from the bankers’ standpoint, and they feel 
that a solid foundation is being laid for greater 
astivities in the future. A partial revision of the 
tariff in Congress will be formulated in a very short 
time, but it has to face the unfriendly attitude of the 
Senate and the President. 








THe Encingeering Stanparps CommMitree.—A Sec- 
tional Committee on Vitrified-Ware Pipes has recently 
been formed by the Engineering Standards Committee. 
The desirability of standardising vitrified-ware pipes had 
been urged at different times from various quarters, and 
more particularly by the Institution of Municipal and 
County Engineers, which body appointed a committee 
for the purpose of obtaining information from their 
members with regard to their requirements for a standard 
specification. The data thus collected was then sum- 
marised by that Institution and placed at the disposal of 
the ~. Standards Committee. In January last 
the said Committee called a representative and well- 
attended conference of users and manufacturers to con- 
sider whether the standardisation of vitrified-ware pipes 
was desirable. The opinion of the meeting being unani- 
mously in the affirmative, the main Committee formed 
those attending the Conference into a sectional committee 
to deal with this subject, Mr. urice Fitzmaurice, 
C.M.G., Engineer-in-Chief of the London County 
Council, being appointed chairman. 

Tue British CuamMBek oF Commerce, Paris.—This 
Chamber of Commerce has recently issued its annual 
report for 1910, which gives a most interesting record of 
the work it has carried out during the past year in the 
interest of British trade. One example will suffice to 
illustrate its activity. Considerable alarm, the report 
states, was created among British black-plate manufac- 
turers by @ decision of the French Customs Department. 
Under the old tariff of 1892, black plates were taxed 
under No. 210 as téles minces, or thin sheets, at 10 or 
11 frances per 100 kg. Under the new tariff of March 29, 
1910, they were classified under the same number as 
téles planes, the duties varying from 7 to 11 francs. 
The Customs disputed this latter classification, and 
insisted that they should be taxed as téles lustrées—i.c., 
polished sheets—at the rate of 9 to 13 francs. On further 
consideration it was also suggested that they should be 
classified as téles laminées a froid, or cold-rolled sheets, 
and pay 14 to 17 francs per 100 kg. The Chamber of 
Commerce protested against this ruling, and asked that 
the matter be referred to the Comité Consultatif des Arts 
et Manufactures, pointing out that the duty of 17 francs 
pro was 4 francs per 100 kg. in excess of the duty 

id on the tinned or varnished sheets. The Minister of 

mmerce finally decided in favour of the Chamber's 
contention, and ti plates have since been finally 
classified under the heading No. 210, téles planes; they 
must, however, be ” bending through an angle 


of 180 deg. without 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—When the market opened 
last Thursday morning the tone was rather irregular, and 
the dealings amounted to 4500 tons of Cleveland warrants 
at 46s. 3d. cash, 46s. 84d. June 8, and 47s. and 47s. 14d. 
three months. At the close sellers quoted 46s. 5d. cash, 
46s. 8d. one month, and 47s. 2d. three months. Hematite 
was quoted at 63s. three months sellers. In the afternoon 
Cleveland warrants were a little stronger, and changed 
hands at 46s. 55d. cash, and 46s. 1ld. June 21. The turn- 
over consisted of 3500 tons, and closing sellers’ quotations 
were 46s. 6d. cash, 46s. 9d. one month, and 47s. 24d. three 
months. Hematite was easier, with sellers at 62s. 6d. 
three months. On Friday morning a firm tone prevailed, 
and 2500 tons of Cleveland warrants were done at 46s. 8d. 
and 46s. 74d. cash, 46s. 10d. onemonth, and 47s. 2d. three 
months. At the close sellers were firm, at 46s. 8d. cash, 
46s. 1ld. one month, and 47s. 44d. three months. Cash 
buyers of hematite offered 62s. 9d., but there were no 
sellers. The afternoon session was quiet, and the business 
was only about 2500 tons of Cleveland warrants at 
46s. 74d. seven days, and from 46s. 104d. to 46s. 10d. one 
month. Closing prices were easy at 46s. 74d. cash, 
46s. 104d. one month, and 47s. 4d. three months’ sellers, 
and cash sellers of hematite quoted 63s. 6d. On Monday 
morning the market was weak, and Cleveland warrants, 
amounting to about 3500 tons, changed hands at from 
46s. 6d. to 46s. 54d. cash, and at 47s. 2d. three months. 
Sellers’ closing prices were 46s. 6d. cash, 46s. 9d. one 
month, and 47s. 24d. three months. In the afternoon 
there was no improvement in the tone of the market, and 
2500 tons of Cleveland warrants were done at 46s. i 
cash, 46s. 64d. eleven days, and 47s. 2d. three months. 
The session closed with sellers quoting 4d. less than the 
previous closing prices. Tuesday morning a stronger 
tone prevailed, and 3500 tons of Cleveland warrants were 
dealt in at 46s. 74d. and 46s. 7d. cash, and 47s. 24d. three 
months. At the close sellers quoted 46s. 74d. cash, 
46s. 104d. one month, and 47s. 4d. three months. The 
market continued firm in the afternoon, and business took 
= at 46s. 74d. cash, 46s. 84d. thirteen and fourteen 

ays, and 47s. 4d. three months. The turnover totalled 
4560 tons, and closing sellers quoted 46s. 74d. cash, 
46s. 104d. one month, and 47s. 4d. three months. 
When the market opened to-day (Wednesday) the 
tone was practically unchanged, and quietness ruled. 
The dealings consisted of 1000 tons of Cleveland war- 
rants at 46s. 64d. cash and 46s. 10d. one month, with 
closing sellers at 46s. 74d. cash, 46s. 104d. one month, 
and 47s. 44d. three months. Hematite was quo at 
63s. cash and 63s. 9d. one month sellers, but there were 
no buyers. In the afternoon the market was again quiet, 
and business was limited to 1500 tons of Cleveland war- 
rants at 46s. 7d. cash and 47s. 34d. three months. At 
the close sellers’ prices were 46s. 7d. cash, 46s. 10d. one 
month, and 47s. 4d. three months. The following are the 
market quotations for makers’ (No. 1) iron :—Clyde and 
Calder, 60s. ; Gartsherrie, 60s. 6d.; Summerlee, 62s. ; 
Langloan, 64s.; and Coltness, 82s. (all mie at Glasgow) ; 
Glengarnock (at Ardrossan), 62s. 6d.; Shotts (at Leith), 
61s.; and Carron (at Grangemouth), 62s. 6d. 


Sulphate of Ammonia.—The tendency of sulphate of 
ammonia is rather better this week, and the inquiry is 
reported to have shown signs of improvement. ere is 
no change in price, and the current quotation for 

rompt lots is 13/. 17s. 6d. per ton, Glasgow or Leith. 

he amount shipped from Leith Harbour last week 
totalled only 49 tons. 


Scotch Steel Trade.—There has been little change in the 
recently f yy condition of things in the Scotch steel 
trade. fair tonnage is being turned out, but part of 
the rolling plant in several works is standing idle, and 
with shipbuilders not showing much inclination to take 
in inc deliveries, the outlook for the present is 
really not so good. Of course, one of the real causes is 
the scarcity of labour, shipbuilders being unable to secure 
enough platers to keep their yards going at full pressure. 
The demand for angles is still very poor, but the inquiry 
for general material for export is very satisfactory. In 
lighter material, plates and sheets, &c., a fair volume of 
business is being put through, and producers, although 
not working at their highest capacity, are being kept 
well employed. Quite a respectable tonnage of plates 
and sheets and of structu sections also has been 
Looked for the Far East and for the Colonies generally. 


Malleable-Iron Trade.—The malleable-iron trade of the 
West of Scotland is in a very poor wag st the present 
time and strange rumours are current. e reduction in 
rices not os the means of improving business, as 
yers are holding off to see how things Ro. with the result 
that broken time is only too general. Contract business 
can only be taken at the is price of 6/. 10s. per 
ton for crown bars, but for prompt lots sellers are at 
liberty to take whatever they can get, with the result 
that dealing is said to have taken place on the basis of 
61. 2s. 6d. and 67. 1s. 3d. per ton, less 5 per cent. This 
state of affairs is, of course, exceptional, and with the 
export figure at 5/. 17s. 6d. per ton—at which business 
has taken —there seems to be nothing but a loss 
facing ucers. Continental competition is so keen 
that sellers of Belgian bars are willing to take as low as 
5l. 10s. per ton for export lots of several thousand tons of 
bars. 
Shipbutlding.—Messrs. Napier and Miller, Old Kil- 
trick, have received an order to construct a fore-and-aft 
_ steamer for the Canadian Ferry Commissioners. 
The vessel is to be about 180 ft. in length. 


Scotch Pig-Iron Trade.—Existing contracts are the 
means of keeping the Scotch pig-iron makers fairly well 





employed at present, and on that account they have much 
to thankful for, as new business is very scarce. In- 
quiries are on a very small scale, but this is likely to be 
only temporary, and an early improvement is expected. 
The hematite position has not changed, and although the 
current price is named as 68s. 6d. per ton, it is believed 
that producers would accept less for a prompt line. 








Tue Tar TREATMENT OF RoAns.—A series of general 
directions and specifications relating to road construction 
and maintenance has just been published by the Road 
Board at their offices, 30, Broadway, Westminster. These 
will undoubtedly prove of the greatest assistance to those 
charged with the responsibility for the upkeep of our 
highways. The first of the specifications contains minute 
directions for the execution of surface tarring, a process 
which, it is stated, may be successfully applied either to 
an old road surface in good condition, or to a new surface 
once the latter has been consolidated and thoroughly 
dried, the latter requirement being a most essential one. 
The second specification describes what the Board con- 
sider to be the best method of surfacing roads with tar- 
macadam ; whilst in a third specification directions are 
given for the use of pitch grouted macadam. Three 
supplemental specifications lay down the characteristics 
of suitable tars and pitch for the purposes in question. 


Tuk Wotsetey Instructions Manvau.—The great 
increase in the number of motorists who prefer tor un 
their own car, and enjoy the hobby of keeping it in tune 
apart from extensive overhaul, justifies the publication 
of a thoroughly serviceable instruction manual, and the 
Wolseley Tool and Motor-Car Company, Limited, have 
done well to publish, for the benefit of all, their book of 
hints and directions for the care and management of auto- 
cars. The book, it is true, deals principally with the 
particular design of car which the company have succeeded 
in bringing to such a high degree of perfection, but many 
motorists who other cars wil — by a careful 
study of the instructions, as many of them are applicable 
to every car. The book, too, will be most helpful to those 
who are thinking of purchasing a car, as it proves that 
the maintenance of a car, and the meeting of little mis- 
fortunes on the road, present but slight difficulty, and can 
be overcome with a little knowledge of the mechanics of 
the motor. The book is available to all, being published 
by the company at 5s. net, and is well worth the money, 
because of the comprehensiveness and directness with 
which every point is elucidated. 


Coat-CarRYING SuHrp wiTtH DISCHARGING CONVEYOR. 
—Messrs. Doxford, of Sunderland, are beginning the 
construction of a steamer designed for carrying coal and 
ore in the Continental trade, and to be fitted with the 
builders’ system of slow-speed conveyors for the discharge 
of cargo. The vessel, which is to be 350 ft. long, is 
designed to take 3750 tons dead-weight, and is to be fitted 
with conveyors under the holds, so that the whole +. 
may be automatically delivered overboard with the 
minimum of manual labour. The cost, including the 
steam-raising and attendance on the discharging engine, 
is expected to be about }d. per ton of cargo, and the rate 
of discharge from 500 tons to 800 tons per hour. The 
vessels will have a series of nine hatchways, and the con- 
veyors will be worked by continuous steel-wire ropes, 
with a suitable method of attaching the trays, which are 
of a special design of stamped plates. The ropes will 
work over pulleys about 4 ft. in diameter, and will not be 
under undue tension when passing round the pulley itself. 
Arrangements are made for the conveyor to work at 
practically any incline, so that the breakage of the coal is 
reduced toa minimum. The vessel is to be built under 
the regulations of the British Corporation for the Regis- 
tration of Shipping, for their highest grade. 


PERSONAL.— The Adams Manufacturing Company, 
Limited, 106, New Bond-street, W., have recently concluded 
arrangements with Messrs. Heringa and Wuthrich, Tech- 
nische Bureau, Haarlem, Holland, to act as their sole 
agents for Holland and Java for the sale of their ‘‘ Adams 
Igranic” motor-starting and controlling apparatus. —The 
Lunkenheimer Company, of Cincinnati, Ohio, bas re- 
cently opened a new branch store at 138, High-street, 

ton, where they are carrying a full line of Lunken- 
heimer high-grade engineering specialities. Mr. William 
W. Beal is in charge of the store.—The International 
Tool and Supply Company, Grove-street Works, Smeth- 
wick, Birmingham, state that they have acquired the 
manufacturing business of the Centaur Engineering 
Company, West Orchard, Coventry, machine-tool makers. 
Fwd have also acquired the freehold works of Ansell’s 
Machinery Stores, 59-61, Sheep-street, Gosta Green, 
Birmingham, which branch will be carried on as usual 
at that address, under the management of Messrs. Astbury 
and Joseph Ansell. Thsy have concentrated the plant at 
the Grove-street Works, Smethwick, and retain as central 
offices the Trocadero ‘Chambers, Temple-street, Birming- 
ham. Mr. A. W. Parkes, for many years chief designer 
to Messrs. H. W. Ward and Co., Birmingham, will be 
responsible for the design and workmanship of the 
**Centaur” machine-tools. The combined firms will 
trade as Centaur Tool Works, Limited. Messrs. Rodgers 
Brothers have acquired, as a going concern, the gear- 
manufacturing business of Messrs. J. B. Hamilton and 
Co., Limited, late of Unica Works, Southey-road, 
Tottenham, which they have added to their own as 
gear —— and general engineers. They have also 
recently erected modern works at Baker-street, Brixton, 
S.W. They have further appointed Mr. P. F. Brittain, 
who was associated with Messrs. J. B. Hamilton and 
Co., Limited, as their sole agent for the sale of their 
gears, with offices at 110, Cannon-street, E.C. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The slackening off in 
output occasioned by the Easter holidays has greatly 
improved the position of the hard-coal market. The 
cclllevian have now little material in hand, and the 
demand on industrial account continues unabated, the 
heavy trades taking a Wigneute. Tonnages for ship- 
ment are also larger. Prices are firm, and inclined to 
advance. There have been good deliveries of fuel 
under contract and for shipment. Deliveries of slacks 
have also been considerable ; they are in great demand on 
the market, and prices may increase. Orders for house- 
coal accumulated at pits during the holidays, but the 
dépéts have not been specially busy during the week. A 
good many deliveries were held over. A pretty large 
inquiry for best coals is expected to keep collieries busy 
for a week or so. There is also an easier tendency about 
cheap varieties. It is expected that any price alterations 
will now be postponed until May. The following were 
the quotations on "Change at the week end:—Best branch 
hand-picked, 13s. 6d. to 14s. 6d. ; Barnsley best Silkstone, 
12s. to 13s. ; Silkstone, 10s. to 11s. ; Derbyshire brights, 
11s. to 12s. ; Yorkshire hards, 9s. to 10s. 6d.; Derbyshire 


hards, 8s. to 9s. ; washed nuts, 7s. 9d. to 8s. 9d. ; rough’ 
lacks to Gn. Os cali 


slacks, 5s. 3d. to 7s. ; second, 3s. 6d. 
1s. to 2s. 3d. 


Iron and Steel.—The pig-iron market has remained 
quiet during the week. Low prices have not tempted 
consumers, Sut with the necessity of new contracts very 
near, the makers are looking fora revival and a brisk trade 
later in the year. The expense of fuel has been a 
handicap, and in many cases has been responsible for 
makers declining to bid for orders by further reductions 
in quotations. Finished iron is moving only slowly. 
The holiday influence lingered throughout last week in 
the steel trades, and not much work was done in many 
of the departments up to Saturday. This week the even 
tenour a working has been resumed, but there is no 
notable increase in business. The armament depart- 
ments are, of course, well engaged, and had a very 
brief holiday, but in other directions in the heavy 
trades fresh work has not come forward as well as 
could be wished, and the completion of present orders 
may find manufacturers rather short. The railway 
departments are exceedingly busy. The long expected 
improvement has come with a rush, and the demand upon 
wagon builders is so great that the makers of springs, 
tyres, and axles, are finding it difficult to meet their 
requirements. Not only are the home companies thus 
imparting a vigorous tone to trade, but there are promis- 
ing inquiries from abroad. High-speed steel is in great 
request, though the ordinary crucible steel is not having 
a very big sale. Good business is being done in malleable 
iron and steel castings both at home and on the Conti- 
nent, in spite of keen competition. Forgings are rather 
quiet. The lighter steel trades are for the most part very 
active, and large quantities of steel for agricultural imple- 
ments and partsis being sent to Russia. There is a g 
deal of price-cutting in this branch, but profits are secured 
by the large quantities dealt with. 








Contracts.—Messrs. Crompton and Co., Limited, Arc 
Works, Chelmsford, have received a contract from Messrs. 
Vivian and Sons, of Hafod, near Swansea, for the electrifi- 
cation of their copper-rolling mills. The rolls, which are 
continuous running, are to be driven by two 300-horse- 
power motors running at a speed of 150 revolutions per 
minute. Thecontract also includesa 1000-ampere storage 
battery, with automatic reversible booster of the Chelms- 
ford type. The battery is provided to deal with the peak 
.oads of the motors, and to give a steady load on the 
—— plant. A complete set of switch-gear and 
cable work is also included. The motors will drive the 
mills through Citroen double-helical gear. 





THe WHITEHEAD SuBMERSIBLE Boat.—Messrs. White- 
head and Co., Limited, of Fiume, have recently launched 
another submersible boat similar to the two al y 
delivered to the Austrian Navy. These boats are of the 
improved “Octopus” type, built for the United States 
Navy by the Electro-Boat Company, of New York. The 
notable feature of the Whitehead boat is that it has 
attained the extraordinarily high speed, when sub- 
merged, of 11 knots, the elect1o-motors in use developing 
520 horse-power. These motorsare driven by accumulator 
batteries of the well-known chloride sto -hattery 
system, which is in use in the British and the United 
States navies. The batteries are charged from a dynamo 
operated from the main .internal- combustion engines 
used for driving the ship at 11 knots on the surface, 
the power for this speed being 500 horse-power. These 
results are the more remarkable, as the vessel has a 
length of 32 m. (105 ft.), a beam of 4.23 m. (13 ft. 104 in.), 
and a displacement, when submerged, of 274 tons. The 
radius of action on the surface at 8} knots speed is 900 
miles, and when submerged and pees | at 6 knots 
speed the radius is 69 miles. The time of dive from full 
power ahead under the main engines until full power 
ahead under the electric motor is five minutes. The 
arrangements for navigating when subm are con- 
trolled from the central station, where all the necessary 
instruments are installed. From this ition the com- 
mander has a clear view over the while intevioe of the 


ship, while two periscopes of the latest ty are fitted. 

pd se are used for driving ship. Two 

to! 7 alge oa are fitted = ng ened Scoommens tion is 

provi ‘or carrying four joes. boat is 

heed of 300 ft. "The typer of saloscion Bae ne, aeainet 
exd 0 is t of submarine ed i 

to have excellent prc ol qualities. - stp 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Quietness still characterises 
the -iron trade, but business in Cleveland is not quite 
so slack as it has been of late. Buyers, however, are 
still backward Deliveries are on a good scale, and some 
heavy shipments are due, but the production continues in 
excess of requirements, with the result that stocks 
are increasing at a time of year when reduction is gene- 
rally looked for, and su long as this continues improve- 
ment can hardly be ex . No 3 g.m.b. Cleveland 
pig is 46s. 9d. f.o.b., whilst No. 1 is 50s. 3d.; No. 4 
oundry, 46s. 3d.; No. 4 ca. 46s.; and mottled and 
white iron each 45s. 6d.—all for early delivery. East 
Coast hematite pig is very dull and difficult of sale, 
notwithstanding further reduction in price. It is 
understood that the Normanby Iron Company intend to 
blow out a furnace, and this, together with rumours of 
other furnaces 7 to goou’, may somewhat strengthen 
the situation. Sellers as a rule ask 62s. 6d. for earl 
delivery of mixed numbers of hematite, but buyers will 
not pay that price, and, as a matter of fact, a small 
business has been done at 62s. Foreign ore is lifeless, 
and values are gradually falling, in spite of the great 
reluctance of the mine-owners ab: to acknowledge the 
fact. No difficulty would now be experienced in placing 
orders at 2is. ex-ship Tees for Rubio of 50 per cent. 


—_ . _ Coke is very plentiful and weak in price, 
ough the local consumption is heavy. Average blast- 
furnace qualities are being pressed on the market at 15s. 
deliv: at Teesside works. 


Manufactured Iron and Steel.—No new features of 
moment are noticeable in the various branches of the 
manufactured iron and steel industries. Notwithstand- 
ing the lowering of rates in other districts, up to now 
quotations here are maintained, though for some descrip- 
tions a downward tendency is shown. The report of the 
breaking of the combination of bar manufacturers is 
denied, but we understand that an arrangement has been 
arrived at whereby each firm is allowed at present to 
accept whatever price is obtainable for prompt business, 
but for forward contracts the regulation prices are 
adhered to. Principal market quotations stand :— 
Common iron bars, 7/.; best bars, 7/. 7s. 6d.; best best 
bars, 7. 15s.; iron ship-plates, 6/. 12s. 6d.; iron ship- 
angles, 7/.; iron ship-rivets, 7/. 5s. ; iron boiler-plates, 
Zl. 7s. 6d.; steel bars, 6/. 5s.; steel ship-plates, 62. 15s. ; 
steel ship-angles, 6/. 7s. 6d. ; steel boiler-plates, 7/. 10s. ;4 
steel strip, 6/. 10s. ; steel hoops, 6/. 12s. 6d. ; steel joists, 
6l. 7s. 6d.; cast-iron sailway chairs, 3/. 12s. 6d.; light 
iron rails, 6/. 10s.; leavy steel rails, 5/. 12s. 6d. ; steel 
railway sleepers, 6/. 10s. ; and iron and steel galvanised 
corrugated sheets, 10/. 15s.—sheets less the usual 4 per 
cent. f.o.b., railway material net, and all other descrip- 
tions less the customary 24 per cent. 


Clereland Miners’ Wages.—At a meeting of the Cleve- 
land Ironstone Mine-Owners and miners’ representatives, 
held at Middlesbrough this week, it was agreed that for 
the current quarter, miners’ wages be reduced by 0.50 
(half of 1) ed cent., which is the same reduction as the 
Cleveland blast-furnacemen recently submitted to. 





JAPANESE MERCHANT Marine.—The annual _ report 
of the Mercantile Marine Bureau of the Japanese Depart- 
ment’ of Communications indicates continued develop- 
ment in the merchant marine of the island kingdom of 
the East. The fleet at the end of 1910 included 2366 
steamers, of 1,198,194 tons, and 5937 sailing vessels, of 
404,089 tons, with 22,734 junks. These figures, when 
compared with the totals at the end of 1909, show an 
increase of 62 steamers, of 37,754 tons, and of 558 sailing 
vessels, of 19,608 tons; but the actual gross increase by 
new vessels, ee &c., is 86 steamers, of 66,995 tons, 
and 506 sailing vessels, of 31,204 tons. The losses by 
disaster and other causes brought the total down to the 
net addition already indicated. Excluding purely junk- 
builders, there are now 239 shipbuilding yards, an addi- 
tion of three during the year, and these establishments 
turned out 58 steamers, of 63,475 tons, and 205 sailing 
vessels, of 15,616 tons. As was the case in this country, 
the shipbuilding industry has been in a somewhat 
depressed condition, the decrease in steam tonnage 
launched being 143,919 tons, as compared with the pre- 
ceding year. any signs of increased activity are indi- 
cated in the book, notably in lighthouse and pilotage 
work. Itis shown, too, that, in all, six vessels, aggregating 
26,708 tons, were built in accordance with the provisions 
of the law for the encouragement of shipbuilding, and 
that certificates under the same law were granted to nine 
vessels, of 47,556 tons, in course of construction, but not 
completed. In connection with the subsidy for navigation 
encou ment, there were certificates granted to 25 
vessels, in all of 118,785 tons. The lines now subsidised 
number 24, and embrace in their services Europe, North 
America, South America, as well as the Chinese and Japa- 
nese coast. Particulars are ee as to the profit earned 

the principal subsidised lines. It is shown that the 
ippon Yusen Kaisha had a net profit of 2,619,562 yen, 

a decrease of 228,744 yen as compared with the previous 
year. The Toyo Kisen Kaisha records a loss of 255,562 
yen. The Osaka Shosen Kaisha made o potas 1,136,727 
yen, an increate of 132,325 yen. The Nisshen Kisen Kaisha 
(Japan-China Company) show a profit of 490,943 yen, 
— an increase—of 021 yen. The Marine Insurance 
mpany had a profit of 5,205,846 yen, an increase of 
460,015 yen as = with the previous year ; while 
the Seamen’s Aid ety of Japan showed a net gain of 
51,305 yen. The Imperial Society of Life-Saving Rervie 
had a debit balance of 3647 yen, which is rather less 





than the deficit of the previous year. 





NOTES FROM THE SOUTH-WEST. 


Cardif}.—-Tonnage arrivals have still scarcely come up 
to expectations, and buyers have shown a disposition to 


defer the placing of orders as much as ible, as they 
still hope for easier terms later on. Colliery owners, on 
the other hand, exhibit little readiness to make conces- 
sions for early shipment. The best large steam coal has 
made 17s. to 17s. 3d. per ton, while secondary qualities 
have — between 15s. and 16s. 6d. per ton; best 
ordinary bunker smalls have brought 9s. 9d. to 10s. per 
ton: and cargo smalls, 9s. to 9s. 9d. per ton. The house- 
coal trade has shown little change; the best ordinary 
descriptions have made 14s. 6d. to 16s. 6d. per ton; No. 3 
Rhondda large has brought 17s. to 17s. 6d. ; and smalls, 
10s. 6d. to 10s. 9d. per ton. No. 2 Rhondda large has 
made 12s. 3d. to 12s. 9d.; and smalls, 8s. to 8s. 6d. per 
ton. Foundry coke has realised 19s. to 21s., and furnace 
ditto, 16s. 6d. to 17s. 6d. per ton. As regards iron ore, 
Rubio has made 21s. 6d. to 22s. per ton, upon a basis of 
50 per cent. of iron, and charges, including freight, 
insurance, &c., to Cardiff or Newport. 


Death of a Mining Engineer.—The death is announced 
of Mr. E. Daniel, an eminent Welsh mining engineer. 
Mr. Daniel started his business career with his father in 
1859. A few years afterwards he removed to Swansea. 
where he went into partnership with the late Mr. Evan 
Daniel, his uncle, as estate and mineral agents. Mr. 
Daniel took up the mining part of the business, and Mr. 
Evan Daniel continued the land and estate agency. Mr. 
Daniel had a varied experience of mining in the South 
Wales coal-fields, having acted as consulting engineer 
to many of the most important colliery concerns in 
Glamorgan, Carmarthenshire, and Pembrokeshire. He 
had the important and onerous tasks of reporting upon 
the coal measures of South Wales, of correlating the 
seams, calculating areas, and estimating the probable 
duration of the coal-fields. 


The “Centurion” and the *‘ Lion.”—The battleship 
Centurion, which was laid down in January, has been 
advanced to 40 per cent. of her launching weight, and it 
is expected that her launch will take place in September. 

progress has been made with the equipment of the 
cruiser Lion, which is to be y for service by the end 
of November. The beds and mountings of the turbines 
have been completed in the engine-rooms. 


New Works at Sully.—The Lord Mayor of Cardiff, 
presiding at a meeting of the Water-Works Committee 
of the Cardiff Town Council on Friday, said he had 
received a report from Mr. Selwyn Davies, agent to 
Lord Ashby St. Ledger, in reference to a supply 
of water to the portion of his lordship’s estate at 
Sully upon which it is proposed to erect steel and tin- 
plate works. Mr. Selwyn Davies informed him that the 
minimum quantity of water which would be wanted 
would be 2), 000,000 gallons per annum. It was pointed 
out that the committee would not be in a position to 
negotiate as to terms until a report was to hand from the 
water-works engineer upon the whole question. 


Lianelly.—Inquiries at Llanelly show that there has 
been a falling off in the demand for tin-plates. At 
resent, however, all the local works are in full operation, 
ing en upon orders booked some months since. 
New mills of the Old Castle Company and Messrs. 
Richard Thomas and Co. are being pushed forward as 
uickly as possible. The general feeling is that even if 
the exports to the United States are likely to fall off, the 
Welsh tin-plate trade is not now ee upon one 
market, as it was when the McKinley Tariff was passed. 





Tue German SYNDICATES AND THE GOVERNMENT.— 
The advantages of syndicatesare probably being more and 
more widely admitted in Germany, but such syndicates 

uire a great deal of careful and patient organisation, 
= negotiations are often goeeeiinety rotracted and 
trying. The renewal of the German Steel Union is now 
impending. The general director, on « recent occasion, 
referred to this event, stating that the negotiations about 
the renewal of the Steel Union would commence towards 
the end of the present year, and prove very difficult. The 
State could perhaps help in this matter by insisting upon 
an arrangement of en made within a reasonable time. 
A high Government official, who was present when this 
reference was made, stated that the Government set 
great store on the renewal of the unions and syndicates. 





A Tasmanian Exsorric Rartway.—The Tasmanian 
islature has sanctioned a proposal of the Mount Bal- 
four Copper Mines, Limited, for the construction of an 
electric railway between Mount Balfour and Stanley 
Harbour, and it has, at the same time, granted certain 
concessions to the company, ag electric lighting 
rights over a distance of 130 miles. The company’s Act 
provides that the route shall be from Stanley to the cross- 
ing of the k at Trowatta, across the Arthur at 
Ekberg’s Camp up Copper Creek, and across the divide 
between the Arthur and the Frankland, thence acress 
the Frankland at the compeas’s mines, and up Tim 
Creek to Balfour. A branch to Smithton is also provided 
for. The gauge is to be 3 ft. 6 in., which is the standard 
gauge of the State, and the rails are to weigh at least 
40 Ib. per yard. The company is also authorised to 
develop Stanley Harbour by the construction of piers, 
&c., and it is provided that leases of Crown lands shall 
be granted to company for fourteen years for sites of 
power stations, water races, and metallurgical works. A 
survey has been made as far as the Duck, and a site for 
os ~ of the generation of electricity has been chosen on 
rthur. 
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NEW WARSHIPS AND OLD. 

Wirx the launching of H.M. armoured cruiser 
Princess Royal at Barrow-in-Furness on Saturday, 
and of H.M. battleship Conqueror at Dalmuir on 
Monday, all the eight ‘‘ capital” ships ordered 
under the Navy programme of 1909-10 will be 
afloat. This is most satisfactory, especially in view 
of the labour disputes which affected the progress 
of all contract ships, with the exception of the one 
built in the London district. Moreover, the ships 
launched this year, with the same exception, were 
in a more advanced state than is usual at the date of 
floating. This fact is significant of a recent deve- 
lopment in shipyard practice Vessels were formerly 
launched as soon as possible, with the view some- 
times, and notably in the Royal dockyards, to free 
the berth for a succeeding ship, and sometimes to 
secure credit for rapid work. But in such cases 
little beyond the shell-plating and the riveting of the 
necessary bulkheads was completed. Many of the 
principal naval builders now find it more economical 
to execute as much work in the ship as is convenient 
before floating the hull. This has been rendered 
possible by the adoption of the modern berth-struc- 
ture, with its powerful cranes, by which armour- 
plating, boilers, and units of machinery can be 
fitted on board. Boilers weighing as much as 
25 tons can thus be dealt with. Thus, as with the 
Monarch recently launched at Elswick, the two 
ships to be launched this week-end are far ad- 
vanced. The Princess Royal, for instance, has a 
launching weight of 11,300 tons, but the great 
length of the cradle—550 ft.--and the width of the 
ways— 6 ft. 6 in.—reduce the load per square foot on 
the ways to 1.58 tons. Again, in such large ships the 
closing in and riveting up of decks over the boiler- 
rooms, &c., as in the case, for instance, of the Con- 
queror, greatly lessens the strain consequent on 
hogging and sagging stresses during the process of 
launching. There is financial advantage, too, as no 
temporary bolting-up of decks to effect the same 
purpose is required, as the work can be permanently 
riveted in due course. There is, therefore, little 
doubt as to the advanced state of the work on each 
ship and as to the probability of the Admiralty pro- 
ised at the date stipulated, the 
delay resulting from the labour rata at the end 


1 | Of the year having been made up, or being certain 


to be, before the ships require to be Sdivena about 
a year hence. The extensive work that has been 
done, with fourteen capital shi progress 
simultaneously for the British or Goloni: lonial even, 
without our resources being taxed at all eve 


569 | disposes effectively of the pessimism 


our industrial position when compared with that 
70 | of other nations. 
There is another, and even more important, 





"| direction in which public opinion is being modified. 


Doubts once entertained by some as to the com- 
rative merits of different designs not only for 
ritish ships, but for British and foreign ships, 

are being dissipated ; and in reviewing the prin- 

cipal features of the ‘two vessels to be tp lngadiiede+ 
each typical of the classes of capital ships of the 
fleet—it is important to consider not so much the 

rogress made compared with earlier types of ships, 

but the. the effect in action of the modern ship upon 
those of ten or fifteen yearsago. So great is this 
effect likely to be that in measuring the relative 
naval powers of different maritime nations, no 
comparison can be safe which does not recognise 
the impotence of what are called pre-Dreadnought 
ships against the modern vessel, with its greater 
speed and longer range and more powerful and 
faster-firing guns. Many pre-Dreadnought ships 
will have to be kept in safe harbourage so long as 
there is an enemy's fleet of modern ships ‘in 
being,” because they would be useless against even 
a relatively small force. The Princess Royal and 
the Conqueror make the fifth and sixth ships with 
13.5-in. guns to be launched, and four more are 
in process of building. It ia not permitted to 
say anything regarding the ballistics of this new 
gun. There is no question, however, of the 
success of the weapon, and especially of the 
great destructive power of its bursting charge. It 
is sufficient for our purpose to take the 12-in. gun 
fitted to all the recent battleships and armoured 
cruisers to prove its effect on the so-called pre- 
Dreadnought ships. This 12-in. gun, with a muzzle 
velocity of 2850 ft. per second, can penetrate the 
thickest of the armour of any of the nine Majestics 
—that protecting the guns—at a range of 12,700 
yards ; of that on any of the six Oceans at 13,350 
yards ; of that on any of the five Duncans at 12,450 
yards; and of that of any of the eight Formidables at 
11,050 yards. The broadside water-line belt of any 
of those ships can be perforated by the same gun at 
any range up to the limit of observation. On the 
other hand, the primary guns of the Majestics, 
Duncans, and Formidables could only perforate the 
water-line belt of the Dreadnoughts at 9000 yards 
range, and those of the Oceans at not more than 
7000 yards range. It is thus obvious that the 
modern ship could keep beyond the effective gun 
range of any of these earlier ships, and yet be able 
with its 12-in. guns to penetrate completely all the 
armoured parts of the pre-Dreadnought ships. 
Having a superior speed of from 3 to 4 nautical 
miles per hour, this choice of range would be very 
easily effected. Moreover, any decrease in range 
would be of enormously greater advantage to the 
later ships; but a reduction in the range would 
bring into service the 6-in. guns of the older vessels, 
It must not be forgotten, too, that the earlier vessels 
are for the most part unarmoured at the ends, or 
have only plates of 2 in. to 3 in. in thickness, and 
consequently would be severely crippled—notably 
by the reduction in speed which would follow from 
perforation, especially at the bow. 

The disparity in the effect of gun-fire is the greater 
when consideration is given to the increased broad- 
side discharge by more numerous 12-in. guns in 
the later ships, and to their greater rapidity of 
fire. Each of the four 12-in. guns in the Majestic 
can only fire six rounds in 10 minutes, so that 
in a 10-minutes’ action each ship could fire 24 
rounds. The Oceans, Duncans, and Formidables 
could fire 40 rounds in a 10-minutes’ action, 
but against this the Dreadnoughts fire 120 
rounds, and the later ships 150 rounds. It is 
not necessary to make further comment. The 
ageen- guns in the ships of foreign Powers may 

accepted as practically equal to those in the 

British vessels with 12-in. guns. Our estimate is 

moderate, as we have not taken into consideration 

the increased range and power of the 13.5 in. guns 
in the later ships. 

The 13.5-in. guns in the Princess Royal, as in 
the Lion, are much more effectively disposed than 
in the earlier armoured cruisers. Forward, there 
are in the centre line two twin-gun turrets, the 
one to the rear being at a higher elevation, so that 
its guns fire over the turret in front.. Amidships 
in the centre line there is one twin-gun turret, and 
aft there is another. Thus all eight guns fire on 
either broadside. Four fire directly ahead, but 
by giving a slight angle of helm the ship may alter 
g| her course sufficiently to enable all eight guns to 
be utilised in chasing the enemy. In the Con- 
queror, which belongs to the Orion class, there are 








ten 12-in. guns, 4rranged two pairs forward and 
| two pairs aft, the rear pair in each case being at 
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a higher level than those immediately in front. 
The remaining turret is in the centre line amid- 
ships. There are in both the Princess Royal and 
the Conqueror sixteen 4-in. breech-loading guns for 
repelling torpedo-boat attack ; these are located on 
the superstructure deck. 

In the matter of armour protection something 
had necessarily to be forfeited in the case of the 
Princess Royal, in order to ensure the exception- 
ally high speed required by the tactician. This 
is, perhaps, the only point, with the exception of 
the omission of two of the primary guns, which 
differentiates the two types—the battleship and the 
armoured cruiser. Asin all our warships, there are 
three tiers or strakes of armour-plating. While the 
thickness of the water-line strake in a battleship is 
12 in., the remainder up to the upper deck being 9in. 
or 8in., the Lion has, for the water-line and for the 
strakes above it, 9 in. of armour. The gun posi- 
tions are also well protected. Forward and aft the 
thickness of the broadside armour is reduced by 
= stagesto 4 in. It will thus be seen that the 

rincess Royal, notwithstanding her exceptionally 
high speed, has armour which is superior in its 
resistance to perforation by modern guns to that 
of pre-Dreadnoughts, so that these latter ships 
would make a very poor show unless they came 
within 9000 yards range, when the guns of the 
Princess Royal would be enormously more destruc- 
tive than the 12-in. guns of the pre-Dreadnoughts. 
In fact, with their legend speed of 28 knots, as 
compared with the 17 and 18 knots of the earlier 
ships, the Lion and the Princess Royal, as well as 
the Queen Mary, now being built, could steam 
round a fleet of pre-Dreadnought ships and fire 
when it suited them, keeping beyond the range 
which would enable the old battleship guns to 
penetrate the armour of the modern cruiser. The 
Conqueror and her sister-ships, although of less 
speed, could similarly deal with the earlier Dread- 
noughts. It is often said, of course, that personnel 
must necessarily beconsidered, but it is reasonable to 
assume that the efticiency would be of as high a 
standard in the new ships as in the old, especially 
as in the former there 1s superior gun-control and 
sighting mechanism, which will ensure greater 
accuracy in service. 

The newer ships, of course, are of increased 
dimensions. The vessels of the Orion class, to which 
the Monarch belongs, have a length of 545 ft. 
between perpendiculars, a beam moulded of 
88 ft. 6 in., and, at 27 ft. 6 in. draught, a dis- 

lacement of 22,500 tons. They are thus 55 ft. 
onger and of 4600 tons greater displacement than 
the Dreadnought, and 45 ft. longer and of 3250 
tons greater displacement than the St. Vincents. 
The speed, however, has been maintained at 
21 knots, the power being increased ; but, in view 
of the increase in length, the same s is 
achieved with a less proportionate addition to 
power. The greater length, however, was deter- 
mined upon primarily to ensure a more effective 
distribution of the twin gun-turrets, 

The Princess Royal, like the Lion, is the largest 
cruiser yet built for the British Navy, and is also 
the broadest, excelling even the Lusitania and 
Mauretania. Thus the beam is the same as in the 
case of the battleship—namely, 88 ft. 6 in.—but 
the length has been increased, primarily in order 
to facilitate the attainment of the exceptionally 
high speed desired. The over-all length of the 
ship is 700 ft., and the length between perpen- 
diculars 660 it. This is a long way ahead of pre- 
ceding ships, even of the very fine cruisers designed 
earlier by Sir Philip Watts, K.C.B., the Director 
of Naval Construction. ‘Chus the Duke of Edin- 
burgh was only 480 ft., the Invincibles were 
530 ft., and the Indefatigable was 570 ft., the beam 
increasing proratu. The new cruisers, when draw- 
ing 28 ft., will displace 26,350 tons. 

Like the battleships, they are fitted with pro- 

lling machinery of the Parsons turbine type, and 
it is notable that not only are Messrs. Vickers, 
Limited, building and engining the Princess Royal, 
but they have also completed the machinery for the 
sister-ship, the Lion. Messrs. William Beardmore 
and Co., Limited, Dalmuir, are constructing the 


machinery as well as building the Conqueror. As 
with practically all preceding ships, the turbines 
are arranged to drive four sha the installa- 


tion on each side of the centre line being in- 
dependent. The turbines are of exceptionally 
large size for warships, and it would seem as 
if they are to be driven at a much less speed, 
which will probably conduce to higher efficiency. 


In these later ships cruising turbines have been 
dispensed with, and there has been not only a 
simplification of the engine-room arrangement, but 
a reduction in the total weight of machinery. 
Indeed, as the power and speed are increased, it 
becomes more and more evident that the Parsons 
turbine has enormously simplified the problem set 
to naval constructors and engineers of the fleet in 
the realisation of the demands of the strategist for 
high speed. Both departments at the Admiralty 
are to be congratulated on the success which has 
attended their efforts in connection with these two 
types of ship, which, when compared with con- 
temporary designs for foreign navies, establish the 
view, expressed earlier in this article, that there is 
every cause for contentment with the pro ive 
enterprise, as respects material for the fleet, as 
well as satisfaction at the high efficiency attained 
by the personnel, 








UNIFIED ITALY AND THE TURIN 
EXHIBITION. 

On Saturday, the 29th inst., His Majesty the 
King of Italy will open the International Exhibi- 
tion at Turin, which is to commemorate the 
fiftieth anniversary of the proclamation of the 
Kingdom of Italy. The present year marks 
the jubilee of unified Italy, the new kingdom 
having been proclaimed on March 17, 1861, at the 
Italian Parliament, which met at Turin. It is not 
our province to enter into the events which formed 
the starting-point to the building up of the king- 
dom as it stands at the present day, events in which 
the names of Cavour, Mazzini, and Garibaldi stand 
out prominently beside that of their King, Victor 
Emanuel II., the ‘‘ Honest King,” as he was 
called by his people ; we wish only to emphasise 
the point that since the day of her unification Italy 
has taken her place in the concert of nations, not 
simply by reason of that great event in her history, 
but also, and to a very large extent, owing to the 
unremitting energy she has shown during the last 
half century in the development of her natural 
resources, her commerce and her industry, aided by 
the thriftiness of her people. These qualities, 
following upon the pioneer work of fifty years ago, 
have placed Italy in the prominent position she now 
occupies, and she may well be proud at the result 
which she has achieved. Italian journals have of 
late called the attention of their readers to the pro- 
gress made by the national industrial establishments 
and to their present standing, and have congratu- 
lated themselves upon the fact that Italian industry 
can now claim to have a share in the world’s work ; 
we take this opportunity of adding our congratula- 
tions to their own, for we are aware that at first it 
had to fight almost insuperable odds. 

Among the journals referred to, the Rivista 
Marittima contains two articles by Colonel G. 
Martorelli, of the Italian Co: of Naval Con- 
structors, in which he reviews the progress accom- 
plished by the Italian nation, more especially in 
the matter of shipbuilding, since the day, fifty 
years ago, when the various principalities and terri- 
tories now forming the Italian kingdom were joined 
together into one single united nation. Colonel 
Martorelli states that during the sailing-ship period, 
Leghorn was a most busy centre for the construc- 
tion and revictualling of ships; the Leghorn 
yards built a large sade of frigates for Russia and 
for nations bordering on the Mediterranean. Leg- 
horn and a few other seaport towns long continued 
in a prominent position, but in 1853 Cavour 
founded an establishment at San Pier d’Arena 
under the name Gio. Ansaldo and Co., and this 
remained under the supervision of Professor 
Giovanni Ansaldo until his death, which took place 
in 1857. At that date the brothers Luigi and Paolo 
Orlando were entrusted with the management of 
the works ; they had already put down at Pila, on 
the banks of the Bisagno, a small yard for the con- 
struction of iron ships, in which they built the tug- 
boat Sicilia. Pila forms, therefore, the cradle of 
the Italian modern naval industry. 

Cavour’s intention, at the time when Professor 
Ansaldo had the management of the San Pier 
d’Arena establishment, was to start there the con- 


struction of locomotives; on Messrs. Orlando 
taking charge of the works they equip them 
mainly for the construction of ships. But there 


were no iron works in the country at the time, 
lates and bars had to be imported, and they were 
iable to a high entrance duty ; moreover, freights 








in those comparatively early days were very much 


higher than they are now, all which circumstances 
made it much too expensive to build iron ships in 
the country, and the various yards continued to 
use wood for the construction of the larger ships, 
frigates, and gunboats. Up to 1866 practically the 
whole of the Italian warships and merchantmen 
built of iron came from England and France. The 
Vedetta was the first iron ship built in Italy, at the 
Foce yard, in 1865-66, her engines having been 
constructed by Gio. Ansaldo and Co. All the 
necessary material was imported. Not that iron 
ore was lacking in Italy ; it existed in abundance 
in the Island of Elba and at various points of the 

minsula. The ironstone from Elba, however, was 

ing exported in totality by virtue of contracts 
which had been entered into by the provincial 
government a few years previous to the unification 
of the country, and which had to be carried out 
until their expiry in the normal course. There 
was a small iron works in existence at Mongiana, 
but this was not able to entertain the manufacture 
of any material larger than rifle-barrels, which 
it turned out in large numbers for the Italian 


army. 

Wooden sailing ships were gradually being super- 
seded in other nations by steamships built of iron 
and of steel, and while these other nations were 
gradually developing the construction of the latter 
on a large scale, the Italian yards, owing to the 
lack of metallurgical works for turning to account 
the native ironstone, had to pass through a most 
critical period. The Italian shipping firms, who 
purchased from abroad the necessary units for 
carrying on their trade, had an almost prohibitive 
duty to pay for changing the flag on the vessels 
on their arrival in Italian waters; on the other 
hand, the cost price to the Italian shipbuilders of 
the necessary materials for home construction was 
so high as to make it practically impossible for iron- 
built ships to compete with wooden-built ones. 
Local conditions regarding rates and taxes were 
also adverse, so much so that for a time, and not- 
withstanding cheap skilled labour, which was 
getting more and more abundant every year, private 
enterprise in ship-construction suffered a serious 
set-back. A proposal to allow material for ship- 
building to enter the country free of duty was not 
carried. Thereupon Edilio Raggio put down at 
Pra, near Genoa, a steel works, in which pig iron 
purchased from abroad, and scrap iron, were trans- 
formed into steel ; this enabled the Ansaldo, Odero, 
Foce, and other yards that had sprung up, to con- 
tinue for atime. The plates and angles rolled at 
Pra were somewhat high in price, but Italian labour 
being comparatively cheap, the home shipbuilding 
industry was able to progress, and in a very short 
period it began to compete with foreign yards 
for relatively small ominele. Conditions improved 
still further when Messrs. Tardy and Beneck put 
down a second steel works at Savona. But neither 
the Pra nor the Savona steel works, nor, in fact, 
the other metallurgical establishments which were 

radually being put down in different suitable 
ocalities throughout the country, were able to 
undertake the manufacture of armour-plates. The 
State, however, felt the responsibility of leaving 
the navy at the mercy of foreign manufacturers of 
this speciality, and decided to take steps in the 
matter. 

Terni, a small township to the north of Rome, 
located in a wooded district and close to waterfalls, 
had awakened the attention since 1870 of a Mr. 
Lucowich, who, in view of the high price paid in 
Italy for imported raw material, put forward a 
scheme for the construction at Terni of two blast- 
furnaces for the manufacture of pig iron using 
Italian ironstone and charcoal made in the forests 
surrounding the locality. He built the two blast- 
furnaces in a comparatively short time, and added 
to them a foundry for the manufacture of cast-iron 
pipes. This plant was enlarged in 1879 by Mr. 
Cassian Bon, who had acquired the works. ater- 
power being available at Terni, this was then 
turned to account, and in 1883 the first water- 
turbine was set working for driving other machinery 
by compressed air. At about that time, Admiral 
Acton, then Minister of Marine, appointed a com- 
mission to visit all the engineering and metallurgical 
works then existing in Italy and to report upon their 
power of production and their suitability in regard 
to armour-plate manufacture. The chief of the 
Commission was Admiral Benedetto Brin, who had 
been Minister of Marine before Admiral Acton, and 
who succeeded him in the same capacity later on. 








The report resulted in a great development being 
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on to the Terni works and in their equipment | ciall 


or the manufacture of armour-plates. 

The new Terni Company was established on March 
10, 1884, with a capital of 3,000,000 lire (120,000/.), 
which was doubled the following year. In the 
earlier days of the concern, when money was scarce 
and the spirit of initiative low, probably by reason 
of some uncertainty concerning the best type of 
armour then available and the scope to be given 
the works, the company would not have pro- 
gressed so satisfactorily had not the State come 
to its aid by et out extensive competi- 
tive firing trials, and by ordering from it 8600 
tons of steel armour-plates, paying the cost in 
advance. The contract was made on May 24, 1884, 
and the company immediately started putting down 
the necessary plant for the manufacture. The 
firing trials in question had been carried out at the 
Muggiano proving-ground with the two different 
types of compound plates, and with the Schneider 
all-steel plate, all three of which were then in use 
and in active competition one with the other. The 
victory at the Italian firing trials, as in several 
others carried out in different countries, remained 
with the all-steel plate, and the Italian Navy decided 
to adopt it for the protection of their ironclads, 
manufacturing it at home. As a consequence, the 
new armour-plate installation at Terni was put 
down with a view to the manufacture of the all-steel 
type of plates ; the work proceeded oe a. 
on the plans then followed at Messrs. Schneider's 
Creusot works, and engineers from Creusot helped 
their Italian confréres in starting the manufacture. 
The Terni Works have remained well to the front 
in this speciality ; they adopted in due course the 
cemented and hardened type of plate, and have 
recently bought from Messrs. Schneider an armour- 
plate rolling-mill, having rolls 4 ft. 1 in. in diameter, 
14 ft. 9 in. long, capable of rolling 100-ton ingots. 

Returning to Colonel Martorelli’s interesting 
articles above referred to, we find it stated that 
the year 1886 marked another interesting period in 
the history of the development of the Italian naval 
industry, for in that year a law was passed granting 
subsidies to the steel works, the engineering works, 
and to the shipping companies. These subsidies 
greatly benefited the metallurgical and engineering 
trades of the — for they were coupled with 
a clause preventing the use of foreign material in 
the ships built in the home yards. The permission 
to use foreign material up to one-third of the total 
tonnage—this proportion of foreign material enter- 
ing duty free—was allowed the Italian shipbuilding 
yards in 1901 only, ‘‘the object of the measure 
being to check the greed of the steel-making firms.” 
In the period from 1885 to 1896 the construction 
of British type marine engines was undertaken 
by the Ansaldo firm and by Messrs. Hawthorn 
Guppy, Naples; Armstrong guns were built at 
Pozzuoli, and Schwartzkopf torpedoes at Venice. 
A proof of the rapid development of the Italian 
shipbuilding yards is afforded by the fact that they 
built, in 1895 and 1896, besides a large number 
of very powerful units for their own fleet, two 
6840-ton armoured cruisers, the General Garibaldi 
and General San Martin, for the Argentine 
Republic ; and in the latter year they built the 
1933-ton cruiser Adamastor for Portugal, and the 
6840-ton armoured cruiser Cristobal Colon for 
Spain. 

In 1896 a revision was made in the law regulating 
the granting of subsidies, and from 1897 down to 
the present time the Italian yards have built 46,000 
tons of warships for foreign navies, including the 
Nisshin and uga, which had been ordered in 
the first instance by the Argentine Navy, and were 
purchased ultimately by Japan. They have besides 
renovated in the same period the Vasco de Gama 
of the Portuguese Navy, and the Greek and Turkish 
battleships Spetzai and Messoudieh. 

The Italian northern coasts and the western 
coast down to — are now studded with a large 
number of shipbuilding yards belonging both to the 
State and to private companies. The metallurgical 
and engineering works have also been developed 
on extensive lines, and are now able to keep the 
yards regularly supplied with the engines complete 
and all the necessary material. The power of pro- 
duction and the excellency of the work turned out 
by Terni, the Savona works, Odero and Co., 
Orlando and Co., Terni-Vickers and Co., Fiat San 
Giorgio, Ansaldo, Franco Tosi, to name only a 
few, are now universally acknowledged. The Milan 
Exhibition of 1906 afforded unmistakable proofs of 
the progress made by the Italian works, more espe- 





ially in regard to the construction of rolling-stock. 
It will be remembered that the main object of that 
Exhibition was to celebrate the completion of the 
Simplon Tunnel. The one now being held at Turin 
will illustrate still further the skill and industry of 
the Italian race, and is sure to be a success. 

Great Britain, among the other nations, is join- 
ing hands with Italy in this important manifesta- 
tion, under the general supervision of the Exhibi- 
tions Branch of the Board of Trade. Our industrial 
a are shown in a building situated in 
Valentino Park, at about 500 ft. from the left 
bank of the river, and 35 ft. above it, in a most 
commanding position ; the space available exceeds 
215,000 sq. ft., and has been taken up very rapidly. 





THE METALLOGRAPHY OF STEEL. 

THE second of two lectures on ‘‘Steel” was 
delivered by Dr. W. Rosenhain, at the Institution 
of Mechanical Engineers, on Tuesday last, Professor 
Gowland occu ying the chair. The first of these 
lectures was delivered a fortnight previously, an 
account of it being given in our issue of the 14th inst. 
The ground covered in that lecture embraced a short 
historical review of the subject, and dealt with the 
examination of steels by thermal methods, and of 
their microstructure. In the second lecture, Dr. 
Rosenhain commenced with reference to the effect 
of mechanical and thermal treatment on the micro- 
structure of steels. Dealing first with the me- 
chanical treatment, it was pointed out that the 
microstructure of steels revealed in soft and duc- 
tile kinds almost pure ferrite, in tougher kinds 
the pues of pearlite, and in the hard and 
brittle varieties the appearance of cementite. 

When tensile stress was applied to soft and 
ductile steels, microstructural examination re- 
vealed an elongation of the crystals, with ultimate 
slip occurring between them, resulting finally in 
failure along the cleavage planes. The elongation 
of the crystals before fracture was very marked ; 
in some cases they acquired a rod-like form. The 
lecturer exhibited slides showing what occurred on 
fracture, stating that the specimens for these had 
been prepared for the microscope by being pro- 
tected with electrically-deposited copper in order to 
retain the sharpness of the fracture. When pearlite 
was present with ferrite, it acted as a reinforcement 
to the pure ferrite, with a result that the yield- 
point was higher. In the elastic deformation 
of materials containing pearlite and ferrite, the 
pearlite stretched ; but bepend the elastic limit the 
particles stretched so much that they ultimately 
cracked. The fracture of such a material ran 
indifferently all across the structure, starting from 
cracks in the pearlite, and running across the ferrite. 

In the case of fracture by shock the effect was 
different. Ferrite under sudden load broke across 
the cleavage planes. The pearlite isolated itself, 
and the fracture followed the cleavage planes of 
the ferrite, and left the lite alone. Fracture 
by fatigue was another phenomenon which micro- 
structural examination Relped to elucidate. The 
work of Ewing, Humphry, Stanton, and Bair- 
stow had thrown great light on this point, 
and it was now accepted that failures of this 
character were due to the development of slip. 
It would be readily realised that when defor- 
mation by slip took place there might be crystals 
here and there so placed that they got more 
than their fair share of load, and these yielded. 
If the stress was reversed, the slight slip was 
reversed, and a grinding action took place, loosen- 
ing molecules from the crystalline structure, with 
the ultimate result that a plane of slip became 
one of fracture, of the crystalline t pe so well known. 
A lantern-slide was exhibited which clearly illus- 
trated the gradual development of the planes of slip 
into actual lines of fracture in a specimen subjected 
to repeated reversals of loading. Two conclusions 
ound te drawn from examination of such speci- 
mens. One was that the idea that vibration tended 
to render iron and steel crystalline was thereby dis- 
credited. The material was already of a crystalline 
nature, and changes in internal structure did not 
occur under such conditions. Secondly, the propa- 
gation of fissures was resisted by pearlite, and from 
the point of view of resisting alternating stress, the 
higher the carbon, therefore, up to about 0.9 per 
cent., the better. A further form of mechanical 
treatment was that of cold deformation, preesing, 
&c. In such the crystals were found to 
be all deformed and elongated, and slip had, there- 
fore, occurred. It was mentioned t ordinary 





cutting tools were simply implements for applying 
breaking stresses to the metal operated upon, the 
skin being left seriously strained after the process. 

Dr. Rosenhain next dealt with the question of 
heat treatment, pointing out there was always a 
tendency for the component crystals to grow in size 
and become reduced in numbers; though in such 
material as iron this was not possible until certain 
temperatures were reached, and the movement thus 
facilitated. A natural co’ uence, therefore, of 
the growth of the crystals on heating was that the 
tendency of the metal to fracture under shock was 
increased, and for this reason heating should be 
avoided when possible. It was found that when 
changes of this kind commenced they began at 
various points, and the original structure would 
often be found to be supplanted in several spots by 
the finer crystals of new formation. At this point 
the well-known illustration* of Dr. J. E. 8 was 
used to show the influence of heat on the size of 
the crystalline structure. This was taken from 
a specimen heated at one end and kept cold 
at the other, and showed a regular ation in 
the size of the crystals, according to the tempera- 
ture. There was a rearrangement of the crystals 
in passing through the critical points. Although 
on heating the size of the crystals became reduced, 
the same sized structure reappeared on cooling 
again, and heat treatment, therefore, alone, with- 
out mechanical work, was of little service. What 
was needed to effect improvement was a combina- 
tion of mechanical and heat treatment. 

If material were annealed and then worked 
during cooling, as in a rolling-mill, the structure 
was alternately broken up when ing between 
the rolls, and allowed to grow in size between the 

es. Finally, in the process a stage was reached 
at which the growth occurring between the passes 
was just counteracted by the effect of the mecha- 
nical breaking up, and if finished at this stage, the 
material would be in good condition. Finishin 
too hot, or before this point was reached, permitte 
this process of growth of structure to continue after 
the fast pass, resulting in a coarse formation and 

r material. The continuation of the rolling 
after the stage at which the growth and breaking-up 
processes counteracted one another, resulted in the 
permanent deformation of the crystals, which, of 
course, was also bad. If pearlitic steels were kept 
at temperatures just below the transformation 
points, the structure developed weakness on account 
of the pearlite degenerating into cementite, and pro- 
longed heating just below critical points thus lead 
to the formation of cementite to a dangerous extent. 

Hardening and tempering were next dealt with, 
Dr. Rosenhain explaining that quenching tended 
to preserve the condition which the metal was in when 
hot. Ifthe cooling were infinitely short, the struc- 
ture would be perfectly retained ; as it was, some 
change wasinevitable. The most severe quenching 
treatment possible therefore resulted in carbon steels 
in mixtures of austenite, which was the solid solu- 
tion unchanged, and transformation products. - In 
order to make examination of these changes, speci- 
mens were etched at temperatures of about 1120 deg. 
Cent. It was incidentally pointed out that whatever 
happened in the metal subsequently, the etched 
pattern remained —— and was therefore a 
correct index of the conditions at high tempera- 
tures, though the subsequent examination under the 
microscope was done with the specimen cool. A 
series of slides were shown in which the develop- 
ment of the various transition products was 
pointed out. Martensite was one of these tran- 
sition products, and appeared when steel was in 


its est state ; and most steels, when hardened, 
but not tempered, showed martensite. It had an 
easily recognisable 60 deg. formation. It had to 


be remembered that in the changes occurring in 
the steel in cooling two things were happening 
concurrently. The y iron was changing to a iron, 
and the carbon was ing from the » Praca to 
the separate state. In the transformation of y iron 
to a iron the material had to pass through the 
B iron state, and the conditions were therefore 
very complex. A second stage of the degradation 
of austenite was marked by the appearance of 
troostite, and a further stage by the appearance of 
sorbite, after which pearlite was found ; and a slide 
was shown in which the last four formations were 
distinguishable. 
The conclusions drawn from this examination were 
* See Proceedi 
Engineers, 1904 ; 
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that hardness was due, not only to the hardness 
of the iron in its allotropic state, but also to the 
forcible retention of the structure by cooling, with 
the result that there was molecular restraint. 
There was also a third contributory cause— 
namely, the mechanical deformation by the con- 
traction of the shell; but this effect, certainly in 
many cases, was not great. 





THE RAILROADS OF THE UNITED 
STATES. 

Tue year 1910 proved to be a most eventful one 
in the history of the railroads of the United States, 
the latter months being passed in suspense, which 
has lately been dissolved in a manner rather un- 
pleasant to this enormous industry. During the 
year the railroads had made proposals for increases 
in rates, which course, in view of the enhanced 
price of labour and supplies, &c., they considered 
was justified. In taking concerted action on the 
subject the companies came within the law, and 
large numbers of writs were issued against them 
in consequence. For a time matters appeared 
likely to develop in a rather unfortunate direction ; 
but, as a result of conferences between the Presi- 
dent and the heads of the companies, the rate ad- 
vances were held in abeyance and the writs were 
suspended until new legislation on the subject had 
been dealt with. The new law was duly brought 
forward and passed. Subsequently the Interstate 
Commerce Commission set about its task of decid- 
ing whether the increased rates proposed by the 
railroads were justified. 

It has been universally admitted that the cost 
of labour to the railroads has increased greatly of 
recent years. In fact, the general rise continued 
in spite of the set-back in traffic resulting from the 
bad year 1907, and several of the largest concerns 
have accorded to their employees treatment which 
can only be regarded as generous, increases in 
wages being sanctioned under circumstances in 
which industrial firms would have refused all 
advances. In addition to this, the cost of supplies 
has risen, and also the cost of equipment, while 
vhe demands of the public, for improved service and 
better accommodation, have added greatly to the 
burden of making a return on capital commensu- 
rate with financial stability. Under similar circum- 
stances, of course, an industrial firm, having done 
all that it could to make sure that its business was 
being conducted economically, would, as a last re- 
source, raise its prices. This has been done through- 
out recent years by traders and manufacturers 
in the United States, and, as a result, the cost 
of living to the consumer hasadvanced. The latter 
fact has, however, had no deterrent influence on the 
action of the manufacturers and traders, but when 
the railroads sought likewise to offset their heavier 
expenses by increasing in some directions the price 
of transportation, the trading world set itself to 
show how unnecessary anything of this kind really 
was. The position was one of considerable intricacy, 
for it is evident that an advance in rates would 
have been met by the traders by further increase 
in prices. The cost of living would thus rise still 
further, and labour would make further demands 
for higher remuneration in consequence. On the 
other hand, if the rates were really warranted, but 
not permitted, the financial stability of the railroads 
might ultimately become impaired, and, with the 
retrenchments which would necessarily follow, the 
whole country would suffer. 

The case which the shippers and manufacturers 
attempted to make out against the railroads was 
largely based on the contention that the railroads 
were unscientifically managed, and that if the waste 
due to this were stopped, the railroads would thereby 
recoup about five times the amount of the pro 
rate increases. To English minds, who have heard 
so much of the eflicient methods of American rail- 
roads, which have often been held up as examples 
for our managers to copy, such a charge must have 
something of a humorous savour. Had it been 
proved, it might have been thought that all the sug- 
gestions, made at one time and another over here, 
were illusory. This would not necessarily follow, 
however. The shippers largely based their recent 
argument on principles which could scarcely be 
applied to English conditions. The claim was made 
that no attention was paid to efficiency on the rail- 
roads, and that so- ~ 
could introduce vast im 
management. Such ac 


led ‘‘ efficiency engineers 
vements in working and 
is easy to make while 


keeping to generalities, but difficult to substantiate. 





rtments it is well known 


In the operating de 
s hold a foremost position 


that the American r 


as regards economy of transport. The general | grad 


conditions of the country, and of the business 
habits of its people, have enabled these systems 
to develop freight traftic, from which seven-tenths 
of their revenue is obtained, along lines which 
are the most economical science can point out. 
The bulk of the traffic is conducted in a manner 
which produces profits on receipts per ton-mile 
which are very low compared with those of 
other countries. Typical average receipts per ton- 
mile, taken for railroads representing half the total 
mileage of the country, are as follow :—Bituminous 
coal, 0.512 cent; anthracite, 0.603 cent ; cotton, 
1.78 cents; hay, 1.025 cents, &c. Rates such as 
these contributed towards the 1966} million dollars 
revenue derived from freight traffic in 1910 by the 
United States railroads, this amount forming 69.2 

r cent. of the total revenues. The revenue from 
reight traffic last year constituted the largest 
amount ever earned in this way by the railways of 
the country, but the receipts per ton-mile do not 
improve. In 1888 such receipts stood at 1.001 cents, 
and from that date until 1900 they steadily declined. 
When at their lowest, in 1899, legislative enactments 
had a steadying effect, and a slight rise followed. 
Since that time they have remained practically un- 
changed. This decline is estimated in Mr. Slasson 
Thompson’s seventh annual report of statistics 
relating to the railways of the United States to 
have cost the railways, on the basis of freight 
tonnage handled in 1910, a sum equivalent for that 
year to nearly 616 million dollars. While this has 
been remitted to the shippers and traders, the 
prices of commodities to the public have steadily 
advanced, so that the inference naturally is that 
the traders have reaped the benefit. 

The manner in which rates have been gradually 
reduced is reflected in the analysis of rate decisions 
rendered by the Interstate Commission. The 
formal decisions for 1909 showed that 61 per cent. 
of the cases brought by shippers resulted in rate 
reductions or reparations. In 1910 the decisions 
resulting in reductions amounted to 58.9 per cent. 
of the cases considered, the balance being dis- 
missed. In no case in either ‘year was a decision 

iven allowing an advance. In addition to these 
ormal decisions, orders were given by the Commis- 
sion in 1910 for 3103 reductions or refunds, so that 
the trend of the judicial control of the railways is 
manifest. 

In recent years this tendency has been partially 
offset by great changes in operation. The habits 
of the community have rendered it possible to 
take full advantage of the big-load principle in the 
United States, and though, in the last year or two, 
the demand for higher speeds and regular service 
has introduced into American service something 
akin to our booked goods trains, yet the operatin 
conditions as a whole in that country remain typica 
of the full-train-load system. It is stated that in 
the last eleven years 51,464 locomotives, 31,247 

nger-cars, and 1,803,262 freight-cars have 
nm built in the United States. Construction 
reached a high-water mark in 1907, but the recovery 
since the slump following that year continues, and 
in 1910 the figures of 1905 had about been 
equalled, Of the equipment built in the eleven 
years named, about half was for replacements, 
and the other half to take care of the expansion of 
traffic. 

The number of locomotives owned increased in 
eight years (1902 to 1910) by 39.1 per cent., but 
the increase in traftic is better reflected in the 
statement that in tractive power the locomotive 
stock has increased 84.3 per cent., and the change 
of methods by the fact that the weight of engines 
(without tenders) has increased 80 per cent. From 
these figures it appears that the later locomotives 
are slightly more efficient than the earlier. The 
average weight now stands at 73 (short) tons without 
tender, and when it is remembered that there are 
over 57,000 locomotives in service in the country, 
it is evident that the locomotives built in recent 
years must have been greatly above the average, to 
result in so large an increase of weight as 29.5 
per cent. in eight years. In the same way freight 
cars have been increased in capacity, and while 
cars under 60,000 lb. capacity have decreased in 
number from 641,116 in 1902 to 290,560 in 1910, 
cars of 80,000 Ib. have increased in number from 
158,179 to 522,446, and of 100,000 Ib. capacity from 
48,834 to 376,988 in number. All the classes of 
the larger capacity cars show considerable increase. 





The combined effect of these movements, taken 
with the large amount of work done in the way of 
e improvement, &c., has been to render pos- 
sible the working of larger trains than formerly, all 
this contributing to the result that in the last 
22 years an increase of 324 per cent. in the tonnage 
carried one mile is recorded, with only a concurrent 
increase of 80 per cent. in train-mileage. This, at 
least in part, disposes of the charge of unscientific 
management brought against the railways. 

Similar remarks apply to passenger service. In 
a similar period the average receipts per passenger- 
mile have fallen 27 per cent., and are now far 
below the figure which official statistics, compiled 
for the years between 1888-93, show to have then 
been the cost of working such service. Since the 
cost of equipment has increased enormously since 
1893, and the demands of the public for better 
service, &c., have entailed more costly methods of 
working, much of the passenger service must to-day 
be unremunerative. Strictly scientific manage- 
ment in this direction, accompanied by cutting 
down expenses, would certainly be resented, so 
that not much can be saved here. Increased rates 
appear to offer the only solution. One item may 
be instanced as typical of increasing costs. Pas- 
senger-cars cost, on the average, 4905 dols. twenty 
years ago, compared with 8623 dols. ; ut into the 
steel cars of modern requirements. 

In operation the savings declared by the shippers 
to be possible are mythical, and it therefore only 
remains possible to show them on such work as 
that connected with maintenance of equipment. 
That anything of this kind is possible on a large 
scale will be thought doubtful by anyone who is 
conversant with American shop systems. There 
are not lacking, here, persons who consider that 
system has been worked to the extreme in some of 
the shops of that country, so that it is rather sur- 
prising that still more ‘scientific’ management 
should be advocated. As a matter of fact, many of 
the smaller shops are inevitably less regularly 
managed, but this is largely incidental to the nature 
of the work done. On the whole we do not believe 
that serious charges of inefficiency can be laid 
against the railway shops of the United States, 
whose work is not such as lends itself to systems 
like those adapted, for instance, to the manufac- 
ture of sewing-machines or typewriters. 

While the shippers’ contentions are therefore 
comparatively valueless—for there has been, so 
far as we are aware, no attempt to show how 
improved service can be obtained for the capital 
invested in locomotives, which occupy only about 
28 per cent. of their time in revenue-earning work— 
the recent decisions went against the railways, as 
it was considered that they had not proved their 
case for the new rates, as they are now required 
todo by law. The thought seems to have been 
general that these increases were merely fore- 
runners of a larger movement, and relief is felt 
that, now the so-called ‘‘ vicious circle” has been 
broken, the cost of living will not rise further. 
If the railways may not increase rates, they have 
a plausible excuse for not allowing, at present, 
further increases in wages, and, with the demands 
of labour decreased, the cost of commodities should 
not rise above present levels, under normal circum- 
stances. The Commission considered that the rail- 
roads were making a fair return on the value of 
the concerns as trading corporations. Hence the 
increased rate was not justified. 





THE BUILDING TRADES’ 
EXHIBITION. 

Tuts Exhibition, which was opened at Olympia 
on Saturday last, the 22nd inst., is the third that 
has occupied the great hall at Kensington, and the 
ninth of the biennial series, and it is, without 
doubt, the largest exhibition of these trades so far 
organised. Moreover, in quality it is excellent ; 
not that this is a surprise, because, from past 
experience, we have grown to expect these building 
exhibitions to be of special interest, including, as 
they do, methods of construction that have, during 
the last few years, made rapid advances and 
revolutionised older methods. odification of the 
Building Acts has, no doubt, been largely responsible 
for this, in that these Acts now recognise the use, 
under certain restrictions, of reinforced concrete 
and slab construction ; though the more intimate 
knowledge of the properties and many-sided uses of 
cement have probably also contiibuted considerably 
towards the advance that has been made. We 
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may, perhaps, have come to expect more advance 
at each of these exhibitions than is reasonable, 
forgetting that new systems and new methods 
cannot always be the chief feature of an exhibition, 
and that a halt must sometimes be called, in what 
may be regarded as purely constructional work. Be 
this as it may, there is one thing at any rate which, 
we think, must strike the observant visitor who is 
familiar with these exhibitions, and that is, the 
difference between the present one and some of 
those preceding it, for this year there appears to be 
a marked increase in what may be called the 
decorative part of builders’ work. This will at 
once be noticed in the great number of stands 
devoted to fancy bricks of all kinds (some of which, 
by the way, are very attractive), cabinet work, all 
kinds of artistic sanitary fittings, and particularly 











fireplaces have been well arranged. Another 
feature of the building is Cornes’s well-known 
‘* model cottager ” combination kitchener, which is 
placed between the kitchen and the scullery, 
thereby economising space as well as coal and 
labour. The copper is heated by the kitchen fire, 
and provides hot water to the porcelain enamel 
cast-iron bath inthe bath-room. The heat from the 
fire passes round the radiating front and back of the 
copper; the boiler is accessible from the scullery, 
and hot water for domestic purposes can be drawn 
from the scullery. There is not the slightest risk 
of explosion, as there is nothing sealed, and every- 
thing has been arranged with a view to safety. 
The range in the living room has a lifting fire, 
with a specially strong fire-box, so arranged as to 
economise fuel. 








Fie. 1. 


paints and varnishes ; in fact, the number of stands 
devoted to this last group is very striking. There 
is, however, still a very fine show of house 
construction in a great variety of materials. 
Perhaps one of the most striking features of the 
Exhibition is the model cottage that stands at the 
far end of the Annexe, and which was specially 
designed for and erected at this Exhibition. It 
may be remembered that last year a similar cottage 
was to be seen at the Municipal Exhibition held in 
the Agricultural Hall, Islington, to which we 
referred on page 618 of our eighty-ninth volume. The 
one now on view is rather more elaborate, however, 
and more commodious, otherwise it is on much the 
same lines, the object of cheapness having been 
kept in view throughout. It was designed for 
Mr. James Cornes (author of ‘‘Modern Housing 
in Town and Country ”) by Mr. E. C. P. Monson, 
F.R.1.B.A., &c., and is intended as an example for 
ome cities, model villages, and municipal housing. 
t is modelled on the lines of the cottages recently 
awarded a gold medal at Swansea, designed by the 
same architect. It contains a living-room, a parlour, 
a scullery, a bath-room, anda larder on the ground- 
floor, and three bed-rooms up-stairs, and can be 
built for 2201. detached, or in pairs at a reduced 
figure. In addition to the rooms on the ground floor 
there is a small’entrance-hal!. The largest room 
measures 14 ft. by 13 ft., and the smallest (with 
the exception of the scullery and larder) 10 ft. by 
9 ft. 44in. In the parlour there is a large bay 
window, and a particular feature of the building is 
that there is a separate bath-room which opens out 
of the scullery. This arrangement has been 
adopted because it has been found from experience 
that a bath-room cannot be provided on the first 
floor without considerable extra outlay, and 
frequently at the expense of a bed-room, or the 
curtailing of bed-room accommodation. None of 
the bed-rooms has more than one door, and all the 
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Perhaps, after all, however, the chief feature of 
the cottage lies in the construction of the walls ; 
these are made of ‘King ” concrete slabs 4 in. thick, 
which have been manufactured by Messrs. J. A. 
King and Co., 181, Queen Victoria-street, London, 
E.C. They are covered outside with rough cast. The 
partitions and ceilings are fire-resisting and vermin- 
proof, and are built of Mack plaster slabs, made by 
the same firm who supplied the concrete blocks for 
the outer walls. The woodwork is well executed, 
and the roof is covered with tiles, which give to 
the cottage quite a pleasing appearance. Messrs. 
King and Co., who supplied all the concrete 
blocks and the slabs, have on view at Stand No. 111 
a very comprehensive collection of the different 
articles which they make; among these exhibits 
is a new form of glazing which the makers 
call “‘ferro-prism,” which is suitable for pave- 
ment lights, roofs, floors, partitions, windows, &. 








It is really a combination of glass and reinforced 
concrete. The slabs of glass are so constructed 
that between each two pieces there is a space which 
is filled with fine cement concrete or mortar when 
the pieces of glass are in position, a thin steel rod 
or wire being embedded in the lower part of the 
concrete so as to form a tension member. The 
firm publish the results of a test that has been 
made on the bearing capacity of these lights. The 
distance between the supports was 2 ft., and the 
joints in Nos. 1 and 2 tests were filled up with 
moist concrete in the proportion of 1 of cement to 
2 of sand; it is stated that the lights gave way 
with loads of 5120 Ib. and 4300 Ib. per square foot 
respectively. In the light No. 3 the joints were 
filled up by pouring in a wet mixture in the same 
proportion as in Nos. 1 and 2. This arrange- 
ment failed with a load of 8200 lb. per square 
foot. If such results can be relied upon in prac- 
tice, it is clear that these lights have most ample 
strength. 

Among partition slabs, of which there are many 
examples, those of the Muribloc (Partition Slabs), 
Limited, Princes Wharf, Wandsworth, London, 
8. W., are well worthy of attention, in that they have, 
we understand, withstood more severe tests as to 
strength than any other similar form of construc- 
tion. They are made of cement-clinker concrete, 
and their process of manufacture was described by 
us on page 296 of our eighty-ninth volume. It is 
claimed that they are cheaper than 44-in. brick- 
work or stud partitioning, and they are very 
strong, the crushing strength of a 44-in. slab, 
according to Messrs. Kirkaldy and Son, South- 
wark-street, S.E., being as much as 28 tons per 
square foot. Specially light slabs are made by the 
same process as the heavier ones, but pure crushed 
pumice, in: place of clinker, is used in their con- 
struction. We understand that the tirm is now 
supplying a very large number of these slabs 
for use in house-building, including a villa at 
Beaconsfield, in which the walls are 4} in. thick, 
finished with rough cast, and the partitions 2} in. 
to 3} in. thick. The slabs have also been used for 
the walls of engineering works, and finished with 
a cement wash. They are all 27 in. long by 
15 in. wide, but vary in thickness, being made 
2} in., 3} in., or 4} in. thick, according to the use 
to which they are to be put. 

The Armoured Tubular Flooring Company, 
Limited, 53, Victoria-street, London, S.W., ex- 
hibit specimens of their reinforced concrete fireproof 
tlooring in a variety of standardised forms. This 
floor is built up of reinforced-concrete webs, having 
shoulders formed upon them for the support of con- 
crete tubes, which are so sha that the finishing 
top layer of concrete combines with the webs. 
Sections of this flooring are shown which are 
spplicable to a clear span of 30 ft. 

Voncrete building blocks are year by year becom- 
ing more extensively used in place of brick and 
stone for the construction of houses, the making of 
these blocks forming an important industry, and in 
order that they may be made rapidly and econo- 
mically, machinery has been called into requisition 
for the purpose. One of these machines is to be 
seen at the stand of The (U.K.) Winget Concrete 
Machine Company, Limited, Star Buildings, North- 
umberland-street, Newcastle-on-Tyne. It consists 
of a mould-box with hinged sides, and ends carried 
in a frame hung on trunnions. This box is filled 
with concrete and rammed. There is a lever at 
the right hand of the machine as the operator faces 
his work, and when this is pulled down, the bottom 
of the mould-box, which is formed of a loose pallet 
inserted for each block, is lifted up, and at the same 
time the sides of the box fall outwards, leaving the 
finished block on the pallet ready to be carried 
away. If cores for the block are used, these are 
carried on a fixed bed under the pallet forming the 
bottom of the mould-box. With these machines it 
is claimed that a wet mixture of concrete may be 
used because the cores are placed vertically in the 
block during construction, and the blocks are not 
distorted when the cores are withdrawn, whereas 
when the cores are placed horizontally the block is 
liable to distortion by the material sinking over the 
space left by the core. The machine is guaranteed 
to turn out 200 blocks per day by two men and a boy. 
The size of the blocks are 32 in. by 9 in. by 9 in. ; 
but as many as 300 blocks have been made in one 
day, this average being kept up over three months. 
Another (Smale’s) concrete block-making machine 
is exhibited by Mr. Sam Deards, 88, Chancery- 
lane, London, W.C., which is said to have a capa- 
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city of 1000 blocks, 18 in. by 9 in. by 4} in., per day 
of ten hours by the labour of one man and three 
boys. The blocks can be made either for inner 
walls, partitions, or outside walls, and of any 
pattern that may be required. It is claimed that 
they are so economically made that a six-room 
cottage can be built and titted complete for the sum 
of 1501., and a four-room cottage for 1251. Three 
horse-power are required to drive the machine. 

Before leaving the subject of concrete we must 
mention a very convenient machine for mixing 
concrete by hand, which is on view at the stand 
of the Ransome ver Mehr Machinery Company, 
Caxton House, Westminster. It has been designed 
for mixing concrete, tar-macadam, asphalt, and 
mortar, and is suitabie for small outputs up to 
20 cubic yards per day, with one man to work it ; 
it turns a batch of 2 cubic feet ata time. It is 
claimed that it reduces the cost of mixing concrete 
or tar-macadam by 30 to 50 per cent., and gives a 
much superior product to that obtained by ordinary 
hand labour. The mixing is done by means of paddles 
which, while they revolve, keep the drum quite 
clean. The drum being open, the mixing is always 
open to inspection. At this stand may also be seen 
a new type of corrugated steel-sheet piling. 

Another small new machine to be seen at this 
stand is a ‘* Vibrant’”’ consolidator or mechanical 
tamping-machine for vibrating concrete in situ or 
in moulds, with the object of increasing its density 
and ensuring a good bond between the concrete 
and its reinforcement, as well as an increase in the 
water-tightness of the material. It is hand-driven, 
and is very portable. It consists of two distinct 
parts, one of which is the driving arrangement 
carried on a vertical pillar, and the other the 
tamping mechanism, which is formed of several 
revolving beaters fixed to a stand that can be placed 
over the supports — the concrete that has 
to be consolidated. The beaters strike rapidly on 
the base of the stand on which they are carried 
and vibrate the whole mass of soft concrete. The 
driving mechanism and the beaters are connected 
by means of a flexible shaft. The firm also show 
& new cement-tester, which is very portable and 
simple. The machine bores through a test-block 
and measures the resistance of the block to the drill 
by means of a spring-balance, the penetration of 
the drill being measured automatically on a scale 
read off in millimetres. By this method the resist- 
ance to penetration (or the hardness) of the cement 
at any depth in the test-piece can be accurately 
determined, and it can be ascertained whether the 
cement in setting is merely hardening on the 
external surface exposed to the air or hardening 
uniformly through the whole mass. 

mong | makers of wood-working machinery, 
Messrs. C. D. Monninger, Limited, 124, Clerken- 
well-road, London, E.C., have a very good dis- 
play of their well-known appliances. ese are 
chiefly standard ty that have been on view 
before, but the firm od also a new form of circular 
cutter-block for planing-machines. It is fitted with 
three knives which can be adjusted very rapidly. 
The cutter-blades are held firmly by three flaps or 
segments of the block, and only project about 
ty in. over the latter, which renders the danger 
of severe mutilation of the attendant impossible, 
because, in case of the man’s hand slipping on to 
the block a slight flesh wound only is the result 
in place of the probable loss of several fingers. 
In addition to this advantage, the three cutters are 
found to make a smoother cut than two cutters, and 
more rapid work results. A very useful appliance is 
also fitted, which makes it possible to set and 
fix the three knives absolutely true in a few 
moments. The knives are only about 4 in. thick, 
so that the time occupied in grinding them is very 
much less than with thicker knives. The firm have 
also a collection of their well-known band saws, 
which are supplied in widths from } in. to 10 in., 
while their gear for sharpening and setting 
saws are well worth inspection. A very handy 
form of apparatus for brazing saws may also be 
seen at this stand. In this machine the ends of the 
saw, after being filed obliquely one tooth’s length, 
are lapped and placed ona rest, where they are fixed 
by two screws, so that the top is just in the middle 
of the pressure plates. The borax and spelter are 
then placed between the saw ends, and a heating 
furnace in the middle of the machine is put over 
the top. Heat is then applied by the brazing 


lamp, so that the flame just blows through the 
aperture of the furaace on to the saw-blade, and 
in lees than a minute the solder is liquid. 


A 





lever is then pulled down, which draws back 
the furnace, and at the same time brings down 
a pressure plate on the joint, so that the parts 
are forced together ina very even manner. The 
makers claim that as many as twenty joints can be 
made in 1-in. saws inan hour. The furnace has 
an iron cover, and is lined with fireproof clay. The 
— machine does not weigh more than about 
30 Ib. 

The ‘‘Oliver” Machinery Company, Limited, 
201 and 203, Deansgate, Manchester, exhibit a very 
useful revolving oil-stone and general grinder, of 
American make, which is particularly suitable for 
pattern-shop work. It comprises a grinding cone 
for sharpening gauges with inside bevels, a leather 
wheel for stropping tools after grinding, the face 
being suitable for flat tools, and the edge for gauges. 
There is also an emery-wheel for general grinding. 
The oil-stones are enclosed by a pan which receives 
any excess oil. When the stones are well saturated 
very little additional oil is required. The shaft 
on which the cone, strop, and emery-wheel are 
mounted is driven direct from a counter-shaft, and 
power is transmitted to the oil-stone shaft through 
a set of spur and spiral gears. The tool-holder is 
adjustable and can be dropped out of the way if 
desired. The firm also exhibit among other things 
a new radial compensated chain mortiser, with 
hollow chisel boring attachment, and a very handy 
form of chain mortiser suitable for fixing to a pillar 
or post. 

A varied collection of wood-working machinery 
may also be seen at the stand of Messrs. J. Sagar 
and Co., Limited, Canal Works, Halifax, Toe, 
and 60, Watling-street, London, E.C., among which 
is a combined chain-cutter and hollow-chisel mor- 
tising and boring machine, which is self-contained 
and requires no counter-shaft. It is fitted with a 
reciprocating chisel, a rotary chisel or routing bit, a 
hollow square chisel with internal rotary bit, and 
a chain-cutter. 

Messrs. John Pickles and Son, Hebden Bridge, 
Yorks, have a varied collection of machines, among 
which is a high-speed four-cutter planer and mould- 
ing machine. This we illustrate on page 559. It 
is of recent design, and is a very well-arranged 
tool. The main frame is strong and heavy, so as 
to absorb strains incident on high-running speeds 
and very quick feeds. The chief feature is the 
variable friction feed, which is capable of very 
rapid adjustment, up to 80 ft. per minute. The 
machine has a bottom cutter spindle which can be 
fixed or drawn out, covered feed-rollers, and cut 
gearing throughout. The spindles are of high-carbon 
steel, and the side cutter- Sloth are interchangeable. 
The cut of the bottom cutter spindle can be regu- 
lated by an adjustable throat-plate. The firm have 
also a very handy new universal dimension sawing- 
machine, which carries two 16 in. diameter saws 
for accurate sawing and cross-cutting, and one 
24-in. saw for ripping. It has been designed for 
quick, accurate work in joinery, cabinet and 
pattern-making, and will turn out square, bevel, 
mitre and compound-angle sawing, grooving, &c. 
The table can be canted 45 deg., and set with an 
index scale. The front part of the table is on anti- 
friction rollers, and moves with great freedom; it is 
also fitted with a quick-locking device. There is a 
large fence, quickly adjustable across the saw-table, 
which has an exact micrometer gauge for fine sett- 
ing; it also can be canted 45 deg., and will swivel 
30 deg. in either direction for cutting out core-boxes, 
&c. There is an auxiliary fence for cross-cutting 
and mitering, with stops at standard angles on a 
graduated scale. A universal gauge for light work 
is also fitted. The two-saw spindles, with their 
bearings, are fitted in an inner revolving disc- 
frame, which is turned by a self-locking worm and 
wheel, the running spindle being driven by an end- 
less belt in the usual way. e table is 44 in. 
long and 40 in. wide, and cuts 42 in. dee 
with 16 in, diameter saws, or 8% in. deep with 
24-in. saws, and cross-cuts 36 in. long can be 
made. The tool will rip up to 22 in. wide between 
the saw and the man - fence to scale measure. 
Another machine of interest at this stand is a 
concrete-block-making machine, which has a capa- 
city of 200 blocks day of 10 hours. The blocks 
are moulded face down, and the cores are made 
horizontally. It has face and og ye for making 
plain and rock-faced blocks, full, half, and quarter 
sizes, and plates are supplied to form openings to 
receive joists and to form inner corners. Among 
other exhibitors of wood-working machinery are 
Messrs. R. Becker and Co., 53, City-road, London, 





E.C.; Messrs. Glover and Co., Holbeck - lane, 
Leeds; Messrs. Kirchner and Co., Limited, Taber- 
nacle-street, London, E.C.; and Messrs. Wilson 
Brothers, Victoria Machine Works, Leeds. 

Since the advent of ferro-concrete the need for a 
simple, portable, and effective machine for bending 
steel reinforcing-rods has been felt, and one suitable 
appliance, at any rate, is forthcoming, and is 
supplied by Mr. W. Kennedy, 11, Furzhanm-road, 
West Drayton, Middlesex, an example of which 
may be seen at his stand. We illustrate this machine 
on page 559, and from this engraving the construc- 
tion and action of the machine will readily be 
understood. It is fitted with special stops for 
bending rods close to the ends, and it also has stops 
for repetition work. It can be used on rods up to 
in. in diameter as a simple lever machine. In 
this case the pinion shown in our illustration is 
removed, and the lever is simply pulled round. If, 
however, larger bars up to 1j in. in diameter are 
bent, the smali roller is removed, and the large 
one placed on the pinion-shaft, and is turned by 
means of the ratchet-lever. There are also other 
machines at this stand for pipe, angle, and T bend- 
ing, as well as for bending rods up to 14 in. in dia- 
meter. A feature of the rod-bending machine is that 
with it rods can be very accurately bent into spirals. 

A noticeable feature of the Exhibition is the 
marked advance that has been made in steel doors, 
partitions, furniture and fittings, and some very 
interesting examples of these are to be seen at the 
stand of Roneo, Limited, 26, Holborn Viaduct, 
London, E.C., whose doors and chairs are par- 
ticularly worthy of study. As this class of 
work is now attracting considerable attention, on 
account of its non-inflammable nature, these ex- 
hibits will, no doubt, prove interesting to many 
visitors. There are, of course, other exhibitors of 
similar goods, but we have not space to refer to 
them all. 

Before concluding this notice we may say that 
the many stands where displays of all kinds of 
bricks are on view should not be missed, one of the 
most noticeable exhibitors of this class of goods 
being Messrs. Thomas Lawrence and Sons, Brack- 
nell, Berks, and all interested in road materials 
will find plenty to occupy their attention in the gal- 
leries. The Exhibition will remain open till May 6. 








LATENT DEFECTS AND THE 
“ INCHMAREE ” CLAUSE. 

Everyone who buys machinery runs a certain 
risk of trouble arising from what are known as 
‘latent defects.” If a person knowingly sells a 
machine with a material latent defect without dis- 
closing it to the buyer, the latter is entitled to refuse 
to keep to the bargain, although upon the sale of a 
specific article there is in general no implied war- 
ranty against latent defects. The exception to this 
rule is that where the buyer expressly or by impli- 
cation makes known to the seller the particular 
purpose for which the article is required, so as to 
show that the buyer relies on the seller’s skill or 
judgment, and the goods are of a description which 
it is in the course of the seller’s business to supply 
(whether he be the manufacturer or not), there is 
an implied condition that the goods shall be reason- 
ably fit for such purpose ; provided that in the case 
of a contract for the sale of a specified article under 
its patent or other trade name, there is no implied 
condition as to its fitness for any particular purpose. 

Where machinery is used in ships the shipowner 
naturally desires to secure himself as far as possible 
from the consequences of damage arising from 
latent defects. e may have his remedy against 
the builder, but that is not sufticient. 

The question of how far underwriters are liable 
for latent defects has recently been considered in 
several cases connected with the law of marine 
insurance. The liability of an underwriter being, 
as a rule, confined to perils of the sea, it has been 
argued, and argued successfully, that a breakdown 
in machinery of a steamer is not a maritime risk. 
As a result of this decision, the ‘‘Inchmaree clause” 
(called after the vessel which gave rise to the dis- 
pute) was generally inserted in policies. That clause 
provides that insurance covers loss or damage 
‘*through explosions, bursting of boilers, breakage 
of shafts, or through any latent defect in the 
machinery or hull, provided such loss or damage 
has not resulted from want of due diligence by 
the owners of the ship, or any of them, or by the 
manager.” 

The meaning of the term ‘‘latent defect,” as 
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used in this and similar clauses, has been frequently 
discussed. In one case the connecting-rod of the star- 
board engine of a-torpedo-boat destroyer, which was 
insured, broke while on a trial trip. It was found 
that the accident arose through weakness in design, 
and that this was not a ‘‘latent defect in machi- 
nery ” within the meaning of the clause. In a later 
case it was held that the Inchmaree clause does not 
cover a latent defect in the machinery unless such 
defect causes actual loss of, or actual damage to, the 
machinery. The mere wearing out of the machinery 
owing to a latent defect is not within the policy. 

In a much more recent case (Hutchins v. Royal 
Exchange (1911), 27 T.L.R., 217) it appeared that 
hy a policy of marine insurance a ship was insured 
for twelve months from December 8, 1908, to Dec- 
ember 8, 1909, against the ordinary Lloyd’s Perils, 
and a special clause protected them against ‘‘ loss 
of, or damage to, the hull . . . through any latent 
defect in the hull, provided such loss or damage has 
not resulted from want of due diligence by the 
owners of the ship, or any of them, or by the 
manager.” There was a defect in the ship’s stern- 
frame at the time when she was built—viz., in 1906 
The defect was covered up by the makers, and it 
remained undiscovered by reasonable inspection 
until after the commencement of the policy. During 
the currency of the policy the defect became visible 
owing to ordinary wear and tear, and the stern- 
frame was condemned, The assured claimed to 
recover under the policy the cost of replacing the 
condemned stern-frame. It was held that there had 
heen no loss or damage to the hull during the cur- 
rency of the policy from the perils insured against, 
and therefore that the assured were not entitled to 
recover. Mere discovery of a latent defect, and the 
consequent condemnation of the machinery during 
the protected period, does not justify a claim. 

The most recent case on the Inchmaree clause 
was decided by Mr. Justice Scrutton on March 13. 
He had in that case to consider that part of the 
clause which compels the owners to exercise due 
diligence in preventing loss or damage from a latent 
defect. The action was brought on a policy of 
insurance on a dredger. While the vessel was at 
work in Aden Harbour the chain supporting the 
bucket-ladder broke, with the result that the ladder 
and buckets fell to the bottom, doing considerable 
damage. The insurers declined to pay the cost of 
repairs, alleging that a prudent uninsured owner 
would have abandoned the chain as unfit for use 
before the accident, in which case they contended 
that the loss through latent defect was not recover- 
able under the Inchmaree clause. The history of 
the chain was as follows :—It was supplied in 1890. 
The links were 1} in. in diameter, , 1907 it was 
annealed and tested (and stood the test) at the 
Bombay Testing House. On May 30, 1909, it 
parted at a link while hoisting the ladder, but the 
broken link was lost. It again parted on June 16, 
and it being then suspected that the chain material 
was ‘‘ fatigued,” or ‘* short,” the whole chain was 
annealed ashore. After this it continued to work 
until November 28, when the accident causing the 
damage happened. On the link being examined a 
defect was found in the weld, which Mr. Justice 
Scrutton was satisfied was latent. Commenting upon 
the facts, he said: ‘I find that the loss or 
damage did not result from want of due diligence 
by the owners or the manager, who were justified 
in thinking that the chain was sound and of sufti- 
cient strength for ordinary perils, and who used all 
proper care to examine it, and, by annealing, to 
keep it in good order. This case appears to me to 
afford a good example of the legitimate claims 
which the Inchmaree clause was intended to cover.” 
He pointed out that his decision was not intended 
to encourage assured persons to go on working worn 
out plant until it broke, and said: “If the plant is 
so worn that, if sound, it is yet too weak, there is no 
claim under the Inchmaree clause.” 

_ The above cases serve to establish these proposi- 
tions: (a) that the shipowner can only recover 
for a latent defect’ which actually does damage 
during the period for which he is insured ; (b) that 
so long as he takes all reasonable means to discover 
latent defects he is entitled to claim the benefit of 
the Inchmaree clause ; (c) breakage through mere 


wear and tear cannot justify a claim under this 
clause. 





METROPOLITAN Water Boarp.—The Presi 
can Mage | Board will perform Sey cnn oo 
tne ton pumping -station on Sa y, 


NOTES. 
Tue New Scrence Museum at Sovutu 
KENSINGTON, 

Tue Departmental Committee, which was ap- 
pointed to report on various questions in regard to 
the present condition and future development of 
the Science Museum at South Kensington and the 
Geological Museum in Jermyn-street, has just 
issued a report which deals, in the main, with the 
development of the collections of scientific exhibits 
contained in the two museums. The report points 
out that until the question of the actual sites for 
the new buildings at South Kensington is settled, 
it is impossible to make any definite proposals in 
regard to the arrangement of the new galleries. It 
states, however, that a consideration of the present 
collections, and a regard for the additions which 
are required to make them reasonably complete, 
indicate that in the immediate future a floor space 
of 300,000 sq. ft. will be required in the new 
Science Museum and 60,000 sq. ft. in the Museum 
of Practical Geology. These areas are exclu- 
sive of staircases, cloak-rooms, &c. The report 
deals briefly with the exhibits in the present 
museums, and considers them in the groups into 
which they naturally fall as representative of 
various sciences or trades. It is stated that some 
of the groups are well represented, and that com- 
paratively few additions would be required in order 
to make them into reasonably complete collections. 
Others, however, are far from satisfactory. Thus, 
for instance, the models and exhibits forming the 
collection illustrative of engineering requires 
but little expansion to make % equate, while the 
collection devoted to electrical engineering should 
be increased to five or six times its present dimen- 
sions. It is pointed out that the existing collec- 
tions are notably deficient in models and exhibits 
illustrating structural engineering works, as dis- 
tinct from those illustrating machines. Among 
other recommendations, it is suggested that a con- 
ference room might form a feature of the new 
museum, in order that scientific or technical 
societies might on occasion meet there for dis- 
cussion of some one or other of the collections. It 
is also suggested that class-rooms might be built, 
in which teachers, with the assistance of some of 
the apparatus of the museum, might be able to 
direct their students’ attention to special lines of 
work, or special types of apparatus. 


THe RatLopHoneE. 


An application of induction telephony to the 
purposes of communication between moving trains 
and signal-boxes, or stations, has been made by 
Mr. H. von Kramer, who is introducing his system 
under the name of the railophone. A demonstra- 
tion of the apparatus was given at Stratford-on- 
Avon on the 20th inst., an installation, covering 
about three miles of line, having been laid down 
on the Stratford-on-Avon and Midland Junction 
Railway. The arrangement is very simple, and 
consists merely of an insulated line-wire carried 
parallel to the running rails, and a few feet from 
them, and a closed coil of about a dozen turns 
carried hy one of the coaches of a train. The closed 
coil is connectéd to a telephone instrument in such 
a way that the current pulsations, caused by speaking, 
pass through it, and are inductively reproduced in 
the line-wire, which is connected to a receiver in the 
signal-cabin. The return circuit of the line-wire 
is made through the track rails. In the actual 
installation on trial at Stratford-on-Avon two coils 
are used on the coach, one being connected to the 
transmitter, and the other to the receiver. The 
coils lie in a horizontal plane and completely 
encircle the coach, being carried below the foot- 
boards and protected with wood-casing. The tele- 
phone instruments are placed in a box in which 
the operator sits, and which is padded to deaden 
sound. An ordinary transmitter and receiver are 
used, the former working with from eight to ten 
dry cells. The line-wire of the installation is run 
— above ground and partly below, in the 
ormer case being laid in wooden troughing and 
insulated with bitumen, and in the latter carried 
on short wooden poles. It iss ted that the 
railophone system may form the basis of a signal- 
ing arrangement for trains, and it is stated that a 
relay has been developed which can be operated 
by the impulses po up by the train and 
arranged to control a system of cab si or, if 
necessary, the brakes. No details of 


available at the present moment, but it is clear 








e relay are | ; 


that somewhat special features would be necessary 
in an appliance which, while operating with a 
telephone current, would not at the same time prove 
too delicate to stand the vibration of a train in 
service. The railophone is handled by Inter- 
national Railophones, Limited, of Prudential- 
buildings, Corporation-street, Birmingham. 


Carbon TRTRACHLORIDE As FirRgE-EXTINGUISHER. 


The electrolytic preparation of chlorine from salt 
and brine has rendered carbon tetrachloride, a highly 
valued solvent for fats and oils, an inexpensive 
commercial article, and has also permitted of this 
chemically ona compound being used as a 
fire-extinguisher. arious compounds of carbon 
with chlorine and with the other halogens, fluorine, 
bromine, and iodine, are known, and the chemist 
regards them as derived from methane (the fire-damp 
of the miner), CH,, in which the hydrogen atoms 
are replaced by ee. When one or three atoms 
of hydrogen are rep , the resulting compounds 
are anesthetics producing slee (especially chloro- 
form) or antiseptics (iodoform). Several of the 
other compounds are important in the dye industry; 
but, with the exception of the fluoride.CF,, none 
of them can be prepared by the direct union of 
the elements. e tetrachloride is a colourless 
liquid, characterised by a pleasant smell, recalling 
that of Rhine wine ; it freezes at — 25 deg. Cent., 
and boils at 78 deg. Cent., but the vapours are 
practically non-inflammable and non-explosive, and 
stifle combustion, and the carbon tetrachlorine 
thus occupies an exceptional position among the 
carbon compounds. Various processes for the pre- 
paration of the tetrachloride have been patented 
in recent years, especially after E. A. Taylor 
succeeded in making as much carbon disulphide 
from coal and sulphur in his simple electric fur- 
nace as the United States required. According 
to J. A. Robinson, who drew attention to carbon 
tetrachloride in the Quarterly of the National 
(American) Fire Association in January last, the 
tetfachloride is made by passing chlorine gas over 
heated carbon disulphide. The condensed products 
contain carbon tetrachloride and sulphur dichloride ; 
the latter is decom by the injection of caustic 
soda, and the tetrachloride is purified by distilla- 
tion. It is put on the market in 100-gallon drums ; 
the density of the compound is 1.604, and the pound 
costs about 10 cents (5d.). Fire-extinguishers 
filled with tetrachloride have been used by the 
Interborough Rapid Transit Company, of New York, 
on their cars It has been pointed out that carbon 
tetrachloride, being a non-inflammable and non- 
corrosive substance, would be preferable to water 
and sand for extinguishing undesired arcs in electric 
installations. We do not think that any electrical 
engineer would resort to water in such a case ; 
but the tetrachloride may be useful. In the oil 
and fat industry mixtures of carbon tetrachloride 
and naphtha are used, and it is interesting to note 
that, according to E. A. Barrier, the addition of 
tetrachloride would make the naphtha safe against 
fire and explosion. Considerable percentages of 
the tetrachloride would, however, fe wanted. A 
naphtha distilling at about 55 deg. Cent. should 
contain 30 per cent. of carbon tetrachloride. A 
motor gasoline (70 deg. Cent.) should be mixed 
with 50 per cent. of tetrachloride to be free from 
explosion hazards, and with 60 per cent. to be free 
from fire hazard ; in all these cases an additional 
5 per cent. of tetrachloride would technically be con- 
sideréd advisable. The continued contact between 
hot carbon tetrachloride and water or water vapour 
should not cause direct dangers. The resulting 
products would be carbon dioxide and hydrochloric 
acid, not pleasant, yet not particularly dangerous 
gases. But it would be rash to predict that no other 
reactions might take place during a large fire ; 
carbon capelleside (sometimes called phosgene, 
because it is formed when carbon monoxide and 
chlorine are exposed to sunlight) might also be 
liberated, ¢.g., in highly unpleasant vapours, which 
water would decompose into carbon monoxide and 
hydrochloric acid. 





THe CHARTERED INstiITUTE OF PaTENT AGENTS.— 
Success attended the conversazione of the Chartered 
Institute of Patent Agents, held on Wednesday, the 
26th inst., at the Grafton Galleries. The reception 
was held by the President and Mra. Oliver Imray, 
and was attended not only by large numbers of 
members of the Institute, but ly representatives of 
scientific societies and Government Departments. It 





is ten years since the Institute was incorporated by 
Royal Charter. 
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ELECTRICALLY-DRIVEN BLOOM SHEARS. 


CONSTRUCTED 
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Tue bloom-shears which we illustrate in Figs. 1 
and 2, herewith, are of a new design by the Deutsche 
Maschinenfabrik, A.-G., of Duisburg, which represents 
a recent combination of three well-known Rhenish 
trms, Messrs. Bechem and Keetman, the Benrather 
Maschinenfabrik, A.-G., and the Miarkische Ma- 
schinenbauanstalt Ludwig Stuckenholz. The bloom- 
shears are made in the Bechem and Keetman Works 
at Duisburg. They were exhibited at Brussels as the 
first electrically-driven bloom-shears designed for 
large-size blooms. Although direct electrical driving 
has not presented any particular difficulties in smaller 
machines of this type, such machines could not simply 
be magnified to deal with heavy blooms and ingots. 
For this work hydraulic power alone seemed suitable. 
Hydraulic machinery, however, whether taking power 
directly from the high-pressure mains, or worked by an 
independent steam-engine, requires pipe systems in 
parts of the works where electric power would other- 
wise suffice. 

The particular way in which the machine we are 
about to describe works will best be understood 
from a brief consideration of the difficulties to be en- 
countered, and of other ways of meeting them. The 
essential rts of bloom-shears are two standards, 
two oh al an upper and a lower box, and roller- 
tables for the transport of the bloom. In former prac- 
tice the upper knife was moved, and the lower box 
made stationary. The bloom was cut from above, and 
the cut off pressed down, and room had to be 
provided for the descent of this end. A tilting device 
or an inclined roller-table, and further holding-down 
devices, were required. The latter parts were especi- 
ally suited to hydraulic power, and a combination of 
electric and hydraulic machinery did not appear desir- 
able. The mode of operation was therefore reversed ; 
in later machines, the upper box was made stationary, 
and the cutting effected from below. With this 
arrangement the bloom might have to be raised up to 
the upper knife, and the cut would be vertical only in 
cases when the bloom had the maximum thickness 
that the machine would take; in other cases an 
oblique cut would result. To overcome this difficulty 
the upper knife was lowered on to the bloom and made 
to rest on it while the cutting proceeded from below. 
This third mode, well suited for hydraulic machinery, 
has been adapted to electrical working by Messrs. 
Bechem and Keetman. 

Figs. 1 and 2 will explain the essential features. 
The upper knife-box and the lower knife-box 
L slide in the standards S; the rods G connect L 
with the cross-bar T; B is the bloom. The crank- 
shaft E is carried in bearings in the upper box U, and 
is driven by gearing from the electric motor M. The 
crank-pin of E is connected to the pivot Z, carried in 
bearings in T, by the coupling- K. The stroke 
of U is limited below by stops, and as long as U rests 
on these stops the pivot Z will serve as a fixed centre 
for the crank. Fig. 1 shows the machine at rest. 
When E begins to turn, the rod K will begin to swi 
about Z, and the box U will descend by gravity until 
it is stopped by striking the bloom B. ing this 
movement the big wheel fixed toE wi 
spur-wheel in mesh with it, The upper box U now 
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being stationary, the cross-bar T will be forced up- 
wards by the rod K if the crank-shaft continues to | 
turn. The upward movement of T forces the lower 
knife-box L upward, and the bloom is being cut. 

From the moment that the upper box U has come to | 
rest on the bloom, the machine, therefore, works like | 
other shears, which are cutting from below and are | 
fitted with a stationary upper knife ; there will be this | 
difference, however, that the npper knife presses the | 
bloom down on its base. While L returns to its lowest | 
porition, the operation will also be as with other | 
machines. As soon, however, as L has reached its | 
stops again, so that L and, with it, T and Z come to} 
rest, U will again be suspended from Z through the | 
crank K; on the return of E to its initial position, | 
U will be pulled up to the high level which it originally | 
occupied. The eccentric shaft is then thrown out of 
gear and arrested in its movement, and the machine 
will be ready for another bloom. 

Fig. 2 shows the machine as mounted complete. | 
The cross-bar T slides in the cap fixed to the standards. | 
Since the crank-shaft has its bearing in the upper | 
knife-box, the shaft participates in the movement of this 
box, and the gearing of the shaft, as well as the driving 
motor, should properly have been mounted on the box. 
Actually the ing is fixed to the standards. As 
the big hail hen been made Mes d large and is pro- 
vided with evolute teeth, the wheels are kept correctly 
in gear during the whole motion. Besides this the | 
gearing of the big wheel has been mounted at the 
centre of the upper box, and it must be borne in mind 
that the big wheel and the upper box are not in 
motion while the cutting is proceeding. When cutting 
goes on, and when the teeth of the gearing are thus 
strained, the centres are not altering. This arrange- 
ment also offers the advantage that the bloom is 
pressed down, not only by the weight of the movable 

rts which are partly counterbalanced, but also by a 
orce equal to the pressure acting through the teeth, 
which is proportional to the resistance of the bloom to 
be cut. The motor is mounted ona bed which is bolted 
to the framing and to the base. The knife-boxes are 
counterbalanced, as already mentioned. Two levers 
are provided for each box ; these levers are above the 
flooring. The balance-weights, which are elastically 
sus) led, are below. The levers are directly attached 








to the lower knife-box and connected with the upper 


box by rods. The crank-shaft is thrown in and out of 
gear by means of the clutch, which can slip on the 
shaft a little before the end of the stroke is reached, 
operated by a roller moving on an inclined path, and 
the coupling is then thrown out of gear. By means of 
a hand-lever the inclined path is pushed aside when 
the gearing is to be thrown in again, and a strong 
spring pulls the parts into gear. 

The whole construction has necessarily to be strong, 
because the motor must be coupled with a fly-wheel. 
If a bloom should have cooled too much, and offer too 
great a resistance to the knife, Te will have to 

ive way. A safety-pin has been inserted for this reason 
tween the fly-wheel and the gearing. An overload 
will shear this pin off, so that the fly-wheel will not do 
any further damage. Steel is used for all the parts 


| which are exposed to bending and tensile stress. The 


uliar arrangement of the shears allows them to be 
puilt into a fixed roller bed of normal construction. 
The bloom being cut from below, the rollers are not 
exposed to any excessive stress; and as the bloom 
is not raised for effecting the cutting operation, the 
pieces cut off do not drop on to the bed, but rest 
quietly on it. 

The shears illustrated take blooms of 450 mm. by 
450 mm. (17# in. by 17? in.), of a strength of 8 kg. per 
sq. mm. (5 tons per sq. in.), and are constructed to 
exert a pressure of 1600 tons. The machine weighs 
175 tons, and has a height of 25 ft. (about 8 ft. being 
underneath the flooring) ; the length of the floor-space 
occupied is about 21 ft. The stroke of the knives is 
500 mm. (20 in.). Ten strokes can be made per 
minute. With an electric motor of 280 horse-power 
four cuts per minute can be made on blooms of the 
largest size, and proportionally more cuts up to twenty 
can be made on smaller blooms of normal heat. 





Gexman Coat Detivertes.—The deliveries of coal 
from the principal German producing districts in the 
first three months of this year amounted to 30,869,210 
tons, as com with 27,276,070 tons in the correspond- 
ing period of 1910, showing an increase of 3,593,140 tons, 
or 13.17 per cent. The total of 30,869,210 tons was made 
up as follows :—Ruhr, 19,390,030 tons; Upper Silesia, 
6,544,040 tons; Lower Silesia, 1,044,520 tons; Sarre, 
2,204,770 tons; Aix-la-Chapelle, 570,000 tons ; and Rhine 
(lignites), 1,115,850 tons. 
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BENDING MOMENTS OF SHIPS AMONG 
WAVES. 


The Influence of Longitudinal Distribution of Weight 
upon the Bending Moments of Ships among Waves.* 


By F. H. ALExaAnDER, Member. 


THIS paper suggests a convenient method of extending 
the usual graphic calculations of statical bending moments 
to include those cases in which the positions of the shi 
are such that she is not in statical equilibrium, but is 
subject to movements, such as pitching or heaving. It 
then discusses the effect of longitudinal distribution of 
weight upon the dynamical stresses ; and, finally, makes 
some deductions from the results of comparative calcula- 
tions made on certain typical ships of similar principal 
dimensions, but of differing fineness of form. 

. ds Fig.i. 
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P| therefore linear acceleration (73) 


per foot length of that section, and is drawn to the same 
scale as the curve A W B. If the total areas under A W B 
and A EB are equal, and the moments of these areas about 
an axis at right angles to AB are equal, then there is 
statical equilibrium. 

Suppose, however, that the vessel is at an instant more 
deeply immersed, so that A DBis the buoyancy curve, 
the dilerence between the total areas of ADB and 
AWB (or AEB) represents an upward force p, and 


is given to the mass 


(") of the ship, such that 
a 
d?s_ p 


da ow” 








Each element of mass in the ship has this acceleration 











proportional to those of the first integral of the weight 
curve in the ratio , and thus obtain the curve A S B. 


This is the curve of shearing forces, which includes the 
dynamical effect of heaving. It may then be integrated 
to obtain the curve of bending moments, and if this curve 
ends in zero at B, there is no pitching involved in the 
conditions. 

Similarly, consider the case for he 

In Fig. 3 the nam ayy | curve A D B differs from the 
static buoyancy curve A EB in that there is a wedge of 
excess buoyancy aft, A O, and of diminished buoyancy 
forward. The ‘‘moment of transference” m of these 


wedges involves an angular acceleration (Fa) in the 


mass of the ship, such that— 


Fig. 5. 
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Fig.6. 
VESSEL A. 
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VESSEL C,. 
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Previous papers} read before this Institution by Mr. T. added to that due to gravitation, and the downward force 
C. Read oan Captain Kriloff have dealt with the subject . kom in oh f to w ds 
of the stresses set up by the ship’s oscillations, and a |st any given section is changed from w to w + g ae 


specimen calculation was given with the latter r, 
slows the method adopted was not a graphic oak cot 
as most of us are accustomed to use. 

The procedure followed in calculating the bending 
moments for a position of statical equilibrium is now so 
well known that description of it is hardly necessary in 
order to understand its extension to dynamical conditions. 

In Fig. 1, AWB is a “curve of weight,” of which 
any ordinate w represents to scale the weight of ship 
and contents 4 foot length of that section of the ship- 
girder. AE 


ordinate b represents the supporting water pressure 


* Paper reed before the Institution of Naval Archive 
April Cis ore the Institution of Naval Architects, 
Transactions of 


, the Institution of Naval Architects, 
vol. Xxxi. (1890), 


“On the Variation of Stresses on 

essels at Sea Due to Wave Motion,” by T. C. Read. 
See also Transactions of the Institution of Naval Archi. 
tects, vol. xl. (1898), ‘‘On Stresses Experienced by a 


Ship in a Seaway,” by Captain A. Kriloff, I.R.N. 








Scale of Tons perFoot. Scale of Tins per Foot. 








as shown in the figure by the dotted line A V B. 

This ‘‘ revised curve of downward forces” A VB and 
the buoyancy curve A D B can be dealt with in the usual 
manner to obtain the curves of loads, shearing forces, and 
bending moments ; but this direct method involves the 
determination of the acceleration and the somewhat 
laborious alteration of the weight curve. For these 
reasons the following procedure is preferable :— 





is a “curve of buoyancy,” of which any | 


In Fig. 2 the weight curve itself is integrated twice 
from A to B, the final ordinate f of the first integral 
representing to scale the total weight of the ship, and the 
| final ordinate h of the second integral representing 
| the moment of the weight about an axis at B. 
| Now take the actual weight curve AWB and the 
| actual nye pe curve A D Band proceed as‘uéual to get 
|a curve of apparent loads A LB (if necessary) and a 
curve of apparent shearing forces ATF. The final ordi- 
nate B F indicates that there is a heaving and upward 
acceleration, and represents to scale the excess p of buoy- 
ancy over weight. 


Superpose upon A TF a curve whose ordinates are 





7O_m™ 9 
d@ Wk?” 
where = . K® is the mass moment of inertia of the ship 


about an axis through the centre of gravity. 

This ‘‘ moment of transference” in the upward forces 
must be balanced by a equal moment of transference in 
the downward forces, At a section distant r from the 
centre of gravity, the linear acceleration is obviously 

oa and is upward in the after body.. Thus w be- 
comesw + @.¢,. 29 


qg 

forces” A V B can be made, and the usual procedure 
followed to obtain the stressing curves. 

For reasons similar to those previously given, the fol- 
lowing method is preferable :— E 

Fig. 4 shows a curve A N B representing the ‘‘ moment 
of weight” about an axis through the centre of gravity 
(G). BG can be determined from the integrals already 


made and shown in Fig. 2, for BG = 
graphic method of making the moment curve AN B is 


Tr. 


, and acurve of ‘‘revised downward 


A convenient 
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described in the Appendix. APB is the first integral 
of ANB, and AQ is the second integral. BQ represents 
to scale the value of the mass moment of inertia of the 
ship about an axis at G Lap poco depth of ship). i 
Hig. 5 shows the curve of apparent loads A L B and its 
first integral A T B, but, although this latter ends as zero 
at B, it is not correct to call it a curve of egy | forces, 
for its own integral A RH hasa final ordinate BH. BH 
——_ be om the a fn transference (m) of 
uoyancy. uperpose upon a curve propor- 
tional to the second integral A Q (Fig. 4) in the ratio 


BH ; the resulting curve A MB is the curve of bending 


B 

a ne which includes the dynamical effect of pitching. 
To obtain the corresponding curve of shearing forces it 
is necessary to superpose upon AT B a curve propor- 
tional to the first integral APB (Fig. 4), and again in 


* 
the ratio BE thus obtaining the shearing force curve 
ASB. 

By these methods the dynamical stressing curves can 
be obtained with little more labour than that required 
for the statical ones, and if a complete investigation of the 
stresses accompanying the vessel in her advance across 
waves is y see ne the labour is greatly reduced by the fact 
that the integrals of weightand moment of weight, when 
once made, serve their purpose for all positions of the 
ship. The Appendix contains some suggestions as to 
the application of the curves in determining the path of 
the vessel among waves. 

To investigate the influence of distribution of weight on 
the dynamical stressing forces, vessels of simple box form 
were considered loaded with dead-weight equal to two- 
fifths of the displacement. In the first case, this dead- 
weight was placed symmetrically over quarter length 
from each end, and in subsequent cases was moved 
inwards until it occupied the middle half-length. The 
following results were readily perceived or obtained by 
calculation :— 

In wall-sided vessels (and within the limits of wall- 
sidedness) :— 

1. A curve of weights proportional to the breadths of 
the surface water-plane gives no heaving or pitching 
stresses, whatever the accelerations. 

2. Weights which cause a still-water sagging effect in- 
crease the sagging stresses under upward-heaving accele- 
ration. 

3. ‘* Winged-out ” loads tend to reduce pitching stresses 
by reducing the angular acceleration due to given trim- 
ming moment. : 

4. Loads at extreme ends tend to cause a hogging bend- 
ing moment at the ascending end of the vessel in pitching, 
but as the loads are moved inwards this changes to a 


ng bending moment. 
F Loads about the middle of each half length tend to 
cause maximum pitching effects. ee 
6. Loads extending over half length amidships tend to 
cause maximum shearing forces at this section. ; 
7. The more the loads are concentrated the greater their 
effect upon the dynamical stresses. 

Turning 4 cases of actual a, I have chosen for the 
urpose of this paper two principal types—viz. :— 
. A. A cargo Jone onour in heeions and holds, but 

with deep tanks at quarter length from each end, 
trimming tanks, and cellular double bottom, all filled 
with water ballast. y 

B. The same type of vessel as A, but, instead of the 
spread deep tanks, a single-tank abaft engine space is 
substituted, and bunker-coal added to give the same 
displacement as A. . 

}. A fast passenger liner, reduced in scale from a 
larger vessel, so as to have the same length, beam, and 
load draught as the vessels A and B in their loaded con- 
dition. The bunkers are assumed full. 

C,. The same as C,, but with bunkers empty. 


Tasie I. 











| | | Displace- | Block Co- Sea 

— Length.) Beam. | Draught. a | efficient. Speed. 

x | & +e | es knots 

A 500 | 60 | 17.5 | 11,190 0.745 11.5 

B 500 | 6 | 17.5 11,190 0.745 11.5 
©, 5600 | 60 28 14,250 0.595 20 
Cy 500 | 60 25 | 12,470 0.580 20 


| | 


Table I. gives some particulars of these vessels ; Fig. 6 
shows vessel A in outline, and Fig. 7 shows C., and these 
figures also serve to illustrate the positions assumed for 
pitching to be presently referred to. 

Figs. 8 and 9 show the respective weight curves of the 
two types. ‘ < 

Fig. 10, page 565, shows the statical shearing forces 
ond ventlug moments in a wave 500 ft. long and 25 ft. 
igh 


n order to deal with the heaving and pitching con- 
ditions, I have assumed certain definite positions for the 
vessels, and starting with the further assumption that the 
positions in which the middle of length is directly over a 
wave-crest or a wave-trough are those likely to produce 
the most severe stresses, vessel B is taken as mene 
below the statical sageing ition to the extent of 11 per 
cent. of her statical displacement. Vessel C is taken 
as similarly depressed, but to the extent of 33 per cent. 
of her statioal displacement. For pitching, ve A and 
C, are assumed on the crest of a wave with the bow 
elevated to an angle of just over 5 deg. with the horizontal 
(Fig. 6), and vessels Band C, in the wave-trough with the 





* This assumes that the curves A P B and AQ in Fig. 4 
are set off to the same relative scales as the curves A 
and AR H in Fig. 5, 


~] may 





bow depressed to the same angle (Fig. 7). The vessels 
are assumed steaming directly against the sea. 

Fig. 11 shows the changes of bending moments and 
shearing forces due to heaving only. The vertical scale 
is three times that of the curves on Fig. 10 in order to 
show the effects more clearly. It is noteworthy that the 
shearing force curves for the fine vessel C, show lower 
values than those for the full vessel B, although the 
former has more than 25 per cent. extra displacement, and 
accelerations three times as great as those of the latter. 

Fig. 12 shows the four cases of shearing forces and 
bending moments due to pitching only. These are also 
on the enlarged vertical scale of Sig. 11. The shearing 
force, which in every case appears at the midship section, 
will affect the “‘ —— stresses” at that section. The 
large decrease of hogging bending moment in the forebody 
of vessels A and C, is due to a feature which will usually 
be found in vessels of ordinary form and loading. When 
change of trim takes place from a statical position there 
is a bodily rise of G due to the excess volume of the im- 
mersed wedge over that of the emerging wedge. Con- 
versely, G falls as the vessel returns to the statical posi- 
tion from an inclined one. The instantaneous axis of 
rotation is in the same section as the centre of flotation, 
and when the afterbody wedge is immersed this centre is 
usually well abaft the section containing the centre of 
gravity. If the distance between these centres be c ft., 


~ 


then there is a downward linear acceleration c o 


“ad t 
the whole mass of the ship at G accompanying the angular 
acceleration about the axis G. Thus the virtual weight 
of the ship is reduced, and the hogging bending moment 
also reduced, except in cases of great concentration of 
load amidships, and in these cases the statical bending 
moment itself would be small. 

The percentages of extra immersion assumed for heav- 
ing were obtained from calculations based upon those made 
by Mr. Read and published in the paper previously 
referred to ; but I think that the resistances he was com- 
pelled to assume (for want of better ones) were very much 
too low, as when they are applied to calculations upon 
high-speed vessels they lead to absurd results, such as 
have never been observed at sea. Even the percentages 
assumed in the present paper are, in my opinion, higher 
than would actually represent the heaving immersions in 
these ships when steaming across waves at the speeds 
stated. The ratio3 to 1 may, however, fairly represent 
the greater comparative amplitude of the fine vessel’s 
oscillations. 

With regard to the effect of the resistances themselves 
_— the stresses, it is perhaps unnecessary to state that 
the resistances are greatest when the velocities are 
greatest and the accelerations are zero. Taking the case 
of a vessel descending bodily from a position above that 
of statical equilibrium, there comes an instant when the 
sum of the upward forces of buoyancy and resistance to- 
gether balances the sum of the downward forces due to 
gravitation. The vessel has not reached the position of 
true statical equilibrium, for the total buoyancy is less 
than the total weight, the difference bein e up by 
the pressures due to resistances. If the distribution of 
the resistances is the same as that of the layer of buoyancy 
still wanting, the bending moment curve is at the instant 
obviously the same as the statical one. As the vessel 


| descends further ard passes through the position which 


would be correct for statical equilibrium if she were at 
rest, there are still resistances to add to the buoyancy, and 
acceleration effects to superpose upon the arm ny so that 
in it is a question of relative distribution as to whether 
the changes in bending moments are hogging or saggin 
in character. Until experimental data are obtained for 
the amount and distribution of resistances, we are unable 
to calculate their effects, but meanwhile the above assump- 
tion, that the resistances to heaving are distributed in a 
curve practically proportional to the breadths of the ship 
at the water surface, is possibly near the truth qualita- 
tively. In the same manner the resistances to pitching 
assumed as distributed in proportion to the ordi- 
nates of the curve of moments a waterplane breadths 
taken about an axis through the centre of flotation. 

For convenience, some of the principal results from the 
curves of Figs. 10, 11, and 12 are given in Table II., which 
also contains a few results for p< A and B not shown 
on those figures. 

Fig. 13 repeats the statical bending moment curves (in 
dotted lines), and gives with them the corresponding 
bending moment curves after modification for the 
Smith effect,* and for pitching in the hogging posi- 
tions ; the heaving effect is also added in the saggin 
positions. It cam be seen that the effect of heaving | 

itching combined in the ing position may more than 
nce the saving due to the Sith effect, if we allow 
the —- heaving oscillations assumed in the case of 
vessel C;. But it is also of considerable importance to 
note that the fine vessel has in both cases smaller shearing 
forces and bending moments than the full one. 

In choosing these examples it was my object to show 
that, while it is correct to assume that a fine vessel at 
high 5 is subject to more extensive vertical oscilla- 
tions than a full one at low speed, it does not necessarily 
follow that the stresses due to dynamical causes will be 
nner greater in the former than in the latter. 

t is a question of the relative longitudinal distribution of 
the ship’s weight and of the changes in supporting pres- 
sures which cause accelerations, as well as of the lera- 
tions themselves. Now, in practice, the loading of a high- 
speed steamer varies but lightly from well-defined con- 
ditions, but in the case of a cargo vessel the exigencies of 

ieee of '~ Saptlietion of Mpel Sacitinnte, 
vol. xxiv. on “ ing and Sagging Strains ina 
rernd as Influenced by W E 
mith, 





ave Structure,” by W. E. | (w 2 


hurried loading, or of going to sea in ballast, may involve 
marked discontinuities of weight distribution. 

It therefore a not unreasonable to assume that a 
vessel so designed that all her service conditions give a 
curve of weights free from abrupt discontinuities, and 
approximating in outline to her still-water curve of 
immersed areas, could be safely constructed of lighter 
structural scantlings than those necessary for a cargo- 
vessel of the same princi dimensions. The present 
Rules of Construction, issued by Lloyd’s Register, make 

rovision for the special consideration of such cases by the 








ommittee. 
TasLe II. 
Shearing Forces are Stated Hogging. Sagging. 
in Tons; Bending Moments eS 
in Foot-Tons. 
A. Co. B. C}. 
Statical Curves (Fig. 10). | 
1 Max. shearing force (S.F.) 2,340 1,630 2,040 825 
2 Max. bending moment 
| (B.M.)) 284,300 | 220,800 207,000 101,300 
Heaving Curves (Fig. 11.). 
3 Max. increase of S.F. at 
max. statical S8.F. 113 187 
4 Max. S.F. resulting on 2,153 1,012 
5 Max. increase of B.M. at 
max, statical B.M. we 8,000 | 23,400 
6 Max. B.M. resultin ne 215,000 | 124,700 
7 Max. change of B.M. at any 
| section .. ie Ke 8,000 | 23,500 
| Pitching Curves Og. 12). | 
8|Max. increase of S.F. ” 156 | 190 427 | 110 
| max. statical S.F. .. | (less) | 
9 Max. S.F. resulting nat 2,536 1,440 2,467 935 
10 Max. increase of S.F. at | 
any section a wer 700 | 390 427 | 185 
11 Shearing force amidships. . | 525 | 350 | 30 140 
12 Change of max. B.M. at 44,000 | 25,300| 10,500 16,845 
max, statical B.M. (less) (less) | (iner.) | (iner.) 
13 Max. B.M. a .. | 240,300 | 195,500 | 217,500 118,150 
14 Max. change of B.M. a | 67,500 41,500| 26,700; 20,600 
| any section | (less) | (less) | (iner.) | (iner.) 
Not Shown upon the Figs. | | 
15\Load_ displacement in} | 18,800 | 
tons, including coal ’ | 
16,Load displacement in 
| tons with coal con- 17,000 | 
sumed | 
17|/Max. S8.F, statical .. 2,060! 1,130 | 
18|Max. B.M. statical. . 308,000 


| ct | 150,000 
ones : ees 
N.B.—The Smith effect is not included in any of the cases 
given in this table. 


APPENDIX. 
StaticaL SHEARING Force AND BEnpING-MOMENT 
CuRVES. 

The difficulty of placing the vessel in such a position 
in a wave that the resulting buoyancy is correct in 
quantity and moment to satisfy the conditions of statical 
equilibrium is well known ; the process is usually one of 
trialand error. The intended shearing-force curve rarely 
ends in zero at the first attempt. It may be suggested 
here that a method similar to that given in the paper can 
be applied to obtain the statical curves. Inspection of 
Figs. 1 and 2 show that the load curve A LB (derived 
from A W B and A D B) differs at any section from the 
statical load-curve (derived from A W B and A E B) by 
the difference in buoyancy (between A D Band A E B) 
at that section. If there is no change of trim, this differ- 
ence in buoyancy is proportional to the breadth of the 


& | surface water-plane, if we assume wallsidedness. Hence 


the integral A S F differs from the statical curve of shear- 
ing forces by the integral of the differences in buoyancy ; 
and we may correct a shearing-force curve, which does 
not end in zero, by superposing on it a curve proportional 
to the first integral of the surface water-plane. As the 
ene curve will be to a small scale, it is usually 
sufficient to form this integral by obtaining, say, four 
spots upon it. Even for errors of balance between weight 
and buoyancy as t as 5 per cent., this gives a prac- 
tically correct shearing-force curve. Similarly, if a 
bending-moment curve fails to end in zero, it can 
corrected by superposing a curve proportional to the 
second integral of the curve of moments of surface water- 
plane, taken about an axis through the centre of flotation, 
and the corresponding correction proportional to the first 
integral can be put upon the shearing-force curve. 


GENERAL EXPRESSIONS FOR CuRVES OF LOADS, 
SHEARING Forcks, AND BENDING MOMENTS. 


1. The mass forces acting downwards at any section 
are :— 


w = weight per foot length at any section. 
w ds B . ‘ 
> ° ae" force due to vertical linear acceleration. 
6 . 
2 oP pa = force due to angular acceleration ; the 


section being distant y feet from the axis of the centre of 


gravity. 
2. The fluid pressure forces at any section are :— 
b, = pressure per foot length, giving statical equili- 
brium. 
= change in pressure due to change of immersion 
(as in heaving). f 
bs = change in pressure due to change of trim (as in 
sicdnak 
b, = change in pressure due to Smith effect in waves. 
r = pressure due to resistances accompanying vertical 
velocity at section. 
The ordinates of the curve of loads are then :— 


Oat ee Fa) hthththte) (l) 


be 
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APPLICATION OF THE GRAPHIC MeTHODS TO TRACING 
THE PATH OF THE VESSEL OVER WAVES. 

If the stresses accompanying the vessel’s progress 
across the waves are Uired: the graphic methods assist 
in determining the acce erations and velocities needed at 
each instant. Thus ws=2.g (Fig. 2) and a= BQ’? 
(Figs. 4 and 5). If we bear in mind that the instantaneous 
axis of rotation lies in the section containing the centre 
of flotation, and that, therefore, there is a vertical accelera- 


tion(« oe) at G (where c is the horizontal distance 
between centres of flotation and gravity), we have at the 
point G the three component velocities v = speed of ship 


as — . dt=vertical 


in relation to wave ; : 
df 


ade 


velocity ; and | po . dt = angular velocity. 


Wealso, at each instant dealt with, superpose upon the 
buoyancy curve the curve of resistances. It then becomes 
a matter of applying the graphic methods described in 


Fig.l2. PITCHING EFFECTS. 7 


, 
& ‘ ---~ 
\ “e 
Ae . 


"> < \ 














8 























The ordinates of the curve of shearing forces are (at| (d) In pitching, similar values to those of (b) and (c) 
any section x from end A) :— are met with at end of swing and about middle of s , 
~ (e) In the graphic meth described in the paper, the 
superposed curves proportional to the integrals of weight 
(w -u dsiw ,. ) and moment of weight are required simply to supply 
g @@ gg &#@},. missing terms of these general expressions. F'or instance, 
"A the curve A T F (Fig. 2) represents 
zx 
waz |nae- bod x; 
—| (bh + bg t+ bg t+ bg t+ raz. (2) J 
A but, in order to satisfy the dynamical conditions, the 
The ordinates of the curve of bending moments at that 1 ds : 
section are :— term + 9°aa w.d2x must be inserted by superpos- 
zz 
(w +, Ps iw -y. G5) ing the curve proportional to | w.d 
g d e g d a dxdx 
AA Similarly, in Fig. 5, the curve A R H represents 
22 ° op 
-[ foto rm +bgtrlaraxn  . (3) [Jwaeae-||naeae- |[naeas, 
AA and, in order to satisfy the dynamical conditions, the 
Fig.J0. STATICAL CURVES 30 
; 25 
8 
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‘ % tae 
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When integrated from A to B, Nos. (2) and (3) = 0. 
Now (a) for statical equilibrium wda - F b dx 
= 0, and /f wdxde« -ff » d xdx=0; hence there 


are no other terms than wand b,. Hence also the correc- 
tions on behalf of b. and bs, which have been referred to 
above as restoring statical conditions. 


(b) In heaving, at the end of a swing, a3 is at a maxi- 
mum, also by, but r = 0. 
(c) In heaving, about the middle of a swing, vt = 0; 


but be isnot = 0; ris a maximum ; and 
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missing term 


26 “ , 
+ - . ps B° || rd «dz is supplied by superposing 


the curve proportional to \| wrdadz. 


It is obviously possible to deal with changes in the 
downward and upward forces by subsidiary calculations 
dealing with the ewe alone. For example, the heav- 
ing curves can be obtained by using the weight curve 
itself, and a buoyancy curve representing the buoyancy 
of the “layer of excess immersion.” The most convenient 
method is to draw the buoyancy curve to enclose an area 
equal to that of the — curve, and then to consider 
the vertical scale of both curves as that of the buoyanc 


curve so drawn. The pitching case can be dealt wit 
— the ‘‘moments of transference” being equated 
y 


e. 








P 


previous papers* before this Institution to determine the 
changes of position accompanying given intervals of time. 


Grapuic Meruop or CONSTRUCTING MOMENT OF 
WerIGuT CuRVE. 


This method of constructing a moment curve is often 
used, but may not be generally known to those in ship- 
yard offices, where its convenience would frequently be of 
use. 

Fig. 14 shows a weight curve Aw B. The axis con- 
taining the centre of gravity is at G. Set off from G 
both forward and aft any distance / (say, some con- 
venient length, such as 100 ft., 200 ft.. and 250 ft., &c.). 
In the afterbody project upon the upright O O the height 
a, of any ordinate, such as a; then set a straight- 
edge from a, to G, and thus obtain the — ay 
on the same section as a itself. Similarly, 6, corre- 
sponds to b; and the points dg, by, &c., are points on the 
moment curve required. For the forebody, the moment 
eurve can either be traced or constructed upside down to 
indicate its negative character. The scale of the moment 
curve is / times that of the weight curve; that is to 
say, if, in the weight curve, an ordinate is on the scale 
1 in. =10 tons per foot, then, if /=200 ft., the scale of the 
+ pe curve is 1 in. =2000 foot-tons per foot length of 
ship. 








Tue Prosectep ScaNDINAVIAN - FEHMERN - GERMANY 
Rovutr.—The advocates of this new route, which con- 
tinues to attract increased attention, point out that 
it will entail a very material saving in time in both 
directions. Retaining the present time-tables for trains 
north of Copenhagen and south of Hamburg, the 
time from Stockholm to Paris, for instance, which 
now, via the Swedish-German-Trelleborg-Sassnitz route, 
is 45 hours, can be reduced by 9 hours to 36 hours, and 
similar advan will be obtained for the connection 
with se ma Gothenburg. The proposed Fehmern 
— is called the straight line from Stockholm to 

ogne. 


* See Trans. I.N.A., vol xvi. (1875). ‘‘On the Graphic 
Integration of the Equation of a — Rolling, in- 
cluding the Effect of i Yo A e; also 
Trans. I.N.A., vol xxii. (1881), on the Rolling of Sailing 
Ships,” by W. H. White, 
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PHOTO-ELASTIC DETERMINATION OF | 
STRESS.* 

The Determination, by Photo-Elastic Methods, E 
Distribution of Stress in Plates of Variable Section, 
with Some Applications to Ships’ Plating.+ 

By Professor E. G. Coxer, D.Sc. 
(Concluded from page 533.) 


uniform section so far discussed are of the simplest kind, | 


but in engineering practice such cases rarely occur with- | 


Fig. 44. 
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(eers.*) if 


tinuities of sections to arise. In general it 1s the stress 
at an abrupt change of section waich is the most important 
factor in determining the design of a member in a 
structure; and the complexity produced is usually so 

reat that few solutions of the distribution of stress at a 
Tiecontingity have been obtajned, which satisfy all the 





* (Figs. 7, 9, 29, 33, 34, 38, 39, 40, and 42, which accom- 
pany Professor Coker’s paper, are coloured engravings | 
Lae Hides by the three-colour process, and it has not been | 
possible for usto reproduce them. We may say, however, | 
that they are similar in character to those which we | 
published in connection with Professor Coker’s article on | 
page 1 of the current volume, but they refer to different 
specimens, so be gathered from Professor Coker’s 

r.—Ep. 
a Paper read Linus the Institution of Naval Architects, | 
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equations of condition of the mathematical theory of | coincide with the principal 


elasticity. 


lanes of the polariser and 


| analyser, we shall obtain a dark field at all these places, 


One of the most frequently occurring cases is that of a because any light passing through the specimen at these 


in 


the mem 
duced to one half at this 


mentally without much difficulty. 


his case presents some new features, in that, if we 
out changes in form produced by the necessities of prac-| take any point of the plate, it is well known that the 
tical construction, which almost invariably cause discon- | state of stress can always be defined by two separate 
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stresses p and q at + = angles to one another. At points 
well away from the hole the value of p is determined for 
the cross-section by the load per unit of area, and q is 
zero ; while at points near the discontinuity p and g have 
values which vary rapidly from point to point, and their 
angular positions also change rapidly, thereby differing 
in this latter respect from the cases already cited. ese 
variations in angular position of the axes of principal 
stress uce important changes in the colour effects, 
when the “6,5 arrangements are those described with 
reference to Fig. 4, page 532 ante, where the polariser 
and —_ are set with their principal planes at right 
angles. The plane polarised beam emerging from the 
polariser is completely quenched by the analyser, and a 

ark field is produced unless stressed material is inter- 

If, however, the specimen is stressed in such a manner 
that at some points in it the axes of principal stress 





of the circular hole in a plate, and an example of this is shown points is stopped by the analyser. 
in Fig. 11, page 567, in which a tension member is 
pierced by a rivet-hole, having its centre on the axis of 
ber, and of such a radius that the section is re-|in which the colour effects are suppressed in order to 
int. The colour effects enable 

an estimate to be made athe maximum stresses produced 
Stresses in Tension Members having Discontinuities of by this discontinuity ; and a general idea of the variation 
Section.—The oe a of tension members and beams of of the stress around the hole may be obtained experi- 


| In general such effects produce dark bands in the field 
of view, similar to those shown by Fig. 12, page 567, 


show these dark bands more clearly. These curves mark 
out all the positions where the axes of principal stress are 
parallel to the planes of polarisation, and a series of loci 
of this kind can be readily obtained for all possible 
angular positions of the axes of principal stress by 
rotating the polariser and analyser into new positions, 
while maintaining their principal planes at right angles 
to one another. A few of these curves are shown in 
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of Specimen 


Fig. 13, above, with the inclinations of the principal 
axes of stress marked on them at intervals by cross-lines. 
It is now possible to map out the area under examination 
by a series of lines which determine the directions of the 
ten axes of stress at every oe: and if we start 

rom a region where the stress is known, these lines can 
be s to correspond with the intensity of stress, and 
their subsequent behaviour affords some information of the 
intensity at points in the region of the discontinuity which 
they traverse. 

In the case under consideration, the equal distribution 
of a tensional stress across a full section is marked by a 
series of equally-spaced lines parallel to the axis of the 
bar ; and as these approach the rivet-hole they follow 
curves which correspond to the angular positions of the 
axes of principal stress, and the resulting system is shown 
by Fig. 14, above, in which the whole area is mapped 
out by these lines, with a corresponding system inter- 
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secting the first at 


always possible, as indicated by Maxwell.* 
The general similarity between this system of 


identical, but unfortunately this does not ap 


atfurds, by aid of Maxwell’s 
tion of the problem of the distribution of stress ina 


Fic, 25. . 


ht angles. The closeness of the 
lines is an indication of the stress intensity ; and, although 
it is not easy to determine the values of the principal 
stresses p and q at any point from these lines, a solution is 


! plane. transparent elastic 
It is interesting to note here that the nature of the’ mining its ability to resis 





A third 
arwin, 


A la 
evidence has been put forward by Guest, 


Mason, and others, which supports this theory, as 


| steel and other ductile materials, although the case is not 
so strong as regards brittle materials. 

applies, the examination of a 

y affords a ready means of deter- 

t an arbitrary system of applied 


If this latter = | 


adopted on the Continent, and upheld by many eminent | 
elasticians, assumes that the material yields when the 
greatest strain reaches a certain value, which is taken as 
the yield-point strain of a tension member, or else the 
| Strain at the point where proportionality between stress 
‘ 2 stress- | and strain ceases. 

lines and those obtained experimentally by Professor 
Hele-Shaw, F.R.S.,+ for the stream-line motion of a/| Sir G. H 
perfect liquid flowing round an obstacle of circular | difference of the pr 
section, may afford the hope that the two systems oe) true criterion of elastic strength. 
to be 
the case,t and in general a problem of stress distribution 
has no complete analogy to a problem in plane hydro- 
dynamics. A map of the stress-lines for a plane figure 
uations, a complete solu- | 


theory, apparently suggested originally by 
rests on the assumption that the 
incipal stresses at a point is the 
amount of 
ble, Smith, 
rds 


D is therefore circularly polarised, and the practical 
effect is the same as that of a beam of plane 1 
light set in rapid rotation about its line of direction. 

The ray after passing through the object emerges as a 
polarised beam, in which each colour is represented by a 
particular type of elliptical vibration conventionally 
shown by two elliptic spirals O and E. These rays are 
now passed through an inverse combination of quarter 
wave-plate R and analyser A, whereby all vibrations in 
one plane are sifted out and the interference produced by 
the resulting systems of plane waves V and W projected 
on the screen. The colour fringes thus obtained show 
very approximately the stress difference at each point of 
the plate, and allow determinations of this value to be 
obtained by reference to a calibrated specimen. 

In the case under consideration, the transverse section, 
which is of chief importance, passes through“the centro 
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experimental investigation for determining the distribu- 
tion of stress in a belly subjected to applied forces is in 
some measure influenced b the criterion of strength 
which may be adopted for the material under examina- 
tion. Several theories of elastic strength have been 
advanced from time to time, and in particular the one 
usually associated with Rankine, and widely followed by 
English engineers, rests on the assumption that the 
material yields when one of the principal stresses reaches 
a certain vaiue, usually taken as the stress at yield-point 
for a member in simple tension. Another theory largely 


.” “On the Equilibrium of Elastic Solids,” by J. 
Clerk-Maxwell (Collected Papers). 

+ “Investigation of the Nature of Surface Resistance 
of Water and of Stream-Line Motion under Certain Expe- 
rimental Conditions,” by Professor H. 8S. Hele-Shaw, 
LL.D. (Transactions of the Institution of Naval Archi- 
tects, 1898), ENGINEERING, vol. Ixv., pages 444, 477, 511. 

+ “Stress Lines and Stream-Lines,” ENGINEERING, 
March 11, 1910, 








forces, since the colour effects depend on the magnitude 
of the difference of the principal stresses at any point, 
and this difference can be obtained directly. ’ 
In order to show the colour fringes in their true relation 
itis, however, necessary to avoid the disturbing effects of 
the dark bands produced by plane polarised light, which 
are added to the interference effects —— by the 
stresses in the material. It is possible so to arrange 
the optical apparatus that only regions where there is no 
stress shall appear as dark areas in the field of view, and 
this can be accomplished by Maxwell’s method of 
substituting circularly polari light for plane po 
light, so that the ray, in its e through the plate of 
stressed material, presents the same aspect to every part 
of the stressed material. é ya 
Circularly polarised light can be obtained by combining 
a quarter wave-plate R, (Fig. 15, page 566) with the 
polariser, which latter has the property of splitting up a 
plane wave into two components at right angles—these 
move at different velocities in the plate, and emerge with 
a difference of phase of aright angle. The resulting ray 
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of the rivet-hole, and, since the lines of principal stress p 
are all perpendicular to this section, the stress difference 
p — q is easily determined at any point by reference to a 
calibrated tension member. A series of stress determi- 
nations of this kind have been obtained, and are tabulated 
in Table VII., and their values are plotted in Fig. 16, 
page 566, together with the mean intensities of the stress 
across the section considered as a simple tension member. 


Tasie VII. 


Stress Difference Measured at a Distance from the 











Total Outer Edge of the Plate of 
Load. — . 
0 sy In. | In #, In. 4 In. ¢, In. & In. 
Ib. | 
120 1350 | 1450 1640 | 2160 2860 3700 
80 800 890 | 990 1090 1390 1900 | 24380 
40 370 485 710 1230 


If the law of variation of the minor principal stress q 
is known or can assumed, these values allow of a 
determination of both p and g at each point of the 
section. 

It would appear from the diagram that the values of ¢ 
at this sectiun are quite small in comparison with the 
values of p, since the mean value of the stress difference 
across the section is not very different from the mean 
value of the stress intensity ven assumed to be in simple 
tension. For this section, and for others considered later, 
the values of the stress difference p-—q are not very 
different from p, and we are able to draw some general 
conclusions from the observaticns. 

A rivet-hole, which diminishes the section of a tension 
member by one-half, has the effect of raising the maxi- 
mum stress to more than double that in the original plate, 
and, in fact, this maximum stress is very approximately 
three times the stress in an undiminished section at a 
distance from the discontinuity. The maximum stress 
at a transverse section through the rivet-hole is also very 
approximately three times the minimum strese. 

Circular holes are of frequent occurrence in ships’ 
plating, where deck-lights, port-holes, and other openings 
are required, and the increased stress which is caused b 
this kind of discontinuity is compensated for by well- 
known devices. 

Another kind of discontinuity of the same type is 
afforded by the case of a deck pierced by two gun-turrets 
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symmetrically placed with regard to the fore-and-aft line 
of the vessel. f 

As Iam not aware of a tical case in ships’ con- 
struction of exactly this kind, a tension member is taken, 
and a diminution in its section of one-half is made by 
cutting two semi-circular holes in it, as shown by Fig. 17, 

, where the member is symmetrical with re- 

erence to its axis, and is of the same minimum section, 
and under the same load of 14 cwt., as in the former case. 

The lines of equal inclination are shown by Fig. 18, 
and the lines of principal stress deduced from these are 
shown in Fig. 19, . : : 

The values of the stress difference at various points of 
the minimum section are obtained for three loadings, 
and are fairly consistent. : 

They are given in the accompanying Table VI IL., and 
are plotted in Fig. 20, page 566. 

Tasie VIII. 


| Stress Difference at Points in the Minimum Section 








Total | Measured at a Distance from Either End of 
Load. : AG a See. yy 
0 ‘In ys In. 4 In y's In. 
ees eS: | ee oe — | 
Ib. | 
120 3940 2490 1720 | 1390 1260 
su | 2460 1710 1230 | 850 840 
1360 850 580 420 


40 | 

In this case, the mean values of the stress differences 
indicate that the values of q are not negligible, and that 
the variation of stress difference is slightly greater than 
before. We may still say, however, to a first approxims- 
tion, that the stress at the minimum section rises to three 
times the intensity of the stress at an undiminished sec- 
tion, and that the maximum stress is approximately three 
times the minimum value. 

Experiments on a larger scale, with more accurate 
measuring apparatus than that now in use, would no 
doubt enable a nearer approximation to be made. . 

The variation in stress caused by circular holes in a 

late is only one of a number of highly interesting pro- 
lems which arise in connection with discontinuities in 
the section of a member. 

Another example is furnished by the approximately 
rectangular openings which occur in ships’ decks at the 
engine-room and the various c hatchways. 

n practice, the weakening effect of such openings is 
more than counterbalanced by coamings and other 
strengthening devices, which could no doubt be taken 
into account by this method of experimental investiga- 
tion, but it is here considered merely as a square hole 
in a plate which has its cross-section diminished by one- 
half as before. The optical effect produced by a load 
14 cwt. on a strip of xylonite # in. wide and 4 in. thick 
is shown by Fig. 21, page As might be expected 
the influence of the corners in altering the distribution 
of the stress is very marked, not = in this photograph, 
but also in Fig. 22, page 566, in which the loci of the axes 
of principal stress having the same inclination show a 
sharp change in direction near these points. 

The lines of principal stress are shown by Fig. 23, 
while the values p—q across the central mimimum 
section are given in Table IX., and are plotted in Fig. 24, 











page 566 : 
Tasie IX. 
Stress Difference Measured at a Distance from the 
Total Outer Edge of the Plate of 
Load, | 
j j 
0 | gIn. | In. | Ain. | bin. f: In. | yy In. 
Ib. 
120 2060 2330 2640 2960 3250 3400 3750 
80 1340 1560 1770 1940 2100 2280 2450 
40 680 7380 | 900 1000 1080 1130 1230 


| 


The variation of stress across the section is approxi- 
mately linear, and the mean value is not very different 
from the stress across the section when the member is 
assumed to be in simple tension of uniform amount. We 
may therefore assume that the value of q is small every- 
where, and that the values of p—q are not very different 
from the corresponding values of p. While the stress 
variation at this section is not nearly so great as before, 
it is somewhat remarkable that the maximum values 
correspond very closely with the preceding cases, and we 
still have a maximum stress of about three times that in 
the uncut plate, accompanied by a variation of stress 
across the section in which the minimum stress is some- 
what greater than one-half the maximum, the relation 
being more approximately 4to7. At the corners, how- 
ever, much greater stress intensities are produced, and 
this was shown by the material exhibiting signs of residual 
stress after the removal of a mo-‘lerate load. 

A companion case to this latter is furnished by a tension 
member, Fig. 25, 567, with a square-cut notch on 
each side, arran) so that the tension member is sym- 
metrical about its axis, and redu in section to one- 
half to correspond to the —— case. 

Fig. 26, page 566, shows the lines drawn through all 
points on the bar where the axes of principal stress have 
the same inclination, and in this case they are of especial 
interest, as they show that such lines may, and actually 
do, intersect at places where there is no stress—in this 
example represented by dark patches at the outer corners 
of the notch Fig. 25, 567. Starting from these 
points, the curves finally end at places where the stress 
18 @ maximum at the inner corners, while other curves 
also shown and end at these points. Similarly, 
in the case of the hatchway, we find these lines begin and 








end at the corners and intersect in regions of no stress on 
the centre line of the member and at a short distance from 
the discontinuity. 

We may conclude generally that these intersections 
correspond to stress maxima or minima, or, if we take 
the corners as perfectly sharp, so that the maximum 
stresses are theoretically infinite, we have points corre- 
sponding to poles in the mathematical development. In 
— the points of application of loading are singu- 

rities of this type. 

We may represent the conditions at places where there 
is no stress by rss stresses of zero value having any 
inclination, and if two loci of equal inclination and of 
different angular parameters intersect or touch one 
another at any point, we have either a position of zero 
stress or else one of maximum stress. 

The lines of principal stress obtained from these curves 
are ey in Fig. 27, 566, and their spacing 
also shows in a general way the places where maximum 
and minimum stresses occur, although not so clearly as 
the lines of equal inclination. 

The stress differences at the reduced central section 
are given in Table X., and their values are plotted to 
scale in Fig. 28, page 566. 


TaBLe X. 





| Stress Difference at Points in the Minimum Section 





Total Measured at a Distance from Either End of 
Load. | abcde! 
| 0 Alm. | ¥In | fin | In 
Ib. | 
120 3100 2410 2200 | 2060 2010 
80 2060 1600 1490 1350 1290 
40 | 1100 810 740 | 680 650 





The minor principal stress g is clearly very small, and 
these values show that the greatest stress is very little 
more than that corresponding to the diminished section, 
and is, roughly, 2.4 times that of the uncut plate, while 
the maximum stress is about 50 per cent. greater than the 
minimum value. The stress at the corners is very great, 
but no values have been obtained at or near these points 
at present. 

The Effect of Grouping Rivet-Holes.—A single hole in a 
plate has been shown to cause a large variation in the 
stress at the minimum section, and to exert an influence 
on the distribution of stress at a considerable distance 
away. In like manner, it can be shown that in practical 
examples of 7? of rivet-holes, such as occur in ships’ 
a and the like, tbe variation of stress is very con- 
siderable, and the effect of different systems of grouping 
can be examined by optical methods of investigation. 

As an indication of the ibilities of research in this 
field, a few examples wi now considered to show the 
application of this method, although the work so far 
accomplished is only sufficient to allow of a brief de- 
scription. 

In order to trace the effect of the size of rivet-holes on 
the distribution of stress, we may take two or more rivet- 
holes in a line across the plate, and with the spacing 
symmetrical so arrange their diameters that the minimum 
section corresponds to the case of the single rivet-hole 
already considered. 

Fig. 29, not reproduced (see note on page 566), shows 
one such case, in which three holes are drilled in the 
plate, thereby diminishing its section by one-half. 

The symmetry of the colour effects shows that the load 
of 14 ewt. is accurately applied along the centre-line of 
the member. The stress differences which were obtained 
for the minimum section are shown approximately in 
Fig. 30, e 566, and from the ave value of the stress 
corresponding toa uniformly loaded tension member of 
this section it is clear that the value of g is never very 
great. Neglecting this, we may say that the variation 
of stress is roughly between 1600 b. and 3100 Ib. per 
square inch. 

Experiments on plates drilled with two and four holes 
show that the central spaces resulting from such dis- 
tributions are stressed somewhat differently from the 
others, and it appears probable that in all cases, although 
the stresses are symmetrical about the centre line of the 
member, they are not symmetrical between rivet-holes, 
but the exact distribution has not been determined. 

The effect of a line of rivet-holes in altering the dis- 
tribution of the stress in a plate at distant points may be 
studied by placing the principal sections of the polariser 
and analyser vertically and horizontally respectively, 
thereby oy visible the area in which the lines of 
stress do not follow these directions. The light areas 
indicated in the photograph Fig. 31, 567, show 
this effect when there are three rivet-holes. By this 
means it is possible to determine the relation between the 
number of rivet-holes in a line, and the distance along 
the centre line of the plate at which their disturbing effect 
ceases. As an illustration, such a relation has been deter- 
mined for the case of a tension member in which the 
section is kept constant, and one-half the original width 
—one, two, three, and four rivet-holes being drilled, of 
such a diameter and equal spacing as to fulfil this require- 
ment. The distance of the disturbance produced, as 
measured on the centre-line, is plotted in Fig. 32, 


567. 

P'The problem becomes come complicated if, instead of 
a line group of holes, we take a massed number, arranged 
either one behind the other, or staggered in accordance 
with well-known rules. Fig. 33, not reproduced (see note 
on page 566), shows four lines of rivet-holes, equally 
spaced one behind the other. 

The effect of holes arranged in a staggered form isshown 
on the next diagram, Fig. 34 (not reproduced), while in 








both t the disturbance produced by the arrangement 
adop is indicated in Figs. 35 and 36, page 567, by the 
brush effects produced in plane polarised light. 

The effect of the direct pressure of the rivet has not 
been taken into account ; but experiments appear toshow 
that when riveted joints are constructed in transparent 
material, this added effect is best determined indepen- 
dently, and the total effect obtained as a summation. 

Work now in = on these lines will, it is hoped, 
lead to results which will be of use in the design of riveted 
joints. 

Other examples of interest are afforded by groups of 
holes which --_ to hatchways and other openings 
in a ship’s deck. In such cases the deck is supported at 
—- intervals by cross- beams and longitudinal 
stiffeners, the effects of which it appears possible to take 
into account experimentally, as well as to subject the 
model so formed to any kind of stress likely to be met 
with in per 

It wilf be sufficient for present purposes if an example 
is taken in which the deck of a vessel is considered as a 
tension member to illustrate the application of the optical 
method to the determination of the stress distribution. 
Fig. 37, page 567, shows the deck of a torpedo-boat 
destroyer, with the hatchways and other openings indi- 
cated thereon roughly to scale. A model of the deck was 
cut to shape, having a maximum width of about 0.8 in., 
but no attempt was made on such a small-scale model to 

d parts representing the stiffening devices in the actual 
vessel. ‘This model was loaded directly with weights 
amounting to2cwt., and photographs of the colour fringes 
were taken of the ter part of the deck, as indicated 
in Figs. 38, 39, and 40 (not reproduced). These views are 
somewhat distorted by the imperfections of the condens- 
ing lenses used, and are also not uniform in quality. 

hey are, however, sufficient to show the general nature 
of the colour fringes, which, although much more com- 
plicated than in previous cases, can be readily dealt 
with in exactly the same manner. An estimate of the 
stres3 differences p—q at the sections A B and C D has 
been made, and their values are shown in Fig. 41, 
page 567. 

_ The mean values of the stress across each section con- 
sidered as a uniform tension member are given, and they 
show that the values of the stress difference are not very 
different from the major principal stress, while the varia- 
tions of stress have a general resemblance to the cases of 
square and circular holes in tension members already 
considered. In these examples, however, the various 
openings are not quite symmetrically placed, owing to 
inaccuracies in setting out the apertures on such a small 
scale model. This is shown very clearly by the unequal 
distribution of stress across the hatchway, due to a slight 
want of symmetry, which also occurs at the other section 
considered, where the unequal spacing of the circular 
holes in a line through the funnel opening throws more 
stress on one side of the deck than on the other. 

The experiments show that, in order to examine the 
effects of stress very accurately, where numerous discon- 
tinuities occur, accompanied by appropriate stiffening 
devices, it is necessary to work on a large scale with 
optical —— in proportion. 

_As a last example, we may take a case of an ¢ntirely 
different kind, suggested by the recent applicition of 
helical spur-wheel reduction gearing in connect with 
turbines on board ship. A rough imitation of su »‘1 a case 
is furnished by the example shown in Fig. 42 (not repro- 
duced) of a pinion gearing with a rack, which was pivoted 
about a distant point. The load was applied by a lever 
attached to the pinion, but not shown in the field of view, 
and the stress distribution produced by the engagement 
of the epicycloidal teeth is shown by the well-marked 
colour bands produced at the line of contact. The stresses 
ay ge in this way have not been examined in detail, 
»ut the experiments of Professor Carus Wilson,* on the 
effect of surface-loading on the flexure of beams shows 
that cases like these can be dealt with. 

In conclusion, the author desires to express his great 
appreciation of the facilitiesafforded him by the increased 
eorwent and room provided by the authorities of the 
Finsbury Technical College, which have enabled him to 

out these experiments. He also wishes to thank 
Professor Silvanus Thompson, F.R.S., for much valuable 
advice on optical matters, Mr. T. H. Norris for help in 
hotographing the specimens, and Messrs. Savidge and 
oward for aid in preparing the drawings illustrating 
this paper. 








ELECTRODELESS Vacuum Discuarck - Tuses.—The 
electrodeless bulbs for the study of vacuum discharge 
phenomena by means of >» eo currents of fifty 
periods per second, which H. Busch describes in the 
Annalen der Physik, vol. xxxiii., e 1116, and ina 
Berlin doctor dissertation, look like bulbs, into which 
thermometer tubes are inserted from both ends. These 
electrode tubes are made of thin glass, and are filled with 
mercury ; in some experiments the tubes partly consisted 
of ebonite or sealing-wax, so that the discharge 
between these insulators. The discharge differed little 
from those observed in tubes fitted with internal elec- 
trodes. The fall of potential near the anode was of the 
same order as with metals, approximately 30 volts, at 
the cathode the fall of potential was 140 volts for glass, 
and 260 volts for ebonite and sealing-wax (about the same 
as for metals). A great number of separate discharges 
took place during each half-period, and their appearance 
——— upon the dielectric strength of the gas in the 

ulb. 


* “The Influence of Surface-Loading on the Flexure 
of Beams,” by Professor C. A. Carus Wilson, Philoso- 
phical Magazine, 1891. 
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FOREIGN ENGINEERING PROJECTS. 


WE give below a number of colonial and foreign engi- 
neering projects, for several of which tenders are asked. 
Further data concerning them can be obtained from the 
Commercial Intelligence Branch, Board of Trade, 73, 
Basinghall-street, E.C. _ 

South Africa: According to the Cape Argus, the Table 
Bay Advisory Board has had under consideration the 
following proposed expenditure on harbour works, &c. : 
—(a) Purchase of a tug at an estimated cost of 35,000/.; 
(b) Improvement of wharves by the construction of a new 
quay wall at an estimated cost, for the construction of 
the wall, filling, paving of the quay, &c., of 43,000/.; (c) 
provision of a new caisson for the graving-dock at an 
estimated cost of 8000/.; (d) improvements to sidings and 
road communications to north side of docks at an esti- 
mated cost of 6000/.; road-widening and making-up, 
25001.; kerb-gutter and drainage, 800/.; railways (extra 
maintenance), 1000/.; alterations to capping, &c., 6000. ; 
new 9-in. water-main and alteration, .; alterations to 
electric-light circuits, 150/. 

Australia: Australasian Hardware and Machinery 
states that it is proposed to construct a floating dock at 
Newcastle (N.S.W.), at a cost of about 100,000/. In 
connection with it, large workshops and harbour works 
would be built at Carrington, an island in the harbour. 

Luxemburg: The Bulletin Commercial (Brussels) notifies, 
on the authority of the Belgian Legation at Luxemburg, 
that a Bill has been approved by the Luxemburg Chamber 
of Deputies relative to the construction of various 
narrow-gauge railways. One of the lines is designed to 
connect Mersch with the Belgian frontier by way of the 
Eisch Valley. : 

Spain: The Gaceta de Madrid notifies that Don Juan 
Garriga y Massé has applied to the Direccion General de 
Obras Publicas, Ministerio de Fomento, Madrid, for a 
concession for the construction of a secondary railway 
from Pons to Guisona and Cervera. 

Italy: The Bollettino Finanze Ferrovie (Rome) states 
that a meeting was recently held in Pavia by various 
communal bodies to discuss the question of constructing 
a railway from Pavia to Rho, the intention being to 
— the transit of goods from the industrial centres 
of Piedmont and Lombardy to Genoa Harbour by avoiding 
Milan. The proposal was unanimously approved. 

Servia ; With reference to the forthcoming call by the 
Servian State Railways Adwinistration for tenders for 
the construction of certain railways, the British Vice- 
Consul at Belgrade has furnished the following amended 
list of the lines in question, with particulars as to the 
date of adjudication, the amount of the deposit to be 
made with the tender, and the time to be allowed for the 
construction of the lines :— 











F Date of | A Time for 
afnee, | Adjudication.| P€P°S!t. | Construction. 
£ | months 
Krsna-Pozarevatz os May 1 5,600 20 
Nish-Knjazevatz oa May 22 34,000 36 
Toptchider. Krsna ont June6 20,400 | 30 
Lazarevatz-Tchatchak +] July 7 11,200 30 


Crete: With reference to the call for tenders by the 
Cretan Department of the Interior for dredging and clear- 
ing out certain Cretan ports, H.M. Consul-General at 
Canea reports that, no adjudication having been made, 
tenders are again invited for the dredging of the ports 
of Candia and Rethymo. The estima cost of the 
work is 110,000 frs. (4400/.). A deposit of 5000 frs. 
(200/.) will be required from each tenderer, who must also 
supply a certificate of capaesity. The adjudication will 
take place at 10 a.m. on April 30/May 13. 

Argentina : The Boletin Oficial contains a decree, issued 
by the Ministry of Public Works, approving the plans 
submitted by the Buenos Aires Western Railway, 
Limited, for the construction of a branch line from 
Zanja to Meridiano Quinto. A further decree approves 
the plans submitted by the Argentine North-Eastern 
Railway Company, Limited, for the construction of a 
16-mile section of the company’s line from Concordia to 
Concepcién del Uruguay. The Boletin also publishes a 
decree approving the plans and specifications submitted 
by the Argentine North-Eastern Railway Company, 
Limited, for the construction and working of a wharf in 
Goya harbour. 








Tue German Macutne-Toor Inpustry.—The German 
machine-tool industry is a very important branch of 
the German engineering trade generally. The export 
of German machine-tools during last year amoun in 
value to 73,500,000 marks (3,675,000/.), against 62,300,000 
marks (3,115,000/.) for the preceding year, the quantities 
in weight being respectively 59,000 and 48,000 tons. The 
keenest competitors in the international market were the 
American makers. The report of the Union of German 
Machine-Tool Makers for 1910 deals specially with this 
point and with the manner in which the Americans are 
pushing their trade so as to capture foreign markets, especi- 
ally ores ow ay and also where the German makers have 
a particular’ ge position—for instance, in Austria- 
Hungary. e American Government, and especially 
the American Department for Commerce, supports these 
American endeavours, having kept a special expert in this 
branch for some years in Europe, who has forwarded 
exhaustive reports regarding the machine-tool trade of 
Europe. The report urges the German makers to watch 
the Americans, who leave no means or methods untried 
when it is a question of flooding an unprotected market 
with their goods. Their ability in this direction is known 
to other nations than the German, but, fortunately, the 
Americans do not alwaysretain the markets they capture. 


CATALOGUES. 


Steel Conduit for Electric Wiring.—A very comprehen- 
sive price-list of steel conduits and fittings for electric 
wiring has been issued by Messrs. Siemens Brothers’ 
Dynamo Works, Limited, 39, Upper Thames-street, E.C. 


Wrought-Iron Bars.—A list of wrought-iron rounds, 
half-rounds, squares, flats, tyre bars, horseshoe bars, 
angles, tees, and other sections, kept in stock by Messrs. 
J. and C. Holcroft, Limited, Portfield Iron Works, 
Tipton, has reached us from that firm. The book, which 
is feunt in cloth and of a convenient size, also contains 
views of their works and warehouses, together with a few 
pages of useful tables and several pages of squared paper 
‘or memoranda. 


Electrical Machinery.—F rom Messrs. Siemens Brothers’ 
Dynamo Works, Limited, Caxton House, Westminster, 
S.W., we have received a very comprehensive price-list of 
all kinds of electrical machinery. The list is bound in 
cloth and provided with a thumb index, by means of 
which any particular section can be immediately referred 
to. Particulars are given of continuous-current yene- 
rators and motors; three-phase generators; single, two, and 
three-phase motors ; motor starting and regulating appa- 
ratus of all kinds; porthole, table, bracket, and ceiling 
fans ; and all spare parts and accessories. 


Motor-Cars.—Messrs. 8S. F. Edge, Limited, 14, New 
Burlington-street, W., have sent us a copy of their latest 
catalogue of Napier motor-cars. The models dealt with 
range from the 15-horse-power four-cylinder car to the 
90-horse-power six-cylinder car, and include some special 
types for use vad Illustrations are given and prices 
stated of the chassis and of several different bodies for 
each size. The catalogue contains a long list of Napier 
successes and trophies, which have been gained in open 
international events, for speed, reliability, hill-climbing, 
economy, silence, and other qualities. Illustrations are 
also included of Napier commercial vehicles, and of high- 
speed torpedo-boats and other vessels propelled by Napier 
motors. 


Gas-Burners for Furnaces.—Mr. 8. N. Brayshaw, of 
2, Mulberry-street, Hulme, Manchester, has sent us a 
leaflet giving some particulars of his new gas-burner for 
use in melting, hardening, annealing, and other industrial 
furnaces. The burner is made for lighting or producer- 
gas, in several sizes, to consume from 50 to 1000 cubic 
feet or more per hour. The gas pressure required is 
from 4 in. of water upwards, and the air pressure used is 
from 1 lb, to 2 lb. per square inch ; both air and gas 
supplies can be regulated independently. A reducin 
flame is produced by these burners, with but a very sma 
excess of gas, and they are also said to be practically 
noiseless in action. It is claimed that crucible furnaces 
can be operated much more economically with coal-gas, 
used in these burners, than with coke. Several of the 
burners are in use at the Royal Mint, and in a test 
recently made there 257,052 oz. of gold were melted in 
four furnaces, with a total consumption of 32,000 cubic 
feet of coal-gas. The time taken from lighting up to 
turning off was 27 hours 40 minutes. 


Anti-Friction Metals and Other Alloys.—From the 
Glacier Anti-Friction Metal Company, Limited, Glacier 
Building, 1124, Queen Victoria-street, C., we have 
received a copy of a booklet giving particulars of their 
manufactures. The booklet deals fully with the properties 
of ‘‘ Glacier ” anti-friction metal, and also refers to its 
many applications. It is specially suitable for heavily- 
loaded rings run at a high speed. Particulars are 
given of tests made with bearings employing this metal, 
carrying a load of 1500 lb. per square inch at 300 
revolutions per minute. The results of comparative tests 
made with *‘ Glacier ” metal and Babbitt metal, showing 
the superiority of the former, are also included. Several 
other anti-friction alloys are dealt with. This company 
also manufactures a fibrous metallic packing for piston 
and valve-rods. It consists of long thin shreds of specially 
lubricated anti-friction metal, and is applied by taking a 
quantity of the material and rolling it into the form of a 
rope of sufficient length to go round the rod. This rope 


is packed into the stuffing-box and followed by others 
until the box is filled, when the gland is screwed up. It 
it stated that the material does not become hard and 


score the rod, and also that it produces very little friction. 


Chain-Drive for Motor Cam-Shafts.—We have received 
from Messrs. Hans Renold, Limited, of Progress Works, 
Brook-street, Manchester, an eight- booklet, in which 
they discuss, with commendable fairness, the advan 
and disadvantages arising from the use of Renold’s silent 
chain for driving the cam-shafts of petrol motors and 
other internal-combustion engines. Among the advan- 
tages claimed for the chain-drive may be mentioned the 
facts that it is silent and very efficient, and retains beth 
these qualities until worn out ; also it is not necessary that 
the shaft centres should be quite so accurately s as in 
the case of gear-drives. In addition to these advantages 
the makers anticipate an increase in the life of the valve- 
gear as a whole, due to the emooth running and slight 
elasticity of the chain-drive. On the other hand, it is 
somewhat more difficult to adjust the relative positions of 
the cam and crank-shafts owing to the coarser pitch of the 
chain-wheel teeth, and there will also be a slight lag of 


the cam-shaft when the chain has become worn. Again, | red 


the life of the chain is at present uncertain. The booklet, 
however, discusses means by which these drawbacks may 
be minimised or entirely obviated, so that it will be 
interesting to all motor manufacturers and designers. 
The booklet was accompanied by an extract from an 
article in which the writer states that, as a result of the 
cam-shaft noes nla eevem a considerable increase in 
power was obtained from a motor-car engine. He 





tages ieee textiles ; (2) 








attributes this increased power to the fact that, owing to 
the smooth opening of the valve and the absence of 
chattering, a somewhat greater charge enters the cylinder. 


Cold-Metal Saw.—A pamphlet illustrating and describ- 
ing the Lea-Simplex cold-metal saw has reached us from 
the Lea Equipment Company, of 90, West-street, New 
York, U.S.A. In this tool the work is clamped or bolted 
to a stationary table, and the saw is carried by a swinging 
arm placed below the level of the work-table. The saw 
is driven by a sprocket-wheel which with radial 
slots in the saw blade, this form of drive giving a much 
larger cutting area for a saw of given diameter than is 
obtained with an arbor drive. The s ket is attached 
to one end of a short shaft, on the other end of which is 
mounted a worm-wheel gearing with a worm which rotates 
in the same axis as that about which the arm swings. 
The whole of this gearing is enclosed in the swinging-arm 
casting, which constitutes an oil-bath. The feed is 
obtained by raising the arm carrying the saw, this motion 
being effected by a worm which gears with a quadrant at 
the outer end of the arm. To vary the s of the worm, 
and thereby the rate of feed, a Seller's friction-disc 
mechanism is employed. A dial is provided to indicate 
the cutting speed at which the machine is working. When 
a cut has been completed, the feed mechanism is auto- 
matically thrown out of r, 80 that the arm comes to 
rest. ul is supplied to the teeth of the saw through a 
flexible tube, by a rotary pump, the surplus falling into 
a tank attached to the underside of the swinging arm. 
The lower part of the saw dips into this tank, so that the 
saw cannot run dry, even if the pump should fail. The 
pamphlet describes these and other special features of the 
machine, and gives particulars of three sizes for belt or 
electric driving, dealing respectively with 5 in., 7 in., and 
8 in. round bars. Some particulars are also given of a 
machine for sharpening the saws. 


Remote Control of Electric Motors.—An interesti 
catalogue, giving prices and other particulars of “‘ Empire 
solenoid-operated motor control-gear, has been issued by 
Electric Control, Limited, 177, Reid-street, Bridgeton, 
Glasgow. The list first deals with automatic starters for 
direct-current motors up to 60 horse-power. The action of 
these starters is briefly as follows :—A solenoid is energised 
by closing a small switch, and the movement of the core, 
which is retarded by an adjustable dash-pot, successively 
releases a number of levers which are pivoted to the lower 

rt of the frame of the solenoid. As each lever is re- 

eased it is attracted by the magnetic flux from the sole- 
noid on to a contact, thereby cutting out a section of the 
resistance in the armature circuit of the motor. The 
action continues until all the resistance has been cut out 
and the motor is running at fullspeed. When the circuit 
containing the solenoid is broken, the core drops, and in 
doing so opens all the lever contacts, thus acting asa 
no-voltage release. Automatic starters for polyphase 
motors are listed up to 125 horse-power. They consist of 
a number of magnetically-operated switches acting suc- 
cessively. The first to close completes the stator-circuit, 
and the others cut out the rotor-resistance step by step, 
the number of —_— on the size of the motor. 
The catalogue eals with automatic controllers 
for air-compressors, tappet-switches, pedal-switches for 
capstans, magnetically-operated switches for alternat- 
ing and direct currents, single-phase solenoids, snap- 
switches, and hand-operated starters up to 15 horse-power. 
The firm also manufactures lift-controllers of the car- 
switch and push-button t for both direct and alter- 
nating currents. Particulars of these, and of brakes and 
other accessories for electric lifts, are also included in the 
catalogue. 








INTERNATIONAL CHEMICAL, ENGINKERING, AND INDUS- 
TRIES ExHisition.—The first International Chemical, 
Engineering, and Industries Exhibition, to which we 
drew attention some time ago, is to be opened by the 
Earl of Denbigh, M.V.O., on Saturday, May 13, at the 
Agricultural Hall, Islington, and is to remain open for a 
fortnight, until May 27 inclusive. Professor Raphael 
Meldola, F.R.S., Past-President of the Chemical Society 
and of the Society of Chemical Industry, and actual 
President of the iety of Dyers and Colourists, has 
sompees the office of president; Mr. Walter F. Reid, 
F.1.C., President of the Society of Chemical Industry, is 
the chairman of the Honorary Advisory Council ; and 

r. Frederic Bridges is the organising manager. 
All the industrial centres of the kingdom are repre- 
sented by local committees. The exhibits will be 

in nine divisions : —(1) Colouring matters, 
f ; igments, paints, resins, rubber, 
glue, size, celluloid; (3) sugar, starch, gums, brewing, 
wines and spirits; (4) foods, sanitation, disinfectants, 
purification of water; (5) acids and alkalies, glass, 
clay, cements. refractory materials, chemicals, essences ; 
(6) fats, fatty oils, soap, blacking; (7) fuel, gas and 
light, tar products, petroleum; (8) metallurgy and 
mining, electro - chemistry, explosives, matches; (9) 
educational and historical exhibits, apparatus, scientific 
books, photography. Direct icipation of foreign 
firms is not expected, but notable Continental firms will 
indirectly be represented. The instructive character is 
to be emphasi ; learned institutions have been invited 
to send delegates and to submit specimens of the work of 
their students, and the students will be admitted at 
uced rates. Lectures will be given on water puri 
fication, paper and pulp, artificial silk, tndia-cubber, 
protection of structural iron and steel, applied electro- 
a ee and electro-chemistry, indunteee) spirits, and 
other subjects of special interest ; the Karl of Denbigh 
will discourse on beetroot sugar. The exhibition may 
help to gain recognition for one branch of engineerin 
which has far too much been neglected —chemi 
engineering. 
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SELECTED ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. ‘ 
umber of views in the Specification Drawings is stated 
Tic suntier of ers mand to momaeeel. the Rpetiontion ta att 
Whorstevontions are communtented from abrent, the Homes, de., 

are given in itali 


of the italics. 
Copies of ‘ions be obtained at the Patent 0, Sale 
p ~* 4 , Southa Buildings, Chancery-lane, W.C., at 
rhe’ jets aft * t. the acceptance of a 
ification is, in rach case, after the abstract, wnless the 
atent has been sealed, when the date of sealing is 
y, at any time within two months from the date of 
the advertisement Complete Specification, 


f ofa 
ioe notice at the Patent O, of opposition to the grant of a 
latent on any of the mentioned in the Act. 
ELECTRICAL APPARATUS. 
0. The Brush Electrical Engineering Com- 
i and A. W. Jones, Quorndon. 
es. (6 Figs.) May 27, 1940.— 
Means orapp:ratus for the purpove of keeping the commutators and 
slip-rings of dynamo electric machinery cool, a in accord- 
ance with this invention, a stationary cylinder fitting over the 
surface of the commutator or slip-rings, and such that a small 
space is formed between the surface of the commutator or slip- 
rings and the inner side of the cylinder. The cylinder is cut at 


Fig.2. ' 
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convenient. places to admit the collecting-brushes. The drawings 
show the application of the invention to high-speed commutating 
machines. A is the stationary — B are flanges, C is the 
commutator, F are collector brushes extending through holes in 
the cylinder A. Inlet air-tubes H are fitted to admit of free, cool- 
air being supplied to the small s: lying between the inner side 
of the cylinder A and the face of the tator. The 
tator shrink-rings G are formed with vanes L so as to act as a fan 
and draw the free, cool air through the inlet tubes H. (Accepted 
February 22, 1911.) 
GUNS AND EXPLOSIVES. 

Sir A. T. Dawson and G. T. Buckham, 
— Automatic Guns. [3 Figs.) March 8, 1910.— 
This invention relates to cartridge-belt feed mechanism of the 
kind in which the feed and retaining-pawls of the feed-block are 
adapted by a cam device or the like to be simultaneously dis- 
engaged from the belt for releasing the latter. According to this 
invention, the simultaneous disengagement of the pawls from the 
belt is provided for without the use of a cam device, and is 
effected by so forming the pawls that they can be acted upon 
simulteneously by the thumb and fingers of the operator’s hand. 
A is the feed-box, B, B are the feed-pawls, and C,C are the 


Fig. 















retaining-pawls. The feed-pawls are provided with the lateral 
rojections B*, B*, which lie adjacent to each other, as best seen 
n Fig. 1. The retaining-pawls are provided with the transverse 
plate C* for connecting them ther (Fig. 2). In order that the 
projections B* of the feed-pawls may be readily accessible. the 
upper part of the feed-box is formed with a recess A*, which 
exposes the projections. The edeente B and the retaining- 
pawis C can be actuated simultan ly by the downward re 
of the thumb on the projections B* of the feed-pawls and upward 
— of the Sager on the transverse plate C*. (Accepted 

‘ebruary 22, 1911. 

: PUMPS. 


c. E. P. Gabriel, Birmingham. - 

—— [4 Figs.) February 9, 1910.—This invention consists, 
Hretly, in the provision of a double-ended piston having one or 
two detachable end-plates, and, secondly, in the combination with 
one of such end-plates, of a connecting-rod arranged inside the 
iston ; by means of such detachable ends removal or insertion of 
the connecting-rod is materially facilitated. A housing of approxi- 


. ~Y 


mately rectangular shape is bored out at its ends to 


receive the 
has a centrally 
closed by a cover. 

y bored from end 


iston b, and convenient inspection 
coertare on the top, which aye bisa 
cylindrical y advan end and 
adapted to ve the end plates c, the latter — 
utilised to each retain a pair of pinned piston-rings in position. 
The gudgeon-pin ¢ may be held in situ by friction, as is obtained 


by a driving fit, or by extraneous means, a suitable recess being 
formed on The inner side of the end to accommodate the 
advantageously. ball-sha; end of the ee J. The 
end of such rod is cylindrical, with ou ng bosses, 
central vertical slot 6! being formed in that side of the piston 
coutiguous to the crank to allow the crank-pin g! to pass there- 
through for cannection with the large end of the connecting-rod. 
A flat is also associated with the slot !, and is of length sufficient 
to prevent the crank-shaft being fouled by the piston at the 
extreme end of the stroke. The crank g is advantageously of the 
type in which the crank-pin g! does not project beyond the 
periphery of the crank-shaft, and it is mounted in a bearing g” 
attached to the main housing by a boss. (Accepted February 15, 
1911.) 

Cc. Day and W.. A. Dexter, Glasgow. 
Rotary-Pumps. (3 Fiys.} : March 29, 1910.—Air-pumps 
or compressors of the rotary type comprise, in accordance with 
this it vention, an impeller provided with inward-flow buckets 
and placed and adapted to eccentrically within a 
chamber which is itself adapted to be rotated in an opposite 
direction, and to which is admitted the air to be discharged, and 
also a liquid—say, for example, water —the tric arrang t 
of the said impeller, causing the ea red of the impeller to 
alternately = into and out of the water which is caused by 
centrifugal force to lie along the walls of the chamber, so that 
gulpe of air and water are alternately passed through the buckets 
of the impeller, and the air is thus discharged. e chamber a 
is ro! about its geometric axis. This is accomplished by 

ting the chamber on the spindle d. Within the chamber a 
is arranged eccentrically an impeller e provided with vanes f of 
the nature of those of an in -flow or mixed-flow water turbine. 
The impeller is provided with a hollow spindle g, which is adapted 
to be rotated. k is a pipe by means of which air is admitted to 
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the chamber a, and im is a pipe for the admission of water to the 
chamber. The direction of rotation of the impeller is opposite tu 
that of the chamber a, so that the adjacent surfaces of the chamber 
and impeller are moving in opposite directions. During the work- 
ing of the pump a certain amount of water is always maintained 
in the chamber a ; and the centrifugal force due to the rotation 
of the chamber causes this water to lie along the sides of the 
chamber. As each bucket of the impeller during its rotation 
reaches the water in the chamber, it scoops up a certain quantity 
of water and imprisons a quantity of air which has previously 
filled the bucket or vane passage. For example, the vane ay 
o, when in the position shown in Fig. 2, contains air; but the 
entrance to this passage is i diately closed on entry into the 
water zone. The continual rotation of the impeller forces more 
and more water into the passage till, by the time the entrance to 
the vane passage is uncovered by its exit from the water zone, 
the whole vane passage has been filled with water, and the air 
forced into the vertical discharge duct p. The water passing 
down this discharge duct p carries the air with it, and both are 
di-charged at the outlet g. (Accepted February 15, 1911.) 


RAILWAYS AND TRAMWAYS. 


8168/10. W. H. Plumtree and W. H. Plumtree, Lin- 
coln, Spark-Arresters. (2 Figs.) May 2, 1910.—According 
to this invention, the arrester consists of a framing, with two or 
more rows of wire rods wound within it horizontally and set in 
staggered relation, so that while allowing for the free passage of 
smoke, all cinders and sparks are effectually arrested. A portion 
of the bell projection of the chimney is shown at c, and at 
e a section of the exhaust-pipe flange upon which the framing 
rests. The arrester itself is made in two or more parts for con- 
venience of construction and fixing. In each part are two or more 
flat ribs /, each extending from the flange of the exhaust-pipe up 
to the bell-bottom of the chimney. At their upper ends, the 
ribs f are bent or hooked over as shown at h. These hooks 
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ensure the arrester being placed concentric with the chimney 
and the blast-pipe, and easily and firmly secure it in position. 
j and j! show sections through perforated wings formed on to 
the ribs f ; and & and k! show similar sections of perforated wings 
on the corresponding ribs, forming part of the other half or portion 
of the arrester. The pins m m hold the parts together and 
fix the arrester in its right position. These pins being easily 
inserted or removed, the arrester can be fixed or removed in a 
very few minutes. The rib / is shown perforated for thre rows 
of strong wire in its width. These wires form the horizontal bars 
of the cage which excludes the sparks and cinders, while allowing 
a ecepted 











free passage for the g products of combustion. (4 
February 15, 1911.) 
Engineering 


6301/10. The Consolidated Brake and 
Company, Limited, and E. 8. Luard, London. 





Vacuum- Apparatus. (3 Figs.) March 12, 1910,— 
According to this invention, the centreof the piston bis formed with 
an ioouetie ting dished portion c, to the base of which the 

iston-rod d is scoured, This inwardly-directed dished portion in 
he piston surface is designed to ve a sleeve which is intro- 
duced through the aperture in the bottom of the cylinder a and 
is secured in position by a flange and studs. Between the sleeve 
and the piston-rod which extends through the same, leaving an 
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annular space between the rd and the inner surface of the 
sleeve, a rolling rubber ring / is introduced, the ring constituting 
the packing medium between the piston-rod and the cylinder. 
The rolling rubber ring is retained within the sleeve by providing 
the lower end of the sleeve with an iquardiy-diveuied, annular 
shoulder g whieh closely fits around the piston-rod, and the rod 
with a flange h which bears upon the rolling rubber ring at its 


upper part. (Accepted February 8, 1911.) 
3941/10. W. H. Thompson, 8. and R. 
Thompson, Lon ® Pipe-Cou: (3 Figs ] 


February 17, 1910.—This invention relates to tubular flexible con- 
nections for railway vehicles, and ists in the combination 
with a universal joint in connection with the vehicle, of a conduit 
carrying a hollow pin provided with a stuffing-box and gland for 
receiving the end of a bend extending to a half-coupling, and 
carrying a socket embracing the hollow pin, and of means for 
preventing lateral movement between the hollow pin and bend. 
a represents the end of the pipe system of one of the vehicles, 











and b and ¢ are the socket and ball respectively of the universal 
joint, by means of which the pipe a is connected to the conduit 

e is the hollow pin which is formed upon the end of the 
conduit d, and with its axis at right angles to the longitudinal 
axis of the flexible connection ; A is the bend, the inner end of 
which fits into, and is packed within, the stuffing-box of the 
hollow pin e, and ¢ is the half-coupling which is formed upon the 
end of the bend; j is the socket, which is connected by the 
bracket k to the bend A, and in which the hollow pin e is supported, 
a bush being provided as a liner to the socket j. (Accepted 
February 22, 1911.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


2295/10. C. A. ew e-on-Tyne. Tur- 
bines. [3 Figs.| January 29, 1910.—This invention consists in 
a turbine having at its high-pressure end one or more radial 
pew xy each consisting in annular or segmental jets formed by a 
radial restriction of the between the fixed and rotating 
parts, and adapted to convey the steam in an axial direction while 
imparting velocity to it, the steam being then given angular direc- 
tion without substantial change of velocity before delivery to one 
or more rows of the velocity-absorption type blading, in which the 
energy of the high-pressure expansion stages is abstracted, the 
energy of the low-pressure expansion stages being abstracted in 
blading of any suitable —_. In carrying the invention into 
effect, a turbine of short length, relatively to that of a turbine 
using only blading of the Parsons type, is constructed by em- 
ploying on the drum, at the high-pressure end, a number—for 
instance, five, as shown—of stages a, comprising an angular jet , 


iby . R Wott ty 
Y NY“ 
lowe gant! 








or one or more segmental jets formed by radially restricting the 
focmere. between the drum c and casing ¢, and providing guide- 

es in this restriction mounted on the casing, by which the 
steam is given an angular direction only after the required velo- 
city has been given to it in the first part of the jet or restriction, 
in which part the guide-blades are formed so as to convey the 
steam in an axial direction only. The annular or segmental jets } 
deliver the steam on to a row g of crescent blading fixed to the 
drum ¢, and from this blading the steam passes to a row A of fixed 
crescent blading on the casing ¢, whereby it is again turned and 
delivered to another row i of moving crescent blades. Preferably 
only two moving rows g of crescent blading are used, as shown, 
in each stage. bad By ——. from the last of these 
stages a ro a@ number of fixed and moving rows of 
the osunl Passe: blading, forming the leerquenmies end m 
of the turbine, to exhaust j. (Accepted February 1, 1911.) 
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LOCOMOTIVE CHARACTERISTICS. 
By Lawrorp H. Fry. 


Ir is unnecessary to insist on the importance of 
studying the processes by which the locomotive 
engine produces useful work from the energy 
contained by the fuel. The-purpose of the present 
article is to consider euthede of recording clearly 
and instructively the results of such a study. 
The point of chief importance is to show how the 
subsidiary processes, from the combustion of the 
fuel to the utilisation of the steam, vary with 
the output of the engine. 

A graphical method of representation has many 
advantages, as may be seen from the characteristic 
curves for steam locomotives given by Professor 
Dalby in Enorneertne for August 19 and 26, 1910. 
These curves show very clearly the relation between 
boiler output and the efficiencies at which the pro- 
cesses of combustion and steam production are 
carried out. To show the complete action of the 
steam in the cylinders a further development of 
the method of representation is advantageous. In 


RELATION BETWEEN TOTAL ENERGY CONSUMPTION 
AND ENERGY PER HORSE-~POWER- MINUTE. 
1. $7 LOUIS TESTS. SERIES 200. 


B.Th.U. Horse-Power per Minute. 
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BIn.U. per Minute. 
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Hegt Transterred across Heating Surface to Steam (a) 


Practical experience confirms this conclusion, but 
at once suggests that the increase in efficiency 
cannot be indefinitely continued by increasing the 
load. A point of maximum efficiency will be reached, 
and beyond that an overload will be as little con- 
ducive to engine efficiency as an underload. This 
is indicated in the tests on which Professor Dalby’s 
diagrams are based. There is a general tendency 
for the measured horse-power, at the higher loads, 
to fall below the horse-power line from equation (1). 
The same thing is shown more clearly if the results 
of the tests are plotted as in Figs. 1 to3. Here 
the abscissie are, as in Professor Daiby's diagrams, 
the B.Th.U. in the steam produced per minute, 
while the ordinates show the reciprocal of the engine 
efficiency, measured in B.Th.U. per horse-power 
per minute. The three figures represent respec- 
tively the series of tests 200, 600, and 800, made by 
the Pennsylvania Railroad on the St. Louis testing 
plant, and therefore correspond to Professor Dalby’s 
diagrams 200, 600, and 800. The lines are drawn 
from formula (2), and while they agree satisfactorily 
with the measurements at the lighter loads, there 
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Fig.4% RATE OF ENERGY CONSUMPTION AND ENGINE EFFICIENCY 
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constructing his characteristic curves, Professor 
Dalby chooses as the independent variable, to be 
measured along the axis of abscisse, the rate at 
which the heat is transmitted across the heating 
surface to the steam, or, in other words, the rate 
of steam production measured by the number of 
heat units employed per minute. The other quan- 
tities are plotted as ordinates, so that the curves 
show the boiler efficiency, engine efticiency, &c., as 
functions of the rate of steam production. From 
the examination of a number of tests on various 
locomotives, Professor Dalby concludes that the 
indicated horse-power (H) is practically propor- 
tional to the number of heat units (a) employed 
per minute in the steam production, and that the 
relation can be expressed by an equation of the 


form 
H=azr-b (1) 


where aand b are constants; and that consequently 
the consumption of energy in heat units per horse- 
power per minute (h) becomes 


x 


. : - (2) 


ax—b 

It is to be noted that h is inversely proportional 
to the engine efficiency, and that it would follow 
from equation (2) that the engine would be least 
efficient with a light load, and that the efliciency 
would be improved as the load was increased. 











is an obvious tendency for the measured energy 
per horse-power minute, as marked by the points, 
to rise when the load is increased beyond a certain 

int. 
Porig. 4 shows the same effect from another point of 
view. This figure corresponds to Professor Dalby’s 
diagram C, being based on Professor’s Goss’s experi- 
ments with a boiler pressure of 180 lb. per square 
inch, and gives the results of measuring the engine 
efficiency and the energy in the steam consumed at 
speeds varying between 20 and 50 miles per hour, and 
for reverse lever positions varying from the second 
to the eighth notch counting from the centre for- 
ward—that is, cut-offs of from approximately 14 to 
35 per cent. The vertical distances represent speed, 
and the horizontal distances the notch in which 
the reverse lever stood. Each dotted line corre- 
sponds to a given amount of energy furnished per 
minute to the engine, and the position of the line 
shows the various combinations of speed and cut- 
off at which this amount of energy is consumed. 
Similarly, each heavy line corresponds to a given 
engine efficiency, measured in B.Th.U. per horse- 
power per minute, and shows by its position the 
combinations of speed and cut-off at which that 
efficiency is attainable. 

The highest measured efficiency is at 40 miles 
an hour, with the reverse-lever in the sixth notch, 
when each horse-power is produced at the expense 





of only 459 B. Th. U. per minute. Any change, 
whether an increase or decrease, in speed or in 
cut-off, lowers the efficiency, a greater number of 
heat units being required per horse-power minute. 

At the point of maximum efficiency the broken 
line curves show that the steam consumption re- 
resents approximately 240,000 B.Th.U. per minute. 
f the sy be reduced, and the cut-off lengthened 
in such a way as to keep the steam consumption 
constant at this figure, the efficiency will fall until, 
with the lever in the eighth notch and a speed of 
about 25 miles an hour, each horse-power will 
require about 490 B.Th.U. per minute. In other 
words, from about 525 horse-power at the point 
of maximum efficiency, the rate of working will have 
been reduced to about 490 horse-power, the con- 
sumption of energy remaining the same. Similarly, 
when 140,000 B.Th.U. per minute are furnished to 
the engine, the horse-power will vary with the 
speed and cut-off from 292 at 40 miles an hour 
to about 274 at 25 miles an hour. There isa general 
tendency for the horse-power to increase with the 





number of heat units consumed ; but for a com- 
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plete statement of the relationship, both speed and 
point of cut-off must be considered. For this pur- 
pose the curves in Fig. 5, page 572, are convenient. 

Those previously examined in Fig. 4 show the 
engine efticiency and the energy consumed ; but for 
practical purposes it is more useful to deal directly 
with the input as measured in pounds of steam, and 
with the output in the concrete form of tractive 
force. 

Fig. 5, which shows the relation between these 
quantities and the speed and cut-off, is based on 
the Pennsylvania Railroad Company’s tests of two 
‘* Atlantic” type locomotives. Full particulars of 
these tests are given in the Proceedings of the 
American Railway Master Mechanics’ Association 
for 1908, pages 299 et seg. The results, as ex- 
pressed in Fig. 5, have been found to harmonise 
with those obtained from other locomotives, and 
the figure appears to be of fairly general application 
to single-expansion locomotives working with satu- 
rated steam. It will be seen that the figure con- 
sists of two panels, one above the other, referring 
respectively to the steam consumption and the 
tractive force, and having in common a horizontal 
scale on which the distances measure the engine 
speed in revolutions per minute. The vertical dis- 
tances represent tractive force in the upper panel, 
and steam consumption in the lower, and the scales 
have been chosen so as to measure the quantities in 
terms of the cylinder dimensiuns, and thus facilitate 
the use of the curves for locomotives of different 
dimensions. In the upper panel a reading on the 
vertical scale gives the indicated tractive force as a 
percentage of T,,, the maximum tractive effort at 
rail, where 


_ 0.85 Pd? s 
Tx» = D~ ° ° - (8) 


P being the boiler pressure, d and s the diameter 
and stroke of the cylinders, and D the driving- 
wheel diameter. 

The heavy curves correspond to various cut-offs 
and show how the indicated tractive force of the 
cylinders T, is related to the speed and cut-off. By 
drawing a horizontal through the intersection of 
the vertical for 80 revolutions and the curve for 
30 per cent cut-off, it is found from the scale at the 
left that the indicated tractive force under these 
conditions is 60 per cent. of the maximum tractive 
effort—that is, T‘ = 0.6 T,,. 

In the expression for the maximum tractive effort, 
T,,, anallowance is made for machine friction, while 
the indicated tractive force is measured at the 
cylinders. Consequently the maximum value of 
; will be greater than T,,. 





In the lower panel the intersection of a speed 
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vertical with a cut-off curve gives a reading on the 
left-hand vertical scale proportional to the water 
consumption under the corresponding conditions. 
The scale reading y, gives the hourly water consump- 
tion W, in terms of T,, D—that is, of 0.85 P d? s, 
which is a function of the cylinder dimensions and 
of the boiler pressure. The scales in both panels 
have been chosen with a view of rendering them 
independent of the locomotive dimensions and yet 
applicable to a given machine with the minimum of 
calculation. Almost invariably the maximum trac- 
tive effort T,, will have been calculated for other 
purposes, and having this, the indicated tractive 
force is easily found by multiplying the scale of the 
upper panel by T,, and dividing by 100, while the 
hourly steam consumption is found by multiplying 
the scale of the lower panel by T,, and by the 





driving-wheel diameter and dividing by 1000. 
By placing the two panels in the relative position 


Figs. geese 


shown in Fig. 5 several important points in the 
processes governing the operation of a locomotive 
can be brought into prominence. For example, 
five curves have been drawn in the upper panel 
showing the variation of the tractive force with the 
speed when the indicated horse-power remains 


constant. These curves are equilateral hyperbolas 
derived from the equation 
ee Ti ¢ D (4) 
126,000 


where r is the number of revolutions per minute. 
For a locomotive having cylinders 18 in. by 30 in., 
driving wheels 804 in. in diameter, and 200 lb. per 
square inch pressure in the boiler, T,, = 20,5001b., 


and the hyperbolas in Fig. 5 correspond respec- 
tively to , 750, 1000, 1250. and 1500 indicated 
horse-power. By noting the successive intersec- 


tions of one of the ye wre with the cut-off 
curves, information is obtained as to the relation 
which must exist between cut-off and speed to kee 
the indicated horse-power constant. Thus, wit 
the locomotive of the dimensions given above, 1500 
horse-power can be obtained with 70 per cent. cut- 
off at 120 revolutions per minute, and with 40 per 
cent. cut-off at about 240 revolutions. 

Now consider the relation of the lower panel to 
the horse-power curves. The intersection of a given 
—a curve with a cut-off curve in the upper 


panel lies on a vertical, the position of which de- 














termines the speed required to develop the horse- 
power at that cut-off. By following this speed 
vertical down to its intersection in the lower panel 
with the curve for the same cut-off, the steam con- 
sumption for that speed and horse-power is deter- 
mined. If, in this way, the intersections of the 
given horse-power curve with all of the cut-off 
curves be ae egg from the upper to the lower 
panel, a number of points are obtained. These 
mark the steam a for the given horse- 
power at each cut-off. By joining them a curve is 
obtained showing the steam consumption required 
by the given horse-power at all speeds and cut-offs. 

Four such curves have been drawn in the lower 

nel of Fig. 5, corresponding to four of the hyper- 
ies of equal horse-power in the upper panel. A 
further development of the diagram may be obtained 
by noting that a horizontal line in the lower panel 
corresponds to a constant rate of steam consump- 
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tion. For example, in the case of an engine of the 
dimensions given above, the line A A would corre- 
spond to a consumption of 25,000 Ib. of steam per 
hour, or about 500,000 B.Th.U. per minute. 

By examining the intersection of this line with 
the other lines in the figure, information can be 
obtained as to the combinations of speed and cut-off 
at which the engine must work ; and what is more 
important, the horse-power obtainable at the various 
a In the present case the line A A crosses 
the 750-horse-power line at 52 revolutions per 
minute, corresponding to about 63 per cent. cut-off. 
As the s is increased, and the cut-off shortened, 
the engine efficiency is improved. This is shown 
by the fact that with the same steam consumption, 
the horse-power obtainable is increased to 1000 at 
120 revolutions per minute. As the speed continues 
to increase, a further slight increase in horse-power 
is obtained. The maximum power is reached at 
about 180 revolutions per minute, beyond which 
point there is a decrease in power, the 1000-horse- 
power line being re-crossed at about 275 revolutions 
per minute. 4 other words, the hourly steam 
consumption per horse-power hour runs from some- 
thing over 30 Ib. (600 B.Th.U. per minute) at slow 
speeds through a minimum of about 23.4 Ib. (468 
B.Th.U. per minute) to about 25 lb. (500 B.Th.U. 
per minute) at 280 revolutions per minute. From 


efficiency, is obtained with a cut-off of about 25 per 
cent., and speeds of from 150 to 180 revolutions 
per minute. 

In applying the characteristic curves to practical 
work it is usually desirable to determine the power 
and tractive force available at various speeds, the 
boiler working throughout at its maximum rate of 
evaporation. It is not easy to ascertain the exact 
influence, if there be any, of the speed of the loco- 
motive on the evaporative power of the boiler ; but 
it is reasonable to count on the hourly production 
of about 12 lb. of steam per square foot of heating 
surface at slow speeds, and about 13 lb. per square 
foot at high speeds. The broken line B B has been 
drawn in the lower panel to represent, on this 
basis, the steam production from 2143sq. ft. of 
heating surface, the other dimensions of the engine 
being as assumed above. By reversing the process 
by which the yay sa curves were projected 
from the upper to the lower panel, the line BB 
can be projected into the upper panel, the line C C 
being obtained. This line marks the tractive power 
obtainable at any speed from a locomotive having 
the boiler capacity represented by the line B B. 

It will be found that the cut-off curves in the two 
panels of Fig. 5 represent all of the information 
necessary for the complete characterisation of the 
operation of a locomotive so far as the engine is 
concerned. The related information as to the 
action of the boiler is given in satisfactory form by 
the curves described by Professor Dalby, and it 
would be a simple matter to add to Fig. 5 another 
panel containing these boiler characteristics. Com- 
plete diagrams of characteristic curves for compound 
as well as single-expansion locomotives have been 
described by the present writer in the American 
Engineer and Railroad Journal for October, 1907, 
and November, 1908, and it may be added that 
groups of curves showing the relation between 
tractive force, cut-off, and speed, have been published 
by the American Railway Master Mechanics’ 
Association, and also by Professor Dalby in the 
transactions of the Institution of Civil Engineers. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

Tue final ordinary general meeting of the above 
Institution for the 1910-11 winter session was held 
on Friday last, the 28th ult., at the Institution 
House, Storey’s Gate, the President, Mr. E. B. 
Ellington, occupying the chair. 


Gas-PRoODUCERS. 


After the formal business, two papers were read. 
One of these was a paper entitled ‘‘Gas-Producers,” 
by Mr. J. Emerson Dowson, Member, of London, 
and the other entitled ‘‘The Effect of Varying 
Proportions of Air and Steam on a Gas-Producer,”’ 
by Mr. E. A. Allcut, M.Sc., of the University of 
Birmingham. These papers were read in slightly 
abbreviated form by their respective authors. They 
will be found reprinted in full in another part of 
this issue. 

The President, in proposing a vote of thanks to 
the authors, observed that Mr. Dowson’s communi- 
cation was the work ofa man who was a past-master 
of the subject of gas-producers, and no one living 
had done more to popularise gas-producers, or 
increase their efficiency. His paper was most prac- 
tical and valuable. On the other hand, Mr. Allcut’s 
excellent paper was of a more theoretical character. 

Captain H. Riall Sankey, Member of Council, was 
the firstspeaker. He considered Mr. Dowson’s paper 
an admirable historical account of what had been 
done in relation to gas-producers. Mr. Dowson had 
alluded to various matters affecting the efficiency of 
the producer, but had not, so far as he could find, 
anywhere indicated the nature of that efficiency. If 
the author had taken an example, such as a suction 
producer, and stated the efficiencies at full, three- 
quarters, half, and one-quarter load of the engine, 
the figures would have been valuable. In Table I. 
of the paper the calorific value was given for a gas 
on the so-called higher scale. He was sorry this 
had been chosen, because the Gas-Engine Com- 
mittee of the Institution of Civil Engineers had 
made a rule (accepted by the Institution) that the 
calorific value of producer-gas for gas-engines should 
be taken on the lower scale, for the reason that 
the heat in the steam used by the producer which 
could not be in any way used by the gas-engine 
ought not to be taken into account. That would 
make a considerable difference in this particular case, 





the run of the curves it appears that the minimum 


steam consumption, that is, the maximum engine! 





as there was a good deal of hydrogen, and it was 
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the presence of hydrogen (and methane) which 
affected this matter. He thought the difference 
would amount to 15 units. [Mr. Dowson here 
suggested 12 units.) Captain Sankey, continuing, 
said that the author had stated that at any rate of 
production considerably less than the maximum, 
the calorific value of the gas would be lower. That 
statement, he thought, might be misconstrued, as 
from it it might be imagined that a gas of higher 
power was better, and a gas of lower power was 
worse, when used in a gas-engine. That was not so. 
There was actually little difference. To take the 
extreme case of a gas produced in a blast-furnace, 
the calorific value would be about 100 thermal units 
per cub. ft., and yet the efficiency of that gas in a 
vas-engine would be as good as any other. With the 
addition of the proper amount of air for burning 
the gas, the calorific value per cubic foot of any gas 
was nearly the same. In the case of town gas— 
of about 600 or 550 thermal units—when the proper 
amount of air, which was about 9 to 10, was added 
the calorific value per cubic foot would be in the 
neighbourhood of 90, and with suction-gas very 
much the same result would be obtained. From 
the gas-engine point of view, therefore, it was 
not right to say that a gas would be better or worse 
because it had a higher or lower calorific value. 
The most interesting point of the paper was the 
author’s description of his producer for working 
bituminous wn 9 It seemed that Mr. Dowson had 
at last hit upon the right thing for this class of 
coal. Some years ago he remembered seeing a pro- 
ducer which, according to the drawing, worked 
beautifully, but in actual practice the gas would 
not follow the arrows shown on the drawing. Pos- 
sibly in the case of the author’s drawing, the arrows 
being merged, the gas would have a better chance. 

Mr. Michael Longridge (Member of Council) spoke 
next. The two papers dealt with the same subject 
from the practical and theoretical standpoints respec- 
tively. In past years the knowledge of the practical 
man was thought to be what engineers most required, 
and that of the theorist was considered comparatively 
unimportant. He thought these two papers proved 
the reverse to betrue. Mr. Allcut’s paper gave facts 
which were of the utmost commercial importance, 
which, if properly comprehended, would enable the 
engineer to understand many of the difficulties 
which arose in the working of gas-producers, why 
those difficulties arose, and how to get over them. 
Mr. Dowson had stated that it was essential there 
should be a sufficiency of steam. What, he would 
ask, was a sufficiency of steam? Mr. Allcut had 
indicated that, in a small producer, a sufficiency of 
steam would be about 0.7 lb. per pound of coal, 
and in a large producer the figure would be 
about 0.5 lb. per pound of coal. Again, Mr. 
Dowson had stated that there should be a zone 
maintained at a sufficiently high temperature to 
make good gas. But what was that temperature ? 
Mr. Allcut had given about 1832 deg. Fahr., and 
had, moreover, pointed out the influence which the 
depth of that zone of combustion and of the super- 
incumbent zone of cool coal would have. Mr. 
Allcut had shown how, with a small superincum- 
bent weight of coal, the CO produced in the heat 
zone had not time to be oxidised to CO,; with a 
deeper zone of cold coal, however, the CO produced 
in the heat zone became oxidised, a larger propor- 
tion of useless CO, in the gas resulting. These 
facts, the speaker considered, were both valuable 
and reliable. 

He wished to allude to certain points in the 
construction of producers, which might be improved, 
to the greater comfort of those who had to work 
them. The corrosion of the scrubbers of producers, 
especially those using coke, was a serious matter. 
With some kinds of coke a scrubber would corrode 
through in three or four years. This entailed not 
only the expense of replacement, but the inconveni- 
ence of a stoppage of work during replacement. Why 
could not the scrubbers be made of pot? If that 
were impracticable, why not make at least the 
lower parts of cast iron, particularly when working 
with coke? This practice, he believed, was already 
adopted by one firm, and he hoped others would 
follow. Then some vaporisers, in some cases, were 
made of wrought-iron and steel tubes; others of 
cast iron, and some of them placed inside the 
furnace and some outside. he wrought - iron 


vaporisers naturally corroded, especially when put 
outside, and, where there was a small spray or 
trickle of water running down the heated sur- 
face in contact with warm moist air, corrosion 
followed very rapidly. With cast iron the trouble 








was that of fracture, owing to excess of heat. A 
defect in both cases was the absence, in most pro- 
ducers, of any proper means of cleaning them ; 
they silted up with dirt, and were - inaccessible, 
consequently burning through. 

Mr. Longridge then drew a diagram on the black- 
board, in order to illustrate some remarks on the 
question of explosions. The sketch embodied a pro- 
ducer, the pipe going into the scrubber, the scrubber, 
a pipe going out of the scrubber and into the 
reservoir, &c. In some forms of scrubbers the gas- 
pipe entered at the bottom, and was water-sealed. 

o long as the water-seal was maintained at the 
proper height, it would prevent a spark or flame 
getting into the gas in the scrubber. The gas in 
the scrubber was not combustible so long as it 
remained pure gas. At night, however, when the 
scrubber became cool, there was contraction of the 
gas and a certain amount of air might get into 
the scrubber, and so render the gas explosive. The 
chimney-pipe was often closed by a cock which did 
not cut off the producer. Ifthe cock were left open 
at night, that allowed air to. diffuse into the 
scrubber, making an explosive mixture. Makers 
of producers should put in a two-way cock, so that 
the ges from the producer to the air and from 
the scrubber to the producer could not be opened 
simultaneously. There wasalso a risk of explosion 
from leaving the escape-pipe open, but that might be 
got over by inserting a light non-return valve. There 
should, further, be wire-gauze diaphragms over the 
cocks to prevent the flame working backwards. 
With these precautions there should be fewer 
explosions. 

e regretted that in Mr. Dowson’s paper no 
guidance was given as to the design of producers for 
different kinds of fuel, and for different cokes ; as to 
the effect of area on the producer and the depth of 
fuel relatively to the draught going through it. He 
was afraid that people did not design producers. 
They made a cylindrical vessel, regardless of what it 
was to do, or what coal or size of coal was to be burnt 
in it. It would lead to improvement in the efftici- 
ency of producers, and in the comfort of working, 
if a more rational theory were established by ex- 
periment as to the area and height of a producer 
relatively to the amount of air passed through it 
and the coal burnt in it. 

Mr. T. W. Stainer-Hitchens, dealing with Mr. 
Allcut’s paper, thought that if the air had been 
mixed with the steam, instead of being brought in 
on opposite sides of the producer, results different 
from those arrived at would have been obtained, 
and there would have been a higher rate of water 
consumption. Further, if the air had been heated 
by means of an air-belt round the producer, there 
would again have been different results. Whilst also 
acknowledging that the amount of water stated as 
being gasified in the producer was the maximum in 
that case, in a producer of a different description 
it would not have been the maximum, He attri- 
buted the corrosion in producers indirectly to the 
fact that buyers accepted the cheapest tender and 
expected the best plant; it was therefore useless 
for a firm to attempt improvements if the prices 
were to be cut. Such a producer as had been 
sketched by Mr. Longridge had been manufactured 
by a firm which, about four years ago, had to close 
their doors; they had put in too many valves. 
With regard to Mr. Dowson’s bituminous coal pro- 
ducer, he would ask if it were run with double 
blast and with varying loads, and whether Mr. 
Dowson had had trouble with the sooting up of his 
vaporiser. When volatile matter passed through a 
heat, zone, a sort of graphite resulted, which prac- 
tically could not be removed by a washer, unless 
very large areas were given to scrubbers, blankets, 
&c. Eventually this graphitic matter, in a tacky 
condition, got into the engine, and caused it to stick. 
If Mr. Dowson had been successful in this direction, 
he had achieved great things. On the other hand, 
Mr. Dowson had been working his producers under 
favourable conditions, Nottingham slack being con- 
sidered an ideal fuel from the point of view of the 
man who had to manufacture bituminous plant ; 
so much so, that any tin can would make gas with 
it. Stand-by losses had been mentioned in the 
paper, and this was important to those interested 
in steam-engines. Thespeaker would refer to some 
test made about two or three years ago, over very 
long periods, on a 1000-horse-power and a 2000- 
horse-power producer. In the case of the 2000- 
horse-power producer, speaking from memory, the 
tests extended over a month, the stand-by being 
12 hours ; the stand-by losses were 14 lb. per hour 








with bituminous coal. Turning again to steam 
consumption, this seemed to waver between 
0.5 Ib. and 2} lb. of water per pound of fue 
gasified. He would say that 2} 1b. was the usual 
figure with bituminous plant arranged for the 
recovery of ammonia gas, in which it was desir- 


able to keep the temperature down in the 
producer, and so not to destroy the nitrogen 
compounds. That amount of water, however, was 


not decomposed, a certain amount passing through 
with the gas. In bituminous non-recovery plants 
—as of the Mond type—the blast temperature was 
usually 70 deg.—equivalent to about 1 lb. of water 
per pound of coal. There was, of course, a certain 
amount of condensation always taking place; the 
ash, although of comparatively high temperature, 
absorbed more or less water, so that exactly what was 
going through the producer was not known. With re- 
gard to producer manufacturers, the speaker thought 
the remarks which had been made might apply to 
a man who had a little back yard, a hammer, a 
a few rivets and pieces of iron, and commenced to 
make a producer, but they did not do so to ordi- 
nary makers. The questions of the amount of 
water, depth of fuel, or area of the producer, were 
matters on which manufacturers of producers had 
knowledge, but these would not be made generally 
public. The depth of the fuel would vary with its 
quality and size, and the case was similar with tem- 
— [Mr. Longridge here observed that he 

ad not contended that the producer makers did 
not know these facts, but merely that, having been 
unable to ascertain what were the facts, he assumed 
that they did not know. ] 

Mr. F. Howard Livens asked Mr. Dowson 
whether there was any difficulty in regulating the 
zone of combustion in his double-action producer, 
because there was air going in at the upper part 
and steam and air going in at the lower part. He 
wished to say a word on the working of producers. 
When it was considered by whom they were 
worked, it would be understood that, whatever the 
nicety of adjustment provided, many producers 
had a poor chance in practice. Apparently the 
most ignorant man that could be found was em- 
ployed to work them ; he was not supposed to be 
a mechanic, and it was better that he should have 
had nothing to do with steam, as he might then 
spoil the gas-engine out of a belief that he knew 
too much about it. On the whole, the working 
was successful, notwithstanding the ignorance of 
the men; but it was not, under such circumstances, 
to be expected that the exact percentage of 
water necessary to work the producer most 
economically could be obtained. It would have 
to vary more or less, and he could not con- 
ceive the possibility of arranging apparatus 
elastic enough to allow the water to go to the 
producer in the right quantities for no load 
and for full load, and yet to be intelligently con- 
trolled by men of the class he had referred to. 
Taken all round, the apparatus might be thought 
successful and economical, but not one which was 
often working under the best conditions. In his 
opinion, makers made the plates of their scrubbers 
and producers too thin. They apparently con- 
sidered the apparatus as being almost in equilibrium, 
with the consequence that the producer and scrubber 
were not thick enough to withstand corrosion. 
With regard to the two-way valve mentioned by 
Mr. Longridge, there were makers who put that 
valve in habitually, and personally he never sent 
out an apparatus without a two-way valve. The 
accident alluded to by Mr. Longridge could not 
therefore happen. Other Continental makers 
put in double valves with the same object. Mr. 
Allcut’s paper was particularly interesting for 
the careful way in which the results had been 
obtained. He should have thought, personally, 
that with a producer of only some 9 in. Sanster of 
grate, it would not have been possible to be sure 
of the results. Small producers were very difficult 
to control ; a larger grate area was much easier. 
It was becoming universal now to make gas-engines 
with throttle governing instead of the old fashioned 
hit-and-miss, and in this relation we owed much to 
Continental practice. The time had come, he 
thought, for making gas-engines on the throttle 
principle. This course was better for the engine 
and for the producer. Finally, by way of reply to 
Mr. Longridge, he would say that there were, to 
his knowledge, makers who supplied producers of 
three different capacities for a given output, accord- 
ing to the kind of fuel to be used. 

Mr. Tookey said that the discussion had appa- 
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rently been carried on by those interested in the 
producers commercially, but perhaps the best 
comment might come from those who, having no 
commercial interest, were more impartial. Mr. 
Dowson was, perhaps, not only the father of the 
producer, but also, in a way, the stepfather of the 
gas-engine, the progress of which would not have 
been so considerable had it not been possible to 
use producer- He thought that many of the 
criticisms of plants offered by Mr. Longridge had 
already been met by makers for many years. 
From the point of view of the maker it might 
be pointed out that people would not pay 10 per 
cent. extra in price for 25 per cent. more efficiency, 
and makers should not be blamed for not putting 
in appliances which, while they would improve the 
roducer as a workable piece of apparatus, could 
done without, although an element of risk might 
thus exist. Turning to the tar question, different 
makers of producers said that the tar should be 
dealt with in different ways. Some said the tar 
should be dealt with in the producer itself, this 
opinion being shared by Mr. Dowson. Others 
asserted that the proper place for the tar was in 
the tar-bucket, and that the bituminous matter 
should be taken from the fuel, and gradually 
cooled by a long succession of pipes, until at 
last it could be disposed of at ts. per ton. 
He wished for further information as to the correct 
treatment of the tar; whether it should be sepa- 
rated, or whether it was desirable that water should 
not be allowed to come into contact with the tarry 
gases. In the latter case he understood the removal 
of the tar was considerably hindered. Another 
point Mr. Dowson had not touched upon was the 
utilisation of fuels other than bituminous coal. 
There were in the United Kingdom and elsewhere 
many factory managers who would be glad if they 
could find a gas plent which would burn wood, not 
only chunks of wood, but wood such as the scrapped 
ends of saw-mills, saw-dust, planer chips from 
moulding-mills, and so on. Something had been 
done in that direction, and the speaker believed 
that there were one or two plants at work which 
could be depended upon to work satisfactorily day 
in and day out; others, however, had been tried 
and got rid of. Another matter he wished to refer 
to was the employment of steam for injection into 
the producer with the air. It had been suggested 
that, instead of this, it was possible, and, indeed, 
efficient, to utilise more or less of the exhaust gases 
of an engine. It had been claimed in America 
that not only was that practice economical and 
efficient, but that it diminished the chance of risky 
and unreliable working of the gas-engine. 

Mr. Dowson then replied to the discussion. He 
said he was quite alive to the importance and 
the necessity of studying the theory of the sub- 
ject as well as the practice of it, and had only 
omitted the theoretical treatment for want of space. 
He did not wish to assert, of course, that he knew 
all about the theory. He had, however, tried to 
acquire a knowledge of it, and apply this in his 
work. Mr. Longridge should not carry away the 
impression that simply because he (the speaker) 
was a maker ho merely confined himself to practice. 
Turning to Mr. Allcut’s paper, he thought he -had 
taken a t deal of trouble about his results ; 
but he (Mr. Dowson) was afraid the apparatus 
employed in those experiments was untrustworthy. 
Mr. Allcut had himself said that there were 
cracks in the firebrick lining of the producer, 
which was a very small one. Mr. Dowson agreed 
with the view expressed by a previous speaker that 
tests with so small a producer were not satisfactory, 
and he did not recommend them. The cracks in 
the lining would at once vitiate the results, and he 
wondered that, so soon as Mr. Allcut found the 
lining in such a state that some of the gas was 
actually burning inside, with resulting excess of CO,, 
he had not had that lining .aken out and re-set ; 
that, he thought, would have been the right course. 
Mr. Alleut had also admitted that the vaporiser 
was not efficient. It was of a type almost 
identical with one he (Mr. Dowson) had used 
for experimental work some years ago, and 
had found so unsatisfactory that it had been given 
up. A vaporiser that did not give a sufticiency of 
steam was unsuitable, as it altered the conditions 
of working altogether. Exact tests had to be 
made with good apparatus. The speaker thought 
such an apparatus should fairly represent the gas- 

ucers which were sold for use, and it would 
ve been better had a well- i ucer 
been employed. Mcasur:ag the fuel consumption 





| by bringing the fuel level at the end of the test to the 
same height as it was at the start did not give an accu- 
rate determination, as it made no allowance for the 
clinker and ash accumulated in the producer. When 
Captain Sankey conducted the trials at Derby, he 
was careful to have the contents of each producer 
raked out clean, the ash being separated from the 
unburnt coal, and the two weighted separately ; 
| that, the speaker considered, was the only proper 
course. The point was of importance, because the 
heat efficiency was worked out on the basis of fuel 
consumption. The hydrogen mentioned was, if he 
understood Mr. Allcut rightly, supposed to be all 
derived from decomposed steam; but his impression 
was that some must have been derived from the 
anthracite coal. He had known anthracite yield 
as much as 6 per cent. of hydrogen, and he ques- 
tioned the existence of an anthracite which would 
not yield hydrogen. It did not appear from the 
paper that analyses had been made. He would 
therefore ask whether the hydrogen spoken of in 
the paper was simply from decomposed steam, or 
whether hydrogen from anthracite had been taken 
into account. 

Captain Sankey had spoken about the calorific 
power of gas being given on the higher scale. From 
an engine point of view, it would have been better 
to have taken the lower scale. As he was dealing 
with producers only, he had given the figures in 
the table to show what the actual calorific value of 
the gas was. The gas produced might be used for 
heating purposes, for instance, and then the higher 
scale would come in. He did not think he was in 
error in putting the matter so. In his paper he 
had not dealt with anything outside the pro- 
ducer, and therefore he had not considered the 
corrosion of scrubbers. With regard to explosions, 
he had known of but few in the course of a long 
experience. Referring to the remark by Mr. Long- 
ridge about leaving open the valve in the waste- 
pipe of a producer, it was, he said, quite a common 
practice to leave this a little open during the night 
while the fire was standing ; and a little opening was 
also left at the bottom air supply of the producer to 
keep the fire going. If both these were shut up, it 
was only a question of hours for the fire to die down 
altogether. If there was a fire, there would be a 
current up the waste-pipe similar to the draught in 
the chimney, and he did not see how the air was to 
flow downwards, as Mr. Longridge had indicated ; 
the draught would be the other way. 

In reply to Mr. Livens, who had asked if there 
were any difficulty in regulating the zone of com- 
bustion in an upward and downward draught-pro- 
ducer, he oak say there was none; it adjus 
itself automatically. He had been agreeably sur- 
prised to find that was so, and in his practice no 
regulation was done. Other points he would reply 
to in writing. 

Mr. Allcut also replied to the remarks made 
upon his paper. Mr. Longridge had, he thought, 
gone straight to the point of his paper when 
he had referred to the effect of the depth of fuel- 
bed. It was rather incidental to the actual research 
work, but was of great importance. In fact, the 
crux of the whole matter of gas production was the 
depth of the fuel itself and the ratio between 
the zone of active combustion and the total depth. 
The zone of active combustion would depend very 
largely upon the velocity of the air through the fuel. 
He thought that Mr. Hitchens showed some lack 
of appreciation of the points involved in the research. 
In a series of experiments designed to find out 
certain points, it was imperative to take one 
variable at a time, and for this reason he had kept 
everything constant except the amount of steam. 
Otherwise the experiments would not have resulted 
in a comparable series. He had, however, carried 
out another series of experiments with heated air, 
but these he had not had time to work out. With 

to the quantity of steam, if more were used 

inside the producer than could be efficiently decom- 
, that steam would carry off a lot of latent heat 
which had somehow to be got hold of. The regenera. 
tive process, of course, would add to the cost of 
the producing plant, and if that latent heat were 
entirely lost, it would, forming as it did a large 
proportion of the total heat, lead to certain loss of 
efficiency in the producer. The difficulty of con- 


trolling small producers was a practical matter. 
He endeavoured to g2t over it by using con- 
stant ure, by using anthracite coal, which did 


not cake ; while he run the producer for four 
hours before commencing to take readings, so that 
during a trial they might be as steady as possible. 








With regard to Mr. Dowson’s remarks, as he had 
not in his research unlimited money at his dis- 
posal, he had to use the best ——- he could 
get. The University of Birmingham would doubt- 
less have been pleased if Mr. Dowson had 
made the offer of a producer for the pur- 
pose of these experiments. With wnat to 
the cracks in the lining, these were exceedingly 
small; he would have liked a new lining, but time 
and expense did not permit. A constant pressure 
of air was maintained inside the ash-pit throughout 
the experiments, and, as far as he could observe, 
there was no extension of the cracks during the 
series of trials. The volume of air therefore that 

through the cracks and was burnt in the 
gases at the top of the producer would be practi- 
cally constant ; that was to say, a constant propor- 
tion of carbon dioxide would be produced, and it 
might be assumed that, although the absolute value 
of the CO, might not be correct, the comparative 
values would be, and the point at which maximum 
efficiency was obtained would be correct also. Mr. 
Dowson had concluded that all the water could not 
have been vaporised ; had that been the case, some 
would surely have been left in the bottom of the 
producer at the end of the experiments, as there 
was nowhere else for it to go. There was, how- 
ever, no water left there. Unfortunately, the 
design of the producer prevented a determination 
of the percentage of ash and clinker, though 
he would have liked to have got figurés for these. 
The amount of clinker and ash formed by pure 
anthracite, however, in a four hours’ trial was very 
small indeed, being barely discernible in fact. With 
regard to the analysis of the coal, in the labora- 
tory in which he had worked there was no suitable 
apparatus for this purpose, but the same quality of 
coal was used throughout, and the conditions were 
constant in all respects save that of the amount of 
steam. If any hydrogen came from the coal, the 
amount of this hydrogen would be equal for each 
trial, so that the comparative results of the trials 
would not be affected. 

The President then brought the proceedings to a 
close. In doing so, he announced that the conver- 
sazione would be held at the Institution on Friday, 
May 26. He stated also that the arrangements for 
the Summer Meeting in Switzerland, in July next, 
were in a forward condition, and there was every 
prospect of a large and successful gathering. 





ELECTRIC POWER ON THE NORTH- 
EAST COAST.—No. IV. 
Sus-StaTions. 

WHEN it is considered that the electric power 
companies on the North-East Coast between them 
have several hundreds of sub-stations, it will be 
obvious that many different types must exist,and that 
only typical forms can be referred to in this article. 
Although the arrangement of switch-gear and the 
sizes of transformers, &c., are standardised, the 
local conditions in many cases require somewhat 
different arrangements of building. Many of the 
sub-station -buildings are the property of the con- 
sumers, and were built by them ; others have been 
specially designed to meet the wishes of the neigh- 
bouring property owners, while others, again, form 
part of pre-existing buildings and discarded gene- 
rating-stations. 

Sub-Station Types.—In spite of the great variety 
of sub-stations, it is oe to group the different 
types to a certain extent, for they are mostly con- 
structed to the designs of the same engineers, 
Messrs. Merz and McLellan, of Westminster. 

Firstly, there are the older sub-stations originally 
built upon, or near, the premises of the consumers, 
along the north bank of the Tyne. These usually 
contain two or more static transformers, convert- 
ing from 6000 volts to 440 volts, and a simple form 
of high-tension and low-tension switch-gear. Sub- 
stations of this class are to be found at the works 
of Armstrong, Whitworth, and Co., Swan, Hunter, 
and Wigham Richardson, the Northumberland 
Shipyard, the North-Eastern Marine Engineering 
Company, and other places. The positions of these 
sub-stations are shown on the map of the Tyne 
district, which forms Fig. 63, on the opposite page. 

Tn addition to these, there are the sub-stations in 
which rotary machinery is employed for furnishing 
direct current for lighting and traction purposes. 
Five sub-stations of this type are used for supplying 
current to the North-Eastern Railway Company. 
The largest of these is at Pandon Dene, which we 
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have already illustrated in the second article of 
this series on page 337 ante. This contains four 
800-kw. Westinghouse rotary converters for trac- 
tion, which step down to 600 volts direct current, 
and also three 500-kw. motor generators for light- 
ing purposes, which step down to 480 volts direct 
current. The rotary converters are controlled 


by means of oil-break switches on an 11-panel | 


cellular - type Westinghouse switchboard, with 
control-board, while Brown-Boveri switch-gear is 
used for controlling the motor generators. The 
sub-station also contains a battery of 312 Tudor cells 
of 750 kw. capacity for use in emergency. and a 


light and power to the Middlesbrough Corporation. | first place it transforms the current received from the 
‘his sub-station contains plant for the purpose of | generating stations up from 6000 volts to 20,000 
giving a bulk supply for lighting and power. It is | volts, at which pressure it is transmitted through 
supplied with three-phase, 11,000-volt, 40-period | the main trunk cables to the south. It also trans- 
current from the company’s various power-stations | forms current from 6000 volts down to 440 volts 
through duplicate 0.1 sq. in. lead-covered cables three-phase. This is made use of locally for power 
laid on the solid system, and each protected by purposes. In addition, it converts from 6000 volts 
Merz-Price gear. The 11,000-volt switch-gear is of three-phase to 500 volts direct for traction pur q 
| the cellular ype, the live apparatus being contained and finally it transforms from 6000 volts to 480 volts 
in brick panels situated over the top of the trans- for lighting purposes on a three- wire system. 
former chamber behind the main wall of the sub-| Direct-current sub- stations are also in use at 
| Station, all operating being done from the gallery Gosforth, Cullercoats, and other places for supply- 
running along the inner side of this wall. The ing current for lighting to the local authority 
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smaller 35 ampere-hour battery for working the 
control-board switches. Another interesting sub- 
station of this type is that used for the lighting of 
Durham City, which is illustrated in Fig. 66, on 
page 576. This eontains three 250-kw. motor 
generators, stepping down to 480 volts direct cur- 
rent, and a 20-kw. rotary balancer. The high- 
tension switchboard, by the Electrical Company, is 
of the cellular type, while the low-tension is 
of Verity’s make. This sub-station is fed at 6000 


volts from Aykley Heads sub-station, and five low- 
— distribution 
erent parts of the ci 
used as the 
dismantled. 


mains proceed from it to dif- 
t ty. The building was formerly 
engine-room of a generating station now 
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converting plant consists of two 700-kw. British| of the district, and at Tynemouth a supply in 
Westinghouse compound-wound rotary converters | bulk is given. The most important sub-station, 
of six-phase type, delivering direct current at a used exc-usively for lighting, is that at Manors, in 
normal pressure of 460 volts. Each rotary is fitted | the city of Newcastle. There are installed in it 
with a mid-wire booster, enabling the balancing of | three 500-kw. Brown-Boveri motor generators, 
the town networks to be effected without separate | stepping down to 480 volts direct current, a 75-kw. 
balancers. The transformers for the rotaries are | motor generator for starting up, and a 45-kw. motor 
housed in two separate brick chambers built as an | generator for the three-wire network. The 75-kw. 
annexe to the sub-station. Starting is effected by | motor generator is arranged so that it can be used 
means of a small induction-motor on each rotary as a balancer when necessary. The high-tension 
shaft which is supplied by means of tappings on the |sides of the motor generators are controlled by 
respective pets» camel and synchronising is done | Brown-Boveri switch-gear, while the high-tension 
on the low-tension side of the transformer by means | feeders are controlled by oil-break switches in 
of quick-break knife-switches. The switch-gear is of brickwork cells fixed in an annexe ; there are six 
the British Westinghouse Company's usual type | 6000-volt feeders led into the sub-station, and five 
mounted on black polished slate pamela, two separate low-tension distributors passing out. 
bus-bars being provided for convenience in opera-| Other sub-stations for the production of direct 
tion. An interior view of the station is given in current are to be found at Carville itself (for 
Fig. 67, on page 576. | electro-chemical purposes), at Jarrow, at Gateshead, 
ere is an interesting sub-station at Gateshead | at Blyth, and various other places. In certain ot 





A similar type of sub-station is that supplying 





which has a number of different ratios. In the’ these three-phase current at 440 volts is also sup- 
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plied, as, for example, in those used in connection 
with the extensive power and lighting scheme in 
the shops and yards of the North-Eastern Railway 
Company. 

Colliery Sub-Stations.—The next type of sub- 
station is that employed in connection with the 
supply to collieries. This usually consists of a plain 
building, often erected by the colliery companies 
themselves. At some stations the high-tension 
supply is by pole-line, in which case a high type 
of building is employed, in order to provide room 
for the lightning-arresters. A typical example 
of this latter type is that at Ryhope, which is 
illustrated in Fig. 68, on page 576. In this figure 
the ventilating chimneys for the transformers can 
be clearly seen. In nearly all these sub-stations 
the transformers are placed on the lower floor ; the 
first floor is devoted to switch-gear, and the top 
storey (if any) to lightning-arresters for pole-lines. 
These sub-stations contain static transformers only, 
varying from 300 kw. up to 1000 kw. in size. For 
example, the Redheugh sub-station contains two 
500-kw. transformers. Cross-sections and plans 
showing the arrangement of a characteristic colliery 
sub-station with overhead feeders are given in Figs. 
71 to 75, on page 577. 

11,000- Volt Sub-Stations.—An interesting sub- 
station of this type is that at Carlin How, an interior 
view of which is shown in Fig. 78, on page 588. 
This sub-station is fed at 11,000 volts, three-phase, 
40 periods, by a double-circuit 0.025-sq.-in. overhead 
line, the current being stepped down by means of 
two 500-kilovolt-ampere British Westinghouse oil- 
cooled static transformers, to supply the local 
2750-volt cable network, the load on which consists 
of installations at ironstone mines. The switch- 
gear is of the Electrical Company’s manufacture, 
that on the 11,000-volt side being of their standard 
‘**open” type in brickwork panels, and that on the 
2750-volt side being of their standard ‘* wardrobe ” 
type. There are eight panels altogether, two 
iacoming 11,000-volt overhead line feeders, two 
11,000- volt transformer panels, two 2750- volt 
transformer panels, and two 2750-volt out going 
feeder panels. Arresters of the horn type are 
installed « on each pole-line circuit imm 
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inside the sub-station to pro- 
vide against disturbances due 
to lightning, and continuity 
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of supply is ensured by one 

circuit of the pole-line being fitted with overload 
gear, and the other circuit with Merz-Price balanced 
protective gear. 

Another interesting 11,000-volt sub-station is 
that at Park Pit. This sub-station gives a 440- 
volt three-phase supply to Messrs. Bell Brothers, 
Skelton Park ironstone mine, duplicate oil-cooled 
300-kw. transformers being provided to step down 
from 11,000 volts, at which pressure current is 
received from the power company’s network by 
means of duplicate 0.05-sq.-in. cables fitted with 
Merz-Price gear. The 11,000-volt switch - gear, 
consisting of two feeder and two transformer 
panels, is of Messrs. Reyrolle’s standard ironclad 
design. The low-tension switch-gear consists of 
two 440-volt wardrobe panels, the bus-bars of which 
are directly connected by duplicate cables with 
Messrs. Bell Brothers’ switchboard in their old 
engine-room. This sub-station supplies the whole 
of the power requirements of the mine with the 
exception of the winder. 

20,000- Volt Sub-Stations.—In general design the 
20,000-volt sub-stations do not materially differ 
from those for 6000 volts. Transformers are 
placed on the ground floor, switch-gear on the first 
floor, and, where pole-lines are used, arresters and 
spark-gaps on the top floor. As the 20,000-volt 
system is mainly used for feeding sub-networks and 
interconnecting generating stations, rather than for 
supplying individual consumers, there is often no 
low-tension at all except that for lighting the 
sub-station itself ; aud in some cases, as at Aykley 
Heads, for example, even this is supplied from an 
outside network. This sub-station, of which ex- 
terior and interior views are given in Figs. 76 and 
77, on page 588, has a typical equipment. On the 
ground floor there are two 1000-kilovolt-ampere 
oil-cooled transformers with a ratio of 20,0000/6000 
volts. These are placed in the centre of the sub- 
station, their chamber being covered in with iron 
floor-plates. On the first floor is the switch-room. 


iately | Two walls run the length of the chamber, the 





instruments and switch-handles being placed on 
the front, and the switches themselves at the rear 
of the walls, so that they are only accessible through 
the doors of the passage behind the walls. Four 
20,000-volt feeders enter the sub-station, and a 
6000-volt pole-line to Sherburn Colliery, and 
6000-volt underground feeders to Durham City, are 
taken out. A cross-section and plan of a charac- 
teristic sub-station of this class are given in Figs. 64 
and 65, on page 575. 

Another interesting 20,000-volt sub-station, or, 
rather, switch-house (there being no transformation), 
is at Aydon Cottage. A 20,000-volt pole-line from 
the Bankfoot generating station enters this sub- 
station, on the top floor of which are the aluminium 
lightning-arresters. From here the circuits pass 
down to the switch-gear, by which they are con- 
nected to the 20,000-volt underground system. 
The latest 20,000-volt sub-station, however, and 
one of the most interesting, both as regards arrange- 
ment and because of its switch-gear, is that at 
Easington. This embodies the latest ideas, based 
upon the experience of the engineers, Messrs. Merz 
and McLellan, and represents a distinct advance 
upon all previous sub-station designs. Some of 
the main-trunk 20,000-volt sub-stations, mostly of 
the earlier date, have dwelling-houses attached to 
them for an attendant. A typical building of this 
type is the Washington sub-station. Another, of a 
more pretentious style of architecture, is the one at 
Aykley Heads, already referred to and shown in 
Fig. 76. 

In addition to the sub-stations which form part 
of the distributing network, there are several situate 
at the generating-stations themselves, some of 
which contain interesting features. The most 
important of these is the sub-station at the main 
generating-station at Carville. Here the current, 
which is generated at 6000 volts, is transformed up 
to 20,000 volts, at which pressure it is transmitted 
northwards to the colliery area, and southwards, 
throughout the county of Durham, towards Middles- 
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brough. In this sub-station there are now four 
3000-kw. transformers, which is the largest standard 
size on the company’s system. When cooled by air- 
blast their capacity was 2500 kw., but a system of 
water-cooling has recently been added, by means of 
which their capacity has been increased to 3000 kw. 
On the 6000-volt side the transformers are controlled 
by panels situate on the main switchboard in the 
Carville control-room. On the 20,000-volt side 
they are connected to the cables through high- 

tension switch-gear of the cellular pattern, situate 
on the first floor of the sub-station. 

Another sub-station of this type is that situate 
at the Philadelphia generating-station. This con- 
tains two transformers of the same size and type as 
those at Carville, which are also water-cooled, 
ny being taken from the cooling-towers belong- 

to the generating-station. Their ratio is 5750 

a. to 20,000 volts. Here again the low-pressure 
sides is controlled from the generating-station switch- 
board, while the 20,000-volt side is controlled by 
independent switch-gear of the cellular pattern. 
The remaining figures which accompany this article 
show various characteristic sub-station features. 
Fig. 69, on page 576, shows a transformer chamber 
such as is used in the lower stories of sub-stations, 
while Fig. 70, on the same page, shows a small 
out-of-door pole-type sub-station such as is used 
for small or unimportant supplies. Fig. 79, on 
page 588, shows an interior view of South Hylton 
sub-station, which is equipped with Reyrolle ‘‘iron- 
clad” switch-gear. 





WATERFORD BRIDGE. 
(Concluded from page 506.) 

Abutments and Parapets.—At the south end of 
the new bridge the erg Dnt -wall will not be 
disturbed, as no weight will be brought upon it, 
provision being made for carrying the extremity 
of the bridge by piles driven as closely as possible 
to the footings of the existing work. On these 
piles there will be one row of cylinders, as repre- 
sented in Fig. 21, on Fi 57 Details of Mthe 
parapets are given in 23, while Fig. 24 is a 
longitudinal section of the abutment. 

Fig. 22 is a plan at the north abutment, making 
clear the general arrangement, and Fig. 26 is a part 
longitudinal section showing the junction between 





the new bridge and the existing ferro-concrete 
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viaduct. Reference to Figs. 22 and 25 will show 
that the north end of the new bridge is at a short 
distance from the existing quay-wall, along which 
runs the ferro-concrete viaduct previously men- 
tioned. The west side of that viaduct requires a 
little alteration to bring it in line with the outside 
line of the new bridge, but the east side is to be 
widened, two additional piles being necessary for 
carrying the new portion. 

With the exception of special moditications 
rendered necessary by the centre lift-bridge, the 
parapets are as illustrated in Figs. 26 to 36, on 
page 579, which include an elevation and sections 
of the parapets over one of the river piers, together 
with details of the main girders and other members 
in connection therewith, and also with some further 
details of similar character. These drawings give 
a good idea of the exterior finish of the bridge, and 
in this connection we may mention that a com- 
memoration plate of cast bronze, with appropriate 
wording in relief, will be tixed to one of the entrance 
piers, and that two cast-iron shields, one bearing 
the arms of Waterford, and the other those of 
Kilkenny County, are to be attached to each leaf 
of the lift-bridge. 

Pipe-Lines, Fenders, and Dolphins.—Gas and 
water mains, similar to those on the old bridge, are 
to be carried across the ferro-concrete structure, 
the pipes being taken on the upper surface of the 
decking as far as the opening span, where they 
will dip down to below the river-bed, rising at the 
opposite side of the navigation passage, and con- 
tinuing, as before, along the decking. ‘The arrange- 
ment is represented by the elevation and plan in 
Figs. 37 and 38, annexed, while Fig. 39 shows a 
detail of the pipe support. A small pump will be 
installed for removing the water of condensation 
from the gas-mains. 

The rows of cylinders along each side of the open- 
ing span are to be moulded, with a special provision 
for the attachment of timber fenders, as shown by 
Fig. 40, on the present page. For protecting the 
angles of the bridge at the opening span, dolphins, 
of the design represented in Figs. 41, 42, and 43, 
annexed, are to be provided, these being of Crown 
Memel, red American pine, or pitch-pine. The piles 
in these structures will be driven at least 20 ft. into 
the river-bhed, their length being such as to bring 
the heads at least 3 ft. above Ordnance datum. The 
ane we of the dolphins and fenders are indicated 

y the plan, Fig. 38. 

Rolling-Lift Bridge.—The opening span of the 
Waterford Bridge, together with its operating 
machinery, is being built by the Cleveland Bridge 
and Engineering Company, Limited, of Darlington, 
at the cost of 13,5001. It is to be of their special 
rolling-lift type, in two leaves, each lifting up and 
rolling back to such distance as will give the full 
clearance of 80 ft. between the ferro-concrete 
cylinder-piers. Steel track-girders on the north and 
south piers will provide for the requisite backward 
roll of each leaf, and there will be counter-weights 
in special boxes to keep the’ bridge in equilibrium 
so far as concerns dead load. 

Anchorages are to be provided for carrying the 
various loadsintended tocome on the bridge when the 
structure is open to road traftic, and the two leaves 
will be kept level and in alignment by means of 
locking gear, which will also adjust any difference 
in deflection. The locking arrangement consists of 
a steel nose and diaphragm on the main girders 
of one leaf, and corresponding steel jaws on the 
other leaf. As the two leaves gradually come 
together the steel nose slides into the jaws, and 
when the movement is at an end the two halves of 
the roadway are firmly held in position. 

General outline views of the opening span will be 
found in Figs. 44 and 45, on Plate XXXII, pub- 
lished with the present issue. The elevation shows 
the two leaves closed, and indicates, in dotted lines, 
their position when open. Cver one pier on each 
side is shown the grillage footing for the corre- 
sponding foundation gina’, and over the other 
pier is the anchorage hook, the lower end of which 
is secured inside the cylinder. On the plan are 
indicated : the eight cylinders forming each of the 
river pe the extent of the ferro-concrete deck- 
ing, the roadway and footpaths laid on the leaves 
of the lift bridge, and the four platforms provided 
for carrying machinery. 

On Plate XXXIIL., Figs. 46 to 48 illustrate the 
cross girders and wind-bracing, while Figs. 49 to 54 
give details of one of the main rolling-lift girders. 
Un the right-hand side of Fig. 49 will be seen the 
steel track and girder for the rolling lift, the 





grillage footings by which the weight on the girder | as indicated by Fig. 57, the vertical bars of the 
is transmitted to the footings, the counterbalance, | piles being bent over the { bars to make secure 
and the anchorage hook to which reference has|the connection before the deposition of the con- 
already been made. Further details of the/| crete inside the cylinder-rings. 

anchorage hook, and the links which serve tocon-| For the accommodation and protection of the 
nect it to the balance-box, are given in Fig. 51. | machinery required for operating the lift span, four 
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[* os en ferro-concrete houses will be constructed-—one at 
43. each of the four corners of the lift-bridge. The 
|outer walls, which are only 4 in. thick, will be 
|earried round the steel-work of the machinery 
| platform. The position of the machinery houses 
|demands the construction of gangways outside the 
general line of the — while the leaves and 
| counter-weights of the lift-bridge involve openings 
|through the decking. These modifications are 
|shown in Figs. 58 to 60, and Figs. 61 and 62 are 
| cross-section and side elevation typical of the 
| machinery-house design. 

: Fig. 63, on page 581, is an elevation of the 
Figs. 55, 56, and 57 explain the nature of the| wrought-iron gates to be supplied by Messrs. 
anchorage of the lift-span track-girders into the | Bayliss, Jones, and Bayliss, for closing the outer 
top of the ferro-concrete cylinders. In Figs. 56|end of the gangway, and that portion of the road- 
and 57 will be noticed the grillage formed on top| way on which will come the bracings and girders 
of the five pile-heads for attachment of the balance, | of the lift-bridge when fully raised. One gate is 
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3 ft. 4in. long, and the other 24 ft. long. In addi- 
tion to ordinary fastenings, the gates are to be fitted 
with electrical locking-gear. 

Figs. 64 and 65, annexed, show the arrange- 
ment of the operating gear for the rolling-lift bridge, 
this gear being carried on steel cantilevers projecting 
from the rolling track-girders, the gear platform sup- 
porting a framed superstructure, which, as we have 
already explained, is enclosed by the ferro-concrete 
machinery-house. The operating gear is exactly 
similar for the two leaves of the bridge, and the 
following brief description of one set will therefore 
suffice :—The gear is driven by a 30-brake-horse- 
power electric motor working at 500 revolutions per 
minute, the motor being direct-coupled to the train 
of gearing on one side of the bridge, as indicated in 
Fig. 65. The gearing at the other side of the bridge 
is driven by the motor through mitre wheels and a 
shaft extending under the bridge, this shaft being 
made up of several lengths coupled up, and carried 
in swivelling roller-bearings. On the outer side of 
each main girder of the opening leaf there is a cast- 
steel curved rack, as shown in Figs. 49 and 65, 

earing with the last pinion on each train of gear. 

his pinion is likewise of cast steel, double- 
shrouded, and of 5-in. pitch, and 8 in. wide between 
the shrouds, the rack being 7 in. wide. The pinion- 
shaft is driven through worm-gear, the worm being 
of steel, 13-in. pitch diameter, 10-in. lead, with 
quadruple thread, while the worm-wheel is of cast 
iron of 2$-in. pitch, with cut teeth. The worm- 
gear is mounted on a self-contained bed-plate, so 
that the gear shall not be affected by any deflection 
of the supporting steelwork. The worms are pro- 
vided with ball thrust-bearings. 

The motor is provided with speed-reduction gear 
working in an oil-bath, and the commutator end of 
the shaft is extended so as to provide for the attach- 
ment of an electro-magnetic brake of the disc type, 
running in oil. This brake will be capable of hold. 
ing the leaf open against a wind-pressure of 20 Ib. 
per square foot. The motor is operated by a tram- 
way-type controller, the controllers for the two 
motors being placed together in a cabin, so that 
both leaves of the bridge can be opened and closed 
by one man, for whose guidance an indicator is 

rovided enabling him to follow the movement of 
th leaves, and to bring them together correctly 
when closing the span. 

In addition to the gearing briefly described, the 
Operating plant includes a generating set, storage 
battery, switchboard, and other accessories. These 
are installed in one of the machinery-houses at 
the middle of the new bridge, already mentioned. 





The generating set consists of a two-cylinder oil- 
engine direct coupled to a shunt-wound dynamo, 
both by Messrs. W. H. Allen, Son, and Co., 
Limited, of Bedford. The engine is of 20 brake 
horse - power, running at 650 revolutions per 
minute, provided with forced lubrication, and com 
plete with water-tanks, oil-tank, silencer, and the 
requisite piping. The dynamo has a capacity of 13 
kilowatts at 140 volts, with shunt regulating resist- 
ance for bringing down the pressure to 105 volts 
when necessary. The generating set is mounted on 
a combination bed-plate, and is capable of charging 
the storage battery in nine hours. 

The battery consists of 55 cells, No. 14 size, sup- 
plied by the Chloride Electrical Power Storage 
Company, complete with timber stands and all 
requisites. The total capacity of the battery is 420 
ampere-hours, and with a single charge the battery 
will be able to provide sufficient current for opening 
and closing the bridge thirty-five times. 

To provide for emergencies -hand-gear is provided 
for operating the lift-span. This gear comprises a 
horizontal shaft, with handles at each end, the 
shaft connected with change-gear, through which the 
vertical shaft shown in the drawing can be actuated. 
This auxiliary gearing includes a hand-brake, with 
quadrant and pawl, so that the bridge-leaf can be 
held open against the wind. 

We may now state the cycle of operations to be 
— in opening and closing the lift-bridge. 

‘o open the bridge when the two leaves are down, 
the road-gates open, and the river signal locked in 
the ‘‘on ” position ; the bridge attendant will close 
and bolt the gates at one end of the bridge, then 
walking over the span will close the other gates. 
Switches on the gates and bolts will prevent the 
machinery from being started until the gates are 
securely fastened. When this is done, the machinery 
will be started, and the gate-bolts electrically 
locked from the controlling cabin, so that they 
cannot be withdrawn while the bridge is in motion. 
When both leaves have been fully raised, the river 
signal will be moved to the ‘‘ off” position. 

To close the bridge, the river signal is set at 
the ‘‘on” position, and thus completes the circuit 
for the operating machinery, which cannot be 
started while the signal is at the ‘‘ off” position. 
As soon as the machinery has been started, the 
driver will lock the river signal as set. When both 
leaves are down, the gate-bolts will be unlocked 
from the cabin, and the opening of the gates will 
break the circuit, so that the machinery cannot 
—— until the gates are once more closed and 
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Conclusion.—The clear headway between high 
water of ordinary spring tides and the middle of the 
new bridge-spans ranges fiom 3 ft. to 10 ft. 6 in., 
making the gradient approximately 1 in 31 on each 
side of the openingspan. The structure is designed 
for wheeled traftic with axle-loads of 16 tons; but 
on completion it will be tested with the dead super- 
load of 210 Ib. per square foot on the fvotpaths, 
and two 32-ton moving loads, each on four wheels, 
on the roadway. These loads must be borne with- 
out causing any defect whatever, without causing 
deflection greater than gjoth of the span in any 
specified bay, and after removal of the loading 
there must be no appreciable permanent set. 

All materials for the ferro-concrete work, and the 
proportions of the concrete as specified, appear to 
be in accordance with the Hennebique standard 
specification ; and in carrying out the contract, 
every possible care will no doubt be taken to ensure 
thoroughly satisfactory work, and the erection of a 
structure likely to justify the claims made on behalf 
of ferro-concrete in bridge-building. 





Tue Roya InstiruTion.—The annual meeting of the 
members of the Royal Institution was held on Monda 
afternoon, the Ist inst., the Duke of Northumberland, 
President, in the chair. The annual report of the Com- 
mittee of Visitors for the year 1910, testifying to the 
continued prosperity and efficient management of the 
Institution, was read and adopted, and the report on the 
Davy Faraday Research Laboratory of the Royal Institu- 
tion, which accompanied it, was also read. irty-nine 
new members were elected in 1910. Sixty-one lectures 
and seventeen evening discourses were delivered in 1910. 
The books and pamehiots presented amounted to about 239 
volumes, making, with 604 volumes (including periodicals 
bound) purchased by the managers, a total of 843 volumes 
added to the library in the year. Thanks were voted to the 
president, treasurer, and the hon. secretary, to the Com- 
mittees of Managers and Visitors, and to the professors, for 
their valuable services to the Institution during the past 
year. The following gentlemen were unanimously elec 
as officers for the ensuing year :—President, the Duke of 
Northumberland; treasurer, Sir James Crichton-Browne ; 
secretary, Sir William Crookes; managers: Mr. John B. 
Broun-Morison, Dr. John Mitchell Bruce, Dr. Henry F. 
Armstrong, the Right Hon. Sir Henry Burton Buckley, 
Sir John Wolfe Barry, the Right Hon. 1 Cathcart, Dr. 
Donald William Charles Hood, Mr. Henry F. Makins, 
Sir Francis Laking. Bart., Mr. Alexander C. Ionides, 
Mr. Robert Mond, Dr. Rudolph Messel, the Hon. Charles 
A. Parsons, the Right Hon. Sir James Stirling, and Mr. 
Alexander Siemens; visitors: Mr. Henry Edmunds, Sir 
Frederick Fison, Bart., Mr William A. T. Hallowes, Dr. 
Arthur Croft Hill, Mr. John William Gordon, Mr. H 
Robert Kempe, Major-General Sir Coleridge Grove, Mr. 
Charles Edward Groves, Mr. A. Kirkman Loyd, Mr. 
Frank K. McClean, Sir Charles Day Rose, Bart., Major 
Perey A. MacMahon, Mr. William Stone, Mr. Emile R, 
Merton, and Mr. Harold Swithinbank, 
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INDUSTRIAL NOTES. 


AccorRDING to the monthly report of the Amalgamated 
Society of Engineers for May there has been a steady 
increase in membership, this being as much as 846 
during the last month. Although not quite so much as 
during the previous month, it is satisfactory. There 
were in April rather more members on benefits than 
there were in March, the increased number on dona- 
tion benefit being almost balanced by the decreased 
number on sick benefit. On donation benefit there 
were 3048, while the number a month ago was 2883, 
and on sick benefit there were 2913, against 3088 for 
the previous month. April showed 6039 superannuated 
members, which is a decrease of nine from the total 
of the previous month. 


The series of conferences promoted by the Miners’ 
Federation of Great Britain was resumed on Wednesday 
in last week at Caxton Hall, London, to deal with the 
situation in South Wales, and to consider the Mines 
Regulation Bill. The executive committee suggested 
that the powers of inspection should be made more 
stringent, and that fuller powers should be given to 
the miners themselves. A resolution was put that in 
South Wales there should be a resort to arbitration as 
a means of settling the problem. The interference of 
any outside body had hitherto been refused by the 
owners, but the executive hoped that, as the dispute 
had now lasted so long, the employers would yield on 
this point. It was moved by the President, Mr. Enoch 
Edwards, M.P., and carried unanimously, ‘‘ that, in 
the opinion of this conference, the matters in dispute 
in the Bute seam, at the Ely pit of the Cambrian 
Combine, ought at once to be submitted to arbitration, 
and relegates to the executive committee of the 
Federation the responsibility of taking immediate 
steps to give effect to the resolution.” The question 
of a general strike was left in abeyance, and there 
was no real attempt made to bring about such a strike, 
as it was felt better to allow the owners an ~~ * 
tunity of ing to the present suggestion. The 
Mines Regulation Bill has already been the subject 
of a federation conference, and views have been 
exchanged with the masters on the subject of the 
measure and the amendments. The first meeting 
did nothing but bring forward the views held by 
each side. The South Wales dispute is, however, 
in a different category, and it has been feared that 
the men may get out of hand and bring about a 

eneral strike in spite of the executive, who have no 
unds with which to conduct it. On the same day 
the coal-owners met at the Westminster Palace Hotel 
and discussed the details of the Mines Bill prepara- 
tory to the joint conference to be held with the men’s 
representatives on the following day. The proceedings 
at this meeting were private, but it was understood 
that among the questions discussed were the safety 
appliances necessary to prevent danger from elec- 
tricity, and the employment of women labour in 
connection with the arduous work on the pit bank. 
The object of the miners is to prevent any woman 
being employed who has not up to the present time 
been engaged on work of that character, and thus to 
secure that girls of the rising generation shall not be 
employed on the pit brow. This effort on the part of the 
men is one which, we think, deserves every support. 


There is an end to the trouble on the North-Eastern 
Railway, which was threatened, owing to a number 
ot railway policemen having become members of the 
Amalgamated Society of Railway Servants. As we 
stated last week, the men were notified that they must 
leave the society or cease to be policemen, and, 
although a deputation from Newcastle saw the general 
manager last week, the resolve of the company was not 
altered. Every support was offered to the men by the 
civilian element at Newcastle, where the largest police 
membership of the trade union exists, if they would 
stand out, but the twenty-two men employed in New- 
castle have informed Captain Horwood, the superin- 
tendent, that they will withdraw. The action of the 
men appears in the first place to have been due toa 
misunderstanding, it being believed that the company 
had withdrawn its regulation against their member- 
ship. 


According to the Bulletin of the Bureau of Labour 
of the United States, laws restricting or prohibiting 
labour on Sundays are aaa | accepted as valid unless 
improperly discriminatory. In 1858 the Legislature 
of California enacted a law prohibiting Sunday labour. 
which law was declared unconstitutional and void 
because in violation of religious freedom, enforcing the 
compulsory observance of a day held sacred by believers 
in one religion, but not by others, thus discriminating 
in favour of one class, and against the others. It 
appears that the common view taken of laws of this 
class is that they are social and economical in their 
effect, and not compulsory of religious observance ; 
and in a later opinion of the ~ Court of Cali- 
fornia this view was adopted. Several cases appear 





in which laws of special application were condemned 
purely on the ground of the arbi singling out of 
one occupation for the prohibition of labour therein. 
Such laws are practically identical in their form and in 
their defects, being violations of the equal protection 
clause of the fourteenth amendment, either because 
they prohibit certain occupations without suitable 
basis for classification, or because they enact heavier 
— on those following certain employment than 
o others. 


The forty-seventh quarterly report of the General 
Federation of Trade Unions has recently appeared, 
and contains interesting figures relating to the state 
of the society during the last quarter. During the 
December quarter the total income was 9505/., as 
against an expenditure of 64,505/., or an excess of 
expenditure over income of 55,000/. The new year, 
however, saw a diminution in the seriousness of the 
claims on the funds, and the amount paid in Federation 
benefit during the past quarter was 4459/., plus ‘other 
expenses—673/. The total income was 8673/., leaving 
an excess over expenditure of 3541/. ; the manage- 
ment committee have received 135 claims, involvin 
2691 workers, which is 4 per cent. of the tota. 
membership. It is contterel test this may be taken 
as the average —— to be provided for outside 
large disputes. There appears to be a growing tendency 
to send in claims on account of victimisation, and in 
some quarters the idea seems to be abroad that every 
case of discharge should receive Federation benefit. 
When the contributions were fixed, it was never con- 
templated that such cases should come on the funds of 
the General Federation, which, of course, cannot fulfil 
its proper functions if such claims are to sap its 
strength. It is considered that they ought always to 
be met by the unions involved. The report contains 
an article by Mr. Ben Tillett, calling attention to the 
advance towards federation and amalgamation that 
the trade-union movement has made up to the present 
time, an advance which, however, has not been as 
fast as that made by the capitalist organisations 
in the same direction. According to the writer, 
capitalists have realised that political power is not 
of so much consequence as economic power, and he 
thinks that this is the reason why wealthy men are 
reluctant to enter into politics, not wishing to give up 
time which they can more profitably devote to business. 
The result is that capital is aggregating while labour 
remains separated into sectional organisations. Trade 
unions have, it is maintained followed much too 
readily the specialisation of trades, and have divided 
themselves into small groups. Capitalistic changes 
have, however, broken up small organisations of 
industry, and machinery has separated trade into de- 
partments, which has not been to the benefit of the 
unionists. Mr. Tillett thinks that employers in the 
engineering and textile trades have in many cases 
succeeded in keeping the unions at loggerheads, and he 
regrets that at present there does not appear to be 
any organisation which is successful in as 
what he calls ‘‘this relentless movement of capita 
towards closer alliance and effectiveness against 
the worker.” Mr. Tillett is probably quite aware, 
however, that it is the unionists themselves who 
have compelled the capitalists to protect them- 
selves. What is fair for the one is also fair for the 
other, though this is a point which unionists are so 
often reluctant to acknowledge; at any rate, if we are 
to judge by what they say and write. The action of 
the capitalists is the natural outcome of the action of 
the men. Mr. Tillett thinks that this cause of weak- 
ness in the union ranks is due in a measure to the 
skilled worker, who has never indirectly looked after 
his own interests by trying to secure for the unskilled 
labourer like respect and remuneration to that which 
he himself receives. The amalgamation of all unions 
into one great national organisation is to constitute 
the salvation that Mr. Tillett looks for, and he warns 
the skilled worker, that he must take heed as to the 
course he pursues if this result is to be brought about. 
Mr. Tillett may be quite right in his views, but it 
will, we think, be a long time before his hopes are 
realised ; there is at present too much jealousy between 
the unions themselves. 


A notification was sent on Monday last by the 
secretary of the South Wales Coal-Owners’ Association 
to the secretary of the Miners’ Federation that it is 
the intention of the coal-owners to apply to the Con- 
ciliation Board for a reduction of 1} per cent. in the 
miners’ wages from June 1. The wages rate now 
stands at 51} per cent. above the 1879 standard. The 
grounds on which the reduction is sought to be made 
are that the selling price of coal is above 14s. and 
under 14s. 9d. per ton. The application will be con- 
sidered by the Conciliation Board on the 10th inst. 


The first volume of the twenty-fourth annual report 
of the Commiasion of Labour in the United States 
has recently appeared. It is intended to publish the 
report in two volumes, but the first only has as yet 





appeared, and is devoted entirely to the workmen’s 
insurance and compensation systems in Europe. The 
volume in question includes the systems of Austria, 
Belgium, Denmark, France, and Germany, and is a 
formidable-looking production, measuring 9 in. by 6 in., 
and containing 1493 pages. It represents an enormous 
amount of labour, being full of statistical matter. The 
second volume will devoted to Great Britain, 
Italy, Norway, Russia, Spain, and Sweden. The 
report is the work of the Government of the United 
States, and is published by the Government Printing 
Office at Washington. The subject of workmen’s 
insurance is at present attracting considerable atten- 
tion in the States, and there is therefore a great 
demand for data regarding European methods. The 
various forms of social insurance are designated as 
accident, sickness, maternity, invalidity and old age, 
unemployment, and insurance for widows and orphans. 
Systematic compensation for losses due to industrial 
accidents has been known in Europe for more than a 
century, the mining industries taking the lead in this 
direction. This need hardly be ewe, hone at, because 
these industries were the first to be operated on a large 
scale with a great number of employees whose lives 
and safety depended on the care and skill of the 
manager and the fellow-workmen, and also on account 
of the high danger rate attending mining operations. 
It was not, however, until 1884 that Germany adopted 
a comprehensive system of accident compensation on 
a national scale, and Austria followed in 1887. The last 
country to adopt national accident insurance in Europe 
was Belgium, in 1903, and the State of New York 
passed its law in 1910. There are three systems, or 
types, of compensation for accidental injuries at present 
in operation in different parts of the world, which may 
be classified as: (a) the system of pure compensation, in 
which the ae must provide a compensation 
according to a scale specified in law without any obli- 
gation to insure or furnish in advance any other 
guarantee that the compensation will be forthcoming 
when demanded ; (b) systems in which the law estab- 
lishes the individual responsibility of the employer, 
and, in addition, requires him to take out insurance 
either in recognised private companies or in a State 
institution, or to furnish a guarantee sufficient to cover 
his responsibility ; and (c) systems in which the law 
requires the employer to insure in a specified manner 
or in a specified institution. All these systems, as 
well as those connected with other risks than accidents, 
are very fully described in the report. 


On Monday last there was a meeting of the Northum- 
berland Miners Eight-Hours Act Committee, when it 
was announced that the coal-owners had agreed to 
receive another deputation on the question of the pro- 

new county agreement involving the abolition of 
the three-shift system. The men’s application for 
Messrs. Abrahams, Edwards, Ashton, and Smillie, of 
the Federation, to take part in the deliberations at the 
next meeting was also agreed to by the employers. A 
determined attitude has, so far, been shown by both 
sides, and the feeling is said to run high amongst the 
men against the three-shift system. 


A deputation from various societies of colliery- 
examiners, for discussion of the provisions in the Coal- 
Mines Bill affecting the duties and status of firemen 
and deputies, was received by Mr. Masterman, M.P., 
on Monday last. Among other matters the deputation 
asked that firemen and deputies should have an opportu- 
nity of appealing tosome tribunal in caseof arbitrary dis- 
missal. It was also asked that the eyesight test should 
be of a practical character, and the men now satis- 
factorily performing the work should not be prejudiced 
by the introduction of the examination system, and 
that in the provision that firemen and deputies should, 
where practicable, devote their whole time to those 
duties, the qualifying words ‘‘where practicable” 
should be struck out. Mr. Masterman said that the 
words “‘ where practicable ” were introduced to meet 
the case of Northumberland, and he said that, if the 
amendment suggested were made, they would have to 
re-arrange the mines in Northumberland, and many 
deputies would be displaced. He suggested that the 
point was met by the provision that the districts 
should not be too large. If there were other duties to 
perform, the districts must be made smaller accord- 
ingly. He promised, however, that the various sugges- 
tions made should have careful consideration. 


At the very last moment the conciliator succeeded 
in bringing about a compromise between masters and 
men in Denmark. The employers gave way as far 
as possible, but they held to their demand for a five 
years’ agreement. At the time of writing one trade 
union has not yet sanctioned the agreement, and 
should it stubbornly hold to its views, the whole 
agreement may fall to the ground, and 40,000 men be 
locked out. e conciliation shown in Norway and 
Denmark is not unlikely to influence the developments 
in Sweden, and lead to a peaceful solution. 
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THE FIRST TWO-CYCLE DOUBLE-ACTING 
DIESEL ENGINE. 
To THE EprTorR OF ENGINEERING. 

Sir,—The extraordinary interest now Pog | taken in 
the application of foreign Diesel engines to ship-propul- 
sion impels me to submit brief particulars to show that the 
subject has not been neglected in this country to the 


extent that some people suppose ; indeed, so far as inven- 
tion and pioneer work are concerned, priority can be 
easily claimed. ‘ 

I am enclosing particulars of a 40-horse-power experi- 
mental two-cycle double-acting reversible Diesel, designed 
especially for ship-propulsion, and patented in 1906. This 


stroke. For a short period of the stroke expansion takes 
place, and exhaust is effected by the piston uncovering the very large powers with 


This type of machine can be built in large sizes and 
uite moderate bore cylinders. 


exhaust-ports, and a little later a tresh charge of air is | It is simpler than any of the Continental machines, some 


blown in through the inlet-ports A similar set of o 
tions goes on in the adjacent cylinder, but disp 


ra- 


of which, besides requiring a |; number of cranks and 
cylinders for even small powers, have very involved valve 


in phase by half a revolution, so that each stroke is a| and reverse gearing. 


working stroke, and when three cranks are used an | 
extremely even turning moment is obtained, as the inertia 


is neutralised by the compression. 
There is only one working valve per cylinder—namely, 
the fuel-spraying valve, and one cam operates the fuel- 


spraying valves for both cylinders; this simplicity of valve 





ing makes reversing a very simple matter indeed, and 
is accomplished by altering the phase of the cam through 











engine was built in 1907, and submitted to careful testing 
during 1907-8 by the best recognised authority on the 
subject, as well as by the Admiralty ; suction-gas pro- 
posals, however, held the field at that time, and the Diesel 
engine was scoffed at.. Now that the inherent defects 
and difficulties of a gas installation are realised, opinion 
has swung round completely. 

The main features of this machine are a pair of super- 
imposed tandem cylinders working on a two-stroke Diesel 
cycle, having inlet and exhaust ports controlled by pistons 
which are of peculiar form (see Figs. 1, 2, 3, and 4 above). 
This form is for the purpose of deflecting the inlet and 
exhaust paces, and forming a suitable combustion space. 
An impulse is obtained every stroke, as in a steam-engine, 
the bottom cylinder giving the down-stroke, and the top 
cylinder the up-stroke, so that one crank receives as 
many impulses as a four-crank four-cycle machine. This 
tandem construction, by keeping the rod always in tension, 
enables a rod and packing half the diameter to be used as 
compared with a rod subject to compression stress ; only 
one packing cylinder-head and cam-shaft is necessary for 
the two cylinders; aiso the heat developed is split between 
two cylinders instead of one longer cylinder, thereby 
avoiding heating and expansion troubles. 

The scavenging air necessary to sweep out the products 
of combustion and rec! the cylinder with pure air is 
supplied to all the cylinders (usually six) by a turbine- 
compressor, at about 24 1b. per square inch; this low 
pressure is sufficient, as the port area is large and 
unrestricted, and the air flows in a stream instead of 
coming as a puff. 

A perfect scavenge is obtained, it being quite easy to 
get 20 per cent. of oxygen and over. This question of 
scavenging is the one that most two-cycle machines break 
down over, and when it is remembered that over 100 
cub. ft. of airat 2 1b. to 24 1b. per square inch are required 
per second for a 2500-indicated-horse-power engine, it 
will be understood that such a quantity is very difficult 
to supply by pumps, but is easily handled by a rotary 
machine. The rotary pump is also cheaper in first cost 
and upkeep, and more efficient and reliable for the low 
pressure. 

,, The maximum compression pressure is from 450 lb. to 
550 Ib., and the fuel is sprayed in at the beginning of the 














Fig.2 





















In space, weight, and first cost, it is also much superior, 
| and, as you know, the biggest engines installed and pro- 
jected abroad are also two-cycle double-acting. 

The engine can, of course, be made single-acting for 
small powers and where head-room is a consideration. 

It is greatly to be regretted that the marine engineers 
in this country backed the wrong horse in the shape of 
‘“*suction-gas schemes,” which teem with difficulty, and 
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a small angle by letting a driving-piece attached to the 
gue swing between two correctly-spaced driving- 
orns. 

Starting or reversing is actually effected by air ad- 
mitted from reservoirs by a Marshall-type valve r, 
which is driven by an eccentric pin on the ps ms 
this gear reciprocates a hollow sleeve that passes over 
ports in the sides of the cylinder ; these ports are con- 
nected to the working cylinder by means of the pipes 
shown, which are fitted with check-valves to keep the 
cylinder compression space unaltered. The direction of 
starting is controlled by altering the inclination of the 
swing-link, and is effected by a handle which works in a 
sector. 

To reverse, the fuel is cut off and this handle moved 
from mid-gear to give the reverse direction, admitting 
air which arrests the moving pistons, and re-starts them 
in the — direction ; the fuel is then turned on and 
the handle replaced in mid-gear; the fresh direction of 
rotation given by air pressure causesthe cam-shaft to lag 
through the small angle necessary to bring the cam from 
one side of the injection roller to the other side. There 
is no difficulty, and very little mechanism required. 

The only moving part to be cooled is the piston-rod ; 
this rod, being always in tension, is made in two parts ; an 
inner core of nickel steel which takes the stress and which 
= gree lengthwise with nine semi-circular grooves, 

ucing its section to equal that at the base of its screw ; 
this strengthens the especially against shocks. 
sleeve is forced over the grooved core and finished in 

ition. The annular spaces are used to cool the sleeve 

y means of water circulation, which is conveyed from 
the top water bracket, which is kept flooded by means of 
pipe gland and union as shown ; a very free circulation 
1s obtained by means of the inertia action of the recipro- 
cating water and parts, and the rod is kept dead cold ; a 
mixture of water and glycerine is used over and over 
again, and the packing works perfectly on the well-cooled 
rod. All the stresses are taken through steel parts, some 
of which are of mild nickel-steel. Forced lubrication is 
used wilh y and ae, —< is ror up the con- 
necting- y pipes in duplicate to the gudgeon-pin ; 
these pipes are fitted with small check-ball valves, which 
only allow the oil to go upwards to the gudgeon-pin, 














|a lot of money was sunk, with disappointing resylts ; 
whereas abooed the much better adap Diesel cycle has 
been developed with great promise. 

For the time being, the marine people in this country 
are left right behind—indeed, disgracefully so—but 
think that will yet be remedied. 

Yours faithfully, 
Frepk. H. TANNER. 

Hillside, Fishponds, Bristol. 








“THE RAILWAY CLEARING-HOUSE RULE 
No. 55.” 
To THe Eprror or ENGINEERING. 

Srr,—I have just seen your article on ‘‘ The Railway 
Clearing-House Rule 55,” page 524 of ENGINEERING, 
dated the 21st ult., where you refer to an electrical device 
with a key fixed on the signal-post, to be operated by the 
fireman, indicating to the signalman the presence of a 
train waiting. A divies of this kind has been in use by 
| some companies for many years, and the Lancashire and 
| Yorkshire Railway Company were, I believe, the first 
| to introduce an arrangement of this kind, which has 
| been in use upwards of fourteen years. In this case the 

key on the signal-post operates a bell and an indicator in 
| the cabin, and the ringing of the bell can be stop by 
| the signalman, but the indication given on the indicator 
cannot be cancelled without the signalman pulling off the 
signal and giving the train permission to p , as the 
|fact of operating the signal-lever removes the flag or 
indication. Some companies have altered this arrange- 
a but the principle remains the same. I enclose my 
card. 





Yours truly, 


May 2, 1911. LANCASHIRE. 








Buenos Arres Harsour Works.—We are informed 
that the contract for the new harbour works at Buenos 
Aires has been awarded to Messrs. Walker and Co., after 
a most keen competition. The contract is for a total 
amount of 5,500,000/. Mesers. Walker and Co. were the 
contractors for the Transandine Tunnel, an illustrated 
description of which we gave in vol, xc., page 880, 
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100-TON SHEERS FOR ABERDEEN. 


CONSTRUCTED BY MESSRS. 


DAY, SUMMERS, AND CO., 


LIMITED, ENGINEERS, SOUTHAMPTON. 











Fie. 1. 


Tue sheers which we iilustrate above were de- 
signed and constructed by Messrs. Day, Summers, 
and Co., Limited, of Northam Iron Works, South- 
ampton, and were erected and tested at Aberdeen 
within five months of the date of order. Fig. 1 shows 
the sheers in position on the quay, while in Figs. 2 
and 3 may be seen details of the machinery. This is 
the eighty-ninth set of sheers constructed by the firm, 
and the second set supplied by them to Aberdeen, 
the first set being still in use, though erected as long 
ago as April, 1874, when it was tested to 80 tons. 
This set is the nearer one in the illustration. A fea- 
ture of the new sheers is that they are electrically- 
driven, the motors having been supplied by Messrs. 
J. H. Holmes and Co., of Newcastle-on-Tyne. The 
following is a brief description of the sheers and the 
machinery. The front legs are 130 ft. long, and the 
back leg 170 ft. long, and the lifting capacity of 
the plant is 100 tons to a height of 80 ft. and 30 tons 
to a height of 30 ft. The traversing gear for work- 
ing the legs is driven by an independent motor of 
100 brake horse-power, fitted with a reversing con- 
troller and solenoid brake, the latter automatically 
stopping and holding the metor directly the current 
is cut off. There are two hoisting-winches, one being 
capable of raising weights up to 100 tons, and the 
other for weights up to 30 tons, with a very quick 
lifting speed. These winches are driven through 
clutches by a 100-brake-horse-power motor, which has 
& reversing controller fitted with a pilot-switch for 
regenerative control. The arrangement is shown in 
Fig. 2. A powerful fvot-releasing brake is fitted to 
each winch for holding the weights, and by means of 
this brake the weight, when released, is allowed to 
overhaul the winch, and, in turn, overhaul the motor, 
compelling the latter to regenerate when the controller 
is switched on. This formsa very effective controlling 
brake to the winch, the weight being lowered at any 
desired speed, or the foot-brake comes into action 
immediately when required, This gear is easily 

















100-Ton-SHEERS IN PosITION. 


manipulated, is simple, and has a very wide range of 
speeds. The hoisting-motor and the switchboard are 
shown in Fig. 3. 

The screw for altering the angle of the legs is 
60 ft. 6 in. long and 94 in. in. diameter, and the rough 
forging measured 63 ft. in length, and had a diameter 
of 10 in. It was supplied by Messrs. Frith and Son, 
of Sheffield, the a being done by Messrs. 
Day, Summers, and Co., at Southampton. 








THE BADCOCK TWO-CYCLE INTERN AL- 
COMBUSTION PUMP. 

UntIL quite recently, all methods of pumping water 
by means of gas power were indirect, and hence rather 
heavier in first cost and somewhat less economical of 
fuel than they might have been. It was usual to employ 
a gas-engine of the regulation pattern, in which recipro- 
cating of the piston was first converted into rotary 
motion, and this rotary motion was subsequently 
reconverted back into the reciprocating motion required 
for the pump, gearing being generally employed to 
reduce to a reasonable figure the number of reciproca- 
tions per minute of the pump plunger. By exploding 
the gases directly on the top of the water, the latter 
can be made to act as its own piston or plunger, and 
the whole pump is reduced to little more than a piece 
of piping and a few automatically-operated valves. 

fe describe below a remarka v simple solution of 
the problem involved, due to Mr. E. Baynes Badcock, 
7, Pembridge-crescent, W., who has been experiment- 
ing on gas ram-pumps for some years past, and in the 
early part of 1910 constructed the small pump which 
we illustrate in Fig. 1, page 585. This has been repro- 
duced from the original working drawing, and though, 
of course, of small size, is of particular interest, not 
merely for its successful demonstration of the possi- 
bilities of a system of working applicable to the largest 
sizes, but for the highly ingenious way in which it 
has been built up out of stock fittings, the only part 














Horstine-Motror and SWITCHBOARD. 


specially made being the exhaust-valve. The principle 
of working is, however, best exhibited in Fig. 2. 

The pump consists of an explosion-chamber, rising 
main, and suction-pipe only. The explosion-chamber 
is fitted with an inlet-valve E for the mixture, and a 
set of exhaust valves, such as D!, D*, through which 
the spent gases are discharged. These valves are 
wholly automatic and independent, not requiring any 
interlocking gear to control the sequence in which 
they open. he cycle comprises two strokes, one out 
and one in. On the out-stroke the mixture is fired, 
the water is pumped, and fresh charges of mixture and 
water are drawn in through the valves EandG. The 
in-stroke expels the burnt products and compresses the 
new charge. This new charge is not introduced into 
the machine until the burnt products are cooled by the 
prolonged expansion, and it was due to the recognition 
of this fact (that the burnt products would be suffi- 
ciently cool) that the cycle was devised. Supposing the 
rising main pipe B to be full of water up to the delivery- 
tank, and a charge, of unburnt mixture to be lying in 
the combustion-chamber C, then this mixture will be 
under the compression of the statical head of water in 
B, and the suction-valve G will be closed. The lower 
exhaust-valve D? will also be held up on its seat, and 
the upper exhaust-valve D! will be seated, but inopera- 
tive. eons the mixture is fired, the water in the 
machine will be forced up the rising main, and the level 
in the pump will fall as the water travelson. The gases 
at the same time expand and cool in the explosion- 
chamber, and at about the point when the pressure 
there is reduced to that of the atmosphere, the valve 
D* will open by its own weight. The valve D', how- 
ever, remains closed, and thus prevents the entry of 
air into the machine. 

The pressure in the explosion-chamber still con- 
tinuing to fall, the mixture intake-valve E opens, 
admitting a fresh charge of mixture at the top of the 
machine, and this sweeps the burnt s into the 
body A of the pump below the exhaust-valves D! and D*, 
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THE BADCOCK TWO-CYCLE INTERNAL-COMBUSTION PUMP. 
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the former remaining on its seat throughout. While 
the fresh charge of mixture is entering the machine a 
fresh charge of water is also drawn in through the 
suction-valve G, the pressure in the chamber being 
below that of the outside air. These conditions remain 
operative until the water, having expended its forward 
momentum, flows back along the rising main and raises 
the pressure in the body of the machine to about that 
of the atmosphere. At this moment the mixture intake- 
valve seats itself, the water suction-valve G closes, 
and the exhaust-valve D' lifts and allows the burnt 
gases to escape. 

The fresh charge of mixture is now entrapped in the 
head of the machine and is at rest, while the returning 
water, gathering speed (by gravity or otherwise), is 
expelling the burnt products. This it continues to do 
at an increasing rate, till the valve D® is reached b 
the water and carried up to its seat. This valve D? is 
too heavy to be carried up by the flow of the exhaust 
gases acting alone, and thus remains fully open till 
closed by the impact of the water column. 

When the exhaust closes, the water has its maximum 
rate of descent in the rising main. The fresh charge of 
mixture entrapped in the combustion-chamber has 


accordingly to absorb by i i ineti 
ral ly rb by its compression the kinetic 


the returning column of water in the rising 
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main, and provision is made by which the charge is 
fircd at the instant this compression reaches its maxi- 
mum. This firing device is represented diagrammatic- 
ally at H and H', Fig. 2, whilst K denotes the sparking- 
plug. The cycle then automatically repeats itself. 

As already stated, the first pump made is repre- 
sented in Fig. 1, and was found to work well previous 
to gepees the system. The use of trade fittings 
made it easy to lengthen or shorten the combustion- 
chamber, and thus to find out experimentally the best 
relative proportions. The water suction-valve was an 
ordinary flap-valve, strong enough to withstand the 
pressure of 180 lb. per square inch, which was what 
was shown on the gauges at each explosion when 
pumping against a head of 25 ft. only. The vacuum 
in the machine went as high as 10 in. of mercury, and 
a large volume of water entered the machine at each 
stroke. In some of the experiments a deep-well 
attachment was successfully used. 

The best results were obtained when some of the 
burnt products were left in the machine, and Mr. 
Badcock suggests that the probable cause of this is to 
be found in the fact that the burnt products left below 
the pure mixture act as a sort of non-conducting and 


re-expansible piston lying over the surface of the cold | 


water. 


Fig.4. 
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It is clear that a great many small modifications can 
| be made in the working of this machine ; for instance, 
|a charge of pure air more than sufficient to fill the 

combustion-chamber may be drawn in, thoroughly 
| scavenging the combustion-chamber. On the return 
| of the water column, the surplus, along with the spent 
| gases, is expelled through the exhaust-valves. When 

the latter close and the compression stroke begins, a 
charge of gas or oil vapour is automatically introduced, 
| by an arrangement which does not involve the use of 
any controlled or locked valve. Hence there is no 
possibility of any waste of fuel through the exhaust- 
valves. 

The amount and proportions of the mixture entering 
the machine can very easily be regulated or measured, 
so that there is no difficulty in preventing a loss of un- 
burnt mixture by pumping it straight through the 
machine unused. In some of the trials made with the 
experimental pump the head of the rising main was 
plugged to form an air-chamber, the wreter bebag then 

ischarged‘through a slide outlet. This arrangement 
hastens the descent of the return stroke and increases 
the speed of action. 

Some fairly large pumps operating on the cycle are 
now in course of manufacture, one of which is shown 
in Fig. 3. In this form water intake-valves of any 





<j | suitable design can be used, and located, if desired, on 


| an extension of the suction-pipe. — plain flap- 
valves of leather, weighted, are used as indicated at P. 
The double exhaust-valves are of the same pattern as 
shown diagrammatically in Fig. 2. The inlet-valve Q is 
fitted with an adjustable spring. In some of the experi- 
ments made different ghee were tried to prevent 
intermixture of the incoming charge with the spent 
gases. These, however, proved quite unnecessary, as 
the small cross-section of the combustion-chamber did 
not permit of injurious eddies ; further, in all these 
machines the gas movements were relatively slow 
during the period concerned. In fact, if smoke is 
blown down a glass tube, it is remarkable how sharp the 
line of demarcation is between the incoming smoke 
and the pure air being expelled, especially if the 
smoke is Gown in through a grid. In large machines, 
where the cross-area of the cone is great, this s 
can be subdivided longitudinally, to prevent eddies, 
as is shown in Fig. 3. 

With regard to the firing of the charge and the 
timing of the explosion, good results were obtained 
with a hot-tube ignition, arranged as indicated in Fig. 4. 
This fitting consisted of a check-valve A leading to a 
small container B, and having an outlet-valve C dis- 
charging into a hot tube D. The action which takes 

lace is as follows :—On a compression stroke the valve 
B is seated and the valve A lifts, and the compressed 
mixture enters B. Hence on a slight reduction of 
pressure in the system, the valve A seats and the con- 
tainer B discharges mixture through the valve C into 
the hot tube D, which fires it. The delivery pipe E 
from the hot tube is made sufficiently large to contain 
enough burnt pas to prevent the access of mixture to the 
heated part of the tube during the compression stroke. 

On the whole, however, electrical methods of igni- 
tion proved more satisfactory, and the ignition device 
now used is shown in Figs. 5, 6, and 7. With this 
arrangement the charge is fired only on a slight reduc- 
tion of the compression pressure, and at no other time. 
There is no double cat-out, and it does not matter 
whether the compression varies through wide limits 
either in amount or in time. 

A spring arranged like an ordinary indicator presses 
on a piston / acting against the pressures in the — 
so that the position of this piston varies with the 
amount of pressure, whilst the direction of movement 
varies with the rise or the fall of the pressure. The 
piston-rod crosshead carries a spur-wheel g running in 
mesh with a fixed rack. A drum integral with the 
tooth-wheel is clipped by a strip of metal m, which at 
its outer end carries a contact-maker. The move- 
ments of the end which carries the brush are restricted 
in the up and down directions by stops, along which 
the arms can slide. Hence when the piston is travel- 
ling out the arm rubs along the lower stop surface. 
| If, however, the piston stops and begins to return, the 
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friction of the band on the drum causes its free end 
to be flung up towards the upper stop surface; and 
if the piston continued to go in, the arm would then 
slip along the upper stop surface to the end of the 
stroke. By placing a live contact-piece so that the 
arm engages it, if flung up during the compression 
stroke, the charge of mixture in the machine is fired just 
when the piston has begun to return, and immediately 
after the maximum compression is attained. Explo- 
sion then takes place, and the rise of pressure reverses 
again the direction of rotation of the spur-wheel G, 
and carries down the end of the arm, out of contact, 
and forward beyond the extension of the live contact- 
piece. When, later on, this high pressure changes to 
the lower pressure of expansion, the arm again lifts, 
but is now well clear of the live contact-piece, and 
thus returns without completing the ignition circuit, 
slipping along the upper stop surface to the end of the 
stroke. It will be seen that vertical movements occur 
on changes of pressure, but longitudinal movements 
depend only on amounts of pressure. Fig. 8 gives in 
doited lines the track of the end of the arm, the cross 
showing the point where the contact was made imme- 
diately after the completion of compression. 

With the cycle described, the cumpression may be 
made as high as is desired, and the rapidity of action 
is a maximum, since the idle strokes involved in four- 
cycle operation with a single barrel are cancelled, 
with a consequent reduction in losses by pipe friction. 
Fach out-stroke is a working stroke, and thus the 
delivery is nearly twice as great as with a correspond- 
ing four-cycle system. 








O_p Ferrantians Dinnger.—The Old Ferrantians 
dinner, which was held at the Trocadero Restaurant on 
the 29th ult., was attended by some sixty past and present 
members of Mr. Ferranti’s staff. This was a somewhat 
smaller number than had been hoped for, but many were 
poosentes from attending at the last moment owing to 
ousiness engagements or illness. Several gentlemen were 
present who had been engaged on the equipment of the 
original Ferranti 10,000-volt station at Deptford, and 
some amusing stories and interesting memories of that 
pioneer work formed features of the speeches that were 
made during the evening. A pleasing incident was the 
ae ge to Mr. Ferranti, by the chairman, Mr. C. P. 
Sparks, of a silver inkstand, which had been subscribed 
for by old Ferranti men from all parts of the country, 
which was intended to serve as a memento of the occasion ; 
while each member present received, in the form of a 
menu-holder, a sample of the original 10,000-volt Ferranti 
main which was laid between Deptford and the Grosvenor 
Gallery. These samples had been pre and pre- 
sented by Mr. G. W. Partridge, Chief Engineer of the 
London Electric Supply Corporation, himself an old 
Ferrantian. 


Dirset Marine O1n-Enoings.—We are informed by 
Messrs. Swan, Hunter, and Wigham Richardson, 
Limited, of Neptune Works, Walker-on-Tyne, that about 
twelve months ago, after careful investigation and con- 
sideration of various types of engines—oil, gas, elec- 
tric, and other—they decided to build a vessel suit- 
able for special service on the Canadian canals and 
lakes, and to fit her with two sets of Diesel oil- 
engines, This vessel, the Toiler, is a twin-screw vessel, 
248 ft. between perpendiculars by 424 ft. beam by 19 ft. 
depth moulded, propelled by two sets of two-cycle rever- 
sible Diesel engines of a combined brake horse-power of 
360, equal to about 400 indicated horse-power working at 
about 250 revolutions. These engines were supplied by 
the Diesel Motor Company, of Stockholm, and fitted on 
pes Messrs. Swan, Hunter, and Wigham Richardson, 
Limited, at their Neptune Works. her voyage to 
Calais the Toiler was loaded with 2650 tons dead-weight 
of coal cargo, besides about 40 tons of oil fuel, fresh 
water and stores, a total dead-weight of nearly 2700 tons 
on a mean draught of 14 ft. She left the Tyne in very 
rough weather, ane which the engines 
worked perfectly satisfactorily, and completed her voyage 
to Calais at an average speed of 5.9 knots (or 6} miles). 
On her return voyage, light in ballast, the average speed 
was 8.2 knots (or 94 miles). The consumption of oil fuel 
for the round voyage, including auxiliary compressor, 
was 64 tons—say 1.65 to 1.75 tons per day. The Toiler 
has a dead-weight capacity, owing to the fact 
that the Diesel engines are much lighter than steam- 
engines and boilers, the amount in this vessel being about 
60 tons; the cubic capacity for cargo is greater, as the 
boiler space is saved, and, besides, the oil fuel can be 
carried in the double bottom i: pi of water ballast, 
thus saving bunker space. The consumption of oil is 
much less in weight than the consumption of coal for 
steam engines. In the Toiler the consumption at full 
speed does not exceed 1.75 tons per day of oil fuel of 
18,000 B.Th.U. calorific value, whereas with steam- 
engines of equal power the consumption of coal would 
not be less than 8 tons per day. The actual difference in 
cost depends, of course, upon the relative prices of coal 
and oil in the district where the vessel may be trading. 
The deck machinery and engine-room accessories of the 
Toiler are driven by compressed air, supplied by a com- 
eo wd driven by a small Diesel engine. The electric 
ight with which the vessel is fitted obtains its power 
e. Messrs. Swan, Hunter, 
ohardson, Limited, have now taken up 


from a small poenantes. 
and Wigham Ri 
the construction of marine Diesel oil-engines in their own 


Neptune Engine Works, and have at present a set of 
four-cylinder two-cycle engines in hand. 
- 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, April 26. 

Ixon and steel conditions remain substantially as a 
week ago. Preparations are made for the shipping 
this season of 42,000,000 tons from the Lake Superior 
regions. Prices have been fixed on a basis of about 
0.50 dol. below last year for independent merchant 
ore. Bessemer and non-Bessemer ores remain un- 
changed. Less than one-fourth of the production is 
affected by the reduction. Over 30,000,000 tonsa year 
are brought down by the Steel Corporation for other 
steel-makers who mine and use their own ores. This 
reduction in merchant ore will not affect quotations on 
finished products. Wire rods are maintained at full 

rices—namely, 30dols. per ton. Some slight shadings 
Seve been made on large contracts for iron and 
steel plate. Pig-iron production has been reduced 
within a week, the Steel Corporation having reduced 
from 74 per cent. to less than 70 per cent. of 
capacity by the blowing-out of four furnaces. They 
will blow out one or two more this week, in order to 
allow the steel mills to catch up with the furnaces. 
Other steel products are holding their own, and the 
volume of business for the week compares favour- 
ably with recent weeks. Demands from interior points 
for general construction purposes are encouraging, and 
the inquiries now under consideration will add about 
two weeks’ work to structural capacity. Bids have 
been called for 80,000 tons for elevated extensions in 
New York City. This is only a part of what will be 
ultimately required. But few orders have been placed 
this week for steel cars, though the shops are well 
crowded and the builders have the practical assurance 
that railroad requirements will keep them fairly busy 
for quite a while to come. The plate-mills are 
figuring this week on some heavy steel-plate orders, 
which will add to the satisfaction of those interests 
and tide them over a dull period. The course of 
the market since the opening of the spring indi- 
cates that a hardening of prices need not be looked 
for, and probably the best that can be expected 
will be the maintenance of present quotations. The 
Dominion Iron and Steel Company of Sydney have 
placed an order for 6000 tons of basic, which was placed 
abroad at several dollars per ton below that at which 
producers in this country would furnish material. The 
question of Canadian reciprocity, having passed the 
Lower House, is now in the Senate, and its fate there 
is a matter of uncertainty, because of the pretty even 
division of its friends and opponents. The Republican 
party, as a party, is opposed, while the Democratic 
party, as a party, is in favour of it. The antagonism 
of the agricultural classes along the northern border is 
aroused, but a tub is to be thrown to the whale in the 
shape of much of the free raw material and supplies 
enol by the farmers. 








Tue New Sreampoat Service TO FiusHinc.—Upon 
the Flushing night-mail steamers being transferred from 
Queenboru’ to Folkestone on April 30, accelerations of 
from one to three hours have taken effect in the services 
to Holland and te North and South Germany by the 
Flushing night-boat express train, which leaves Victoria 
(South-Eastern and Chatham Railway) at 8.45 p.m., and 
Holborn at 8.40 [= Another innovation is the intro- 
duction of a Pullman dining-car from Victoria to Folke- 
stone, and a breakfast-car by the corresponding return 
boat-train leaving Folkestone at 6a.m. ' 


Tur Copper Marxrt.—In their monthly report dated 
the Ist inst., Messrs. James Lewis and Son state that the 
age and dulness which characterised the market during 
the month of March continued during April with but 
little variation in values. Standard copper declined from 
541. 13s. 9d. for cash on the 3rd ult. to 53/. 11s. 3d. on 
the 19th, from which there was a sharp recovery to 
541. 13s. 9d. on the 25th, considerable purchases of + Boe 
months prompt at 54/, 12s. 6d. up to 55/. 5s. being in- 
duced by the low level of prices reached. When it was 
known that the Amalgamated ee | had become 
sellers of electrolytic copper and reduced their price to 
56s. 10s. per ton c.i.f. for May and 56/. 15s. for June 
delivery, sales being reported from New York during the 
week of 37,500 tons (2000 Ib.) at 117 and 12 cents per pound 
and 250 tons Lake at 124 cents, Standard copper receded 
to 53/. 10s. cash and 54/. 2s. 6d. three months on .the 28th, 
but recovered on second change to 54/. and 54l, 12s. 6d. 
respectively in the absence of sellers. To-day’s closing 
quotations are 54/. 2s. 6d. cash and 54/. 15s. three months 
prompt, sales during the month amounting to about 
18,000 tons. Lake copper is now quoted 12} cents per 

und, and electrolytic is not available under 128 cents. 

fined a was bought but sparingly by manufac- 
turers until they were tempted by the low prices accepted 
<= Seen Company to replenish their stocks. 

e electrical and engineering industries are active both 
in this country and on the Continent, a good business has 
been done for India in yellow metal sheets, and the de- 
mand for sulphate of copper continues so strong that 
stocks are quite exhausted. With the large purchases by 
consumers in the United States and the increased exports 
to Europe—27,466 tons—a reduction in the American 
stocks of copper may be expected, in addition to the 
— during the month of 3699 tons in the European 
stocks, 





NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
market was active, but prices were not strong. The turn- 
over amounted to 8500 tons of Cleveland warrants at 
46s. 6d. cash, 46s. 54d. and 46s. 64d. five days, 46s. 8d. 
and 46s. 9d. one month, 47s. two days, 47s. 3d. three 
months, and 46s. 7d. eight days, and closing sellers quoted 
46s. 64d. cash, 46s. 93d. one month, and 47s. 34d. three 
months. Hematite was offered at 63s. 6d. sellers three 
months. The afternoon session was quiet, and the deal- 
ings were limited to two lots of Cleveland warrants at 
46s. 84d. one month, closing with sellers at 46s. 6d. cash, 
46s. 9d. one month, and 47s. 24d. three months. Hema- 
tite was quoted easier at 63s. 44d. three months sellers. 
On Friday morning the market was easier, and 7000 tons 
of Cleveland warrants were done at 46s. 6d. cash, 46s. 6d. 
and 46s. 54d. seven days, and 46s. 8d. and 46s. 74d. one 
month. At the close the quotations were 46s. 54d. cash, 
46s. 8d. one month, and 47s. 14d. three months sellers. 
Hematite was again quoted easier at 63s. three months 
sellers. In the afternoon the downward tendency of 
Cleveland warrants continued, and the turnover consisted 
of 2500 tons at 46s. 5d. cash and five days, and 47s. 04d. 
three months. Closing sellers quoted 46s. 5d. cash, 
46s. 74d. one month, and 47s. 1d. three months. On 
Monday the market was closed all day, the first Monday 
in May being a holiday. On Tuesday morning the open- 
ing was dull, and only two lots of Cleveland warrants 
changed hands at 46s. 3d. cash, and 46s. 6d. one month, 
with buyers over in each case. At the close the prices 
were 46s. 4d. cash, 46s. 7d. one month, and 47s. 04d. three 
months sellers. In the afternoon there were no dealings 
of any kind, and sellers of Cleveland warrants quoted 
46s. 34d. cash, 46s. 64d. one month, and 47s. three months. 
When the market opened to-day (Wednesday) an easier tone 
prevailed and Cleveland warrants were weak. The deal- 
ings consisted of 4500 tons at 46s. 04d. cash, 46s. 3d. and 
46s. 34d. one month, and from 46s. 10d. to 46s. 9d. three 
months, and closing sellers quoted 46s. 1d. cash, 46s. 4d. 
one month, and 46s. 94d. three months. There was no 
second session, the afternoon being observed as a holiday, 
owing to the visit to the city of their Royal Highnesses 
the Duke and Duchess of Connaught to open the Scottish 
National Exhibition. The following are the market 

uotations for makers’ (No. 1) iron:—Clyde, 59s. 6d.; 

alder, 60s.; Gartsherrie, 60s.; Summerlee, 62s.; Lang- 
loan, 63s.; and Coltness, 82s. (all shipped at Glasgow) ; 
Glengarnock (at Ardrossan), 63s.; Shotts (at Leith), 
61s. 6d.; and Carron (at Grangemouth), 62s. 6d. 


Sulphate of Ammonia.—The market for sulphate of 
ammonia is again easier, and the demand has kened 
off. The current price is down 2s. 6d. per ton from last 
week, and is quoted to-day at 13/. 15s. per ton for prompt 
delivery, Glasgow or Leith. The shipments from Leith 
Harbour last week amounted to 984 tons. 


Scotch Steel Trade.—In the Scotch steel trade there has 
been very little change of late, but the one feature worth 
noting this week is a slight increase in the number of 
specifications from shipbuilders for plates. Angles, on 
octiat hand, are exceptionally quiet, and the demand 
for heavy material generally for the home market is 
also exceedingly poor. A slight improvement is reported 
in the inquiry for boiler-plates for local consumption, and 
ther sections are in better demand. In light 
steel a fair inquiry prevails, and black sheets are in 
demand for India and the East at firmer prices. 


Malleable-Iron Trade.—The state of the malleable-iron 
trade of the West of Scotland is practically unchanged 
from last report. Makers have found no benefit following 
the recent reduction in prices, and employment at the 
various works is still very hand to mouth. Some business 
has been reported at from 6/. 2s. 6d. to 6/. 5s. per ton, but 
it is doubtful if the quotation is to-day any better than 
6l. per ton for prompt lots. Needless to say, any of these 
figures involves selling at a loss, and consequently makers 
are not desirous of selling at present. Belgian makers are 
still selling at ridiculously low prices. 


Scotch Pig-Iron Trade.—No improvement has taken 

lace in the local demand for the ordinary qualities of 
Sootch pig iron, but a fair amount is going south and to 
consumers abroad. The hematite position is also un- 
changed and buyers are almost non-existent. Prices are 
nominal, and sellers would, it is believed, make further 
reductions for prompt lots. 


Blastfurnacemen’s Wages Reduced.—As a result of the 
report of Mr. John M. MacLeod, ©.A., Glasgow, to 
Messrs. James C. Bishop and James Gavin, joint secre- 
taries of the Board of Conciliation, between the owners of 
blast-furnaces in Scotland and the blastfurnacemen, as to 
the price of Scotch pig-iron warrants in the Glasgow 
market for the months of February, March, and April, 
1911, there is a fall of 24 per cent. in the wages of the 
workmen. 


Shipbuilding.—The Scotch shipbuilding returns for the 
past month are fairly satisfactory, and the following are 
the totals for the different districts :— 

Vessels. 
The Clyde .. “A a 21 36,833 
The Forth. 3 3,590 
The Tay 3 2,067 
The Dee 12 1,606 


Total 39 44,096 


The Clyde total, while a long way behind the large figure 
for March, is quite an average output, and brings up 
the total for the year to 84 vessels, of 163,540tons. The 
latter is above the average for the first four months of the 
year, and while comparing very favourably with the out- 
put of 76 vessels, of 147,080 tons, during the same period 
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last year, it comes second in point of tonnage to the record 
output of 1907, when the total for the first four months 
was 180,146 tons. Order-books are fairly well filled, and 

uite a number of new contracts have been fixed up durii 
the t month. The various yards continue to be w 
employed, and on the whole the outlook is considered 
quite satisfactory. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Engineering Feat.—An interesting engineering feat, 
taxing the resources of both engineers and railway men, 
and incidentally demonstrating the class of heavy work 
done at some of the Sheffield foundries, was performed 
early in the week. It was the removal from Sheffield to 
Liverpool of two huge 36-ton castings intended for the 
battleship Audacious, at present under construction at 
Messrs. Cammell Laird’s Birkenhead yard. The cast- 
ings, which each measured 12 ft. 4 in. in width, were 
made at the ~—— Foundry Company’s works, and 
were loaded on the 240-ton armour-plate holders of the 
Midland Railway Company. Their conveyance necessi- 
tated an absolute blocking of the traffic on the opposite 
line of rails between Sheffield and Liverpool. 


Labour Matters.—There is considerable relief in Sheffield 
that the dispute between Messrs. Edgar Allen and Co. 
and the moulders in their employ has been settled. A 
serious dislocation of part of the city’s trade might have 
been the result had the matter proceeded to extremes. 
A testimony to the present condition of trade, which is of 
some value, is furnished by the attitude of the moulders 
in the city to the wi question. They have been 
endeavouring for some time to bring their standard wage 
up to 42s. per week, and at the last conference with the 
employers, last September, when an advance of 1s. was 
made, it was redone that the matter should again be gone 
into, and another conference is expected, therefore, 
shortly to be held. The men state that trade has further 
improved since the granting of the last increase, and in 
proof quote the fact that unemployment amongst their 
members is now less than it has been at any time during 
the past ten years. The employers who will appear at 


the forthcoming conference represent the Engineering 
Employers’ Federation. The number of men affected is 
about 1200. 


South Yorkshire Coal Trade.—The hard-coal market 
manifests a growing improvement. Quantities going 
away for shipment are much larger, and the industrial 
demand remains good. Altogether a good season is 
anticipated. Orders for best grades are satisfactory, and 
there is a better appearance about second-grade fuel. 
Quotations are —_, Deliveries of gas-coal under 
contracts are considerable, and a number of spot lots are 

oing for shipment. Slacks are very favourably placed. 
-rice advances have been made on some qualities, and 
for best sorts collieries are well booked. House-coal pits 
have been fairly busy getting accumulated orders out of 
hand, but there is not a large quantity of new orders. 
No great weight of fuel has passed through the dépdts 
during the week, and buyers are not showing much dis- 
— to enter the market in spite of reductions made 
ast week, averaging about 6d. per ton. So far as best 
— are concerned, collieries have no stocks, but 
there is some accumulation of secondary qualities. Latest 
Change quotations are:—Best branch hand - picked, 
13s. 6d. to 14s.; Barnsley best Silkstone, 11s. 6d. to 12s. 6d. ; 
Silkstones, 9s. 6d. to 10s. 6d.; Derbyshire brights, 10s. 6d. 
to lls. 6d.; Yorkshire hards, 8s. 3d. to 9s. 6d.; Derby- 
shire hards, 8s. to 9s.; washed nuts, 7s. 9d. to 8s Od: 
rough slacks, 5s. 3d. to 7s.; seconds, 3s. 6d. to 4s. 9d.; 
smalls, 1s. to 2s. 3d. 


Tron and Steel.—Very little new business has come 
forward during the week to improve the outlook in the 
iron market. Users, both of hematites and common irons, 
are showing little tendency to renew contracts, and 
although many of them are now in need of fresh supplies, 
they are taking only sufficient to cover requirements for 
the immediate future. The Derbyshire foundries are 
fairly busy. Bar-makers have had a good week, but 
their position is far from stable. Scrap is finding little 
inquiry ; prices are being kept up as much as possible. 
The general position in the steel trades is that things 
are hardly as satisfactory as they were. This, of course, 
may be but a -— ~-¥ condition due to-a decrease in 
forward orders. Most of the large works are still 
fully occupied, with various departments working over- 
time, and there is plenty of activity in the armament 
branches. General shipbuilding orders are also of 
considerable weight. ork at the rolling-mills is not 
quite so strenuous, but there does not seem to be any 
anxiety as to fresh work being forthcoming. Keen com- 
petition has, however, brought down prices. Foundries 
are well occupied ; but, on the other hand, the forges are 
not so busy. The making of steel for motor-cars and 
automobiles of all descriptions used for industrial pur- 
poses 1s an increasingly flourishing branch of local indus- 
try. The trade in special steels generally is as good as 
ever. Brisk business is being done in hand-tools, and 
practically all the departments of the lighter trades are 
well occupied. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

__The Cleveland Iron Trade.—In pig iron the statistical 
situation is decidedly better, and with the likelihood of 
more furnaces going out, it promises further to improve. 
This turn might reasonably have been expected to stiffen 
quotations, but such has not experienced, values, 


in fact, having further fallen, and Cleveland pig iron is 





now cheaper than it has been for over two years. No. 3 
=. Cleveland pig is on sale at 46s. 3d. f.o.b., whilst 

0. 1 is 49s. 9d.; No. 4 foundry and No. 4 forge, each 
45s. 9d.; and mottled and white iron, each 45s. 3d.—all 
for J delivery ; and even these low rates failed to 
attract buyers. iddlesbrough warrants to-day (Wed- 
nesday) fell to 46s. . cash buyers, which is the 
lowest quotation since March, 1909. East Coast hematite 
pig is lifeless, and further reduction in price has not 

rought forth buyers, A general belief prevails that 
still considerably lower rates will have to rule before 
business to any extent is likely to be done. Both makers 
and merchants are keen sellers of Nos. 1, 2, and 3 at 
62s. for early delivery, and nee | purchases could be 
made from the latter at as low as 61s. 6d. Foreign ore 
is very dull, and, though reduced in price, is considered 
by consumers to be still much too dear. Market rates 
are | on 21s. ex-ship Tees for Rubio of 51 per cent. 
quality. Coke is in less request for local consumption, 
and the supply is very plentiful, with the result that 
prices are = Many sellers adhere to 15s. per ton for 
average blastfurnace qualities delivered here, but con- 
— a that they experience no difficulty in buying 
at 9d. 


Manufactured Iron and Steel.—The various branches 
of the manufactured iron and steel industries present few 
new features of moment. New orders are scarce, and 
some departments are not fully employed. The North- 
Eastern Steel Works are on short time this week, after 
having been kept in full swing for some years. Quota- 
tions all round are maintained. Common iron bars are 
7l.; best bars, 7/.7s. 6d.; best best bars, 7/. 15s.; packing 
iron, 5/ 15s.; iron ship-plates, 6/. 12s. 6d.; iron ship- 
angles, 7/.; iron ship-rivets, 7/. 5s.; iron boiler-plates, 
7l. 7s. 6d.; steel bars. 6/. 5s.; steel ship-plates, 6/. 15s. ; 
steel ship-angles, 6/. 7s. 6d.; steel boiler-plates, 7/. 10s.; 
steel strip, 6/. 10s.; steel + 61. 12s. 6d.; steel joists, 
6l. 7s. 6d.: cast-iron railway-chairs, 3/. 12s. 6d.; light iron 
rails, 6/. 10s.; heavy steel. rails, 5/. 12s. 6d.; steel railway 
sleepers, 6/. 10s.; and galvanised corrugated sheets, 
10. 15s.—sheets less the usual 4 per cent. f.o.b., railway 
material net, and all other descriptions less the customary 
24 per cent. 


Tron and Steel Shipments.—Shipments for April were 
on a very satisfactory scale, those of pig iron being larger 
than in any month since November, 1907. The total 
clearances of pig reached 130,761 tons, as compared with 
97,036 tons for the previous month, and 119,107 tons for 
April, last year. Of last month’s loadings 119,859 tons 
went from Middlesbrough and 10,902 tons from Skinnin- 
grove, 10,362 tons of the latter going to Scotland and 540 
tons to Holland. Of the pig shipped at Middlesbrough 
during the fourth month of the year, 76,993 tons went 
abroad and 42,866 tons to coastwise ports. As isgenerally 
the case, Scotland was the la it customer, receivi 
28,726 tons. Germany was second, taking 17,315 tons, an 
the other principal buyers were Italy, 12,526 tons ; France, 
9017 tons; Canada and Wales, each 7900 tons ; Japan, 
7515 tons; Sweden, 5995 tons; Belgium, 3976 tons; and the 
United States, 3580 tons. Shipments of manufactured 
iron and steel last month amounted to 52,363 tons— 
16,526 tons of the former and 35,837 tons of the latter. 
Of the manufactured iron cleared, 9828 tons went abroad 
and 6698 tons coastwise ; India, with an import of 4491 
tons, being once more the largest buyer ; whilst 2628 tons 
were despatched to the Argentine. Of the steel shipped 
during the fourth month of the year, 28,057 tons went to 
foreign ports, and 7780 tons to coastwise customers. 
South Australia was the largest importer, receiving 5544 
tons; the Argentine coming next with 5533 tons; and 
India third, with 3336 tons; whilst Canada took 2652 
tons, and Japan 2397 tons. 





NOTES FROM THE SOUTH-WEST. 

Cardif.—The steam-coal trade has been fairly active, 
and the tendency of prices has been firm, although tonnage 
arrivals over the week-end were not so heavy as had been 
expected. The strength of quotations is explained by 
the fact that order-books have been filled up satisfactorily, 
while stocks are not heavy. The best — steam coal 
has made 17s. to 17s. 6d. per ton; secondary qualities 
have ranged between 15s. 6d. and 16s. 9d.; best bunker 


smalls between 10s, 6d. and 11s.; and cargosmalls between | B 


9s. and 9s. 9d. per ton. The house-coal trade has shown 
a steady tone; the best ordinary qualities have made 
14s. 6d. to 16s. 6d. per ton; No. 3 Rhondda large 17s. to 
17s. 6d.; and smalls, 10s. 6d. to 10s. 9d. per ton. No. 2 
Rhondda large has brought 12s. 6d. to 12s. 9d.; and 
small, 8s. to 8s. 6d. per ton. Foundry coke has 
quoted at 19s. to 2ls.; and furnace ditto at 16s. 6d. to 
17s. 6d. per ton. As regards iron ore, Rubio has brought 
20s. 6d. to 21s. 6d. per ton, upon a basis of 50 per cent. of 
iron, and charges, including freight, insurance, &c., to 
Cardiff or Newport. 

Tin-Platers’ Wages.—The tin-plate section of the 
Dockers’ Union held its annual conference at Swansea on 
Saturday, for the pu principally, of formulating 
demands to be placed before the iliation Board in 
connection with the w: agreement, which comes up for 
renewal on June 1. Most of the grades decided to press 
claims for advances, the total demanded amounting to an 
average of about 10 per cent. 


Swansea Dock.—An experiment of six hours’ earlier 
locking of the King’s Dock lowers the water in the ad- 
joining (Prince of Wales’) dock to such an extent as to 
necessitate the modification of the scheme. Local =— 
from the Ellerman liner City of Cambridge had to 
transferred from the Prince of Wales’ Dock to the King’s 
Dock by railway, as there was not sufficient depth in the 
former dock to load the ship there safely. 





been | Dimensions to be Assi 


Dowlais.—The Goat Mill has not been fully employed ; 
the Big Mill has also been doing very little. Allowance 
should, however, be made for the fact that the productive 
peony of the mills has much increased. _ Goat Mill 

as been incipally upon tin- and heav 
steel rails. rein rm od teen well occupied. . 
i ee pent a ay docked * ag oo 

uring the past mon their aggregate burthen bei: 

67,093 tons. The number of vessels which docked . 
January was 24, of an aggregate burthen of 72,951 tons ; 
in February, 15, of an aggregate burthen of 49,877 tons ; 
and in March, 25, of an aggregate burthen of 76,855 tons. 
Australia and New Zealand contributed 18,580 tons and 
five steamers to last month’s totals, while Messrs. Elders 
and Fyffe’s vessels, which maintain a weekly service to 
and from Jamaica and Santa Marta, came next, with five 
steamers, representing 13,000 tons. Two vessels of the 
on om a representing 11,353 tons, were accommodated 
ast month. 





Pan-AMERICAN Raitway.—The length of the division 
for this — contemplated undertaking between the 
Panama Canal and Buenos Aires will 5034 miles. 
Railways and navigations are now in operation for a 
distance of 2067 miles, and lines in course of construction, 
or in contemplation, make good the balance of 2997 miles. 
The total railway distance between New York and 
Buenos Aires, via Mexico and Central America, will be 
10,116 miles ; of this aggregate 6444 miles are now built, 
and 3672 miles are in course of construction or projected. 





Contracts.—The Diesel Engine Company, Limited, 
179, Queen Victoria-street, E.C., have recently booked 
orders for thirty-seven engines of powers ranging from 
25 to 525 brake horse-power, for Great Britain, the 
Colonies, and foreign countries, several being repeat 
orders.—The Mirrlees Watson Company, Limited, Glas- 
gow, have recently booked orders for nine sets of their 
surface-type steam-condensing plants, and for six sets of 
their counter-current jet plants, for this country, the 
Colonies, Cuba, Formosa, Brazil, and other countries ; 
also extension ws for Barrow Colliery, and works at 
Bordeaux. — The Adams Manufacturing Company, 
Limited, have secured an order for a complete installa- 
tion of their Adams igranic metallic theatre dimmers 
for one of the largest theatres in St. Petersburg. 





Tue Gro.ocists’ AssociaTion.—The next meeting of 
this Association will be held at University College, 
Gower-street, W.C., to-day, May 5, at 8 p.m., when 
a lecture entitled ‘‘The Special Features of Alpine 
Scenery and the Part Played 7 Ice in their Origin,” 
will be delivered by Professor Edmund J. Garwood, 
M.A., Secretary, Geologists’ Society. (To-morrow (Satur- 
day) there will, be an excursion to Weybridge and St. 
George’s Hill, under the directorship of Mr. H. B. Wood- 
ward, F.R.S. During thesummer thereisto bean excursion 
to the Bergen district of Norway, which will extend from 
Thursday, August 3, to Monday, August 21; it will be 
reserved for membersonly. The September long excursion 
will take place from September 9 to 20, and part of the 
time will be devoted to the ~ wg AA the geol of 

y, 


Lochaber, including Glens Nevis, and Coe, Fort 
William being the head-quarters. Further particulars 
may be obtained from Mr. Alfred C. Young, F.C.S., 


secretary (excursions), 17, Vicars Hill, Lewisham, 8.E. 





Navication Concress.—The following papers, cover- 
ing British practice, will be read before the Twelfth 
International Co: of Novigetion. which is to be held 
in the spring of 1912 at Philadelphia :—‘* Improvement 
and Training of Rivers,”-by Mr. D. A. Stevenson, 
M. Inst. C.E., chief engineer of the Northern Lighthouse 
Board. ‘‘ Dimensions to be Assigned in any given 
Country to Canals for Heavy Traffic,” by Mr. R. B. 
Dunwoody, secretary of the Royal Commission on Canals 
and Waterways. *‘ Transfer of Freight between Rail- 
_ and Waterways,” by Mr. F. Rayner, A.M. Inst. 
C.E., engineer and general manager of the Trent Navi- 

tion. ‘*A System of Train-Boat Haulage,” by Mr. 

. H. Bartholomew, M. Inst. C.E., Director of the Aire 
and Calder — % 2 ** Reinforced - Concrete as 
Applied to Hydraulic Works,” by Mr. R. W. Vawdrey, 

.A., A.M. Inst. C.E. ‘‘Improvement of Lines of 
Inland Navigation,” by Mr. J. A. Saner, M. Inst. C.E., 
chief engineer of the Weaver Navigation. *‘ Navigation 
in Large but Shallow Rivers,” by Mr. F. Rayner, A.M. 
Inst. C.E., engineer and general manager of the Trent 
Navigation. ‘‘ Technical Considerations Governing the 
ed to Maritime Canals, and the 
Probable Dimensions of Ocean Steamers of the Future,” by 
Mr. J. Foster King, chief surveyorof the British Corpora- 
tion for the Registry of | 455 4 “‘The Mechanical 
Equipment of Ports,” by Mr. I. C. Barling, M. Inst. O.E., 
late resident-engineer of Tynemouth Pier. “ nt 
Works at Important Seaports and Reinforced-Concrete 
as A »plied to this,” by Mr. A. E. Carey, M. Inst. C.E. 
FRCS. “The Safety of Navigation and Illuminated 
Buoys,” by Mr. W. T. Douglass, M. Inst. C.E., and Mr. 
D. A Stevenson, M. Inst. C.E. This list of technical 
papers will be by far the most numerous and important 
cuntribution by British engineers to any International 
Navigation Congress which has ever been held. This is 
peciecerty gratifying as the forthcoming meeting will 

held in an English-speaking country where the repre- 
sentatives of the forty-one nations which now officially 
support the Congress will be present. About 100 papers 
donlim with inland and maritime navigation will be sub- 

to the Congress by members from all countries, and 
rinted in the three 
lish, French, and 


mit 
the papers will be translated and 
official languages of the Congress— 
| German. 
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Tus Roya. Socigty or Arts.—Monday, May 8, at 8 p.m. Cantor 
Lecture : “‘ Rock Crystal ; Its Structure and Uses,” by Dr. Alfred 
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THs Surveyors’ InstiTuTION.—Monday, May 8, a paper will be 
read entitled “ oe of Building Land,” by Mr. John 
James Done (Fellow). e chair will be taken at 8 o'clock. 
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Wickham, Graduate, of London. 
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entitled ‘‘The Use of Pressed Steel in Automobile Construction,” 
by Mr. L. A. Legros, M. Inst. C.E. 

Tue Junior INstrruTion oF ENGINBERS.—Wednesday, May 10, at 
7.30 p.m., at the Institution of Electrical Engineers, Victoria 
Embankment. Paper: ‘‘ Notes on Illumination by Gas and Elec- 
tricity,” by Mr. Frank J. Hawkins (Durham Bursar, 1909), of 
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the annual dinner of the Institute will be given in the Con- 
naught Rooms, Great Queen-street, W.C.—Friday, May 12. 
The following papers will be read and discussed : Nos. 3, 2, 
14, 10, and 16. The remaining papers on the list will be 
taken as read, and di d by correspond The follow- 
ing is a list of the papers that are expected to be sub- 
mitted :—1. ‘‘ On Temperature Influences on Carbon and Iron,” 
by Mr. E. Adamson (Sheffield). 2. On the Chemical and 
Mechanical Relations of Iron, Chromium, and Carbon,” by Mr. 
J. O. Arnold, D. Met. (Sheffield), and Mr. A. A. Read, M.Met. 
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ings,” Parts II., IIL, and IV., by Mr. H. C. H. Carpenter, Ph.D. 
(Manchester). 4. ‘‘On the Relation of Impurities to the Corrosion 
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perties of Some Nickel Steels, with Some Notes on the Structures 
of Meteoric Iron,” by Mr. E. Colver Glauert, Ph.D (Berlin- 
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6. ** Note on a Process for the Desiccation of Air by Calcium 
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(Auboué, Meurthe-et-Moselle). 7. ‘‘On the Volumetric Estima- 
tion of Sulphur in Iron and Steel,” by Mr. T. Gifford Elliot 
(Sheffield). 8 ‘*On the Action of Aqueous Solutions of Single 
and Mixed Electrolytes on Iron.” by Mr. J. Newton Friend, D.Sc., 
and Mr. Joseph H. Brown (Darlington). 9. ‘‘ On Iron-Silicon- 
Carbon Alloys,” by Mr. W. Gontermann, Ph.D. (Siegen, West- 
phalia). 10, ‘‘ On the Infl of Vanadium upon Vast Iron,” by 
Mr. W. H. Hatfield (Sheffield). 11. “‘On the Organic Origin of 
the Sedimentary Ores of Iron,” by Mr. W. H. Herdsinan ag og 
12. ** On Some Studies on Welds,” by Mr. E. F. Law, Mr. W. H. 
Merrett, and Mr. W. Pollard Digby (London). 13. “‘ On the Cor- 
rosion of Steel,” by Mr. Percy Longmuir, B.Met. (Sheffield). 14. 
“On the Influence of 2 per Cent. of Vanadium on Steels of Varying 
Carbon Content,” by Mr. A. McWilliam, M.Met., and Mr. J. 
Barnes (Sheffield). 15. ‘‘On Some Properties of Heat-Treated 
3 per Cent. Nickel Steels,” by Mr. A. MeWilliam, M.Met., and Mr. 
E. J. Barnes (Sheffield). 16. ‘‘On Mechanicalising Analysis as an 
Aid to Accuracy and Speed for Commercial Pu »” by Mr. 
C. H. Ridsdale, F.1.C., and Mr. N. D. Ridsdale (Middlesbrough). 
17. “On by wp of Blow-Holes and Cavities in Steel Ingots,” 
by Mr. J. E. Stead, D.Met., F.R.S. (Middlesbrough). 

Tue PuysicaL Socisry or Lonpon.—Friday, May 12, at 8 p.m., 
at the Imperial College of Science, Imperial Institute-road, 
South Kensington. Agenda: 1. “Stream-Lines Past the Elliptic 
Cylinder and Magnetic Interpretation,” by Sir George Greenhill 
and Colonel R. E. Hippisley, R.E. 2. ‘‘The Method of Constant 
Rate of Change of Flux as a Standard for Determining Magneti- 
sation Curves of Iron,” by Mr. J. T. Morris and Mr. T. H. Lang- 
ford. 3. ‘‘ Demonstration of an Electric Thermo-Regulator,” by 
Professor H. L. Callendar. 

Tus Roya. Instirvrion oF Great Brirain.—Friday, May 12, at 
9 o'clock, a discourse will be delivered by Professor William 
Stirling, M.D., LL.D., D.Se., on ‘ Biology and the Cinemato- 
- Afternoon lectures next week at 3 o'clock. Tu y, 

ay 9, Mr. J. E. ©. Bodley, on (3) ‘‘ The Institute of France.” 
Thursday, May 11, Professor R. W. Wood, LL.D., on ‘‘ The Optical 
Properties of Metallic Vapours.” (Lecture IIL) (The Tyndall 
Lectures.) Saturday, May 13, Professor Selwyn Image, M.A., on 
(3) ‘‘ Walter Pater; or the Connoisseur and Art.” Monday, 
a 8, at 5 p.m., General Meeting. 

‘He InstiTuTs OF MreTaLs.—Friday, | 12, at 8.30 p.m., at the 
Institution of Mechanical Engineers. The second May lecture 
will be delivered by Dr. G. T. Beilby, F.R.S. (Member of Council), 
on “The Hard and Soft States in Metals.” Tickets of invitation 
can be obtained on application to the Secretary, Caxton House, 
Westminster. 
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WORKING AGREEMENTS AND 
RAILWAY COMPETITION. 
ALTHOUGH we do not agree with the whole of 
the recommendations made by the Departmental 
Committee which was appointed in 1 to con- 
sider the question of railway agreements and, 





a tions, we none the less regard the report* 
just presented by them asa reasonably fair docu- 
ment. Itis probable that the railway companies 
themselves will be comparatively satistied with it, 
not so much, perhaps, in virtue of what it contains 
as in view of what it does not. There is unques- 
tionably, at the present time, a widely-spread feel- 
ing of opposition to the principle of working agree- 
ments between railways, and it was always possible 
that this might have found voice in the Committee’s 
report. That it has not done so in any extreme 
form is a matter for congratulation, and the com- 
panies affected will, as a consequence, probably 
accept with a good grace the recommendations 
which actually are made. 

The report is drawn up in an able way, and the 
data and arguments, on which the final recom- 
mendations are based, are stated in logical sequence 
and with much clearness. The general case which 
the Committee endeavour to make is that closer 
combinations between railway companies in the 
form of amalgamations, working unions, leases, and 
working agreements are not necessarily, or even 
probably, inimical to the public; and, further, that 
even if formal combinations were forbidden or 
restricted, it would always be possible for the 
companies to work together in an informal way, 
and achieve any sub-division of traffic or limitation 
of competitive areas which they might desire, with- 
out it being practicable to exercise any Parlia- 
mentary or departmental control over them. The 
Committee frankly recognise that the elimination 
of unnecessary competition between railway com- 

nies is a sound economic development which it 
is neither desirable nor possible to prevent, and 
their recommendations are accordingly framed with 
the idea of protecting the public against increased 
charges or decreased facilities, as a result of com- 
binations, rather than with the idea of in any way 
regulating or preventing their formation. The 
method by which it is proposed to protect the 
public in this matter is to require that, where a 
facility or service is diminished or withdrawn, or 
where a service previously rendered gratuitously is 
made the subject of a charge, it should be incum- 
bent upon a railway company to show that such 
alteration, withdrawal, or charge is reasonable. It 
should be noted that it is not suggested that power 
should be given to the tribunal which deals with 
this matter to decide as to whether existing charges 
are reasonable or not. Their reference would 
cover only the consideration of cases in which 
existing charges were increased or existing facilities 
decreased. 

The line of argument pursued by the Committee 
in leading up to their conclusion that railway agree- 
ments are not prejudicial to the public welfare, 
and that no attempt should be made to prevent or 
regulate them, is of interest. Briefly their position 
is that the era of active competition between rail- 
ways has already passed away, owing largely to the 
fact that the general railway system of the country 
is now practically complete, and that the companies 
have but little fear of outside competition in the 
shape of new lines. These considerations have 
resulted in the elimination of much direct point-to- 
point competition by rate agreements between the 
various companies. Many other forms of competi- 
tion than this are possible, such as adjustments in 
the charges for subsidiary services, special facilities, 
such as the forwarding of merchandise by passenger 
train, or the liberal dealing with claims for damage 
and delay. The Committee recognise that in the past 
many advantages have been given to traders as the 
result of this more indirect form of competition, but 
they suggest that in the last nine years there have 
been signs that the companies were making efforts 
to do away withit. Although stating that many of 
the present rates and facilities have come about as 
a result of competition, the Committee conclude 
that the present tendency to work together on the 
part of the companies is such that it is to the public 
advantage that the agreements between the com- 
panies should be as close as possible rather than the 
opposite. To illustrate this they consider a case of 
a competitive district in which the stations of 
the different companies are far apart, so that 
cartage from some parts of it to some of the 
stations will be long and expensive. The result of 
present competition will be to fix uniform rates 
throughout the whole area, which, while a conveni- 


* Report of the Departmental Committee on Railway 
Agreements and Amalgamations. 1911. Cd. 5631. 
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ence in some ways, is obviously economically 
unsound, and will in practice have the result of 
fixing all the cartage rates higher than is really 
necessary, in order to cover the overlapping and 
the unnecessary work which is done in hauling, 
to u distant station, goods which might equally well 
have gone to a nearer. A closer working agree- 
ment between the railways which would eliminate 
unnecessary work of this sort could not be other 
than advantageous to the companies and ultimately 
to the public. 

It is probable that the railways would be more 
than satisfied with the recommendation that in 
exchange for freedom to make such working agree- 
ments as they might wish, they should be prepared 
to justify any increased charge or decreased facility 
which they proposed as a result of such agreements, 
if they could be sure that the recommendations would 
be carried out in the spirit suggested in the report. 
It is there definitely stated that any questions 
which arise should be decided on broad commercial 
considerations, and not in a narrow or technical 
manner, and an example is cited of an experimental 
tariff introduced, unsuccessfully, to bring about 
certain results, and it is pointed out that it is not 
proposed that the recommendation should impose 
any hindrance to the reimposition of the old tariff. 
Further, it is stated that the opportunity presented 
by any proposed amalgamation or other statutory 
union heh not be used as a lever to impose 
further conditions than are contained in the report, 
either for the benefit of the public or anyone else. 
If it was certain that the spirit animating these two 
passages in the report would be freely and fairly 
exercised in practice; the proposed justification 
of increased charges might be looked upon as a fair 
quid pro quo for permission to freely enter into 
working agreements of any type. It is clear, how- 
ever, in the event of the recommendations being 
embodied in an Act of Parliament, that the com- 
panies would have to submit to a definite con- 
dition in exchange for a new pap which might 
possibly be administered harshly or unfairly. 

In addition to the matter already dealt with, the 
report treats of various other considerations, and 
makes recommendations of a less important nature, 
with which we have not space to deal. These con- 
cern such points as the relative rates for convey- 
ance of goods at owner’s risk as compared with 
company’s risk, the publication of printed lists of 
rates, and the local investigation of complaints by 
traders. We wish, however, to speak of the 
final matter of the report, which is concerned 
with reductions of staff following amalgamations ; 
but before doing so it should, however, be 
pointed out that it is recommended that railway 
companies should be allowed to enter into valid 
working and traffic agreements without the neces- 
sity of obtaining — from Parliament or the 
Board of Trade. This proposal is of much import- 
ance, and is in a considerable measure a security 
that the permission to enter into agreements will 
not be used as a lever to obtain concessions, since 
it would apparently allow anything short of com- 
plete amalgamation to be entered into with reference 
to any external body. 

The final matter dealt with in the report and the 
tinal recommendation concerns the matter in which 
we are chiefly in disagreement from the Committee. 
It has reference to dismissals of staff which may 
take place as a result of companies amalgamating 
or entering into other statutory unions. It is 
suggested that provisions should be introduced into 
any Act for union or amalgamation restricting the 
dismissals of servants in consequence of the arrange- 
ments sanctioned by the Act, and providing for 
compensation in cases of dismissal, such compensa- 
tion taking into consideration any loss of super- 
annuation or pension-fund benefits. This question 
of reduction of staff, following union, is, we think, 
hardly dealt with so logically as some of the other 
matters raised in the report. The Committee 
admit by implication that the contention, practi- 
cally made by some of the witnesses they examined, 
that a railway servant has what is practically an 
absolute property in his situation during good 
behaviour, is indefensible. If this is the case, 
however, and if railway amalgamations and agree- 
ments are but part of a sound econdmic develop- 
ment, by what process of reasoning can it be 


maintained that economies, admittedly ultimately 
for the public good, which may necessarily decrease 
the number of men required to carry out certain 
work, should be hampered by demanding that they 
should not result in any dismissals of staff. 


In dealing with this matter of permanence of 
employment it is evident that the Committee were 
much impressed with the fact that the Great 
Northern, the Great Eastern, and the Great 
Central Railway Companies agreed that a clause 
should be inserted in the Working Agreement Bill, 
which they presented to Parliament in 1909, 
requiring that compensation should be paid to 
any servant of either of the three companies 
who should be discharged within three years 
by reason of the agreement. It will be re- 
membered that this Bill was ultimately with- 
drawn, not, however, for any reason connected 
with this clause. The Committee make great play 
with the acceptance of this condition by these com- 
panies, and appear to base their demand that such 
compensation should be paid in the future largely 
on this acceptance. This clause was only agreed to 
after discussion with the Board of Trade, and it 
does not appear to have occurred to the Committee 
that it was probably only accepted as a means of 
staving off unfair criticism and attack on the Bill. 
The mere acceptance of such a condition by certain 
companies in special circumstances does not estab- 
lish the justice or general expediency of the policy 
which the condition represents. There are mani- 
fest objections to making such a practice com- 
pulsory, and even from their own point of view 
the Committee appear to overlook the fact that 
such a condition may be but an additional incen- 
tive to railway companies to achieve the objects 
of closer working by informal agreements, which, 
the Committee themselves state, are likely to be 
less advantageous from a public point of view than 
more formal ones. The pro l is but another 
illustration of the attitude of mind which demands 
that railways should be run as eleemosynary institu- 
tions, rather than as commercial organisations. It is 
admitted in very clear language in the report that 
in the past the lack of such a statutory protection 
for railway servants has not resulted in unfair 
treatment ; and it is clear that the enactment 
of the proposed clause would, in a sense, give 
railway servants a prescriptive right in their jobs, 
and might lead to many troubles and disputes, since 
it is obvious that after amalgamation or fusion of 
interests all dismissals from whatever cause would 
be challenged by labour organisations as due to 
redundancy followingon the amalgamation. Further, 
the clause would be a direct interference between 
the managers of railway companies and their staffs, 
and would take away the freedom now possessed by 
departmental chiefs to employ what labour they 
like, and employ it as they like, to the best benefit 
of the companies they serve. 





INTERNAL NAVIGATION IN 
IRELAND. 

Tue final report of the Commission on Canals 
and Inland Waterways in Ireland has just been 
issued, and, as in the case of corresponding reports 
for England and Wales, the recommendations made 
are not unanimous, although since Lord Farrer is 
the sole dissenter, the disagreement is less radical 
than it was when the future of the waterways of 
the main island was the point at issue. In that 
instance there were two reports, and expert opinion 
was pretty unanimous that the conclusions arrived 
at by the minority of the Commission were much 
more in consonance with the evidence collected 
than those of the majority, with many of whom a 
State-assisted development of means of internal 
navigation had apparently become a matter of creed 
rather than of policy—a condition of mind which is 
easily distarbed by mere facts and statistics. 

Briefly put, the demands of traders, both here 
and in the sister kingdom, is for the development 
of canals, not for the purpose of affording greater 
facilities for goods transport, but as a lever to 
extort lower freights from the railways. The 
cases in which, at equal rates, traffic will travel 
a by water are exceedingly few. Fast 
reight will go by rail in any case, and thus 
the canal can compete with the railroad only 
where time of transit is immaterial. This fact 
greatly handicaps the waterways in their attempts 
at effective competition with the railways. At 
the most they can offer attractions to but a fraction 
of the total freight carried by rail, whilst the rail- 
way competition affects the whole of their traffic. 
Further, for equal tonnage capacity a railway costs 
considerably less to construct than does an artificial 
canal, The latter must be of very large size to 





have a greater traflic capacity than even a single 





track of 2-ft. or 2-ft. 6-in. gauge. How relatively 
insignificant the traftic capability of ordinary canals 
is, is well illustrated by the relative quantities of 
coal carried into London by railroad and canal. The 
former deliver into the Metropolis about 74 million 
tons of coal per year, but whilst the commodity in 
question is universally recognised as particularly 
suited to water transport, the amount thus conveyed 
to London is only about 19,000 tons per annum. 

The very fact that it is practically impossible to 
raise money in the open market for financing schemes 
of internal navigation is in itself pretty conclusive 
evidence as to the inefficiency of canal as compared 
with rail transport. It is quite true that in France 
and Belgium a fair tonnage passes by water, but 
this is merely because in each case some 40 per cent. 
of the total freight is paid by the public at large, 
and not by the consignee. Such a state of affairs 
appears objectionable, since almost of necessity it 
involves the taxing of one industrial area for the 
benefit of a competing one. Even in Germany the 
canals are run at an annual loss of nearly 1,500,0001., 
although the magnificent natural waterways with 
which that great empire is endowed have reduced 
to a minimum the necessity for artificial channels. 

As compared with those in Great Britain, the 
conditions in Ireland approximate more closely 
to those of Germany. Area for area, large rivers 
are commoner in Ireland than in England and 
Wales. There are nine rivers with a catchment 
area of over 1000 square miles, which is as much 
as in the whole of England and Wales, which has 
an area greater by nearly 70 per cent. It is, 
perhaps, this condition, coupled with the fact that 
no important point is more than 50 miles from tide 
water, which led to relatively early attempts to 
develop means of internal navigation in Ireland. A 
body of Commissioners for Inland Navigation was 
formed as far back as 1751, and up to the year 1800 
over 850,000]. had been contributed from national 
funds to the improvement of rivers and for the 
construction of canals. Still further public funds 
were applied in the same way later on, aggregating 
in all 2,424,3471/., whilst a slightly larger amount 
was raised from other sources. The total capital 
expenditure to date on the existing 708 miles of 
canal (partly derelict) has been 4,875,693., but ‘‘as 
an investment for capital the canal system of Lreland 
has been a complete failure.” 

In the early days, before the construction of rail- 
ways, certain of the canals paid well ; but as soon 
as the more efficient system of transport came into 
effective competition, profits practically disappeared. 
At the present moment theonly reasonably profitable 
example of the ordinary canals is the Grand Canal, 
but out of total net return of 23,5811. nearly 21,0001. 
was derived by the company acting as carriers, and, 
in fact, there is an actual annual loss on the concern 
considered as a canal undertaking pure and simple. 
The Newry Ship Canal, some 7 miles long, deriving 
its revenue mainly from sea-going ships, showed, 
in 1905, a profit of 5117/., and the Lagan Canal, 
serving the Belfast district, a profit of about 20201. 
With these exceptions the remaining waterways of 
Ireland, taken as a whole, earn less than their ex- 
penditure, although, owing to the level character of 
the interior, and the generally ample water supply, 
the conditions are more favourable to canal con- 
struction than on this side of St. George’s Channel. 
This unsatisfactory financial position is the more 
remarkable in view of the fact that the tonnage 
transported has increased, since 1888, from 866,068 
up to 1,069,929 in 1907, and the net revenue shows 
a rise from 19,5091. up to 27,1521. in the same time. 
This increase of revenue is, however, confined to 
practically three undertakings, and the bulk of the 
profit shown, as already stated, has been earned by 
freight charges, and not by tolls. 

In Ireland the quantity of coal and minerals 
raised is small, and such commodities constitute 
the bulk of the traffic on British canals. There 
being no inland manufacturing or large mining 
districts, the available traffic consists mainly of 
live-stock, agricultural produce, and light goods 
requiring speed in delivery. Hence, although the 
tonnage carried by canal has increased in Ireland 
during a period, whilst that on British waterways 
has diminished, it still remains scanty compared 
with the area and population served, but 291,924 
tons passing over the Grand Canal in 1905, although 
this has a length of 209 miles. In the same year 
3 million tons passed over the Birmingham Canal, 
although its length is 159 miles only. 

Only one Irish canal is owned by a railway com- 
pany, the remainder being all independent concerns, 
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so that the stock explanation of the relative inutility 
of the English canals is inapplicable to Ireland. 
Such being the conditions, the Commissioners report 
against any large expenditure either on the con- 
struction of fresh canals or on the improvement of 
existing ones, many of which have been allowed to 
get into a derelict condition. As, however, large 
amounts of public money have already been ex- 

nded on Irish waterways, of which, moreover, a 
considerable proportion are already under public 
control, they do advocate such moderate expendi- 
ture as may suffice to keep inland navigation alive 
in Ireland, to maintain existing waterways, and 
standaidise the locks. The latter, asa whole, have 
been constructed with proportions more liberal than 
were adopted in the case of early canals in England 
and Wales, partly perhaps because fewer were 
required. There are no instances of locks only 7 ft. 
wide. The narrowest measures 11} ft. in width, 
but in general the width is about 14 ft. This is 
the ‘‘standard”’ on the Grand Canal, which, with 
a total length of 209 miles, connects Dublin with 
Limerick and with Ballinasloe. The average dis- 
tance between these locks is about 24 miles, or 
more than double what is usual in England and 
Wales. 

Whilst the greater efficiency of railways make 
undesirable any large expenditure on the construc- 
tion and development vf trunk canals, there are 
quite a number of cases in which a moderate expen- 
diture would render navigable important stretches 
of waterway. A notable instance is afforded by the 
approaches to the Shannon Navigation, where the 
locks on the middle reaches are over 100 ft. long by 
30 ft. wide, whilst immediately above Limerick there 
are some measuring but 75 ft. by 15 ft. These con- 
stitute an obstruction to the passage of barges of 
the larger class between tide water and the middle 
reaches. The Commission, accordingly, recommends 
the lengthening of these locks and the effecting of 
further improvements at a total estimated cost of 
30,5441. Again, they report that the estimated cost 
of rendering the Rivers Blackwater, Bride, and Suir 
efficient for purposes of navigation is small in com- 
parison with the results to be anticipated, and that 
in consequence such works should be proceeded 
with. An improvement of the Newry Canal is 
also recommended as worthy of further considera- 
tion. Many other proposals were also brought 
before them, involving in the aggregate an expen- 
diture, according to the provisional estimates, of 
nearly one quarter ofa million. The most ambitious 
of these is a scheme for a new canal—Kilkenny 
to Inistioge—estimated to cost upwards of 78,0001. ; 
but this scheme the Commission refuse to support 
unless the locality affected will guarantee the 
interest on two-thirds’ of the capital. 

The one difficulty in the way of effecting improve- 
ments is the raising of the requisite capital, and it 
is on this point that Lord Farrer has joined issue 
with his colleagues. The whole of the Commission 
agree that the waterways should be transferred to 
a public authority forming a branch of the Depart- 
ment of ‘‘ Agriculture and other Industries and 
Technical Instruction for Ireland ;’ and, further, 
that this branch should be a ‘‘ water board,” con- 
sisting of three to five commissioners, dissociated 
from party politics. Of these, one should be paid, 
and give his whole time to the work. In this 
board would be vested the whole of the present 
undertakings, which would be acquired by public 
money, to which also recourse would be had 
for the sums needed for future improvements. 
With certain reservations, the course pro 
seems wise, but there will, we think, be at the 
same time a general agreement with Lord Farrer’s 
view as to the inadvisability of recommending any 
further administrative changes in Ireland involving 
a charge on the public purse unless, and until, a 
purely Irish authority agrees to pay for them. 





THE SCOTTISH EXHIBITION AT 
GLASGOW. 

ScotsMEN have so consistently proclaimed the 
patriotism of their race that it comes as a rude 
awakening to learn that the people are to-day 
- growing up entirely ignorant of the glorious 
history of their country, and with no knowledge of 
the literature of the past ”—a bold statement made 
by the responsible authorities in enunciating their 
reason for the Exhibition opened at Glasgow on 
Wednesday of this week by H.R.H. the Duke of 
Connaught, who was accompanied by the Duchess. 
The Exhibition is to dispel this ignorance, and 





further to raise funds to endow a Chair of Scottish 
History and Literature in the University of Glasgow. 
This latter purpose, and the organisation of the 
Exhibition generally, show that certain types of 
Scotsmen, who abound specially in Glasgow, have 
not lost that other characteristic—the making of 
money ; for while there is much that fulfils the 
educational conception of the scheme, the acces- 
sories, or side shows, are so dominant a feature 
that one is forced to the conclusion that the serious 
purpose has been made a medium, not an end. 
Certainly an historical exhibition is commendable, 
since it would serve a useful purpose, and this 
would have been more widely achieved had his- 
torical notes been given in the catalogue establish- 
ing the full significance of the exhibits in the loan 
collections. Nor can it be said that Glasgow is 
overburdened with facilities for lightening the 
monotony and pressure of industrial work. Our 
main objection is to the relative proportions given 
to the realisation of the two objects. Even in 
their historical collections commercialism obtrudes 
itself ; but acumen and commercial propagandism 
are qualities of the race as useful to its prosperity, 
although not so disinterested, as patriotism and the 
pursuit of knowledge of its glorious traditions. 
And, after all, there is the casuist’s doctrine, 
which commends the means when the end is so 
satisfactory. 

That the Exhibition promises success is clear ata 
glance round the buildings and their contents, and 
the multiplicity of amusement accessories. The 
site is admirable—in the Kelvingrove Public Park, 
which was the venue of the exhibitions of 1888 
and 1901, when large surpluses were made. Fifty 
out of the 85 acres of this lieu de plaisance are 
included, and the buildings are not unworthy of the 
fine surroundings, with the University’s Gothic pile 
and spire dominating all. Scottish architecture, 
with its corbelled gables, baronial towers, and 
heraldic embellishment, finds admirable illustra- 
tion in the main buildings, none of which are of 
great proportions, the largest having an area of 
about 220,000 sq. ft. The undulating ground of the 
site has lent itself well to the building of pavilions 
by individual firms, and to those mountain rail- 
ways, aerial lines, and other features where the 
engineer has done much by ingenuity to tempt the 
nimble sixpence from the pockets of visitors for 
the enrichment of concessionnaires and exhibition 
coffers generally. There is also a Highland hamlet 
faithfully reproduced, except for the number of 
emporiums for the sale of trinkets, which fortunately 
do not disturb the contentment of life in Highland 
homes. There are an Esquimaux village and repre- 
sentations of life in Colonial lands peopled by the 
increasingly numerous capable emigrants from Scot- 
land. Canada has a notably attractive house, the 
frontage of which is made up of two Canadian 
Pacific Railway locomotives in stucco—cow-catcher, 
head-lights, and funnel. A music and congress 
hall, and a Fine Art building, with a really good 
collection of sculpture and of intings in oil and 
water-colour by past and living Scotsmen, are 
among the other notable buildings. 

The executive have been happy in their idea of 


bringing together in associated groups examples of | purpose. 





reference. A pleasing feature is the presence of a 
finely - conceived bust of Lord Kelvin by Mr. 
Shannan, who is now engaged on the statue which 
Glasgow is erecting in front of the University to 
which Kelvin brought such lustre. 

Beyond the Kelvin collection is a group of 
exhibits illustrative of Scottish Antarctic explora- 
tion. The remainder of the building is given up to 
engineering and shipbuilding. The former is 
neither a large nor a comprehensive display. Of 
machine-tools there is a notable group by Messrs. 
D. and I. Tullis, Limited, Clydebank, who show 
several drills and a boring-machine. There is a 
Lanston monotype machine and a complete print- 
ing establishment at work on Exhibition pro- 
grammes. There is shown at work a Beardmore 
crude-oil engine of 90 horse-power, similar to those 
fitted by the firm to fishing and other craft, and 
doing successful work. Air and gas-compressors, 
rock-drills, pneumatic tools, laundry machinery, 
water-turbines, electric -motors, wood - working 
tools, and other machines make up a fairly good 
show, although not by any means so interesting as 
one would expect in a Glasgow Exhibition. 

The display of ship models and the auxiliary 
machinery of ships isimpressive. The Clydeis the 
premier shipbuilding river, every type of floating 
structure is produced, and in the Exhibition there 
is illustrated every conceivable kind of vessel. 
Many of these, such as stern-wheel steamers for 
foreign rivers and inland waters, are manufactured, 
but never finished, on the river, so that here they 
are seen for the first time ; and such examples as 
Denny, Yarrow, and other firms show will, there- 
fore, be studied with particular interest. All the 
later models are masterpieces in art, and the pro- 
gress in this work is well proved by the juxta- 
rege of the old and the new on some stands. We 

ave the Lusitania, the Indomitable, and the 
Inflexible, torpedo-boat destroyers, merchant and 
cargo steamers, dredgers and yachts, every notable 
firm being represented—Brown, Beardmore, Denny, 
Fairfield, Scott, Yarrow, Stephen, Lobnitz, Simons ; 
but one would require to give a complete list if it 
were desirable to exhaust the subject. 

A passing reference should be made to the float- 
ing miniatures of historical ships to illustrate the 
growth of naval architecture. The River Kelvin 
flows through the Exhibition grounds, and the 
present-day favour of the pageant has suggested a 
parade of such models. They are built of canvas 
on wooden frames, with zinc buoyancy tanks, and 
with electric accumulators and lamps to illuminate 
the interiors at night. Most of the old ships are 
represented on a 1}-in. scale ; but, unfortunately, a 
}-in. scale has been adopted for the new leviathans 
—the Lusitania and a battleship. There is an 
ancient coracle, a Viking drakar of the ninth cen- 
tury, a Norman vessel of the eleventh century, a 
Scots vessel of the fourteenth century, a Scots mer- 
chant caravel, and the chief ship of the Scots navy 
of the same period—the early sixteenth century— 
and a Spanish galleass of the Armada. These have 
been reproduced with the advantage of such help as 
is obtainable in the Glasgow University library, 
and may be accepted as sufficiently accurate for the 
Of more modern types, there are the 


the more important industrial and engineering pro-| Charlotte Dundas, the steamer which Symington 


ducts of Scotland, and still more happy in designat- 
ing the containing building ‘‘the Relvin Hall.” 
The central portion of this building appeals most 
strongly to the imagination, for it is here that we 
are brought face to face with the evidence of the 
marvellous intellect and superb practical skill that 
made Lord Kelvin’s achievements in physical 
science, and particularly in electricity, the admira- 
tion of the civilised world. As the committee 
naively remarked in the catalogue, *‘ many will 
fail to understand the extreme value of many of 
the exhibits in this collection,” yet ‘‘ everyone will 
appreciate the object of the committee—viz., to do 
honour to so prominent a Scotsman.” They would 
have done well to have devoted some care towards 
assisting the ‘‘many ” to a fuller understanding of 
the exhibits. This desire, too, would have been 
still more convincingly demonstrated had Lord 
Kelvin’s great series of quantitative appliances been 
given precedence in the numbering of the exhibits 
and in the reference to them in the catalogue. 
There is no chronological sequence, and no state- 
ment of the scientific meaning and commercial 
utility of the great inventions represented by the 
exhibits, which have been gathered with much care, 
to ensure a degree of completeness. Lord Kelvin’s 
work, however, may here be left without further 





placed on the Forth and Clyde Canal in 1803 ; the 
Comet, the Victory, and the first Cunard liner to 
cross the Atlantic—the Britannia. Of still later 
ships are H.M.S. Resolution (although one may 
have expected the Clyde-built sister-ship Ramillies 
to be designated in the catalogue), the Lusitania, 
a torpedo-boat destroyer, and a battleship ; but the 
proportions and details of the reproductions of these, 
it may be said, are sufliciently inaccurate to arouse 
pleasurable criticism in the capable Clyde artisan. 








THE ELECTRO-CHEMICAL INDUSTRIES 
OF NORWAY. 

Tue interesting picture of the industrial expansion 
of Norway, which Mr. Scott-Hansen, of Christiania, 
resented to the Faraday Society on Tuesday 
ast, shows that the predicted development of 
the utilisation of hydro-electric power is actually 
taking place, and that it is essentially the electro- 
chemical industries which have rendered this expan- 
sion possible. Electric lighting and power trans- 
mission for ordinary purposes have started the 
development, and will continue to maintain it. 
But if Norway is to become a — country, 
able to compete with others, it will have to push 
its industries, and the natural resources of the 





592 


ENGINEERING. 


[May 5, 191t. 








country suggest a promotion of the electro-chemical 
and electro-metallurgical industries in the first 
instance. Whether such an industrial expansion 
of Norway is on the whole desirable is questioned 
both in the country and outside it. 

Norway is not a rich country in the ordinary 
sense, and its waterfalls constitute, next to timber 
and fish, one of its main resources. Ninety-seven 
per cent. of the country, Mr. Scott-Hansen ex- 
plained, is mountains, moorlands, and lakes ; one- 
fourth of the area is covered by forests ; sterile 
waste at altitudes of more than 2500 ft. above sea- 
level — a large proportion ; cultivated lands 
occupy only 2.9 per cent., and towns only 0.1 per 
cent., of the total area. The rainfall which feeds 
the lakes and rivers is abundant on the Western 
Atlantic slo of the mountains, but decreases 
rapidly on the eastern slope. There the winter 
rains turn into snow, and the hydraulic engineer 
has to reckon with alternating inundations and 
scarcity of water, and would be beaten if it were 
not for natural and artificial storage of water. 
At Vamma, the third and lowest power-station on 
the Glommen, the largest river of Norway, Mr. 
Hansen remarked, the concrete foundation of the 
dam had to be finished and everything cleared by 
April, because the water and the floating timber, 
carried down by the river, threatened wholesale 
destruction, and the operations were resumed in 
November. The power-station was rising below 
the dam of 90 ft. in the middle of the river, which 
had a width of 650 ft., and a dozen units of 7000 
horse-power were to be installed. 

Some 80,000 horse-power, taken from rivers and 
waterfalls, were now utilised in chemical metal- 
lurgical works ; by the end of the year this number 
would be more than doubled. At the power station 
she cost would amount to from 20 kr. to 40 kr. (22s. to 
44s.) per horse-power per year. The official statistics 
for 1909 showed a production of 48,352 tons of cal- 
cium carbide, valued at 5,802,000 kr.; 752 tons of 
calcium cyanamide, 120,300 kr.; 9422 tons of nitrate 
of lime, 1,300,300 kr.; 2577 tons of nitrite of soda, 
1,015,400 kr.; 486 tons of aluminium, 1,093,300 kr. ; 
2645 tons of ferro-silicon, 449,600 kr.; and 179 tons 
of soda, 357,400 kr.; making a total of 64,413 tons 
of products, valued at 10,138,500 kr., or more than 
half a million pounds sterling. Some of these out- 
puts had considerably increased during the last 
year, and nitrate of ammonia was now also manu- 
factured. The new Hardanger Iron and Steel 
Works were starting with 5000 electric horse-power; 
a small electric steel works, with Hjorth furnaces, 
had been built at Gjossingfjord, and large electric 
iron and steel works were rising on the Boilefoss, 
near Arendal. The Meraker Smelting Works 
supplied calcium carbide, ferro-chrome, and ferro- 
titanium ; aluminium was made at Christianssand, 
and nickel-retining works were also built there, 
near the experimental saltpetre works of the 
Badische Anilin- und Soda-Fabrik. 

The manufactures of carbide, cyanamide, and 
saltpetre remain for the present the most impor- 
tant industries. We have dealt with the respective 
works on various occasions in connection with the 
researches of Birkeland and Eyde, of Schénherr, 
and others, and we will content ourselves with 
notes on sume recent additions to the plants. The 
Notodden saltpetre works, in Telemarken, Southern 
Norway, drew their power so far chiefly from the 
Svaelgfoss, a waterfall driving four units, each of 
10,000 horse-power; they generated three-phase 
current of 50 periods at 10,000volts. Another power- 
station, Mr. Hansen said, was built lower down the 
Glommen, at Lienfoss, where the river was being 
crossed by a dam 56 ft. in height, to feed four more 
units, each of 5000 horse-power. As Notodden was 
connected with the seaport of Skien bya canal, which 
was provided with locks to overcome a rise of 50 ft., 
vessels of a few hundred tons hurden could proceed 
right up to Notodden ; this canal was now being 
enlarged for vessels of 2000 tons. The 15,000-horse- 
power Tinfoss works, near Notodden, now supply- 
ing the Albion Products Company, were intended 
to serve also for iron and steel smelting. 

Passing to the latest addition to the Notodden 
plant, due to the Badische Anilin- und Soda-Fabrik 
and the Norsk Hydro-Electric Company, the vast 
works at present in the course of erection on the 
Rjukanfoss, Mr. Scott-Hansen mentioned that a 
railway, 20 miles in length, had been built from 
Notodden to the south end of Lake Tinsjé, which 
had been dammed by the Norsk Hydro-Electric 
Company. From the railway terminus near the 
dam the trains proceeded by steam-ferry up the 





lake to Vestfjorddal, a beautiful wooded valley, to 
Saaheim, and to the Rjukanfoss, 10 miles from the 
lake. The Rjukanfoss was fed by the Mésvand 
Lake, a natural basin, which was closed by a con- 
crete dam, 46 ft. in height. 

Five miles below this there was another dam, 
forming the intake to the power-station. Thence 
a tunnel, 25 sq. m. (270 sq. ft.) in section, 24 miles 
in length, led to a reservoir, which was blasted 
out of the rock; this reservoir was made by 
driving adits into the roek and tunnelling from 
them to the right and left, parallei to the face of 
the cliff, the excavated rocks being cleared out 
through the adits. From the tunnel, which was on 
an incline of 1 : 300, ten flumes, 5 ft. in diameter, 
brought the water 1000 ft. down to the first power- 
station, which was situated on a shelf of the rock, 
and which a bridge of 100 m. span, at about 100 m. 
above the race, connected with the factory buildings 
on the opposite side of the water. Saaheim, nothing 
more than a settlement so far, would, it was 
expected, soon become a town of 10,000 people. 
As the water entered the turbines (Pelton wheels 
by Messrs. Escher Wyss and Co.), under a pressure 
of about 450 lb. per square inch, the lower sections 
of the flumes were built up of steel plates, 1 in. 
in thickness; the generators were arranged in 
pairs to ten units, each of 14,000 horse-power. A 
second power-house of the same capacity was being 
constructed below the first, leaving which the water 
ran for several kilometres between perpendicular 
cliffs several hundred metres in height. As the 
whole plant was situated about 3000 ft. above sea- 
level in a practically uninhabited desolate district, 
and the operations had to be carried out largely 
during the winter, before the railway and steam- 
ferry were completed, the work had been exceed- 
ingly difficult ; yet the power, it was expected, 
would be produced at a very lowcost. The current 
distribution was to be effected by sixty wires of 
copper or aluminium. 

e last installation mentioned by Mr. Scott- 
Hansen was that of the Tysse River, near the 
Hardanger Fjord, a few miles north of Odda. 
Some of its features are known to our readers from 
our description of the Alby United carbide fac- 
tories and North-Western Cyanamide Company at 
Odda. Mr. Hansen stated that this river, belong- 
ing to the western slope, had a small catchment 
area, and in a length of 5 km. a fall of 400 m. 
(that is, 400 in 5000, or 1 in 12.5). By the creation 
of the Ringedalsvand reservoir, a continuous 
minimum water supply rendering 40,000 horse- 
power available had been secured. A tunnel, 
2 miles in length, led through the hill above the 
fjord to the face of the cliff, to which the flumes, 
700 m. (about 2275 ft.) in length, had been 
attached. The cliff rose at an angle of 60 deg. The 
fixing of the flumes, with the aid first of ladders 
and iron bolts, and then of a Decauville rail-track, 
on which the trucks were hauled by a wire rope, 
had been very dangerous work, which, however, had 
been accomplished without serious injury to any man. 
Seven sets of machines, each of 4500 horse-power, 
had been installed, and some 100,000 horse-power 
would ultimately be utilised. The electric iron and 
steel works of the Swedish Elektrometall Company 
at Hardanger, already referred to, and also zinc- 
smelting works, were to be joined to this power- 
distribution network. 








REGISTRO NAZIONALE ITALIANO. 

Tue history of this, the latest, classification 
society is remarkable from the fact that if ever the 
creation of any public body could be accounted as 
the work of one man, the conception and inception 
of the ‘‘ Registro Nazionale Italiano ” is the work 
of Mr. Giovanni De Meo, the well-known naval 
architect, of Genoa. A few years ago he conceived 
the idea of forming in Italy a new classification 
registry, which would be as thorough in its 
methods, and as scientific in its rules, as any of 
the great registries in other countries, and which 
would respond to the actual needs of the Italian 
shipping by keeping pace with the progress now 
made so rapidly in shipbuilding. In order to 
carry out this idea, he succeeded in securing the 
interest and co-operation of the leading shipowners, 
shipbuilders, and underwriters in Italy, and in 
founding the new Registro Nazionale. Having 
secured the consent and approval of the British 
Corporation Registry, the new society chose and 
adopted the rules of that registry as those which 
had revolutionised the system of classification and 





the technical criteria of the existing classification 
societies. 

It is clearly of great advantage to the new society 
to have at its disposal all the practical and tech- 
nical knowledge of the older one, and the under- 
standing with the British Corporation enables the 
two registries to work hand in hand for their mutual 
benefit, while each preserves its own autonomy and 
its own individuality. The untiring efforts of Mr. 
De Meo succeeded in awakening official opinion to 
the advantages of a modern registry of this cha- 
racter, with the result that it ultimately received the 
official recognition of the Italian Government. The 
old Registro Italiano, which had been the only 
Italian classification society recognised by the 
Government, now found in the Registro Nazionale 
a powerful rival, which made its appearance in 
honourable association with one of the leading 
foreign registries, and with an up-to-date pro- 
gramme which could not help creating a current of 
favourable opinion and support in Italian shipping 
circles. The rivalry between the twolItalian registries 
was not long in finding an honourable peace through 
both becoming merged into a single society, and 
on July 1, 1910, the new Society was formed under 
the name of the Registro Nazionale Italiano, which, 
while preserving the understanding with the British 
Corporation Registry, and adhering to their rules, 
contained a strong representation from both the 
Italian societies. 

The Registro Nazionale Italiano, having the 
recognition of the Italian Government, and being 
accepted within a few months of its inception as 
an important public body, is steadily developing a 
definite programme with the practical assurance of a 
brilliant future, being already responsible for a large 
fleet of classed steam and sailing vessels, and having 
an important volume of new construction in hand, 
not only in Italy, but in the United Kingdom. It is 
to be observed that the Society has to perform not 
only the functions of a classification registry, but 
also those of a Government body responsible for all 
survey work required by the laws at present in 
force for the Italian Mercantile Marine. These 
Government surveys fall to be carried out by the 
Registry in virtue of its recognition by the Italian 
Government, which, in accepting the rules of the 
Society, retains the control of the appointment 
of its surveyors, both in Italy and abroad. 
The prestige thus acquired by.the Registry repays 
with interest the duties which they have undertaken 
on behalf of the Italian Government, while the fact 
that the latter has recognised, in substance, the 
technical position and the rules of the British 
Corporation, constitutes an evident strengthening 
of the position of that society on the Continent, 
which places the relationship between the two 
societies upon the footing, not of master and pupil, 
but community of interests. 

The Registro Nazionale Italiano has a strong 
staff of officers in Italy, who give their services 
exclusively to the Registry, and has agreed to 
the appointment on its head-office staff of two 
representatives of the British Corporation acting 
in the capacity of exclusive surveyors of the British 
Corporation for all the surveys of that Registry. 
One of the great advantages of the working 
arrangement between the societies is that there is 
not only a complete organisation of surveyors in 
foreign ports, but the staffs of each act in a dual 
capacity, so that each has the advantage of a 
powerful organisation of exclusive officers in Italy 
and Britain. This foreshadows the realisation of 
an idea to which Mr. De Meo has given expression, 
and which embodies a union of all the classification 
societies under an international code of rules repre- 
sentative of the best practice in shipbuilding and 
marine engineering, but which would be prevented 
from becoming non-progressive by preserving the 
individuality of each registry. 





NOTES. 

INTERNATIONAL ELectRo-TECHNICAL CoMMISSION. 

Tue second annual report of the International 
Electro-technical Commission has been issued from 
the office of the general secretary of the Commis- 
sion, Mr. C. Le Maistre, A.M. Inst. C.E., 
M.LE.E., of 28, Victoria-street, Westminster, 8. W. 
The report covers the year ending December 31, 
1910. It states that on the invitation of the 
Belgian Committee an unofficial conference was 
held at Brussels on August 8, 9, and 10, and that 
visits to works were paid on this occasion. It had 
been intended to hold a full meeting of the Com- 











May 5, 1911. ] 


ENGINEERING. 


593 





mission in 1911 at Berlin. In view of the Turin 
Exhibition and of the International Electrical Con- 
gress, arranged by the Associazione Elettrotecnica 
Italiana, to be held in connection with the Exhibi- 
tion, Dr. E. Budde proposed, on behalf of the 
German Committee, however, that the meeting 
should be transferred to Turin, where it is to sit 
on the days September 11 to 16. The German 
delegates also suggested that the nomenclature 
committees of ‘the various countries should no 
longer study the terms in alphabetical order, but 
should deal with definite lists of terms concerning 
one subject only. This proposal was likewise 
adopted, although some countries—Denmark and 
Great Britain among them—had already com- 
pleted their lists from A to E. Committees of 
this Commission now exist in seventeen countries, 
and they are mostly supported by their Govern- 
ments. Austratia, the Netherlands, Norway, Russia, 
South Africa, and South America (the Argentine 
Republic and Chili), are forming Committees. The 
Indian Government, though liberally supporting 
the Commission, does not at present desire to form 
a Committee. Brief, formal, and rather meagre 
reports from the various Committees make up the 
body of the annual report, which is drawn up in 
English and in French. It is mentioned that, 
through the kindness of Professor Rowe, of Penn- 
sylvania University, a report on the “activities ” 
of the Commissions will be presented to the 
Pan-American Congress, which is to assemble at 
Washington in October, 1912. 


New Gravine Dock FoR THE CLYDE. 

The House of Commons has the Bill 
authorising the op Navigation Trustees to build 
a new graving dock on the Clyde to meet present- 
day and prospective dimensions of great liners and 
warships. e location of the new dock—at 
Renfrew, on the south side of the river, a few 
miles below Glasgow—has given rise to much dis- 
cussion, some contending that it is too far from the 
sea, especially as the depth of the channel now is 
only from 20 ft. to 25 ft. at low water, although, 
owing to the rise of tide, there is 35 ft. to 36 ft. at 
high water. But the new dock is contiguous to 
four of the five works on the Admiralty list of 
battleship builders, and to the majority of estab- 
lishments engaged in large merchant work. Again, 
the progressive policy pursued by the Trustees 
justifies the view that they will continue to deepen 
the channel as the need arises. The difficulty on 
the Clyde is that there are too many authorities 
having jurisdiction over the river at various points. 
The Clyde Navigation Trustees took over the river 
to near Port Glasgow at the beginning of the last 
century, prior to which it was controlled by the Glas- 
gow City Council. Below the point named the Clyde 
Lighthouse Trustees are the responsible authorities, 
and for Greenock, Port Glasgow, and Dumbarton, 
there are separate harbour boards. Greenock, which 
has spent much on its port, recognises the further 
postponement of prosperity by each new develop- 
ment of the Clyde Navigation Trustees, and some 
think that the time has come for an amalgamation 
and the institution of a comprehensive Conservancy 

The new dock vole authorised are much 
needed, apart from the inadequacy of the three 
existing graving-docks of the Clyde Trustees, 
although nine millions have been spent on river and 
harbour works. But the growth of revenue 
encourages the Board to embark on the further 
works involving an expenditure, according to the 
Bill, of 1,250,0001. In fifty years the revenue has 
increased fivefold, being 100,000/. in 1861, 200,0001. 
in 1877, 300,0001. in 1888, 400,000/. in 1897, and 
last year 555,403]. It is about twenty years since 
the last graving-dock was built, and it was then 
greatly in advance of the needs of the day; but 
owing to enormous advances in ship dimensions, 
Clyde builders have been compelled to send new 
ships elsewhere to be dock and have been 
prevented from undertaking their fair proportion 
of repair work. Liverpool has set an example 
by making a dock 1020 ft. long. Belfast, Avon- 
mouth, and Southampton have moved with the 
requirements, and a 1300-ft. dock is proposed for 
Tilbury. Now Glasgow is to emulate or excel all 
these. In addition to the graving-dock, there will 
be a large tidal basin, but the Trustees have very 
properly sought wide limits of deviation—in depth, 
for instance, to the extent of 12 ft.—so that when 
the dimensions come to be definitely fixed they 
may, if the pros suggest it, make the depth on 
the sill and on the tidal basin 42 ft. The idea that 





the river may be deepened in proportion somewhat 
alarms the Greenock Harbour Board, but in the 
passing of the Bill they were promised such pro- 
tection as they might require. 


Tse LAUNCHING OF WARSHIPS. 


So uniformly successful are the launches of large 
ships for the Royal and merchant navies that it 
becomes difficult to say much that is of professional 
interest, and yet close observation of each succes- 
sive launch discovers small, but noteworthy, 
novelties in details. All have the common purposes 
of ensuring safety and minimising manual effort. 
The construction of the launching-cradle has become 
generally standardised, and there is less tendency 
to use in a haphazard way any piece of timber which 
comes handy to the shipwright. Specially hard 
wood is selected, the wedges as well as poppets are 
of greater section, and all the units are numbered, 
so as to be stored away, when recovered, for use in 
future launches as far as applicable. The poppets 
in the bow-cradle are now invariably onesd at 
their top in cavities in a heavy built-up or cast- 
steel framing bolted to the ship, with a connecting- 
plate extending under the keel from the port to 
the starboard side, and with wedges between it and 
the skin of the ship, to keep it in a state of tension. 
All firms, too, realise the danger of depending upon 
timber dogshores to hold the sliding-way until re- 
leased. The alternatives used vary; Messrs. Beard- 
more, in the Conqueror, launched on Monday, adopted 
on each side two steel dogshores, which were released 
by electric gear, while Messrs. Vickers, Limited, in 
the Princess Royal, launched on Saturday, the 
29th ult., had the hydraulic trigger now widely 
applied. Both systems have been illustrated in 
Soensnenane. In the latter ship there was in 
addition the old-time dogshore to meet the improb- 
able contingency of any pipe leakage preventing 
the use of the hydraulic system, and public 
sentiment was satisfied by Her Royal Highness 
the Princess Royal, who named the ship, per- 
forming ¢he time-honoured and demonstratively 
audible ceremony of cutting a cord and thereby 
releasing a weight which knocked down the dog- 
shores. This is some concession to that picturesque- 
ness which is so steadily being suppressed by the 
progress of mechanics. A feature which we have 
not noted before is the method of knocking out 
keel and bilge-blocks. The former were usually 
chipped away by chisel and hammer, the latter by 
battering-rams swung by a. gang against the wedged 
members of the bilge supporting structures. Now 
there is being cateehened lor both purposes a heavy 
iron weight in a lubricated grooved slide placed at 
a suitable height, so that the weight, when pulled to 
and fro by ropes, hammers out the wedges of the 
blocks. The weight is heavier than the ram, and 
the manual effort is more direct and greater, espe- 
cially as the men do not require to support the 
weight. Every detail was admirably worked 
out in the case of both launches, and the Princess 
Royal, notwithstanding her great length, occupied 
only 57} seconds from the moment of starting 
until she was afloat, and lying at rest with the 
bow some 80ft. from the end of the ways. Messrs. 
Vickers, Limited, in an address enclosed in a gold 
casket, gave expression to the confident belief that 
the new ship ‘will assist in maintaining that 
national security which is essential to the Imperial 

rosperity and international peace.” The Duke of 
Fite re-echoed this view, and reviewing the progress 
in naval design, spoke highly of the skill and 
devotion of naval officers and men, with a much 
appreciated special reference to the engineering 
branch of the service. The wife of the Secretary 
of State for Scotland launched the Conqueror, and 
Messrs. W. Beardmore and Co., Limited, presented 
her with a nef as a souvenir. Lord Pentland, in 
his reply, paid tribute to the officials and men of 
the builders’ firm, enforcing the view that the nation 
was getting full value for the money spent. That 
perhaps is the best of assurances in these times of 
great naval needs. 


Tue LérscHperG TUNNEL. 

The successful perforation of the Létschberg, in 
the Bernese Alps, marks the removal of a great 
hindrance in the way of commercial intercourse 
between South-West Germany, the Valley of the 
Rhone, and Northern Italy. The scheme originally 
contemplated was to construct a railway from Spiez, 
on the Thun Lake, to Brieg, on the Simplon route, 
some 74 kilometres in length, of which the section 
from Spiez to Frutigen had been in operation for 





some time. South of Frutigen, however, the exist- 
ence of the Lotschberg effectually blocked the road. 
To perforate this mass necessitated a tunnel of 
14,606 metres (9 miles). This has now been happily 
accomplished, though the line will not be open for 
traffic till 1913. The construction has occupied 44 
years, and if this time be com with that 
required for the completion of similar undertakings, 
the progress made in effecting boring operations 
will be readily appreciated. In the middle of 
the last century, the Mont Cenis Tunnel, with a 
length of 12,849 m., occupied 14 years, while the 
Gothard, of 14,800 m., was 9 years in construction, 
and later, the Simplon, of 20,000 m., was 7 years 
in completion. A comparison with the Simplon 
Tunnel may, however, be misleading. In that case 
it was necessary to make two separate tunnels 
with numerous cross-galleries to assist ventilation 
and to reduce temperature. Consequently, the 
amount of material to be detached and removed 
was probably much greater than is mene 
by its actual length. In the Létschberg a 
single tunnel was found sufficient, since the tem- 
perature did not rise above 86 deg. Fahr., against 
125 deg. Fahr. encountered in the Simplon. On 
the other hand, owing to a bad accident, accom- 
panied by the inrush of water and sand, which 
eftectually blocked the tunnel for some distance, 
operations had to be suspended for several months, 
and the direction of the tunnel slightly altered. A 
better notion of accelerated progress is afforded by 
considering the absolute amount of boring accom- 
plished in a single day. Two kinds of boring- 
machines, each oe by compressed air, were 
employed, the Ingersoll percussion form being 
employed on the southern side, while a German 
firm supplied a somewhat different apparatus on 
the north. It is reported that the more effective 
tool proved to be the German, and with this 
progress at the rate of 10 metres a day was not 
infrequent. On one occasion a record in tunnel- 
boring was effected, when the machine had stand- 
ing to its credit a perforation of 15.2 metres. 
As is usual in works of this magnitude, operations 
were conducted at the north and south ends 
simultaneously. The two parties have recently 
met under the summit of the huge mountain, 
when the alignment of the two sections proved 
quite satisfactory. The difference in length, as 
measured and computed, amounted to less than 
50 cm., the displacement between the two tunnel 
axes was 30 cm., while the difference in level was 
only 10 cm. Besides opening up another district 
much visited by the tourist, the economical import- 
ance of the line is shown by the decreased distance 
that will have to be traversed between Germany and 
the Mediterranean. The route from Basle to Genoa 
is shortened by 14 km, and from Basle to Turin 
by 36 km. At the same time the altitude of the 
tunnel is higher than that of the Gothard by 
100 m., and some 550 m. above the Simplon. This 
is a factor of very considerable importance in goods 
traffic, and will increase the working expenses of 
the line already burdened by the heavy cost of the 
tunnel, which amounts to practically 4,500,000I. 
As there is plenty of water power at command, it 
is proposed to work the line electrically, employing 
the single-phase alternating-current form that seems 
to be much approved on the Continent. Sufficient 
energy will be delivered to propel a train, weighing 
200 tons exclusive of the engine, up an incline of 
27 in 100 with a speed of 42 km. per hour. 








Tue Conorete Ins1ITuTE.—A visit of the members of 
the Concrete Institute to the International Building 
Trades’ Exhibition took place on Monday, May 1, by 
the kind invitation of Mr. H. Greville Montgomery, the 
organiser of the Exhibition. At the conclusion of 
the visit, the first of a series of free educational lectures 
on the subject of reinforced concrete was delivered by 
Mr. R. W. Vawdrey, B.A., Assoc. M. Inst.C.E. The 
President of the Concrete Institute, Sir Henry Tanner, 
1.8.0., F.R.I.B.A., presided. About 100 students of 
the Institute and others were present. The remaining 
lectures of the course are being Selivered on Wednesdays 
at 5.45 p.m., in the Lecture Hall of the Concrete Institute 
at Denison House, 296, Vauxhall Bridge-road, 8.W. 
Tickets of admission may be obtained free on application 
to the Secretary, Mr. H. Kempton Dyson. The annual 

eneral meeting of the Institute will take place next 

hursday, the 11th inst., at 8 p.m., at Denison House, 
Westminster. The two days’ summer meeting, in connec- 
tion with which there will be a conversazione and the 
first annual dinner of the Concrete Institute, will be held 
in London on June7 and 8. Papers will be read in the 
mornings, visits to inspect structures of reinforced con- 
crete in course of erection will take place in the after- 
noons, and the dinner and conversazione in the evenings 
of the days mentioned, 
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THE THOMAS TRANSMISSION-GEAR 
FOR MOTOR-CARS. 


THe accompanying figure represents diagrammatic- 
ally a combined electrical and mechanical transmission- 

ear for motor-cars, which is being introduced by the 

homas Transmission, Limited, of 14, Leonard-place, 
High-street, Kensington, W. The gear differs from 
what is ordinarily known as a petrol-electric arrange- 
ment in that only a percentage of the driving torque 
is transmitted electrically, the remainder being trans- 
mitted mechanically ; and in that at top s both 
the electrical apparatus and the gear-wheels are cut 
out and a direct drive obtained. The result of these 
features is that on all speeds below the highest the 
efficiency of transmission is higher than is obtained 
with a purely electrical arrangement, since the elec- 
trical losses take place only on a percentage of the 
power transmitted, and not on it all, while at 
the same time the fine speed regulation charac- 
teristic of the electrical drive is obtained exactly 
as in an all-electric arrangement. Further, at top 
speed, owing to the cutting out of both the electrical 
and mechanical gears, the transmission efficiency of the 
speed-varying mechanism reaches 100 per cent. This 
point is of much importance, as in normal work a car 
is run fora large proportion of its time on the to 
speed. A further Sobers of the arrangement alin 4 
may be mentioned is that as the electrical part of the 
apparatus takes only a proportion of the drive, it may 
be made smaller and lighter than is necessary with a 
purely electrical system. 

Fhe -general lines of the gear will be understood 
from the figure. It consists of a cylindrical drum a 
which is bolted directly on to the engine, and forms 
its flywheel. This drum contains two sets of epicyclic 
gearing, side by side, of which the planet-wheels }, b 
and c, c are carried on spindles which run in bearings 
fitting into the top and bottom ends of the drum. The 
wheels are fixed to the spindles, so that the pairs 
which lie side by side revolve always together. 
These planet-wheels gear into sun-wheels d and e, 
of which d has a greater number of teeth than e, the 
planet-wheels ), ) having a correspondingly smaller 
number of teeth thanc,c. Thesun-wheel d is mounted 
on a solid shaft /, which carries the armature h of an 
electrical machine, the field-magnets of which are 
secured to and carried by the frame of the car; while 
the sun-wheel ¢ is mounted on the hollow shaft g, 
which similarly carries the armature i of a second 
electrical machine. The whole drive of the gear is 
finally taken by the shaft /, which, at its left-hand 
end, is connected to the back-axle shafts through a 
differential gear in the ueual way. Part of the drive 
to this shaft may come directly from the engine through 
the sun-wheel d, and part may come through the first 
electrical machine. The machines are of the direct- 
current type, and are electrically connected in series. 

In order to explain the operation of the gear it 
will be well to trace it through the various stages from 
start to top speed. The engine may be assumed to 
be running unifurmly throughout. Initially, then, 
the car is standing and the engine running and 
rotating the drum a at a constant speed, the electrical 
connection between the two electrical machines being 
at this time broken. Owing to the load put on the 
shaft / by the road-wheels, the sun-wheel d will be 
held stationary and the planet-wheels b, will accord- 
ingly be driven by the rotation of the drum. This 
will. of course, result in the revolution of the planet- 
wheels ¢,c, and since the sun-wheel ¢ has fewer teeth 
than d, it will be driven round backwards and rotate 
shaft g and armature i, on which at this time there 
will, however, be no load. ‘lo start the car an 
electrical connection is then made between the two 
armatures, so that current is supplied from 7, which is 
running, to 4, which is standing. The effect of this 
is twofold. In the first instance the current supplied 
to h exerts a large starting torque on the shaft /, 
which accordingly begins to rotate, so that the car 
begins to move. A further result, however, is that 
the sun-wheel ¢d, which is attached to shaft /, also 
begins to rotate, which necessarily means that sun- 
wheel e, which, it will be remembered, is running 
backwards, slows down somewhat. This follows 
because d and ¢ are geared together, and their rela- 
tive rotation must always be constant. It must be 
noted, however, that this action, although described 
above as taking place from shaft f to shaft g through 
the gear-wheels, may equally be considered as taking 

lace in the reverse direction, since the effect of the 
oading of armature i by ee current from it to 
supply / is to slow itdown. The result of this is, of 
course, to slow down ¢, so that d begins to move in 
order to maintain the constant difference between the 
speed of rotation of e and d, which is inherent in the 
epicyclic gear. The result of this movement of d is 
that the shaft f is driven, which starts the car. 
There are thus two torques applied to the shaft /, 
one an electrical one through the armature A, and the 
other a mechanical one through the sun-wheel d. The 
ratio of the epicyclic gear and the electrical speed of 


armature / are arranged so that at the start about 





half the torque is transmitted electrically and half 
mechanically. 

After the start the car is gradually increased in 
8 by strengthening the shunt-field of the second 
electrical machine, which is acting as a generator, so 
that the armature i is gradually loaded more and 


SECOND ELECTRIC 
MACHINE 


FIRST ELECTRIC 


more, and is thus gradually slowed down. This slows 
down sun-wheel ¢, so that sun-wheel d is correspond- 
ingly speeded up. As this action goes on, more and 
more of the drive is taken mechanically, and less and 
less electrically, until, at about half-speed of the car, 
armature / is loaded until it practically stops, at which 
point the whole of the torque is transmitted mechani- 
cally, since at this stage the arrangement acts ony 
as an epicyclic gear, with the sun-wheel ¢ locked. The 
ratio of the revolutions of the shaft /to the revolutions 
of the drum a depends at this point only on the relative 
number of teeth in the gear-wheels. As stated, the 
arrangement is proportioned so that this state of affairs 
arises at about half-speed of the car. To increase the 
speed of shaft / still further, the functions of the 
two electrical machines are reversed, and the second 
one becomes a motor driven by the first. The effect of 
this is that the sun-wheel ¢ is forcibly caused to rotate 
in the same direction as the other sun-wheel d. (It 
will be remembered that in the previous part of the 
motion the wheels were rotating in opposite directions. ) 
The effect of this is naturally to —— up the sun- 
wheel d, and consequently the shaft / still further, 
owing to the constant difference which must exist 
between the speeds of the two sun-wheels. The car 
is now gradually brought up to full speed by adjusting 
the fields of the two electrical machines, so that 
armature i is gradually driven — and quicker, 
until at length sun-wheel d will be running at the 
speed of the engine. At this point the dog-clutch k, 
which connects the two shafts / and g, is thrown in, 
and the whole arrangement rotates together as a direct 
drive, the electrical circuit dying down to zero. 

The control of the arrangement is very simple, as 
the various operations necessary for the adjustment of 
the fields of the electrical machines are carried out by 
a single lever, which is gradually moved over to the 
—— sition, at which point it throws in the 
dog-clutch k. It should be noted that the main series 
circuit connecting the two machines is never broken, 
and that the whole of the control is carried out on the 
fields. The result of this is that the currents to be 


handled are always small, and sparking troubles due | }..4 


to breaking heavy currents are eliminated. The 
reversal of the gear is done entirely electrically, as 
it is never necessary to run a car backwards for any 
considerable time. It is carried out by disengagin 

the clutch /, which is normally always engaged, an 

engaging the dog-clutch k. Armature i is then driven 
directly by the engine, and supplies current to h, the 
field connections being arranged so that / rotates 
backwards. In addition to the apparatus shown in 
the figure, there is a small 12-volt battery which can 


be connected across the armature of the second elec- | Ro 


trical machine. This is used for electric lighting on 
the car, and also for starting up the engine by dis- 
engaging the ees k and running the machine as 
a motor. The efficiency curve of the transmission is 
of some interest, as it well illustrates the working of 
the gear. At the start the efficiency is about 80 per 
cent., which gradually rises as the speed increases and 
less and less power is transmitted electrically, until at 
half speed, when the electrical gear is out of action, 
it suddenly shoots up to about 94 per cent. After 
this it falls again as the electrical gear again comes on, 
and continues to fall as more and more power is trans- 





mitted electrically, until it finally reaches about 86 per 
cent. just before the point when the whole arrange- 
ment is coupled up solid. Finally, it shoots up again 
to 100 per cent. as the dog-clutch & is thrown in and 
a through transmission obtained. 

The gear has been fitted to a number of cars and 


wagons, one of the latter of which is now going through 
a 2000-mile R.A.C. reliability trial. Wehave had an 
opportunity of riding on this “a and find that the 
speed-control is very smooth and in every way com- 
parable to pure petrol-electric arrangements. It is 
suggested that the system is particularly suitable for 
heavy rail motor-cars for passenger traffic. 








New Wirine Rutss (1911).—The Institution of Elec- 
trical Engineers has issued new wiring rules (1911), in 
connection with which they have had the assistance of 
some of the principal fire offices, the Incorporated Muni- 
cipal Electrical Association, the Electrical Contractors’ 
Association, and the Cable-Makers’ Association. The 
rules have been drafted to meet, as far as possible, the 
developments of the electrical industry, and among other 
additions may be mentioned the rules relating to earthed 
concentric systems. The figures in the table relating to 
the current-carrying capacities of conductors are based on 
an exhaustive series of tests carried out at the National 
Physical Laboratory on the temperature rise of con- 
ductors. The new rules have been adopted by forty-nine 
fire offices, and they are accepted as standard practice 
and their use recommended by 232 supply authorities. 
The price of the rules is 6d. per copy (or 7d. post free), 
and copies can be obtained from the secretary of the 
Institution of Electrical Engineers, Victoria Embank- 
ment, W.C., or from Messrs. E. and F. N. Spon, 57, Hay- 
market, S.W. 


THE INSTITUTION OF MECHANICAL ENGINEERS.—The 
annual dinner of the Institution of Mechanical Engineers 
was held at the Hotel Cecil, on the 27th ult., the Pre- 
sident, Mr. Edward B. Ellington, occupying the chair. 
There was a very good attendance of members and their 
friends. After the usual loyal toasts had been drunk, 
the toast of ‘‘ The Empire” was proposed by Sir William 
H. White, and was responded to by Dr. Macnamara, M.P., 
who pointed out that we are, in our vast Empire, always 
face to face with new problems, which demand solution, 
and they were no less than those that our predecessors 
had to solve. Our Colonies were no longer depen- 
dencies, he said, but were nations, and must be treated 
accordingly, as they grew in strength and power ; but he 
great faith that the problems before us would be 
solved in a way calculated to link together the British 
people. The toast was also replied to by Sir William Hall- 
Jones, the High Commissioner for New Zealand, who 
referred to the New Zealand Dreadnought, and to the 
loyalty which it indicated. As to the Empire to which he 
belonged, his opinion was firm that all was well with it, 
and would be eae as we all pulled together. At 
present, loyalty to the Empire and to the King prevailed 
throughout all His Majesty’s dominions. The toast of 
“The Guests” followed, being proposed by Mr. J. A. F. 
Aspinall and responded to by the Rev. Professor T. G. 
mney (President of the British Association), and by 
Surgeon-General Sir Alfred Keogh, the toast of ‘‘ The 
Institution” being given by the Mayor of Westminster 
(Councillor E. L. Somers-Cocks), and responded to by 
the President. Among those present were the Mar- 
quess of Bristol; Sir Ernest F. G. Hatch; Mr. 
Alexander Siemens (President of the Institution of Civil 


| Engineers); Sir N. J. Moore (Agent-General, Western 


Australia); Mr. F. W. Dyson (Astronomer Royal); Sir 
John Taverner (Agent-Genera], Victoria); the Rev. Canon 
Hensley Henson ; Sir Archibald Geikie (President of the 
Royal Society); the Hon. T. A. hlan (Agent-General, 
New South Wales); the Hon, .J. McCall (Agent-General, 
Tasmania), and others, 
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ARGENTINE RAILWAY AFFAIRS. 


Tue Argentine railway situation is not altogether 
unclouded, but it still appears to be characterised b 
substantial prosperity. The difficulty with whic 
Argentine railways have had to contend has been 
the unsatisfactory outcome of the wheat crop, and 
in some districts the Buenos Aires Great Southern 
system will again be troubled through the effects of 
insufficient rain and hot dry winds. The agricultural 
outlook in the neighbourhoods through which the 
Buenos Aires Western system runs is, however, some- 
what better, and the wheat movement of that under- 
taking is expected to be oe than that of last year. 
The general earnings of both the Buenos Aires Great 
Southern and the Buenos Aires Western Railways 
continue encouraging, the gross receipts of the former 
having expanded from 2,179,983/. in the second half 
of 1909 to 2,348,414/. in the second half of 1910, the 
corresponding advance of the Buenos Aires Western 
Railway having been from 1,122,373/. to 1,176,259/. 
A favourable feature of Argentine railway affairs 
is also a reduction in the proportion of the working 
expenses, the ratio having declined upon the Buenos 
Aires Great Southern from 57.08 per cent. in the 
second half of 1909 to 5475 per cent. in the second 
half of 1910, the corresponding reduction upon the 
Buenos Aires Western Railway being from 60.26 to 
55.72 per cent. 

Since the opening of the Argentine summer season 
several survey parties have been studying the passes 
in the Andine regions in connection with the Neuquen 
and Chili extension, and satisfactory progress is being 
made. A survey in connection with a line from 
Juancho to a suitable point on the Maipu to Mar del 
Plata branch has been completed, and junctions are 
proposed to be established at Vivorata. The northern 
section of the Olavarria and Tandil extension has been 
pegged out, and definite plans have been approved by 
the Argentine Government. Surveys are being made 
for connecting branches to serve ocean ports at 
Mar del Plata and Quequen, which the national 
Government has decided to construct. For crossing 
canals forming part of a provincial government 
drainage scheme, it is necessary to build bridges 
at the points where they intersect the Buenos Aires 
Great Southern system; of nine bridges required, 
the sites of only six have been decided upon. The 
renewal of a bridge over the Arroyo las Garzas, 
between Lobos and Salvador Maria, has been com- 
pleted, and the renewing of other spans on the Lobos 
and Saladillo line is being proceeded with. Definite 
plans for the first 9 miles on the main irrigation 
canal in the Rio Negro Valley have been handed to 
the Buenos Aires Great Southern by the Argentine 
Government, and it is hoped that the works of this 
important undertaking will be shortly commenced ; 
it cannot fail to be of great benefit to the district 
served by it. The development of the Buenos Aires 
Great Southern system, properly so-called, has 
been steadily proceeded with, and that the ex- 
tensions carried out have been attended with 
results may be inferred from the fact that the 
revenue collected advanced from 1,945,524/. in the 
second half of 1906 to 2,348,414/. in the second half of 
1910, the receipts per mile in operation having been 765/. 
in the first period, and 799/. per mile in the second. 

The extensions recently opened, in hand, or under 
official consideration, are those from Alvear to 
Pigué, 185 miles; La Madrid to Bolivar, 73 miles ; 
Chas to Ayacucho, 87 miles ; Mar del Plata to Fore- 
shore, 2 miles; Mar del Plata to Miramar and San 
Agustin, 65 miles ; Florencio Varela to Berazategui, 
4 miles ; Cooper to Cristiano Muerto, 45 miles ; Sala- 
dillo towards the south-west, 35 miles ; Coronel Dorrego 
to the east, 46 miles; Rio Colorado to San Antonio, 
152 miles ; and Neuquen to Chili, 212 miles ; or, alto- 
gether, 826 miles. Upon the Alvear and Pigué line some 
42 miles are in operation, and the last section is expec 
to be brought into working on May 1. The Madrid 
and Bolivar section has recently been brought into com- 
plete working. The Chas and Ayacucho extension is 
expected to be in full operation by May 1. The Mar del 
Plata to the Miramar and San Agustin line is also 
open for traffic ; it comprises three stations and a halt 
to serve the race-course near Mar del Plata ; plans of 
the remainder of the extension to San Agustin have 
also been approved and the work has been commenced. 
The Florencio Varela and Berazategui and the Cooper 
and Cristiano Muerto extensions were opened for traffic 
in December. The Saladillo and south-west line has 
also been virtually completed, and is expected to be 
opened for traffic thismonth. Upon the Coronel Dorrego 
to the east line the earthworks have been completed 
upon 38 miles out of 46 miles, and the rails have been 
laid for 26 miles ; fencing and tele, ph works are 
also in progress, and two stations have been com- 
menced. In connection with the Rio Colorado and San 
Antonio line the company is now awaiting the a proval 
of amplified plans which have been recently submitted 
to the Argentine authorities. Upon the first section of 
the Neuquen to Chili extension—viz., 150 miles—the 


good | and permanently injured in the shipbuilding yard of 


and the rails have been laid for 6 miles. In illustra- 
tion of the experience acquired in the working of the 
Buenos Aires Great Southern system during the 
last ten years we may state that the ratio of the 
working expenses to the traffic receipts has been as 
follows :—1901, 49.55 per cent.; 1902, 47.63 per cent. ; 
1903, 49.03 per cent.; 1904, 50.71 per cent.; 1905, 
56.50 per cent.; 1906, 57.70 per cent.; 1907, 56.45 per 
cent.; 1908, 57.97 per cent.; 1909, 57.08 per cent. ; and 
1910, 54.75 per cent. 

Recent work in strengthening track, coupled with 
a long spell of dry weather, has enabled the Buenos 
Aires Western to reduce the number of men in 
its permanent-way maintenance gangs; and this, of 
course, resulted in a reduction in the amount paid in 
wages. This was an important consideration, as the 
wages paid to Buenos Ayres Western permanent-wa. 
men are as much as 7s. 4d. per day. Rolling-stoc 
repairs had also been kept up so well that the Buenos 
Aires Western was enabled to put its shops upon short 
time from July 30 to October 29. Locomotive-runnin 
expenses, however, increased, the price of the coa 
consumed in the locomotive department having been 
3s. 3d. per ton higher. There was an increase of 1285/. 
in traffic expenses upon the Buenos Aires Western 
during the past half-year ; this is fully explained by 
an increase of 7.35 per cent. in the mileage in operation 
upon the system, and an increase of 9.93 per cent. in 
the number of stations in service. The floors in the 
goods-sheds at the Larrea and R. Baez stations 
upon the Buenos Aires Western have been renewed 
with hardwood blocks. 
of thirteen culverts have been replaced with iron 
troughs. Between Moreno and Lujan 114 miles of 
single track have been relaid with 85-lb. rails and new 
hardwood sleepers, simultaneously with stone ballast- 
ing. More or less similar improvements have been 
effected at various other points. 





WORKMEN’S COMPENSATION CASES. 
County Courts. 

Compensation Redemption for Lump Swm.— When an ap- 
plicant is injured permanently, it may be desirable, both for 
the workman and the employer, that the latter’s liability 
may be redeemed by payment of a lump sum after weekly 

yments have continued for six months. In the rule laid 

own in Schedule 1, Section 17, it is provided, where any 
weekly payment has been continued for not less than six 
months, the liability therefor, on the application by, or 
on behalf of, the employer may be redeemed by the pay- 
ment of a lump sum of such an amount as, where the 
incapacity is permanent, would, if invested in the pur- 
chase of an immediate life annuity from the National 
Debt Commissioners through the Post Office Savings 
Bank, purchase an annuity for the workman equal to 
75 per cent. of the annual value of the weekly payment, 
As in any other case, the sum may be settled by arbitration 
under the Act, and such lump sum may be aw the 
committee or arbitrator to be invested or applied for 
the benetit of the person entitled. 

On March 15 an application was made by Thomas 
Henderson, labourer, who, in April, 1907, was seriously 


Messrs. Laing and Sons. He had been receiving weekly 
payment of 1/. a week. Since the failure of Messrs. 
Laing the liability was taken over by the Iron Trades’ 
Employers’ Assurance Association, who acknowledged 
that compensation might be redeemed by a lump sum of 
4621. 12s. 3d. The Judge decided that the man having 
been permanently incapacitated was entitled to some- 
thing more than the rule under the Act of 1897 allowed, 
and he therefore awarded the lump sum of 500/. 


CourT OF APPEAL. 

Loss of Earning Capacity.—On March 17 an interesting 
point was decided by the Court of Appeal. e case 
came up from the West Bromwich County Court, and 
the question for the Court of Appeal was whether the 
applicant for workmen’s compensation was no worse 
off, though less able to obtain employment, than_before, 
as a result of the accident, and whether he was 
entitled to compensation. The facts were that the appli- 
cant—an edged-tool maker—once met with an accident, 
a piece of steel striking “his left eye, with the result 
that three years afterwards the eye became blind, although 
to all appearance it remained normal. The applicant 
continued to work at his trade for twelve years, and 
earned his old rate of wages. In September last he was 
again injured while Pye hammer, and the blind 
eye was so inflamed that it had to be removed. Compen- 
sation was paid for ten weeks, applicant having then re- 
covered from the operation. ing, as it was quite 
obvious that he was, blind of the eye, the applicant found 
that his former employers and others refused to employ 
him, and for the first time he found his wage-earning 
capacity seriously diminished. In consequence he was 
obliged to claim compensation. The County Court Judge 
found in favour of the applicantasto partial incapacity, but 
held that such partial incapacity was not due to the second 
accident to the eye in September last, but to the accident 
of sixteen years before, and consequently compensation 
was refused, and the applicant a. The Court of 
Appeal reserved judgment on February 28, and has now 
decided against the workman and dismissed the appeal, 
Lord Justice Fletcher Moulton ey anne | ara 

The importance of the views put forward by the minority 
judgment justifies the anticipation that one day these may 





earthworks have been completed for about 20 miles, 
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raises in a very extreme form a question of the interpret- 
ation of the meaning of the Workmen’s Compensation Act 
as it affecte workmen generally, and not alone those 
who have suffered injury to the eyesight. If the Court 
of Appeal is right, workmen may demand that the provi- 
sions of the Act be made more clear. As Lord Justice 
Fletcher Moulton said in his very lucid judgment, it 
must be decided as a general proposition, and accord- 
ing to Section 1 of the Act. “If in any employment 
personal injury by accident arising out of and in the 
course of the ney 1 hyena is caused toa workman, his em- 
ployers shall be hable to pay compensation. . .” The Act 
gives the right to compensation during the incapacity for 
work. The question is, do the words “‘ incapacity for 
work” refer only to Pn gene incapacity to do the work, 
or do they also include a case where the personal injury 
to the workman excludes him from his former employment, 
and makes him incapable of obtaining work, though it 
would not make him incapable of doing the work if he could 
obtain it. The whole questionas it appeared to the majorit 
of the Court of Appeal was this : an accident which 
does not cause the incapacity, but only makes patent to 
every one the pre-existing incapacity, entitle the workman 
to compensation ? Lord Justice Fletcher Moulton under- 
stood ‘‘incapacity” to mean not alone incapacity to do 
work, but incapacity to earn wages. 

Tiability of Employers to Provide Light Work.—An 
interesting point was raised in the Court of Appeal on 
March 19, in a case which came up from the Judge of 
the Cardiff County Court, who on review reduced the 
weekly payment ordered to a workman named Hall, in 
the employment of the Cardiff Corporation, from 9s. 2d. 
a week to 8s. The workman met with an accident, and 
his employers, the Corporation, were ordered to pay 
2d. a week, for the evidence showed the man was so 
injured by the accident that he was incapacitated from 
ever ay | his usual work of driving a horse and trap. 
He was, however, capable of doing light work. 

The workman was no malingerer, and he had tried to 
find suitable light work and failed. It was held by the 
majority of the Judges that the County Court Judge was 
right in reducing the amount of compensation, and the 
Master of the Rolls, in giving judgment, said the Court 
dismissed the appeal, although he himself was with the 
minority in believing the County Court Judge was wrong 
in reducing the amount of compensation, and would have 
granted the appeal on the ground that the employers 
should have proved the workman was able to obtain 
in his neighbourhocd such work as he was capable of 
doing. The fact that the Judges of the Court of Appeal 
differed in opinion leaves the decixion in an unsatis. 
factory state. The majority of the Bench dismissed the 
— because it was proved, in their opinion, that the 

unty Court Judge was right in reviewing the award 
and reducing the Caner eee. as he found the condi- 
tion of the workman had greatly improved. They held 
that it was no fault of the employers that the workman 
was unable to find employment owing to the condition of 
the labour market. In previous cases it has been held that 
the workman must prove that he exercised due diligence 
in seeking suitable employment. The master is not liable 
for the state of the labour market both as to former em- 
ployment and the suitable employment su ted to the 
workman (Dobbie v. Wilson and Co., 2 B. W.C.C., 1909, 
C.A.). What the minority considered was the residue 
of the special powers reserved to the workman. 





PrrsonaL.—Messrs. Alldays and Onion’s Pneumatic 
Engineering Company, Limited, Birmingham, inform us 
that they are now the sole agents in this country for the 
manufacture and sale of the Charlier rolling furnace, 
which was described by us on pages 726 and 727 of our 
issue of November 25, 1910. 





NaturaL Gas IN SrespensurGEN.—The Hungarian 
Government contemplates making the natural-gas springs 
in Siebenburgen a State monopoly, and the State has 
already bought one of the largest springs, situated near 
Klansenburg. . The gas bursts forth from a depth of 
370 metres, making a great noise, and the daily yield is 
calculated at 800,000 cub. metres natural gas. he 
exploitation of the gas has already commenced in a small 
way, & portion being led in a pipe to some brick works, 
The gas burns with a yellowish flame and develops very 
t heat. It is the plan to lead the gas not only to the 
arger towns in Siebenburgen, but even as far as Buda- 
pest, a distance of 250 miles, where it will be used both 
or lighting and industrial purposes. The plan has been 
carefully investigated, and it is expected that the 
Government will undertake the laying of the pipe-lines. 





Cueap Exectric Licnt.—Sweden, which has held an 
undisputed lead in the popularisation of the telephone, 
seems determined to take up a similar position as regards 
electric light. The municipal electric station in Stock- 
holm reduced a year ago its charges 25 per cent., and now 
another reform, which has already been adopted in 
England, has been proposed, based upon the desirability 
of electric light being used even in the humblest home. 
This is to be brought about by doing away with meters 
for customers with a maximum of three simultaneously- 
lighted metal-wire lamps of 25 normal candles each, and 
substituting a current-regulator or flickerer. The charge, 
independent of the time the lamps are lighted, will 
fixed at 33 kr. per annum per 100 watts (which corresponds 
with the above-mentioned three lamps), and 2 kr. per 
ear for the regulator or limitator. It will, however, also 
possible to have only one lamp, which will cost 11 kr. 
per year and the 2 kr. for the regulator. The plan also 
admits of more than three lamps being installed, but only 
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three can be lighted simultaneously. 
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CATALOGUES. 


Electrical Machinery, Steam and Gas-Engines, &c.— 
From the Allis-Chalmers Company, of Milwaukee, Wis., 
U.S.A., we have received a binding case containing copies 
of some of the bulletins they have issued during the last 
few years. These bulletins illustrate the construction 
and give particulars of large alternators, induction motors, 
rotary converters, direct-current motors and generators, 
railway motors, transformers, oil switches, and other 
electrical machinery. Large gas-engines and producer- 
gas plants, Corliss engines, and complete power plants 
for electric railways are also dealt with in some of these 
publications. 

Friction-Clutches, Haulage-Gears, and Mill-Gearing.— 
Messrs. David Bridgeand Co., Limited, of Castleton Iron 
Works, Castleton, Manchester, have issued a catalogue 
section dealing principally with Heywood and Bridge’s 
friction-clutches, and giving prices and dimensions of 
various types to transmit up to 500 horse-power at 100 
revolutions per minute. The catalogue illustrates several 
examples of complete hauling and winding-gears on which 
these clutches are employed. Prices and particulars of 
powenaenmanataio accessories, such as cast-iron rope and 
velt-pulleys, wrought-iron pulleys, shafting, collars, face- 
plate couplings, pedestals, heueen &c., are also included 
in this catalogue. 


Asbestos Tiles and Sheets.—We have received from 
Bell’s United Asbestos Company, Limited, of Southwark- 
street, S.E., a catalogue of ‘‘ Poilite” asbestos cement 
tiles and sheets, which are now made at their East 
Greenwich factories by the “ Eternit” process. It is 
claimed that the asbestos roofing tiles are lighter, stronger, 
and cheaper than ordinary slates or tiles, and also that 
they are fireproof, non-absorbent, good heat insulators. 
unaffected by acids and acid fumes, and are very easily 
fitted. The catalogue states prices for grey, blue, or 
terra-cotta-coloured tiles in various sha and also 
illustrates the method of fixing them. Prices are also 
stated for this material in the form of large sheets from 
vy in. to lin. in thickness, for lining walls, partitions, 
ceilings, &c. 

New anl Second-Hand Machinery.—We have received 
from Mr. Charles D. Phillips, M.I.M.E., of Newport, 
Mon., a copy of “ Phillips’s Monthly Register,” in which 
he gives particulars and prices of all kinds of new and 
second-hand machinery on sale. This list, which has 
reached its thirty-seventh year of publication, includes 
agricultural machinery, air-compressors, steam-engines 
and boilers, gas and oil-engines, brickmaking machinery, 
mortar-mills, contractors’ plant, stone-breakers, cranes 
and winches, fansand blowers, forges and smiths’ hearths, 
locomotives, traction-engines and road-rollers, pumps, 
weighing-machines, and miscellaneous plant, as well as 
all kinds of machine-tools for metal and wood-working ; 
electrical machinery, motor-cars and other road vehicles, 
are dealt with in a supplement to the register. The 
price of this publication, with the supplement, is 6d., or 
it will be sent, post free, to any part of the world for 6s. 
per annum. 

Lubricators.—Leaflets illustrating two new lubricators 
have reached us from Measrs, Trier Brothers, Caxton 
House, Westminster, S.W. One of these lubricators, 
which is specially suitable for use with Stauffer’s lubri- 
cant, is similar in general design to the firm’s well-known 
“‘ Tell-tale ” lubricator, except that it is provided with a 
glass reservoir and is of exceptionally good finish. In 
these lubricators, pressure is put on the lubricant b 
screwing down a piston by turning a milled cap to whic 
a large hollow screw, ing through the centre of the 
piston, is connected. In the centre of the screw is 
situated a smaller auxiliary, a piston, 
which is caused by the pressure of the lubricant to rise 
until a rod connected to it projects above the cap of the 
lubricator. The feed is maintained by the pressure of the 
spring on the small piston, the position of which is indi- 
cated by the}projecting-rod. It can thus be seen at a 
glance from a distance whether or not the lubricator 
requires attention, A separate leaflet deals with Stauffer 
lubricators with plated-steel caps fitted with spring clips 
to prevent the caps from coming off when subjected to 
severe vibration. Prices are stated for different sizes of 
both types of lubricators, end also for several grades of 
Stauffer’s lubricant. 

Electric Motors for Mines. —Messrs. Mavor and Coulson, 
Limited, 47, Broad-street, Mile-End, Glasgow, have sent 
us two price-lists of a new line of electric motors they 
have recently brought out for use in mines. The motors 
are entirely enclosed in gas-tight cases, and can be made 
proof against internal explosions if desired. Owing to 
the novel method of cooling adopted, the temperature 
inside the machines is kept practically within the same 
limits as would be reached if they were running open, 
and, for this reason, the size of one of these enclosed 
motors is not very much greater than that of an ordinary 
a machine of the same power. The cooling is 
effected by means of a number of groups of tubes running 
through the motor-casing from end to end. A _ fan 
mounted on the armature shaft outside the casing forces 
cold air through these tubes, and another fan inside the 
casing produces a positive circulation of the internal air 
round the outside of the tubes. In this way an inter- 
change of heat takes place between the internal and ex- 
ternal air, although there is no direct communication 
between them. One of the price-lists gives particulars 
of direct-current motors for outputs up to 107 brake horse- 
power at 500 volts. The other list deals with three- 
phase induction motors, with squirrel-cage rotors, having 
capacities up to 137 brake horse-power, for 500-volt, 25- 
cycle, and 50-cycle circuits, Both types are cooled as 
indicated above, 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
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represents 1s. in the case of tin-plates, hematite, Scotch and Cleveland iron, and 11. in all other cases. 


The price of quicksilver is per bottle, the contents of 


prices are per ton. Heavy steel rails are to Middlesbrough quotations. 


which vary in —— from 70 lb. to801b. The metal 
in-plates are per box of I.C. cokes. 








FRENCH SuHIPBUILDING.—The profits of the French 
shipbuilding undertaking known as the Forges et Chan- 
tiers de la Méditerranée declined 5179/. last year as com- 
pared with 1909. The dividend for 1910 was accordingly 
reduced from 10 per cent. to 9 per cent. The net profits 
of the Saint Nazaire Shipbuilding and Workshops Com- 
pany last year were 50,581/., as compared with 47,588/. in 
1909. Including the reliquat brought forward, the divisible 
balance is 54,334/., as compared with 51,453.; but it is not 
proposed to increase the dividend for the past year, which 
1s continued at 12s. per share. 





Tr Association oF WartreR ENGINEERS.—The six- | 
teenth annualZgeneral meeting of this Association will be | 


| Rec 


|held at Buxton Town Hall, on Thursday, Friday, and 
Saturday, the 18th, 19th, and 20th inst., under the presi- 
dency of Mr. Edward Sandeman, M. Inst. C.E., engineer 
| of the Derwent Valley Water Board. The following papers 
have been promised for reading and discussion :—‘ The 
Geology of Dam Trenches,” by Mr. Herbert Lapworth, 
D.Se., F.G.S., Assoc. M. Inst. C.E.; ‘“‘The Water 
Supplies of the River Basins of England and Wales,” by 
Mr. William R. Baldwin-Wiseman, M.Sc., Assoc, M. Inst. 
C.E., F.G.S., F.R. Met. S. ; ‘ The Filtration of Public 
| Water Supplies, and Their Sterilisation by Ultra-Violet 
| Rays,” wi . Walter Clemence, M.I. Mech. E., and Dr. 
— ausen. A description of the Derwent Valley 
Water Works, by the President-Elect, will be circulated 
at the meeting, 
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THE “BOB.” SWIVELLING PARALLEL BENCH-VICE. 


CONSTRUCTED BY THE ‘“B.0.B.”. COMPANY, ENGINEERS, TINSLEY, YORKSHIRE. 

















On page 226 of our eighty-first volume we described 
and illustrated a very useful form of machine-vice 
called the ‘‘ B.O0.B.” vice, and made by the ‘‘ B.O.B.” 
Company, Ivy Works, Rotherham -road, Tinsley, 
Yorkshire. The ‘‘ B.O.B.” Company also make a very 
efficient bench-vice which possesses some novel features. 
We illustrate it above. 

It will be seen on reference to our illustrations, 
which are reproduced from photographs, that one 
of the jaws is made so that it can be turned or 
swivelled in the horizontal plane, so as to adapt 
itself to tapered work. Three different shaped jaws 
are supplied with each vice, there being one with a 
plane face, which is shown lying on its side to the 
left of our illustration; one with a V-shaped face, 
which may be seen in position in the vice, and which 
is useful for gripping circular articles which have to 
be held in a horizontal ition ; and another, also 
with a \V/-face, but in which the Y is vertical when the 
jaw is in position in the vice. All these jaws can 
swivel when required, but can be fixed so as to present 
a face parallel to the face of the opposite jaw, by means 
of a pin, the head of which may be seen close to the 
end of the tightening-screw in the illustration. An- 
other feature of the tool is that the upper or body part 
of the vice can be turned on the bed part sg 
a considerable angle and secured in any position by 
means of the bolt shown. It will be noticed that the 
slide forming the movable part of the vice that carries 
the swivelling jaws is placed at the side of the body, 
this being a distinct advantage, in that it allows any 
long piece of work, that has to be held vertically, to be 
placed in the centre of the jaws, as there is no screw 
to come in the way. 

The sliding part carrying the swivelling jaws is 
made of ample length, so as to prevent as much as 
possible any side distortion. The body of the vice 
1s made very strong, and can also be used as an anvil. 
Indeed, the tool is made very rigid throughout, and 
from its adaptability ought to prove very useful. 
We understand that. some of them, weighing as much 
as ae have been supplied to His Majesty’s dock- 
yards. 








Froruy Liquips as Fire-ExtTincuisuers.—Experi- 
ments made at Wilhelmsburg, near Harburg, a town 
situated opposite Hamburg on the Elbe, and a centre of 
rubber manufacturing, with the frothy compound of 
Laurent, demonstrate that a frothy preparation of caustic 
soda and alum will extinguish benzene flames. The 
chemieals form a yellow-white foam ; one litre of each of 
the two solutions will yield 15 litres (1 litre is not quite a 
quart) of a foam of a density of 0.14, which can be sucked 
up and distributed like water by means of a hose. The 
foaming liquid spreads over the surface and keeps on 
water and benzene for 20 minutes without collapsing 
noticeably. In the tests a basement about 38 sq. ft. area 
was filled with benzene to a depth of 20 in., the burning 
benzene was afterwards extinguished with an expendi- 
tureof 80 litres (18 gals.) of the mixture in 1 min. 18 sec. 
A burning benzene tank, 6 ft. in diameter, nearly 9 ft. in 
height, was extinguished in 13 seconds. The benzene re- 
mained practically unchanged under the floating foam 
and would burn again after its removal. The mixture 
would be valuable for petroleum tanks. At present, if 
the petroleum catches fire, nothing can be done, and the 
fire has to be allowed to burn i out, 








GAS-PRODUCERS.* 
By J. Emerson Dowson, Member, of London. 


WueEN the author was asked to write a paper on gas- 
producers he realised that he would have to confine him- 
self to the consideration of their construction and work- 
ing, as it would not be possible in a paper of reasonable 
length to include the application of the gas to the 
numerous purposes for which it is used. Originally pro- 
ducer-gas was made exclusively for heating furnaces, but 
now it is also adopted extensively for gas-engines, and for 
smaller kinds of heating work in industrial processes, as 
well as for cooking, baking, and other domestic uses. 
This has led to the use of suction- as well as pressure- 
gas, and for engines and many other kinds of work the 
gas has to be scrubbed and cleaned in various ways, 
whereas for ordinary furnace work this is not necessary 
or desirable. There are now many makers of gas plants, 
but most of them have merely introduced modifications in 
detail which do not affect the principles involved, and the 
author proposes to confine himself to certain types of gas- 
producers, and to discuss their leading features from the 
theoretical and practical points of view. Those who wish 
to trace the growth of the subject historically will do well 
to read the papert of Mr. I. Rowan on “* Gas- Producers,” 
and the useful book of M. Jules Deschamps on ‘“ Les 
Gazogénes ” (1902). 

Before considering distinctive types of producers, it 
will be well to review briefly the principles and conditions 
on which the production of producer-gas depends, and it 
will be seen that, subject to minor variations, the chemical 
reactions are, and must be, the same in kind for pressure 
or for suction-gas. A gas-producer may be defined as an 
apparatus for converting solid fuel into combustible gas, 
and the gas produced is usually a mixture in varying “d 
portions of carbon monoxide, hydrogen, gaseous hydro- 
carbons (chiefly methane or marsh ), carbon dioxide, 
and nitrogen. The first three of these constituents are 
combustible, and the value of the gas as a fuel depends 
on the proportions in which they are present ; the carbon 
dioxide and nitrogen are diluent gases which lower the 
flame temperature of the combustible gases when they 
are burnt. 

Producer-gas may be obtained from almost any car- 
bonaceous fuel, and the particular kind of fuel to be made 
use of depends chiefly on the woe for which the gas is 
to be used, and on its cost and the ease with which it can 
be procured in different localities. In practice the gas 
eal for furnace work is ‘ey made from bituminous 
coal, and for engines and small heating work it is made 
from bituminous or semi-bituminous or from anthra- 
cite or coke ; but in some cases brown coal, lignite, peat, 
charcoal, &c., are used. The composition of the gas is 
largely influenced by the nature of the fuel, but a further 
important consideration is that for nearly all purposes 
(except furnace work) the gas must be free from tar and 
other condensable products. When hot gas is taken 
direct from a producer to a furnace any tarry vapours 
which accompany the gas can be burnt with it, and they 
add usefully to the flame temperature ; but for engines 
and small heating work where valves, cocks, &c., are 
required, and where the es be cool before it is used, 
the tarry vapours must got rid of in the producer or 
by means of tar extractors and other apparatus outside 
the producer. : : 

Speaking generally, producer-gas is made by forcing or 
drawing air (with or without the addition of steam or 





* Paper read before the Institution of Mechanical 
Engineers, April 28, 1911. : 

t+ Proceedings, of the Institution of Civil Engineers, 
1885, vol. lxxxiv., page 2. 








water vapour) through a deep bed of fuel in a closed 
roducer ; the solid fuel is converted into gas, and the 
atter passes away to wherever it is required. An 
important characteristic of the process is that no external 
heat is applied to the producer, as in the case of an ordi- 
nary gas-retort ; when once the burning of the fuel inside 
the producer has been started, the air which is used to 
make the gas keeps up a continuous process of combus- 
tion, and a sufficiently high temperature is maintained to 
decompose the steam and to effect the other necessary 
reactions. 

If there were a shallow fire in the producer and an 
abundant supply of air, the carbon and other combustible 
constituents of the fuel would be completely oxidised, and 
the products of this complete combustion would be 
incombustible and useless asa gaseous fuel. If, however, 
there is a considerable depth of fuel in the producer (as 
there should always be in practice), there will be an 
excess of highly heated carbon, and this will react on the 
carbon dioxide and reduce it to carbon monoxide, thus: 
CO, +C =2C0. Carbon monoxide may also be formed 
by the direct combination of carbon with oxygen, thus : 
2C + O,=2 CO. Actually both these reactions may, 
and probably do, occur. It will be seen, therefore, that 
one of the chief functions of a gas-producer is to bring 
about a partial combustion of the fuel, so that the result- 
ing may be combustible. The proportion of com- 
bustible to incombustible necessarily depends on the 
fuel used and on the actual conditions a working. 

The final result of the complete combustion of carbon 
is the same whether it takes place all at once in an open 
fire, or whether carbon monoxide is first formed in the 

roducer, and is afterwards burnt to carbon dioxide. 

heoretically, when carbon is converted to carbon 
monoxide in the producer, about 30 per cent. of the heat 
of combustion of | the carbon is liberated ; the remaining 
70 per cent. will be liberated when the carbon monoxide 
is afterwards burnt to carbon dioxide in a furnace, engine, 
&c. It should, however, be understood that all the heat 
set free in. the producer need not be lost; some will be 
lost by radiation and conduction (say about 8 per cent. of 
the heat of combustion of the fuel), but a large proportion 
will be carried away in the form of sensible heat by the 
gas, as the latter leaves the producer at a high tempera- 
ture ; and if the gas can be used while it is hot, not much 
of this sensible heat will be lost. The amount of the 


Fig. 7. BISCHOF, 1839. 
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loss will depend on the extent to which the gas is cooled 
before it is used. Theoretically there is no reason why 
the use of producer-gas, instead of solid fuel, should 
necessarily involve a loss of part of the heat available by 
the direct combustion of the solid fuel, although a con- 
siderable proportion of that heat is liberated during the 
conversion of the solid fuel into r-gas. In prac- 
tice, however, this cannot be fully realised, but it may 
be approached. The chief difficulty lies in the fact 
that all the carbon dioxide cannot be reduced to carbon 
monoxide, that there must be some loss of heat by 
radiation, and that it is not possible to convey sensible 
heat from one point to another without loss, especially 
when the temperatures are high. In furnace work, 
when the furnace is close to the producer, the loss of 
sensible heat is small; but when the gas is used for 
engines or for heating work uiring small cocks and 
burners, it must be washed and scrubbed, and as this 
involves cooling there is a considerable loss of sensible 
heat; moreover, the gas for an engine must necessarily 
be cool, apart from cleaning, so that a given volume burnt 
in the cylinder may contain as large a proportion of heat 
energy as possible. ¥ 

It will presently be seen that when the air used for 
making gas in the producer is mixed with steam, the 
heat losses will be reduced, but before dealing with 
this, the working of a producer in which air only is used 
will be considered, as in Fig. 1. This was the first 
internally-fired gas-producer known, and was invented 
by an Austrian named Bischof in 1839. It was used 
in connection with a metallurgical furnace, and the 
chimney of the latter caused a ug! t which drew in 
air at A, A, and through the fire-bars B, the gas leaving at 
D. Fuel was put in at C. No steam was used. "he 
author cannot find an analysis of the fuel used or of the 
gas made, but he weuld mention incidentally that some 
time he experimented with a small producer usin 
air and coke (without steam). The gas made containe 
CO 32.6, H 1, CO, 1.4, and N 65 per cent, by volume, 

















































































598 


ENGINEERING. 





[May 5, IgIt. 





and the calorific power was only 115 B.Th.U. per cubic 
foot N.T.P. As it is probable that bituminous coal or 
lignite was used in the Bischof producer instead of coke, 
it is most likely that the gas made in it had more 


hydrogen, but also more CO,. It is tolerably certain 
that the calorific power of the made in this producer 
must have n low, it would also appear that the gas 


was burnt in the furnace with cold air; it is therefore 
not surprising that the results were disappointing. There 
was also trouble with clinker, and this must have been so 
because the temperature in a producer worked with air 
only is excessively high. 

he next s in development was the Siemens pro- 
ducer, Fig. 2, designed in 1861. A novel and ingenious 
method was 9 for obtaining the necessary in- 
draught of air and for causing the gas produced to flow 
tothe furnace. From the producer there was a vertical 
—_ C, usually built of brickwork, and from the top 
of this there wa3 a long horizontal iron tube D of 
liameter, in the direction of the furnace; at the furnace 
end of the tube there was another vertical tube E leading 


1g-2. SIEMENS, 1861 
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to the gas-flue F of the furnace. The hot gas rose from 
the producer, and as it passed through the tubes D and 
EK. its temperature fell, consequently its density was 
greater at the furnace end, and this caused a syphon 
action, so that there was a suction which caused an in- 
draught of air through the fire-bars A. For our present 
i’ ¥- the chief point of interest is that there was water 
at B in the bottom of the producer, and as this was 
vaporised by the heat of the fire above, aqueous vapour 
mixed with the air and was drawn into the fire. 

The addition of water vapour was an important 
departure ; let us consider its effect. When steam (H,O) 
interacts with carbon at a sufficiently high temperature, 
it is decom , and an equal volume of hydrogen 
is produced ; the oxygen of the steam combines with the 
carbon to form either carbon monoxide (H,O + C = He 
+ CO) or carbon dioxide (2 H,O + C = 2 H, + COy), 
according to the conditions under which the reaction 
takes place. These reactions cause a large absorption of 
heat, and the addition of even small quantities of steam 
to the air supply of a producer reduces the working tem- 
perature. Part of the sensible heat is also absorbed, so 
that the leaves the producer at a lower temperature 
than is the case when air alone is used; the heat so 
absorbed is stored up in the gas, and is again set free 
when the gas is burnt. In other words, the effect of the 
presence of steam in the air supply is that asmaller propor 
tion of the total heat of combustion of the fuel is liberated 
in the form of sensible heat in the producer, and a larger 
proportion is represented by the heat of combustion of 
the In practice it is soon seen that when steam is 
used the top of the fire is darker than when no steam is 
used. It should, however, be clearly understood that 
from the point of view of the heat quantities involved, 
the use of steam in a gas-producer is simply a means of 
absorbing the sensible heat developed by the partial com- 
bustion of carbon, and storing it for future use. Obviously 
there can be no actual increase of the total amount of heat 
which can be obtained from a given quantity of fuel. 

Besides avoiding excessive heat in the producer, the use 
of steam has the further practical advantage that a 
of greater calorific power can be cbtained than is Bie 
when air alone is used. The following is an analysis of 
the gas made with bituminous coal in the producer, 
Fig. 2, above :— 

Percen 
by Whee 

Carbon monoxide - 23.7 
Hydrogen .. 


Methane .. 23 
Carbon dioxide .. : 4.1 

xygen .. oe an ar 0.4 
Nitrogen .. a ‘ 61.5 


It is probable that the quantity of aqueous vapour 
which entered the fire in this spelenne ten all, cal 
that some of the hydrogen was derived from the hydro- 
carbons in the fuel, but the effect of the aqueous vapour 
is noticeable. 





The proportion of steam which should be used to obtain 
gas of the highest calorific power can be determined 
theoretically, but in practice this question is materially 
affected by the nature and composition of the fuel used. 
In 1871 Tessié du Motay introduced the producer 
(Fig. 3). The leading feature of this was a solid hearth 
A, without grate of any kind. Air and steam at pressure 
were admitted through the channels B, B, of which there 
were several in the plan view ; the fuel was put in through 
the hopper C, and the gas-outlet was at D. a eae 
was extensively used in France and in the United States. 


Fig.3, TESSIE DU MOTAY, 1871. 
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In 1876 Brooke and Wilson introduced a producer 
which also had a solid hearth, and air was injected by a 
jet of steam at pressure. This formed the basis of the 
well-known Wilson producer, which has been used 
extensively for furnace work. The composition of the 

made in this producer with Durham coal is given by 
Messrs. Pattinson and Stead as follows :— 
Percentage by 


Volume. 
Gupaate oxide .. ze ae % ” 
ydrogen — re es ; : 11.5 
Marsh gas - a . 1.4 
Carbonic acid 4.0 
Nitrogen .. 56.1 


From time to time various modifications and improve- 
ments were introduced by Messrs. Siemens, Mond, Duff, 
the author, and others, but the examples he has given are 
sufficient as t to show the development of the gas- 
producer or making semi-water-gas or mixed gas. 
Among these modifications may be mentioned the rotat- 
ing hearth, and the sloping or conical grate with water- 
bottom, for the removal of clinker and ash while working. 
The former is useful for a low- e fuel with a high per- 
centage of ash, but the latter is more simple and better 
with coal of average quality. Continuous automatic 
feeding has also been tried, but it has not been so suc- 
cessful in practice as was at first expected. Bituminous 
coal usually cakes more or less, and must be poked from 
the top whatever the system of feeding may be. 

In the author’s own producers of the steam-jet pressure 
type (with superheated steam) the average composition 
of the gas made in eight different sizes of producers has 


been as follows :— 
Percentage by 


Volume. 
Carbon monoxide 25.17 
Hydrogen ‘ 18.19 
Carbon dioxide .. 5 -" oe 5.98 
Nitrogen, &. . mn . a " 49.36 


In all these tests the gas was made with anthracite, 
which yields less .~y +y than bituminous coal, the in- 
crease of hydrogen in the gas (derived from the steam) 
is therefore very marked compared with the analysis for 

ig. 2. The weight of steam decom varied from 
0.5 Ib. to 0.7 Ib. per pound of fuel gasified. 

In the Mond producer, where an excess of steam is 
used to favour the production of ammonium sulphate, the 
composition of the gas is as follows* :— 


Percentage by 
Volume. 
a one monoxid Z 
ydrogen ba 
Methane .. je 2 
Carbon dioxide .. 16 
Nitrogen .. ka = 42 


In this case the hydrogen has been raised to 29 per cent., 
but the carbon dioxide has also risen to 16 per cent., and, 
clearly, from the heat efficiency peint of view, too muc 
steam has been The weight of steam sent into the 
producer was over 21b. per pound of fuel gasified. 

When the author first used producer-gas to work gas- 
engines the compression pressures were low compared 
with those now in use, and it was considered important 


to have as high a percentage of hydrogen as possible, as it 


* Proceedings of the Institution of Mechanical Engi- 
neers, 1901, page 75. 


h | high, and it is often used as a 





ensured the prompt ignition of the charge in the cylinder. 
Much higher compressions are now used, chiefly Siemens 
they raise the heat efficiency of the engine ; and as the 
mixture of gas and air is more highly compressed, it is 
ignited more readily. It has, therefore, become Jess im- 
portant to have a high percentage of hydrogen ; in fact, 
it is now considered by many to be a drawback, as there 
is then greater risk of pre-ignition. From the engine 
ony! of view, it is better to limit the quantity of steam, 
put for the practical working of the producer it is still 
desirable to use a liberal quantity to check the formation 
of clinker and to reduce the loss of sensible heat. It is 
difficult to meet these somewhat conflicting ideals, and 
in practice a sort of oj om is effected by having 
about 12 to15 per cent. of hydrogen in the gas. 

For large furnace work it is often best to have the gas 
as dry as possible when it reaches the furnace, as the 
presence of steam lowers the flame temperature. For 
such work the temperature of saturation of the air-blast 
for the producer usually varies from about 40 deg. to 
60 deg. Cent., but this depends a good deal on the size 
and character of the coal used in the producer. 

About 1874 Lowe, of the United States, made a new 
departure altogether, and produced what is technically 
known as “‘ water-gas.” His producer is shown in Fig. 4. 
It consisted of a producer A, and two superheating 
chambers B and C filled with loose fire-bricks. The fire 
was built up with anthracite or coke on the grate D, and 
was blown up with air at pressure entering at E. The 
gas thus produced left the outlet F, and at G it met a 
secondary supply of air (through the grating H) with 
which it was burnt ; the flame and hot products of com- 
bustion passed downwards through the superheater B and 
upwards through C, and afterwards escaped as a waste 







Fig 4. 
LOWE, 1874. 















2 

























TOU 
TOUS CC 
TOOOOUUUO 
FOO 


: 








JUL UIT 


] 





\\\“ 





eer 


CUTIE TT TL 
TUDO q TULL 


MG KG 
i 


roduct. In this way the brickwork in B and C became 

ighly heated, and as soon as this was the case the two 
air supplies were shut off, and steam at pressure was 
admitted at the top of OC. It downward through 
C and upward through B, and then through F into the 
producer A, where it was decomposed on ing through 
the mass of incandescent fuel. The solid fuel resting on 
the grate D was put in through the doorway I; but, in 
addition to this, powdered fuel was sometimes fed in auto- 
matically from the hopper J during the period when 
steam was being admitted. This powdered fuel was met 
by the currents of highly-heated steam, and part of the 
steam was then decomposed before it reached the incan- 
descent mass. The other usual reactions occurred, and 
the gases formed left the producer at K. 

One effect of sending steam only into the producer was 
to lower the temperature of the fire, and after a few 
minutes it was necessary to stop the steam supply and 
turn on the air-blast again. The gases roame during 
the period of blowing up with air served to heat the 
chambers B and C, but they afterwards escaped at a 
high temperature, and this heat was lost altogether unless 
it could be applied to some external work. Apart from 
this, the intermittent production of the water-gas is a 
drawback, and it is usual to pass the gas into a gas-holder 
and to connect two or more producers to the latter. The 
heat efficiency is necessarily low, as so much of the gas 

uced is wasted, and the water-gas loses its sensible 

eat before it can be used. On the other hand, the flame 

temperature and the calorific power of the water-gas are 

sis for lighting-gas. Ite 
composition is usually given as follows :— 











Percentage by 
Volume. 
oo monoxide 44 
ydrogen .. ee ge si : - 45 
Carbon dioxide .. oe a sia ie ‘“s 4 
Nitrogen .. o as eA as i _ 4 


It should, however, be remembered that the composition 
varies considerably between the times of starting aml 
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stopping each admission of steam, so that the above 
figures can only be attained at certain periods. i 
Messrs. Dellwik and Fleischer have devised a modified 
water-gas apparatus, in which the period of air-blow is 
greatly reduced. Professor Vivian Lewes says*: ‘‘In 
the old ‘ European’ process it was necessary to blow for 
nearly ten minutes to bring the fuel-bed up to the right 
temperature, whilst the period during which the incan- 
descence was sufficiently great to decompose the whole 
of the volume of steam used limited steaming to four to 
five minutes, whereas in the Dellwik process the period 
of blowing rarely exceeds two minutes and it is possible 
to steam for from seven to ten, according to the condition 
of the fuel.” He gives the carbon dioxide as only about 
5 per cent., and explains that this is due to regulating 


the flow of steam so that ‘‘even at the extreme end of | and 


the run there shall be no excess of steam to oxidise the 
carbon monoxide to dioxide.” He adds that samples of 
the gas taken during the process of making had the 
following compositions :— 








a aL. 2. 3. 
Hydrogen ..  .. —..| Ss 5243. | «= (50.09 52.76 
Oarbon monoxide .. a 38.30 39.95 37.50 
Carbon dioxide... on 4.73 | 5.38 4.08 
Oxygen «we 4 0.74 1.22 0.46 
Nitrogen... ~ 3.80 3.36 5.20 





The Loomis-Pettibone plant is another modification of 
a water-gas plant. In this there are two producers, 
through which air is drawn downwards by an exhauster, 
and after passing through scrubbers, &c., the producer- 
gas thus formed is sent into a gas-holder. At intervals 
the air supply to one of the producers is closed, and steam 
is admitted at the bottom. A mixture of producer and 
water-gas is then formed, and this is sent into the gas- 
holder to mix with the producer-gas already there. As 
the process is intermittent and variable, it is necessary to 
mix the gases in a gas-holder to get something like an 
average result. Mr. Nisbet Latta sayst: ‘‘The best 
results or high efficiency of gas obtained from this process 
for power purposes is found with the gas approximating 
150 BThU, in value, this usually representing about 
5 per cent. of water-gas to 95 per cent. of producer-gas in 
the total mixture.” 

A very interesting type of gas plant, technically known 
as the suction plant, has now to be considered. It has 
been seen that, in some of the early gas-producers used 
for furnace work, air was drawn into the producer by 
suction, instead of being forced in under pressure, as in 
producers of later date. In recent years the idea of 
working the producer by suction, instead of by air- 
pressure, has been reverted to, chiefly in connection with 

-engines. As early as 1862, Dr. Jacques Arbos, of 
Sonditen, devised a combination of plant and gas- 
engine, in which the latter drew gas direct from the pro- 
ducer. It was not a very practical arrangement, and the 
charge of gas and air was not compressed before ignition, 
but it deserves to be mentioned as one of the early suction 
plants devised. The first to give effect to this idea in a 

ractical way, with a compression engine, was M. Léon 
snier, of Paris, in 1891. He afterwards introduced some 
improvements, and the plant shown in Fig. 5 represents 
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Fig. 5. 
BENIER , 1894. 
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what he used i: 1894. In this, A is the gas-producer, 
B the teeding mapper, C a revolving grate containin 

water, D a clamber to receive steam produced in C, 
Da chamber open at the bottom to receive steam from D 
and allow it to expand to atmospheric pressure, E the air 
inlet, E’ a passage for steam from D’, F a mixing chamber 


*-** Liquid and Gaseous Fuels,” 





for steam and air at atmospheric pressure, G the inner 
casing of producer, H an annular s for steam and air 
to pass from F to the bottom of fire, the steam and air 
being heated on the way, I an annular space for hot gas 
from the producer, J a cylinder with water inside, K an 
inner cylinder, of which the lower end is dipped in water 
in J so as to form a washer for the gas, with an overflow 
— L, and N a chamber to receive gas, with outlet O at 
the top. 

The engine had a suction pump by the side of the 
motor cyJinder, and this pump was connected by a pipe 
with the outlet O. As soon as the fire was lighted it was 
blown up with a hand-power fan, and when the gas was 
oy enough to work the engine the latter was started. 

he pe on the engine then drew gas from the producer 
orced it into the motor cylinder. This suction of gas 
from the producer lowered the pressure in the latter, and 
co uently air from the outside flowed in through the 
inlet E. The steam or water-vapour formed in C mixed 
with the air before the latter entered the fuel column, 
and both steam and air were drawn ther into the fire. 
The volume of air drawn in varied with the rate at which 
gas was consumed in the engine; in.other words, the 
rate of producing the ge was governed automatically by 
the engine itself, and both the gas-holder and the inde- 
pendent boiler were dispensed with altogether. As this 
plant and those of which it is the type work by suction 
they are now generally known as suction J mp to dis- 
tinguish them from pressure plants worked by steam and 
air at pressure. 

i gas was poor in quality, and there was the friction 
of the pump as well as other drawbacks. The fuel con- 
sumption, with this combination of gas plant and engine, * 
was therefore higher than with a pressure plant and its 
independent boiler. It was seen, however, that the work- 
ing of a plant by suction in combination with an engine 
would have distinct advantages if the practical details 
could be worked out satisfactorily. Several engineers 
gave their attention to the subject, and the next step of 
importance was to do away with the pump on the engine, 
and to use the suction of the engine itself to draw gas from 
the gas plant. This reduced appreciably the loss from 
friction. Also various improved methods have since been 
devised for producing the steam required, and for remov- 


of the steam ,~ to make good gas and to keep the 
temperature of the fire low enough to prevent the forma- 
tion of an excessive amount of clinker presents many 
difficulties. Some makers have a water vaporiser inside 
the producer, sometimes near the bottom of the fire, but 
more often near the top ; and they heat it by the fire or 
by the hot gas which leaves the fire. In some cases both 
these sources of heat are used. On the other hand, some 
makers prefer to have the vaporiser outside the producer, 
and to heat it by the sensible heat of the gas after it has 
left the producer. The latter system has the advantage 
of cooling the gas more, but the amount of steam rai 

is less than in the other systems, and there is the risk that 
the gas will not always be hot enough to make the full 
quantity of steam required. This not only affects the 
percentage of hydrogen, &c., in the but has an impor- 
tant bearing on the formation of clinker. It is, in fact, 
essential that there should be a sufficiency of steam, 
but this point does not always receive the attention it 
deserves. 

Apart from producing a sufficient quantity of steam 
when the maximum volume of gas is required, there is 
the further necessity for . oy | the quantity of steam 
drawn into the fire when the load on the engine is vari- 
able. It has been supposed that when less gas is pro- 
duced—that is, when less air is drawn into the fire—the 
lowering of temperature which follows causes less steam 
to be produced, and that in this way the quantity of 
steam produced is proportional to the quantity of gas 
required. This is only partly true, as actually the tem- 
perature of the fire does not vary as quickly as the load 
on the engine may vary, and although there may be a 
considerable fallin the load, there is usually heat enough 
in the fire to produce more steam than is then desirable. 
If this excess of steam continues, it not only causes an 
excess of carbon dioxide to be formed, but it damps down 
the fire. Then, when the load is suddenly increased, the 
pay penne of the fire is not high enough to give effect 
to the necessary reactions, and the gas is not good enough 
to develop the power required. Some makers of suction 
plants try to get over this diffieulty by having regulating 
valves worked by the engine, by means of which the 
admission of steam to the fire is governed by the engine. 
Some merely allow a vent in the vaporiser for the excess 
of steam to escape when the load is reduced ; others have 
used the suction of the engine to draw water into the 
vaporiser in very small quantities, just enough at each 
suction stroke to give the steam required for the quantity 
of gas to be consumed. This can only be done provided 
the vaporiser flashes the water intosteam ; if the vaporiser 
holds a body of water, as in a boiler, steam is given off 
continuously. 

To compare the gas made in a suction plant with that 
made in a steam-jet pressure plant of the same power, 
the author gives the results (Table I.) obtained with a 
40-brake-horse-power plant of each type working with 
anthracite, and in a separate column he gives the average 
results of seven different pressure plants of various sizes, 
ing from 8 to 300 horse-power (see next column). 

rom this it appears that the calorific power of the 
pressure-gas is approximately 20 per cent. higher than 
that of the suction-gas. In the latter the percentages of 
hydrogen and carbon monoxide are lower, while the per- 
centage of nitrogen is higher ; but less air is required for 
combustion of the suction-gas, and a rather larger volume 








page 230. 
} “‘ American Producer-Gas Practice,” page 114. 


ing the clinker formed in the producer. The production | P 


of the latter (compared with pressure-gas) can be used 
for each explosion in an engine—a cylinder of given size. 
A further point is that there is rather more fiuid friction 
to allow for when suction-gas is used. he practical 
result is that there is a loss of about 5 per cent. in the 
maximum power of the engine when worked with suction- 
This is not important for small engines, but for 
those of larger size it must be considered. On the other 
hand, the heat efficiency of a pressure plant with indepen- 
dent boiler must necessarily be lower than that of a suction 
lant which produces its own steam without an indepen- 
ent boiler. If the steam for the pressure plant were 
raised by the sensible heat of the gas produced, as is 
sometimes done, the heat efficiencies of the two types of 
plant would then be nearly alike. 


Taste I. 


Suction Pressure | Pressure Plant. 

Plant. Plant. (Ave: of Seven 

Composition of Gas. 

(Per Cent. by Volume.) (Hot | (Hot ferent Sizes(Hot 
Start). Start). Start). 





| Sta 
| 1. 2 
Hydrogen : 15.64 19.8 17.36 
Methane + ; 1.16 | 1.3 1.20 
Carbon monoxide 20.13 | 23.8 25.55 
Carbon dioxide 6.09 | 6.3 5.77 
Oxygen ee 0.74 ; 0.30 
Nit n ee - . 56.24 48.8 49.82 
Calorific value; higher scale} 
B.Th.U, per cubic foot..) 135.3 | 164.4 161.0 
Calories per cubic metre} 1204 | 1463 14382 


1, Proceedings, Inst. O.E., vol. clviii., page 322. 
2. Ibid., vol. cliv., page 282. 
3. Ibid., vol. cliv., page 282. 

In considering the two types of plant for engine-work, 
our general conclusions ma: as follow :—A suction 
plant has certain practical advantages : it costs less and 
occupies a smaller ground s but the gas made in it 
is not so strong as in the older form of pressure plant, 
and in some cases this advantage of the latter is impor- 
tant. The fuel consumption per horse-power hour and 
the labour required are about the same in both types of 
lant, provided the steam required is raised without an 
independent boiler. The consumption of water is the 
same in both types. It is also worth mentioning that 
where there are several engines to serve, the arrangement 
of the gas-pipes is greatly simplified, and their cost is 
proportionally reduced, also the engines can be s 
more readily, when the gas can be taken from a small 
gas-holder instead or from several suction plants. 

There are many interesting questions which affect the 
working of an engine when suction-gas is used, but they 
are beyond the scope of this paper, and rather reluctantly 
the author refrains from discussing them. It is, however, 
desirable to consider the variations in the wg of 
suction-gas when the engine is working with light and 
variable loads. It has been seen that in a suction plant 
the quantity of gas produced is regulated by the action of 
the engine, as there is a draught of air and steam through 
the producer every time gas is admitted to the engine. 
If the latter is of the Otto type, the gas-valve opens at 
every fourth stroke when there is a full load ; but when 
the engine is governing, the valve is opened less frequently, 
and consequently there are longer intervals betwen the 
intakes of air which are drawn into the producer. It is 
therefore important to consider how this varying quantity 
of air affects the condition of the fire and the composition 
of the gas. 

It is safe to say that no producer makes gas of equal 
calorific power at all rates of production, and, speaking 
generally, it may be assumed that the best gas will be 
made when the producer is worked uniformly at its maxi- 
mum, or nearly its maximum, Sage At any rate of 
production considerably less than the maximum the 
calorific power of Se will be lower. To test this prac- 
tically, the author had some trials made with a 40-brake- 
horse-power engine working with a full load and with no 
load at all. The gas was made with ordinary gas-coke ; 
the full-load test was made when the fire was in good 
working order, and the no-load test was begun by throw- 
ing off the load and the belt, while the engine continued 
to runat the same speed. The no-load test lasted three- 
uarters of an hour. The following analyses represent 
the average composition of the gas in each test :— 


|Per Cent. by Volume. 


|Full Load.| No Load. 


Carbon monoxide F * an 27.65 2.4 


Hydrogen .. . 9.85 7.0 

Carbon dioxide .. 3.8 4.9 

Oxygen. 0.3 0.5 

Nitrogen, &c. - ; 58.4 66.2 
Calorijic Power, 

B.Th.U. per cubic foot .. id 128.9 101.0 

Calories per cubic metre ‘ > 1147 899 


The author had this further tested at Derby (1906) 
during the trials of suction plants made on behalf of the 
Royal Agricultural Society. To test their working with 
widely-different } the judges ordered the plants to be 
run for two hours with no load immediately after starting 
up in cold producers, then for one hour at full load, then 
for another hour with no load, and afterwards for 
successive periods of one hour each with one-quarter, one- 
half, and full loads. The author took this opportunity to 
have numerous samples of the gas taken in one of his own 
20-horse-power plants working with small anthracite 
under these varying conditions, and the following are the 





* “ Moteurs 4 Gaz,” vol. — eg ; “* Encyclopedia 
Britannica,” vol. xxviii., page 606. 


results :— 
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Taste II. 
Calorific 
Power. 
Conditions } c 
of CO. | Hy | CHy | 002/02] No 2 |e 
Working. | | "2 as 
| gos eee 
| ete 
a ad S) 
First hour: No | 
load .. -. 102 1106 2.15 /11.2 | 0.1! 64.7 102.7, 913.9 
Second hour: j 
No load -. 12.46 12.15 2.0 10.1 -- 63.3 | 105.8 941.5 
Third hour: | | 
Fullload .. 22.25 15.9 1.95 5.25 0.1) 54.65 | 152.3 1355.3 
Fourth hour : j | 
Noload .. 183 (136 | L2 | 9.05 | 0.3 | 58.55 | 122.8 1092.7 
Fifth hour: | | 
Quarter load 20.0 | 11.8 0.75 | 8.3501) 59.05 117.5 1045.6 
Sixth hour: | 
Half load .. 29.9 14.0 0.7 7.7 . | 56.7 | 127.7 1136.4 
Seventh hour : 
Fuilload .. 21.5 14.5 1.2 7.6 65.2 136.8 1217.3 


As was to be expected, the gas contained smaller per- 
centages of carbon monoxide and hydrogen, and larger 
percentages of carbon dioxide and nitrogen during the 
no-load periods. It will also be noticed that while the 
gas made with no load on the engine, immediately after 
starting in a cold producer, had a low calorific power and 
did not materially improve while the producer continued 
to work without load, yet after the producer had worked 
for a time at full load, and had become thoroughly heated 
up, with a good depth of bright fire, it gave gas of con- 
siderably higher calorific power than before when the 
oad was again removed. The explanation of this is 
mainly a question of temperature. At full load the 
intermittent draughts of air through the fire follow one 
another in quick succession, and the fuel is maintained 
at a high temperature; when there is no | there are 
comparatively long intervals between the intakes of gas, 
so that in the producer there are short sharp suctions of 
air with interv between them during which the tem- 

rature of the hot fuel falls. After the producer has 

en working for a little time at full load, the depth of 
bright fire is sufficient to make good gas during each of 
these periods of suction, and the temperature does not 
at once fall ; so that the ages son continues to make fairly 
good gas for a considerable time after the load has been 
removed. 

If the producer were worked by the continuous suction 
of a fan, instead of by the frequent intermittent suctions 
of an engine, the qua ity of the gas would be practically 
the same under full load, the volume of air drawn in per 
minute being the same for a given power. During the 
no-load period the effect would not quite the same. 
With a fan there would be a steady draught of the 
volume of air uired, and there would be a shallow 
zone of fire near the grate, which would be maintained at 
a sufficiently oa temperature to make good gas; and 
pas of good quality would be produced as long as this 

ot zone was sufficiently deep in relation to the size 
of the fuel. If the air for the producer were drawn in by 
the engine without load, a greater depth of fuel would be 
heated yd reason of the more rapid draught of air 
through the fire ; but a good deal of heat would be dis. 
sipated before the next suction. This points to the 
importance of maintaining the temperature of the fire as 
high as possible when the producer is worked at a reduced 
load by the suction of an engine ; and a step in this direc- 
tion is to reduce the ——— of steam proportionally to 
the volume of air drawn in. If the production of steam is 
continuous while the indraught of air is intermittent, it 
follows that after each interval there must be an excess of 
steam mixed with the air, unless some way of regulati 
the production or admission of the steam is adopted. 
there is too much steam during the light loads, this of 
itself lowers the temperature of the fire and adds to the 
trouble caused by the small amount of air drawn in. If 
the air is heated before it reaches the fire, this also will 
assist to maintain the temperature required. It is not 
easy to fulfil all these conditions without complicating 
the apparatus, but it is well to consider what will give 
the best results, so that a near approximation may be 
obtained. 

It is well known that after an engine has been working 
under a light load for some time with a suction plant 
there is of stop if the full load is put on sud- 
denly. Moreover, when this occurs, it is often attributed 
to an insufficient supply of gas. This is a mistake, as 
the volume of gas necessarily varies directly in proportion 
to the load on the engine ; it is the quality of the gas 
which is at fault, and the explanation of this fact is not 
far to seek. It has been seen that during the light-load 
period the temperature of the fire fal\s, and that for a few 
moments after the full load has been put on there is 
too little hot fire, so what there is is not hot enough 
to effect the necessary chemical reactions. There is too 
little hydrogen, and not enough of the carbon dioxide 
is reduced to the monoxide. The remedy is to put on 
the full load more ually, so that the engine may 
be kept r at full speed in spite of the weakness 
of the . to check the admission of air to the 
cylinder. ne fire in the producer will recover rapidly. 
ea soon be a full supply of gas of good 
quality. 


To realise what occurred the author had the Stercing i 


tests made :—An engine and suction plant were work 

without a load for 70 minutes, and then the full load was 
put on suddenly ; the adjustments of the gas and air 
supplies to the engine were not altered throughout the 


tests, so that the varying mean pressures obtained were 





due solely to variations in the quality of the gas. 
Table III. gives the results :— 
Taste ITI, , , 
A Mean Pressure o 
Time. Indicator Diagram. 
2.50 p.m., load off 76 Ib. per sq. in. 
3.5 74 


” ” , . ” 


3.15 ,, ” 74 ” 

3.25 ,, ” *. 73.5 ” 

3.45 ,, 9° Decreasing 

4.0 ,, fullloadon .. Increasing 84.5 Ib. per sq. in. 


The last three di were taken in succession, 
immediately after putting on the full load. While the 
first of these were being taken, the explosions became 
weaker and weaker ; while the next was being taken they 
became stronger and stronger; and when the last was 
taken the fire in the producer had regained its normal 
condition, and the explosions were regular and 
Those who care to consider these tests more closely will 
find reproductions of the indicator diagrams in the 
author’s book on ‘* Producer-Gas.” 

As bearing on this question, he might mention another 
test which was made. The engine was run without a 
load, and then a brake was applied, and in a short time 
the engine stopped. Tmmoliately after it stopped, a 
sample of gas was drawn from the main near the engine, 
which on analysis gave the following composition :— 


Percentage by 

Volume. 
Carbon monoxide > 16.2 
Hydrogen .. 11.9 
Methane . “= 0.25 
Carbon dioxide .. 9.4 
Oxygen... . as 0.9 
Nitrogen .. : - 61.35 


The calorific value was only 99.4 B.Th.U. per cubic 
foot, or 884 calories per cubic metre. 

The extreme case was taken of an engine running for 
some time without a load, and then having the full load 
applied suddenly. This would seldom occur in ordinary 
practice, and the variations would not be so noticeable 
under the ordinary variations of load ; but the principle 
holds good, and it is evidently important to maintain, as 
far as possible, a sufficient depth of fuel at a sufficiently 
high temperature for whatever variation of load may be 
put on the engine. 

During the Derby trials with anthracite the author had 
numerous samples taken of the gas made in a 20-brake- 
horse-power Dowson plant, and the <n represent 
we 4 —- analyses (per cent. by volume) for full and 

is :— 


Full Load. Half Load. 
Carbon monoxide : 21.95 18.9 








Hydrogen 13.85 14.05 
Methane .. > 1.55 1.60 
Carbon dioxide 7.2 8.05 
Oxygen .. 0.1 0.05 
Nitrogen, &c. 55.35 57.35 
100.0 100.0 
Calorific Power. 
B.Th.U. per cubic foot ae «- Ia7 130.5 
Calories per cubic metre 1243.5 1161.5 


It will be seen that at half load there is less CO and 
more CO, and N, owing to the lower temperature of the 
fire in the producer. Consequently the gas is weaker, but 
it is satisfactory to note that the difference is not great 
between full load and half load. It should also be under- 
stood that there is no difficulty in working a suction plant 
with a steady load which is only a small fraction of 
its maximum ; the difficulty arises whe. a considerable 


increase in the load is put on suddenly, after working | ™®4 


with a low load. 

Analyses of suction-gas made in small plants have been 
given, and the author now gives the composition of the 
gas made in a 350-brake-horse-power suction plant of his 

— The fuel used was ‘‘carbonite” from Hudders- 
field, and during an ordinary day’s run the average com- 
position of the gas was :— 


Percentage by 
Volume. 
Hydrogen 7.92 
Carbon monoxide 30.38 
Carbon dioxide .. 3.04 
Oxygen - 0.42 
Nitrogen .. , 58.37 


The percen of hydrogen was low, but the CO was 
high, and with ite high compression the engine worked 
well. 


It has been shown that ane can be obtained 
with almost any kind of carbonaceous fuel, and that when 
tarry vapours are mixed with the gas they can with ad- 
van io burnt with it in furnaces ; but for engines and 
small heating work all tarry vapours must be eliminated 
before the gas reaches the valves, cocks, &c. Hitherto 
this has been done by centrif tar-extractors, washers, 
and other apparatus which add to the complication and 
cost of the plant. Some attempts have been made to 
draw off the tarry vapours from the upper part of the 
producer, and to return them to the lower part of the fire, 
where combustion takes piace ; but so far as the author is 
aware, none of these plants has been altogether success- 
ful, as some of the vapours go for with the gas, 
and must be removed by extractors or washers, &c. 
Another method of fixing the tarry vapours is to work 
the producer with a down-draught instead of an up- 
draught. In this way the tarry vapours from the raw 
fuel (put in at the top) are compelled to pass through the 
fire, so that they may be converted 
into fix It is almost impossible to do this 
effectually in continuous work, owing to the difficulty of 
maintaining a suitable temperature. It is also difficult 
to burn the fuel completely, and eee Seat oan osee 
mulation of small car or coke, mixed with clinker and 


whole aa of the 
gases. 


ash, in the lower part of the producer. 





The author has always held to the opinion that the 
tarry vapours should be got rid of in the producer itself, 
and that it cannot be right to let tarry gas leave the pro- 
ducer, and then be obliged to remove the tar by extractors, 
&c. With this in view, he designed, in 1903, the producer 
shown in Fig. 6. This producer is double-acting—that is, 
air is drawn in through the top and through the bottom 
of the fuel column. e coal is put in at the top, and 
the upper part of the fire burns downwards. The hydro- 
carbons are distilled off and various useful reactions 
occur ; the coke which remains sinks down gradually into 
the lower part of the producer. The coke is there con- 
verted into ordinary producer-gas by the upward current 
of air (accompanied by steam) which is drawn in at the 
bottom. The mixture of gases leaves the producer 
through an outlet about half way between the top and 
bottom. : 

When working with ordinary bituminous coal, or with 
lignite and several other varieties of fuel, there is no tar : 
it is disposed of altogether in the producer, and no 
mechanical or other tar-extractor is required. After 
leaving the producer the hot gas passes through an 


Fig. 6. DOWSON, 1903 
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external vaporiser, to cool the gas, and so raises the steam 
uired for making the gas. It then passes through 
suitable scrubbers, and is ready for use in the engine to 
be worked with it. ‘ 

This bituminous plant can be worked by the suction 
of an engine, or when the gas is to passed into a gas- 
holder for distribution. to several engines, or to heating 
apparatus, there is an exhauster to draw gas from the 
plant and deliver it into a holder. . 

It took a long time to perfect the details of this plant, 
but one for 500 horse-power was started in October, 1908, 
at the works of Messrs. Kenrick and Sons, of West 
Bromwich, and has been working regularly ever since. 
The results were so satisfactory that, in October, 1909, 
they started a second plant of this type for 700 horse- 
power, and both plants are now serving thirteen gas- 
engines which were previously worked with anthracite 
pressure-gas. The author has not an analysis of the gas 
made in the smaller plant, but in the larger one it was 
as follows :— 


Percentage by 
Volume. 
Carbon monoxide 23.9 
—— dioxide .. ea ; io ne os 
n ee oe ee o% o eo he 

ee ee: SS ae 

Nitrogen .. ee inp - a iis zy 51.9 
The calorific eed of the gas is nearly as high as that 
of gas made with anthracite in an ordinary suction plant. 
The fuel used at West Bromwich had the following com- 

position :— 
Per Cent. 

Fixed carbon .. ees i a 55 

Volatile matter (other than moisture) 80 

Moisture .. ee 8 fet on 8 

Ash 7 


Calorific value 13,400 B.Th.U. per pound. 

The coal costs 8s. a ton delivered, as against 23s. for 
anthracite. On an average of several months the con- 
sumption of bituminous coal was about the same as with 
anthracite—namely, about 1 Ib. per indicated horse-power 
hour, including all stand-by, cleaning, and starting losses. 
The gas has no tar when it jeaves the producer, and none 
is found in the scrubbers or overflow water ; and Messrs. 
Kenrick have stated that the gas from the bituminous 
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coal is as clean as the anthracite gas previously used. 
They clean the engine valves only once in about three 
mon’ 

Among other plants of this type in use, Messrs. Faire 
Brothers, of Leicester, are now working one for 400 brake 
horse-power, and they find that their ines work as 
well with it as with the anthracite plant they previously 
used. In their case they use a coal of the following com- 
position when dried at 212 deg. Fahr. :— 


Per Cent. 
Fixed carbon 57.90 
Volatile matter 37.50 
Sulphur 1.00 
Ash .. 3.60 


Moisture, 11.10 per cent. 
Calorific value, 12,100 B.Th.U. per pound. 


At first the author thought that these plants would not 
be suitable for small power, but more recently he has 
a 30-horse-power suction plant of this type working 
regularly for about eight months, and it has given no more 
trouble than an ordinary suction plant working with 
anthracite or coke. The engine valves were not cleaned 
for five months. 

Messrs. Boutillier et Cie., of France, have a producer 
in which bituminous coal is forced into the bottom of the 
fire by means of a screw feed, and as the producer is 
worked with an up-draught from a blower, the tarry 
vapours distilled off at the bottom pass through the incan- 
descent fuel above. Power is, of course, required to send 
in the coal, and the rate of feed must be regulated to suit 
the rate of consumption. The author has seen a plant of 
this type working well with semi-bituminous (demi-gras) 
Belgian coal, containing 12 to 13 per cent. volatile matter. 
He does not know what the result would be with English 
coal, which usually contains not less than 30 to 35 per 
cent. of volatile constituents. 

There are many other producers, some of which have 
points of novelty and interest, but it would not be pos- 
sible to deal with all of them in a single paper. More- 
over, these details do not affect the principles involved, 
and, as he stated at the outset, the author has confined 
himself to certain types, so that their leading theoretical 
and practical points may be more easily considered. 

In conclusion, he thinks it will not out of place to 
point out that for engine work the stand-by loss of a 
steam-boiler is much greater than that of a gas-producer, 
and the explanation is not far to seek. For a given horse- 
power the producer is much smaller, and has far less 
radiating surface than a boiler; it has no water in it to 
be heated, and in a few minutes it can be worked up to 
its maximum production after standing almost any length 
of time. With a boiler, except in the vertical or portable 
type, there isa large amount of external brickwork to be 
heated, and there is a considerable quantity of water, 
even in the tubular type. When the boiler is standing 
the water and brickwork lose heat, and not only more 
time, but more fuel is required to make up this loss than 
in the case of a gas-producer. Doubtless the heat effi- 
ciency of a boiler is high when it is working to 
nearly its full capacity, but the reverse is the case when 




















it is standing. Table IV. gives some comparative 
results :— 
Taste IV. 
Steam-Power. | Gas-Power. 
———EEE tee ee ee — _ - 
| 
| ~~? nnd pn Maximum] Coal Con- 
: P orse- jsumed per Horse- sumed per 
Type of Boiler. Power of | Standing | Power of | Standing 
Boiler. Hour. | Producer.| Hour. 
aa lb | Ib. 
Various = .. ../ 100 14.0 250 5.1 
Lancashire .. os 450 37.5* 250 3.9 
Babcock and Wilcox. . 210 67.0 100 21 
” ” 210 67.0 250 4.5 
” ” 500 180.0 225 3.8 
9 me 500 112.0 375 1.8 
Niclausse 400 50.0 
Lancashire 400 44.7 
Average .. | 71.5 | re 3.5 





* Exclusive of raising the steam pressure from 90 lb. to 120 Ib. 


On this basis, if a 200-brake-horse-power steam-boiler 
works 8 hours and is standing 16 hours, and if it consumes 
2.5 Ib. per peegpeenge f mites hour, the stand-by loss will 
be over 20 per cent. of the total fuel consumed in 24 hours. 
Under like conditions, if a gas-producer of the same power 
consumes 1 lb. per brake-horse-power hour, the stand-b: 
loss will be under 4 per cent. of the total fuel consumed. 
With a 500-brake-horse-power boiler the stand - by loss 
will be about 15 per cent., and with a gas-producer under 
2 per cent. If one takes the percentage of the stand-by 
loss on the fuel consumed during the working hours, the 
following results are obtained :— 


200 Brake 500 Brake 
Horse-Power. Horse-Power. 
Per Cent. Per Cent. 
Steam-power 17.9 
Gas-power .. 3.8 2.0 








A New Finnish Harpourn.—An English syndicate 
which is working in conjunction with some Russian 
financiers is at present applying to the Finnish Senate 
for a concession to build a good-sized harbour at Bjérké, 
at the outer end of the Finnish bay. The plan is to con- 
centrate, as far as possible, the export from Northe 
Europe there, the projected harbour, it is expected, being 
so located that it can be kept open for navigation through- 
out the year. The plan comprises the construction of a 
cailway from St. Petersburg to the place, and the aggre- 
gate cost is calculated at some 3,000,000/. 








THE EFFECT OF VARYING PROPORTIONS 
OF ATR AND STEAM ON A GAS-PRO- 
DUCER.* 


By E. A. Atout, M.Sc., Graduate, late Bowen 
Research Scholar, University of Birmingham. | 

Objects of Research.—The yeep recorded in this 
paper were performed during the months of February to 
April, 1909, on a small gas-producer at the University 
of Birmingham. The chief object of the research was to 
determine the influence of varying quantities of steam 
on the py working and efficiency of a producer plant 
of small size. The supply of air to the producer was, 
therefore, kept as nearly constant as possible in all the 
trials, while the steam supply was varied from nothing, 
to a maximum of 1.14 Ib. per pound of coal. In order to 
avoid complication, and to eliminate all uncertainties of 
measurement which must necessarily arise from the pre- 
sence of tar and volatile hydrocarbons, as well as to obtain 
a fuel as nearly approximating to pure carbon as possible, 
it was decided to use anthracite peas (of the same quality) 
throughout the trials. 

The steam uired for the process was generated 
within the ucer, so that the general conditions 
closely resembled those under which a modern suction 





TRIAL. A 
Duration .. hours q 
Voal supply on —— 59.8 
Coal supply me .. lb. per hour; 14.95 
Calorific value of coal . B.Th.U. per lb.) 14,250 
Heat per hourin coal .. - ce B.Th U.| 214,000 
Moisture per cent. by weight .. 3.97 
Ash per cent. by weight - - oe ‘a 3.41 
Air supply at 32 dey. Fahr. and 14.7 Ib. per sq. in. 
eub, ft. per hour TO4 
Temperatur: .. deg. Fahr. 56.4 
ee oe .. lb. per hour 64.1 
Nitrogen “ a 493 
Oxygen - we 9” 14.8 
Air per pound of coal be cub, ft.) 53.1 
Water in air ss .. Tb. perhour) 0.24 
Water-feed .. 7 
Temperature : ; .. deg. Fahr. : 
Total water to producer .. lb. per hour) 0.24 
Water per pound of coal ° o Ib. 0.016 
Weight of water per hour | 0.0037 
Weight of air per hour J 
Weight of oxygen from water | 0.0144 
Weight of oxygen from air J 
Gas at 32 deg. F. and 14.7 Ib. per square inch 
cub, ft. per hour 970 
tto ° cub, ft. per Ib. coal 65 
Composition by volume o ..Ng percent.) 63.3 
ditto “ “ en ..CO - 28.5 
Ditto --COg 4, 7.2 
Ditto .. Hg - 0.5 
Ditto -CHy » 0.5 
Total combustibles eA - .-| 20.6 
Nitrogen .. lb, perhour,) 48.9 
Hydrogen .. = ‘ _e ™ 0.027 
Water decomposed a4 a ie . = a 0.24 
Water feed aegent. ; ei " . per cent.) 100 
Water decomposed per pound of coal ae ae 0.016 
Calorific value of gas ss B.Th.U. per cub. ft.) 104.3 


Total heat in gas per hour 


B.Th.U.| 101,300 
Heat in gas | 


Heatincoal °° ee - per cent.| 47.6 
Heat to vaporise water-feed per hour B. Th. U.| 
* on per cent. | 


Thermal Efficiency é2 = 


Heat in gas + heat to vaporise mater tee") 47.6 
Heat in cual of 
Temperature of gas leaving producer deg. Fahr.| 750 
Temperature of leaving washer .. - | 121 
Heat lost in washer per hour B.Th.U.| 20,950 
Heat in coal per hour r cent. 9.84 


Heat lost in washer, including sensible and latent heat 
of water vapour - os oe - ‘ 


} 


lant works ; the sole exception being that the air was 
orced into the ash-pit by a fan, instead of being sucked 
through the plant intermittently by an engine. ‘The con- 
ditions were thus kept fairly steady throughout each trial. 
A good deal of uncertainty seems to exist among the 
makers and users of gas-producers respecting the amount 
of steam that is required to give maximum efficiency and 
best all-round working. It was therefore ho that 
these trials would clear up a eal of this uncer- 
tainty. A series of similar trials were performed in 1906 
by Messrs. Bone and Wheeler,+ on a 2500-horse-power 
gas plant. It was felt, however, that the conditions under 
which these trials were performed were vastly different 
from those under which most of the smaller plants work, 
and that it was necessary to repeat them on a small 
plant with non-bituminous fuel, to gain a more exact idea 
of the influence of steam upon producers of small ca) 
Every factor liable to influence the process of gasification 
was accurately noted, and the results obtained should 
therefore be applicable to modern peaert — 
and should in addition throw some light on the theory of 
gas production. 

Reactions Taking Place in the Producer.—A brief con- 
sideration of the theoretical —— involved in the 


Heat lost in washer 


r cent. 
Heat in coal ” 


manufacture of producer- mes necessary at this 
point. The true nature of the combustion of solid carbon 
is still, among scientists, a vexed question. Some | a function of the tem 


proceeds in two stages ; first of all with the production of 


carbon dioxide, 
C+Q,=O0,.. (1) 


and then with the reduction of the dioxide on further 
contact with carbon, 


Co, + C = 200 (2) 


Others maintain that the combustion proceeds in a single 
stage direct to carbon monoxide, 


20 +0, =200 (3) 


At the bottom of a gas-producer, however, the carbon is 
never in excess, so that the author is of opinion that 
the first two reactions probably take place within the 
producer. However this may be, the final chemical and 
thermal results of the combustion are the same in each 
case, so that it is sufficient to confine our attention to the 
last reaction. 

The combustion of 1 lb. of carbon to carbon monoxide 
is accompanied by the evolution of 4400 B.Th. U., leaving 
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the other 10,200 B.Th.U. still obtainable to be given out 
by the gas in the second stage. The gas thus obtained 
has the following theoretical composition: OO = 34.7 
per cent., N = 65.3 per cent. by volume. Its calorific 
value is 118.4 B.Th.U. per cubic foot, and the volume 
of gas given off per pound of carbon is 85.9 cub. ft. at 








B. ©. D. sw ft @ 
4 q 3.67 4.25 4 4.083 
62 60.25 57 63 62 63 
16.5 16.06 15.55 14.83 15.5 15.4 
14,300 14,250 14,950 14,500 14,200 14,600 
222,000 | 214,500 | 232,000 | 215,000 | 220,000 | 224,000 
3.58 4.29 2.55 34 8 86| 3.62 3.04 
3.26 3.57 2.2 $06 | &38 | 387 
778 750 863 7 774 738 
60.0 49.0 60.0 | 46.0 50.0 49.0 
62.8 60.5 69.6 | 64.4 | 62.4 59.2 
48.3 46.6 53.6 | 49.6 48.0 45.6 
14.5 13.9 16.0 14.8 144 | 136 
50.2 49.9 65.5 53.8 49.9 | 47.5 
0.418 0.385 0.316 0.251 0.263 0.298 
3.175 5.95 10.95 10.4 14.375 17.25 
52 46 34 32 49 35 
8.588 6.335 11.266 10.65 14.64 17.55 
0.232 0.421 0.724 0.718 0.945 1.14 
0.0572 0 1047 0.1617 0.1655 0,235 0,207 
0.220 0.405 0.6°5 0.642 0.904 1.145 
1040 1050 1238 1165 1095 PYS 
67 2 69.8 79.6 78.6 70.7 64.7 
59.4 ALT 5h, 2 54.2 55.6 58.7 
26.5 245 23.0 23.5 20.7 20.0 
7.5 7.7 8.0 &5 9.7 8.8 
6.1 10.5 13.3 13.5 13.3 11.5 
05 0.6 0.5 0.3 0.7 10 
33.1 35.6 368 | 37.3 34.7 $2.5 
485 46.6 63.5 49.5 47.8 | 46.0 
0.355 } 0.617 0.926 0.88 0.817 0.645 
3.20 | 5.55 8.32 7.92 7.35 5.8 
89.3 87.8 | 74.0 744 50.2 33.0 
0,208 0.369 0.536 0.635 0.474 0.376 
116.8 125.9 129.5 129.6 123.9 | 118.3 
122,000 132,100 | 160,500 | 161,000 | 135,800 | 118,000 
| 
55.0 61.7 69.2 70.2 61.8 | 625 
4040 7160 12,870 12,200 16,580 | 20,050 
1.82 3.34 | 5.55 5.68 7.62 | 8.92 
| 
56.82 65.04 74.75 75.88 | 69.32 | 61,42 
665 600 550 645 | 550 554 
120 129 11606 | 0S 180s 120 «(| 120 
20,080 | 18,270 19,530 | 19,020 | 18,170 | 16,720 
9.08 852 | 843 | 8.85 827 | (7.46 
| 
19,396 | 20,140 19,570 19,880 | 24,810 
9.08 8.67 9.1 9.02 | 110 
| 


32 deg. Fahr. (0 deg. Cent.). The amount of heat available 
| in the gasis thus 70 per cent. of that present in the original 
coal, and so the thermal efficiency of the process is 0.7. The 
evolution of sensible heat, amounting to 30 per cent. of 
the total heat in the coal, raises the temperature of the 
producer, and causes trouble in working by the formation 
of clinker, which obstructs the blast and interferes with 
an even distribution of air through the mass of fuel. To 
avoid the me of too high a temperature and other 
practical difficulties, some of the sensible heat developed 
may to generate steam, to be passed into the 
producer with the air. This steam may react on its own 
account with the carbon in the following ways :— 


C+ 2H,0 = CO, + 2H, (5) 


Both these reactions are endothermic, the former to the 
|extent of 4300 B.Th.U. per pound of carbon, and the 
latter to that of 2820 B.Th.U., so that each of them has 
the practical advantage of reducing the temperature of 
| the producer. It has been found* that at a temperature 
| of 1112 deg. Fahr. and under the latter reaction takes 
place, while at temperatures above 1832 deg. Fahr. re- 
action (4) is more likely to occur. At temperatures 
between 1112 deg. and 1832 deg. Fahr. the two take place 
simultaneously, the ominance of either being entirely 
rature. It is clear that as equa- 








chemists hold that with excess of carbon the combustion | tion (4) gives the richer gas, and the greater absorption 





neers, April 28, 1911. 
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aan _ — |of heat, it is advisable to work at the 
* Paper read before the Institution of Mechanical Engi- | ture consistent with practical working. 


of the Iron and Steel Institute, 1907, No. 1. | 
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Ae Producer-Gas,” Dowson and Larter, page. 55. 
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centage of CO, in Mond is due to the predominance 
of the reaction onpeeunll ey —e (5), which results 
from the low temperature and excessive steam supply 
necessary for ammonia recovery. This latter considera- 
tion does not enter into the practical working of plants 
generating less than 2000 horse-power, so that in small 
plants the steam.supply can be cut down to any point 
consistent with the non-formation of clinker. 

The actual conditions inside the producer are by no 
means as simple as would appear from the preceding 
reactions. When CO and steam are both present in a 
gas-producer, the following reversible reaction may 
set up:-— 

CO + H,0 Sco, + Hy (6) 
This reversible reaction, which takes place at tempera- 


tures above 932 deg. Fahr., again depends for its balance 
upon the temperature. At high temperatures (1832 deg. 





ahr.) the left-hand side predominates, and at low 
temperatures carbon dioxide and hydrogen are formed. At 
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any temperature between 932 deg. and 1832 deg. Fahr. 
the product of the percentage volumes of CO and steam 
bears a constant ratio to that of the CO, and hydrogen. 
Oscar Hahn* gives the following values for this ratio at 


02 


taney 





different temperatures :— 
©O x Hg0 _ k,| Temperature. K. 
Temperature. Oy x H ° perature. 
786 deg. O. 0.81 | 1086 deg. ©, | 1.95 
(1447 deg. F.) | (1987 deg. F.) | 
886 deg. C. 1.19 deg. C. 2.10 
(1627 deg. F.) (2201 deg. F.) | 
086 deg. C. 1.54 1405 deg. C. 2.49 
(1807 deg. F.) : (2561 deg. F.) 








This ratio rises with the temperature, and it is obvious 
that as the producer becomes hotter, change will take 
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* Zeitschrift fiir Physikalische Chemie, 1908. 


place toward the left-hand side of the reaction given by po 


equation (6), tending to increase the percentage of CO. 
The addition of steam, lowering the temperature, will 
cause a change in the opposite direction. The oxidation 
of CO in this way causes an evolution of heat, and by 
raising the temperature gives an impulse tending to check 
the action. The conditions for stability are thus always 
in the direction of high temperature, and the consequent 
formation of CO. 

Reaction (2) has now to be reconsidered. This also is 


cag 419-3. WASHER 


und of carbon, the temperature and efficiency of the 
lant both fall. If, on the contrary, the supply is cut 
own too low, the temperature rises, gives bad working 
and increased heat losses, and yields a poor gus. There 
is then clearly a certain proportion of air and steam that 
will give maximum efficiency, and it was one of the 
objects of these trials to find that point. 

Description of Plant and Arrangements for Trials.— 


The entire plant was made in the workshops of the 
University of Birmingham, and is illustrated in Figs. 1, 
6a6 ! SECTION ON AB 
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a reversible reaction, and depends on the temperature. 
CO, + C $$200 (7) 


At a temperature of 1790 deg. Fahr. Boudouard* shows 
that the percentages of CO and CO, in equilibrium with 
solid carbon under atmospheric pressure ure 99 and 1 
respectively, while at 1497 deg. Fabr. they are 90 and 10, 
and at 1090 deg. Fahr. they have become 20 and 
Generally, then, increase of temperature favours the 
formation of CO, giving richer gas and higher efficiency, 
while at lower temperatures a higher proportion of CO, is 
obtained. The steam supply to the ucer has then 
an important effect, as it controls the temperature at 
which these reactions take place. It therefore determines 
the predominance of one side or the other of the rever- 
sible reacti and so controls the composition and pe 
of gas, and thus the efficiency of the process. I 


steam supply is increased above a certain amount per 


* Annales de Chimie et de Physique, 1901. 
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3, and 4 (above). The producer (Fig. 1) consists of a 
| wrought-iron shell, lined internally with a hollow cylin- 
| der of firebrick. The inside diameter of the lining is 
'10 in., and its height 25 in. The joint between the 

bottom of the lining and the wrought-iron angle-rin 

that supports it was carefully made with fireclay, an 
| the space between lining and shell rammed with the same 
material. Notwithstanding these precautions, some of 
the air found its way up to the top of the producer 
through cracks in the lining, and produced a certain 
amount of CO, by combustion of CO. This accounts for 
the high percentage of CO, in the earlier trials, and 
rtly for the low calorific value of the gas. The fuel 
evel was kept as constant as possible by the distributing 
cone shown in Fig. 1. The conical coal-valve allows the 
coal to be char into the producer without escape of 
r. The grate consists of a grid of 
| wrought-iron bars, with spaces of he between them, 
| 80 that no coal can fall through without burning. The 
id is hinged at one end, and supported by a movable 
rat the other, so that it can be dropped at will, and 
the producer emptied through the cleaning-door. The 
| vaporiser consists of a coil surrounding the distributing 
‘cone in the top of the producer. The steam formed at 
| the expense of the sensible heat of the gas passes out at 
- of the coil, and is conducted by a lagged pipe to 

| the 


-pit. 
The cae, Fig. 3, is of novel construction. It con- 
sists of a cylindrical shell (18 in. in diameter by 48 in. 
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long), closed at the ends, and traversed by a shaft stru 

with thin discs 17 in. in diameter. This shaft is rota 
at 76 revolutions per minute. The discs are alternately 
pierced at the edge C and the centre D, so that the gas 
1s forced to in a zig-zag direction from one end of the 
washer to the other. The washer is partly filled with 
water which is picked up by the small vanes on the discs 
marked C, and dashed intimately into contact with the 
. The largearea of wetted surface thus presented to the 

gas makes this type of washer very efficient as a cooler. 
The whole plant is shown in Fig. 4 as arranged for a 
trial. The air was supplied by a motor-driven fan, and 
its volume ascertained by measuring the drop in pressure 
down a narrow tube (9 ft. long by 1 in. in diameter). The 
differential i Renge used for this pur is shown in Fig. 2, 
602. The large cross-sectional areas at the top give a 


ana movement of the meniscus between the paraffin and 
PER LB. COAL. 
1906 TESTS. 


Fig.7. 
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(2221.F) 


Water -Feed per One Lb. Coal. 


Fig 8 







Temperature of Producer 





0) 6 12 18 24 
(2221.6) Distance upwards from Grate. 
water for a small difference in pressure. The movement 
of the meniscus was observed on a scale engraved in a 
mirror at the back of the gauge, and a calibration curve 
prepared by putting the tube in series with a standard 
gas-meter, and observing movements of the meniscus for 
various rates of gas supply. The same method was used 
for measuring the gas produced. The amount of air was 
adjusted to the required value by opening or closing the 
escape-valve in the air-pipe. The temperature and pres- 
sure of the a were also observed. 

The water was into the vaporiser from a tank sup- 
ported above the producer by a spring-balance, from the 
readings of which the weight and regularity of the feed 
were ascertained. The temperature of the water-feed 
was taken at regular intervals. 

Thé coal was weighed out in lots of 7 lb., a sample 
being taken at each weighing. Each trial was started 
with tho quedaeee full of coal, and the level in the hopper 
was noted. The weighed lots of coal were fed into the 
hopper in each case as soon as this level was reached, 
and at the end the surplus coal was taken out and 
weighed, so that the quantity used during the trial and 
the regularity of feed were accurately known. The - 
sure and temperature of the gas issuing from the preducer 
were taken before delivery to the washer. The tempera- 
ture of the _ leaving the washer was also observed, and 
samples of the gas were taken at this point. The volume 
of the issuing gas was observed in the same way as that 
of the air supply. and its temperature on leaving the tube 
again taken. ‘ he gas-meter, which consisted of a tube 
(9 ft. by 1} in. in diameter) and differential gauge, could 
not be used in trials I and E, as the gauge was not avail- 
able. In these trials, therefore, the. volume of the gas 
was calculated from the equivalence of the nitrogen in 
the air supplied and gas produced. This probably does 
not involve any inaccuracy, as, on referring to the other 
trials, it is found that the weight of nitrogen in air and 
gas 1s very nearly the same in each trial. 

The reason for the adoption of so small a plant was to 
enable it to be tested in a short time. The actual dura- 
tion of each trial was four hours, but the plant was run 
for some three or four hours in each case before any 








readings were taken, to enable the conditions to become 
steady before the trials were commenced. The steadi- 
ness of the conditions was judged from the constancy of 
temperature of the gas issuing from the producer. At 
the end of each trial an electric resistance thermometer 
was introduced into the producer th h one of the poke- 
holes, and the temperature of the producer taken at the 
grate, and at intervals of 3 in. upward from the grate to 
the top of the producer. 

All readings were taken at intervals of 15 minutes. 
The gas samples were taken over mercury at intervals of 
30 minutes, and carefully analysed in the special appa- 
ratus described in the Third Report* to the Gas-Engine 
Research Committee by Professor F. W. Burstall. In 
this apparatus the pressure of the gas is taken after each 
absorption, and the volumes obtained in each case from 
these pressures. The volume of CO present was not 
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(2221.0) 
obtained by absorption in cuprous chloride, but by explo- 
sion with air. e CO, hydrogen, and methane were 
all exploded ther, and the contraction, CO, formed, 
and oxygen . measured in the usual way. This method 


gives three equations from which the respective volumes 
of the three constituents of the gas can be determined.+ 
It was found in the preliminary experiments that with 


* Proceedings of the Institution of Mechanical Engi- 
neers, 1908, Part 1, page 5. ENGINEERING, vol. Ixxxv., 


128. 
; The equations are as follow :— 





Let 
CO = 2, He = y, and CH, = z. 

Then 
st y + 22 = oxygen used. 
z+ #y + 2z = contraction. 
z2+z2 = CO, formed. 








weak mixtures no explosion could be obtained. A small 
ay of oxygen-hydrogen mixture obtained by the 

ectrolysis of water was in these cases added before ex- 
plosion to start the combustion. It was then found that 
the method worked successfully. 

The calorific value of the coal was in each case ascer- 
tained by combustion ina Mahler bomb calorimeter. The 
moisture and ash were also carefully estimated in each 
sample. The calorific value of the heat lost in the 
washer, and water vapour entering the producer with the 
air, were calculated from the observations. The calorific 
values used for this purpose were :— 


ag wo. one B.Th. U. per cub. ft. 
CH, "= 1067 “ 
The efficiency was in every case calculated from the 
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calorific value of the raw coal, and the higher calorific 
value of the gas, and includes the heat required to 
vaporise the water-feed. The heat in the gas is also 
poae as a percentage of the heat in the coal, for the 
e of comparison. 
Deductions : position of Steam.—The first notice- 
able point in these results is to be found in Fig. 5 (page 
602). Here it is found that the percentage of hydrogen 
in the gas does not rise with increase of water fed 
into the producer, when the latter exceeds 0.75 Ib. 
ol und of coal. This corresponds, as seen from 
ig. 6, to the decomposition of about 72 per cent. of the 
total weight of water fed in the ucer. This result is 
very yn as it shows that the maximum amount of 
steam that can be decomposed by anthracite at a tem- 
perature of about 1832 deg. Fahr. is about 0.535 lb. per 
und of coal (Fig. 7). Referring to the curve of Messrs. 
me and Wheeler (shown dotted in Fig. 7), it appears 
from the flattening of the curve that this maximum is in 
the neighbourhood of 0.625 1b. of water per pound of 
coal for large producers working on bituminous coal. It 
follows that there can be no advantage, but only loss, in 
pushing up the steam supply beyond 14 Ib. of steam per 
pound of coal for large producers, and about # lb. of 
steam per pound of coal for small ones. If these values 
are tly exceeded, the increased supply of steam 
merely takes heat from the producer, and loses it in the 
washer. The presence of such excess of steam , of 
course, an effect in keeping down the temperature of the 
producer, and this is advantageous when it is desired to 
recover ammonia from the gas; but in all other cases, such 
excess is harmful, as it has been repeatedly shown that 
large quantities of steam are not necessary for the pre- 
vention of clinkering. The low percen of hyd n 
in the gas is due to the large quantity of air which had to 
be used to keep the vaporiser at a sufficiently high 
temperature to supply the necessary amount of steam 
owing to the inefficiency of the internal steam coil. This 
resulted =? high ratio of air steam, and pa consequent 
presence of a large quantity of nitrogen in the gas. 

The Combustion D Carbon.—The most significant result 
of these trials is that the percentage of OO, remains 
practically constant, in spite of the increasing feed of 
steam to the fire. The high content of CO, in the trials, 
where little or no steam is supplied, is due, as has been 
seen, to a leakage of air. Eliminating the 7 per cent. of 
CO, in the first trialas due to this cause, it is found that 
the maximum rise during the whole of the trials is merely 
about 2.5 percent. It would naturally be expected that 
the increased supply of steam would diminish the tempe- 
rature inside the producer, and result in the uction 
of increasing quantities of from reactions (5), (6), and 
(7). This is admirably shown in the trials of Messrs. e 
and Wheeler, where the CO, (shown dotted, Fig. 5) is seen 
to rise from 5.25 per cent. at 0.45 Ib. water per pound 
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coal to 13.25 per cent. at 1.55 Ib. water per pound of coal. 
Why does not the same rise occur in the author’s experi- 
ments? It seems at first sight that these experiments 
contradict the theory laid down at the beginning of this 
paper—a theory supported by experimental evidence in 
the tests of Messrs. Bone and Wheeler. The contradic- 
tion, however, is only apparent. At the end of each trial, 
as has already been seen, the temperature of the fuel in 
the producer was taken at equidistant levels from the 
grate to the top of the fuel Although the tempera- 
ture curves thus obtained (Fig. 8) are, as might be ex- 
pected, somewhat erratic, yet there is one characteristic 
which is common to all. The temperature keeps fairly 
constant at about 1832 deg. Fahr. (1000 deg. Cent.) for 
a distance of about 18 in. upwards from the grate, and 
then falls rapidly to about 1112 deg. Fahr. (600 deg. Cent.) 
in the next 6 in. or so. In the first 18 in., then, the com- 
bustion of the carbon and oxygen is obviously taking place, 
and all the heat is developed. After this point the steam 
begins to affect the temperature, and causes it to fall with 
extreme rapidity. Now, as has been seen, at a tempera- 
ture of 1832 deg. Fahr. (1000 deg. Cent.) no CO, can exist 
in contact with excess of carbon. The large excess of 
oxygen at the grate causes the carbon to burn to CO 
with the evolution of large quantities of heat, and the 
maintenance of a high temperature. The excess air burns 
higher up in the producer, and so maintains the tem- 
perature, but as we get farther away from the grate, the 
reduction of CO, to CO, and the endothermic steam 
reactions, begin to have the predominating effect on the 
temperature. The first 18in., then, may be termed the 
zone of active combustion, where, owing to the high tem- 
rature, the gases produced are almost entirely CO and 
ydrogen. There is above this about 6 in. or 7 in. of fuel 
bed, in which the temperature is rapidly falling. This 
would have its due effect in re-forming the CO, by 
reactions (5), (6), and (7), if it were not so thin. The 
shallowness of this comparatively cold layer of fuel does 
not allow sufficient time for these reactions seriously to 
affect the composition of the gas and the efficiency of the 


producer. ; 
In a deep fuel bed, say, 7 ft. deep, as in the producer 
used by Messrs. Bone and Wheeler, the first 2 ft. or so 


will form the zone cf active combustion, but the thickness 
of the bed of cooler fuel above will much more seriously 
affect the composition of the gas. In fact, the amount of 
CO, in the resulting gas will simply be the result of the 
reactions corresponding to the mean temperature of the 
belt above the zone of active combustion, and to the 
time during which the gases are in contact with the coal 
in that belt—that is, it will depend upon the depth of fuel 
in the producer, beyond the zone of active combustion, 
and the velocity of the gas. This shows that in producers 
which have a shallow fuel bed, provided there is no leak- 
age, there need not be more than 2 or 3 per cent. of CO, 
present in the gas. If more than this quantity is present, 
it is due either to leakage or to the use of too ta 
quantity of air for the size of the producer. In the latter 
case, the velocity of air through the fuel is high, and some 
of the CO, formed by combustion in the active zone 
esca reduction to CO. The depth of the fuel-bed 
Ghakh thevelote be cut down to the lowest value con- 
sistent with practical working. In large producers a 
deep fuel-bed 1s necessary, as the larger sizes of coal used 
in them do not pack as well as the smaller pieces, and the 
distribution of air across the section of the fuel mass is 
apt to be irregular. In such cases it might even pay to 
have a secondary air supply admitted some distance above 
the grate. This would have the effect of introducing 
another zone of active combustion, in which the heat 
evolved by the combustion of the secondary air to form 
carbon monoxide would be available for reducing the CO. 
coming from the grate, according to the reaction expressed 
in the equation (7). The depth of the cool layer of fuel 
above the active combustion zone would thus be reduced, 
and the re-formation of CO,, according to the reaction 
expressed by equation (6), would be greatly diminished. 

Calorific Value of Gas.—The calorific value of the gas 
is very low throughout (Fig. 9, page 603). This is partly 
due to the low percentage of hydrogen, which is the out- 
come of the high ratio of air to steam. The natureof the 
fuel also is accountable for the very low percentage of 
CH,, which has a great influence on the calorific value. 
It is noticeable that the percentage of combustibles in 
the gas regularly increases until 0.7lb. water per pound 
of coal is reached, and then decreasesagain. The calorific 
value also reaches a maximum about this point. 

Effictency.—In this paper, the efficiency of the producer 
is taken as the ratio between the heat generated which 
does useful work outside the producer itself, and the 
total heat in the coal used during the same period. — 

It will be seen from Fig. 10 that the maximum yield of 
gas occurs at a water-feed of about 0.75 1b. per pound 
of coal. This is about the point where the maximum 
percentage of hydrogen is obtained, and where the calorific 
value of the gas is highest. It fol'ows, therefore, that the 
efficiency of the producer reaches its maximum at this 
point. e lower curve ¢), Fig. 11, gives the percentage 
ratio of the heat per hour in the gas produced to that in 
the coal used. The higher, ¢g, includes the percentage of 
heat necessary to vaporise the water supply. The latter 
represents heat that would otherwise be lost in the 
washer, and as it is taken from the producer, it should be 
credited to that source of supply. - The higher value, és, 
is therefore the true efficiency of the producer. Messrs. 
Bone and Wheeler, at the end of their paper, say: ‘In 
our opinion, the maximum of advantage derivable from 
the use of steam depends, to some extent, on the thick- 


* Mr. Thwaite found in a producer working with air 
alone that at the grate only 2 per cent. of CO was present, 
while at 15 ft. above there was 28 per cent. 
the Iron and Steel Institute, No. 1, 1907. 
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ness of the fuel-bed.” In the conditions obtaining in 
their trials, the maximum efficiency was probably attained 
between 0.4 1b. and 0.5 1b. of water-feed per pound of 
coal. The shallower fuel-bed existing in the producer 
tested by the author, with its consequent high mean tem- 
perature, resulted in the advantageous use of a higher 
proportion of steam than could be economically used in a 
producer having a “~" ¥ fuel-bed. ‘ 

The temperature of the gas leaving the producer is 
shown in Fig. 12. The highest temperature was attained 
in trial A (in which no water was fed into the vaporiser), 
being about 750 deg. Fahr. A steady fall was maintained 
with the increase in water-feed until trial D was reached, 
when the temperature was about 550 deg. Fahr. After 
this the temperature remained fairly constant. 

The waster loss is almost constant from trials A to D, 
the fall being simply due to the drop in temperature of 
the gas. After this point, however, it rapidly rises, 
owing to the sensible and latent heat carried over by the 
surplus steam. The dotted line (Fig. 13) shows the heat 
carried away by the gas alone. The sharp upward slope 
of the latter end of the curve shows the necessity for 
regeneration where large quantities of steam are used. 

In Fig. 14 the efficiency e, is plotted against the ratio 


oxygen in steam 1+ shows that the efficiency is propor- 

oxygen in air 
tional to this ratio up to a certain point (0.65), after 
which it bends sharply, and becomes inversely propor- 
tional to that ratio. Vor the sake of comparison, the 
results of Messrs. Bone and Wheeler are plotted on the 
same diagram. It will be seen that the down-grades of 
these curves are almost exactly parallel. It appears 
from this that the increased supply of steam beyond the 
point of maximum efficiency causes a decrease in efficiency 
oxygen in steam 

oxygen in air 
in the case of these two producers, is the same for equal 
rises in the value of the ratio. Whether this also holds 
for other producers can only be determined by further 
investigation, but the fact that it is the same for two 
producers that are so different as these are appears to be 
significant. 

e author desires to express his thanks to the authori- 
ties and staff of the University of Birmingham for their 
kindness and assistance during the prosecution of this 
research. 
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FOREIGN ENGINEERING PROJECTS. 

We give below a series of colonial and foreign engi- 
neering projects, for several of which tenders are asked. 
Further particulars concerning them can be obtained from 
the Commercial Intelligence Branch, Board of Trade, 73, 
Basinghall-street, E.C. 

Australia: With reference to a call by the Melbourne 
Harbour Trust for tenders for the supply of three steam 
hopper-barges, at an estimated cost a 40,000/., a copy of 
the tender form and specification, together with drawings 
in this connection, have now been received from the office 
of H.M. Trade Commissioner for Australia. Tenders, 
which may be made for one, two, or three of the barges, 
will be received by the Commissioners of the Melbourne 
Harbour Trust, Melbourne, up to June 20. Tenders will 
be considered only from firms carrying on business and 
the actual work of construction in Great Britain, Ireland, 
and the Commonwealth of Australia. A deposit of 250/. 
for each barge tendered for is required from each tenderer, 
to be increased by the successful tenderers to 1000/. for 
each barge to be supplied. The barges are to be delivered 
within twelve months from the date of signing the con- 
tract, and the contractor is to maintain them in use for 
three months. 

Proposed new railways in Australia :—The following 
particulars relative to pro new railways in Aus- 
tralia are taken from the report on the Dominions De- 
partment of the Colonial Office for 1910-11, which has 
recently been issued :— 

South Australia: In consideration of the surrender of 
the Northern Territory, the Commonwealth Government 
undertake to construct a railway from Port Darwin 
southwards to a point on the northern boundary of South 
Australia proper, thus linking the north and the south 
of the Continent, and adding tly to the defensive 
strength of the country. The Eeccmenwtenth Govern- 
ment are to acquire from the State of South Australia, 
on payment, the Port Augusta Railway, and are to con- 
struct, as part of the Trans-Continental Railway, a line 
from a point on the Port Augusta Railway to connect 
with the other part of the Trans-Continental Railway at 
a point on the northern boundary of South Australia 
proper. The Commonwealth Government are also autho- 
rised to construct a railway westerly from a point on the 
Port Augusta Railway to a point on the western boundary 
of South Australia proper. These schemes will facilitate 
the construction of the other great trans-continental 
system to connect the East of Australia with the West, 
in anticipation of which Western Australia joined the 
Federation in 1900. The undertaking has become more 
feasible of late through the discovery of artesian water 
along the proposed route in Western Australia. 

Western Australia : An Act has been passed authorising 
the construction of a railway from Southern Cross to a 
new gold-field at Bullfinch, a distance of about 22 miles. 

Queensland: The proposed Great Western Railway is 
to consist of four sections—viz. (1) From a point near 
Wallal, on the South Western Railway, to Gumbo Gumbo 

k, near Tobermory, proceeding thence in a north- 
westerly direction to a point hear Kyabra Holding, a total 
distance of about 245 miles; (2) from Blackall, on the 
Central Railway, vid the junction of Kyabra Creek and 
Cooper’s Creek, to a point on Farrar’s Creek, near Pal- 

Holding, a total distance of about 348 miles; (3) 
Gen Wisten, on the Northern Railway, to a point on 





Spring Creek, near Spring Vale, and thence to a point 
near Boulia, a total distance of about 361 miles; (4) 
from Malbon, on the Cloncurry, to Mount Elliott Rail- 
way, to a point near Sulieman’s Creek, proceeding in 
a north-westerly direction to near Camooweal, a 
distance of about 328 miles. It is provided that the 
construction of the railway shall be begun, as nearly 
as may be, simultaneously at Wallal, Blackall, Winton, 
and Malbon. It is hardly ible to overestimate 
the importance of the new lines in connecting the 
northern, central, and southern railway systems of the 
State, in opening to development large areas of valu- 
able land, and in bringing about a large increase in the 
white population. The second railway system to be 
constructed in Queensland is to run along the coast, and 
is to connect with the existing North Coast Railway at 
Rockhampton and with the Mackay Railway, the Bowen 
Railway, the Great Northern Railway, and the Cairns 
Railway. This line, which will be about 454 miles in 
length, will be constructed in five sections—viz. (1) from 
Rockhampton to a point north of St. Lawrence, about 
123 miles ; (2) thence to Midge Point, about 122 miles ; 
(3) thence to the southern bank of the Burdekin River, 
about 30 miles; (4) thence to Ingham, near Cardwell, 
about 91 miles ; and (5) thence to Cairns and Mowilyan 
Harbour, about 88 miles. 

Spain: The Gaceta de Madrid contains a notice, issued 
by the Ministry of Fomento, granting to the Spanish 
Railway Company, Limited, a concession for the con- 
struction and working of a railway (steam traction) from 
Madrid to Utiel. 

Italy: The Journal des Transports (Paris) announces 
that, in addition to the 10,000 goods wagons which will 
be ordered for the Italian railways, the State Railways 
Administration have decided shortly to invite tenders for 
the supply of 250 passenger coaches, 200 locomotives, and 
4 S wagons. 

Austria-Hungary: O6¢sterreichischer Zentral-Anzeiger 
(Vienna) notifies that the communal authorities of Dés 
(Hungary) will shortly invite tenders for the installation 
of water-supply works and of a drainage system. The 
cost of the + Mea is estimated at 495,000 kronen 
(20,600/.) for the water works, and 300,000 kronen (12,500/. ) 
for the drainage works. 

Rowmania : H.M. Consul at Bucharest reports that 
the Roumanian Chamber has voted a special credit of 
2,240,000/., to be devoted to the following purposes :— 
The greater part is for public buildings in the capital and 
provinces ; 120,000/. for the continuation of the Constanza 
harbour works ; 16,0002. for refitting and repairs to the 
State-owned mger steamer Carol I.; 12,000/. for 
lighters for use on the River Pruth, to be built in the 
Government docks ; 4000/. as part cost of a small pas- 
senger steamer to run between Braila and Galatz, the 
balance of 14,0007. to come out of next year’s estimates ; 
4000/. for a tug-boat, which will probably be built by the 
Government ; 8000/. for railway work ; 120,000. for the 
completion and fitting of two frontier slaughterhouses ; 
36,000/. for the construction and installation of cold- 
storage buildings for the fishing industry of Galatz and 
Tulcea (State-owned). It is also stated that a fish-curing 
establishment is to be constructed in the Danube delta, 
and that a small steamer is to be purchased for police 


purposes. 

Cuba: The Nachrichten fiir Handel (Berlin) states, on 
the authority of the German representative at Havana, 
that the Cuban Government intend to provide an exten- 
sive system of irrigation throughout the Province of Pinar 
del Rio, and will take as a model the systems in opera- 
tion in South California. A committee has already been 
formed to draw up plans. 

Chili: The Diario Oficial publishes the text of a con- 
tract entered into between the Director General of Public 
Works and Don Manuel Mora, under the terms of which 
the latter undertakes to draw up plans for the construc- 
tion of a 1l-metre gauge railway between Curicé and 

408 Quejies. One year is allowed for surveying opera- 
tions. 

Argentina : With reference to certain expenditure on 
public works provided for in the Argentine Budget for 
1911, H.M. Minister at Buenos Aires now reports the 
publication of a Presidential decree reducing this expen- 
diture. The amended provisions for the works enumer- 
ated in the notice previously published are as follow: 
Purchase of two suction-dredgers for deepening the 
channels giving access to the port of Buenos Aires, 
840,000 pesos (about 73,500/.); purchase of dredging plant 
for the rivers Parana and Uruguay, and the Punta de 
Indio bar, 1,272,727 pesos (about 111,000/.); (building and 
furnishing of new Law Courts has been cancelled); con- 
struction of new General Post Office, 500,000 pesos (about 
44,000/.); new port at Mar del Plata (see Board of Trade 
Journal of January 5 last, page 15), 1,136,363 pesos (about 
99,5002,); construction work on various railways already 
being built, and beginning of lines (1) from San Juan to 
Jachal and (2) from Villa Dolores, Cordoba, to San Luis, 
and rolling-stock, &c., 30,000,000 pesos (about 2,625,000. ); 
construction of military barracks, 1,000,000 (about 
87,500/.); construction of the port of Quequen, 1,136,363 

(about 99,500/.); extension of water supply and 
rainage works in Buenos Aires .nd in several towns in 
the provinces, 11,000,000 pesos (about 957,500/.); con- 
struction of immigrants’ hotels and homes, &c., 1,000,000 
pesos (about 87,5002. ). 








British Coat at Hampurc.—The imports of British 
coal into Hamburg in the first three months of this year 
were 939,875 tons, as compared with 969,112 tons in the 
corresponding quarter of 1910. In the 939,875 tons, North- 
umberland and Durham figured for 559,829 tons, York- 
shire, Derbyshire, &c., for 118,759 tons, Scotland for 
247,716 tons, and Wales for 12,279 tons, 
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‘‘ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 
h mber of views given in the Specification Drawings is stated 
Mach case where none is mentioned, the Specification is not 
illustrated, 

Where in ventions are communicated from abroad, the Names, &c., 

of the Communicators are given in italvs. 
Copies of Specifications may be obtained at the Patent Office, Sale 
ranch, 25, ne ye Buildings, Chancery-lane, W.C., at 


the uniform of 8d. 

The date of advertisement of the nce of a Complete 
Specification is, in each case, given after abstract, unless the 
Patent has been sealed, when the date of sealing is given. 


Any person may, at any time within two months from the date of 
the advertisement of the nce of a Complete Specification, 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


21,583/10. Siemens Brothers’ Dyneme Works, 
Limited, London (Siemens Schuckertwerke, G.m.b.H. Berlin, 
vermany) Rotary Field Electric ormers. 
{1 Fig.) September 16, 1910.—According to this invention, in an 
adjustable rotary transformer, the main windings are situated 
together, either on the stator or on the rotor, and one of the 
latter members which does not accommodate the main windings 


(21,583) 





is provided with a magnetising winding producing a rotating field. 
The diagrammatical drawing shows a side view of part a of a stator 
and of part } of a rotary field transformer. The three slots shown 
of the stator each contain windings p and 8, the former belonging 
to one circuit of the alternating system and the latter to the other 
circuit of the said system. In the two slots shown of the rotor is 
situated the magnetising winding m. (Accepted March 1, 1911.) 


5221/10. D. K. Morris and G. A. Lister, Coventry. 
Electrical Switches. [7 Figs.| March 2, 1910.—This inven- 
tion relates to electrical switches of the type in which automatic 
cut out is effected in the event of an overload or falling of the 
current below a predetermined value by the operation of a thermal 
element, and consists in the combination with a movable contact 
arm carrying one or more laterally expansible strips connecting the 
contact-pieces on the arm, of a pivoted retaining-piece operating 
through an abutment or abutments attached to, or controlled by, 
the said strips for closing the contact-arm, and a catch, or the 
like, adapted to engage the retaining-piece for securing the arm 
in the closed position. a@ isthe movable arm carrying a pair of 
laterally expansible strips b connecting the contact-pieces c and d 
on the arm. e is the pivoted retaining-piece. The retaining-piece 
is mounted on a lever-like element f, mounted on the same pivot as 
the arm a, between a fork-like portion of the latter, and also on 
the same pivot is mounted a forked end of the handle g, which is 
movable to a limited extent relatively to both the arm and re- 
taining-piece. Instead of attaching directly to the strips b the 
abutment-pieces h, against which the retaining-piece presses for 
holding the switch contact-arm in the closed position, it is 
preferred to attach the pieces h by spring strips i to the con- 
tact-arm. By the spring strips the abutment-pieces are held 
against the inner surfaces of the thermal strips ), and when 
the latter expand the abutment -pieces follow them. The 
arrangement of the strips b and i and the retaining-piece is 
clearly shown in the enlarged views at Figs. 2and 3. By mount- 








ing the abutment-pieces independently of the thermal strips. 
the latter are relieved of the stress of holding the switch- 
arm in the closed position. The switch-arm is held in position by 
the pressure of the part e on the parts h through the medium of 
the strips i, and the only function of the strips b during normal 
conditions is to impose sufficient lateral pressure on the abut- 
ments h to retain them in engagement with the retaining-piece. 
The head at the end of the retaining-piece normally abuts against 
the pieces h on the expansible strips; but when the latter 
expand under the heating action of excess current, it passes 
freely between them. At the lower end of the retaining-piece 


(not shown) into the open position. During the first part of such 
movement the fixed and movable tacts are ted, and in 
the latter the spring plate J is depressed for the liberation of 
the retaining-piece which is then also carried back by the arm 
together with the handle. (Accepted March 1, 1911.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


4323/0. E. H. W. Partridge, London. Internal- 
Combustion Engines. [4 Figs.) February 21, 1910.—A 
tool for truing the valves of internal-combustion engines is, 
according to this invention, made in one piece, and consists of a 
cup-thaped or recessed milling cutter, having a central hole form- 
ing a guide for the valve spindle, and extended in the form of a 
handle formed in one piece with the tool. a, a are the teeth of 
the cup-shaped milling-cutter, of the required angular disposition 








to suit the face of the valve to be trued, and provided with suit- 
able clearance spaces }, 6. ¢ is the central hole which forms the 
guide for the spindle of the valve to be trued. The tool-head d is 
extended to form the handle d!. In use, the valve spindle is 
passed through the central hole c, whilst the valve-head rests 
upon the teeth of the cutter, as shown in dotted lines ; the truing 
is effected by rotating the valve-spindle, whilst a slight pressure 
or pull is applied to press the face of the valve on to the teeth of 
the cutter. (Accepted March 1, 1911.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


5035/10. S. Z. De Ferranti, Griedleford. Thrust- 
(12 Figs.] February 28, 1910.—According to this 

invention, the oil film in a multiple thrust-bearing is automa- 
tically maintained by the differences of pressure existing at dif- 
ferent points, and the drag exerted on the oil by the moving 
rts. In carrying the invention into effect, a plurality of collars 

@ are keyed to the shaft b, these collars alternating with a series 
of abutment collars ¢c projecting inwardly from a casing d. In the 
between the two sets of collars are arranged a number of 
standing rings e, one to each space, the rings being bushed with 
white metal to bear on extensions / of the shaft collars, A spring 
device is interposed between each collar ¢ and the co-operating 
standing ring e, the spring preferably bearing not directly on the 
standing ring, but on an intermediate ring. The working faces 
of the shaft collars a are lined with white metal, while the working 
faces of the standing rings ¢e are specially formed in accordance 
with the present invention. Thus, taking one standing ring e 
(see Figs. 2, 8, and 4), its working face is provided with a large 
number of radially running grooves or ducts o for the distribution 
of oil so as to divide the working face into sector-like parts 7, 
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each of which is lightly eased or bevelled from its leading edge 
rearwardly (see Fig. 4) so that a wedge-like space s is formed into 
which the oil is rolled or d d by the action of the adjacent 
moving part. It is found that good results are obtained by 
easing the leading edge to the extent of from three to five- 
th dths of an inch, but the amount and rearward extent 





lever f is formed a projection j, with which can engage a corre- 
spondingly slotted portion on a spring plate / arranged perpen- 
dicularly to the back of the switch. The plate serves to hold the 
arm in the inner position, and also to limit the inward move- 
ment which can be given to the arm. Commencing with the 
Switch-arm @ in its open position, an upward movement of the 
handle g carries the arm a into its cl position, when the lever / 
of the retaining-piece is immediately engaged by the spring 
plate / and held against further movement in either directions so 
that the said piece becomes a rigid abutment which holds the arm 
in its closed position against the action of its ordinary springs. 
The motion from the handle is transmitted to the arm through the 
lever f, the retaining-piece e, and the abutment-pieces A. In the 
event of an excess current traversing the contact-connecting 
Strips b, such strips expand sufficiently to permit the liberation of 


of the easing may vary within comparatively wide limits 
according to the circumstances of the case. The easin 

should never be so small as to be obliterated by the maxi- 
mum amount of wear of the working face allowable ‘n any 
particular case or the lubricant will in effect be scraped off with- 
out entering between the working faces. The oil may be con- 
veniently fed under pressure to the distributing grooves or ducts 0 
from an axial passage tin the shaft communicating with the ducts 
by lateral u through the shaft wall, holes being provided 
in the standing collars, or where necessary, to allow the escape or 
circulation of the oil. In the example shown in Fig. 1, the axial 
passage ¢ is indicated as fed through the oil-inlet w, annulus 2, 
and z. Oentrifugal force acting on the oil in the passages u 
will assist the circulation which should be at least sufficient to 
conduct away any heat generated. It will be seen that in the 
construction shown, all the bearing surfaces are continuall 





the abutment-pieces / from the head of the retaini -piece e, and 
in consequence the arm is immediately swung back by its springs 





drowned in oil (i.¢., if the supply fails for the moment, the oil 


cannot flow away and leave the bearing dry), this reeult beirg 
secured by centrifugal force holding the oil in the spaces between 
the in-turned collars ¢ or between a collar ¢ and an in-turned 
flange y on the casing d. (Accepted March 1, 1911.) 


13 /i0. G. Westinghouse, Pittsburg, U.S.A. 
uction Gearing. [2 Figs.) February 11, 1910.—In re- 
duction gearing for power-transmission systems, in accordance 
with this invention, one of the intermeshing gear wheels is 
resiliently connected to its shaft by means of a flexible diaphragm. 
A pair of pini lare ted rigidly upon a spindle 2. A shaft 
6, with its connection to the spindle 2, will be adjacent to one of 
the shaft-bearings, and this shaft 6, by means of a flexible coupling 
7, is adapted to be connected to shaft 8, which may be the shaft of 
a ~* Ty motor, the speed of which it is desired to reduce. 
The shaft 9 is the shaft to be driven, and is in two parts bolted 
together. Between the two portions of the shaft a diaphragm 12 
is secured, and to this diaphragm two gear-wheels 13 of the wheel 
portion of the reducing gear are secured. The gear-wheels, which 
together form a rigid gear element, are made up of sections on 
which teeth are cut, and sections which are secured to the dia- 























phragm 12. Diaphragm 12 serves as the driving agent between 
the gear-wheel and its shaft, and, of course, to some extent, helps 
to support the gear-wheel on the shaft. With spiral teeth arranged 
as illustrated, when the pinion and gear members are in action 
the longitudinal position of the pinion member is determined by 
the action of the spiral teeth—that is, the pinion member which 
is capable of longitudinal movement within its bearings will be 
moved to, and held in, just the proper position by the teeth. The 
flexible coupling between the motor-shaft 8 and the pinion 
member, which, in reality, includes shaft 6 and the flexible coup- 
ling 7, must be formed so that it can only exert a rotary torque on 
the pinion member, and no force axially when the device is in 
perfect adjustment. By utilising the flexible diaphragm 12 and 
the ball and socket joint for mounting the wheel member, so that 
it has freedom of movement relative to the shaft which carries it, 
the tooth pressures are automatically adjustcd and evenly die- 
tributed. (Accepted February 22, 1911.) 


MINING, METALLURGY, AND METAL- 
WORKING. 


L. 

Machines. March 22, 1910. (5 Figs.) According 
to this invention, in a feed device for rock-drilling machines of 
the type in which the drill is held up to its work by being tup- 
ported on the end of a screw-threaded rod, which works in a tube 
or barrel having a pointed end, which will rest against an opposite 
rock face or any suitable supporting surface, aud particularly to 
machines in which the feed-screw is formed with a buttress 
thread, the ends of the part nuts through which the feed-screw 
works are formed differently, so that they will fit only in one 
position in a sliding-box or cage, this latter being so formed that 
it can only be inserted in one position in a box or cage attached 
to the barrel of the drill. ¢ is the screwed rod which passes into 
the barrel a and carries. the head of usual type for avg | the 
boring or drilling tool. fis the outer box or cage, suitably fixed 
to the end of the barrel a. This box may have openings cut in 
its sides, and is open at both ends, A is the inner box or cage, 
and slides in the outer box f. One corner of the inner box may be 


7187/10. T. Lace and R. Wigan. Rock- 
Drilling 
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bevelled off to fit in a correspondingly shaped corner in the box /, 
in order to ensure that the one will only fit the other in one 
position. The inner box may also have a flange or tongue & fitting 
in a cor nding recess in the outer box, to prevent the inner 
box from sliding through the outer one when inserted therein. The 
inner box is closed at the sides, but is open at the end nearest to 
the barrel a, and the part nuts m,n are inserted in the inner 
box from this open end when the box is withdrawn. The part 
nut m has a T-shaped slot o formed along the back thereof, and 
a screw p, which through a boss on the box h, has a button- 
shaped head which fits in the slot o. By turning the screw p, 
therefore, the head will be caused to move the part nut m cownses 
or away from the rod c. The other part nut » may have its back 
portion partly cut away, as shown, to leave the back I-shaped, and 
the end pieces of the I-shape will = have grooves in them 
which will fit over corresponding inward projections r in the box 
h. The end of the box A furthest from the barrel a is partly 
closed in by walls at s and t, and the ends of the part nuts m, n 
are cut to fit against the side walls. This ensures that the part 








nuts eannot be put in reversed. (Accepted March 1, 1911.) 





606 


ENGINEERING. 





[May 5, 1grt. 





STEAM ENGINES, BOILERS, EVAPORATORS, &c. 

3550/10. H. W. Ridsdale and Parsons’ Foreiga 
Patents Company, Limi London. Marine Tur- 
bine Installations. (4 Figs.) February 14, 1910.—This inven- 
tion consists in a marine turbine installation having one or a 
plurality of impulse stages incorporated with one or more low- 
pressure reaction type turbines, which preferably form the lowest 
ressure element or elements of the ins‘allation, the steam de- 
ivered from such stage or stages when in operation being further 
expanded in one or more turbines on one or more shafts before 
being admitted to the low-pressure turbine. In carrying the 
invention into effect in a marine installation having two or more 
shafts, which are provided with astern turbines, a high-pressure 
turbine comprised within a low-pressure turbine is provided in the 
manner shown, a high-pressure impulse wheel a being placed 
within a prolongation of the casing b containing a low-pressur 
turbine ¢ and the astern turbine d, which, for the purpose o} 
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illustration, is also of the reaction ype. The impulse stage a is 
separated from the low-pressure turbine ¢ by a diaphragm e pro- 
vided with packing at the place where the common turbine shaft 
g passes through. In operation, high-pressure steam is admitted 
to the impulse stage a by one or more nozzles h, and exhausted by 
the exhaust-outlet i, the steam thereafter passing through a high 
or an intermediate-pressure turbine c, with which the impulse stage 
is incorporated, As shown, the ahead and astern turbines c and d 
exhaust into a common eduction-pipe j, but the provision of an 
astern turbine d does not form part of the present invention, and 
any desired number of high-pressure impulse stages may be incor- 

rated with the low-pressure turbine. The casing }, in which the 
ow-pressure turbine ¢ and the impulse stage or stages a are in- 
corporated, has now a substantially constant diameter. Further, 
the low-pressure turbine being itself short, the addition of these 
impulse stage or stages does not unduly increase the length of the 

bined arr t. (Accepted February 15, 1911.) 


30,159/10. P. Carlisle and A. W. Harbord, Sheffield. 
Pac -Rings. (5 Figs.] December 29, 1910.—This invention 
relates to the means for permitting the metallic packing-rings of 
pistons to expand only to a certain defined limit, with the object 
of preventing undue pressure being put upon the surface of the 
cylinder. A pocket A is formed in the piston-rings, and is of 
sufficient width to receive a coiled spring B, preferably of oval 
configuration in its cross-section, The remaining portion of the 
ring is provided with a groove D to receive one or more springs E, 


Fig 




















(2083) 


with longitudinal convolutions. The coiled spring B is to enlarge 
the diameter of the rings, and the springs E are to give the vertical 
pressure. The annular facing or cover-plate F is provided with 
two stop pieces G, which project downwardly on each side of the 
projecting portion of the pocket A, a certain amount of free space 
veing left between the two parts, which space forms the limit 
allowed for the expansion of the ring, and 

pressure being exerted upon the wall of the cylinder. 


revents excessive 
(Accepted 
February 16, 1911.) 


15,259/10. J. Davidson, Pendleton, and W. O. 
Larmuth, Salford. on Gear. (5 Figs.) June 25, 
1910,—In steam-engines in which the cut-off is varied by altering 


the angle of advance of the eccentric which drives the valve or 
valve-gear, movements of the eccentric are effected by a relay 





motor coupled to the centrifugal governor. The eccentric a for 
driving the valve or valve-gear is mounted on the eccentric b 
firmly keyed to the crank-shaft or valve yy ye The centre 
of the eccentric @ is a!, and the centre of the eccentric b is b). 
In the outer edge of the eccentric } is a large flat keyway c. Work- 
ing in this keyway isa key d that is free to slide lengthways of 





the shaft ; this key is a helical key and is securely attached to a 
sleeve ¢ free to slide along the shaft. It will thus be seen that if 
the sleeve ¢ and with it the key d be moved along the shaft, the 
eccentric a will be caused to rotate slightly around the eccentric b. 
The sleeve ¢ is operated by a lever f, the sleeve e carrying a ring 
h, in which it is free to rotate, fixed to the lever /; the lever is 
coupled to the relay cylinder piston 1, the position of which will 
be ted by valve at m from the centrifugal governor in the 
well-known way. (Accepted February 22, 1911.) 


SHIPS AND NAUTICAL APPLIANCES. 


15,450/10. Wm. Simons and Co., Limited, W. Brown, 
and W. Brown, w. Dredgers. (2 Figs.) July 28, 
1910.—In dredgers of the suction type when the dredging nozzle 
is in contact with the ground it becomes a matter of practical 
difficulty to steer the vessel especially in rough weather, or when 
the vessel is ex to currents. Now by this invention a 
dredger of this type is provided with a known system of hydraulic 
devices for keeping the vessel on its course, said devices including 
a jet or sets of jets A adapted to discharge fluid at each side of 





























the vessel B, and arranged to work in conjunction with the 
hydraulic devices fitted to the suction pipe. The vessel is kept 
on the desired line of excavation by the reaction produced by the 
jet or jets A being discharged at that side to which the vessel 
tends to drift. The conduits C supplying water to the jets A are 
connected with the pipe D which leads a jet of water to the 
suction nozzle, so that the same source of water under pressure 
may be used. The conduits C and the pipe E are connected to a 
pump E. (Accepted March 1, 1911.) 


TEXTILE MACHINERY. 


7782/10. J. W. Cook, Manchester, and J. Howarth, 
Rochdale. Spinning-Machines. (2 Figs.) March 31, 
1910.—This invention relates to a device to be applied to pre- 
paration and spinning frames, and the object is to prevent the 
rotation or movement of the rollers of such machines whilst a 
change pinion is being removed and replaced, or a fresh one 
substituted, thus preventing the formation of thick places on the 
yarn or cut yarn. In a preferred form of construction, there is 
attached to any suitable part of the machine framing A, a bracket 
B. The bracket B is formed at its upper portion with prongs 
which carry a stud forming a pivot foradetent G. The detent 
is formed with a slot H. One end of the detent G is tapped to 
receive an adjusting-screw I. By the employment of the adjust- 
ing screw I the position of the detent G in relation to its pivot 





can be altered within the limits of the slot H. The forward end 
of the detent G is constructed to engage closely with the teeth in 
the back roller wheel L. By adjusting the screw I, and thus 
forcing the detent G into close contact with the teeth M of the 
back roller-wheel I, it is pessible to prevent any backward motion 
of the wheel or of the train of wheels driven by it, whilst the 
change pinion is being removed and the retaining nut tightened. 
The rotation of the wheel L is counter-clockwise ; the detent G, 
when in engagement with the teeth of the wheel L, prevents it 
from rotating in a clockwise direction. The prevention of rota- 
tion or movement of the wheel L and the train of wheels conse- 
quently prevents rotation of the rollers, thereby obviating all 
irregular places in the roving or yarn. (Accepted February 15, 
1911.) 
2768/10. R. C. Livesey, Blackburn. Yarn-Warping 
mes, (5 Figs.) February 4, 1910.—This invention relates 
to yarn-warping machines having a slow-speed pulley interposed 
between a fast and a loose pulley, and consists, in the combina- 
tion with a slow rotating starting motion provided with a clutch, 
of a pivoted lever supported by a stirrup or bracket on the setting- 
on rod which is operated to throw the clutch out of gear when 
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(2766, 


the strap-fork is over the loose pulley, to facilitate Ha | off. 
The driving-shaft A is provided with the loose pulley B fast 
pulley C. Between the fast and loose pulleys an intermediate 
pulley D is mounted loose on the shaft A with a boss or sleeve 
extending through the loose pulley upon which the latter 
rotates, and upon which a toothed wheel E is secured. The 
wheel E with a wheel E! of larger diameter on a short 
spindle, which also carries another wheel F of smaller diameter 





rotating with it. The wheel F gears with a wheel G of large 
diameter loose on its carrying sleeve. On the driving shaft adja- 
cent to the wheel G a clutch H is ted, one ber of which 
is keyed to the shaft, and the other member is loose thereon, the 
latter being eomnenies to or driven by the wheel G, and the 
former sliding over a key or feather on the shaft. The clutch H 
may be a cone friction clutch. The sliding member of the clutch 
is moved into and out of gear with the other member when the 
setting-on handle and strap-fork are moved, so that the clutch 
members are out of gear when the machine is stopped, and also 
either out of gear when the strap is on the fast or driving pulley ©, 
or inoperative on account of the one-way clutch. The clutch-fork 
is carried in an arm K pivoted to a bracket and provided with an 
incline k! on the under side, anu preferably with a second incline 
k*, The arm K isheld up by a link L suspended from the strap 
fork-rod M. The rod M ismoved toand fro by a toothed quadrant 
on the setting-on rod N gearing with a rack carried thereby. The 
arm K falls to operate the clutch-fork when the link L is with. 
drawn from the inclined projection k!, and the downward move- 
ment of the arm may Le aseisted by the spring S or by a tappet 
8! on the rod engaging a hump or projection on the upper side of 
the arm. To the setting-on rod N a quadrant is fitted with a 
spring catch or pawl engaging notches therein to retain the rod 
at rest when on the loose, slow, or fast pulleys. (Accepted 
February 15, 1911.) 


MISCELLANEOUS. 


3394/10. J. W. Seddon, Painswick. Anemometers. 
(3 Figs.) February 11, 1910.—According to this invention, the 
indications of velocity are arranged around the dial at equal or 
substantially equal distances, and the leverage at which the slid- 
ing pressure disc acts upon the transmitting lever is maintained 
constant. In order to provide for the correct translation of the 
pressure into velocity, the receiver disc or plate is mounted upon 
a horizontally sliding member B having a toothed rack b! at its 
upper edge or surface, the sliding member being incapable of 
rotation. Gearing with the toothed rack b! is a toothed segment C 
which is pivoted and suspended after the manner of a pendulum, 
the segment having an arm c! fixed at its one side, and which arm 
projects below the liding member to a point at which it is coupled 
to the upper extremity d! of a coiled spring D, the lower extremity 
of which spring is secured at a central point under the segment 
pivot. As the sliding member exerts a tangential effort tending 
to displace the segment, and as the spring opposes this tangential 
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effort, it may be said that the spring exerts an effort tangential 
to the segment, and which opposes the tangential effort of the 
sliding . This tangential effort of the spring has been 
found to vary nearly as the cube of the angle of displacement of 
the sector. It is necessary, therefore, in a certain degree to assist 
the effort of the spring, to thereby obtain a resultant effort, 
opposing that of the wind, and which is of such a character as to 
provide for the desired equal indications of equal variations in 
velocity. To do this the applicant in one arrang t depends 
upon the weight of the toothed segment (for angles under 30 deg. 
or 40 deg.) in suitable combination with the effort of the spring, 
the desired compensation being thus effected. The toothed 
periphery of the segment is adapted to gear with a pinion on the 
pointer, by which means the latter is displaced, and as there is 
very little extension of the spring in the few initial degrees from 
zero, it may be desirable to slightly spread out the indications 
for these degrees on the dial. (Accepted February 15, 1911.) 


23,096/10. J. Keith, Londov. Cen al Fans. 
{10 Figs.) October 6, 1910 —A fan-runner of a centrifugal fan 
comprises, according to this invention, the combination of all the 
following features—viz., a plurality of tapered blades, the outer 
and inner longitudinal edges of which lie on substantially conical 
surfaces differently inclined to the axis of the runner, the external 
and internal diameter of the runner being greatest where the 
blades are narrowest, each blade being so set that both the outer 
and inner longitudinal edges thereof are inclined to a plane, in- 
cluding the axis of the fan-runner, a ring joining the narrow ends 











of the blades, and a disc joining the wide ends of the blades. In 
the open fan-runner shown, the blades are so set that both the 
outer and inner longitudinal edges a and } respectively are in- 
clined toa Sp including the axis of the fan-runner, the outer 
longitudinal edge a of any given blade sloping rearwardly in 
counter clockwise direction from an imaginary plane including 
the axis, and the inner longitudinal edge } sloping forwardly from 
the said plane—i.e., in the opposite direction. In both these 
cases the runner is intended to rotate with the convex surfaces of 
the blades presented to the air. (Accepted February 22, 1911.) 
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STONE BREAKERS. {Boyle's <:“Air-Pump Ventilators 
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THE UNIVERSITY OF LONDON: THE 
TRAINING IN APPLIED SCIENCE. 
By C. A. M. Smrra, M.Sc. 

AtrHoucH we all know that London is the 
greatest city the world has ever seen, we are at 
times apt to overlook its proportions. The Metro- 
polis of the Empire is, in fact, an tion of 
several cities. Although not favoured by Nature 
with coal and iron in its vicinity, it is, from an 
engineer’s point of view, the centre of many things 
which interest. In Westminster there are the 
offices of the professional.engineers. In Queen 
Victoria-street the commercial side of engineering 
work is seen. In the East End, especially by the 
river, the manufacturing or workshop side of engi- 
neering is in evidence. Sone it is often stated 
the engineering work is leaving London, there must 
always be much engineering employment in the 











Law Courts also mean professional work in applied 
science matters. Itis significant that those technical 
institutions which are national rather than local 
are in London. It is not altogether surprising, 
therefore, that there are many more consulting 
engineers in London than in any other city in the 
Empire. It would be interesting to analyse the 
membership of the chief engineering institutions 
and see how many of the members resident in 
England have London addresses. 

Let us, for a moment, consider London from 
another aspect. There are 7 million inhabitants in 
the London police area, and about 8 or 9 millions 
in the London supplied by the Metropolitan Water 
Board. It is computed that in twenty years 
hence the population may be anything from 12 to 
15 millions. And in order to fully appreciate the 
existing and probable state of affairs you must 
motor round a 20 or even 30-mile radius of London. 





Because of its great size and the almost infinite 
variety of its activities, there is extensive competi- 
tion and great subdivision of labour. The struggle 
for work is greater, but success brings a better 
reward than in the provinces. On the other hand, 
failure spells greater disaster. Poverty and riches 
are a greater contrast in the Metropolis. Yet London 
attracts—newcomers from home and abroad consti- 
tute one-third of the population. The people are 
either so busy, or so idle, that they know little, and 
seem to care less, of what London is doing in the 
way of university education. It will even come as 
a surprise to many London readers of ENGINEERING 
to follow the details set out below. 


Tue University ENGINEER. 


In the past we have heard a great deal about the 
American technical universities, and concerning 
Charlottenburg and the methods in Germany. It 
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vicinity of such a large port, and a city containing 
so many inhabitants. tis true that there is less 
shipbuilding work done on the Thames side than 
formerly, but other industries—the electrical, motor- 
car factories, &c.—have grown to much larger 
proportions than was the case a few years ago. 
the total industrial population of England and 
Wales employed in factories and workshops one- 
seventh is to be found in London. . 

In the problem of university training for engi- 
neers, we are more concerned with the professional 
side than with the purely commercial or workshop 
aspect of applied science. London is, naturally, 
the head-quarters of this professional side, and it 
is not difficult to understand why. There is a great 
deal of Parliamentary work, connected with new 
railways, water schemes, &c., which provide employ- 
ment for many professional men. All of the 
Government work is naturally centred in London. 
The Admiralty, the War Office, the Home Office, 
the Local Government Board, and other Govern- 


ment departments are increasingly dependent upon 


the advice of engineers. The Patent Office and 





The population in the suburbs is growing rapidly. 
It is surprising to notice the comparatively recent 
creation of small towns at Harrow, Willesden, and 
other places now rendered more accessible from the 
City and Westminster by improved railway facili- 


Of | ties. 


The astonishing thing is that the average engi- 
neer, employed in London, knows very little 
about the facilities in the Metropolis for training 
students for his own profession. He probably is 
acquainted with one, perhaps two, or even three 
institutions, which have been brought to his notice 
in an accidental manner. If one converses with 
him, one frequently finds that he has a vague notion 
that engineering training of a university type is 
not being attempted in the Metropolis. He ma 
even tell you that the only college training wo: 
having is that obtained in the provinces. In the 
medical profession it is otherwise. The numerous 
medical students at the many centres of instruction 
are all convinced that they obtain the best possible 
instruction in the Metropolis. 

London has its advantages and disradvantages. 
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Gy >» 
Schools of the Oni ity of London 


is only fair to logk around the — of our own 
Empire, and appreciate what has n done, what 
is doing, and whatis likely to be done in the future. 
Teaching universities, with fine laboratories and 
equipment for instruction in — science, have 
sprung into being in London, Birmingham, Man- 
chester, Liverpool, Sheffield, Leeds, and Bristol. 
e sums have been subscribed for this work in 
the Midlands and the North of England. Perhaps 
some of the wealthy citizens will help the London 
University, just as the large-minded and generous 
residents in the provinces have aided their local 
centres of instruction in applied science. The 
existing colleges and institutions in the central 
of London are shown in the map annexed. 

It is intended in this article to deal only with 
engineering education of a university rank. There 
are in the capital many excellent opportunities for 
all es of education—with the ible exception 
of that given in trade schools. any of this 
journal could be filled by a bare recital of statistics 
code on London primary and secondary education. 
We wish, however, to consider only the boy who has 
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reached matriculation standard, and who desires 
to find some centre where he may attend classes for 
the purposes of graduating (in applied science) in 
the University of London. 


THe ENGINEERING DEGREE. 


We might take for granted, as a preamble to any | 
statement upon the subject of examinations in 
engineering, that they must not be considered com- 
plete qualifications for an engineer ; they do, how- | 
ever, show that a man has a certain general 
standard of industry and intelligence. They are 
not a perfect method of selection; but they are 
convenient, inasmuch that a man who obtains a 
university degree cannot be considered as hopelessly 
dull, or oats | to make elementary calculations. 
On the other hand, the teachers fully recognise 
that to be a successful enyineer a man must possess 
other qualities than ability in examinations. 

The aim of those responsible for the London 
degree examinations is to ensure that the students 
have a general broad training in the fundamental 








need to marshal its advantages. It is impossible to 
grip the attention of the student if there is only 
chalk and blackboard. The would-be engineer likes 
to handle machines and materials ; he prefers to 
watch and conduct experiments rather than to 
listen to descriptions. Of course, the laboratory 
courses supplement the lectures. One cannot 
teach the theory of heat-engines or materials with- 
out both lectures and laboratories. 

A splendid feature of the examinations for the 
internal degree in engineering is the high premium 
put upon the work done by the student while at 
college. He submits note-books containing reports 
of the experiments made in such subjects as 
materials, age ines, electrical engineering, and 
hydraulics. He also submits drawings and designs 
made by himself, under the supervision of his 
teachers, in such subjects as the design of struc- 
tures, theory of machines, and electrical design. 
In this way the industrious worker obtains reward 
for the thorough and conscientious conduct of 
experiments and the careful arrangement of reports 





vincial university at Birmingham, London Univer- 
sity took upon itself a metropolitan, or local, side. 
Again we have the outer and inner circles. For the 
outer circle of students are those who are examined 
only, and, when they pass the severe tests laid 
down, are awarded their degrees. The inner circle 
of students—the terms must not be interpreted as 
offensive, as both types have equally good repre- 
sentatives—attend ‘‘ schools of the University,” or 
other recognised institutions connected with the 
University. 

Of the external students it is proposed to say 
little, because they are not, of necessity, resident in 
London, although, as a fact, a number receive 
instruction in the Metropolis. So far as the 
teaching aspects of the London University are 
concerned, the institutions which train engineers 
are divided as follows. There are ‘‘schools of 
the University,” and, in addition, institutions which 
have teachers ‘‘recognised’’ by the Senate of the 
University as capable instructors. The two colleges, 
founded more than seventy years ago, are in the 
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Map sHow1nG CoLontaL CENTRES AT WHICH EXAMINATIONS OF THE UNIVERSITY OF Lonpon Have Bren HE Lp. 


eee of engineering science. There has recently 
en a great deal of debate* concerning the syllabus 
for the final B.Sc. Engineering examination, but it 
is not proposed to discuss the matter here. The 
advocates of change wish to make it compulsory 
that a student who cbtains a degree in engineering 
should be examined in the final in electrical work. 
Those who are against any change say that it is 
quite impossible to examine a student in every 
subject which he has studied while he is at college, 
and that as in all of the London institutions it 
is compulsory for engineering students to attend 
courses in electrical engineering, the responsi- 
bility of that training rests rather with the insti- 
tution than the University. They wish to ensure 
a broad training, with wide options for examination 
without unduly loading the compulsory subjects. 
It has been suggested thai all students should be 
made to take examinations in heat and electricity 
and magnetism at the intermediate examination. 
Concerning the vital importance, to the student, 
of a amr, oa of electricity or prime movers or 
machine design, there is no divergence of opinion. 
It is simply a matter of method, rather than prin- 
ciple, which causes discussion. 
Marks ror Course Work. 

The importance of laboratory instruction for 

engineers 1s now fully recognised. There is little 


* See ENGINEERING, vol. Ixxxviii., page 564, address by 
Professor Fleming, F.R.S. 





on them. Incidentally, it may be added, the teacher 
is armed with a weapon of enormous value. When 
a man is put to work on a test, it is an advantage 
to have some definite incentive for him to do his 
utmost at the job. That is the real benefit of any 
diploma or degree : it stimulates the student to do 
his utmost. A glance through the course work sub- 
mitted for the final examination in London is suffi- 
cient to convince the most pessimistic engineer that 
the new generation do work hard at the colleges. 


INNER AND OvuTER CIRCLES. 


In one respect London and its University resemble 
each other. There are inner and outer circles. 
Corresponding with the City of London and the 
larger area controlled by the London County Council, 
there are the teaching university, with the ‘‘ in- 
ternal” degree, and the examining university, with 
its ‘‘ external” degree. 

In one sense London University is unique. It 
will grant the burner of midnight oil in Cornwall, 
or the student in India, the coveted degree, provided 
that he (or she) is examined in London, or, by 
special arrangement, at one of the Colonial centres. 

he map on the present page shows places where 
examinations of the University of London have, for 
the convenience of candidates, been held. The degree 
is open to all who care to be examined. Indeed, until 
the last decade the University of London was an 
examining body, pure and simple. At about the 
same time that Mr. Chamberlain established the pro- 


first-named division. University College (in Gower- 
street, West-Central London) and King’s College 
(in the Strand) are now both incorporated in the 
University. The Senate—i.c., the governing body 
of the University—are responsible for their finances 
and all details of their work. The authority of the 
Senate is, for certain purposes, delegated to a com- 
mittee for each college. Both of these institutions 
have splendid traditions in the engineering world. 
A glance at the roll of past students, and the records 
of research work done at both institutions, will 
remind the reader of the great reputations built up 
during the past seventy years by these colleges. 
Two other colleges also come into the category 
of ‘‘the schools of the University.” These have 
separate governing bodies responsible for their 
finances. All of their students (who have matri- 
culated) are eligible to be registered as internal 
students of the Cateanttey. This, of course, applies 
also to students at King’s and University Colleges. 
There are several schools, but there are only two 
which have faculties of engineering. These are 
(1) the Imperial College of Science and Technology 
(which includes ‘‘ the Central,” or City and Guilds 
College at South Kensington, S.W.) and (2) the 
East London College, situated in the Mile End- 
road, E. Although geographically at opposite sides 
of London, and different in many ways, these two 
institutions have this much in common. They 
exist solely because of the splendid generosity of 





certain wealthy, but careful, city companies. Both 
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have changed their names. While the original City 
and Guilds College is still affectionately known as 
‘*the Central,” it has become merged into the 
Imperial College of Science and Technology. The 
East London College commenced its career as the 
Drapers’ Company’s Technical Schools, which were 
founded in connection with the People’s Palace. 
It is estimated that at the four colleges named 
there are over 600 day students in training for 
applied science work. 

he other category into which we may classify 
London University centres of instruction is the 
polytechnics. These many and excellent institutions 
correspond in some ways with the technical schools 
of Manchester, Birmingham, and other provincial 
towns. They have very large numbers of students, 
and they are well equipped. Most of these students 
attend evening classes only. South of the river 
there are the Battersea, the Woolwich, and the 
Goldsmiths’ Institutes ; north of the river there 
aie the Northampton Institute, the Northern, 
and the South-West London Polytechnics, as well 
as the West Ham Technical Institute. At these 
places students in engineering may attend courses 
of lectures and conduct laboratory work approved 
by the University. They are then eligible for the 
internal degree. 


MACHINERY OF ADMINISTRATION. 


From the enyineering point of view, the impor- 
tant committees connected with the University 
Degree are the boards of studies in civil and 
mechanical engineering, in electrical engineering, 
and in mining and metallurgy. There are a 
boards of studies in mathematics, chemistry, physics, 
&c. These boards are responsible for the setting 
of examination papers, and, with the approval of 
the Senate, appoint external examiners, who are 
invariably specialists in particular subjects, and 
non-London men. It is probably revealing no 
secret to state that Dr. Unwin, as chairman of 
the Civil and Mechanical Boards of Studies, has 
worked most assiduously to maintain the exami- 
nations on a broad basis and at a high standard. 
Representatives from the institutions mentioned 
above form the boards, together with certain 
eminent engineers, whose practical knowledge of 
what manufacturers require is most valuable. 
Among those at present serving are Sir William H. 
White, Mr. Alexander Siemens, Dr. Tudsbery, and 
Sir John Wolfe Barry. 

There is also the Faculty of Engineering, which 
consists of teachers appointed by, as well as those 
recognised” by, the University. The Faculty 
includes members of the staff of the institutions 
already listed. Civil, mechanical, and electrical 
engineering, mining and metallurgy, are the subjects 
included in the teaching work of members of this 
Faculty. Its function is to make definite recom- 
mendations to the Senate, and to consider the 
reports submitted to it by the various Boards of 
Studies. At present Professor Dalby is Dean of 
the Faculty, and acts as chairman. Professors 
Capper and Cormack have also filled the post. The 
latter represents the Faculty on the Senate of the 
University. 

THe Finat Examination. 

The — for the final are divided into two 
sections. Theyare as follow:—Group A: (1) strength 
of materials ; (2) theory of machines ; (3) theory 
of structures ; and (4) electrical technology. A 
student must satisfy the examiners in any three 
selected from these four subjects. Group B : In this 
group there are many alternatives for the candi- 
date. If he wishes to obtain an honours degree, 
he must satisfy the examiners* in three of the 
Group B subjects, and in any two of these subjects 
for the pass degree. There are now first and second- 
class honours, and Third-class honours are 
being abolished. e Group B subjects are: (1) 
Heat-engines ; (2) hydraulics ; (3) surveying ; (4) 
mathematics ; (5) advanced structures and machines; 
(6) electrical design; and (7) generation, trans- 
mission, and distribution of electrical energy. 

In the year 1910 there were 100 candidates for 
the internal examination in engineering and 59 can- 
didates for the external examination. Of these, 76 
internal and 42 external were awarded the degree. 





“ It would be rather misleading to quote percentages. 
It is said that the Senior Wrangler at Cambeidge soni 
obtained about 25 per cent. in the examination for the 


Speaking in round numbers, there are, each year, 
about 10 first-class honours, 25 second-class honours, 
30 third-class honours, and 50 degrees. In 
future, after 1911, third-class honours will not be 
given. The standard of the first and second-class 
honours degree will be maintained as before. 

It will be noticed that of the seven Group B sub- 
jects, two are electrical, two civil (hydraulics and 
surveying), one mechanical (heat-engines), and two 
difficult to classify. It has been a source of comment 
that comparatively few students are selecting the 
electrical subjects for the final examinations. It 
has been stated that this is due to the relatively 
high standard exacted. Without wishing to discuss 
debatable topics, it may be worth while noting that 
a similar state of affairs exists in the provincial 
universities. It may be that students think there 
are not sufficient openings in electrical work. The 
question of greater difficulty of one subject is surely 
only a matter of adjustment of standard, and any 
one subject may be made as easy, or hard, as any 
other in the final. In any case, it is generally 
agreed that not one student in ten can state 
definitely, while he is at college, what subjects are 
likely to be of service to him in after life. The 
wise student, irrespective of examinations, spreads 
a broad base for his career. 

It should be mentioned that in certain of the 
institutions, and in all of the above-mentioned poly- 
technics, it is possible fora man engaged in practice 
during the day to study as an internal student of the 
University during the evening. The London poly- 
technics have cost over a million in capital outlay, 
and they expend abouta quarter of a millionannually. 
The money is drawn from various sources, including 
the London County Council, the City parochial chari- 
ties, the Board of Education, the City Companies, 
private subscriptions, and students’ fees. By virtue 
of these institutions the ambitious young engineer 
may obtain a University degree at a ridiculously 
low cost. He may earn his livelihood by day, and 
attend classes in the evening for his degree. It 
will therefore be seen that the University degree 
is accessible to the poor apprentice. There are also 
scholarships of nine value, awarded by the 
London and other County Councils, for day students. 


NuMBER OF STUDENTs. 


There are now, during the session 1910-11, between 
4000 and 50900 registered internal students of the 
University of London. It will be interesting to note 
the professions into which it is probable that they 
willenter. There are 1069 students of medicine, and 
there is no doubt about their life-work. The 1254 
science students are rather more difficult to place ; 
many will enter industrial works as chemists and 
scientific assistants. Teaching in elementary and 
secondary schools will form an avocation for a large 
percentage. Of the 1126 art students, many will 
also become teachers. Probably some will drift 
into journalism, politics, or secretarial work. There 
are 252 in the Faculty of Economics and 64 studying 
law. But what about the 495 students working in 
the London colleges for the internal engineering 
degree ? They will have to find their means of 
livelihood in the streams of life. Quite a small 
proportion can find employment in teaching applied 
science. The University engineer has arrived. The 
species is new, but it is multiplying with great 
—s 

n order to fully appreciate these figures about 
the London University two points must be remem- 
bered :—({a) A large number of other students who 
attend the places mentioned above are taking the 
same courses as those students who are working 
for the internal degree. Many have not complied 
with certain details of the internal degree regula- 
tions. Some of them are working for the external 
degree, while others have not matriculated and are 
entering for other examinations. (b) There is 
another and very numerous class of student, which 
attends centres of technical teaching, such as the 
Borough and Regent-street Polytechnics or the 
London County Council School of Marine Engineer- 
ing at Poplar. There are many places in London 
and the suburbs where engineering is taught, but 
where the University degree is not the object of 
instruction. It may also be mentioned that quite a 
number of the students for the external degree are 
coached by correspondence or private tuition. More- 
over, the external degree regulations attract students 





wranglership. The London degree pass standard is 
maintained at a high level. It is agreed that, whatever 
else is done, London must never award degrees without a 
severe test of the candidate’s ability. 





who work in the provinces and abroad, and who 
finally become graduates in the University of London. 
The engineering degree (external and internal) was 
first awarded in 1903. In that year five external 


candidates obtained the honour. Taking alternate 
years, we find that in 1905 there were 22 external 
candidates for the engineering degree ; in 1907 there 
were 37, and in 1909 the number reached 55. 


Post-GrapuaTE Work. 


During the session now drawing to a close there 
have been some advanced lectures in engineering, 
the success of which has been most marked. The 
emient railway engineer, M. Sauvage, came over 
from Paris and delivered a course on superheating 
applied to locomotives. This was followed by the 
lectures by Mr. Dunn on “ Reinforced Concrete,”’ 
Many were turned away during the latter course, 
the large hall of the Institution of Civil Engineers 

roviding insufficient accommodation. At the 
mperial College an advanced course of lectures 
by various experts on railway engineering has been 
well attended. Other advanced, or post-graduate, 
lectures have been given in certain colleges. It is 
to be hoped that this method of supplying intel- 
lectual stimulus and useful information to the 
enginecr in practice will be extended by the 
University authorities. It is a means of keeping 
theory and practice in touch one with the other. 

Another, and possibly more important, class of 
post-graduate work is that known as research. In 
this respect London lags behind other universities. 
Most of the pioneer work that is done in London 
is accomplished by the teachers. The colleges have, 
as a general rule, failed to attract research students 
in engineering. That is one of the features of the 
University which requires immediate attention. 
The matter is closely connected with finance. For 
research work the present facilities and equipment 
of the institutions of the University are entirely 
inadequate. The large amount of routine work 
and teaching which the present members of the 
staffs have to undertake in connection with the 
B.Sc. engineering courses leaves them little or no 
time to carry out or to direct research. Moreover, 
there are no funds available from which to provide 
the expensive apparatus and material required in 
engineering research. Scholarships are urgently 
required for students who undertake post-graduate 
research, for which there is abundant scope in 
materials, heat - engines, electrical engineering, 
metallurgy and many other subdivisions of engi- 
neering science. 

Tue Furvure. 

Engineering is now recognised as a profession. 
The Tostitutions of Civil, Mechanical, and Elec- 
trical Engineers seem determined to raise the 
status of their members. The keynote of Mr. 
Edward B., Ellington’s recent presidential address 
to the Institution of Mechanical Engineers may be 
summed up in one of his sentences. ‘* Substan- 
tially Iam maintaining that mechanical engineer- 
ing is a profession.” Every university in this 
country has a professor of engineering. Every 
ambitious lad, who wishes to become an engineer, 
rather than simply an artizan or a commercial man, 
desires to obtain the degree in engineering. An 
example may, perhaps, illustrate the eagerness 
with which the possibilities of engineering training 
are taken advantage of. Ten years ago, in the 
newly-created University of Birmingham, there 
were about thirty students in applied science, and 
only two or three had matriculated. The improved 
facilities for instruction have had the effect of 
greatly increasing the numbers of technical students. 
A large proportion now matriculate before leaving 
school. The engineering institutions could raise 
the status of the profession, and keep close together 
theory and practice, if they had an official repre- 
sentative on the governing body of each university. 
The status of the profession will also be raised if a 
large proportion of the new members graduate 
before admission to corporate privileges, The 
progress of applied science is inevitably bound up 
with the word ‘‘ research.” Witnesses to that 
fact are numerous. To quote Mr. Ellington* again, 
‘* A very important part of the Institution’s work 
in recent years has been that of ‘research.’” The 
reader will bring to mind the work done by the 
Alloys Committee, and other similar bodies formed 
by the Institution of Mechanical Engineers. 

There is no place more suitable than London 
for research work. It is the meeting-place of 
all the committees of the technical institutions. 
When the work done under the supervision of an 
institution is done in London, it is easy for theory 
and practice to be brought quickly together. For 








* See ENGINEERING, page 363 ante. 
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advanced work many books and papers are required. 
No city offers such facilities for library references 
as does the Metropolis. It was no mere accident 
that Davy, Faraday, Daniell, Wheatstone, Hopkin- 
son, Siemens, Unwin, Kennedy, and other pioneers 
did their research work in London. It is impera- 
tive that each of the Institutions connected with the 
University of London should assist in the develop- 
ment of applied science by carrying out pioneer | 
work, It is equally imperative that the technical | 
societies, as representing the various divisions of the 
profession, should co-operate. 

For eight years the University of London has 
awarded an engineering degree. During that 
— the Senate—the governing body—has not 

en very closely in touch with the engineering | 

rofession. The Senate consists of fifty-six mem- | 

ers. There are nine official medical representatives | 
and one official representative of applied science. 
Many weary hours, it is said, are now was by 
men who give unsparingly of their scanty leisure, 
because of the cumbersome machinery of adminis- 
tration. Two things, therefore, from the engineer’s 
point of view, are required for the immediate and 
adequate development of centres for instruction 
and research in technology in the Metropolis. They 
are : (a) the driving force of money ; (6) the closer | 
co-operation of the ‘‘ captains of industry ” and the | 
engineering institutions. Many believe that when | 
the latter is accomplished the former will also be | 
obtained. Such has been the experience in the | 
provinces. 

An Act of Parliament gives the Senate of the 
University jurisdiction over 2830 square miles. 
With such an area concentration at any one centre 
is impossible. It takes longer to go from West 
Ham toSouth Kensington than from Edinburgh to 
Glasgow. The cost of a daily railway ticket from 
Croydon to Gower-street is more than the fees 
charged by a Scotch or German university. If the 
area is divided up into districts, each having the 
population of Liverpool, it will be seen at once that 
several more technical colleges are still needed. 
Districts of this size must have real existences, 
from a sociological standpoint. The administrative 
counties and the county boroughs must have a close 
connection with the University. Aboveall else, the 
degree must be maintained at its present high 
standard. Paris and Berlin draw from a much 
smaller local population, and have each 12,000 
students at the University. The improved facilities 
for training in technology in America, Scotland, and 
the provincial cities has shown, beyond doubt, that 

nts will make the necessary sacrifice to send 
their sons to college. The youths of to-day are the 
engineers of to-morrow; the training suitable to 
the ‘sixties is not, of necessity, the training for 
the international competition of, say, 1920. It is 
the duty of the present members of the profession 
to see that the new recruits have full opportunities 
to increase, and assist in, the development of tech- 
nical knowledge. 

This brief outline will, it is hoped, give the 
reader some genera] notion of what is being done 
for training in applied science in London. At the 
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present moment there is a Royal Commission and Lord Milner. The problems which they have 
taking evidence upon the whole a of univer- | to solve touch, at almost every point, the ques- 
sity education in London. It is therefore hazardous | tion of — science training. One peculiar 
to attempt to forecast the future. Amo the | difficulty of the problem is the hugeness of the 
members of the Commission are Viscount Haldane | Metropolis. The other is the more or less hap- 
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hazard way in which the various institutions 
connected with the University have grown up. The 
picture is blurred—a mixture of enterprise and 
chance. And behind it all are the misty visions of 
the idealists, the determination of the practical 
sritisher to have something practical done, and the 
extraordinary inertia of the Londoner in matters 
concerning his own city. Despite these things which 
discourage, there is ample scope for optimism. Men 
devoted to the work are applying the forces of 
enthusiasm and experience, which overcome all 
inertia. The history of the past few decades proves 
that money is available for technical education, and 
there are also men well qualified to see that this 
money is spent to the best advantage. 

Concerning the institutions mentioned, more 
will be said in the future, as the opportunity 
presents itself. It is hoped to give a description 


of the Imperial College of Science and Techno- | 


logy in a few weeks’ time. It is sufficient for 


the present to show that the University of 
London is providing many educational facilities 
for all classes of engineers. 








THE MODERNISATION OF THE 
GERMAN FIRE SERVICE. 

Tue record of the Special Commission formed by 
'the British Fire-Prevention Committee to visit 
| Berlin, Hamburg, and Hanover serves as a useful 
' reminder of the extraordinary progress that is being 
made throughout Northern Germany in matters 
' relating to fire protection ; and, incidentally, it bears 
evidence to the energy that is being displayed in 
|that part of the Continent in applying the latest 
systems and inventions to fire-service purposes. 

We dealt exhaustively with the fire brigade 
organisation of the cities named some seven years 
back, in a series of special articles ; but the progress 
made in every direction by the German fire forces 
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here under review is such that we again desire to 
call attention to the excellent example set in fire 
protection by these cities. 

It is a matter of congratulation that a body such 
as the British Fire-Prevention Committee not only 
organises the visits of special commissions to 
foreign countries, but publishes the results of its 
investigations. in a well-illustrated form, that is 
easily understandable and is also generally interest- 
ing to the lay public. Further, it is a feature of 
this record—as is the case with most of the other 
publications of the Committee—that facts only are 
given rather than opinions, a feature which enables 
the reader to make his own deductions without 
being in any way influenced by individual views. 

As in the case of previous Commissions, the 
party visiting Germany was a small one, comprising 
six members, four of whom were executive officers 
of the Committee, one the hon. medical officer, and 
one the Committee’s hon. auditor. Of the two 
latter, the one has provided some useful notes on 
ambulance matters, the other the not unimportant 
data as to cost. 

Bearing on the size and constitution of the Com- 
mission, the preamble to the report contains a 
rather important reference to the subject of the 
popularity of visits to Germany generally. It is 
stated that the Commission think it their duty to 
mention that, whilst small parties of professional 
men, intent on obtaining technical information and 
discussing matters of mutual interest, are welcome 
in Germany, the large parties of trippers that have 
of late years made that country their hunting-ground, 
on more or less flimsy pretexts, are considered a 
nuisance both by the local authorities and the indi- 
viduals interviewed, This impression, we think, is 
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a correct one, and we quite agree with the Commis- 
sion’s suggestion that the matter of certain excur- 
sions should have the attention of the Foreign 
Office, and that anything like official recognition 
should not be accorded to the much ‘‘ overdone 
visitations in mass,” here referred to. They are 
often, it is true, solely arranged in the interests 
of political parties at home, and thus, perhaps, 
excusable ; but more frequently they are solely 
an excuse for the arrangement of profitable tours 
organised by enterprising tourist agents. 

Tue Hanover Fire Bricapve. 

We will not deal at any length with the Hanover 
Fire Brigade, inasmuch as the novelties introduced 
there since we last described the brigade practically 
only relate to long ladders, which we may refer to 
at a later date. The Gamewell system of fire-alarms, 
the introduction of which constitutes an improve- 
ment to the force, are too well known in this 
country to merit space in this article. Mention 
should, however, be made that nf, tg, sa appli- 
ances have also been introduced in Hanover for 
the brigade ambulance service, and that the savings 
we predicted would accrue from working the motor 
appliances as unite of three motors housed in 
self-contained fire-stations, fitted solely for the 

urpose of running self-propelled gear, have been 
ully realised. According to the Commission’s 
report, the first three years’ working of a unit of 
three motor fire appliances at a single unit fire- 
station, meant a saving of 14601. on that period, as 
compared with the cost of working a self-contained 
unit of three horsed appliances. To-day the same 
units, fully eight years old, comprising an electro- 
mobile chemical engine, an electromobile trap, and 
a steam-propelled steam fire-engine, only cost 1431. 
in the upkeep, whilst a horsed unit of three similar 
appliances cost 455l. for the year. It should, how- 
ever, be pointed out that whilst the three horsed 
appliances required three pairs of horses, and six 
special men as coachmen, the duties of the six 
special coachmen are now done by six firemen in the 
ordinary course of their work, for which extra ser- 
vice they receive slightly higher pay. Of course, a 
motor-trap can be left unattended at a fire, whilst 
a pair of hone require the attendance of a special 
man. 

Although there has been some advance in the 
Hanover Fire Brigade since its brilliant innovations 
of 1902, when a complete motor unit was first tried, 
the advance has not of late been so rapid there as 
elsewhere. In fact, with the transference of the 
Chief Officer, Herr Maximilian Reichel, from the 
Hanover Brigade in 1905, to take over the command 
of the Berlin Royal Police Fire Brigade, the hub of 
the great progressive movement in German fire- 
service equipment was transferred from Hanover to 
the Prussian capital. 

Tue Berwin Frre Bricave. 

Berlin, when we wrote of its fire brigade seven 
years back, was not in the first flight as far as 
equipment was concerned. To-day it certainly leads 
for Germany. What it originally lacked in modern 
equipment was made up for in careful organisation, 
in the training of its officers, the keenness of its 
men, and, above all, by its rational tactics. There 
has been no decrease in these qualities; in fact, the 
reverse is the case—there has been material im- 
provement. But whilst in the old days a sound 
organisation and excellent tactics were sometimes 
hampered by an unsuitable equipment, the appli- 
ances which are being installed at present very 
nearly embody perfection, and in three or four 
years’ time the brigade’s ——— should be a 
model to the larger cities of the world. 

Summarised in a few words, the Berlin Royal 
Police Fire Brigade is being transformed bodily 
into a motor fire brigade, able to attack a fire 
instantly on arrival, always able to work up to an 
80-ft. level, always on the spot with plenty of gear 
and a strong crew of men. The principle underly- 
ing the equipment is as follows :— 

(a) Each ordinary fire-station will have one com- 
plete unit of four electromobiles of the standard 
chassis and type. Each unit will comprise a 
chemical engine, a trap, a steam fire-engine, and a 
mechanically-raised 85-ft. ladder, manned by one 
superior officer, four foremen, and eighteen fire- 
men. Everything in a unit will be, as far as pos- 
sible, interchangeable, and interchangeable with 
any other unit. Brains, reference-books for topo- 
graphy, tools of all kinds, ample hose, ample power 
and personnel will be the feature of the Berlin 
working unit, 





(b) Each district station is to have, in addition to 
the electromobile unit, a second unit of three self- 
_—e appliances, including a high-power steam 

re-engine. It has not yet been definitely decided 
what system of propulsion the appliances in this 
latter unit are to have, but it will probably be 
steam, and here, again, there is to be rigid stan- 
dardisation and interchangeability. The second 
unit will also have its superior officer, its strong 
crew, and its well-assorted minor gear. 

At the time of writing there are already four 
electromobile units (sixteen appliances) in com- 
mission ; sixteen additional units—i.e., sixty-four 
appliances—are in hand, making twenty units in 
all ; and we should here mention that the four appli- 
ances of each unit, without their loose gear or 
spares, cost together 61501. 

A remark under the impressions of the Special 
Commission here requires the attention of all who 
have the ordering of fire appliances in this country. 
The Commission states that ‘‘the policy of rely- 
ing entirely on any one form of propelling power 
in a brigade, although economical, is unwise. 
An electromobile brigade, using municipal elec- 
tric current for chan ing its batteries, may be 
without such current during a general strike, just 
when its services might be largely required. 
Oil fuel or motor spirit may not be available 
during war time. There must be provision made 
to meet such occurrences, preferably by providing 
at least two different sources of power (say elec- 
tricity and steam, or petrol and steam).” There is 
no doubt that what the Commission says is right ; 
it would be as unwise for, say, a city like Liverpool, 
Manchester, or Glasgow, to have a ‘‘ park ” of elec- 
tromobiles only charged from local electric power- 
houses, whose workmen are liable to strike. It 
would be equally unwise to have an entire equip- 
ment of petrol appliances, seeing that if we are at 
war with a foreign Power, our petrol supply might 
easily cease. e are glad the Commission has 
pointed this out. The wider aspects of any fire- 
service problems of this kind are not immediately 
apparent to the average city councillor, and they 
are even less apparent to the average provincial fire 
chief, who, in this country, is not expected to be a 
man of education, or of any great attainments. 

Regarding the Berlin electromobile units, they 
comprise, as indicated, the four appliances—viz. 
(1) chemical engine; (2) trap; (3) steam fire- 
engine ; and (4) 85-ft. long ladder. 

A short description of the appliances, as given in 
the British Fire-Prevention Committee’s record, is 
presented below; but we would immediately add 
that the appliances are beautifully designed, highly 
finished, and that they run and steer with excep- 
tional smoothness and precision. The principle of 
ment pe the body low and carrying the heavy gear 
well at the bottom of the appliance, does much to 
improve both their look and their running. The 
short description reads as follows :— 


Points REGARDING THE BERLIN ELECTROMOBILE 
Units. 


The following features should be noted, and 
reference made to the various illustrations of these 
appliances in Figs. 1 to 4, page 610 :— 

Chassis.—‘* Mercédes-Electrique” (Porsche) type, 
with straight frame for chemical engine, trap, and 
steam fire-engine, and curved frame for long ladder. 

Wheels.—Hickory. 

Tyres. —‘** Continental” solid (about 4? in.). 

Motors. —Two electro-motors of 7.5 horse-power 
each, attached to front wheels—i.e., 15 horse- 
power per appliance. 

Battery.—‘‘ Berlin-Hagen” type, eighteen cells 
in three trays, each cell weighing about 22 Ib., and 
costing ll. 15s. 

Effective Range.—37 miles at 184 miles per hour. 

Steam Fire-Engine.—‘* Busch ” type, 1318 gallons 
per minute at 89 lb. At No. 4 Station one of 
these appliances got to work in 2 minutes 31 seconds 
after leaving station. 

Long Ladders.—‘** Improved Shapler” type. At 
No. 4 Sub-District Station one of these appliances 
was raised and shot up and leant against a tower in 
36 seconds. Raised to the ‘‘ Ready ” electrically by 
motor (fed from driving battery), and thereupon 
**shot up” to 83 ft. height, in 20 seconds by CO,. 

Orders for Appliances.—Four units (sixteen appli- 
ances) have been put in commission (1910), and 
sixteen additional units—i.e., sixty-four appliances 
—are in hand, making twenty units in all, at 61501. 
each, without loose gear. 

Economy.—Besides the greater efficiency, more 





—_ range, &c., of the electromobiles, the chief 
officer expects to save about 8000]. per annum in 
upkeep and expenses on these twenty units as 
compared with horse units. 

Turn-Out.—A unit of these four electromobiles 
in the modern No. 4 Sub-District fire-station was 
turned out, with twenty-four men (all ranks), in 
14 seconds, the majority of the men being on the 
first floor at the time of the call. 

Chemical Engine.—This engine carries about 100 
gallons of water under pressure. 


Dimensions, Weight, and Cost. 

















elettie, | Track. | rse’| Width. |Length.| Weight. | Cost. 
| tt. =| tt. | fim. | ft, im. é 
Chemical en-) 5 | 12 | 6 8 | 17 6 | 11,790 Ib.| 1300 
gine | (including 
| | men) 
Trap .. “9 5 12 63/17 6 } 11,137 Ib, | 1250 
| about) 
| (including 
j | | 9men) 
Steam fire- 5 12 6 3 | 17 6 | 12,433 Ib.| 1800 
engine | (about) 
Long ladder .. 5 12 6 | 27 6 /|12,7501b. | 1800 
(front) | | (including 
yay | 2men) 
Cost of electromobile unit without loose gear .. ..| 6150 


Whilst the above particulars of the electro- 
mobile appliances give a general idea, which we 
supplement by four diagrams, it will be well to 
point out that their efficiency is materially 
strengthened by the comprehensive character and 
well-conceived design of the loose gear carried. 
The hose—as all ee titesle hose should be—is 
fitted with either-end couplings of the bayonet 
type. Aluminium is used wherever practicable. 

‘cools are carried to meet cases of (high-tension) 
electrical risks. The appliances carry oxygen 
reviving-gear, smoke-helmets, collapsible asbestos 
screens, heavy tools, also collapsible, for opening 
iron doors and shutters, good general tools, am- 
bulance outfits, jumping-sheets, hook-ladders, life- 
lines, high-power lamps, torches, swabs, brooms, 
mops, cloths—in fact, a veritable collection of every- 
thing that could possibly be of use for fire-extin- 
guishing on modern lines, whilst throughout every- 
thing is neatly and handily stowed, and, with a few 
exceptions, of a most up-to-date character. On 
page 611 we give, in Figs. 5 to 9, illustrations of 
some of the appliances carried by the Berlin Brigade. 

Whilst attention is here mainly directed to the 
fact that the Berlin appliances are now all becoming 
self-propelled appliances, it should not be over- 
looked that the development of the working 
efficiency of the individual appliance is progress- 
ing. The advance of the 80-ft. mechanically-raised 
ladder has been particularly satisfactory, and the 
new telescopic, self-propelled, mechanically-raised 
ladders, which run up to 90 ft., are excellent in every 
way. From the horizontal position they are raised 
to the vertical position by an electric motor, worked 
off the battery that is used for self-propulsion. 
Then they are shot out to their full length with 
the aid of CO,. All the gear for mechanical raising 
has alternative hand-gear. Two men work these 
ladders. It is not, however, a case of there being a 
few of these 80-ft. and 90-ft. ladders available in 
different parts of Berlin, but every unit—the old- 
horsed ones as well as the new ones—have these 
ladders ; and it is not such a very unusual thing for 
a dozen of these appliances to be at work at a tall 
warehouse fire. 

Before leaving the Berlin Brigade we would again 
mention the impending formation of the so-called 
self-propelled units, with steam as their motive 
power. We are, of course, aware that it is not 
customary for a German public authority to ya 
chase appliances outside his own country. It is 
considered bad form—not to say unpatriotic—and 
those placing such a commission abroad would be 
looked upon askance. But, nevertheless, we are 
quite convinced that, although German engineers 
may have beaten us in several directions in modern 
fire appliances—a matter which is largely due to the 
fact that the output in first-class and expensive 
fire appliances is much greater in Germany than in 
England, so that there is more margin for experi- 
mental construction—they have not yet beaten our 
steam-propelled steam fire-engines of the ‘‘ Merry- 
weather Fire King” type, which, for light weight, 
when compared with efficiency, hold the record 
both in Europe and America. 

It is in a way extraordinary that, whilst Germany 
has for some ten years been able to turn out such 
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perfectly finished wp Boge vo it has not nearly 
attained to a first-c steam-propelled steam 
fire-engine. This being the case, and arguing that 
national barriers should not exist in matters affect- 
ing the loss of life and [ pmmwe | from national fire, 
we think that if England buys German long ladders, 
Germany might be well advised to purchase our 
‘* steamers.” It is quite unlikely that they will do 
so, but sometimes the rational and patriotic ‘‘ pro- 
tection” for home industries is too dearly bought, 
and this is a case in point. 
Toe Hampure Fire Bricabe. 

Regarding Hamburg, we find this city in a stage 
of evolution, and here also we see new electro- 
mobile units of four pee per unit, of good 
construction and general efficiency ; but they are 
by no means up to the Berlin standard, either in 
design or finish. They are, in fact, still somewhat 
amateurish in certain respects. The design of the 
older horsed appliances has been adapted to motor 
purposes, whilst at Berlin the appliances are unin- 
tluenced by precedent. Nevertheless, the Hamburg 
equipment is most instructive, and eventually it 
will probably also lead to the construction of 
appliances of a first-class type for that city. 

An appliance at ag sey which, however, claims 
special attention is that known as a ‘‘ tractor.” 
Hamburg has a very large number of steam fire- 
engines—eight large steam fire-engines, fourteen 
small ones, and seventeen fire-floats, &c. Of the 
steam fire-engines, fifteen are, as a matter of fact, 
of British make (Shand Mason), the last having 
been delivered in 1892, soon after Hamburg entered 
into the German Tariff ring. The problem that 
has to be considered is how to bring the heavy 
steamers rapidly to fires without using horse trac- 
tion, and the manner in which this has been 
temporarily solved is to produce an electromobile 
tractor, on to the back of which the fore-wheels 
of the steam fire-engine are run. The electro- 
mobile tractor and the steam fire-engine combined 
then travel as a six-wheel carriage. The tractor is 
still rather a clumsy device, but when properly 
developed may become the regular means for 
Hamburg to utilise its old steam fire-engines. 

At Hamburg, by-the-bye, we should mention 
that the ambulance service (which is worked by the 
police) has also adopted the electromobile. 


CONCLUSION. 


It would lead too far in this article to deal with 
all the many points relating to fire prevention that 
have received notice in the British Fire-Prevention 
Committee’s record here under review, and thus 
we would conclude only with a reference to the 
personnel of German brigades, which has special 
bearing on the progress of the fire service. 

The Commission points to the educational and 
sound status of the German fire-brigade officer, 
and to the training of the men. The German 
professional fire-brigade officers, to whom we must 
attribute the rapid development of the German 
fire service, are men of culture and technical 
attainments. There is no doubt that the German 
brigades have a great advantage (which in England 
is only enjoyed by the Lendon brigade) in the 
fact that the public authorities will only accept 
officers of go eneral education, good ‘technical 
training, and of social status. This not only 
gives the brigades a very high efficiency and an 
aptitude to welcome inventions, but it raises the 
prestige of the brigade. With so-called superior 
officers a force ranks higher in the public estima- 
tion, and is looked upon not merely as a fire-fight- 
ing machine worked by artisans, but as a scientific 
institution guided by men of high calibre. Fifteen 
to twenty years’ consistent policy of only appoint- 
ing first-class men, and plenty of them, to each 
brigade accounts for well in the advance of the 
German fire service, both on the fire-fighting side 
and on the preventive side, and we think we must 
generally attribute to this policy the marked 
decrease in the annual fire loss in Northern 
Germany. 

It seems ridiculous that in our country brigades 
having a large annual expenditure, a numerous 
personnel, a necessity for the higher forms of engi- 
neering and constructional knowledge—brigades in 
which are vested powers of no small moment, and 
a responsibility to protect large populations and 
millions of property —should, to ol e., large extent, 
be laced in the hands of men who, in other walks 
of life, would at the most rank with the fore- 
men of an engineering workshop or of a building 





contractor. No business enterprise would dream of 
placing such responsibilities in the hands of execu- 
tive officers of such minor a nor would their 
boards take the advice of employees of this standing. 
However much we may recognise that the profes- 
sional fire-brigade officer may be a very brave 
fellow, and in some exceptional cases even a very 
fine fellow from a general point of view, and obtain 
considerable practical experience, his education 
and training must be against his affording his city 
that economic form of fire protection and fire pre- 
vention which the superior officer is able to pro- 
vide in London and throughout Germany. This 
lacing of the British provincial fire service in the 
nds of foremen does not accord with our modern 
requirements, and when vacancies have to be filled 
in the future, municipalities would do well to engage 
men to act as chiefs whose credentials are very 
different to those they have been wont to accept. 
Expressed in money, the artisan fire chief may draw 
anything from 1001. to about 400/. per annum, 
according to locality and local practice. From 300I. 
onwards young engineers and surveyors, far more 
fitted for the work, are obtainable, probably even 
with experience either of the former militia, the 
territorials, and of the volunteer fire service. It 
seems unwise, indeed, that some effort is not 
made to obtain a change in this direction. 

As to the fireman, the Commission points to his 
greater freedom from long spells of duty, but, on 
the other hand, to his constant drill instruction and 
workshop training. The fire-station door loafer 
is unknown, and corpulence only met with excep- 
tionally. 

We cannot do better than quote the report on 
the German officer's training, and the fireman’s 
duties, and if the lessons to be learnt in these state- 
ments were appreciated, we should soon find that 
our advance in fire-protective measures would be as 
rapid asin Germany. The quotations are as follow :— 


OFFICERS. 


Professional Fire-Briyade Officers. —In order 
better to appreciate the character of the meeting 
of the German Professional Fire Service Associa- 
tion, it would be well to emphasise the fact that 
the superior officers of almost all professional fire 
brigades in Germany are men of good family and of 
technical education, for the most part men who 
hold diplomas as civil engineers, architects, or 
surveyors, and at the same time hold commissions 
in the Army or Navy Reserves, or they are retired 
ofticers of the artillery or the naval engineer service, 
who have passed through certain higher grade tech- 
nical courses with distinction. For some fifteen to 
twenty years past it has been the practice of the 
local authorities not to appoint as fire-brigade 
officers men who have not at least the above 
credentials. An applicant for the post of junior 
officer must further have been trained (as an 
hon. ensign) for at least six or nine months in a 
large city brigade, and have done duty as an ensign 
(or an hon. assistant divisional officer) for not less 
than three months respectively in one or two other 
professional fire brigades. He must further have 
proved himself suitable for fire-service work in the 
opinion of the chief officer under whom he was 
trained. 

There is no Government stipulation as to these 
qualifications, but the association here referred to 
have made it a rule that the chief officers who are 
members will not accept as junior officers men who 
cannot claim these qualifications, and the public 
authorities have, practically without exception, 
now adopted this view as being of advantage in the 
management of the fire service. The authorities 
have also realised that efficient brigades require a 
strong staff of superior officers; for instance, a 
brigade such as the Berlin Fire Brigade has 
twenty-six superior officers (for about 1040 firemen), 
Hamburg has twelve (for about 512 firemen), and 
Hanover five (for about 120 firemen) ; in fact, but 
few of the small brigades appear to have less than 
two superior officers. 

This policy is mainly intended to ensure the 
ear’ application of preventive measures by the 

rigade, good and scientific tactics in the conduct 
of fire-fighting, and sound economy in administra- 
tion. The risk at stake from fires in most cities is 
so great, and the amount expended on precautionary 
measures and on the fire service sufficiently sub- 
stantial, as to warrant an appropriate expenditure 
on good management and supervision. 

In a few small centres, where the fire brigades 
are not so busy as in the larger areas, some addi- 





tional duties are occasionally allotted to the superior 
officers of the brigades, such as, for instance, the 
enforcement of the Petroleum Acts, gunpowder, 
and oil storage, &c. This relieves the i autho- 
rity from appointing special men for the work in 
question, which, though it may not be very exten- 
sive, yet requires skilled attention. 


FIREMEN. 


Drill.—That in the three brigades visited the 
principle of ney drilling the whole of 
the firemen at least once weekly, and the whole of 
the foremen at intervals, is not only beneficial for 
the efficiency of the force, but is of great physical 
value to the men, and reduces tendency to corpu- 
lence in a country where beer is a favourite beverage. 
The regular gymnasium work is also a valuable 
feature of their weekly routine. 

Instruction.—That the systematic and continuous 
instruction given to firemen and foremen, particu- 
larly in the winter months, both regarding their 
own work, and also in respect to many extraneous 
technical matters, is of great value to all ranks. It 
makes the men popular as ‘‘ handy men ” and tends 
to prevent them from being prejudiced against 
the introduction of, or trial of, new appliances, 
methods, &c. 

Duty Howrs.—That the principle adopted in all 
three fire brigades visited, as also generally 
throughout Prussian professional brigades since 
the last twenty years, of giving each fireman a full 
48 hours of duty at the fire-station, followed by a 
full 24 hours of rest at home away from the station, 
is beneficial to the men and valuable for the 
brigade’s efficiency. 

e firemen, as a rule, during the 48 hours of 
duty, sleep from 10.30 p.m. to 6 a.M., and again 
from 2 P.M. to4 p.m. of an afternoon, unless attend- 
ing actual fires. The on-duty and off-duty men 
change over at 8 a.m. There are only a few 
married quarters, for the warrant officers and 
foremen, in the upper stories of fire-stations, for 
which rent is paid by them as if they had quarters 
outside. 

Workshop Work.—That the practice of utilising 
firemen for workshop work generally is both eco- 
nomical and of value for the general efficiency of 
the brigade. 

Every fireman must either know a trade before 
entering the brigade, or be prepared to learn a 
suitable handicraft during his service. Thus after 
drill, instruction or cleaning, as the case may be, 
he is engaged for a certain number of hours daily 
(during the 48 hours duty spell) in the brigade’s 
workshops, &c. This stops — is good for 
the men, both physically and mentally, and makes 
them useful artisans, &c., upon leaving the brigade. 
The Berlin firemen do all. the nece minor 
mechanical _ of the brigad ig oe ight work, 
carriage building, painting, &c. e work done is 
of good finish, Trost of ‘the fire stations at Berlin 
have convenient, well-equipped workshops. 





EncGuisu-SpanisH TECHNOLOGICAL DicTIONARY.—We 
have received a copy of Ponce de ’s tec! Ns 
dictionary, which is published in two volumes— ish- 
Spanish and Spanish-English—by Messrs. Hirschfeld 
Brothers, Limited, 263, High Holborn, W.C., at the — 
of 36s. net. Both volumes include a yore which, 
according to the title-page, ‘‘ brings the work “—_ up to 
date ;” this statement is an exaggerated on e main 
portion of each volume seems to be a reprint of the 
older Ponce de Leon’s technological dictionary, very com- 
plete in regard to every-day technological terms, but 
somewhat antiquated. Its latest addition, previous to the 
one now on sale, appears to us to have ublished in 
the early ’eighties. This main portion is followed by a 
supplement, which has been Fs ae by Mr. Andrés 
J. R. V. Garcia, with the collaboration of Mr. W. N. 
Cornett, modern language master, Liverpool, the object 
being to “ produce a new nomenclature, supplementary 
not only to de Leon’s work, but to other technologicai 
dictionaries in the Spanish and English la "a 
The supplement is too meagre to have succeeded in 
amie now result. It yh pene in _| 

ish-Spanish part, against for the origin 

work, the numbers being 44 and 782 in the Spanish- 
English volume. The authors of the supplement say 
that “‘ it will itself in turn have soon to be supplemented,” 
owing to “‘ the ever-increasing inventive activity of the 
present day.” This is quite correct, but the supplement 
as now published in the two volumes we have before us is 
far from corresponding with even the comparatively old 
developments in electricity and steam-engine construction, 
let alone the developments in internal-combustion engines 
and other machinery. A glance through the supplement 
has shown us a few irregularities. Thus ‘‘armature” is 
translated both as ‘‘ inductor” and ‘‘inducido.” ‘“ Rendi- 
miento en amperios-horas” is wrongly rendered as ‘‘ watt- 
hour efficency.” 
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OIL-TRACTOR FOR PATAGONIA. 


CONSTRUCTED BY MESSRS. 


MARSHALL, SONS, AND CO., 


LIMITED, ENGINEERS, 


GAINSBOROUGH. 




















Fie, 2. 


Tue fact that the oil-tractor which we illustrate 
above has been constructed for hauling wool from 
farms in the interior of Patagonia to the sea coast is 
significant of the encrmous advance which has, of 
recent years, been effected i1 the construction of 
internal-combustion engines. For work of the character 
in question reliability is a first essential. New countries 
are notoriously deficient in facilities for the mainten- 
ance and repair of even rough implements. The labour 
available is mainly unskilled, so that a hey | high 
degree of trustworthiness is necessary even in the case 
of fixed machinery. With tractors this necessity is 
enhanced by the bad roads, or rather by the not 
infrequent absence of anything worthy of the name of 
road. That an oil-tractor can now be supplied to meet 
conditions of such severity is a remarkable tribute to 
the care and persistence with which weak points have 
one by one been eliminated, until there has been pro- 
duced : & machine with practically the same reliability 














as a steam traction-engine, whilst also possessing the 
inherent advantages of the internal-combustion motor 
in the matter of requiring but small weights of water 
and fuel.. The tractor shown has been built by Messrs. 
Marshall, Sons, and Co., Limited, of Gainsborough, 


and is fitted with the firm’s standard four-cylinder | 
oil-engine, the fuel used being paraffin. The cylinders | 


are 7 in. in diameter by 7 in. stroke. They are water- 
cooled, the temperature of the circulating water 
being kept down by a cooler, through which a 
draught is induced by the action of the exhaust. This 
is supplemented by the draught of a fan, belt-driven 
from the engine countershaft, and arranged in the 
forward part of the tractor, as indicated in Fig. 1. 
Two changes of speed are provided for—viz., 1 miles 
and 33 miles per hour an phon: The whole of the 
weight is spring-mounted, and, as will be seen, 
the whole of the working parts are completely enclosed, 
and the gears run in oil baths. As the engine will 








Fia. 3. 


have to go through serious dust-storms when at work, 
this thorough protection of the working parts was 
absolutely essential. 

Before being despatched to its destination the 
—_— was tested on some common land, very sandy 
and hilly, in the neighbourhood of Gainsborough. In 
Figs. 2 and 3 the tractor is shown going up an incline 
of 1 in 34. The ground was loose sand with patches 
of rushes and scrub. The engine, nevertheless, suc- 
cessfully negotiated the gradient, and then hauled 
up its a after it by means of the winding-drum 
with which it is provided. 








Tuer Russtan Navy.—The Council of the Empire has 
finally fixed the Russian naval budget for 1911-12 at 
110,226,636 roubles, or 3,330,000 roubles in excess of the 
amount voted by the Duma. For the ‘irst time since the 
Russo-Japanese War the Baltic will this year have a 
squadron of four battleships and five armoured cruisers. 
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GOODS LOCOMOTIVE WITH TRAILING TRUCK; NATAL GOVERNMENT RAILWAYS. 


CONSTRUCTED BY 


THE AMERICAN LOCOMOTIVE COMPANY, 


NEW 


YORK, N.Y., U.S.A. 
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Last year we illustrated some locomotives put in 
service on the Natal Government Railways which 
constituted rather remarkable developments for the 
3-ft. 6-in. gauge. We now illustrate another engine 
constructed by the American Locomotive Company 
of New York, for the same railways, which also 
possesses some features of unusual interest. This 
engine is of the 4-8-2 type, and in general arrangement 
resembles the North British Locomotive Company’s 


engine illustrated in our issue of April 1, 1910. In 
actual particulars, however, it is uite distinct, ha 
cylinders 24 in. by 24 in., piston v 
diameters are the same for the engines 


ves,&c. The whee 
by both builders 
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—viz.: 2 ft. 4} in. in diameter for the leading bogie 
| wheels, 3 ft. 9} in. diameter drivers, and trailing 
wheels 30 in. in diameter. We give a reproduction of a 
| photograph of this engine in Fig. 1, above, and some 
| details of the trailing two-wheeled truck in Figs. 2 
|to 13. This engine has bar frames which terminate in 
a steel cross-stay casting just at the back of the rear 
drivers. Thence on to the trailing end the frames are 
‘of plate 1 in. thick. The trailing truck of this loco- 
motive embodies several interesting features. The 
truck itself is shown in Figs. 2 to4. ‘It is pivoted at 
the front end to the cross-stay above referred to, and 
| at the back is controlled by a spring gear fixed to the 
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main frame back casting. To the plate frames are 
attached, over the trailing - truck boxes, what are 
virtually horn-stay castings, one of which is shown 
in Figs. 5 to 7. tween the horns of this casting is 
pl a bearing-plate, of which details are given in 

igs. 8 to 11, and under this, on the top of the box 
itself, the washer shown in: Figs. 12 and 13. The 
springs are thus carried on the main frame, and take 

e weight on the truck-wheels through the bearing- 
plate just mentioned. The weight on these wheels is 

ualised with that on the drivers, an ar ment 
of two diagonally-placed equalising-beams securing the 
necessary change in alignment. 

This engine has a boiler of 64§ in. internal diameter 
at the front ring, and tubes 18 ft. 9 in. long. There 
are 172 2}-in. tubes, and fifteen 5}-in. tubes, the latter 
being provided for the superheater tubes. Tube- 
heating surface to the extent of 2268 square feet is 
thus provided, while the fire-box heating surface is 
149 square feet. The grate area is 35.4 square feet, 
and the working pressure 160 lb. per square inch. The 
superheater is of the type arranged with side headers 
in the smoke-box, and provides 358 square feet of 
surface. The weight of this engine is 76.78 tons, of 
which rather more than 56.5 tons are on the driving- 
wheels. 

This engine, we are informed, is working on ‘the 
heavy section between Durban and Cato Ridge on 
the main line, and is doing very satisfactory work. 
The coal consumption for some months averaged 
102.9 lb. per mile, with an evaporation from and at 
212 deg. Fahr. of 9.05 lb. of water per pound of coal, 
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THE PENHOET SHIPBUILDING 
YARD. 


Iy_ our last volume (see ENGINEERING, vol. xc., 
847) we gave an illustrated description of the 
enhoét yard and engineering works belonging to the 
Société Anonyme des Chantier et Ateliers de St. 
Nazaire, and located at the mouth of the Loire. We 
also referred to the battleship Diderot, which was at 
the time in course of construction at the yard. We 
give, on Plate XXXIV., a view of this battleship, 
taken in the company’s fitting-out basin ; the ship is 
shown a to start for Brest, under her own 
steam, for taking her last two guns and for dry-dock- 
ing and ting ber hull, previous to her steam trials. 
The Diderot left St. Nazaire on March 3, and on 
April 4 the first trial took place; thes obtained 
was 19.5 knots, or 0.25 knot above the contracted 
8 . The full-power trial carried out on April 8 
showed the epeed to be 19.9 knots. The -con- 
sumption trial was made during twenty-four hours on 
April 12 and 13, at a speed of 18.3 knots, and also 
roved most satisfactory. Besides these trials, the 
baad Navy arran; for further runs at reduced 
speeds of 14 and 10 knots, during which the coal con- 
sumption per mile was taken. e naval authorities 
in charge of the trials expressed themselves, we are 
informed, highly satisfied with the rapidity with 
which the trials were carried out, and with the figures 
for coal consumption. 





INDUSTRIAL NOTES. 

Tut monthly report of the Associated Iron- 
Moulders of Scotland for May denotes a fluctuating 
condition of trade ; for, although trade may on the 
whole be said to be fairly good, it is not in quite so 
favourable a condition as during the two preceding 
months. The total membership recorded at the end of 
April is 21 less than it was a month ago, being 7958. 
For the period of four weeks from March 25 to April 22 
the total income of the association was 2296/. 18s., 
while the expenditure was 1797/. 11s. 34d., showing a 
gain of 499/. 6s. 84d., which brings the capital account 
up to 47,955/. 18s. ld. The idle benefit during the 
same time was 200/, heavier than during the previous 
month. There is, however, hope that the summer 
trade may improve on what it is at the present time. 
Superannuation benefit amounted to 976/. 7s. 4d., and 
funeral benefit to 130/. 


The monthly report of the United Pattern-Makers’ 
Association for April is the most favourable one that 
has appeared since the middle of 1906, or. about five 

earsago. The number of memberssigning the vacancy- 
bores at the end of April was 207—a uction of 60 
as compared with the figures at the end of the previous 
month. For the corresponding month of last year 
there were 346 members on the books. The general 
state of trade is reported as exceedingly good, the only 
weak spot being the North-East Coast, where most of 
the unemployed members are situated. Indications 
are not wanting, however, that an improvement even 
in that district may be looked for before long. In the 
Clyde district the condition is said to be very good, 
the members out of work being chiefly in a transition 
stage between one job and another. Work is plen- 
tifal at Barrow and Belfast, and the prospects there 
are said to be excellent.. The Mersey retains its reputa- 
tion for chronically bad trade. In London trade is 
at present very food, and in the Midlands very little 
variation in the favourable conditions is shown. Man- 
chester is in a healthy condition, and other Lancashire 
towns have little to complain of so far as the state of 
trade is concerned, and the vacancy-books on the East 
Coast of Scotland are almost clear. At the end of 
April there was only a percentage of 2.8 of the total 
membership out of work, as com with 4 per cent. 
at the end of March. The total income for the quarter 
ending the end of March was 6237/. 3s. 10d., and the 
total expenditure 4882/. 14s. 7d., representing a gain 
of 1354/. 9s. 3d. 


The report of the Steam - Engine Makers’ Society 
for May shows the Society to be in a very prosperous 
condition at present, and clear vacancy-books are the 
general rule throughout the Society. According to 
the report, this state of hag could still more be 
improved ; many of the brarches and the officers are 
not sufficiently in touch with each other, which has a 
detrimental effect on the individual membership as 
well as on the wider interests of the Society. It is 
pointed out that this exclusiveness of some branches, 
even in the same district, creates a narrowness of vision 
contrary to the interests of the society as a body, and 
displays a want of spirit which is said to be the very 
opposite of trade unionism. On the other hand, there 
are,signs in other places—notably those of Newton-le- 
Willows, St. Helens, Tipton, Barry Dock, Rugby, and 
Bradford—which denote a spirit of brotherhood and 
progress. Since our last reference to this society 
another branch has been added to the total; this is 





branch No. 147 (Gravesend and Northfleet), which was 





opened by the eral secretary on April 5. There 
were out of pene eomneael at the end of April 101 fitters 
and erectors, 20 turners, 3 pattern-makers, | millwright, 
3 smiths, and 14 sea-going engineers, and on the sick 
fund a total of 271. This shows an increase in the 
number of unemployed of 19, but a decrease of 22 
in the number of the sick. In addition to these, 
there were 416 superannuated members. The follow- 
ing levies are payable this half year :— General 
fund levy, 3d. per week for each week covered by 
the half year, payable by all the full members, the 
only exception being those members of less than 
26 weeks’ membership, and those who may be in 
receipt of sick or donation benefit for each separate 
and full week (Monday to Saturday) they may be 
upon the funds; benevolent, contingent, and emer- 
gency funds, 3d. each, together with one disabled claim, 
3d., payable by all full-paying members, without excep- 
tion (members paying under Rule 8 pay benevolent 
fund levy) ; annual report, 6d. ; card, 1d.; ma Party 
voluntary levy, 3d., as per vote of members, June 
report, 1910. At the quarterly meeting of the execu- 
tive council, held on Saturday, April 15, the chairman 
said that, with the help of all the members through- 
out the country, he looked forward to the year 1911 
being the very best in the society’s history. 





About 500 men employed at the Surrey Commercial 
Docks, Rotherhithe, declined to accept their wages on 
Friday last, which was, it is said, their method of 
replying to the new system of payment instituted m4 
the Port cf London Authority last week, under whic 
two days’ pay was stopped in order that the — 
might be made up on Wednesdays instead of F ridays. 
Acting on legal advice, the men, however, recon- 
sidered their position, and on Saturday morning 
applied for their pay, which they received. The men, 
however, still make strong protestitions against the 
action of the Authority, and the difference remains 
unsettled. The men say that they are resolved, if 
necessary, to allow the matter to decided by the 
Courts as to whether the Authority is within its legal 
rights in what it has done. The matter may, perhaps, 
be submitted to arbitration. 





There was trouble among the wool-combers of Brad- 
ford, and on Thursday, last week, Messrs. Holden and 
Burnley and Messrs. Illingworth, Wood and Co., who 
employ 700 or 800 operatives, had to close their works 
because a section of their employees refused to work 
alongside certain women who declined to subscribe to 
the workpeople’s union. It was decided by the 
Masters’ Federation, at a meetiug held on the afternoon 
of the same day, that unless the strikers returned to 
work on the following Monday unconditionally all the 
other works in the Federation would be closed. A 

neral lock-out affecting about 12,000 people was, 

owever, averted by a decision arrived at by the 
members of the Machine Woolcombers’ Association at 
a meeting held last Monday afternoon. This decision 
was that the men should return to work, pending a 
subsequent meeting of the Wages Board. 


The representatives of the British Steel-Smelters’ 
Society, the Iron and Steel-Workers of Scotland, and 
the Amalgamated Society of Cranemen, Boilermen, 
Firemen, and Electrical Workers held a further pro- 
longed conference in London last week to discuss the 
question of the amalgamation of these three trade 
unions. It was agreed to submit a scheme for approval 
or amendment, after which a ballot of all the members 
will be taken. 





The antipathy of the strikers for non-unionists 
caused some rioting at Blaenclydach on. Thursday in 
last week. The trouble arose out of a non-unionist 
being seized as he lett the colliery yard, with the 
intention of marching him through the streets at the 
head of a procession. Police arrived from Ton-y-pandy, 
however, and had to make several baton charge 
before order was restored. Several men on both sides 
were injured. 





On Friday last there was a meeting of the represen- 
tatives of the South Wales Coalowners’ Association 
and of the Miners’ Federation of Great Britain held in 
London, at which the question of the Cambrian coal- 
mine stoppage was considered. It was understood at 
the close that both sides are anxious to bring about 
an agreement not only at the Cambrian Combine, but 
also on eral questions equally applicable to other 
parts of South ales. The conference was adjourned 
till to-day with a view to consultation in the meantime. 


Colonel Hughes, who was called on to arbitrate on 
the price-list for Bentley New Colliery, has delivered 
his decision. first clause of the list, upon which 
the difference of opinion has arisen, provides for a 
tonnage rate of - with the district percen 
of 50 per cent., an extra $d. per ton for 
work. The men have been working at 1s. 2)d. per 
ton, and with the ld. increase on the age aes 
the percentage and the allowance for shift work, they 








will, it is said, practically have gaiuved an increase 
of 24d. per ton. ‘‘By work” is provided for by 
other clauses in the list, the result being a substantial 
increase in the men’s weekly wages. The men are 
said to be satisfied with the award. Coal is now-bein 
raised through the newly completed No. | shaft, ont 
the number of men and boys employed at the col- 
liery will be increased from 1600 to 2500 in the course 
of @ year. 





It looks as though there was to le trouble in the 
Yorkshire woollen trade, for a s»' ious situation has 
arisen in the Huddersfield, Colne Valley, Holme Vale, 
and Kirkburton districts, 20,000 woollen and worsted 
workers being affected, 12,000 of whom are weavers. 
The General Union of Weavers and Textile Workers 
have for the past nine months, as part of a general 
movement throughout Yorkshire, been trying to secure 
an advance in w and a reduction in working 
hours. Their demand for a 15 per cent. increase 
for weavers and a 55 hours’ week has not been 

A manifesto to the 12,000 weavers con- 
cerned is now being issued, and they are asked to 
—_ two questions. Are they in favour of ceasing 
work on and after a date to be decided upon? and 
are they in favour of conciliation or arbitration 
under the presidency of the Board of Trade, and, if the 
employers refuse, of then ceasing work? A mass 
meeting of the weavers has been called for to-morrow 
evening, Saturday, May 13. It is contended by the 
union that (a) no general advance has been given for 
at least thirty years; (b) the cost of living has gone 
up more than 50 per cent. ; (c) the employers can afford 
to pay the advance asked ; and (d) with the increased 

of looms the physical and mental strain is not 
being fairly compensated for by the wages paid. 


The annual “ Abstract of Labour Statistics for 
1908-9,” recently issued by the Board of Trade, is of 
special interest at this time because of the great 
amount of information it contains that must prove 
valuable in connection with the Government scheme 
of State insurance. Among the matter contained in 
the volume the statistics relating to | societies 
will probably prove specially valuable. The figures 
relating to these societies are much too voluminous 
to quote in full, and we can only call attention toa 
few of them, and we may take, as an example, those 
relating to sick benefit for the year 1909—the last year 
included in the statistics. From these figures we find 
that the following sums were paid out in sick benefit 
alone by the 14 principal friendly societies :—Man- 
chester Unity of Oddfellows, 767,171/.; Ancient Order 
of Foresters, 629,737/.; Hearts of Oak, 408,449/.; I.0. 
Rechabites, Salford Unity, 207,523/.; L.O.A. Shepherds, 
Ashton Unity, 100,788/. ; Rational Association, 87,0221. ; 
National Deposit Friendly Society, 76,483/.; the 
Order of Druids, 68,981/.; the Sons of Temperance, 
66,8771.; N.U.O. Free Gardeners, 44,323/.; U.A.O. 
Druids, 40,550/.; National Independent Oddfellows, 
40,330/.; B.O.A. Free Gardeners, 38,589/.; Notting- 
ham Order of Oddfellows, 27,984/. The year 1905 was 
the latest year for which figures relating to sick 
benefit and medical aid were available by 26,917 
friendly societies and the amount then paid was 
4,079,022/., and of this sum the fourteen societies par- 
ticularly referred to accounted for 2,290,181/. e 
total membership of all the societies increased from 
11,424,810 in 1898 to 13,777,433 in 1908. In 1907 the 
membership was at its highest, being 15,971,057, and 
the falling off in 1908 is accounted for by the conversion 
of the Royal London Friendly Society into a company 
during 1908. Between the years 1898 and 1908 the 
total a rose from 37,917,702/. in the former year 
to 57,433,015/. in the latter year. 


At the quarterly meeting of the Sheffield District 
Council of the National Amalgamated Union of Labour, 
held on Saturday last, the question of an ——— 
day for cokemen was the principal subject discussed. 
It was reported that there were difficulties in certain 
collieries where there was a reluctance to grant an 
eight-hours day on the ground that it would increase 
the cost of working. A piecework price was offered 
which would secure to the men the same wages 4s 
they were getting at present, but this had been 
refused. A reduction in wages had been suggested at 
another colliery. A resolution was giving 
instructions that a definite and early settlement at the 
places mentioned should be urged, and authority was 
given that in case no settlement was arranged a ballot 
of the members should be taken with a view of further 
action being taken. Another point discussed was that 
of me men” in Derbyshire, and reports were con- 
sid from all the branches, several of which 

uested leave to ballot the men with a view of 
enforcing a minimum wage for all the members of the 
pit-tops in Derbyshire, and a scale rate for lads. This 
scale was not to be less than the minimum suggested 
to the owners. 








The development in connection with the very serious 
labour conflicts in Denmark has provided several 
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dramatic surprises, the last being. the refusal of the 
tinsmiths’ organisation to accept the agreement, which, 
with much trouble, had been arrived at and sanctioned 
by all the other trade unions. Not only have the tin- 
smiths kept the existing lock-out going longer than 
would otherwise have been the case, but they will, so 
far as can be seen, compel the masters to resort to the 
extended lock-out, which means 40,000 hands out 
of work. The behaviour of the tinsmiths is all the 
more regrettable when it is borne in mind that a 

roposal for an agreement was accepted and signed 
by their representatives on February 27 last, but 
it was lost at a vote of the union on April 3, after 
which the mediator took it up as his proposal. The 
men now ask 3 dre (nearly 4d.) more per hour, this 
rise to come into force at once, and an additional 
2 ére after three years, no stoppage of labour from 
either side to take place before the end of 1915. It is 
the Copenhagen men who have upset the agreement, 
the terms of which were not to be published until 
they had been finally accepted. The provincial votes, 
which are not finally known at the time of writing, 
cannot alter the aspect of the case. 





German employers have in many cases either tem- 
porarily locked out or even finally discharged men who, 
in the celebration of Monday, May 1, did not put in 
an appearance at the works. This, for instance, is the 
case with a number of leading firms in the engineering 
and shipbuilding trades. The large Weser Company, 
at Bremen, for instance, locked out some 3000 men 
till the Thursday. The Flensburg Shipbuilding Com- 
pany locked out about half their hands, or some 1100, 
up to and including the Thursday (May 4). In Bruns- 
wick, nine manufacturing engineering firms locked out 
an aggregate of 3000 men for a week, because they, 
in spite of due and timely warning, did not goto work 
on May 1. In Berlin 320 concerns in the wood industry 
locked out 6728 hands, 6000 for a period of three days, 
while the rest were either discharged or locked out 
for a longer time. 





PersonaL. —Mr. Arthur McCormack, who for some 
ears has held the position of technical manager to the 
Wolseley Tool and Motor-Car Company, Limited, has 
been appointed a managing director of the company. 





VEREIN DEUTSCHER GIESSEREIFACHLEUTE.—The Verein 
Deutscher Giessereifachleute (German Foundrymen’s 
Association) will hold its annual meeting in Berlin from 
May 25 to 28. 





ExecrricaL Rk&votvinc CANTILEVER ORANES. — A 
paper has been contributed to the Institution of Engi- 
neers and Shipbuilders in Scotland by Mr. Robert 
Boyle, B.Sc., on ‘“ Large Fitting-Out Cranes,” with 
special reference to electric revolving cantilever cranes. 
This contribution deals comprehensively with the various 
hammer-head and other cranes which have recently been 
fitted by Sir William Arrol and Co., Limi and others 
in shipbuilding yards at home and abroad. ese cranes 
now range up to 200 tons capacity at a radius of as much 
as 95 ft., with a lifting speed of 5 ft. per minute, an 
have given exceptionally satisfactory results. Many of 
the later installations have been fully described and illus- 
trated in ENGINEERING, as is noted in the paper, so that 
it is unnecessary here to enter into details. 





Non-Der.ecTion SysTEM FOR PRESSURE ROLLERS.— 
The fact that it is not possible to obtain perfectly flat 
metal sheets by the ordinary processes of rolling is well 
known to engineers, the spring or deflection of the rolls 
under pressure being the cause. Of course, the degree 
of deviation from flatness varies greatly, and may in 
some cases be so small as not to constitute a serious 
defect, while, on the other hand, it may reach an amount 
that is very objectionable. The deflection can b 
reduced by using rolls of greater diameter, but it will 
always be there, only in a lesser degree. Of course, 
we know that sheets and plates are rolled ‘fairly 
flat in this way, but ~ are always slightly thicker 
in the middle than at the edges. In order to got 
over this difficulty, a method has been devised by 
Mr. W. Love, 42, Claremont-square, London, N., by 
means of which the rolls are supported at intermediate 
points between the end-bearings, so that each roll is 
divided into.a number of shorter spans, the deflection of 
each span being a very small amount, and, moreover, 
equal in all the spans. The method adopted is that of 
connecting the intermediate bearings in pairs to the ends 
of equal armed levers, so that the pressure on the two 
bearings of each pair is equal. The fulcra of these levers 
are again supported by equal armed levers, in pairs, 
which ensures that the pressure of each pair of bear- 
ings in a roar of four is equal. The fulcra may 
be connec as often as required, the final pair of 
fulcra being Py by a girder, which forms part 
of the frame of the machine, the whole arrangement 
being capable of withdrawal from the machine, when 
desired, along with the roll it supports. The beari 
actually in contact with the rolls are so placed that the 
roll exerts no pressure on the end bearings, the roll being 


able to move freely up or down in the housing when | 203. 


Mr. Love’s system consists, 
ures on all the beari: 
It appears to be 


pressure comes upon it. 
therefore, in rendering equal 
supporting the pressure ro! 


adapted for rolls used in the manufacture of paper, tin 
and metal plates, calendering, and many other purposes. 


be | indeed, and are 


| SOME STUDIES OF WELDS.* 


By Epwarp F. Law, A.R.S.M., Witu1aAm H. Merrett, ' presen’ 


A.R.S.M., and W. Pouttarp Diesy, A.M.I.E.E. 


At the outset the authors feel it advisable to define the 
| use to which the term *‘ weld” is applied in this paper— 
/namely, that of an actual fusion together of similar or 
| allied metals. Mere intimacy of contact without such 
| fusion cannot be regarded asa weld in its real sense. The 
| large industrial use of various electric or hot-flame 
| methods during the past few years has m of con- 
| siderable importance, and the ee of methods 
| of welding is fairly extensive. That bibliography, how- 
| ever, has been a matter devoted either to the descriptions 
| of the mechanism of rival processes or to a large number 
| of records of tensile tests of welded bars. Indeed, the 
| casual impression is conveyed that tensile tests are really 
the last word on the subjects. The authors would urge 
that other comparisons are necessary, such as the nature 
of the fracture, and alterations in the character and com- 
position of the metals due to the somewhat drastic 
thermal treatment, which, though not seriously affecting 
the strength of the weld, may make themselves apparent 
in an in:reased liability to corrosion and in other ways. 

Their attention was first directed to this matter through 
some very interesting welds eff by an electrical 
process coming into their hands. Asa preliminary step 
to the inyestigation of the relations between the micro- 
structure and the mechanical properties of these samples, 
the authors studied the bibliography of electric welds 
with both interest and disappointment, The interest was 
occasioned by the very wide variations in the mechanical 
properties of the welded materials; the disappointment 
was due to the fact that there had been no detailed 
investigation of the relative structures of normal and 
abnormal welds produced by various processes and their 
relation to mechanical strength. The authors therefore 
felt constrained to carry their investigations beyond their 
originally intended scope, and to deal with the charac- 
teristic microstructure of both good welds and unsuc- 
cessful attempts to produce welds. It is surprising that, 
in view of the time which has elapsed since the first 
introduction of resistance welds, no serious attempt 
= to have been made to laren the subject from 
this standpoint. Numerous tests, however, have been 
made of tensile strength, and much valuable information 
has been given as to the energy required. 


Brier BIBLIOGRAPHY. 


In 1898 Mr. Wallis Jones, in a paper read before the 
Institution of Electrical Engineers} on the ** Welding of 
Tram-Rails,” gave particulars of tensile tests of 72 welded 
oo, which had an average tensile strength of 273,000 Ib. 

et 18 of these had tensile strengths of 250,000 Ib. or less, 
and seven of 310,000 lb. or over. The extreme limits 
were 216,000 lb. and 353,000 Ib. 

Information as to the power required in resistance 
welds of various materials was given in a paper read 
before the Institution of Mechanical Engineers. 

Electrical resistance welds and thermit welds were 
contrasted as to their mechanical properties in a paper 
by B. Kirsch in 1905.§ 

Arc and resistance methods of welding were compared 
by W. Schuen,|| while more details of tensile tests of 
resistance welds are given in the Journal of the Franklin 
Institute for 1905,{] and more details as to energy con- 


qd | Sumption in various papers. ** 


One curious comment calls for recital. One writer 
asseverates that in welding steel, iron, copper, and brass 
the molecular structure is not altered. The present 
authors entirely dissociate themselves from such an asser- 
tion, for it is from a study of the alterations in structure 
that the merits and demerits of various welds become 
ap t. . 

he most valuable of recent Bn mon on any method of 
welding is that by, Mr. Scott Younger dealing with arc 
welding (which was read early last year before the Insti- 
tution of Engineers and Shipbuilders in ).. This 
contains numerous interesting tables. The variations in 
the mechanical —— are shown to be very 
or this reason of « character likely in 
——— to —. perturbation A those using a, 
repai a welding process. is paper is one of the 
aan foualr of those that have come cole the notice of 
the authors. In general the bibliography of all methods 
of welding —— papers before nical societies 
and articles in the technical Press of a mainly laudatory 
character. 

All ineers are well aware that departures from what 
is ed as good normal ym ge | practice are common 
to all branches of work. Such departures, when they 
spell failure of an important structure, loss of life, or 
interference with the social routine of any community, 
receive fairly adequate attention. A burst steam-pipe, 
a bridge failure, or a broken forging, undoubtedly merit 
the attention given to them. But in regard to methods 





* Paper read before the Iron and Steel Institute, 
May 11, 1911. 

+ Proceedings of the Institution of Electrical Engineers, 
vol. ve. oes 642 and 643. 

t P ings of the Institution of Mechanical Engi- 
neers, July, 1894. 

§ Elektrotechnik wnd Maschinenbau, February 18, 1906, 
vol. xxiv., 170. 

|| Elekt. Runds., May 10, 1906, vol. xxiii., pages 199 to 


at The Journal of the Franklin Institute for 1905, pages 
to 
** Electrical World, January 25, 1908, vol. li., 





its, Morerieat Journal, January, 1908, vol. v., pages 18 
to 








fe welding, it is doubtful whether what constitutes good 


normal practice has yet been adequately defined. The 
t contribution to the study of this subject, by 
instancing the well-defined abnormalities peculiar to 
certain methods of welding imperfectly executed will, it 
is hoped, explain both the reasons lying at the back of 
the admittedly wide variations in mechanical properties, 
serve to indicate the points requiring attention during the 
operations of the processes, and, finally, facilitate the 
enunciation of a metallurgical standard of excellence (as 
agen from, but related to, mechanical standards) to which 

1 welds should attain. 

The authors have dismissed briefly the bibliography of 


welds, true or alleged, so far as tensile strengths or energy 
consumptions are concerned. This latter aspect of the 
«ase is very necessary from the purchaser’s point of view. 


‘Too great an emphasis on such and descriptions of 
the ingenious mechanisms employed were regarded by the 
authors as beyond the scope of this paper. 

Resistance WELDs. 


The authors’ investigation of resistance welds in steel 
commenced with some 1}-in. round bars and some 2}-in. 
by 2-in. rectangular —_ oy had been welded together 
with plain butt joints. From the former a round test-bar 
was turned from the centre of each bar. This excluded 
from the test-bar the extruded metal of bulbous shape at 
the point of junction. The rectangular bars, on the other 
hand, were first sawn ag agers down the middle. and 
then again sawn down the middle. This gave fc ur rect- 
angular pieces, from each of which a test-piece was turned. 
None of the specimens shown in Figs. 1 to8, Plete XX XV., 
and page 618 (see also Tables I. and II.), were in any 
way worked or annealed after welding. Efficient working, 
with its of pressure in a vertical plane, would 
have eliminated certain of the features peculiar to welded 
Lars in this condition. The welds generally may not be 
regarded as perfect from the point of view of fusion, but 
as showing traces of oxidation along the track of the weld. 
In this area any corroding medium has a pronounced 
effect, and these results confirm the view put forward by 
one of the authors,* in 1907, that the existence of an oxide 
of iron in steel is a source of corrosion. 

Fig. 1 is an etched section from a 2h-in. by 2-in. bar. 


This shows the extrusion of metal at the point of junc- 
ture, due to the ure applied alon the horizontal 
axis of the bars. The fusion of the metal is perfect. The 


int crystallisation due to heating would disappear 
with annealing. 

Fig. 2 shows the same bar roughly filed. The extruded 
metal is shown to take the form of bands bulging from 
the centre of the weld. The stratification of these is 
rather interesting, and is possibly attributable to the fect 
that the pressure with which the butt ends were squeezed 
es was applied at a not quite uniform rate. 

‘ig. 3 is an unetched polished section, at 80 magnifi- 
cations, from a round bar. The weld was in this case 
regarded as imperfect. Slight oxidation is shown along 
the track of the weld. 

_ Fig. 4 represents the same specimen at 800 magnifica- 
tions. It shows that the fusion of the metal was fair] 
, Save for the tendency to oxidation already noted. 
Special attention should be given to the fact that globular 
traces of oxide exist along the track of the weld. 

Fig. 5 shows the same specimen etched at 80 magnifi- 
cations. The activity of the corroding medium along the 
line of weld is closely defined. 

Fig. 6 shows the effect of deep etching, the bar being 
photengnes at practically full size. The effect of the 

‘oding medium is thus easily visible to the naked eye. 

Fig. 7 represents the broken bars (Table I.), and shows 
ong splintered nee due to the extrusion of the metal. 

nm some cases the fractures are partly crystalline and 

partly splintered. The fracture due to the normal un- 

welded metal is easily recognisable. 

TABLE I.—Tensile Tests of Resistance Welds on 2-In. 
by 2-In. Bars, with Butt Joints. 





| 











Break = ae | 
Weld | Fe®*- | riastic |@0Ps@-| tion | 
i tion on | of Area Remarks. 
No. | strain, | Limit. |“ In. |at Frac-| 
| | ture. | 
a -_ 
tons - tons per|per cent|per cent 
sq. in. | eq. in. 
2a 24.73 16.22 15.00 31.25 |Broke at weld. Frac- 
ture mainly crystalli: e. 
2B 1955 8614.85 5.00 8.97 |Splintered fracture. 
| Slight crystalline area. 
2c 27.30 , 20.27 35.00 | 65.70 |Original steel. Normal 
| fracture. 
SA 16.42 13.95 | 4.00 7.61 |Splintered fracture. 
| ight crvstalline area. 
3B 12.60 9.30 3.00 4.33 co fracture. 
| Slight crystalline area. 
8c 26.52 1868 | 34.5 63.30 (Original steel, Normal 
4 | | fracture. 
Ba | 17.55 14.42 4.00 12.09 Splintered fracture. 
BB 27.10 20.05 33.00 65.60 (Original steel. Norma 
| | fracture. 


| 
Fig. 8 represents the broken test-bars, Table II. Here 
no splintered fractures were obtained, for reasons already 
explained. The fracture due to the normal welded metal 
was of a silky fibrous nature, and can be distinguished 
trom the crystalline fractures of the welded lengths. 
Whereas 30, the test-piece from the unheated portion 
of the billet, shows a good normal mild steel, imen 
2a is the only one which can be considered faisty good, 
and it would have been improved by working and anneal- 
ing. The other specimens with elongation of 4 per cent. 








* E. F. Law, Journal of the Iron and Steel Instit 
1907, No. II., pages 103, 104. “ — 
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on 2 in., and ave tensile strengths of 17.03 tons per 
square inch, and elastic limits averaging 13:01 tons, all 
serve to indicate that for welds of this character it is not 
sufficient to be content with the excellent fusion of the 
metal obtained, but that the working which is also requi- 
site in hot-flame welds is, in addition to annealing, equally 
advisable for this class of work. 

The test-pieces 4c and Aa from the unheated portion 
of the bar indicate a good normal mild steel. The 
remaining results, which embrace the area of the weld, 
but do not embrace the extruded metal, give appreciably 
higher tensile strengths of 25.20 tons, with an elastic 
limit of 20.4 tons, and are better than the test-pieces from 
the rectangular bars. The irregular and poor elongations 
average 8 5 per cent., and the crystalline fracture, which 
has resulted from the overheating, indicates the value of 
annealing as a necessary corrective. 

Two examples of resistance welds of wrought iron may 
be cited as typical of average practice. On etching, 


The average tensile strength of 24.14 tons and the 
ave elastic limit of 17.01 tons are both fairly good. 
On the other hand, the low elongation and percentage 
reduction of area which accompany the crystalline frac- 
ture of the last two of the above results indicate that, in 
addition to working, some further heat treatment was 
requisite. 

Another process in which acetylene is employed for 
welding boiler-plates deserves mention. The plates are 
shaped to a blunt V-end, and the weld effec by melt- 
ing Swedish iron in the depressions on either side. On 
etching a section of a weld prepared by this process, the 
iron and steel areas were shown.to be quite distinct. 
The tests given in Table lV. were made on the samples 
as received and after various heat treatments. 

Reviewing these results, it is apparent that mechanical 
irregularity of juncture, p chek imperfect fusion, far 
outweighs any improvements consequent on heat treat- 





ment. Greater differences occur between the two annealed 


would regard this process as a good filling method, say, for 
cavities in castings, but could not recommend it seriously 
for cases where mechanical strength is of prime import- 
ance. Questions connected with the use of any fused 
iron as a sort of cementing material between steels 
requiring welding form a subject requiring more discus- 
sion than present space affords. 


Hot-FLaAmME WELDS WITH WaTER-Gas. 


Out of a number of water-gas welds the authors have 
selected as typical for photo-micrographic reproduction 
two normal good welds, and an abnormal weld due to an 
oxidising flame, all with scarfed joints. The mechanical 
tests of the series of plates from which the abnormal sample 
was selected would be generally regarded as fair practice. 
The tensile strains were low, but the elongations and 
percentage reduction of area good. (See Plate XXXVI.) 

Fig. 13 shows a good normal weld of this class at 





80 magnifications. 





Fic. 7, Test-Preces ; Resistance WELD. 
these showed in each case a line of oxidation at the point 
of juncture (in one case distinctly pronounced), with large 


crystallisation in the neighbourhood of the weld. A test- 
poe from the sample showing less marked oxidation 

roke at 22.95 tons per sq. in., with an elastic limit of 
15.40 tons, an elongatien of 10 per cent. on 2 in., anda 
soma saya reduction of area of 15.65. The test-piece 
rom the material with the distinctly pronounced line of 
oxidation broke at 16.92 tons per sq. in., the elastic limit 
being 11 89 tons, with an elongation on 2 in. of only 3 per 
cent., and a percentage reduction of area of 2.95 per cent. 


TABLE II.—Tensile Tests of Resistance Welds on 14-In. 
Round Bare, with Butt Joints. 


| | 
Reduc- | 


Break- Elastic Elonga-| tion 





Weld 
ing ra tion on | of Area | Remarks. 
No. Strain. Limit. | “on. at Frac-| 
ture. 
tons per tons per per cent! per cent, 
sq. in. | sq. in. 
4a 28.10 21.07 10.00 12.40 |Crystalline fracture ; 
overheated. 
4n | 21.82 | 19.50 3.50 5.84 ‘Crystalline fracture ; 
overheated. 
4c 26.95 18.00 35.00 | 63.70 Original steel. Normal 
fracture. 
Aa | 27.65 20.15 37.00 | 63.30 Original steel. Normal 
fracture. 
Ap | 25.70 20.65 12,00 13.65 Orystalline fracture ; 
overheated. 





The former sample showed a fibrous fracture with 
slight indication of crystallisation. The latter sample 
showed more crystallisation, but was mainly of a fibrous 
character. 

Perhaps the best examples of successful resistance weld 
were found in a number of links of a chain made by this 

rocess. On etching, each link showed crystallisation ad- 
jacent to the weld. The very effective working given 
while the link was still plastic prevented any tendency to 
extrusion of metal. 


Hot-F LAME WELDS WITH ACETYLENE. 


Various examples of acetylene welding passed through 
the hands of the authors. f one series, with butt joints, 
four ne fm are given as ag of the struc- 
tures, and four tensile tests are quoted. (Plates XX XV. 
and XXXVI.) 

Fig. 9 represents the steel beyond the area of the weld 
at 80 magnifications. The sample was etched. 

Fig. 10 represents the actual welded area, again at 80 
magnifications. The actual weld is not visible, and the 
perfect fusion of the metal is apparent. ; 

Fig. 11 represents the welded area at 800 magnifica- 
tions. The structure shows that the carbide has been 
converted into massive cementite due to thermal treat- 
ment. 

Fig. 12 megeennts the steel adjacent to, but not within, 
the area of the weld. The enlarged structure of the steel, 
due to thermal treatment, is apparent. 








~ 


Fic. 22. Wetoep Sream-Pirz, sHow1nc Derective WELD. 


TasLe III.—Mechanical Properties of Acetylene Welds 

















(Butt Joints). 
< les | 
geile] |g. iB! 
=. =s — = | 
B e 43 $3 oS se< Remarks. 
4g £3145 | 8s 52s) 
a a” a |) ao amo] 
tns p.|tns p.! p.c. | 
sq. in.|sq. in. ; 
14,542 A) 26.24 | 19.50 12.50 | 50.60 we broke 1} in. from 
} | end of bar—not at weld. 
| | | Fracture silky fibrous. 
14,564 A 26.90 18.88 15.60 | 52,80 |Test-piece broke lin. from 
| | centre—not at weld. Frac- 
ture silky fibrous. 
25,082 A 21.57 | 14.00, 6.26 10.08 Fracture at centre of bar. 
| | Crystalline fracture broke 
at weld. 
25,085 A Ditto Ditto 


21.74 | 15.66 | 





specimens of either pair receiving a specific heat treatment 
than 


ocour in the mean of the two pairs. The authors | 


Fig. 14 shows a fairly good weld of this class, also at 
80 magnifications. It was made on a thicker 
= and the inclusion of slag at the weld should be 
noted. 

Fig. 15 shows the preceding sample at 800 magnifica- 
tions. The higher power shows that the slag exists in the 
silicate form, and that the carbon has not been burnt out. 

Fig. 16 shows an abnormal weld at 80 magnifications. 
The defects are due to an oxidising flame. The carbon 
has been almost completely burnt out. ; 

Fig. 17 shows the same sample at 800 magnifications. 
gaan is distinctly indicated along the track of the 
weld. 

Fig. 18 shows the same bar at about 14 magnifications, 
deeply etched. The activity of the corroding medium 
along the line of oxidation at the weld is specially distinct. 

The ave tensile strengths and elastic limits of 21.47 
tons and 14.69 tons respectively are lower than the results 
for plain butt-welded joints with acetylene flame heating. 
On the other hand, whereas two of the four acetylene 
welds in Table III. broke at the weld, only one of the 
four water-gas welds in Table IV. broke here. The 
elongation is much better, averaging 16.64 per cent., and 
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the reduction of area at point of fracture is decidedly good. 
It must be remem , however, that the welds given in 
Table V. are abnormal, as indicated in Figs. 16, 17, and 
18, owing +o the use of an oxidising flame. 


THERMIT WELDS. 


Strictly speaking, the thermit process is a fusion rather 
than a welding  areng Three photo-micrographic figures, 
Figs. 19 to 21, Plates XXXVI. and XXXVIL., show the 
changes in structure of a tramway rail during this process. 

Fig. 19 represents the normal structure of the rail at 
80 magnifications. : . ; ‘ 

Fig. 20 represents the rail at 80 magnifications, adja- 
cent to the molten area; the dilution of the carbide is 
clearly marked. : . : . 

Fig. 21 represents the rail at 80 magnifications in the 
centre of the molten area. ry j 

Generally the thermit process, yielding as it frequently 
does a spongy mass of metal with blow-holes, is useful 
mainly as an emergency process. 

Wepep Stram-PIPe FLANGES. 

(a) Coke-Fire Welds.—For a long time certain consulting 
engineers have rigidly set their faces against the employ- 
ment of welded flanges on steam-pipes, preferring instead 
screwed and riveted flanges. Two cases (one a coke-fire 
and the other an arc weld) coming before the authors 
serve both to confirm and to illustrate the underlying 
soundness of this view. A welded pipe-flange may be 
obviously mechanically imperfect, or may be superficially 

















s, | |g. (88, | 
Sg it | Sd 
= Ea ow 3s | S$ 
GHG 
— 2 
= &@ g- | ge ges 
tns p.tns p.| p.c. 
8q. in.\sq. in. 
G 22.05 14.76 | 17.80 | 69.20 |Broke 2} in. from one end of 


bar—not at weld. 
32,151 G| 21.10 14.88 | 18.75 36.40 Broke near centre of bar at 
weld. Laminated fracture. 
32,151 G' 19.83 12.92 6.26 56.70 Broke near one end of bar. 
(6) | Fracture similar to cutting 
| end of a wood - turning 


| chisel. 
$2,151 G 22.91 16.73 23.75 64.60 Broke near centre of bar— 
(8) | not at weld. 
| 





portent and capable of passing hydraulic pressure tests. 
n this latter condition ignorance as to its internal con- 
dition produces a peace of mind which knowledge is liable 
to destroy. 

Fig. 22, on page 618, shows a segment of a wrought- 
iron flange nominally welded on to a mild-steel pipe. 
As shown, it has been stripped away by the use - 
drifting-tool.. There being no fusion of the metal, this is 
only nominally welded. 





have to rely for mechanical s' h, peculiarly subject 
to corrosion. At least one case is known in which a con- 
signment of pipes separated from their flanges owing to 
the action of atmospheric corrosion only. 


Conclusion. 


No matter what the process is by which two metals are 
welded ther, there must always be an area, more or 
less sharply defined, of altered molecular construction. 
Just as quenching and annealing alter steel in a manner 
which is quite unmistakable to those acquainted with the 
microstructure of steel, so it is obvious that the local 
heating to the high temperatures required for mechani- 
cally satisfactory welds leaves its impress upon the steel in 
@ manner as unmistakable as the sodium band in the 
spectrum. The authors have shown that each of the 
methods to which they have referred has its own hall- 
mark. For instance, on polishing and etching alone it is 
possible to say whether an electric weld has been made by 
an arc or by a resistance method ; while, without annealing 
to restore the ane structure, acetylene and water-gas 
welds have each their own marked characteristics, 

Into the respective practical applications, and into 
descriptions of the apparatus required for the same, the 
authors have not entered. Obviously an arc process, even 
were it desirable, does not lend itself to the manufacture 
of welded Pa rede yey — n ere rocess is not 
primarily designed for patching up a defective casting. 

Resistance’welds are seemingly least prone (with the 
exception, »erhaps, of acetylene welds) to oxidation, but 


























Fie. 26. Arc-WeELDED PipE AND FLANGE, 


TaBLE 1V.—Mechanical Properties of Various Welds. 





= g z 

Ss |e 3a #3 

= a8 v3 = ° 

sf a3 ae fo $3< Remarks. 

sa | £2 | a5 | 8s bas 

_ = = ax iv 

tns p. tnsp. p.c. 
sq. in. 'sq. in. 

A 25.18 17.16 31.70 54.60 Original steel, untreated. 

ormal fracture. 

B 16.50 11.18 7.50 18.50 Welded joint, untreated. 
Swedish iron, visible as 
crystals. Imperfect junc- 
ture at point of vee. 

D 19.40 13.38 9.00 20.50 Welded joint, untreated. 
Fraeture partly crystal- 
line, but laminated. 

Afb 23.65 14.95 32.00 51.65 Original steel, at 750 deg. 
Cent. for 172 hours, and 
slowly cooled. Normal frac- 
ture. 

B5 19.62 13.60' 8.50 18.85 Welded joint, treated same 
as sample A5. Bad frac- 
ture of a burnt character. 

E5 19.85 13.82 9.00 24.90 Welded joint, treated same 
as sample A5. Bad frac- 
ture, with marked cavities. 

A6 23.90 15.83 37.00 54.00 Original steel, annealed at a 
temperature rising from 
850 deg. Cent. to 900 deg. 
Cent. for half an hour, and 
slowly cooled ; normal frac- 
ture. 

Cé 14.96 10.48 6.00 9.15 Welded joint, treated as 
sample A6. Bad fracture ; 
broke at weld. Junction 
of metal imperfect. 

D6 23.32 15.61 16.50 25.25 Welded joint, treated as 


sample A6. Swedish visi- 
ble as crystals. Tendency 
to rupture noticed away 








Fig. 27. 


Fig. 23 is from the other end of the segment, where 
the pipe had not been fo: away mechanically from the 
flange. The clear demarcation of area shows that there 
ie no fusion of the metal (see Plate X X X VII.). 

Fig. 24 shows at 80 magnifications an accumulation of 
slag in silicate form rey track of the weld. 

ig. 25 represents at magnifications the excessive 
oxidation of the steel adjacent to the track of the weld. 

(6) Are Welds.—A segment of an arc-welded flange on 
a steel pipe isshown in Fig. 26 in its condition as received. 
It was roughly filed. The illustration is approximately 
half size. The welding is only partial, upwards of one- 
third of the area of junction having an air 5 In its 
entirety this pipe would have all reasonable 
hydraulic pressure tests, and its defects would only be 
discovered on service. 

Fig. 27 represents the same view of the segment 
epqcenineiety three-quarter size, after polishing and 
etching. The excessive action of the corroding medium 
— the area on which the arc has played, and the 
abrupt termination of these areas, is clearly shown. This 
weld is an example of a perfect metallic fusion, but with a 
remarkable change in composition and structure of the 
fused material. 

Fig. 28 represents at 80 magalicotion the normal 
structure of the steel pipe (see Plate XXX VII.). 

Fig. 29 represents at 80 magnifications the contact 
between the steel and the fused metal ; while Fig. 30, of 
the same, at 800 magnifications, shows the perfect 
nature of the fusion. 

Fig. 31 shows the fused metal itself at 80 magnifica- 
tions. The needle structure is peculiar. 

Fig. 32 shows the same at magnifications. The 
f metal was found to be very strongly magnetised, 
and to contain a large quantity of the magnetic oxide of 
iron, Fe,0, The authors allude briefly to this pheno- 
menon later in this paper. 

Regarded as a method of welding, it is evident that arc 
welds cannot be relied upon to unite entire area of 
contact in cases of this character, while the magnetic 





oxide formed renders the fused metal, upon which we 


Arc-WELDED Pipz anp Fiance; ETcHep. 


the extrusion of the metal renders good working, while 
the metal is still plastic, of supreme importance. Are 
welds are most prone to oxidation, and many will hesi- 
tate to rely upon such a process in those positions where 
corrosion is likely to occur. Where the welded metal is 
not likely to be subjected to corrosion, the excellent fusion 
of the metal renders it commendable. 

Flame welds, apart from such work as patching up 
castings, should receive adequate working and manipula- 
tion while in their heated condition. Of the two methods 
investigated, water-gas welds may be abnormal through 
the use of oxidising flames, while acetylene welds cer- 
tainly require annealing to break down the crystalline 
structure in the vicinity of the weld. 

The difficulties to be obviated in successful welding 
may be said to be :— 

1. Too low a temperature to secure true fusion of the 
metal. 

2. Oxidation of the metal at the point of welding. 

Of these, the former can be detected more easily than 
the latter, which is more insidious in its results. The 
processes dealt with in this instance, and doubtless others 
not touched upon, can always be manipulated so as to 
secure true fusion. Excepting with are methods of weld- 
ing, oxidation can be avoided by the other processes 
studied by the authors in the preparation of this paper. 





Paris, Lyons, AND MEDITERRANEAN RalLway.—This 
vast system, which now comprises about 6000 miles—all 
steel railed—was increased last year by the opening of 
45 miles of new line. At the close of the jor the com- 
pany owned 3191 locomotives, 3050 tenders, 6937 passenger 
carriages, and 97,304 trucks and vans, as well as a under 
of snow-ploughs for use in the Ry The capital ex- 
pended to the close of 1910 was 216,377,046/. e traffic 
receipts for 1910 were 21,450,2131., while the working 
expenses for the year were 11,545.241/. The net revenue 


for the twelve months was, accordingly, 9,904,972. The 
Paris, Lyons, and Mediterranean may fairly claim to be 








the most important railway system in 


urope. 
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GARDNER CRANK-PIN TURNING- 
MACHINE. 


Tue tool illustrated on 622 has been specially 
designed for the rapid accurate machining of 
crank-pins. As very large users themselves of cranks 
for gas and oil-engines, the makers felt the necessity 
of some more rapid and accurate method of machining 
crank-pins or necks than any previous existing ones, 
and the machine now to described was the 
outcome of many experiments to this end. The results 
appear fully to justify the time and money spent on 
these experiments. : 

The chief principle involved in the method adopted 
in this new machiue is that of actually ‘‘ forming” the 
crank-pin by means of a tool the full width of the 
crank-pin. To render this method of turning possible 
@ positive drive, as close to the crank-pin as possible, 
is absolutely necessary, and this is one of the features 
of the design. A general y tive view of the 
machine is shown in Fig. 1, while Fig. 2 shows a crank 
in position. Figs. 3 and 4 are two views of a crank, 
with reference letters for dimensions. . 

It will be seen that the headstock-drum or spindle 
carries on its outer end a large helical gear-wheel, 
which is driven by a pinion on the end of the main 
spindle of the gear-box. The main drive to the machine 
cousists of one pulley only, 16in. in diameter, for a 
4-in. belt, the pulley running at 350 revolutions per 
minute ; all speed variations are obtained from a 
system of gears carried in a gear-box mounted on the 
headstock. This gear-box gives eight speed-changes, 
arranged in geometrical Lap tare the oa 
being obtained by means of interlocking levers ; these 
levers prevent the possibility of two speeds being 
simultaneously engaged. All gears are of ample width 
and diameter, and have carefully cut teeth of special 
shape to ensure quiet running, and ‘they run in an 
oil-bath. As will be seen by Fig. 1, the headstocks are 
carried on @ strong bed of box section, the interior of 
which is used as an oil-well for the cutting-tool lubri- 
cant ; provision is made for returning the oil to the 
well after leaving the tools. 

The headstock of the machine has a large hollow 
spindle carefully and accurately fitted ; this spindle 
is actually a drum, large enough in internal diameter 
to accommodate one end of the crank-shaft, when 
fixed eccentrically to the extent of the required 
throw of the crank. On the face of this drum is 
mounted a special chuck, which fixes positively the 
exact throw of the crank ; the crank-shaft itself is 
supported in the chuck close to the web, and at the 
other end, inside the spindle, by a special steady disc 
which can be moved to any point to suit the length of 
the crank. In addition to this the crank is further 
held by the web by means of clamping-screws on the 
face of the chuck, thus eliminating all torsional vibra- 
tion of the crank-shaft itself. The method will be best 
understood by reference to Figs. 1 and 2. The overhang- 
ing end of the crank-shaft is supported by means of a 
small following headstock, as shown in the illustrations. 

The machine is provided with a specially long cross- 
slide, and on the Font end of this is mounted a tool- 
holder, which carries the my tool. A second 
tool-holder, carrying the finishing tool, is mounted 
behind the crank-pin, so that the turning operation can 
be entirely completed without removing either the 
crank or the toole. In addition to the ‘ necking” 
tool-holder a ‘‘crowning” rest is provided, fixed at 
the back of the cross-slide, for the purpose of topping 


or crowning the ends of the crank-webs. Both the | the 5th 


cross-slide and the crowning rest have the necessary 
automatic feeds. For ‘* crowning” the webs the 
crank is held in the same chuck as for necking ; but to 
obtain its correct radial position for this operation, a 
second ‘hole is provided in the chuck to receive the 
orank-shaft. A pump is fitted for feeding the lubri- 
cant to the cutting teols; this is driven from a 
separate ae ge ame shaft on the r-box, and a 
continuous and uniform supply of lubricant is secured 
at all speeds of the machine. Generally, the machine 
is of massive and strong design, and it is claimed that 
the work obtained by it is frosty superior to that 
produced by any existing method of machining crank- 
ins, both as regards quality of work and economy of 
bour. 

In the table on page 622 are given a few examples of 
cranks turned by the machin», and the time required 
for machining ; in all cases the time given covers the 
complete operation of fixing, machining, taking the 
caak-gie out of the machine when finished. __ 

At present the makers are listing one size of 
machine only, with a barrel of 15 in. internal diameter ; 
the maximum capacity is determined by ——_o 
throw of the crank to half the diameter of the shaft. 
This sum must not exceed 73 in. f 

The chief features claimed for the machine are 
perfect alignment of crank-pin with the crank-shaft ; 
pins finished round within a maximum limit of error 
of 0.0005 in. ; perfect control of the finishing tool ; and 
diameter of crank-pin accurately controlled by large 
graduated disc on the feed-screw. Once the disc is 
set, the correct diameter can be reproduced any 


1 | necessary spann 





number of times without gr. gauging. 


reduction in labour machine is t- 
able within the capacity of the barrel. Multiple-throw 
cranks can be machined as readily and expeditiously 
as cranks with a single throw. 

Each machine is sent out complete with the follow- 
ing parts :—Three ‘‘roughing” form tool-holders, 
three ‘‘ finishing ” form tool-holders, one ‘‘ crowning” 
tool-holder and tool, one tool-grinding gauge, and all 
ers and accessories. 

A complete equipment of tools for machining one 
size of crank is supplied with each machine. This 
equipment consists of the following parts :—One crank- 
chuck, one crank-pin — one crank-pin 
ee one supporting-dog, and one steady- 

ise. 

The net weight of the machine is about 4 tons. The 
machine is constructed by Messrs. L. Gardner and 
Sons, Limited, Barton Hall Engine Works, Patricroft 
Manchester. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 3. 

THE movement in both crude and finished materials 
continues to be stagnant, with very little new busi- 
ness in ——. Quite a few small inquiries have been 
received, but buyers are still disposed to hold off. 
Some kinds of ores have been reduced from 25 to 35 
cents per ton, and inquiry for pig, which usually 
follows reduction of ore prices, has not developed in 
the degree expected. Some om producers have 
determined on a reduction of output, and the Steel 
Corporation has already reduced its productive rate, 
which now represents about 65 per cent. of its capa- 
city. Some merchant furnaces are planning to blow 
out within the next few days. Current business is of 
the small-lot order, with an occasional sizeable lot in 
low-grade iron, with cast-iron pipe interests still nego- 
tiating for further tonnages. 

The most active industry at present is the building 
of steelcars. The rai companies are continually 
ordering, and are supplanting wooden cars as fast as 
they are able to pay for them. Rail-makers are 
expecting to capture some Canadian orders in the near 
future. Export business to Central and South American 
countries has improved this week. Steel rail orders 
for the past week total 30,000 tons. The largest 
order for cars was 2000 for the Pittsburg and . ake 
Erie Railroad. This immense order will Bac tv o or 
three plants busy for some time to come. Much 
anxiety still prevails as to the volume of business for 
delivery during the summer in lines outside of steel 
cars and locomotives. Several large interests have 
reduced their labour forces considerably, and in some 
quarters this has been looked upon as intended to have 
@ political effect in view of the pending tariff reduc- 
tions in Congress. This, however, is an abnormal view 
to take of the situation. The encouraging feature 
behind the comparative sluggishness is the large 
amount of work cut out and arranged for, and this 
will in all probability be eo to completion 
during the current year. It is estimated that the 
carrying out of contemplated brands means the 
employment of about 80 per cent. of productive 


capacity. 





INSTITUTION OF CiviL ENnoinrERS.—The thirty-sixth 
annual dinner of the London Students of the above 
Institution took place at the Waldorf Hotel on Friday, 

e 5th inst., Mr. Alexander Siemens, President of the 
Institution of Civil Engineers, | in the chair. 
There were about seventy students and guests present. 
Among the latter were Dr. Unwin, Vice-President of the 
Institution of Civil Engineers; Mr. James: Swinburne, 
F.R.S.; Captain H. Riall Sankey, M. Inst. C.E. 
Mr. T. Frame Thomson, M. Inst. C.E. ; and Dr. Tuds- 
bery, Secre of the Institution. After the usual 
loyal toasts been drunk, that of ‘The Institution, 
the Secretaries of the Institution. and our Guests,” 
was P sigs Mr. R. J. Samuel, chairman of the 
London Students’ Committee, and was replied to, on 
behalf of the Institution, by Mr. Alexander Siemens ; on 
behalf of the Secretaries, by Dr. J. H. T. Tudsbery ; and 
on behalf of the guests, by Mr. James Swinburne. The 
President, in the course of his remarks, alluded to the 
steps taken by the Institution to secure for students 
who had nominated — President for appoint- 
ment to the Royal Reserve Engineers, and had served the 
first year at Chatham, some preferential consideration in 
connection with ineering appointments in Govern- 
ment departments. In replying for the secretaries, Dr. 
Tudsbery referred to the lectures for students arranged by 
the Council in London, and in large provincial engineer- 
ing centres, as being intended to enable the students to 
arrive at a better appreciation of the relations between 
their scientific studies and the conditions and require- 
ments of professional practice, pointing out what matters 
were considered of primary im ce. . Swinburne 
made a very humorous speech, in which he compared his 
experience as an examinee and as an examiner. Mr. T. 
Frame pro) the toast of ‘‘ The Students,” 
which was respo' toby Mr. A. J. Hart, Hon. Sec. of 
the London Students’ Dinner Committee. A programme 
of vocal and instrumental music was performed during 
the evening. 





NOTES FROM THE NORTH. 

Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
ig-iron market was quiet and the tone was steady. The 
of nd consisted of two lots of Cleveland warrants at 
46s. 1d. cash and 46s. 14d. eight days, and closing sellers 
uoted 46s. 14d. cash, 46s. 44d. one month, and 46s. 10d. 
three months. Sellers of hematite quoted 63s. cash and 
63s. 6d. three months. In the afternoon Cleveland 
warrants were dead idle, and sellers’ quotations were 
4d. down from the previous session. One lot of hema- 
tite changed hands at 62s. 6d. cash, with sellers 
over. On Friday morning the market was the turn 
firmer, and 2000 tons of Cleveiand warrants were 
done at 46s. 14d. cash, and 46s. 10d. three months. At 
the close sellers quoted 46s. 2d. cash, 46s. 44d. one 
month, and 46s. 104d. three months. In the afternoon 
a dull tone prevailed, and the business was limited to 
2500 tons of Cleveland warrants at 46s. 4d. one month 
and 46s. 9d. three months. The closing prices were the 
turn easier at 46s. 14d. cash, 46s. 4d. one month, and 46s. 10d. 
three monthssellers. On Monday morning the tone was 
weak and 3000 tons of Cleveland warrants were dealt in at 
45s. 11d. cash, 46s. 14d. onemonth, and 46s. 8d. threemonths. 
Closing sellers quoted 45s. 114d. cash, 46s. 2d. one month, 
and 46s. 84d. three months. Weakness again prevailed 
in the afternoon, when the dealings consisted of 1000 tons 
of Cleveland warrants at 45s. 10d. cash. At the close 
there were sellers over at 45s. 10d. cash, 46s. 1d. one 

month, and 46s. 7d. three months. On Tuesday mornin 
the market was quite idle, and sellers of Dlovsient 
warrants quoted 45s. 94d. cash, 46s. 04d. one month, and 
46s. 64d. threemonths. In the afternoon a slightly firmer 
tone was evident, but no ee of any kind were re- 
corded. At the close of the session Cleveland warrants were 
uoted at 45s. 104d. cash, 46s. 14d. one month, and 46s. 7d. 
ree months sellers. When the market opened to-day 
Wednesday) a better feeling prevailed, and 3500 tons of 
leveland warrants were done at 45s. 104d. cash, 45s. 104d. 
and 45s. 11d. nine days, and from 45s. 11d. to 46s. fourteen 
days. Closing sellers quoted 45s. 11d. cash, 46s. 2d. one 
month, and 46s. 74d. three months. In the afternoon the 
market was 7 stronger, and Cleveland warrants were 
dealt in at cash, 45s. 114d. and 46s. twelve days, 
46s. 1d. and 46s. fourteen days, 46s. 24d. one month, and 
46s. 8d. three months. The turnover amounted to 3500 tons, 
and the closing prices were 46s. 04d. cash and 46s, 34d. 
one month, and 46s. 9d. three months sellers. Hematite 
buyers offered 62s. 6d. three months. The following are 
the market quotations for makers’ (No. 1) iron :—Clyde, 
59s. 6d.; Calder, 59s. 6d.; Gartsherrie, 60s.; Summerlee, 
62s.; Langloan, 64s.; and Coltness, 82s. (all shipped at 
Glasgow) ; Glengarnock (at Ardrossan), 62s. 6d.; Shotts 

(at Leith), 60s. 6d.; and ron (at Grangemouth), 62s. 


Sulphate of Ammonia. — The sulphate-of-ammonia 
market is somewhat quieter this week, and the demand 
easier. The ao quoted to-day is 13/. 12s. 6d. per ton 
for prompt delivery, Glasgow or Leith. 


_ Scotch Steel Trade.—The steel trade in Scotland is not 
in a very satisfactory state at present, and specifications 
for heavy material are again rather scarce. One or two 
makers are fairly well employed, but the majority are 
complaining of — and all are feeling the dearth of 
new business. © demand for boiler-plates is fair, but 
for angles there is an absence of inquiry. Structural 
sections generally, however, are in better demand for 
India, Australia, South America, and Japan, but the 
prices offered by buyers are just a trifle low. Makers of 
thin plates and light sheets report a steady business at 
present, both from home and foreign buyers. 


Malleable-Iron Trade.—The malleable-iron trade of the 
West of Scotland has not shown any sign of improve- 
ment, and the works are mostly all on broken time. 
Since the selling ment fell through recently the 

rices for bar iron have come steadily down, and while 

t week it was stated that the price for crown bars was 
perhaps no better than 6/. per ton, this week sales have 
taken place, it is reported, at as low as 5/. 15s. per ton. 
It is generally agreed that some satisfactory agreement 
will require to be arranged very soon, or the ultimate 
consequences will be serious. © export inquiry is not 
heavy at present. 

_ Scotch Pig-Iron Trade.—The demand for Scotch pi 

iron has fallen off considerably during the past week, on 
local as well as English buyers are not purchasing in any- 
thing but very limited quantities. The export trade, 
however, is responsible for the taking up of a large 
tonnage. The prices, which are easier, are inclined to 
get firmer. Hematite has not improved, and consumers 
are not orders, with the result that prices are still 
very low, and any business passing is the subject of 
special arrangement as regards price. 

Shipbuilding.—The Greenock and Grangemouth Dock- 
a Company, Limited, have received orders from 

essrs. J. Hardie and Co., Glasgow, to build a steamer 
of 7200 tons carrying capacity. 





Contracts.—The Dowson and Mason Gas-Plant Com- 
pany, Limited, Levenshulme, Manchester, have secured 
the order for annealing plant, consisting of eight gas- 
fired Weardale —— annealing-furnaces, with the neces- 
sary Duff gas-producers, gas-tubing, &c., for the Singer 
Se, SENT, Limited, Clydebank. — Messrs. 
George Kent, Limited, who make the Venturi meter for 
all parts of the world with the exception of North America, 
have just received the order for twenty-two additional 
meters, ranging in size from 10 in. to 54 in., for the 
Argentine Government, which has already between thirty 
and forty of these meters successfully operating vt diffe- 
rent Government water-works. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. | 

Hull Coal Returns.—The fact that Easter fell late this 
year probably accounts largely for the decrease in the 
tonnage of coal dealt with at Hull during April, as com- 
pared with the same month of last year. e re is 
433,984 tons—a decrease of nearly 165,000 tons. On the 
other hand,.the discrepancy between the total of this 
your aoe ag A mag Berg pepe of 1910 ee 
great, being only tons on a gross tonnage 0! 
1,924,448. On the — trade for April, 280,628 tons, 
there is a decrease of 17,000 tons, as against April last 
year. This oy Be accounted for in part by later 
opening of the Baltic ports and a falling off in the trade 
with Germany and South America. As a counter’ 
more trade has been done with France, Scandinavia, 
Egypt. Coastwise exports during the month were 84,856 
tons. The older collieries seem to have been most affected 
by the decrease, although lighter shipments were sent out 
by some of the new pits. Denaby and Cadeby pits 
still head the list, but with a big drop from 87,000 to 
64,000 tons. 

Another Coal Exchange.—Still another coal exchange 
has been formed in the North, this time at Leeds. Ata 
recent meeting of coal-owners, held in that city, it was 
decided to form an exchange with the title of Yorkshire 
Coal Exchange. Amongst the reasons given for taking this 
step was the fact that oil-fuel is coming more largely into 
favour. It was stated that if the use of oil-fuel increased 
to the extent which ap; likely, it would mean a 
heavy fall in the price of coal, and small collieries would 
have to close down. A coal exchange would have a ten- 
dency to keep up prices, and would be a strong asset to 
these collieries. The exchange will be opened at the 
Hotel Metropole next Tuesday. 


Australian Trade.—Sheffield manufacturers interested 
in trade with Australia had a unique opportunity of 
obtaining valuable information about trade conditions 
and the requirements of the Antipodean market early in 
the present week, when His eo % Trade Commis- 
sioner for Australia, Mr. C. Hamilton Wickes, was 
present in the city for the express pur; of interview- 
ing manufacturers. A good number of them took advan- 
tage of the facility offered, and were highly satisfied with 
the results of these interviews. During the course of an 
address, which he gave in the Cutlers’ . Mr. Wickes 
pointed out that Great Britain had an enormous propor- 
tion of the total trade transacted between Australia and 
other countries. No less than 75 per cent. of the total 
Australian imports represented the share of the British 
manufacturer and merchant, whereas Germany had about 
11 per cent. and the United States 10 per cent. 


South Yorkshire Coal Trade.—The position in the hard- 
coal market has been considerably improved by the 
opening of the Baltic ports, which commences the ship- 
ping season proper. Continued activity may now be 
expected, especially as there are practically no stocks on 
hand. This state of things will almost inevitably lead to 
price increases during the summer. Hard cobbles are not 
in very great demand, but there is a brisk inquiry for 
slacks, and some collieries are pressed to get out contract 
deliveries. A fair amount of gas-coal is being dealt with. 
The most notable thing about house coal is that there 
should he as much business as there is for the time of the 
year. Dépéts, of course, have not been busy, and the 
warm spell of the past few days may still further 
reduce orders at collieries, but up to the week-end, at 
any rate, they had no serious accumulations of stocks. 
Most merchants are keeping orders on the light side 
as much as possible in order to take advantage of 
price reductions. These so far have not been very ex- 
tensive. Latest "Change qutine are:—Best branc! 
hand-picked, 13s. 6d. to 14s.; Barnsley best Silkstone, 
lls. 6d. to 12s. 6d.; Silkstones, 9s. 6d. to 10s. 6d.; Derby- 
shire house, 8s. to 9s.; large nuts, 8s. to 9s. 3d. ; smali 
nuts, 6s, to 7s.; Derbyshire brights, 10s. 6d. to 11s. 6d. ; 
Yorkshire hards, 8s. 3d. to 9s. 6d.; Derbyshire hards, 
8s. to 9s.; washed nuts, 7s. 9d. to 8s. 9d.; rough slacks, 
ca to 7s. ; seconds, 3s. 6d. to 4s. 9d. ; smalls, 1s. to 


Iron and Steel.—The same weakness is observable in 
the iron market as has characterised recent weeks. Upon 
fairly heavy orders of hematite some steelmakers have 
obtained concessions, and there is a weaker tendency 
about prices generally, with the exception, perhaps, of 
the Lincolnshire common irons, makers of which do not 
consider they would benefit by small reductions, since the 
majority of buyers are maintaining a waiting policy. 
This lack of buying is more noticeable in the surrounding 
district than in Sheffield itself. In the city there 
certainly been a little improvement. The South York- 
shire Bar-Iron Association at their last meeting decided 
to continue the quotation of 61. 15s. for bars, although some 
makers complain that prices are unsatisfactory. ers 
in scrap have considerable accumulations on their hands. 
The big demand they anticipated earlier in the year has 
not materialised. The tungsten market is in a somewhat 
unsatisfacto tion. Scme explanation of the weak- 
ness may lie in the fact that consumers contracted fully 
for their demands some months ago, when the price was 
even lower than it is at present. Once again an unequal 
distribution of activity has to be noted in the Sheffield 
trades. Some of the armament houses are working day 
and night, the iron foundries are well occupied, and engi- 
neering is better both on shipbuilding and general account; 
but in other directions things are inctly quieter than 

fore Easter. Forges are less active, and the rolling 
mills are not working at the same But then 
again the steel foundries are said to be so that there 
is a dearth of labour. In the general steel trades the 
State of the pig-iron market has probably an influence. 





The wire mills are busy. In the lighter trades business 
shows an all-round briskness, and re is a considerable 
demand upon skilled labour. In agricultural implements 
and edge-tools trade is good. 





NOTES FROM CLEVELAND AND THE 
NORTHERN, COUNTIES. 
MIpDLEsBROUGH, Wednesday. 
The Cleveland Iron Trade.—Quietness still charac- 
terises the iron trade, and values of Cleveland pig have 
been lower than for nearly six years past, but they have 
now rallied a little. Deliveries ef pig are fairly heavy, 
but they are not sufficient to fully absorb the reduced 
output, with the result that iron is still being stored. 
Additions to stocks, however, are now on only a small 
scale, but it shoul borne in mind that at this 
season of the year traders expect to see stocks de- 
creasing. Seldom in the history of the Cleveland 
iron trade has business been so quiet as during 
the past few weeks. No. 3 g.m.b. Cleveland pig has 
this week sold at 46s. for early f.o.b. delivery, 
which~ is the lowest quotation since July, 1905. T' 
price has now stiffened to 46s. 14d., some sellers 
endeavour to fix the market quotation at 46s. 3d., but no 
difficulty is experienced in buying from merchants at the 
former ng No. 1 is in the neighbourhood of 49s. 9d. 
The lower qualities of Cleveland pig iron are understood 
to be rather scarce, and as a consequence their quotations 
are relatively higher than the better kinds. No. 4foundry 
and No. 4 forge are each 45s. 9d., and mottled and white 
iron each 45s. 3d.—all for early delivery. Some producers 
of hematite pig are inclined to take a more cheerful view 
of that beans of the staple industry, but very little real 
improvement is noticeable. Certainly the make is less 
than it has been, and there have been a few inguiries in 
the market, but they have led to only small sales. The 
general quotation for Nos. 1, 2, and 3 East.Coast brands 
is 62s. for early delivery, but in some cases that figure 
might be shaded, whilst on the other hand up to 62s. 6d. 
ae asked by some of = leading wt These is 
no business passing in foreign ore, all the producers being 
well bought, and declaring t current quotations are 
much too high. Market rates are nominally based on 21s. 
ex-ship Tees for best Rubio. Coke is very plentiful, and 
prange blast-furnace kinds are on sale at 14s. 9d. delivered 
ere. 


Stocks and Shipments of Pig Iron.—Cleveland pig iron 
is going into the warrant stores this month at the rate of 
a little over 280 tons per working day, and the stock 
held there is —— 600,000 tons. Shipments of pig 
iron to date this month average 4659 tons per working 
day, ascompared with a daily average of tons to the 
same date last month, and an average of 4086 tons per day 
for the corresponding part of May last year. 


Manufactured Iron and Steel.—There is not much new 
to report concerning the various branches of the manu- 
factured iron and steel industries. ers are very scarce. 
Several departments keep in full swing on contracts made 
some time ago, but other branches are only partially em- 
ployed. Producers adhere to quotations which have 
ruled for some time past. Common iron bars are 7/.; 
best bars, 7/.7s. 6d.; best best bars, 7/. 15s.; i 
iron, 5/. 15s.; iron ship-plates, 61. 12s. 6d.; iron ship- 
angles, 7/.; iron ship-rivets, 7/. 5s.; iron boiler-plates, 
7l. 7s. 6d.; steel bars, 6/. 5s.; steel ship-plates, 6/. 15s. ; 
steel ship-angles, 6/. 7s. 6d.; steel og eye 71. 10s.; 
steel strip, 6/. 10s.; steel hoops, 6/. 12s. 6d.; steel joists, 
6. 7s. 6d.: cast-iron railway-chairs, 3/. 12s. 6d.; light iron 
rails, 6/. 10s.; heavy steel rails, 5/. 12s. 6d.; steel railway 
sleepers, 6/. 10s.; and galvanised corrugated sheets, 


h | 102. 15s.—sheets less 4 per cent. f.o.b., railway material 


net, and all other descriptions less the customary 24 per 
cent. 





Tue Royat PxHoroerapnHic Socrety.—The annual 
exhibition of this society is now open at the Prince’s 
Skating Olub, Knightsbridge, and will remain open till the 
3ist inst. Besides the photographs of — interest 
there are excellent examples of stellar, X-ray, and other 
technical work, and some beautiful colour-trans- 
parencies. 





CHEMICAL ENGINEERING AND INDUSTRIES EXHIBITION. 
—A Chemical Engineering and Industries Exhibition 
will be held in the Royal Agricultural Hall, Islington, N., 
from May 13 to 27, and the following lectures will 
given: Monday, May 15, at 8 p.m.—‘“ ern Methods 
of Water Purification,” by Dr. Samuel Rideal, D.Sc., 
F.LC. —— May 16, at 4.30 —‘* Beetroot 
Sugar.” by The Rt. Hon. The Earl of benbigh, M.V.O. 
Wednesday, May 17, at 8 p.m.—“‘ Artificial Silks and 
Fibres,” by Dr. W. P. Dreaper, F.I.C. Thursday, 
May 18, at 8 p.m.—‘‘ Protection of Structional Iron and 
Steel,” by Mr. J. Cruickshank Smith, B.Sc., F.C.S., 
M.S.C.I. Friday, May 19, at 4.30 p.m.—‘‘India Rub- 
ber,” by Dr. H. P. Stevens and Mr. Clayton le, 
F.R.Met.Soc. Saturday, May 20, at 8 p.m.—‘‘Gas Pro- 
ducers,” by Mr. J. A. Weil. Monday, May 22, at 4.30 
a Sn Spirit,” by Mr. Thos. r. Monday, 

y 22, at 8 p.m.—** in Modern Illuminants and 
their Industrial Application,” by Mr. Leon Gaster. Tues- 


day, > at 8 R —‘ Paper and Pulp,” by Mr. R. W. 
Sindall, F.C.S. y, May 24, at 8 p.m.—‘‘Che- 
mistry of Lith phy,” by Mr. Chas. rye, i gS 

y 25, at8 p.m.—*“* Di ” by Mr. W. J 


dey. i isposal, . 
Dibdin. Friday, May 26, at 8 ame Artificial Produc- 
tion of Precious Stones,” by Mr. Ndet:Heaton, B.Sc., 
F.C.8. Saturday, May 27, at 8 p.m:—* Applications of 
Electro-chemistry and Electro-metallurgy,” by Dr. F. 
Mollwo Perkin. 


be | and Vice-P: 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has, upon the whole, 
shown more strength during the last few days, colliery 
owners being full pte for May loading. The best 
Admiralty large made 17s. 6d. to 17s. 9d. per ton, 
while secondary qualities have ranged between 16s. and 
pase Me bunker smalls between 10s. and 11s.; and cargo 


tween 9s. and 9s, 6d. per ton. House coal has 


shown little ry 4 the best ordi ualities have 
made 14s. 6d. to 16s. 6d. per ton; No. 3 Rhondda large, 
17s. to 17s. 6d.; and 10s. 6d. to 10s. 9d. per ton. 


No. 2 Rhondda large has brought 12s. 6d. to 12s. 9d.; and 
smalls, 8s. to 8s. 6d. per ton. Foundry coke has made 
18s. to 20s. 6d.; and furnace ditto, 16s. to 17s. per ton. 
As regards iron ore, Rubio has realised 19s. 6d. to 20s. 6d. 
per ton, upon a basis of 50 per cent. of iron, and charges, 
including freight, insurance, &c., to Cardiff or Newport. 


Dowlais.—The Goat Mill has been engaged upon a 
heavy Colonial order for steel rails, and the steel works 
and mills are oupertnd to be well employed during the 
summer. The Big Mill has been turning out light 
colliery rails, angles, fish-plates, &. The collieries have 
been working nearly full time. 


Great Western Railway New Works.—The directors of 
the Great Western Railway have authorised new works 
at Gower where the platforms will be made longer, 
and an avoiding line constructed. Margani Moors 
the refuge —— will made into loops, and at the 

unction up and down avoiding lines and more sidings will 
constructed. At Port Talbot avoiding lines will be made 
and loops constructed between it and Briton F’ . At 
Neath there will be some avoiding lines, those at Skewen 
will be extended, and a down line constructed. At 
Cockett siding accommodation is also to be provided. 


South Wales Coal.—The hr gis of coal from the six 
rincipal Welsh ports—Cardiff, Newport, Swansea, Port 
‘albot, Neath, and Llanelly—in the first four months of 

this year were as follow :—Cardiff—foreign, 5,310,076 

tons; coastwise, 851,377 tons; total, 6,161,453 tons. 

Newport—foreign, 1,510,079 tons ; coast wise, 218,657 tons ; 

total, 1,728,736 tons. Swansea—foreign, 936,192 tons; 

coastwise, 91,813 tons ; total, 1,028,005 tons. Port Talbot 

—foreign, 570,750 tons; coastwise, 42,618 tons; total, 

613,368 tons. es 49,118 tons: coastwise, 

65,736 tons; total, 114, tons. Llanelly—foreign, 

47,919 tons; coastwise, 13,187 tons; total, 61,106 tonsa. 

The aggregate shipments for the four months were accord- 

ingly :—Foreign, 8,424,134 tons; coastwise, 1,283,388 tons ; 

total, 9,707,522 tons. 

Pontypool.—The Pont; 1 Tin-Plate Works Company 
has decided to erect five new mills, which will give 
employment to 200 or 300 additional men. 





Trape.—Messrs. E. G. Wrigley and Co., Limited, of 
Soho, Birmingham, announce that they are opening, at 
60, Pilgrim-street, Newcastle-on-Tyne, a stores and show 
roqm, 


Tae Greek Navy.—Rear-Admiral Tufnell, of the 
British Navy, has been appointed naval adviser to the 
Greek Government. Admiral Tufnell has assumed his 
duties and has brought with him Commissary Townshend 
and Lieutenants Percy Harvey and Kenneth Salmond. 








CRANE FOR THE FERROCARRIL DE LanerEO, GiJoN.— 
In our account of this crane, which we published in 
our issue of March 31, on page 418, we inadvertently 
omitted to state that crane was built to the design, 
and under the inspection, of M. Alfred Corvilain, engineer 
of the Ferrocarril de Langreo, Gijon, Asturias. 


Tue Navat Arrsuip.—In the House of Commons on 
Wednesday, Mr. Burgoyne asked the First Lord of the 
Admiralty whether he would state the first estimate for 
Naval Airship No. 1; her total cost todate; and whether 
the delay in her completion was due either to fault in 
construction or miscalculation in py a. Mr. McKenna: 





The total liability noted for Naval Airship No. 1 is :— 
Hull and machinery, 40,876/. 17s. 6d. ; 5 , 6810. 
ds. 5d. Payments amounting to 36,000/, have made 


ou account. There has been no delay in her completion. 


Royrat InstrruTion.—A general meeting of the members 
of the Royal Institution was held on Monday afternoon, 
the 8th instant, Sir James Crichton poem, Treasurer 

ident, in the chair. Mr. C. W. Ansdell, 

Lady Bell, Mr. 8S. de Ferranti, Mr. H. Kahn, Mr. G. 
Manuel, Mr. C. E. Moulton, and Mr. A. Perks were 
elected members. It was announced from the chair that 
the following gentlemen had been neminated as Vice- 
Presidents for the ensuing year :—The Right Hon. Sir 
Hi Burton Buckley, P.C., Right Hon. Earl Cathcart, 
Dr. Donald W. ©. Hood, Mr. H. F. Makins, Sir Francis 
Laking, Bart., Mr. Alexander Siemens, Sir James 
Crichton-Browne (Treasurer), and Sir William Crookes 
yd ). On Tuesday next, May 16, at 
o'clock, Professor F. W. Mott ins a course of 
two lectures on ‘‘The Brain and the Hand ;” on 
May 18, Dr. W. N. Shaw, Director of the Meteoro- 
logical Office, delivers the first of two on 
‘* Air and the ae “The Structure of 
the Atmosphere the Texture of Air pe yell (2) 
; on 





“Conditions of Safety for Floaters and Fliers ; 
Saturday, May 20, . W. P. Pycraft commences a 


course of two lectures on “Phases of Bird Life”—(1) 
“Flight ;” (2) “ tion.” The Friday evening dis- 
course on May 19 be delivered by Professor R. W. 


Wood, on “* Recent Experiments with Invisible Light,” 
and that on May 26, by Professor Gilbert Murray, on 
“*The Greek Chorus as an Art Form.” 
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CRANK-PIN TURNING MACHINE. 


CONSTRUCTED BY MESSRS. L. GARDNER AND SONS, LIMITED, ENGINEERS, PATRICROFT, MANCHESTER. 


(For Description, see Page 620.) 








TaBLe I.—Time Taken to Turn Cranks, as in Figs. 3; 
and 4, on 15-In. Crank-Pin Machine. 


Crowning Necking 
1 Time in Time in _ Total 
4 BC) DEF. G. | Minutes | Minutes | Time. 
Each. Each. 
in. | in. , in. 


$3 | 9} 28 


The times specified include setting and all other operations. 

The dotted line shows the state of the crank-neck before turn- 
ing, after the slab has been removed from between the webs by 
drilling and slotting in the usual way. 

The machine is quite capable of turning the crank-neck from 
the solid forging, but it is found quicker first to remove the 


slab, instead of making chips of all the metal which has to be 
removed. 
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SOME STUDIES OF WELDS. 


(For Description, see Page 617.) 
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Fic, 1. Resistance WELD ; ETCHED, Fic, 2, Resistance WELD. Fic. 3. Resistance WeEtp; UNETCHED, 
SHOWING OXIDE AT JUNCTION, MAGNIFIED 
80 DIAMETERS, 
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REsIsTANCE WELD, MaGNIFIED Fic, 5. Resistance Wetp ; ETcHED. Fic. 6, ResistaNcE WELD, SHOWING CoR- 
800 DiaMETERS, MaaGnirrep 80 DIAMETERS, ROSION AT WELD, MAGNIFIED ABOUT 
13 Diameters. 
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ACETYLENE WELD ; Normal STEEL. Fic, 10. AceTyLene Wetp; ActuaL WELD. Fic. 11. AcetyLenzE Weitp; ActuaL WELD. 
Maeniriep 80 DIAMETERS. Maeniriep 80 DIAMETERS. Maeniriep 800 DiaMETERS. 











ENGINEERING, May 12, 1911. 


PLATE XXXVI. 





SOME 


Fie, 12. , ACETYLENE WELD; PorTION NEAR 
WeEtv. Maenirrep 80 DIAMETERS, 





Fic, 15. Water-Gas WELD. Macniriep 
800 DIAMETERS, 





Fic, 18. Water-Gas WeLp. Macniriep 
apouT 1$ DIAMerTERs, 
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Fie. 13. Water-Gas WeLp. MaaGnirrep 
80 DiaMETERS, 














Fie, 16. Water-Gas Wextp. Macniriep 
80 DIAMETERS, 


Fic. 19, Tuermir Wetp; Norma Steet. 
Maeniriep 80 DIAMETERS, 


Fie. 14. Water-Gas WELD, 
80 DIAMETERS, 








Fie. 17. Water-Gas WELD. 
800 DIAMETERS. 


Fic, 20. THermir WELD. 
80 DIAMETERS. 





MAGNIFIED 


MAGNIFIED 





MAGNIFIED 
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Fic, 21. Tuermit WELD. 


MaGniFIED 
80 DIAMETERS. ; ; 








Fic. 25. Hanp-WELD, SHOWING OXIDATION. 
Maaeniriep 800 DiaMeTeERs. | 


’ 








Fic. 30. Arc Wetp ; JuncTION oF FLANGE 
anp Tuse. Maenirixep 800 Diameters. 





SOME 


ENGINEERING, May 12, 


1911. 





STUDIES _OF 


(For Description, see Page 617.) 

















Fie. 23. Section or SteaM-Pree- anp 
FLANGE ; ErcHen. 





Fic. 28. Street Tuse rrom Arc WEL. 
MaGniriep 80 DIAMETERS. 














Fig. 31. 
MaGnNetic OXxIpE. 


Arc WELD, Iron FLANGE ; SHOWING 
Maeniriep 80 Diams. 


WELDS. 





Fie. 24. Hanp-WerELpED TUBE anp. 
_Fuance ; Ercuep. Macniriep 
80 DIAMETERS. 





Fic. 29. Arc WELD, SHOWING JUNCTION OF 
FLANGE AND TuBE. Maeniriep 80 Drams. 


Fic. 32. Arc Wexp, Iron FLAnceE ; 
SHOWING Maenetic OxipgE. Maeni- 
FIED 800 DIAMETERS. 
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WORKMEN’S INSURANCE AGAINST 
UNEMPLOYMENT AND INVALIDITY. 

Tue Government scheme for the insurance of 
workmen against unemployment and _ invalidity 
should be regarded from the standpoint of economics 
as well as that of ethics. These points of view, it is 
true, are correlated when considered generally ; the 
latter, being of greater significance, should include 
the former ; and yet grave economic injustice may 
be done in following blindly the maxims of the 
science which treats of the nature and unds of 
moral obligation. We admit that Mr. Lloyd 
George was right in his assumption that many 
workers earn too small a wage to enable them to 
live decently and at the same time provide against 
invalidity or unemployment. But the great 
majority who do not make such provision are in 
exactly the same position as regards the possibility 
of earnings as those who, through friendly and 
provident societies, at present take out insurance 
policies. These latter, according to the Chancellor of 
the Exchequer, number, as providing against death 
42,000,000, against sickness 6,100,000, and against 
unemployment 1,400,000. The moral and disci- 
plinary advantage attendant upon carrying out 
such arrangements is undoubted, and the figures 
quoted afford ample evidence of that independence 
which is such a strong factor in the development 
of all that is commendable in character. Men—and 
women too—who can thus deny themselves have 
made the nation what it is. In the fulfilment of 
what may be rightly regarded as a national duty 
in enforcing universal adult insurance much may be 
lost in the development of spontaneous self-help 
and thrift. Benevolent funds supported by em- 
ployer as well as employee may be discontinued, 
with a loss to that amity which is due to the meet- 
ing of master and man on a common platform. 
Moreover, with increasing legal obligation to fulfil 
ethical duties, charity is being superseded. bour 
and the poor are now claiming as a right aid which 
was gratuitously conceded to them in the past, 
and they must ultimately be worse off, as the cost 
of such aid will tend to be exacted from all classes, 
while the 


ood will which goes with voluntary 
offering will dim 


inish. But we live in days when 
ing the duty of the individual, 
and the thrifty, willingly or otherwise, must hel 

their neighbour, worthy or worthless. This | 


625 | duty is being ogee, as itis not always easy to 
28 | judge rightly the degree of personal responsibility 


for misfortune resting upon the unfortunate. For 
this reason the Bill for effecting insurance against 
invalidity, from whatever cause, of all workers, has 
been more or less favourably received by parties 
with diverse political opinions. 

But at the same time it is well that the economic 
side of the question should be frankly recognised. 
In the first year, if the proposed scheme comes into 
force, the total cost directly chargeable to employers 


637|is nine millions sterling, and to workers eleven 


millions sterling. There is, moreover, attached to 
the same project a scheme for insurance against 


638 | unemployment, which for the present is only to be 


applied to the building trade, shipbuilding, and all 
engineering. The total cost of the two schemes, with 
the contribution by the State, will be about ay | 
millions when the projects now proposed are in fu 





operation. When all industries are included under 
the unemployment insurance, the cost will be greatly 
augmented. We are promised a reduction in poor 
law administration and other poverty and _ ill- 
health-relieving expenses ; but past experience does 
not justify reliance on such prospects. With the 
cost of the kindred schemes of workmen’s compen- 
sation for accident and of old-age pensions, we shall 
have thus added to the cost of production, within a 
few years, a really stupendous total—100,000,000I. 
= annum would not be an extravagant estimate. 

e debit this total to production, applying that 
term in its widest sense, use while only a part 
is directly chargeable to industry in its various forms 
—to employer and 21 a pale State contribu- 
tions have to be provided by taxation, which is for 
the most exacted from industry, and thus 
they become indirect charges upon production. 
This is a most serious matter. ere we a self- 
dependent community, all might be well ; but our 
existence depends upon foreign markets, and every 
addition to the charges on production increases our 
handicap in international competition at home as 
well as abroad. If our position and the volume of 
work done are to be maintained, labour as well as 
capital must bear the extra burden; if not, unemploy- 
ment must increase. Moreover, as the employer is 
called upon to pay more in the case of unskilled 
than on skilled labour—on lower-paid than on 
higher-paid workers —the tendency will be to sup- 
plant such workers wherever possible by mechanical 
appliances, and thus the number of unemployables 
wil be augmented. With the inexorable law of 
supply and demand in operation as regards labour, 
the incidence of the increased burden on capital 
and on labour will vary ;: but labour, unfortunately, 
is least able to bear an additional load. Moreover, 
the great army of casual workers are beyond the 
reach of the schemes, alike as regards invalidity and 
unemployment ; and it is these men that intensify 
the difficulties in solving the problem set to the 
student of ethics. 

The Chancellor of the Exchequer estimated that 
the average wage in this country is 24s., and on 
this we have added for insurance against invalidity 
7d., and againet unemployment 5d., as direct 
charges upon employer and employed, while the 
cost of insuring against claims under the Work- 
men’s Compensation Act is about 10d. per week. 
Whether paid by employer or employed, we have 
thus a tax equal on an average to 7h cent. of the 
wages cost, and in most products labour makes up 
nearly one-half the total expense, so that the charge 
is equal to about 3} p-r cent. on the selling price. 
But there are other charges. The materials used will, 
for the same reason, cost more. When miners come 
under the unemployment insurance scheme—and 
already there has commenced an agitation to this 
end—the insurance charge, & from workmen's 
compensation, will, it is estimated, be equal to 
ld. on each ton of coal, and iron, steel, and other 
materials will be debited with even a greater 
sum. The cost of transit will similarly be greater. 
In a short time the railway workers will be 
included in the unemployed scheme, when the sum 
for this and the invalidity insurance will equal from 
quarter to half per cent. on the ordinary capital of 
each company, and part at least of this must be 

laced against industry. It is idle to ignore these 
facta in economics, but on ethical grounds the 
scheme is accepted, and the cost must be met, what- 
ever it is, from whatsoever source it comes, and 
whatever may be the final effect on the relation of 
capital and labour. 
he scheme is unavoidably complicated, but Mr. 
Lloyd George was most lucid in its exposition, and 
the publication of the Bill, with its eighty-seven 
clauses and nine schedules, has assisted towards a 
better understanding of its details. Neverthe- 
less, there are still many. points which demand 
explanation, and some which most certainly require 
amendment. We strongly support the plea for the 
separation of the unemployment and invalidity 
Bills. They may be related, but they differ widely. 
The one is purely an experiment ; in the other there 
is experience of foreign schemes to guide us. Again, 
it would be well to have the benefit of advice from 
those directly concerned, and we commend the 
idea of sending the Bill before a Grand Committee, 
which should take the evidence of employers, 
workers, friendly society authorities, trade unionists, 
and actuaries in connection with the amendment 
of details. The Bill is not to come into force until 
May 1 next year, but, even if its application were 
postponed, the advantage in giving Taller maturity 
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to the scheme, and in the avoidance of ambiguity 
and debatable phraseology, would be ample excuse 
for delay. 

The scope of the Unemployed Insurance Scheme, 
according to the Bill, is greater than was antici- 
pated from Mr. Lloyd George’s speech. Thus, 
there are included all engaged in building opera- 
tions; in the construction of works, including 
railroads, docks, harbours, canals, embankments, 
bridges, piers, and other works of construction ; in 
shipbuilding, embracing every auxiliary ; mechanical 
engineering, including the manufacture of ordnance 
and firearms ; and the construction of all yehicles 
and parts thereof. Thus every form of engineering 
comes under unemployed insurance, and the details 
are consequently of great importance to our readers. 
The contribution to be exacted from every workman 
for every week or part of a week he is employed 
is 24d., while by the —o. 24d. is to be paid for 
each worker. e employer is responsible for col- 
lecting the contributions from the worker. Thus the 
total amount ultimately payable for each worker is 
21s. 8d. per annum, but where the amount is paid in 
a lump sum the total is to be 15s. This may seem 
a concession, and much was made of it by the 
Chancellor of the Exchequer ; but it is practically 
impossible for employers to determine, at the 
beginning of the year, the minimum number of 
workers they will have throughout the year. If, as 
is not certain, payment may be made in part in 
lump sum for a given number of workers, and in 
part in small sums for the balance of workers, each 
week, advantage will accrue. The State will con- 
tribute to the insurance fund a sum equal to one- 
quarter of the total cost. 

Mr. Lloyd George anticipates that the scheme 
will apply to over 2,400,000 workers, so that the 
total cost to the workmen and employers to- 

ether promises to be well over 2,000,000). The 

nefit to be paid unemployed workers is 6s. per 
week in the case of workmen engaged in building 
and construction works, and 7s. in the case of 
workmen engaged in mechanical engineering, ship- 
building, or construction of vehicles ; but latitude 
is given to the Board of Trade to determine rates 
varying from a minimum of 6s. to a maximum 
of 8s. The acceptance of the trade as a basis is 
wrong. For instance, men engaged in the con- 
struction of bridges may be doing exactly the same 
work as men employed on the hull of a ship, while 
the decorators of a building are as skilled as the 
decorators of a ship’s saloon. Moreover, they both 
pay alike, and there seems no reason for differen- 
tiating as to the benefit accruing. Again, the 
acceptance of a uniform premium and the pay- 
ment of a uniform out-of-work allowance are not 
to be commended ; a man with 20s. a week will find 
even 24d. a heavy charge, especially when added 
to the 4d. for invalidity insurance. Details are 
arranged so that the workmen shall not come on 
the benefit roll until they have paid a certain 
number of contributions ; but into these matters we 
do not propose to enter at present. Normally, 
the men unemployed will be paid their out-of-work 
benetit at the hand Exchange, where every effort 
will be made to get each man a job; failing his 
acceptance of a job if offered, he will be refused the 
benefit. Of course, no payment is to be made for 
unemployment due to strikes, lock-outs, miscon- 
duct, or other such causes, the unemployment to be 
dealt with under the Act being cudk as is entirely 
due to slackness in trade 

A part of the scheme to which objection is almost 
certain to be taken is that under which the trade 
unions are associated with the payment of relief 
money. Many of these unions include out-of-work 
allowance amongst the benefits they pay, and 
Mr. Lloyd George proposes that the trade union 
should pay the State unemployed benefit to its 
members, and re-claim from the fund created by the 
contributions of employers, employed, and the State, 
the amount which would otherwise be paid to the 
men at the labour exchanges. This is a concession 
to the trade unions which will require very careful 
consideration. Mr. Lloyd George himself said, 
‘**The State, in effect, allows trade unions to spend 
this money ; at the same time it protects us against 
the unfairness of subsidising what, after all, is 
a war-chest.” The question to be determined is— 
Does it ensure that the employers’ money and the 
State money shall not subsidise the war-chest ? Is 
there any guarantee that the Government scheme 
shall not be utilised as a further lever to enforce 
non-unionists to join the unions? We are dealing 
with powerful bodies; the number of unionists 





embraced in the industries covered by the unem- 


| ployed insurance scheme alone is 1,400,000. At 


present contributions are made by unionists to 
ensure out-of-work pay. Will these contributions 
cease, or will they be merged in the general com- 
bative resources of the union? Again, is it not 
possible by some subterfuge to arrange disputes so 
that the State money will be utilised for out-of- 
work pay anticipatory to disputes? When objec- 
tion is taken to recalcitrant gmployees being dis- 
charged, and a factory is heneaial, will the ‘‘ idle” 
men, who are prohibited from working in a 
‘* marked ” shop, get unemployed benefit partly 
contributed by the employers and the State ? 

The immense advantage of the asset provided by 
the Government Insurance Fund will give the trade 
unionists a sounder financial position actuarially, and 
will therefore tend to a real, although not an actual, 
increase in the size of the war-chest. It is there- 
fore unfair to employers that the trade unions 
should be recognised in this way. Beyond all this, 
there is the fact that trade unions are outside the 
law, and that members, under certain circumstances, 
can get no redress in the courts. The labour 
exchanges, too, provide all the machinery that is 
necessary for the purpose, and in distributing the 
benefit money through them there is as great a 
chance of avoiding malingering as with the trade- 
union system of distribution. 

As regards the scheme for insurance in connection 
with invalidity, the same objection obtains against 
the utilisation of the trade unions as distributing 
centres. The Bill anticipates that unions will share 
this office along with ‘‘approved ” friendly societies. 
These societies, the Bill states, must have a member- 
ship of at least 10,000 insured persons ; aconstitu- 
tion providing for the distribution of the whole of the 
funds by way of benefits amongst the members, for 
the control of the affairs absolutely by the members, 
and for the election of committees, representatives, 
and officers, by the members ; and with local com- 
mittees in the various districts. The object, of 
course, of distributing relief money through these 
societies is to make every member of the society, 
as at present, a detective for the prevention of 
malingering. But it cannot be contended that the 
trade union is on the same plane as the friendly 
society. Both no doubt fulfil similar bene- 
volent aims, but the trade union is primarily orga- 
nised for ‘‘collective bargaining” between employer 
and employed, and in many cases money specially 
laid aside to carry out the benevolent obligations 
has been utilised, temporarily at least, for strike 
pu In this case, therefore, the trade unions 
might also with equity be left out of account. 
From the utilisation of friendly societies, how- 
ever, much good must accrue. ey, at present, 
serve exactly the purpose of the Vavalidity in- 
surance scheme. e idea that in every case 
the local committee is to secure directly the benefit 
of its economical administration to the extent, at 
least, of one-half the surplus, is sure to be an 
incentive to careful distribution of benefits. Money 
collected from employer and employed on behalf 
of members of the society is to passed to the 
organisation of which the worker is a member, 
and the society is to pay the benefits provided in 
the Bill. When there is a deficit, the central fund 
must make it up ; where there is a surplus, half of 
it is to be forwarded to the central fund ; the other 
half may be disbursed in additional benefits which 
— be adopted at will after a certain period, 
within wide limits enumerated in the schedule of 
the Bill. A trade union, having its own benevo- 
lent objects, might saddle a State scheme with 
such expenses as were permissible, irrespective as to 
whether they were incurred solely in the interests 
of the State invalidity scheme. For instance, what 
= of administrative charges are to be deducted 
rom the funds provided by employer, employed, 
and the State ? 

An objection to the utilisation of even the 
friendly societies for this p is that they 
must maintain their standard of health and age 
for admission to membership. This standard is 
advisedly conservative. The wy eageeg in 
respect of physique, health, an e are there- 
fore rejected cal as the German scheme is 
all-embracing, a grave injustice may here be done. 
Those who are not members of friendly societies or 
trade a “ their a vo bana genes 
stamps paid for by employer and employed, to the 
Post Office ; and while they get the benefit of the 
State contribution, they come under certain dis- 
abilities, which is sure to be regarded as an unfair 








state of thi and to lead to an agitation for 
getting the 1 AN modified. 

We have said that the scheme is all-embracing ; 
the only exceptions are soldiers, sailors, teachers, 
employees under the Crown or under municipalities, 
which make no deduction from wage for illness 
and which provide a superannuation allowance, 
commission agents working for more than one em- 
ployer ; and, finally, such casual labour as that 
of the porter who earns his 2d. by carrying one’s 
luggage from the railway station. Where the 
employment is regular, although it may be only 
for an hour per week, the employer is respon- 
sible for the contribution, the employer for the 
first engagement of the week being chargeable. 
It is anticipated that 14,700,000 workers will come 
under the scheme at the outset, a fact which alone 
indicates the enormous importance of the project. 
This number includes small traders, shopkeepers, 
and men working on their own account, who may 
voluntarily join the scheme, paying both employer’s 
and employee’s quota, and securing the advantage of 
State contributions ; but all employers are bound to 
bring workers paid weekly within the scheme. 
Thus only salaried workers earning more than 1601. 
per annum are exempted from the compulsory 
scheme. The idea of differentiating between salary 
and weekly wage is indefensible: it rules out the 
man with 130]. per annum, and includes the 
worker with 101. per week if he elects to join, gain- 
ing half both from his employer and the State. 

ormally, the amount to be deducted from the 
wage is 4d. per week for every man and 3d. for 
every woman, while the employer has to pay 3d. 
for every man and woman.* The State pays 2d. per 
week for each worker. Here, too, objection may be 
taken to the uniformity of the scale. However, where 
the wage is very low a smaller sum is exacted, but 
in each case the employer has to make up the total 
per week to 7d. Thus, if the wage is 1s. 6d per day, 
the worker pays 1d. per week and the employer 6d., 
if 2s., the worker pays 2d. and the employer 5d. 
These rates will embrace all apprentices. Part of 
the remuneration of the apprentice is in the form of 
tuition or education, yet the employer is penalised. 
The tendency will undoubtedly be towards reduc- 
tion of the wage of apprentices, as it can scarcely 
be expected that the employer is to be called upon 
to add a sum equal to 10 per cent. or 15 per cent. 
of the wage for insurance against invalidity. 

There are other points regarding payment and 
recovery of contributions which demand very careful 
consideration. But in any case the scheme, apart 
altogether from its direct financial obligations 
involving a serious charge on the cost of production, 
will entail a considerable amount of clerical work, 
especially in large factories. There is, however, 
a wide recognition of its ethics, especially in its 
broad liberal details for the combating of tubercular 
disease ; so that employers will generally accept 
the principle, although very properly contending 
for such modification as will simplify and make 
effective all details. This, if wisely conceived, 
will obviate possible disappointment as regards 
beneficence —a disappointment which is pretty 
certain to follow the exaggeration of hope prevalent 
since the Bill was introduced. 





NEW ORGANIC COMPOUNDS OF 
NITROGEN. 

Tue discourse on ‘‘ New Organic Compounds of 
Nitrogen,” which Professor M. O. Foster, D.Sc., 
F.R.S., of the Royal College of Science, South 
Kensington, delivered at the Royal Institution last 
Friday, will have given ample food for reflection 
even to those to whom the ingenuity of the chemical 
reactions described would hardly appeal. In its 
elemental condition the nitrogen of our atmosphere 
— as inert as argon. In the diversity of 
behaviour exhibited by its derivatives nitrogen is 
unrivalled by any other element. It is difficult to 
force nitrogen into combination. It requires the 
energy of the electric arc or spark or of bodies at 
high temperature to make nitrogen combine with 
oxygen, with hydrogen, and with carbon. But the 
resulting compounds are of the most varied character. 
Some are corrosive acids, others strong bases, some 
oxidising agents, others reducing agents ; the intro- 
duction of the nitro group makes the harmless 
glycerine a most violent explosive. The brilliant 
aniline dyes are nitrogen derivatives of colourless 
hydrocarbons. Nitrogen compounds revive the soil. 

itrogen is esseutial to the enzymes, which enable 
the animal to digest its food. The alkaloids, which 
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are valued as beneficial anwsthetics and dreaded as 
deadly poisons, represent a special class of basic 
nitrogen derivatives. It was a a compound, 
urea, by the preparation of which Wohler, in 1828, 
broke down the boundary between organic and 
inorganic bodies; and if the grand researches of 
Emil Fischer on proteins, another type of nitrogen 
compounds, have not yet disclosed the secret of 
life, they justify, at any rate, the chemist in hoping 
that the knowledge will not always be withheld 
from him. 

Dr. Foster referred in his introduction to this 
versatility and the paramount importance of nitro- 
gen in economical and physiological respects. When 
he passed to his main subject, certain new organic 
nitrogen compounds, only the chemist could follow 
him, though Dr. Foster is a lucid lecturer. A few 
notes may be useful, however. Everybody knows 
the chemical formula of ammonia, NH;. When 
one hydrogen atom H is replaced by the 
amide group NH, (which has no independent 
existence), the body NH,.NH, is obtained ; it 
is called hydrazine or diamide. By substitution 
of NH, for a second hydrogen atom, a sub- 
stance ‘NH, . NH .NH,, triazane should result. 
That body is unknown. But another com- 
pound containing three nitrogen atoms, not in a 
simple chain, as indicated, but in a curled chain, 


N 
HN \|, was discovered by Curtius in 1890, 
N 


and a simple inexpensive process for its preparation 
was found by Raschig in 1908. This body is known as 
azoimide or hydrazoicacid. The peculiarity of these 
substituted ammonia derivatives is that nitrogen, 
reluctant apparently to combine with other 
elements, can be made to combine with itself so 
that compounds with one, two, or three nitrogen 
atoms, linked in characteristic ways (azo, diazo, 
triazo bodies), arise. But many of these bodies, 
especially also those containing a triazo group, are 
unstable. The two N’s joined by a double link 
easily split off from the third ; nitrogen is gene- 
rated, or some further change takes place, the 
substances swell and become discolo , and the 
reactions may be violently explosive; the de- 
monstrations were sufficiently alarming for some 
members of the audience. -Hydrazoic acid is 
itself a disagreeable substance; its silver salt 
detonates with great violence, whilst the alkali 
salts are harmless. It has a peculiar effect on the 
blood, causing palpitation of the heart, which warns 
the experimenter of approaching danger. This 
effect can also be rendered visible, because the 
hydrazoic acid destroys the well-known absorption 
bands in the spectrum of blood; the bands dis- 
appear on the addition of this colourless compound 
to the blood, 

These compounds resemble the halogens (chlorine, 
bromine, iodine, fluorine) in this and other respects, 
and it is very remarkable that the introduction of a 
complex group of atoms, like the triazo group, has 
quantitatively the same effect on the refractive power 
and on the dispersive power of certain organic com- 
pounds as the introduction of some halogens. As 
regards the boiling points of these series, the effect. 
of the triazo group is stronger than that of iodine, 
and weaker en that of bromine. These peculiar 
analogies were not unexpected ; for the Hiuking of 
the nitrogen atoms in these groups somewhat recalls 
the combinations of the halogens with one another. 
In the case of the azo bodies these striking proper- 
ties were first observed with aromatic compounds, 
in which the carbon atoms are assumed to be joined 
to the closed ring or hexagon of Kekulé and Van’t 
Hoff. The researches of Dr. Foster and his pupils 
prove that the aliphatic azo compounds (bodies of 
the class of the fatty acids), in which the atoms are 
joined in simple or composite, but open, not closed, 
chains, partake of the same peculiarities. That the 
nitrogen atoms themselves form a kind of ring in 
these compounds has already been suationel. Web 
the hope that a compound containing a hexatomic 
nitrogen might be discovered has not been realised 
yet. The Es | with the halogens suggested such 
& compound, and its preparation would be important 
for the study of the configuration of the atoms in 
space. 

Such lectures tempt one into speculation. Nitro- 
gen does not stand alone in its versatility, though 
foremost. The young chemist is puzzled when he 
is taught that diamond, hite, and charcoal are 
really one substance, and when he is introduced to 
the infinite variety of carbon compounds. That 
silicon and earbon belonged to the same class of 








elements was recognised by chemists long before 


the similar influences of silicon and cf carbon on 
iron struck metallurgists. Within recent years 
Stanley Kipping and others have prepared organic 
compounds, in which silicon replaces carbon, and 
the two parallel series of compounds display 
remarkable similarities, also as regards optical 
activity. Now, though neither carbonic acid nor 
silicic acid (sand, quartz) are regarded as organic 
substances, the skeletons of most animals are 
mainly built up of carbonates (and phosphates), 
while certain low types of animals have a beautiful 
internal structure of silica. The living protoplasm 
consists of carbon, nitrogen, hydrogen, oxygen, 
in conjunction with phosphorus and sulphur, and 
probably some saline matter. All these constituents 
may be essential in the sense that no part of a 
perfect machine, which does not contain any super- 
fluous parts, can be dispensed with, though the 

are not all characteristic. In his researches 
on proteins E. Fischer approaches the solution of 
the problem, which are the characteristic life-giving 
elements or groups of elements. But the solution, 
if found, will be restricted to certain conditions. 
May not all the elements be characteristic ? 





THE ROYAL SOCIETY SOIREE. 

Tue first of the two annual soirées of the Royal 
Society was held at Burlington House on Wednes- 
day, May 10. Both the soirées having been 
cancelled last year on account of the national 
mourning, Sir Archibald Geikie, K.C.B., D.C.L., 
President of the Royal Society, welcomed an un- 
usually large number of visitors in the evening, 
and many members came in the afternoon to 
study the exhibits at more leisure. The exhibits 
were very numerous, as was to be expected, but 
not particularly striking in novelty, though new for 
the locality. There were many exhibita of a strictly 
biological character, and only a few appertaining 
to engineering in particular. We in our 
account with a description of exhibits of physical 
and general interest, and we shall in the main 
follow the order in which the exhibits were 
numbered, while attempting to group the varified 
exhibits a little. 

The improved high-tension discharge apparatus 
of Professors E. Wilson and W. H. Wilson, of 
King’s College, London, was brought before the 
Physical Society last winter; the idea is that 
energy is stored in a magnetic field by inductance 
and permitted to surge into a condenser. The 
electrostatic wattineter of Professor E. Wilson 
measures alternating currents up to 20,000 volts and 
200 amperes, the high voltage being directly applied 
to the fixed system without the usual reduction 
ratio; a direct-current armature, rotated in an 
air-cored magnetic circuit, produces a suitable 
electromotive force in phase with the main current, 
which is impressed upon the moving system. 

Several astronomical exhibits were found in the 
officers’ room, others in the princizal library. The 
Astronomer Royal (Greenwich) had sent a model of 
the orbit of the eighth satellite of Jupiter for the 
years 1908 to 1916, as predicted by Dr. P. H. 
Cowell from observations made in 1908 and 1909 ; 
the model showed also the orbits of satellites VI. 
and VII. and of the inner satellites, on a scale of 
80 in., equal to one solar unit, which means 1 in. 
equal to 1,160,000 miles. A globe shown, illustrat- 
ing the motions of two star streams, is based upon 
Mr. A. S. Eddington’s analysis of the motions of 
about 6000 stars distributed all over the sky, 
recently published by Professor Boss. For each 
region of the sky there are two ‘‘ favoured 
directions” in which the greater number of stars 
appear to move. These two directions converge to 
two apices, which are not diametrically opposite 
one another. When this division into two streams 
is ignored, the stars as a whole appear to wander 
towards the antapex of solar motion, which is also 
marked on the globe. Two star streams were 
first suggested by Professor Kapteyn, of Groenin- 
en, in 1905, at the British Association meeting in 

‘ape Town, and these exceedingly laborious inves- 
tigations were subsequently taken up also by Dr. 
Dyson (now Astronomer Royal), first at Edinburgh 
and later at Greenwich, and by Mr. Eddington 
The. aces f Hall kk 

e pho re) ey’s comet, taken at 
a alg near Cairo, by Mr...Knox Shaw, with a 
30-in. reflector, from April 16°to June 10, 1910, 
had been sent by the director of the Helwan Ob- 
servatory ; some of them showed the beautiful 





envelope around the head just as it appeared 
on the drawings of 1835—a striking agreement, 
indeed, considering that the appearance of the 
ay ayy changed to an extraordinary degree 
rom day today. This fact is likewise brought out 
by the negatives of Halley’s comet lent, together 
with plates of slit spectrograms and of slitless 
spectrograms of the comet, by the Lowell Observa- 
tory, U.S.A. The negatives were obtained in the 
period May 4 to June 5, 1910. The spectrum of the 
core of the comet is continuous with bands, and 
some of these bands were also visible, somewhat 
like slightly curved streamers (the curvature being 
— due to the lenses), in the spectra of the 
tail he three chief bands have been identified 
by Dr. Slipher with carbon monoxide under low 
ressure, and the bright gases of the core seem to 
strong where those of the tail are weak, and vice 
versd. ese features were still more clearly shown 
on the two photographs exhibited by Mr. A. Fowler, 
F.R.S. ; his pho phs showed the identity of 
certain double bands with the bands obtained from 
vacuum tubes containing carbon monoxide at a pres- 
sure of 0.01 mm. of mercury ; a photograph of the 
Morehouse comet of 1909, taken by H. D. Curtis 
at Santiago, Chili, also sent by Mr. Fowler, further 
showed the ni m band. From measurements 
made by Professor Lowell on knots in the tail of 
Halley’s comet, it would result that four knots, 
varying in distance from the core from 1} deg. to 
6 deg. of arc, moved away from the nucleus at 
velocities ranging from 13.6 to 29.7 miles per second ; 
these observations, combined with the spectro- 
grams, would suggest that the accelerated knots con- 
sisted of about 75 per cent. of gases. Now, according 
to the theory of Arrhenius, only small solid par- 
ticles should:be repelled by the elition ure of 
the sun, whilst these observations would tend to 
show that gaseous molecules were likewise repelled. 

More photographs and spectrograms of Halley's 
comet were found among the exhibits of the Solar 
Physics Observatory, at South Kensington. Mr. 
C. P. Butler had taken these at Fosterdown, Cater- 
ham, with three instruments—a 9-in. Henry pris- 
matic camera, a 2-in. quartz-calcite prismatic 
camera, and a 6-in. Dallmeyer doublet camera. The 
~ graphic laboratory spectra of titanium, vana- 

ium, and chromium, for comparison in the 
study of the spectra of Antarian stars, exemplified 
the great difficulty of such researches. The spectra 
given by the rays of the arc-cores were quite differ- 
ent in the intensity of the flutings and in their 
number from the spectra emitted at the same time by 
the flames surrounding the arcs. The four spectro- 
heliograms of the sun, obtained on Friday, April 28, 
and Saturday, April 29, were interesting, because 
the first were obtained 6 hours before the time that 
the last total eclipse of the sun was due at Vavau, 
in the Pacific, where Dr. Lockyer and the party 
from the observatory were staying (according to 
telegraphic reports, the expedition has not been 
favoured); these composite photographs were taken 
in calcium K, K, light in order to show the develop- 
ment of the prominences and flocculi about the 
time of the eclipse. Other exhibits from South 
Kensington, diagrams illustrating the air circula- 
tion about the South Pole, were based upon Dr. 
Lockyer’s study of all data so far available. 

The Royal Astronomical Society exhibited a 
series of the ificent em of star 
nebulze which Professor G. W. Ritchey had been 
able to secure last year with the aid of the 60-in. 
reflector of the Mount Wilson Observatory. Note- 
worthy among these were the ring nebula in the 
Lyre, surrounding two stars (not one only, as in 
former photographs), the Andromeda nebula, the 
Owl of ws in the Great Bear, the remarkable 
spiral in the Hair of Berenice, seen on edge, and 
the filamentose nebula in the Swan. 

The firedamp detector, fitted to miners’ safety- 
lamps by Sir Henry Cunynghame and Professor 
Cadman, has been illustrated in our columns. The 
differential hydroscope, or frost predictor, of Sir 
Henry, also exhibited, is a wet-and-dry bulb ther- 
mometer, based on the observation that dry air and 
a falling wet-bulb thermometer occurring together 
threaten frost. The dry bulb contains mercury, 
the wet bulb alcohol, coloured blue. When no 
frost is impending, the blue column stands higher 
than the mercury ; when frost is to be expected 
the blue column will be found to have fallen below 
the level of the mercury column. The two stems 
are close to one another, and the divisions are so 
arranged that the hygrometric state is seen without 
reference to tables and irrespective of tempera- 
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Mr. J, J. Manley exhibited an analytical balance 
whose beam is protected by being enclosed in a 
special case. he object is to avoid convection 
currents rising from the experimenter’s hand, A 
very slight difference in the temperature (0.05 deg. 
Cent.) of different parts of the ordinary glass case 
of the balance, Mr. Manley’s curves proved, suffices 
to keep the beam in a constant oscillation tremor, 
while his protected beam remains quite steady. The 
special casing is a box made of magnalium ; the 
rods of the pans pass through the bottom of this 
case, and the orifices are provided with baftle-plates 
to deflect any air currents. 

Professor Liversidge, F.R.S., had a fine collection 
of gold nuggets from Australia and Canada, and 
slices prepared from them on view, and his photo- 
graphic album also contained photographs of Aus- 
tralian meteorites, some containing traces of gold 
in so far unknown combinations. According to the 
miners’ belief, the gold nuggets should have a con- 
centric structure somewhat like that of an onion ; 
etching his specimens with bromine, chlorine, salt- 
petre and hydrochloric acid, however, Professor 
Liversidge finds distinct large gold crystals in the 
nugget slices, and such crystals can also be seen 
when gold coins are etched. 

Some of the photographs of surface waves in 
ships’ tracks, sand dunes and damp gravel, and 
damp snow (produced by — traffic), exhibited by 
Dr. Vaughan Cornish, have been made familiar to 
our readers from an article which Dr. Cornish 
contributed to our columns in 1907.* We can only 
mention the beautiful photographs of mountain 
summits (up to 23,406 ft. altitude) shown by Dr. 
Tom Longstaff. 

The demonstration of electric charges associated 
with vegetable cells, by Professor W. M. Thornton, 
leads over to biological exhibits. According to 
Dr. Thornton, an electric current sent through a 
weak emulsion in water consisting of animal and 
vegetable cells (blood corpuscles, yeast, bacteria, 
and alge) drives the animal cells to the posi- 
tive 4 and the vegetable cells to the negative 
pole, provided the latter be free from fresh active 
growth ; the movement is dead beat and reverses 
with the current direction. It would thus be pos- 
sible to distinguish between animal and vegetable 
in low forms of life by electroosmosis. These pheno- 





* See ENGINEERING, vol. lxxxiv., pages 188, 284, and 307. 


The thermometer has been tried for nearly | 


Fia, 1. 


mena might be of colloidal character ; many col- 
loids carry electric charges (due possibly to electro- 
lytes present) and wander with or against the 
electric current. The electric effects accompanying 
the fermentative action of yeast, demonstrated by 
Professor M. C. Potter, of Newcastle, are of a 
difterent kind. Professor Potter fills a glass beaker 
and a porous cell suspended in it with the same 
solution of glucose, and inserts platinum electrodes 
into the two compartments ; he then introduces 
yeast into the inner cell and observes that a 
condenser becomes sufficiently charged to give a 
galvanometer deflection when the condenser is dis- 
charged. The electromotive force of this couple 
is said to be 0.3 volt, and the couple to behave very 
much as if zinc were dissolved in sulphuric acid in 
the inner cell. 

The bacteriocidal action of light produced by rays 
from a re aweny lamp was shown by Pro- 
fessor H. T. Hewlett and Mr. J. E. Barnard, 
with tube and plate cultivations in agar-agar, on 
potatoes, Thames water, &c. They consider the 
rays of wave-lengths ranging from 3280 to 2260 
as most active. We have on another occasion 
referred to the researches made, especially in France, 
by V. Henri, Recklinghausen, Urbain, and others 
in this direction ; practical sterilisers are on the 
market. Messrs. Hewlett and Barnard kill the 
bacillus coli in Thames water within three seconds, 
when the apparatus is about 4 cm. above the water. 
Their improved centrifugal apparatus for disin- 
tegrating organic cells is a ball-mill, which we 
noticed a few years ago. 

Mr. A. D. Hall, F.R.S., of Rothamsted, drew 
attention to the fact that there is in the soil some 
comparatively large organism which destroys and 
limits the useful activity of the bacteria on which 


factor accumulates in the moist warm soil of green- 
houses, and in the soil of sewage farms, while it 
does not thrive in dry soil. eating the soil to 
55 deg. Cent., ing it, or treating it with anti- 
—— (toluene), kills this limiting factor. 

fessor H. E. Armstrong, F.R.S., and Dr. 
E. F. Armstrong (his son), had a large number of 
exhibits on view illustrating the peculiar and, so 
far, little heeded action of stimulants in promoting 
enzymic activity. The stimulants (hormones) are 
condiments(like mustard )or certain chemical agents, 
which are, in general, regarded as weak and as non- 
electrolytes. Blue barley (a malting barley) was 








shown, for instance, to become coloured when 
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immersed in acetic acid, whilst the much stronger 
sulphuric acid had very little effect. A leaf of the 
spotted Japanese laurel (aucuba japonica) was black- 
ened whensuspended over mustard or when immersed 


in a bottle of mixed pickles. The point is that 
leaves and grains are provided with protective 
differential membranes, through which strong acids, 
salts, and sugars do not permeate, whilst organic 
vapours, weak acids, ammonia, and a few salts 
(like the highly antiseptic mercuric chloride) pass 
readily through them, decomposing (in the aucuba) 
a glucoside, and discolouring the leaf by loosening 
the enzymes or liberating (in the common laurel) 
hydrocyanic acid. The observations, to use a homely 
simile, exemplify the utility of pickles, for instance, 
in proneting digestion. 

r. Henry Crookes showed the action of metals 
on living bacteria, to which Sir James Dewar re- 
ferred in his recent Royal Institution lecture*. It 
was then pointed out that the intense cold of liquid 
air would not kill bacteria which the ultra-violet 
rays would kill. Mr. Crookes takes for his demon- 
strations, by preference, the bacterium phosphor- 
escens, which phosphoresces in blue light as long 
as alive, and he places a small piece of metal (about 
1 sq. cm.) on the surface of the fish-agar cultiva- 
tion. The bacteria grow, but a dead zone forms 
around certain metals. Strongly germicidal are, e.g., 
thallium, cobalt, mercury, silver, antimony ; but a 
very small dose of some of the salts of these metals 
may have a stimulating effect. Less germicidal 
are bismuth, lead, nickel, iron, copper, zinc, 
aluminium ; gold, platinum, tin, magnesium, sele- 
nium have no effect ; sulphur seems to be stimu- 
lating. 

Messrs. S. G. Shattock and L. S. Dudgeon had 
kept a growth of bacillus procyaneus, spread on 
, in a vacuum (produced by liquid air and 
charcoal) for four months, excluding light; the 
bacterium kept its vitality in vacuo for the ex- 
ceptionally long period of three months, but not 
longer. The experiments are made with the object 
of deciding whether interstellar space would, per se, 
be lethal to bacteria and seeds. 

Mr. A. W. Clayden, of Exeter, exhibited an 
actinograph or radiation-recorder, with the aid of 
which he has been able to demonstrate the sudden 
cooling which is so often noticeable immediately 
after sunset, though he has not yet quantitatively 
determined the actual temperature fall. Two similar 











* See ENGINEERING, page 123 ante. 
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TRANSPORTER BRIDGE OVER THE RIVER TEKS. 
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bimetallic spirals are so coiled about a small drum 


the air temperature, would com 
The one spiral is, however, blackened, and the other 
bright ne shaded hy a polished tin cover. The pen 
thus records the difference in temperature due to 
radiation. Mr. Clayden also exhibited photographs 
of footprints which he has observed on the Permian 
sandstone at Poltimore, Devon, which are interest- 
ing because of their practically unique appearance ; 
similar types are only known from Corncockle 
Moor and Penrith, but have not, so far, been found 
elsewhere. ; 

Dr. A. Rankine exhibited a glass apparatus for 
measuring the viscosity of a small quantity of gas. 
This comprised two tubes standing side by side 
and joined into a closed circuit by a short cross- 
tube at each end. One tube was of capillary bore, 
and was some 2 ft. long. The other tube was about 
4-in. bore, and was the same length as its com- 
panion. In the latter tube was a short column 
of mercury about 2in. long. Now, if the entire 
system were filled with a gas and the two tubes 


| set vertically, with the mercury at the to 
that the movements, produced by a rise or fall in| the large tube, the mercury began to slide 
msate one another. | the tube. 





of 
own 
In doing so it had to drive the gas 
below it through the capillary tube, and the rate 
at which the mercury fell measured the viscosity 
of the gas. The whole apparatus is mounted on 
a pivot, and can be inverted when the mercury 
has reached the bottom. 

The interest of the beautiful fluorescence and 
resonance spectrum of iodine vapours, demonstrated 
by Professor R. W. Wood, of Baltimore, will better 
be understood from a report on his Royal Institu- 
tion lectures, which we hope to publish next week. 
The échelette diffraction gratings, which he also 
showed, were mentioned in our account of a lecture 
which he delivered last year.* Gratings are ruled 
on gold-plated copper with the aid of crystals of 
carborundum, and the angle of the carborundum, 
and the obliquity of the faces of the grooves are 
varied for the purpose of studying the energy 
distribution in the spectrum and especially in the 


* See ENGINEERING, vol. xc., page 506. 





infra-red which Professor Wood has been investi- 
gating. 

Sir James Dewar repeated an experiment first 
shown at his Royal Institution discourse on 
January 20.* A radiometer is stopped in its spin- 
ning, though exposed to the arc m, when the 
bulb is thoroughly evacuated by means of liquid air 
and charcoal ; but it begins to move when a little 
mercury vapour at the pressure of ——- of an 
atmosphere is admitted ; on freezing out the mer- 
cury vapour the radiometer is again stopped. 

Professor P. V. Bevan, of Cambria, , demon- 
strated the anomalous dispersion of metallic vapours, 
which Professor Wood has studied with sodium, 
with potassium, and rubidium ; the three metals are 
elements of the alkali group. About 5 grammes of 
the metal were heated’ ta a steel tube nearly an 
inch in diameter, and a Hilger spectroscope was 
adjusted so as to look down the tube, which was 
closed by slabs of glass or quartz. Rubidium 
showed a very marked anomalous dispersion in the 
red, blue, and ultra-violet, the spectrum being 
broken up in the respective parts, and the ends of 
the light’ bands curving up or down in the character- 
istic fashion. 

The new large sliding microtome, shown by the 
Cambridge Scientific Instrument Company, is a 
powerful hand - worked instrument, especially 
intended for anatomical work, which will cut sec- 
tions of superficial measurements up to 6 in. by 
4} in. down to a thickness of 0.002 mm. At the 
end of the slicing stroke the table, which slides on 
geometric bearings, is raised a little, and imme- 
diately lowered again for the return stroke, and 
then raised once more so as to be ready for a new 
slicing stroke; the tool is a strong knife fixed 
obliquely above the table. 

The micro-balance of Sir William Ramsay and 
Dr. R. W. Gray, of University College, London, 
was described in our report of the British Associa- 
tion meeting at Sheffield last autumn. It records 


about 4; 7% of 4 milligramme, the chief feature (due to 
le and Grant, in Australia) being that the appa- 
rent weight of a floating quartz bulb is altered by 
altering the air pressure on the balance-case. Pro- 
fessor J. Norman Collie, of the same college, ex- 
hibited tubes showing the strange character of the 
electric disvharge through neon, noticed on a 
revious occasion, and also the canal rays in neon. 
Posteaner Alfred W. Porter, F.R.S., also of 
University College, demonstrated the peculiar fact 
that a ial eging of a wire or steam-pi 
with a bad thermal conductor may facilitate the 
escape of heat instead of retarding it. Parts of 
a platinum wire were covered with glass beads, 
which kept cool (at about 100 deg. Cent.) when the 
bare wire was raised to red heat by the electric 
current. The hot body must be narrow. 

Mr. J. E. Marsh, F.R.S., of Oxford, had brought 
a series of glass tubes in order to show that a homo- 
geneous slitien may separate into three layers on 
warming, and clear again on cooling ; the heating 
was effected by the hand, or by dipping the sealed 
tubes into warm water. Potassium-mercuric iodide 
gives with ether a yellow solution, which is satu- 
rated both for the salt and for the solvent; an 
excess of salt will not dissolve, and an excess of 
ether will not mix with the solution ; these condi- 
tions are essential for the experiment. On adding 
a little water to the solution the hydrate K Hg I, . 
H,0 crystallises out and causes a turbidity, but 
it dissolves again in the mixture of water and 
ether. When the now homogeneous solution is 
warmed, however, part of the ether rises to the 
surface of the liquid, while the heavy water sinks 
down, so that three distinct layers are seen. 

Mr. C. W. Raffety had a few enlarged photo- 
graphs on view showing the differences between 
a positive and a negative brush discharge in air at 
the reduced pressure of about 200 mm. or 150 mm. 
Professor J. A. Fleming showed an experiment 
due to Dr. Hemsalech, who was for some time 
working at University College. A condenser is 
perme 5 by a coil and discharged through an induc- 
tance across a wedge-shaped spark-gap formed by 
two platinum points at the top of two knife-edges 
of copper, which open out downwards. An air 
blast applied above sends the spark down the 
gap, and dissolves it into a ladder of strim ; 
the oscillation frequency was about 25,000 or 50,000 

r second. The inductance was wound on card- 

tubes, and when iron cores (fine wire, or 
simply an umbrella) were inserted into the tubes, 


* See ENGINEKRING, page 123 unte, 
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the spark depth was much reduced owing to the 
magnetising and damping effects of the iron. 
he telephone relay of Mr. S. G. Brown, exhi- 
bited in the Admiralty pattern, was described by 
him last year in the Institution of Electrical 
Engineers, where it gave rise to an_ instruc- 
tive discussion as a promising novelty. The 
relay magnifies feeble telephone currents with 
the aid of a metallic contact between a sharp 
int and a disc, both of osmium-iridium, the latter 
see fixed on an invar steel reed; the contact 
is under oil. The reed forms the armature of an 
electro-magnet in the telephone circuit, and the 
electro-magnet of the local battery is mounted under- 
neath this coil on a permanent magnet ; the core is 
common to the two electro-magnets, and the local 
current forms and maintains the conductive space 
and the automatic adjustment of the instrument, 
which may be turned upside down. The action 
depends upon the flow of electrons across an air- 
gap between conductors at different potentials. 

Aa tri W. J. Pope, F.R.S., of Cambridge, 
showed some beautiful photo-micrographs of rock 
sections, chemical preparations and crystals, inter- 
ference figures, taken between crossed nicols by the 
Dufay process of photography in natural colours. 

The two photographs of the tracks of ionising 
particles, exhibited by Mr. C. T. R. Wilson, F.R S., 
of Cambridge, concern quite recent researches, to 
which Sir J. J. Thomson referred in his recent 
Royal Institution lectures.* A cloud is produced by 
expanding a cylindrical chamber, consisting of a 
top and heltern plate of metal (the poles of the 
electric field) originally 0.5mm. in depth; the 
bottom plate is dropped 2mm. A speck of radium 
is fixed on the bottom plate, near the edge, and a 

rticles shoot right across the electric field. The 
ight spots shown are due to the ions arising from 
the collisions between the particles and molecules 
and from the condensation of the moisture upon 
the ions. In the other experiments X-rays crossed 
the chamber vertically, and gave rise to secondary 
radiations ; the trails of the ions were again ren- 
dered visible by water condensing upon the ions, 

The osmotic growths of Professor wad Leduc, 
of Nancy, exhibited by Dr. Deane Butcher, were 
exceedingly interesting. They are produced by 
sowing mineral seeds (some calcium chloride, man- 
ganese chloride, &c.) into a concentrated mother 
liquor (solution of sodium silicate, &c.) A preci- 
pitate is formed or crystallisation sets in, and 
proceeds before the eyes of the observer, and these 
growths look remarkably like cellular growths and 
display the most delicate texture. They were 
recently described by Leduc in his work on ‘‘ The 
Mechanism of Life.’ 

The exhibits of Dr. G. H. Rodman, transpa- 
rencies Py ye development of the X-ray 
tube, and of Sir William Crookes, O.M., a very 
fine collection of old radiometers and otheoscopes 
(apparatus in which the movement of the envelope 
in the opposite direction to the mill is rendered 
visible) had historical interest. The radiometers 
exhibited were all at least thirty years old, dating 
from 1875 to 1878; the only novelty was a tri- 
angular prism of fused quartz—about 1 in. length 
of edge. 

Mr, Francis Fox showed pitch-blende, and the 


radium bromide and chloride obtained from it at | YT 


the Trenwith Mines, St. Ives, and at the Limehouse 
works of the British Radium Corporation. Two 
little silica crucibles (like thimbles), kept in lead 
cylinders, contained 135 milligrammes and 100 milli- 
grammes of bromide. The one crucible had been 
heated to redness on the morning of the day, and 
showed the brilliant blue phosphorescence of the 
salt very well; the other had m heated a fort- 
night previous, the phosphorescence had vanished, 
and the originally white salt (the heating restores 
this colour) had turned blackish. The value of the 
radium salts, including 57 milligrammes of chloride, 
was stated to be more than 50001. 

On the ground floor the National Physical Labo- 
ratory exhibited several novelties. The portable 
yg oy a for per eg measurements, of 

. W. Rosenhain and Mr. S. W. Melsom, was 
used to measure the temperature of a small electric 
furnace, wound with nichrome wire, a new nickel- 
chromium alloy, which is claimed to bear tempera- 
tures of 1600 deg. Cent. and not to turn brittle 
on continued use, like nickel. The potentiometer 
is more convenient than a direct-reading deflection 
scales for determining the electromotive force 





* See ENGINEERING, page 492 ante. 


of thermo-couples over a wide of tempe- 
rature, being independent of wire-leads and open 
scales. The set consisted of two cadmium cells, 
two small unspillable accumulators, a rheostat, and 
a ten-step potentiometer, each step being equal 
to 2000 or to 4000 micro-volts. 

The apparatus for demonstrating the ionisation 
in an electric furnace, exhibited by Dr. J. A. 
Harker, F.R.S., and Mr. C. G. Eden, consists of 
a portable electric furnace, containing a carbon 
tube heated by alternating currents. wo carbon 
electrodes enter the tube from the ends. The 
one electrode is hollow, and serves for introducing 
gases (nitrogen, carbon dioxide, &c.) and also 
for sighting an optical pyrometer; the other 
electrode is a rod. The electrode gap can 
be varied, and the electrodes are joined to 
a battery. It is found that no current will pass 
across the gap, the resistance of which varied from 
infinity at ordinary temperature to less than 1 ohm 
at 2200 deg. Cent., until a temperature of about 
1400 deg. Cent. isreachedin thetube. At that tem- 
perature a few volts gave a ‘‘saturation current,” 
which at high temperatures reached 10 amperes. 
The phenomena are not those of an arc, and it 
does not matter whether the gas in the furnace is 
stationary or is kept flowing through the furnace. 

Mr. E. H. Rayner showed in model and actual 
instruments three simple devices for measuring 
small thicknesses and displacements. The principle 
is that a small three-legged table (a bar supported 
by three screws not quite in a straight line) sup- 
ports a small mirror, whose plane is parallel to 
the line joining the outer legs. The middle, third 
leg rests on the plate whose thickness is to 
be measured, and the thickness is deduced from 
the deflection of the mirror produced by the 
tilting of the table. The apparatus is rendered 
sensitive by making the distance of the middle 
leg from the line joining the two other legs 
very small. The same arrangement was shown in 
connection with an apparatus for determining the 
dilatation or contraction of a rod. The metal rod 
in question was fixed (somewhat as in a compound 
pendulum) between two quartz rods, on which the 
outer leg of the table rested ; the metal rod was 
cooled with the aid of ether trickling down a 
gauze tape wound round the rod, and the contrac- 
tion of the rod was at once noticeable. The 
third device exhibited was a spring balance. 
A scale-pan was suspended from the speci- 
men whose bending was to be measured ; it was a 
short cantilever which also supported the one leg 
of the mirror table. The two other legs rested on 
a fixed frame above. The legs were in this case 
really pins holding hooks for the mirror. Very 
minute deflections could be rendered measurable 
by these means. 

There were, this year, comparatively few exhibits 
which could be described as of a directly engineer- 
ing nature, but among them was one of great 
interest. This was the Anschiitz gyro-compass, 
which was shown, in the Secretaries’ room, by its 
makers, Messrs. Elliot Brothers. It is impossible 
to describe this appliance in detail in the space 
available in this general article, but it may be said 
that it consists of a gyrostat rotating on a hori- 
zontal axis at 20,000 revolutions a minute. The 
ostat is driven by a three-phase electric motor, 
which is built with and forms a part of it. In 
principle the ap us depends upon the fact that 
a gyrostat, with two degrees of freedom, tends 
always to set itself so that its axis is parallel to 
the axis of rotation of the earth. In practice 
the gyrostat is run on ball- bearings carried 
by a casing, which is in turn carried by a float 
which lies in a mercury bath. The bath itself 
is carried in gymbals much on the lines of the 
arrangement in an ordinary magnetic compass. The 
compass-card is attached to the upper part of the 
gyrostat-casing. Current is rE ied to the motor 
through the mercury-bath, and through two other 
contacts which dip into mercury-troughs in the 
upper part of the casing. These contacts, in addi- 
tion to carrying current, keep the whole fioatin 
system in a central position. The motor is suppli 
with current at 120 volts and 333 periods, obtained 
from a small motor-generator. In practice, espe- 
cially for naval work, it is usual to instal the gyrto- 
compass itself in some protected position well down 
in the a and to oui a series of indicating-dials 
for actual navigation purposes. The dials are elec- 
trically operated by means of a contact system on 
the card of the gyro-compass. The ordinary ship’s 








lighting circuit can be used for the purpose. The 





whole ap tus is beautifully made, and reflects 
great credit on its exhibitors. 

Other engineering objects re my were a series 
of twisted cylindrical and castellated test-pieces, by 
Mr. C. E. Larard, and a model of a winding-gear 
for kite-flying, by Mr. W. H. Dines, F.R.S. Mr. 
Larard’s specimens had been tested to destruction, 
and circles painted on them illustrated the flow of 
the material which had taken place. The deforma- 
tion of the shapes of the grooves in the castellated 
pieces also illustrated the same thing. Mr. Dines’ 
model represented a gear which had actually been 
used for kite-flying at Pyrton Hill. In the arrange- 
ment the kite wire passed over two guide-pulleys 
on to two strain-pulleys driven by an engine. The 
wire was crossed between the strain-pulleys, and 

over them several times. On leaving them 

it was relieved of its tension, and passed round a 
series of guide-pulleys on toa reel. Two of these 
latter guide-pulleys were carried on a swinging arm, 
arranged in such a way that as the wire tended to 
become slack a brake was put on the reel. This 
revented the wire being payed out too rapidly. 
here was also an automatic locking device to 
prevent the wire running out when there was no 
tension outside. This was arranged by means of a 
connection between the strain-pulleys and the reel. 

An interesting exhibit was made by Professor 
E. G. Coker, who showed his apparatus illustrat- 
ing interference colours produced in transparent 
material under stress when traversed by eet 
lights ; but as we have already dealt with Professor 
Coker’s work in this matter very fully* it is un- 
necessary to redescribe it now. A model illus- 
trating the stress distribution in a flat spiral spring 
as it is coiled and uncoiled may, however, be men- 
tioned, as this had not been previously exhibited. 
We give an illustration of this below. 





A model of a detached esca 
clocks, shown by Mr. A. Mallock, should be men- 


ment for pendulum 


tioned. Inthearrangement the pendulum was free 
in the sense that during its swing it made no inter- 
mittent contacts with any solid. At each end of 
its swing, however, a fine wire attached to it dipped 
into a mercury cup and made an electric contact. 
The current established in this way passed through 
an electro-magnet, which by means of a remontoir 
working a reciprocating lever caused a pair of weak 
springs to act and maintain the oscillation. The 
model also illustrated a method of maintaining 
nearly constant density in the air surrounding a 
pendulum. This was done by covering the whole 
iy sng with a bell glass whose edge dipped into 
a deep but narrow annular canal filled with mer- 
cury. With this arrangement an alteration of 1 in. 
in the height of the barometer altered the density 
of the enclosed air by only about one part ina 
thousand. 

An experiment on stream-line motion in curved 
pipes was exhibited by Professor J. Eustice. The 
speenees used consisted simply of a glass U tube, 
through which water flowed steadily under a small 
head. Filaments of various coloured water were 
admitted to the stream, and it was shown that 
while, in the straight admission branch of the tube, 
they maintained throughout the relative positions 
with which they started, when they reached the 
curved end those flowing near the outside of the U 
were deflected by the pressure of the tube, and, 
altering their course somewhat suddenly, made 
their way over and under the filaments that had 
come down the inside of the J. The result was 








* See ENGINEERING, pages 1, 531, and 566 ante, 
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that in the outlet branch of the tube the filaments 
had changed their relative positions, those which 
had come down the inside of the U returning up 
its outside, and vice versd. 

We can only mention that a large number of 
biological exhibits, several illustrating what is 
unfortunately known as mimi in butterflies, 
beetles, &c., a . The Marine Biological 
Association of the United Kingdom, at Plymouth, 
should be singled out; the institution is now 
receiving more support than in former years. The 
huge model of a tropical plague flea, exhibited by 
the Hon. N. C. Rothschild, attracted attention, 
because the flea seems to be the carrier of plague 
from rats to men. 

Two discourses were delivered in the course of 
the evening. The first, by the Hon. R. J. Strutt, 
F.R.S., illustrated the after-glow of electric dis- 
charges in Geissler tubes containing air, which seems 
to be due to the reactions of nitric oxide and ozone, 
and also to an active modification of nitrogen. 
Professor Strutt recently described these researches 
in the Physical Society of London. The other lec- 
turer, Mr. J. Barcroft, F.R.S., discussed adaptation 
to high altitudes in relation to mountain sickness. 





NOTES. 
CONFERENCE ON EpUCATION AND TRAINING OF 
ENGINEERS. 

Tue Council of the Institution of Civil Engineers 
have made arrangements to hold a Conference on 
the subject of the education and training of engi- 
neers, at the Institution, on June 28 and 29, to 
consider the methods of preparation to be adopted 
by those who contemplate entering the engineering 
profession. The report of the Committee on Engi- 
neering Education and Training, adopted and pub- 
lished by the Council in 1906, made it abundantly 
clear that the broad — of training indicated 
in the report are applicable to every kind of engi- 
neering. There are, however, questions of detail 
and of method involved in the realisation of those 
principles which are of great consequence, both to 
students and to those under whom their education 


and their professional knowledge is acquired. It 
is mainly for the consideration of important ques- 
tions of this kind, which experience has shown to 


deserve careful attention, that the Council have 
arranged the Conference. Its subject-matter will 
be dealt with in three groups—viz.: (1) General 
education ; (2) scientific training; (3) practical 
training. The subjects selected for consideration 
are given below, and arrangements have been made 
for their introduction upon lines similar to those 
adopted in the former conferences of the Institu- 
tion. The details yet remain to be settled, but it is 
expected that they will be published soon. The 
subjects to be introduced for consideration at the 
Conference are :—(1) The extent to which mathema- 
tical and scientific subjects should share with other 
subjects of literate education the attention of school- 
boys who intend to enter later the engineering 
profession ; (2) The question of specialised entrance 
examinations for University or College courses of 
study in engineering science with a view to the 
curricula to be followed, and also of the inclusion 
in the latter of courses in modern languages ; 
(3) The relation of practical training to college study; 
whether, or to what extent, before, sandwiched, or 
after its conclusion ; (4) The position and uses of 
engineering laboratories in relation to education at 
college ; (5) The value of a University Degree in 
engineering science in relation to professional com- 
petence ; (6) The requirements of practical train- 
ing in works, with the necessary complement of 
scientific study; (7) Practical training in workshops 
or on works of construction, with ial reference 
to training in the engineer's ottice ; (8) The relation 
of engineering employers and colleges from the 
point of view of the practical training of college 
students ; (9) Workshop training as a preliminary to 
practical training in other branches of engineering. 


TRANSPORTER Bripck over THE River TEES AT 
MIDDLESBROUGH. 

An interesting stage was reached on Tuesday in 
the construction by Messrs. Sir William Arrol 
and Co., Limited, Glasgow, of the transporter 
bridge over the River Tees at Middlesbrough, the 
two arms of the main s: which have been built 


cantilever-wise from the tops of the main towers, 

ming completed over mid-stream, and riveted up. 
e bri 

Vision of 


e, which is being built under the super- 
.8. E. Burgess, M. Inst. C.E., borough 





engineer to the Corporation of Middlesbrough, is 
one of the largest of the trans’ r type, the main 
span being 570 ft., and the height to the under- 
side of the bridge, 160 ft. above high water. It 
takes the place of steam-ferries between the borough 
and Port Clarence on the north side of the river, 
this form of communication having proved inade- 

uate, as well as inconvenient. The extent of 
shipping on the Tees, at the same time, demanded 
consideration, and the transporter was consequently 
chosen because it was the best compromise in the 
conflicting interest of cross-river and shipping traftic. 
The engraving on page 626 gives a good idea of 
the bridge in course of erection, while the view on 
page 627 illustrates one of the steel towers built 
on each side of the river to take the main span, 
which, of course, stretches across the navigable 
portion of the river. We hope later to give full 
details of this interesting structure ; but mean- 
while it may be said that the girders project 
beyond the towers on the land side, to give the 
necessary facilities for securing the ends of the 
land arms to the anchorages. The carriage running 
on the rails resting on the underside of the main 
river span is to be propelled by electric power, and 
from this carriage there is suspended a travelling 
car, with its floor at the same level as the roadway 
on each side of the river, where traffic passes to and 
from the car for transfer across the river. The car 
is capable of carrying tramway-cars, as well as all 
types of vehicles, and 600 foot-passengers. The 
steel towers rest on caisson foundations, the deepest 
of which was carried 90 ft. below the river-bed. 
After the caissons had been sunk, and the steel 
towers built, the erection of the main girders pro- 
ceeded simultaneously towards the land arm and 
over the river on the cantilever system. As the 
steel arms from each side of the river approached 
one anoth r, cireful measurements as to aes and 
line had to be taken from time to time, so as to 
ensure an exact meeting in the centre. As soon 
as they were within 100 ft. of one another the exact 
dimensions were taken, and, after due allowance had 
been made for the proper temperature, the closin 
lengths of the steelwork, that were required to fi 
in the gap, were completed in Glasgow and for- 
warded to the site. The material arrived early this 
week, and, as the weather conditions were favour- 
able, a start was made for the closing in of the gap 
on Monday forenoon. On Tuesday the last portions 
were filled in, so that the 100 ft. of closing length 
was erected in position in sixteen working hours. 
The work came together perfectly as to line and 
level, and was completed most satisfactorily. The 
temperature at the time of closing was 53 deg. 
The operations reflect the skill and care displayed 
by the firm in carrying out such delicate operations 
at extreme heights and under exceptional circum- 
stances. The height of the towers above low water 
is about 250 ft., so that the bulk of the work had 
to be carried out at a height of about 200 ft. The 
general direction and final operations were under 
the supervision of Mr. A. 8. Biggart, director of 
the firm. Messrs. Arrol’s resident agent has been 
Mr. R. C. Macdonald, and Mr. Robert Anderson 
is resident engineer for the Corporation of Mid- 
dlesbrough. 


Pressep-SterLt Parts 1x Moror-Car 
CoNSTRUCTION. 


Although since the advent of the motor-car many 
of the parts that were at first made as castings or 
forgings are now constructed as stampi or of 

ressed steel, there yet remains much to be done 
five full advantage is taken of the possibilities 
that lie in this direction. Indeed, there is little 
doubt that the great hope for cheaper cars rests on 
the more extensive use of the power we possess of 
pressing steel into a variety of forms that would 
some years ago have been regarded as almost 
impossible of construction. The subject is one not 
om of much interest, but of great importance, and 
may toa great extent revolutionise the manufacture 
of motor-cars, and very materially reduce their cost. 
This aspect of the subject was very clearly brought 
out on Wednesday evening last in a paper 
entitled ‘*The Use of Pressed Steel in Auto- 
mobile Construction,” read by Mr. L. A. Legros, 
M.I. Mech.E., before the Incorporated Institution 
of Automobile Engineers, in the lecture hall of the 
Institution of Mechanical Engineers. Many dif- 
ferent forms of steel work were described by 
the — but probably none of them — 80 a , 
ing as the engine pistons, some very fine examples o 
mn view. These pistons i ly 





attract attention because, with their internal bosses 
for the gudgeon-pins, they appear at first sight almost 
impossible of manufacture by pressing. eir t 
importance is, however, evident from the large 
number of patterns and styles now made ; indeed, 
according to Mr. Legros, more than 80 are illus- 
trated in various manufacturers’ catalogues. These 
istons can, perhaps, hardly be said to be formed 
y pressing proper, but by a process more akin 
to that of drop-forging, which is necessary on 
account of the large internal bosses. In order 
to withdraw the dies from the interior of the 
piston it is necessary, when forging the bosses, 
to carry them up to the head of the piston, and 
subsequently to machine away the interior, so as 
to leave the bosses with a plain yer surface. 
Where great lightness is required, however, the 
boss is turned cylindrically on its outside by means 
of an overhanging cutter carried in a 
through the gudgeon pin-hole, and advanced 
towards the shell. The overhanging tool cannot, 
however, be made to approach very near to the 
piston shell at the section through the gudgeon-pin 
axis normal to that of the piston, icularly in 
istons of small diameter. When the boss has to 
finished with only a small radius connecting its 
external cylindrical surface with the internal cylin- 
drical surface of the bore of the piston, a longi- 
tudinal reciprocating motion is sometimes given to 
the boring-bar in order to remove the small amount 
of metal where the radius is required. The thick- 
ness of the top of pistons having a diameter of from 
3.5 in. to 5 in. is gin., in pistons 5in. to 6.5 in. in 
diameter it is increased to about ,5 in., and in 
pistons as large as 10 in. in diameter a thickness 
of as much as # in. is usually adopted. A form of 
steel piston was shown, consisting of a shell pro- 
duced by pressing and drawing, into which shell a 
drop-forged ring ew gm the gudgeon-pin bosses 
is screwed, the chie ivenlaas of this method 
being the reduction in the amount of machining 
required, and the possibility of varying the amount 
of compression by altering the distance from the 
gudgeon-pin centre to the top of the piston, if it 
should be found necessary to make a change in this 
dimension, after trial of the first engines of a class. 
Pressed steel parts are, of course, only applicable 
where they can be inanufactured in large quantities 
to one pattern, as the cost of the dies and punches 
is often very great; but automobile work would 
appear to be admirably adapted to create the 
demand necessary. 





STarF OF THE ENGINEERING BRANCH OF THE 
Navy CoONTROLLER’s DEPARTMENT. 


An important change in the Coutroller’s Depart- 
ment on the staff of the Engineer-in-Chief falls to 
be announced consequent on the retirement by 
age of Engineer Rear Admiral Robert Mayston, 
who has held the position of Assistant Engineer-in- 
Chief for the past eight years. This officer has a 
long service record, dating from 1866, when he 
entered Portsmouth Dockyard as an engineer 
student. In 1869 he was successful in competition 
for a studentship at the Royal School of Naval 
Architecture and Marine Engineering at South 
Kensington. He was a student of that school 
until April, 1873, and it is interesting to note that 
he was the last naval engineer officer on the active 
list who obtained the diploma of Fellow of that 
School, the special training of engineer officers 
having been transferred to the Royal Naval Col- 
lege in the autumn of 1873. Engineer-Admiral 

yston’s naval career dates from August 6, 
1872, when he received the appointnient of second- 
class assistant engineer; in due course he was 
promoted to the ranks of first-class assistant engi- 
neer, engineer, chief engineer, staff engineer, fleet 
engineer, inspector of machinery and engineer- 
captain, and finally engineer rear admiral, attain- 
ing the last-named rank in July, 1904. For a 

riod—from 1873 until 1901—he served afloat in 

-M. ships Malabar, Sultan, Bellerophon, Hercules, 
&c., and in 1881 received an appointment at the 
Admiralty under the then Engineer-in-Chief, Sir 
James Wright. He has since filled the position of 
second and first assistant to the Chief Engineer of 
Portsmouth Dockyard, Admiralty engineer, inspect- 
ing officer of machinery built by contract in connec- 
tion with the Naval Defence Act, Chief Engineer of 
Devonport Dockyard, and, lastly, assistant engineer- 
in-chief. Whilst chief engineer at Devonport he 
had the responsibility of design and manufacture 
of the machinery of several ships in H.M. Navy, 
including Astroea (the later stages), Talbot, Proser- 
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pine, Psyche, Encounter (earlier stages), Phoenix, 
Algerine, Rosario, Vestal, and other small vessels. 
He was also largely associated with the practical 
training of the engineer students, who were at that 
time’ under his control, and there are few naval 
engineer officers with whom he has not been brought 
into contact. His work at Devonport was recog- 
nised by the Controller of the Navy, and by the 
Engineer-in-Chief, and led to his selection for the 
position of Assistant Enyineer-in-Chief at the 
Admiralty, the appointment he has just vacated. 
Rear-Admiral Mayston is now succeeded by Engineer- 
Captain W. I. Anstey, whoalsohashad adistinguished 
career. He served as an engineer student in Ports- 
mouth Dockyard for a period of six years from 1875, 
entering H.M. Navy on July 1, 1881, as assistant 
engineer ; he studied at the Royal Naval College 
from 1881 to 1884, and obtained a special profes- 
sional certificate on completion of the course of 
study. He passed through the ranks of engineer, 
chief engineer, stsff engineer, fleet engineer, and 
engineer-commander, and was promoted to engineer- 
captain on January 29 of the present year. He 
has held with great credit many important appoint- 
ments, including the following: instructor in steam 
at Royal Naval College, assistant to chief engineer, 
Chatham Dockyard, attached to Admiralty engi- 
neering staff; chief engineer of Hong-Kong Yard, 
engineer-inspector engaged on work at the Admiralty 
in connection with oil-fuel experiments, and manager 
of the engineering department of Devonport Dock- 
yard, to which he was appointed in October, 1909, 
and which he is now vacating to take up the appoint- 
ment of Assistant Engineer-in-Chief. Engineer- 
Captain Anstey has had considerable sea experience, 
having served in H.M.S. Audacious on the China 
station from 1885 to 1888, and as engineer-com- 
mander of the Venerable in 1904 and 1905, and of 
the Prince George during 1907 and 1908. His career 
has been such that, carrying with it, as it does, very 
wide experience, it goes without saying he will be a 
valuable assistant to the Engineer-in-Chief. 





THE IRON AND STEEL INSTITUTE. 

Tue forty-second annual general meeting of the 
Iron and Steel Institute is being held at the 
Institution of Civil oe by permission of 
the Council of the latter body. The first sitting of 
the meeting was held yesterday, the 11th inst., the 
President, His Grace the Duke of Devonshire, occu- 
pying the chair. 

The usual formal proceedings having been dis- 
posed of, the Chairman called the attention of the 
members present to the great loss which the 
Institute had sustained by the sudden death, on 
March 17, of the Right Hon. Lord Airedale of 
Gledhow, P.C., D.Sc. Lord Airedale was their 
oldest President, he having acted in that capacity in 
the years 1889-91, and having always been a regular 
attendant at the various meetings. We published an 
obituary notice of Lord Airedale on page 388 ante. 


Tue Report or THE CoUNCIL. 


The report of the Council for the past year was 
taken as read. In this, reference was first made 
to the death of His Majesty King Edward VIL., 
Patron of the Institute, which occurred on 
May 6, 1910, and the terms of an address of con- 
dolence which had been prepared by the Council, 
and presented to King George V. on May 13, 
1910, were given. On retiring from the honorary 
membership which he had accepted in 1905, His 
Majesty was’ graciously pleased to accede to the 
request of the Council to accept the position of 
Patron of the Institute. The report then gave the 
roll of the Institute ; this showed a total member- 
ship of 2147 for 1910, as against 1642 in 1900. 
After enumerating the distinctions which had been 
conferred upon several members during the 
year, the report gave the list of the losses which 
the Institute had sustained through death ; this 
included, besides the name of His Majesty King 
Edward VII., those of two Past- idents, 
Mr. Edward Pritchard Martin and Mr. William 
Whitwell ; of one Vice-President, Mr. James Riley ; 
of one Member of Council, Sir Alfred Hickman, 
Bart.; and of thirty-seven ordi members. 
Both Mr. E. P. Martin and Mr. W. Whitwell were 
original members of the Institute. The financial 
position of the Institute indicated continued pros- 

iv ; the accounts showed that the total receipts 
sg e year amounted to 64281., and the i- 
ture to 58121. Reference was also made to the last 
autumn meeting, which was held at Buxton, and to 





the invitation received from the Associazione fra 
gli Industriali Metallurgici Italiani to hold the next 
autumn meeting of the Institute in Turin, an invi- 
tation which had been accepted. 

Professor Arnold then moved a vote of thanks to 
the President and Council for their service to the 
Institution during the past year. He had heard that 
there was a proposal on foot to make the Insti- 
tute an international institution. This would be 
unnecessary, since the Institute, as it now stood, 
was already an international one. 

Sir Thomas Wrightson seconded the vote of 
thanks, which was carried with acclamation. 

In replying: the Chairman thanked the members 
on behalf of his colleagues, adding that, as far as 
he was personally concerned, he felt he did not 
deserve their thanks. Regarding the question of 
making of the Institute an International Institu- 
tion, everything was proceeding regularly, and he 
hoped that the conclusions when arrived at would 
be found satisfactory to all. 


Bessemer Gotp Mepat. 


The Bessemer Gold Medal for 1911 has been 
awarded by the Council to Professor Henri Le 
Chatelier, Paris, who attended in person. Pro- 
fessor Le Chatelier comes of a French family, 
several members of which have achieved scientific 
distinction in metallurgical research. In 1871 he 
graduated at the Ecole Polytechnique in Paris, 
which he had entered three years previously, at the 
head of his class; he subsequently passed three 
years at the School of Mines in Paris, on leaving 
which he served on a commission sent by the 
French Government to Algeria to study the geology 
of the southern portion of that dependency. On 
his return he practised as engineer to the Corps des 
Mines at Besancon. Professor Le Chatelier has 
held professorial chairs at many scientific institu- 
tions, having been appointed in 1877 Professor of 
Chemistry at the Paris School of Mines, and in 
1887 Professor of Industrial Chemistry, while in 
1898 he was appointed Professor of Mineral Chemis- 
try at the College de France. His contributions to 
metallurgical science have been many and varied, 
while the thermo-electric couple which bears his 
name, and which enabled the discovery of the 
critical points in iron, is now widely employed in 
pyrometrical experiments all over the world. He 
received the Jérome Ponti prize in 1892, and the 
La Caze prize was awarded him in 1895. Professor 
Le Chatelier has also carried out a large amount of 
work in regard to the setting of cement, and is the 
author of a method .of testing this material known 
under his name, and now generallyin use. He isa 
member of the Institut de France, secretary of the 
Alloys Committee of the Société d’Encouragement, 
and editor of the Revue de Métallurgie ; he became 
a member of the Iron and Steel Institute in 1904. 

Professor Le Chatelier, who spoke in French, 
thanked the members for the great honour which 
they had conferred upon him. The name of Bes- 
semer being connected to the medal gave it a high 
value. He referred to the celebrated men who 
had received it in previous years, and he was proud 
to have been placed among them. Formerly the 
medal was awarded to practising metallurgists, but 
since that time the Institute had understood the 
importance of theresearches carried out by scientists. 
Sir William Bell and Sir William Siemens were the 
real founders of scientific metallurgy, and he (the 

ker) would always remember with gratefulness 
ie sae kind attention both were a to show 
him years ago when he came to England for the 
first time with his father. 


Tue Carnecie Gotp MEDAL. 

The Carnegie Gold Medal’ for 1910 had been 
awarded to Mr. Felix Robin, for his researches on 
“The Wear of Steels and their Resistance to 
Crushing,” the detailed report ae which 
has been printed by the Institute, and forms a 
highly interesting book of over 300 es. Mr. 
Robin was educated at the Ecole Centrale, Paris. 
His tests were carried out at the laboratory of the 
Conservatoire National des Arts et Métiers, Paris, 
and at that of Messrs. De Dion Bouton. He was 
unfortunately unable to be present at the meeting, 
owing to sickness in his family, and the Chairman 
suggested that the testimonial be handed to him at 
the next autumn meeting. 


Tue CaRNEGIE RESEARCH SCHOLARSHIPS. 


The Carnegie research scholarships were then 
enumérated in the repert of the Council. The 





list contains the following names, together with the 
— of the researches in progress :— 

. William Minot Guertler, Berlin, who has 
been awarded a scholarship of 1001. for the deter- 
mination of the transformation points of carbon 
steel by studying their electric conductivity. . Mr. 
George Hailstone, Birmingham, who is the author 
of several papers on cast iron, and receives a scholar- 
ship of 1001. to enable him vo carry out an investi- 

tion on liquid contraction in cast iron. Mr. 

bert Mayro Keeney, Golden., Colorado, U.S.A., 
who receives a scholarship of 100/. in order to enable 
him to investigate the production of steels and ferro- 
alloys directly from ores in the electric furnace. 
Mr. Georg Dietrich Rohl, Freiberg, Saxony, who 
is receiving an award of 100%. for the investigation 
of a process for the prevention of slag enclosures 
contained in wrought iron and-mild steel, and the 
investigation of the chemical and metallographical 
constitution of slag enclosures. Mr. J. Newton 
Friend, Darlington, who receives a further grant of 
501., in addition to an award of 1001. previously 
given him, in order to enable him to confirm and 
extend his work, done during 1910. upon the 
corrosion and preservation of iron. Mr. Thomas 
Swinden, Sheffield, who, in addition to a former 
award of 100/., now receives a further grant of 501., 
in order to enable him to continue his investiga- 
tions on the recalescence and constitution of tung- 
sten and molybdenum steels. 


READING OF PAPERs. 


A list of sixteen papers had been prepared. 
Those read and discussed yesterday were the 
following :—‘‘ Note on a Process for the Desiccation 
of Air . Calcium Chloride,” by Mr. Félix A. 
Daubiné and Mr. Eugéne V. Roy, Auboué (France). 
‘Notes on the Welding-U of Blow-Holes and 
Cavities in Steel Ingots,” ‘by Mr. J. E. Stead, 
D. Met. F.R.S: ‘‘Some Studies of Welds,” by 
Mr. Edward F. Law, A.R.S.M., Mr. William 
H. Merrett, A.R.S.M., and Mr. W. Pollard Digby, 
A.M.I.E.E. We reproduce these in full in the 
present issue. Then followed ‘‘The Action of 
Aqueous Solutions of Single and Mixed Electrolytes 
upon Iron,” by Mr. J. Newton Friend and Mr. 
Joseph H. Brown; ‘‘The Corrosion of Metals,” 
by Mr. Percy Longmuir, B. Met. ; ‘‘ The Influence 
of Impurities on the Corrosion of Iron,” by Mr. 
John W. Cobb. These three latter were read in 
abstract, and taken together for discussion. 

The meeting is being continued to-day, and we 
pro to report fully in our next issue upon the 
proceedings of both days. 





“CARBON TETRACHLORIDE AS A FIRE- 
EXTINGUISHER.” 
To THE EprTor OF ENGINEERING. 

Sir,—I am taking the liberty cf drawing your atten- 
tion to a mistake whieh occurs in ENGINEERING for 
April 28, 1911, on page 561, column 3, line 12 from bottom 
of column, where ‘‘carbon monoxide” ought to read 
** carbon dioxide.” The reaction which occurs between 
carbon oxychloride and water is that represented by the 
equation la-+ HzO = CO, + 2HCl. As compared 
with the dioxide, carbon monoxide is, of course, a rather 
dangerously poisonous gas. 

Tam, yours faithfully, 
E. R. Butxocs. 

14, Northcote-road, Strood, Rochester, May 8, 1911. 

[The ‘‘ carbon monoxide ” instead of ‘‘ carbon dioxide” 
was a slip, of course; but we merely wished to point out 
the complicated character of the ible reactions without 
entering into detail. We said, for instance, that carbon 
tetrachloride was ‘“‘ practically” non-inflammable; the 
lecturer referred tohad characterised it as non-inflammable; 
= under certain conditions, not unlikely to occur in a 

re, the chloride is decomposed with evolution of carbon 
fumes.—Eb. E.] * 





TWO-CYCLE GAS-PUMP. 
To THE Eprtor oF ENGINEERING. 

Sir,—My directors desire me to inform you that the 
internal-combustion pump, described and illustrated in 
your issue of the 5th inst., page 584, is substantially that 
invented by Mr. H. A. Humphrey, and is practically the 
pump already known as the ‘“‘ Humphrey two-cycle single- 
cylinder pump.” 

Your readers will remember that the arrangement was 
illustrated and described in your issue of November 18, 
1910, page 715, Fig. 10a. 

My directors likewise desire me to state that the 
is a modification of the apparatus described 
yy . Humphrey, and illustrated in ENGINEERING of 

ovember 26, 1909, page 738, Fig. 4. 

Yours faithfully, 
For Tue Pump anp Power Company, LIMITED, 
J. Patcuett, Secretary. 
38, Victoria-street, Westminster, London, 8. W., 
May 9, 1911. 
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AIR-COMPRESSOR FOR USE ON AIRSHIPS, 


THE little air-compressor which we illustrate in 
Figs. 1 and 2, below, has been constructed by Messrs. 
Reavell and Co., Limited, of Ipswich, to the require- 
ments of Mr. Mervyn O’Gorman, of the Balloon Fac- 
tory, South Farnborough, who is using it to maintain 
a slight air ogee below the liquid in the petrol 
tanks of airships. In extreme dimensions the little 
compressor measures but 6 in. by 5 in. in plan by about 
3 in. in height ; but this statement taken per se is, 
perhaps, likely to give rather an exaggerated idea of the 
actual size of the device, sinve the measurements in 
plan are taken over the discharge-pipe, which projects 
a considerable distance beyond the cylinder-cover. 
The halfpenny which has been photographed beside 
the compressor affords a better scale of comparison than 
a mere recital of dimensions. 

To all intents and purposes the compressor com- 




















Fic, 2. 


prises but three moving parts. In the first place there 
is a crank-shaft driven by a pulley for a round belt, 
as indicated in Fig. 1. Secondly, there is pair of 
pistons, the two forming a single piece, which is bored 
transversely to the line of the stroke to take a sliding 
block, with which the crank-pin engages. As the 
crank is turned round, the pistons reciprocate in their 
cylinder, and the block aforesaid simultaneously slides 
up and down in its guide. 

The cylinder bore is 1} in. and the stroke 4 in., 
each end being single-acting. The covers are held in 
place by a couple of through bolts fitted with milled 
nuts. One of these bolts is well shown in Fig. 2. 
The valves are located in the covers and are of the 
simple ball type. A large oil-well, the cover to which 
is visible at the top of the cylinder in both views, 
keeps the pistons, crank, and sliding -block all 
thoroughly lubricated. The crank-shaft bearing is 
fitted with a ring lubricator. 








_Tue Execrro-Trcunicat Inpustry in GERMANY.—The 
Union of Electro-Technical Speciality Manufactories has 
recently published a statement to the effect that during 
1910 the industry. in which it was directly interested was 
exceedingly well employed in almost all its branches. The 
number of hands employed: was materially increased ; it 
was generally necessary to work overtime, and in many 
cases with night shifts. The production ave an in- 
crease from 25 to 30 per cent. At home the favourable 
turn in the business was the outcome of an all-round 
improvement. Foreign sales were also better, and the 
aggregate exports of the industry during 1910 were 
some 20 per cent larger than during the previous year, 
if the same prices are reckoned for 1910 as prevailed 
for 1909; but, in spite of the increased demand, prices 
were bad. The reason for this is to be found in the fact 
that the big firms, which naturally exercise a material 
influence upon the prices, making large profits on certain 
items, are enabled to sell others at a reduced margin. 
Thus they obtain exceedingly high prices on the deliveries 
to the electricity works and railway companies which are 
associated with them, and also on the deliveries to State 
and municipal bodies, which do not divide their work and 
their contracts to the extent the present state of the 
It is to be feared 
prices will become still 


manufacturing industry would justi y- 
that these conditions as regards 
more unfavourable, 








THE PHYSICAL SOCIETY OF LONDON. 


At the meeting of the Physical Society of London, held 
on the 28th ult., at the Imperial College of Science, Pro- 
fessor H. L. Callendar, FERS. President, in the chair, a 
‘* High-Tension Electrostatic Wattmeter” was described by 
Professor E. Wilson. When using the electrometer as a 
wattmeter it is necessary, in order to secure accuracy, that 
the voltage impressed upon the quadrants shall not G less 
than a certain minimum, depending upon the voltage to 
be impressed u the a system. When the latter 
voltage is of the order 10,000, the quadrants uire a 
voltage larger than can economically be provided by a 
shunt. One is led, therefore, to consider intensifying 
devices. 

The “‘series” or “‘current” transformer, whose secon- 
dary winding is closed on a non-inductive resistance, can 
be used to give fairly good results ; but it is not accurate 
at all frequencies, and is dependent upon wave form. 

The author’s quadrature transformer is a very simple 
piece of apparatus, which can be relied upon to give for 
electrostatic wattmeters an electromotive force which is 
strictly the differential of the current in the primary 
winding. When so used it is necessary, for accuracy, at 
all frequencies and on all wave forms, that the integral 
of the mains voltage shall be impressed upon the moving 
system, although for sine curves only the differential 
need be impréssed instead of the integral. 

The best device to oo on the quadrants a suitable 
voltage in phase with the currents is a generator with an 
air-cored magnetic circuit as described in the paper. The 
mains current is , oan through the field coil of the 
generator, and produces a magnetic field proportional to 
the current; the armature is driven at known s in 
this field, and is provided with a commutator and brushes. 
The brushes when set accurately have a voltage between 
them proportional to, and having the same wave form as, 
the mains current. 

Another device de} ating upon the charging of con- 
densers in parallel and the placing of them in series has 
also been used for multiplying a small voltage produced 
by the passage of the mains current through a low-resist- 
ance shunt. 

Dr. Sumpner pointed out that the reason why a fairl 
high voltage was needed on the quadrants, together wit 
a strong control on the needle when a very high voltage 
was applied to the latter, was because of the action 
between the needle and the case, unless the case was quite 
symmetrical about the axis of the needle. 

Dr. Russell inquired whether the author was troubled 
about brush discharges at the edges of the needle. 

Mr. E. H. Rayner pointed out that at low-power factors 
various errors in the apparatus would become la: 

Mr. C. C. Patterson drew attention to the serious limit 

of accuracy imposed by not being able to keep the speed 
constant. 
Mr. W. Duddell asked if the voltage could not be 
reduced by means of another quadrature transformer in 
series with a high resistance, instead of being applied 
direct to the needle. 

Professor C. H. Lees also drew attention to the advisa- 
bility of reducing the voltage by some means before apply- 
ing it to the needle. 

The author, in reply, stated that brush discharges were 
fatal to accuracy, but could be detected by observing the 
apparatus in the dark. Non-inductive high resistances 
for such voltages as 10,000 or more were very expensive, 
and he had avoided their necessity. 


A paper on “The Behaviour of Incandescent Lime 
Cathodes,” by Dr. R. S. Willows and Mr. T. Picton, was 
read by Dr. Willows. 


Wehnelt has shown that incandescent lime emits a 
large number of negative ions; if, therefore, hot lime is 
used as a cathode, a discharge may be obtained in a 
vacuum-tube with P. D.’s as low as 30 volts. The alteration 
with time of these cathodes, under continued use, has been 
og mtg and the following results obtained :—(1) 
When lime is heated on platinum foil, so far from showing 
fatigue, it actually increases in activity. With P.D.’s 
greater than the saturation voltage this increase may be 
ninefold. _ At lower —_ but steady increase u 
to 100 per cent. has been found. The steady activity fal 
when the lime is cold; the initial activity ma pty 
increase. (2) When the lime is heated on nickel foil, if the 
tube carries a heavy disc the current increases to a 
maximum, and then decreases. A greatly increased 
activity is frequently shown after the lime has been cold 
for some hours. At the lower voltages the same general 
variations are shown as with platinum. (3) Great irregu- 
larity is frequently shown when the current is first started ; 
at this stage other causes than temperature, such as 
mechanical vibrations, greatly influence the emission of 
ions. 

Professor C. H. Lees asked whether the author had 
examined the film under the microscope. He wanted to 
know whether there was any likelihood of the film getting 
detached from the platinum, and also whether the increase 
of activity was simply dependent upon the quantity of 
electricity » 

Dr. Willows, in reply, stated that he had examined the 
films with a microscope. The films were very adherent 
to the platinum. It was impossible to render the platinum 
free again from the activity with which the lime endowed 
it. There was no connection between the activity and the 
quantity of electricity . The increase of activity 
was probably due to the CaO diffusing into the platinum. 

A paper on ‘‘ The Formation of Dust Striations by an 
Electric rk,” by Dr. S. Marshand Mr. W. H. Nottage, 
wae read by Dr. Marsh. } 

The formation of dust striations by electric spark has 
been Hay ay by many observers. The paper attempts 
to explain their formation as being due to hydrodynamic 
forces existing between the dust particles while the wave- 





motion is ing over them, The application of this 
theory to the striations in a Kundts tube has been made 
by Keenig and Robinson. The wave-motion is assumed 
to be of the spherical progressive type, and expressions 
are obtained from the intervals between consecutive striz 
and the distances of the strie from origin. Measurements 
were made of strie formed on a glass plate with a vertical 
central spark. The agreement between theory and expe- 
riment is within the experimental error. periments 
with channels of various ~ nts were made. Illustrations 
of the various strie patterns obtained with small obstacles 
and reflecting surfaces are given, and the use of these as 
a convenient means of indicating reflecting interference 
and diffraction of sound-waves is pointed out. 

Mr. A. Campbell thought the authors’ results justified 
their theory. is own experiments had been made with 
much slower electric oscillations and with a much less 
damped wave-train than that employed by the authors. 
In this case he thought it was poulls that the distance 
between the strie might give the wave-length of the 
oscillations. 

Dr. Russell remarked that the formation of striations 
afforded a very convenient means of determining whether 
a spark was oscillatory or not. He had found the number 
per centimetre along a long tube was nearly constant ; in 
one case it was 22, while with the same spark 30 striations 
per centimetre were obtained on a glass plate. 

Dr. Marsh remarked that the distance between the 
strie varied with the amplitude even when the frequency 
was constant. The strie intervals Ceanse’ uber 
smaller along a long tube. Strie were obtained in 
progressive wave-trains as well as in stationary waves. 

A paper by Professor E. Wilson and Mr. L. C. Budd 
on “Previous Magnetic History as Affected by Tem- 
perature,” was taken as read. 








Tue “Sxippine Worip” Yxrar-Boox.—There has 
just been issued the twenty-fifth volume of the ‘‘ Shipping 
World” Year-Book, edited by Major Evan Rowland 
Jones, and published from the offices of the Shipping 
World, Effingham House, Arundel-street, Strand, W.C., 
at 7s. 6s. net. This ‘‘desk manual of trade, commerce, 
and navigation” is recogni as indispensable, since it 
has proved its accuracy by the test of time and frequent 
reference, and contains all that those en in the 
shipping or in the import and export trade wish to have 
conveniently classified for ready reference. Owing to 
important additions to the tariff section, the edition is 150 
pages larger than that of the present year. It includes 
the new tariffs of Austria-Hungary, Bulgaria, France, 
Japan, the Netherlands, Sweden, and Greece ; while 
among the other important features are the tables 
of freeboard revised to date by the Board of Trade, 
with details regarding the present position of Euro- 

mn nations in respect of an international load- 
ine, and also of life-saving regulations. There is a 
digest of the Merchant Shipping Acts to date, with 
all Orders in Council and Board of Trade lations 
pertaining thereto, including two important orders pro- 
mulgated during 1910, one making the British regula- 
tions for preventing collisions at sea applicable to the 
ships of certain foreign countries as well as to all British 
ships, and the other dealing with the carriage of foreign 
animals. The comprehensive data in previous issues 
have been brought up to date, with the list of post- 
office radiotelegraphic stations in the British islands. 
In addition to the tariffs of all countries, the book makes 
a special feature of the port directory, which gives ai! 
information regarding every port in Britain and the 
frequented ports of the colonies and of foreign countries, 
so that, with the well-printed map of sea routes, the 
book is entitled to rank as one of the most serviceable in 
shipping literature. 





Peat Powper versus Coat as Fugt. —A number of 
practical tests, undertaken at various places in Sweden, 
distinctly point to the fact that peat-powder can success- 
fully compete against coal as boiler fuel. At the 
Sahlstrém factory in Jénképing several thousand tons 
of peat-powder have been used as boiler fuel with the 
result that one ton of peat-powder made from good peat 
has been found, if properly utilised, to be equal to one ton 
of good English coal. Powder made from second quality 
peat, naturally, is a less efficient fuel, but still a pty 
serviceable one, which is a point of considerable impor- 
tance. Experience has also shown that it does not pay 
to carry the “refining” process too far, and the best 
remunerative result is obtained by only reducing the 

roentage of water to 15 per cent. The powder will 
“ cheaper but also slightly less efficient than if the 
contents of the water was reduced to 12 or even 10 per 
cent. Mr. Ekelund, who for years has carried on experi- 
ments in this direction, sums up the results of his 
experience in the use ef powder obtained from medium 
peat, with 15 per cent. water, as follows: He thinks 
1.2 ton is equal for boiler fuel to 1 ton best coal, and for 
peat powder made from good peat the value is about 
equal to that of the best coal, ton for ton, under working 
conditions. Peat powder can be produced at 8 kr. (9s.) per 
ton, inclusive of interest and sinking fund, whilst coal 
delivered to the railway in Swedish ports at present costs 
14.75 kr. (16s. 6d.) per ton, and the inland price will 
average some 17 kr. (19s.) per ton. The Swedish Union of 
Boiler Owners has commenced experimental tests with 
the new fuel, and the leading Swedish State expert in this 
matter also speaks very favourably of the Ekelund peat 
powder, stating unhesitatingly that, in his opinion, peat 
powder as boiler fuel excludes all competition on the 

t of coal. Peat powder is also, by way of experiment, 

ing used for electric ore-smelting, and very favourable 

opinions as to its value have also been expressed by a 
mining engineer, 
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DESICCATION OF AIR BY CALCIUM 
CHLORIDE.* 


By Fevix A. Davusiné and Eveikne V. Roy (Auboué, 
France). 
INTRODUCTION. 


Tue authors have already described elsewhere the 
principles upon which this process is , with special 
reference to the blowing of blast-furnaces with dry air, 
and their investigations have been conducted with the 
object of that application in view. On publicity bein 
given to the process, certain manufacturers approach 
the authors with the desire of putting it into practice. 
They yielded to these requests at once, and undertook 
to make investigation of the appliances necessary for 
drying large volumes of air. An appliance of this nature 
has been installed at the Differdange Steel Works, Luxem- 
burg, where it is now in normal working. The authors 
therefore believe that the time has come for making 
known to the metallurgical world in general the progress 
realised with this method, and gladly avail themselves of 
the eatuly afforded them of making it known to the 
members of the Iron and Steel Institute. 


I. GENERAL PRINCIPLES OF THE PROCESS. 


It is unnecessary to reproduce here the discussions, 
theories, and calculations which were published in 1909 
in the Bulletin de la Société de UV Industrie Minérale,t and 
of which a summary appeared in the Journal of the 
Iron and Steel Institute.t Nevertheless, in order that 
the description of the appliances may be easily under- 
stood, it appears to the one to be advisable to recapi- 
tulate briefly the general principles upon which the 
process is based. 

It is inherent in the very nature of bodies that every 
substance the solutions of which, when highly concen- 
trated, possess very low vapour tensions, should be, for 
that very reason, a hygroscopic substance, and capable of 
serving for the extraction, up to a certain state of equili- 
brium, of the moisture contained in atmospheres possess- 
ing higher vapour tensions than those of the solutions in 
question. The word ‘‘solution” should, in this connec- 
tion, be understood in its most general sense—a solution 
of a given strength of concentration may be solid or 
liquid this being a matter of temperature—and it will be 
seen later that one of the characteristics of the process 
which the authors are about to describe is the mainten- 
ance of the solutions obtained in this solid ‘‘ phase.” 

The more rapidly equilibrium is attained, the more 
suitable is the substance for playing its part asa desic- 
cating agent. A highly hy opic body would therefore 
be one ay at a given degree * spent, —_ 
possess very low vapour tensions, differing greatly from 
the vapour tension of the air to be pa Lovee y This 
is precisely the case as regards chloride of calcium and 
certain of its hydrates, the very low vapour tensions of 
which permit of obtaining rapid desiccation. In this 
connection the properties of calcium chloride have been 
known for a very long period. 

It should also be noted that every external influence 
which is capable of lowering the tensions of the hydrates 
favours, by this very fact, the desiccation ; and as, for any 
given hydrate, these tensions vary with the temperature, 
and in the same proportion, it follows that the lowest 
temperature possible should always be selected. Further, 
as the vapour tensions increase in proportion as the 
molecules of water absorbed render the dilution of the 
hydrates greater, it becomes equally necessary always to 
maintain the solution at a sufficiently high degree of 
concentration. 

Consideration of these principles, taken together with 
numerous experiments, has enabled the authors to deter- 
mine the economic conditions of the evolution of calcium 
chloride during the course of its periods of hydration and 
regeneration. It has, to begin with, been found neces- 
sary to avoid making the concentration higher than 
CaCl, + H,O for the two following reasons :—First, that 
the regeneration of hydrates of greater concentration— 
CaCl, + O to 1 H,O—requires a very large number of 
calories, so that, despite the very low vapour tensions of 
these hydrates, they are slow in coming into equilibrium, 
for reasons which are not altogether apparent, but prob- 
ably depend on a special physical condition. In other 
words, the CaCl, + O to 1 H,O hydrates are “‘ tardy” in 
theiroperation. Secondly, it has been found that during 
the absorption of water vapour a dilution of about 
CaCl, + 8 H,O shou'd not be exceeded. This hydrate 
becomes liquid at a temperature of 15 deg., whereas all 
hydrates of higher concentration remain solid at this 
aa Briefly, the details of the process are as 
follow :— 

A layer of broken calcium chloride—the smaller pieces 
at the bottom and the larger pieces at the top—rests on 
asieve. Within the mass of the calcium chloride, and in 
its lower part, is submerged a spiral grating, consisting 
of pipes for the circulation of water. The volume of air 
to Le dried is made to traverse ti\e mass of calcium chloride 
from top to bottom, the draught being created by a fan. 
The absorption of the water by she calcium chloride leads 
to an evolution of heat, and this heat is carried away con- 
temporaneously with its production by the water circu- 
lating within thespiral. Without this indispensable pre- 
cantion the temperature cf the mass of calcium chloride 
would rise, the tensions of its hydrates would rise like- 
wise, and the chloride mass would cease to act efficiently. 
The hydration of the calcium chloride should be arrested 


* Paper read before the Iron and Steel Institute, 
May 11, 1911. 

+ Bulletin de la Société de Industrie Minérale, vol. xi., 
397-452 ; 479-541. 
t 1910, vol i., pages 613-615, 





when the outside pellicle of the broken pieces commences 
to liquate. If it were continued, the mass of the calcium 
chloride would be completely melted, and it would be 
impossible to regenerate it on the spot. Further, the fact 
of its being liquefied indicates that the calcium chloride 
has formed a hydrate whose dilution is already very con- 
siderable (more than eight molecules of water at 15 deg.), 
and that, as a result, its very high vapour tensions render 
it unfit for effective desiccation. 

At this point it becomes time to regenerate, and to do 
this it is only necessary to attain the temperatures be- 
tween which that hydrate best known for this purpose is 
formed—namely, CaCl, + 1 H,O—which is produced 
between 175 deg. and 235 deg. During the progress of 
this regeneration it is necessary gradually to raise the 
temperature in such a manner as constantly to maintain 
the hydrates in their solid phase. Suppose, for example, 
that, after the passage of the air to be dried, the formula 
of the exterior hydrate is, at a given moment, CaCl, + 
4 H,O, a hydrate which melts at about 40 deg. Owing 
to the circulation of the water, which has maintained the 
temperature of 15 deg., this hydrate has remained solid ; 
if, at the moment of regeneration, the temperature be 
suddenly raised to above 40 deg., the pellicle correspond- 
ing to the above formula melts, breaks down, and is 
wasted. It is necessary, therefore, to proceed progres- 
sively, according to a law which has been recognised in 
practice, and may be deduced in theory, from the curve 
of the liquid and solid phases of the different bydrates of 
calcium chloride.* 

It is necessary, also, in the course of this regeneration, 
to be careful not to exceed the temperature of 235 deg., 
above which the ‘‘tardy” hydrate CaCl, + 1 H,O, of 
which mention has been made above, is formed. 

It may be seen from the foregoing that it is possible to 
effect the regeneration of the talion chloride with sources 
of heat of comparatively low grade, and that it is - 
sible to meee, with this object, the waste fumes which 
occur plentifully in all metallurgical works. 

The neration of the calcium chloride having been 
effected by this systematic warming, it is necessary, in 
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Fig.1. 


With regard to the percen of desiccation obtained, 
they have been deduced al: y in thecalculation. The 
table below gives the vapour tensions of various com- 
pounds of calcium chloride, with water at a temperature 
of 15 deg., showing the lower limits which it is possible 
to attain :— 








Tempera- Pressuresin Milli- Relative 

Compounds. tures. metres of Mercury. Tensions. 
CaOls + 4 to6 HO... 15.5 2.47 0.192 
CaCly + 2 to4H20.. 15.0 1.47 0.116 
Ca0ls + 1 to 2 H20.. 15.0 0.64 0.050 





What is called relative tension in the fourth column is 
nothing less than the state of hygrometric equilibrium 
which would be attained in a case of repose with indefinite 
ae of chloride of calcium in presence of finite volumes 
of air. 

Given that the instance under consideration involves a 
movement of volumes of air and of finite masses of the 
——— substance, these figures themselves can never 
be reached, although it is always possible to approximate 
to them. Indeed, experiment has shown that it is pos- 
sible in a well-watched and carefully-conducted operation 
to attain a d of desiccation such that the hygrometric 
condition of the desicca air wi for the average 
period of passage but 10 to 15 per cent. of its saturation 
at a temperature of 15 deg., which corresponds to tensions 
of water vapour of 1.2 to 1.9 grammes per cubic metre of 
air. The foregoing figures have clearly demonstrated in 
the preliminary experiments that the commercial desic- 
cation of air is possible by such a process. At the present 
moment it is an accomphished fact. 


II.—EARLIER PROCESSES OF THE DESICCATION OF AIR 
BY CaLctumM CHLORIDE, AND AN ANALYSIS OF THESE 
PROCESSES. 


Before giving a detailed description of the appliances 
which have rendered it possible to realise the process, the 
principles of which have been given, it appears of in- 
terest to the authors to recall previous processes similarly 
based on the use of chloride of calcium. The authors 
have only become aware, generally speaking, of the 
details of these different processes in the course of the 
def of their own patents. 
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order to render it again fit for the complete absorption of T 


water vapour, to cool it completely. This cooling is 
quickly attained by a rapid circulation of water in the 
pipe system. It goes without saying that if the air to be 
dried were directed on warm calcium chloride, no desic- 
cation would take place, because, with the chloride of 
calcium at such a temperature, the hydrates, even if 
highly concentrated, might possess very high vapour ten- 
sions. Hence the intermediate period of cooling after 
regeneration. When the temperature has returned to 
that of the average environment, the chloride of calcium 
has regained all its hygroscopic properties, and is capable 
of desiccating afresh the new volumes of air. 

The above constitutes a qualitative summary of the 
different phenomena which take place during the evolu- 
tion of the desiccating substances. It may now be asked, 
from the commercial point of view, what figures are in- 
volved in regard to the relative volumes of air to be dried 
and of the drying body ; to the rate of passage of this 
air through the body ; to the efficiency of the desiccation 
obtained ; and to the amounts of heat to be employed for 
the regeneration and the time required for the cooling. 
The replies to these different questions will show at once 
whether the process is one of commercial application or 
not. The figures are as follow :— 

A mass of calcium chloride of 240 kg. spread out in a 
layer of 24 cm. in depth, on a square metre of surface, 
will desiccate 300 cub. m. of air percolating it from above 
downwards, per hour, for four hours, under average con- 
ditions of 15 grammes of moisture per cubic metre. 
Without the water circulation, the temperature of the 
chloride of calcium mass would gradually rise to the 
vicinity of about 40deg.; the circulation of the water 
prevents the elevation of the temperature beyond a few 
degrees, such, for example, as 4 or 5. 

In order to regenerate the calcium chloride from its 
hydrates, calculation shows that it is necessary to expend 
about 7500calories per kilogramme of water deposited. 
In practice it suffices to circulate from below upwards— 
that is, in the opposite direction to the air current—warm 
air or fumes devoid of dust at gradually increasing tem- 
peratures from about 30 to 200 deg. during a period 
equal to half the length of time of the passage of the air 
current—that is, for the example given above, for two 
hours. Naturally, the circulation of the water is arrested 
during the circulation of the fumes or of the warm air 
used for the regeneration. The cooling, owing to the 
water circulation, does not take any longer time than that 
of the regeneration. In order to be on the safe side, the 
authors have always allowed that, given three stages of 
the evolution, it is necessary to have a triplicate apparatus, 
so that at any given moment there coeald always be :— 

An apparatus at work (desiccation of the air) ; 

An apparatus in regeneration (the circulation of the 
fumes or of warm air) ; and 

An apparatus in process of cooling. 


* Bulletin de la Société de Industrie Minérale, Dec- 
ember, 1909, page 497. 





Fryer Process.—The earliest process that can be men- 
tioned is that of Fryer, at Coleford, which made its 
appearance in 1880. It involved employing the chloride 
in the most simple form by making the air over 
broken pieces of calcium chloride, collecting the water 
which settled, and regenerating partly in special boilers, 
and carrying it su uently to complete igneous fusion. 
he inconveniences of this process are at once apparent. 
If it be sought to liquefy the calcium chloride, there are 
at once obtained extremely high dilutions, with very high 
vapour tensions. The tension of equilibrium itself rises, 
and finally there is left, in the air to be dried, more mois- 
ture than is desired. This is, however, not the chief 
inconvenience. The Fryer process allowed for no cooling 
of the mass during the desiccation, so that the tempera- 
ture would rise very rapidly, and the calcium chloride 
become gradually inefficacious. Finally, the calcium 
chloride being regenerated in special wren Mond a whole 
series of manipulations had to be provided for—the with- 
drawal of the liquids, concentration, pouring, solidifica- 
tion, cooling, and breaking. The latter operations, 
taking place on the cold chloride of calcium, are parti- 
cularly difficult, as it is necessary to take spesial pre- 
cautions, and to operate out of contact with air. Indeed, 
chloride of calcium being a waste product, and having in 
itself no value, it aia be affirmed that a chloride thus 
amy ae would cost practically as much as calcium 
chloride prepared for the first time. It may be pointed 
out finally that Fryer, not being aware of the peculiarities 
of the “tardy” hydrate CaCl, + O to 1 H,O, carried 
regeneration as far as igneous fusion, which is a disad- 
vantage from the point of view of the activity of the 
chloride, and requires the expenditure of a considerable 
amount of heat. The authors are not aware that this 
process was ever applied commercially. : 

Cremer Presens~ thie process dates from 1885, and is 
illustrated in Fig. 1, in which A is a desiccating- 
chamber, in which are arranged the shelves upon which 
are placed the materials used for the desiccation, sulphuric 
acid, calcium chloride, or other analogous substances. 
is the air inlet ; B? is the outlet-tube. Inlet B, instead of 
being connected with the open air, may be connected 
with the discharge-vent of a fan, in which case the air 
may be forced into B instead of being aspirated from B?. 
Regeneration can take place on the spot. For this pur- 
pose the shelves have a double bottom for the circulation 
of hot air, or of waste gases to heat the calcium chloride 
placed upon them. This process certainly evinces con- 
siderable progress, inasmuch as it involves regeneration 
of the moistened calcium chloride on the spot. It is 
still, however, exceedingly incomplete. Cremer made 
the air pass above the layer of calcium chloride instead of 
making it traverse the layer. The contact is thus less 
intimate. There is formed in the upper portion an 
exceedingly moistened layer, the tensions of which 
gradually increase, as much because of the increasing 
dilution as because Cremer had not foreseen the necessity 
of cooling. Cremer did not indicate either the tempera- 
tures of the necessary regeneration nor the limits within 
which it was necessary to keep ; he provided for the heat- 
ing of the mass by double-bottomed chambers, which was 
bad, as the particles in contact absorb all the heat and 
have a tendency to melt, while the topmost particles are 
insufficiently bea meration, in order to be cer- 
tain, as the authors have shown, requires to be gradual, 
and to be easily regulated. is can be readily attained 
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by the circulation of hot gases through the mass, as the 
authors have provided for. 

Elsner Process.—This process is recent, and dates from 
1906. Furnace gases are led on to chloride of calcium, 
undergoing regeneration in a lower drum. The chloride 
of calcium, which is assumed to have been regenerated, 
is raised by means of a mechanical device to an upper 
drum, in which the air to be dried circulates. ere, 
again, no cooling is provided, for although the method of 
regeneration adopted leads to the supposition that Mr. 
Elsner wishes to maintain the solid Ra for his solu- 
tions, he has, nevertheless, neglected the safest method to 
attain that end—namely, the cooling during the hydra- 
tion of the chloride. 

To anyone who has used chloride of calcium, and 
made it ry Many regenerations, it is a well-known 
fact that the lumps not only become regular sponges, 
which are more and more fitted to absorb moisture, but 
alsoj that their cohesion becomes destroyed little by 
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little, and that these lumps, which very vy! resist 
the passage of air or of gases, pulverise at the slightest 
shock. It is very probable that in the Elsner process it 
would become impossible to maintain the chloride of cal- 
cium in lumps, and that the particles would become 
smaller and smaller and more and more easily liquefiable. 
Finally, Mr. Elsner charges his warm regenerated chloride 
directly into the topmost drum without first cooling it, 
which is absurd. 

Harbord Process.—There are several Harbord processes, 
dating from 1967, 1908, and 1909. These processes are 
highly ingenious. Inert substances, such as peat, pumice- 
stone, all, generally speaking, porous bodies, are impreg- 
nated with a concentrated solution of calcium chloride. 
Regeneration likewise takes place on the spot. The prin- 
cipal object pursued by Mr. Harbord appears to be the 
retention of such chloride of calcium as might have be- 
come liquefied, and the prevention of its flow. Granting 
that Mr. Harbord operates with solutions concentrated 
at high temperatures—above 200 deg., for instance—the 
particles retained by impregnation may well be equally 
active as the pellicular masses which intervene in the pro- 
cess descri by the authors. Either one condition or 
the other must, however, obtain: either the volumes of 
air to be desiccated are large in relation to the small mass 
of the chloride of calcium impregnating the inert bodies, 
in which case there are quickly obtained liquid solutions 
of high vapour tension, and consequently but little effec- 
tive, or else the masses of the chloride are, in relation to 
the volumes of air, in the proportions which the authors 
have themselves calculated, and the necessity arises for 
having appliances of enormous dimensions, the quantity 
of chloride being small in proportion to the quantity of 
inert matter. 

_ Mr. Harbord has likewise made no provision for cool- 
ing, and this cooling would, besides, be difficult to secure, 
Inasmuch as it would have to be carried out simultaneously 
on the inert bodies which serve to support the active 
agents. In the last resource, the presence of large masses 
of “| = matters would be the cause of a heavy expendi- 
ture of heat during regeneration, as it would be necessary 
to raise their temperature as well to the temperature of 
regeneration. It would equally be a cause of embarrass- 
ment during the intermediary cooling down between 
regeneration and fresh hydration, as such bodies, which 
possess, generally speaking, a low calorific capacity, which 


makes them very slow in heating and causes the absorp- 
tion of much heat, require a very lengthy period 
during which to cool down, which would prevent the 
calcium chloride wing ye rapidly into use again. . 
Harbord has provided for the use of chloride of iron to 
prevent the formation of the oxy-chloride. This pre- 
caution is superfluous. With chloride of calcium which 
had been in daily use during three months, and had 
undergone over a hundred successive regenerations, the 
insoluble residue was exactly the same as that of the 
same calcium chloride on its delivery from the factory. 
Other patents are in existence. The bulk of those to 
which the authors have been able to obtain access 
resemble one or other of the systems referred to above. 
The foregoing instances a r, therefore, sufficient to 
demonstrate the essential differences which exist between 
the earlier processes and that which the authors are now 
describing. It has only been by an observation of the 















phenomena of hydration and dehydration of chloride of 








type of design, and Fig. 3 the second type. Figs. 4 and 5 
dew in elevation and in plan an installation composed 
of several drying apparatus; while Figs. 6 and 7 show, in 
nen section and in plan, the details of the spiral 
cooling arrangement. Fig. 8 shows details of the means 
for distributing the air current. According to Figs. 2 
and 3, the apparatus, which has a cylindrical shape, is 
composed of a certain number of compartments identical 
with each other 1, a central shaft 2,a cover 3, which 
forms, with the external shell 4,a number of compart- 

ments, and the annular chamber 5. ‘ 
Each compartment 1 has a circular inlet orifice 6 and 
id 7, on which the chloride of calcium rests. An 


a gri 
_outlet 9 is provided below the grid. 


uu 

Towards the end of the desiccation the air is drawn by 
means of the fan across the main lead 10 into the central 
shaft 2, and distributed to all the compartments. It 








traverses the chloride of calcium from above downwards, 
depositing its moisture ; it then escapes into the annular 





11 


419 




























































= ioc 
rei 
Vili) 













« = |, ee 


b V7 


SSSA 

















calcium, and by an investigation of the laws which 
regulate these phenomena, that it has been possible to 
evolve a rational and economical method of employing 
this substance. 


III. DeEscripTION OF THE APPLIANCES CONSTRUCTED 
BY Pau, WurtxH anp Co., LUXEMBURG, FOR THE 
OPERATION OF THE Paocess AT THE DIFFERDANGE 
Works. 

The problem at the Differdange Works was to desiccate 
the whole of the air required for the blowing of a blast- 
furnace of 150 tons per 24 hours, in order to realise at 
this blast-furnace the economies described by Mr. Gayley 
in his experiments of 1904, and in those he has under- 
taken since. 

The appliances were designed by the firm of Paul 
Wurth and Co., Luxemburg. Drawings showing two 
forms of apparatus are given in Figs. 2 to 8. 

In the first design the blast is introduced by a central 
well, and distributed in layers by means of the openings 
leading to different superposed reservoirs. eme 
from the latter it is collected in an annular chamber, 
whence itis led to the place where it is to be utilised. 

In a second form of appliance, on the contrary, the 
blast arrives by way of the annular chamber, and is col- 
lected in the central well after traversing the layers of 
chloride of calcium, and is led thence to the p of 
utilisation. 

In order to be able to regenerate the chloride of calcium 
on the spot, the central well (or the annular chamber) is 
connected with a second pipe, admitting air or hot gm. 
The arrangement of the fans is such that it is possible at 
will either to pass the air to be dried, or the gases which 
are to serve for the regeneration, through the a tus, 
or else to isolate it completely during the cooling down. 








Figs. 2 to 8 show the two forms of design. Fig. 2shows, 
diagrammatically and in longitudinal section, the first 








chamber and reaches the conduit pipe 11, which takes it 
to the place of utilisation. 

Asis well known, the chloride of calcium warms during 
the desiccation, and this must be rectified by the cooling. 
It is with this object that water is made to circulate in 
the spirals provided in each compartment. These spirals 
are arranged to have a certain inclination to provide 
for their being rapidly emptied. The joints are effected 
in a special box securing a water-tight separation for the 
chloride of calcium, with a disc vent in case the 
joint becomes defective. The chloride is thus com- 
pletely protected against such an event occurring. 

When the chloride of calcium has absorbed the re- 

uisite amount of moisture, the apparatus is cut off from 
the inlet and outlet of air by the slide-valve 14, and com- 
munication is made by means of the slide-valve 16 with 
the main 15, which conducts air or warm gases. 

As the temperature should only be increased gradually, 
- fan —— = - at the same on as it — A, 
the to allow of the temperature being regulated. 
By Eminishing the amount of air admitted, and increas- 
ing ym of the gas, the temperature is gradually raised to 


235 deg. 

When the calcium chloride has been regenerated, the 
apparatus is first cooled by means of a cold current of air 
entering vhe chamber 5 by the conduit pipe 23, and escap- 
ing by the outlet orifice 17, and then water is introduced 
in the spiral a ae until the temperature has been 
sufficiently lowered. The apparatus is then ready to 
desiccate the air-blast anew. 

In the installation shown in Figs. 4 and 5, three appa- 
ratus have been assumed to be employed, of which one 
dries the blast, whilst in the second the chloride of 
calcium is being erated, and the third is ry 
cooling. During the period of the passage of the blast, 
or at the end of the period of cooling, it is possible to 
obtain access to the appliance, either by the central] shaft 
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by means of the ladder shown in Fig. 1, or to the annular 
chamber by the ladder 33, running on rails at the top 32. 

In the application of the process at Differdange, which 
is shown on Fig. 9, the coriditions required the dry:n 
of 30,000 cub. metres of air hourly. The apparatus con- 
structed in accordance with the subjoined plans (Figs. 2 
to 8) possess the following features :— 

Total area presented to the passage of the blast, 100 
sq. mM. per apparatus. 

Number of compartments, 10. 

Depth of the layer of calcium chloride in each compart- 
ment, 24 cm. 

Apparent density of the chloride of calcium, 1. 

Weight of chloride of calcium contained in each appa- 
ratus, 24,000 kg. 

Weight of chloride of calcium contained in all three 
appliances, 72,000 kg. 

Jooling surface of the spirals in each apparatus, 
170 sq. metres, 

These appliances have been designed to work in the 
most unfavourable conditions—that is to say, to remove, 
during the summer months, 15 grammes of moisture per 
cubic metre of air during a period of four hours. 

At the time of writing this paper, the appliances have 
been working normally for six weeks; but as the season 
is the end of winter, and as the moisture in the air is not 
very large, it has been found unnecessary to make as many 
reversals as were contemplated. h apparatus receives 
the blast for 6 to 8 hours. The air, which contains 6 to 
8 grammes of moisture before its passage, only contains 
from 1 to 1.5 grammes per cubic metre on emerging from 
the apparatus, and this figure remains practically con- 
stant trom the commencement to the conclusion of the 
period. 

Regeneration requires four hours for its completion, 
and is carried out by means of the waste-smoke gases 
from boilers and from Cowper stoves. These gases, 
cleaned to the extent of 0.4 gramme per cubic metre, pass 
page through the mass of chloride. The temperature 
is regulated at 30 deg. to commence with, and thereafter 
pong raised in conformity with a certain ascertained 

aw up to about 200 deg. In the summer the tempera- 
ture will be carried to 275 deg. 

Cooling takes three hours. 
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From this table may be seen to what temperature the 
air must be cooled to obtain results identical with those 
obtained at the Differdange Steel Works. 

At 15 deg. an amount of humidity of 1.5 grammes per 
cubic metre corresponds with the content of 1.22 grammes 

r kilogramme of dry air. This figure, as may be seen, 
1s well within the limits of the foregoing table. To obtain 
this result calculation shows that it is necessary to cool 
the air effectively to —15 deg., which requires even con- 
siderably lower temperatures in the refrigerating tubes. 

This shows the advan which the employment of 
calcium chloride has over that of refrigerating-machines. 
While, with the latter system, cooling to —5 deg. leaves 
a minimum of 2.60 grammes per kilogramme of dry air, 
the use of the calcium chloride regenerated under the 
form CaCl, + 1 to 2 H,O and maintained in sufficient 
excess at 15 deg. allows of a degree of moisture as low as 
0.5 gramme per kilogramme of dry air being attained. 

During the winter months, during which the refrige- 
rating system is practically inoperative, particularly in 
Continental localities, chloride of calcium allows of 
exceedingly low figures being attained—that is, distinctly 
less than 1 gramme per cubic metre of air. 

With regard to the blowing tests on dry air now being 
undertaken at the Differdange blast-furnaces, it is impos- 
sible for the authors to give any details at present. The 
installation is too recent for the true value of the economies 
realised to be stated, but it is now quite established that 
the manufacture of dry air need present no difficulty 
whatever. 

The installation has cost a little less than one quarter 
of what would have been the cost of an installation for 
desiccation by means of refrigerating-machines. One man 
for the day shift and one for the night shift are sufficient 
to handle the apparatus, which is of the most simple 
description. The expenses of working are thus greatly 


It is interesting to compare these results of drying the reduced 


blast with those which are capable of being given by the 
freezing method used by Mr. Gayley. 

The authors reproduce below a table of the vapour 
tensions of ice and the amounts of moisture which satu- 


rate a kilogramme of dry air at temperatures below l 


0 deg. :— 
| 
. | Weight of Water Vapour in 
Tempera- ee | Grammes in Saturated 
tures. of Mercury. Air ng —— 
deg. per cent, per cent. 
0 4.60 | 3.80 
= 1 4.27 3.50 
- 32 8.95 | 8.20 
- 3 3.66 | 3.00 
- 4 3.39 2.80 
~ 6 3.13 2.60 
- 6 2.89 2.40 
- 7 2.67 2.20 
- 8 2.46 2.00 
-9 2.27 1.85 
-10 2.09 | 1.70 








uced. 
The authors state, in conclusion, that similar apparatus 
are under investigation, not only for other metallurgical 
works, but also with a view to their application in other 
industries, that require drying operations carried out at 
ow temperatures, as, for example, for the desiccation of 
chemical or pharmaceutical products, india-rubber, resins, 
gums, gelatin, albumen, glue, aniline colours, and various 
organic bodies. It may thus be seen that there is a vast 
field open for the commercial production of dry air. 








German Rattwars.—A Bill deposited in the Prussian 
Landtag authorises the Government to devote 13,168,800/. 
to the extension and improvement of the State Railway 
network, the expenditure to be made in the followin 
manner :—Construction and equipment of ten princi 
lines, 5,326,900/.; laying supplementary tracks upon 
fifteen existing lines, 1,420,500/.; sundry works of com- 
pletion and improvement, 654,900/. ; installation of electric 
traction upon the en, mt Leipzic and Halle, and 
the Laubach, Dittersbach, and Konigszelt lines and 


branches, 1,366,500/.; rolling-stock, 4,100,000/.; and con- 
struction of secondary lines, 300,000/. 





Mercury Lamps For WHITE Arcs.—The new mercury 
arc-lamps which E. Urbain, OC. Scal, and A. Feige de- 
scribed in two recent meetings of the Paris Académie des 
Sciences, differ from others in the colour of the light 
produced. The authors are engaged in an investigation 
of the effects of ultra-violet rays, which, like other 
scientists, they apply for the sterilisation of water and for 
other purposes. In the ordinary arc, with an iron cathode, 
the arc must be made of considerable length lest the iron 
melt. In order to realise higher temperatures with a 
consequent increase in the total radiation according to 
the laws of Stefan and Wien, they experimented with 
tungsten electrodes. In an inert gas the are would not 
play between two tungsten electrodes. The arc started 
in the presence of oxygen, but the tungsten then became 
oxidised, and the walls of the bulbs were discoloured. 
The best results were obtained with anodes of mercury, 
when an arc 5 mm. in length could be maintained ; there 
was little transport of mercury over to the cathode. The 
12-volt lamps consumed 0.45 watt per candle; higher 
volts could be used when the lamp was filled with an 
inert gas. The spectrum of this arc is continuous and of 
high intensity ; the blue tungsten lines upon which the 
mercury lines are su seen make the light resemble 
sun light, and when the lamp is provided with a quartz 
vessel, ultra-violet rays are said to be produced very 
economically. 





TRANSVAAL MINERAL OUTPUT AND LaBour STATISTICS 
FOR FEBRUARY, 1911.—The following are the particulars 
of the output of minerals, and the number of workers em- 
ployed in the Transvaal mines, during the second month 
of this year :— 




















Labour. 

Whites. Coloured. Total. 

No. in No. in No. in 

Service. Service. Service. 

Witwatersrand 
( area... .. 24,969 191,949 216,918 
Gold-mines <~ Other districts. 911 10,011 10,922 
as gold-mines 25,880 201,960 227,840 
Coal-mines . . ; ve ee 534 9,144 9,678 
Diamond-mines 773 10,564 11,337 
Base mineral mines os we 271 3,236 3,507 
Miscellaneous works and con- ¥ 
cerns ES ee Pe + 298 2,753 8,051 
Grand total 27,756 227,657 255,413 
Output. 

Fine Value 

Ounces. £ 

Witwatersrand area 586,159.140 2,489,845 

Other districts .. 24,553.701 104,300 

Gold 

Total 610,712.841 2,594,145 

Silver .. Se 65,883. 133 7,140 

Tons 

Coal .. Me - ; = 330,525 80,501 
Base minerals, other than coal. . - 66,970 
2,748,756 


Total value .. - : =o 
The output of diamonds is published half-yearly only. 
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WELDING UP OF BLOW-HOLES AND 
CAVITIES.* 


By J. E. Sreap, D.Met., F.R.S. (Vice-President). 


Tue substance of this note was Eat for reading 
before the Chemical Section of the British Association at 
Sheffield in September, 1910, but, as Professor Howe had 
pre and read a paper on the same subject, it was 
not given, but some of the data was communicated during 
the discussion. : 

Welding.—In general terms “‘welding” may be described 
as the crystallising into union of two solid metallic sur- 
faces when they are brought together under suitable con- 
ditions. That such is the case is proved by microscopic 
examination, for, on polishing and etching sections of the 
united metals, the crystals along the junction are found 
to be common to each of the ori pieces of metal. In 

rfect welding there is no visible joint, for the line or 
plane of junction is occupied by crystals, portions of which 
Coleus to one piece of metal, and portions of the same 
crystals to the other. When the boundary of the crystals 
are coincident with the juxtaposed plane surfaces, it is 
evidence of non-welding, which is equivalent to saying 
that unless the crystals become common to the two pieces 
there is no welding.t - ; 

The celebrated ‘‘Coffin joint,” effected by placing 
together the fractured ends of a broken bar and heating 
the junction to a red heat, out of contact with air, was 
undoubtedly the result of crystallisation, and in the 
general sense was an example of true welding. 

The conditions necessary for the welding of two metallic 
surfaces of iron and steel are :— 

1. Thesurfaces must be clean and free from any foreign 
infusible substance, such as oxide of iron, slag, lime, &c. 

2. The metallic surfaces must be in actual contact. 

3. Given the conditions in Nos. 1 and 2, the higher the 
temperature the more rapid is the crystallisation or welding 
together of the surfaces placed in juxtapositiom; indeed, 
one often notices when a blacksmith allows two pieces of 
highly-heated steel or iron to simply rest on one another, 
welding at the points of contact is instantaneous. The 
subsequent hammering brings the whole of the surfaces 
in contact and incidentally squeezes out the liquid inter- 
vening slag, and in this way conditions 1 and 2 are 
obtained and good welding produced. 

It is well-known that iron and steel will crystallise, or 
weld together, at temperatures far below the so-called 
welding point, as has been proved by Coffin and others, 
but, so far as we know, systematic trials have not been 
made with steels of varying and given composition with 
the object of determining at what —— they will 
actually unite. The experiments which follow were made 
as a preliminary essay in thisdirection. The steels selected 
contained between 0.1 per cent and 1.40 per cent. carbon. 

Series I.—In this series small sections of three different 
steels in duplicate, containing 0.1, 0.5, and 1.4 per cent. of 
carbon, having the dimensions of 10mm. by 10 mm. by 
5 mm., were ground down on one of their sides to plane 
surfaces, polished, and placed face to face in a porcelain 
tube, and were heated in an atmosphere of hydrogen 
for two hours at a temperature of 900 deg. Cent. After 
cooling, the steels were removed and examined ; in each 
case the surfaces had crystallised together so firmly that 
they could not be easily separated. By using a chisel 
and hammer they were burst asunder. On examining the 
pieces it was seen that the metals had crystallised to- 
gether at a few isolated points, for the surfaces at these 
positions had a crystalline fracture. All of the samples 
with 1.4 per cent., 0.5 per cent., and 0.1 per cent. of carbon 
appeared to be equally welded. In duplicate experiments 
the welded specimens were sectioned through the two 
pieces and the surfaces polished and etched. In each 
case along the junction, in certain spots, the crystals were 
common to each piece; that is to say, they were continuous 
from one piece into the other. On heating corresponding 
pieces to a temperature of 800 deg. Cent. for two hours, 
they welded together at some points, but the areas welded 
a not quite so great as in the pieces heated at 900 deg. 

Yent. 

The reason for the welding only having occurred at 
certain spots is attributed to the inequality of the surfaces 
placed together, and that the second condition necessary 
for perfect welding was absent. There is little doubt that 
the welding would have been perfect had the surfaces 
been true planes, or had sufficient pressure been applied 
during the heating period to bring the whole area of the 
faces into actual contact. 

Series II.—The experiment described above was re- 
peated, but under slightly different conditions, for instead 
of flat-pieces, short prisms, cut in duplicate from bars of 
steel, were substituted. They were shaped in a lathe, so as 
to leave one end of each semisphericaland theother end flat. 

In each experiment the rounded ends of the duplicate 
pieces were placed so as to touch one another, and were 
put into a porcelain tube, and kept in contact by gentle 
pressure. After heating for two hours in hydrogen gas, 
to a temperature of 800 deg. Cent., the pieces in each 
class of steel were found to be welded at the points of 
contact. On breaking them asunder the fractures at the 
joints were found to be crystalline, and measured about 
0.9 lam. across. 

In these trials where the metals were in physical con- 
tact, crystallisation op welding was complete and perfect. 





* Paper read before the Iron and Steel Institute, 
May 11, 1911. 


There can be no disputing of this law, or that the 


skilful microscopist can with absolute certainty determine | d: 


whether or net steel or iron surfaces are crystallised or 
welded together, a matter of exceeding importance when 
considering the question as to whether cavities in steel 
ingots can or cannot be welded up. 





Further trials conducted at tem 
Cent. and 1000 deg. Cent. respectively yielded similar 
results, with this difference, however, that with the 
higher temperatures the area of the surfaces actually 
welded were slightly greater than in those heated to 
800 deg. Cent. ¥ 

It is well known that piled sheets of relatively pure 
steel, when rolled at temperatures certainly below 900 deg. 
Cent., not areeeny Suse together at certain points 
where the steel is free from oxide, and require great force 
to separate them from each other, and in some cases 
separation cannot be effected without ing the sheets. 
In an extreme case of such sticking, two sheets at the 
point where they adhered were sectioned, polished, and 
etched, and were examined microscopically, when it was 
found that the crystals of one sheet passed into the other, 
evidence of true welding, and this was effected by heatin,; 
and rolling at a temperature far below that at whic 
welding is considered bap age sag with such material. 

Series III.—Further trials were made with the round- 
ended prisms of steel, to determine what would follow on 
heating them when in contact, at a temperature between 
1300 deg. and 1400 deg. Cent. For this pu a com- 
plete series of pieces were placed, rounded ends in contact 
with each other, inside a wrought-iron tube, and this, 
after hermetically ing, was put into a ladle containing 
about 4 tons of molten t 

As it was found afterwards that the tube with contents 
was in an inclined position, it is possible the pieces of 
steel inside pressed against each other by gravity. The 
tube was allowed to remain in the slag till cold ; the slag- 
ball was broken up, and the tube removed. On examina- 
tion the two pieces of steel containing 1.4 per cent. carbon 
were found to be porous, and that a liquid phase had 
liquated out and become fused on to the side of the tube. 
No liquation had taken place from the steels of lower 
carbon. All had become perfectly welded at the rounded 
ends, and the areas of junction or welding varied between 
3and 5 mm. in diameter. Fig. 1 illustrates what had 


happened. 


of 900° deg. 





The distance between the flat ends of the welded pieces 
was slightly less than before heating, but the corners of 
the square or flat ends of the steel with under 1 per cent. 
carbon were not altered, and remained square and sharp, 
a “ene! that they had not approached the melting point, 
otherwise they would have become rounded by the 
influence of surface tension. 

Series IV.—In another trial a bundle of seven round 
steel bars 4-in. in diameter, tied together with wire, was 
pete into a ladle of molten slag and was allowed to 
cool with the slag. It was found that the steel, when 
cold, had become welded at the points of contact, and 
had coalesced, or been drawn together to a considerable 
degree, a phenomenon suggesting that had the heating 
been continued for a sufficient length of time, the bars 
would have coalesced to such an extent as to make one 
solid bar. That surface tension was not responsible for 
this peculiarity was proved by the fact that, in this as in 
the previous cases, the corners, or sawn ends of the bars, 





were not rounded in the least, and the most delicate 
stampings and scratches on the outside of the bars were 
not effaced (see Fig. 2). 

Series V.—In crucible steel-works practice it is some- 
times the Gustom to heat the steel to, and forge from, 
what is called the ‘‘ wash welding” temperature, and it 
is assumed that if the material initially contains cavities 
or blow-holes, they will be welded up. In order to deter- 
mine whether larger cavities than blow-holes could be so 
welded, a series of trials on a practical scale were made 
by Mr. F. M. Parkin, at the Don Steel Works, Sheffield, 
by the kind permission of the proprietors, Messrs. Hobson, 

oughton and Co., with the object of ee 
artificially-formed pipes or cavities in steel could be welded 
up by wash-welding and forging, and at what temperature 
this could be effected. 

With this object square bars, 8 in. by 2 in., of Swedish 
Bessemer steel containing 0.15 per cent. of carbon were 
drilled down one end of each to a depth of 7 in., witha 
}-inch drill, leaving a solid bottom of lin. Taper plugs 
of the same material 1} in. in length were also ea , 
In order to displace the air from the drill-holes:a few 
rops of petrol were introduced, and afterwards the taper 
plage of steel were driven forcibly into the open ends. 

he closed and ‘‘ piped” bars were heated to 800 deg. 
Cent., and after being removed from the fire were gently 
flattened under a 12-cwt. hammer, so as to close up the 


cavities, after which they were heated respectively to 
750 deg., 950 deg., and 1150 deg. Cent. for thirty minutes, 
and were pe | down at these temperatures into 1-in. 
square bars. When cold they were nicked at intervals, 
broken, and examined both by the eye and also by the 
microscope on cut and polished specimens and by bending 
cross sections cut across the central axes. In the piece 
heated to 750 deg. Cent. there was no evidence of welding. 
In the piece heated to 950 deg. Cent. welding had occurred 
at the lower end only, whilst the bar heated to 1150 deg. 
Cent. was perfectly welded and sound from end to ond. 
A second trial was made with a steel containing 1.40 per 
cent. of carbon. This was as described in the 
revious case, with an artificial pipe, and was heated to 
tween 1050 deg. and 1100 deg. Cent. It was forged in 
the manner described above. After cooling it was found 
that, excepting near the upper plugged end, the welding 
had been satisfactory ; there was no trace of ungoundness 
or hollowness, ‘ 


Series VI.—A third experiment was made with a bar of 
24-in. square crucible steel, containing 0.9 per cent. of 
carbon. A central hole was drilled an plugged, and the 
metal, after heating to a yellow heat, was forged into a 
g-in. octagon bar, and was cut up and fo into chisels, 
which were put to practical use. The chisels did their 
work admirably, and there was no indication whatever of 
unsoundness. . 

These results prove conclusively that when two metallic 
surfaces, quite free from oxide or any foreign matter such 
as slag, sulphide of manganese, alumina, &c., are brought 
together and are forged under the conditions given above, 
at temperatures about 1100 deg. Cent., they do weld up 
completely. The italics are introduced to make it clear 
that the conclusions are based on a definite method of 
treatment. It has been shown that steels containing 
between 0.1 and 1.4 per cent. carbon will crystallise 
together at temperatures of 800 deg. and 900 deg. Cent., 
when their plane surfaces are in contact, and are heated 
for two hours, but that little or no welding was effected 
on heating the artificially piped forged steel for half-an-hour 
at 750 deg. and 950 deg. t., and forging afterwards. 

The great difference between the two results suggests 
that if the pi pieces, in which central holes were 
drilled after the preliminary forging, made to bring the 
walls of the cavity into actual contact, had been heated 
for a much longer period, the sides would have crystallised 
together even before the second forging. It is riot certain, 
however, that the first forging would leave the faces in 
— contact. 

he author believes there is strong ground for the pre- 
sumption that if the faces of a closed-up pipe are crys- 
tallised or welded together at several separate points 
only, and not completely, forging at relatively low tem- 
peratures, say at 750 deg. or 850 deg. Cent., tends to 
cause disruption of the primarily united portions, particu- 
larly in cases where the steel is rolled to small sections. 
The reason for this 4 pe is, that juxtaposed faces 
robably do not always flow evenly when the steel is being 
er or rolled, and that if one face flows in advance of 
the other, disruption of the parts united occurs, due to 
shearing effect. 

It is well known that even in quite sound material it is 
possible to —_— internal disruption ~ § a special rollin 
process, and if it can be effected in sound steel, how muc 
more readily must it occur in initially imperfectly-welded 
material. 

How Blow-Hole Cavities are Dev .—Professor Howe 
has given a very characteristic definition of the genesis of 
blow-holes. He says: ‘‘The blow-holes represent (a) the 
progressive concentration in the molten or liquid mother 
mass of the gases initially present, a concentration carried 
on to supersaturation, and to the liberation of ,part of 
this gas from the supersaturated layers ; and perhaps ()) 
in some cases, such as that of the solidification of steel 
ingots, the formation of a gas from chemical reaction 
brought about by fall of temperature, or by from 
the liquid to the solid state. In the case of steel ingots 
there are indications that carbonic oxide is thus formed 
during solidification by the union of oxygen and carbon 
present side by side in the molten metal.’ 

It is well known, and therefore may be referred to 
briefly here, that if the steel has been in contact with 
more or less excessively ferruginous slag previous to bein 
poured, the metal is more or less highly charged wit 
oxide of iron ; and that if no metal or metalloid—such as 
aluminium, silicon, titanium—capable of reducing this 
oxide is added to the liquid steel on cooling down, the 
chemical reaction referred to by Professor Howe will 
follow, and the steel will give off gas and produce honey- 
combed ingots. 

On the other hand, if the slag towards the termination 
of the finishing is rich in silica and low in oxide of iron, 
the oxide dissolved in the metal may actually absorb any 
excess of oxide dissolved by the metal at an earlier stage of 
the process. 

It is possible that an excessively limey slag in the basic 

provided it is coincidentally impoverished in iron 
oxide, may also act in a similar manner. 

Liquid steel, which gives off gases during cooling through 
the fluid state, always continues to yield gas during the 
period when the steel is plastic ; these bubbles cannot 
escape, and the cold metal is in consequence always more 
or less “‘honeycombed.” In very us steel it is diffi- 
cult to keep the metal in the moulds, for when the upper 
part of the steel is passing through the plastic stage, the 
gases continue to be evolved from the still fluid liquid 
below, and in the semi-solid steel at the top a frothy mass 
is formed which and flows over the sides of the 
mould. In such a case it is usual to chill the upper liquid 
layer, cover it with sand, and plate it down ; by doing 
this the are prevented from escaping, and must 
incidentally exert very great internal re. 








are on record where the pressure was so great that, after 
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the steel in the ingot had been plated down, it burst the 
layer at the top and lifted the mould itself from its base. 
Although this ingot, when cold, was not broken, there 
can be no doubt that it was extremely honeycombed. 
Fortunately another ingot, solidified from very mild steel, 
was obtained at a later date, and the fractured surface 
was pe me rary This is shown in Fig. 3, from which 
it will be seen that approximately one-third of the whole 
mass is oceupied by gaseous honeycomb cavities, whic 
radiate from the outside towards the centre. The uneven 
section of the ingot was uced when being broken. 
The billets rolled from this ingot were naturally much 
**roked” by longitudinal fissures, which, however, did 
not re to a depth of more thanil mm. Below this 
the blow-holes appeared to have been completely welded 
up. It is ised that the blow-holes are in the 
least objectionable — when they are located well 
within the external surface of the ingot, and steel- 
makers endeavour to fix the composition of the steel so 
that they will occupy that position. The most objection- 
able position they can occupy is close to the external skin. 

Many years ago the author’s attention was drawn to 
some ship-plates rolled from ingots of the honeycombed 
character just mentioned. The heating of the ingots had 
been so elevated as to oxidise the thin outer layer of solid 
steel and melt the scale on the surface, and this had run 
down and filled the honeycomb cavities, so that when the 
ingot was rolled the oxide remained imprisoned near the 
surface ; and when cold, and the plates were struck with 
a hammer, little pieces of oxide jumped out, leaving 
unseemly pits on the finished plates, which, of course, 
on that account had to be rejected. 

It is impossible to tell exactly how the gases become 
located in independent centres in steel ingots separated 
sometimes by considerable masses of steel. When a cork 
is removed from a bottle containing soda-water it is seen 
that, after the first ebullition, small bubbles form at the 
bottom of the bottle, and as these ascend they become larger 
and larger, due, no doubt, to gas being freed from the liquid 
and taken up by the primary bubbles through which they 
pass; but in the case of bubbles which form in a semi-solid 
mass of steel, and do not move, a different explanation 
is necessary. They must at first be very small, and after- 
wards develop to larger sizes, and this must be effected 

the passage into them of gas from the surrounding 
plastic, not liquid, steel. It is almost certain that, at the 
time the bubbles form, the plastic metal consists of a 
mass of crystallites of purer iron, and a liquid rich in 
carbon, sulphur, and phosphorus, and that the primary 
bubbles form at relatively wide distances apart ; and the 
gases which continue to out of solution from the 
surrounding plastic metal escape from it, and pass into 
the nearest bubbles, along fine channels which close up 

in, and in doing so coincidentally force some of the 
hquid into the cavities. As this must continue for some 
time—probably until the metal is completely solid—the 
bubbles gradually increase in size. en the liquid 
inside the ingot is enclosed in a solid shell of steel, and 
the gases still continue to be evolved, pressure must be 
exerted on the plastic mass, and this most probably 
expresses some more of the liquid, rich in metalloids, into 
the initially formed blow-holes. Examination of the 
fractured and cut surfaces of honeycombed ingots has 
yielded proof that the honeycomb cavities are lined with 
metal rich in sulphur and phosphorus. 

In the above romarks the author has endeavoured to 
explain what occurs when blow-holes form, and to account 
for the fact that the blow-holes in all commercial honey- 
combed ingots contain not only gas, but concentrations of 
the metalloids.- 

The blow-hole ations are clearly illustrated by 
Fig. 4 of a billet rolled from a honeycombed steel ingot, 
whilst Fig. 5 was of a billet rolled from a portion of the 
same liquid steel made free from honeycomb in a separate 
ingot by the addition of a little aluminium. 

ft wi 1 be seen, then, that where these blow-hole segre- 
gations are detected in rolled steel, one may be quite 
certain that they were at one time coincident with actual 
cavities, and that as one can thus locate with certainty 
where they exist by etching the polished steel, it is pos- 
sible by microscopic examination, and by bending the 
etched pieces, to find out whether they have been welded 
or not, for, if they were not welded, the original faces of 
the unwelded cavities would at once open out into fissures, 
and the crystals would not be found common to the side 
of the blow-holes closed up. 

Professor Howe has a'so made a special examination, 
by the bending method, of boiler-plates rolled from a 
honeycombed ingot, and says that on ‘‘ bending the cut 
and polished sections double in such a way that any blow- 
hole traces present ought to gape open like the cards of a 
bent pack,” but, as a matter of fact, he found only traces 
where this aaeny did coos, —_ were so short in 
length as to indicate strongly that a very great 
of welding had a and suggested that nie 
relics of blow-holes tend to show that the blow-hole gases 
had been reabsorbed by the metal to a very great degree. 
He then suggested ‘prolong ng the exposure of forged 
blooms to a temperature above the welding point so as 
to complete the reabsorption of the gas while the metal 
is still weldable.” 

Although the author has examined many specimens of 
rails, forgings, and plates rolled from honeycombed ingots 
by bending, he has rarely found that they behaved in the 
manner described by Professor Howe, unless there existed 
distinct particles of slag or manganese sulphide, which 
would, of course, prevent the metallic surfaces from 
coming in contact and welding — weeny That welding 
up of the blow-hole cavities in o ee mae is, a8 & 
rule, complete and perfect has been proved by microscopic 
examination of a large number of specimens at the points 
where blow-hole segregations indicated that small cavities 
had originally existed. 


h | gases are evolved in the steel as it passes through the 





Piping in I:wgots.—Piping in steel ingots is always 
coincident with the complete or partial absence of blow- 
holes, or evolution of gas from the steel when it is in the 
plastic state. When gases are liberated in sufficient 
quantity, piping is impossible. 

All steel in cooling towards the point of solidification 
contracts, and as solidification proceeds from the cold 
sides of the moulds in an inward direction, and when no 





plastic state, the liquid contracts and sinks down the 
centre, leaving a pipe or cavity, but if gas is evolved, it 
causes the whole mass of plastic steel to expand, which 
more or less balances the contraction of the metal still 





remaining liquid, with the result that no pipe or very 


we could be kept fluid across the whole area or section 
till the metal from the bottom to an inch below the 
surface had solidified there would be no piping, and if 
the steel were of a non-gaseous character there would be 
no blow-holes. 

This fact is fully recognised by steel-makers, and various 
methods have been suggested, and some of them adopted, 
to obtain, as near as practically possible, that condition. 

(a) By very slow teeming the steel into the moulds, so 
as to give the portions poured in advance time to con- 
tract and even solidify before the moulds are filled. 

(>) By keeping the uppermost . My liquid by heating 
with a blow-pipe flame, and, with the same object, pour- 
ing liquid steel slag on the surface of the metal. 




















Fie. 4. 
little pipe can form or the volume of plastic steel and | 
the together may increase and cause the metal to | 


froth over the top of the mould. 

When making commercial structural steel manufac- 
turers usually aim at having the metal in condition 80 | 
that it shall not pipe, or that it shall yield sufficient gases | 
to cause the mass to expand as a whole—in other words, | 
so that the volume of gases evolved in the plastic steel is 

ual to the contraction of the liquid metal. 

n cases where the cavities consist of central continuous | 
pipes, long experience has shown that finished rails and 
orgings made from piped steel ingots are almost in- 
variably unsound in the parts where the pipe existed, 
and that welding together of the walls of the pipe cannot 
be depended upon, and, as a result, it is usual to reject | 
the parts of ingots in which there is a central cavity | 
when the object is to obtain perfectly sound finished | 
material. : | 

It is obvious that if the uppermost layers of steel in an , 


Fie. 5. 


(c) The surface layers have been superheated by the 
introduction of a thermite reagent. 

(d) By lining the upper parts of the moulds with loam 
or firebrick. a é 

(c) In the casting of crucible ingots the introduction of 
highly-heated fire-clay cores, which are placed on the 


| surface of the liquid steel in the mould, and filled with 


a portion of the steel retained, for that purpose, in the 
crucible. ; 

(f) By slow teeming into inverted ingot moulds—+.e., 
with the wide ends of the moulds uppermost and the 
small ends down. : 

Freedom from piping is also effected by compression 
of the steel in the ingots during its solidification. 

a ge of Gas in the Cavities.—Although much 
work has been done by Graham, Parry, Troost and 
Hautefeuille, Howe, Boudouard, Belloc, Muller, Stead, 
and more recently by Thomas Baker, to determine the 
composition of the gases occluded in steels, it is not 
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certain that sufficient gas from blisters in steel, or from 
the honeycomb or closed pipe cavities in ingots, had ever 
been analysed before the author was afford | the excellent 
opportunity of actually collecting, and having analysed, 
a sufficient quantity of imprisoned gas from a blister in 
a thick steel plate low in carbon. The analysis of the 
gas was as follows :— 


By Volume. 
per cent. 
Nitrogen .. ee 5.83 
Carbon dioxide . . 23.00 
Carbon monoxide 50.50 
Hydrogen 17.17 
Methane .. 3.50 
Total 100.00 


It is scarcely necessary to state that the mixture of 
gases enclosed in this particular steel may not be typical 
of what is present in the blow-holes. As a matter of 
fact, the gas collected was obtained from the central axis 
of the plate, and must have been enclosed in the pipe 
cavity and not in the blow-holes. For comparison, an 
analysis of the occluded gases extracted by heating in 
vacuum by Baker, from a steel containing about 0.9 per 


cent. carbon, is given. 

The heating ran; between 519 deg. and 1016 deg. 
Cent. Baker found that hydrogen was evolved in | na 
ponderating quantity at between 500 deg. and 600 deg. 
Steel Free from Steel Containing 


Cent. 





Blow-Holes. Blow-Holes. 
Per Cent. Per Cent. 
Nitrogen + om ° 0.08 0.48 
Carbon dioxide. . 1.68 0.87 
Carbon monoxide 45.53 42.36 
Hydrogen 51.99 54.56 
Methane .. 0.72 1.73 
Total 100.00 100.00 


The peculiar and remarkable feature in the analysis of 
the gases from the blister in the plate referred to above 
is the very large proportion of carbon dioxide and 
methane. ‘ 

It is not uncommon to find small blisters on black tin- 
plate sheets after they have been annealed, but the author 
has never been able to obtain sufficient of the imprisoned 
gas for analysis. He has found in one or two cases traces 
of ferruginous slag in the neighbourhood of the blisters, 
and considers it possible that there might have been 
chemical action between the oxide and the carbon of the 
steel, with the production of the carbon monoxide. 
Whether or not this was the case, or that they repre- 
sented relatively rare cases where the honeycomb cavities 
had not been welded, the original gas having been com- 
pressed to a thin layer, so as to prevent the sides of the 
pressed out cavities coming into actual contact, cannot be 
definitely stated. It is probable, however, that the 
blisters were originally honeycombs in the ingot, that 
for some cause welding had not been effected during the 
rolling, and that the an gas, or that produced by 
chemical action, exe sufficient pressure to produce 
the blisters, when the black sheets were subjected to an 
annealing process. It is im ible to conceive that gas 
generated in absolutely sound material, free from internal 
lamination, could produce lamination and blisters. 

One is inclined to favour the view that the blisters 
correspond to portions only of the original flattened blow- 
holes, and that the points where the blisters appear are 
the places where traces of ferruginous slag have been pre- 
sent, which would not only be the means of preventing 
the surfaces coming into actual contact, but would react on 
the carbon of the steel, and generate carbon monoxide. 

The well-known blister steel produced by carburising 
Swedish soft iron bars, which always contain more or less 
rich ferruginous slag, stratified at intervals between the 
layers of iron, illustrates fully how blisters can be, and 
are actually, produced by the generation of gas by the 
interaction of the oxide and the carbon of the metal. The 
oxide keeps the metal on each side of it from crystallising 
together ; the gas is generated at these points, and blisters 
are the result. 

On examination of the inside of the blisters, there is no 
longer any free oxide, a result one would expect, for the 
oxide no longer exists as such, having been reduced to 
metallic iron, The author suggests that, for a similar 
reason, oxide of iron is not always found in the inside of 
blisters in thin steel plates or sheets. 

It may be noted incidentally that, on cementing pure 
soft steel, which is free from local laminations of included 
oxide, no blisters appear. 

A most instructive experiment suggests itself at this 
pomt—namely, to forge a blister bar, at a low tempera- 
ture, and heat it to a high temperature, or pass it again 
through the cementation furnace, and determine if the 
blisters appear again in the same places, and of the same 
size. If they do, it must be assumed that the gases were 
only compressed, and exerted their pressure when the 
— again became plastic, and were not absorbed in the 
steel. 

tamper Oy from the evidence advanced it 
seems certain that if the blow-holes in steel ingots are 
subcutaneous and the heating of the metal is sufficiently 
high, say, 1000 deg. Cent. and above, and the ingots are 
then rolled or forged, they weld up completely, unless 
the cavities themselves contain foreign matter. The 
wash welding, as practised in Sheffield, and the heating 
and rolling of steel for rails and billets effect this. 

_It is, however, doubtful whether or not the pipe cavi- 
ties can be so readily welded. The upper ends of the 
pipes in ingots are open to the of the heating fur- 
nace, and the walls of the cavities become coated with 
oxide scale, which effectually prevents the metallic sur- 
faces from coming into contact. When, however, the 
pipe is deep and is bridged over at intervals with dia- 





hragms of solid steel, it is not improbable that welding 
below these bridges might be effected, provided that the 
imprisoned gas become forced back into the steel and do 
not form layers of highly compressed gas between the 
steel surfacer, and so prevent these surfaces from coming 
into direct contact. 

It is a fact observed by the author that the surfaces of 
the walls of the pipes in commercial ingots containing 
0.06 per cent. or more sulphur are rich in manganese sul- 
phide, and this must interfere with the perfect contact 
of the metallic surfaces, for from a practical point of 
— manganese sulphide is equivalent to scoria or 


ag. 
Professor Howe’s suggestion that the ates 
blooms should be heated for a long time to above the 
welding-point, so as to complete the reabsorption of the 
gas, is based on two assumptions: first, that the gases 
of the cavities are capable of being forced, by pressure, 
into the hot steel, and become occluded there; and, second, 
that what is not so forced into the metal will diffuse into 
it during prolonged heating at a high temperature. 

Like all Professo: Howe’s contribution to science, this 
suggestion mony the door to a great field of research. 
Professor Howe will be the first to admit that if solid 
steel can have gas forced into it, there is a limit to this, 
and that saturation will in such a case vary according 
to the~pressure. The question at once arises, if the 
amount of gas p into the steel depends on the 
pressure, and this pressure is partially removed, will not 
the gas, or a portion of it, pass back again into a cavity, 
producing a blister? Again, if the gases are pwen> 
of being forced into the steel at high pressure, and the 
steel be only red hot at the termination of the pressing 
or forging, will not heating to a temperature above 
the welding-point make the steel so soft and plastic 
that the = poe and highly compressed gas still un- 
absorbed will exert its influence and enlarge the chamber 
where it is located rather than pass into the heated steel ? 
That this has occurred is proved by the blisters which 
sometimes form on reheating plates rolled from very 
much piped steel. 

As we do not know the quantity of mixed gases or of 
any gas that can be forced, by pressure, into solid steel, 
or how much of it will come out again on removal of the 
pressure, it is evident we must have actual experimental 
evidence, and Professor Howe’s suggestion calls for this. 
We do know, however, that gases occluded in solid steel 
at a high temperature and at atmospheric pressure can 
be removed at that, and even lower temperatures, by 
reducing the pressure. Presumably it is justifiable to 
conclude that the amount so removed could be returned 
to the steel if heated in the gas under pressure. 

In conclusion, the author thanks Mr. F. M. Parkin and 
Messrs. Hobson, Houghton, and Co. for the assistance 
they have given in obtaining valuable data for this little 
note. It is ho that someone who has the time and 
opportunity will endeavour to determine what quality 
and quantity of gas solid steel of different compositions 
is capable of having forced into it at varying tempera- 
tures and pressures. It is a question which a Carnegie 
scholar might try to solve. 

Finally, the author apologises for including so much 
information already known, and only pleads in justifica- 
tion that he has brought to a focus data aay 
somewhat widely scattered in papers and text-books. 








Larce Cotp Surars.—The Stahlwerk OUeking, A.G., 
of Diisseldorf Lierenfeld have built a pair of cold shears 
for dealing with blooms of 150mm. by 190 mm. (5.9in. by 
7.5in.) and a strength of 45kg. per square millimetre, 
which requires a force of 1300 tons. “The shears have a 
height of 4.5m., and cover a floor 5 of 4.5 metres by 
5 metres (about 15 ft. by 164 ft.). the whole machinery 
weighs 55 tons, the large spur-wheel, more t 10 ft. in 
diameter, itself weighing 6 tons, and each of the two 
fly-wheels 3 tons. he slide makes twelve strokes of 
130 mm. (4.72 in.) per minute. The machine is driven by 
a 90-horse-power electric motor, and the clutch coupling 
is automatically released when the slide attains its 
highest position. 





Raitway AccIDENTS IN THE UnitTep States Durine 
1911.—According to a report published by the Interstate 
Commission in Washington there were, during 1910, 
2948 ey killed by railway accidents in the Uni 
States, whilst 19,380 were seriously injured. Of the 
officials 132 were killed, and 21,002 injured. These figures 
show a marked increase, and are attracting much attention 
in the States, the more so as‘a report published by the 
Pennsylvania Railway Company shows how accidents 
can not only be minimised, but almost avoided, through 
careful and management, inasmuch as this company 
during 1910 carried 136,000,000 ngers without a single 
death occurring through accidents on the line. 





TRANSPORTING A 1000-CuBic Metre Gas-Ho.per.—In 
the construction of the new gas works at Helsingfors, 
Finland, an old gas-holder has been shifted bodily and 
transported by water, ins of being taken apart and 
re-erected. The -holder has a diameter of 14 m., 
and a height of 7.5 m. (about 45 ft. and 25 ft.). It was 
raised and placed on a track of four rails, 60 m. (200 ft.) 
in length, on which it slid down to the sea on an incline 
of 1 in 14. The gas-holder was afterwards towed by a 
steamer over to the new gas works, a distance of 24 miles. 
The banks there being swampy, an inlet was excavated, 
and the gas-holder was beached at high water. The 
structure was then pulled up an incline into ition. 
Although the operations were somewhat involved, aceord- 
ing to the Journal fiir Gasbeleuchtung, the whole cost 
did not amount te much above 300/. 








FOREIGN ENGINEERING PROJECTS. 


ve give below some neo | noes colonial 
and foreign ering projects. Further data concern- 
ing these can be obtained from the Commercial Intelli- 
gence Branch, Board of Trade, 73, Basinghall-street, E.C. 

Canada: The Imperial Trade Correspondent at Toronto 
omy that a company, with a capital of 1,000,000 dols. 
(about 205,000/.), and head office at Toronto, has been 
granted a charter for the construction and control of 
public works and conveniences of all kinds, including the 
construction of railways and tramways, the carrying out 
of dock, harbour, and wharf works, sewerage, drainage, 
and water-supply works, gas and electric light and power- 
supply works, &c. According to a Press announcement, 
it 1s proposed to instal a water-supply system for the town 
of Prince Rupert, British Columbia, at an estimated cost 
of 480,000 dols. (about 98,600/.). Water is to be procured 
from Woodworth Lake, at an estimated rate of 4,500,000 
gallons per 24 hours, and it is to be brought to the town 
by gravitation in 24-in. pipes. Plans have been made 
for the construction of a reservoir with a capacity of 
1,000,000 gallons. 

Austria - Hungary: The Oesterreichischer Zentral- 
Anzeiger (Vienna) contains the following notices :—1. 
The municipal authorities of Debrecen have decided to 
carry out an extensive scheme of street-paving at a cost 
of 5,600,000 kronen (150,000/.). Tenders will also be 
invited shortly for the carry out of water-suppl 
works. 2. The communal authorities of Teufenbach 
(Steiermark) have decided to call for tenders for the 
carrying out of water supply and drainage works. 

Russia: The Russian Official  * states that an 
i has been lodged with the Ministry of Finance 
and the Ministry of Waysand Communications by a group 
of persons from Ekaterinodar for powers to form a com- 
pany for the purpose of constructing and working a 
system Of standard gauge railways in the district of 
Kuban. The total length of the proposed lines is 427 
versts (284 miles), and the cost of construction is esti- 
mated at 19,813,000 roubles (about 2,091, 0002. ). 

Italy : The Gazzetta Ufficiale (Rome) contains a decree 
approving the statutes of a company, entitled the Con- 
sorzio della Ferrovia Piazza Armerina- Caltagirone- 
Terranova, which has been formed for the purpose of 
constructing and working a narrow-gauge railway designed 
to serve the communal districts of Piazza Armerina, San 
Michele di Ganzeria, San Cono, Mirabella Imbaccari, 
Caltagirone, Niscemi, and Terranova. The concession- 
naires will receive State and communal subsidies. The 
Bollettino Finanze Ferrovie (Rome) notifies that an agree- 
ment has been entered into between the Italian Govern- 
ment and various financial bodies of Genoa and provincial 
authorities of Lom y, under the terms of which the 
credit of 15,000,000 lire (600,000/.), already sanctioned in 
respect of important harbour improvements at Genoa, 
has been extended, with State guarantees, to 45,000,000 
lire (1,800,000/.). With the completion of the Vittorio 
Emanuele III. dock the water area of the harbour will be 
increased by 464,000 square yards, the length of wharf 
accommodation by 1470 yards, and the area of berthing 
accommodation by 238,000 square yards. It is antici- 
pated that the new dock will relieve the present harbour 
to the extent of some 4,000,000 tons ; and as the ton 
now handled yearly amounts to over 7,000,000 tons, the 
port of Genoa will be capable of development for many 
years without fear of becoming congested. Work has 


already been in progress five years, and it is estimated 
that the completion of the dock will take another ten 
years. 


Spain: The Gaceta de Madrid contains a decree approv- 
ing, on the application of the Ministry of Fomento, an 
estimate of 1,058,000 pesetas (about 39,000/.) for the pur- 
pose, inter alia, of carrying out important harbour im- 

rovements, including —- lighting, &c., at Barce- 
oes during 1911. The Gaceta Madrid also publishes 
a notice, issued by the Direccién General de Obras 
Piiblicas, to the effect that Don Gaspar Gestido y Pefia 
has applied for a concession for the construction and 
working of a secondary railway from Inca to Alcudia, 
via va, Calmari, Campanet, and Pollensa, with a 
branch to Puebla. 

Brazil: The Diario Official contains a decree, No. 
8652, approving the plans submitted by the Companhia 
Mogyana de Estradas de Ferro e Nav for the con- 
struction of a section of line from Monte Santo to 


ted |S. Sebastifio de Paradiso, being the fourth section of the 


line from Monte Bello to Santa Rita de Cassia. The 
section will be 34 miles long, and the cost of construction 
is estimated at 3,279,000 milreis (about 218,000/.). 

Argentine Republic: The Boletin Oficial publishes a 
decree approving the plans and memorandum, submitted 
by the iy ‘cine reat Southern Railway, Limited, 
relative to the construction of a section of railway to run 
from Rio Colorado Station (on the Bahia Blanca to Neu- 

uen line) to the harbour at San Antonio. The Boletin 

urther contains a decree approving the contract entered 

into with the Buenos Aires Great Southern Railway, 
Limited, empowering the latter to construct a section of 
line desi to connect the company’s system with the 
Buenos Aires Harbour lines, passing by way of the Calle 
Almirante Brown and Necochea. 

Canada : Tenders will be received by the Chairman of 
the Board of Control, City Hall, Toronto, up to noon on 
June 6, for the following plant for the city’s main 
drainage works :—(1) Pumps and electrical equipment ; 
(2) screening, elevating, and conveying apparatus; (3) 
castings and indicating and recording apparatus for 
Venturi meters. 4a of 24 per cent. of the amount 
of the offer is ired with each tender, and bonds of 
30 per cent. of the contract price in the case of (1), 
4000 dols. in the case of (2), and 2000 dols. in the case of 
(3) will be required for the due performance of the contract. 








U 
Z 
a 
(x) 
(2) 
Zz 
O 
Zz 
(2) 





“81 

“a! ST 
erenbs ‘ut ¢ 

“Ul 9E 

"AAO fF 


"Ur 9 "43g 
8004 ¢ 
iii 9 ia) 9 
“Ul § “93 FT 


*** A[[SUIpNyLBao] ‘[estyo 103 s9A0013 useMyoq Gowdg 
“* —- @RIBASUBIY ‘TOSTYO 10} S9A00IZ UGEMIEq GoBdg 


Testy Jo zg 


“* wozstd jo ex014g 

peor Zu1481393U1 
“SIP JO} [OSIYO Zutatp JoMUIeY-UIRAIs JO FUSION 
si OUIYOVUI UL JOWIUIBY JO O810ABI1], 
oe OULYORU JO FY BIO MA 
OUIqOVUI JO YIPIA [BIO], 


‘*SNOISNAUWIG 


OERE L FYIS 


eUIgoOBVM JO 4ZUg] [RIOT 


| eb 





















































“UOIZBIOPISUOD 04UI UEye} 9q 0} SLY 
MAOTQ 8 Zuryyjs usyM ourBly 044 Buryjy Ul JoWUIeY 013 
JO uo1Z08 944 4nq ‘104431, epeur oq ‘esinoo Jo ‘prnoo 47 
‘3004 ¢ Ajozvanxoidde st ouryoeu oy} Jo 4yZIem oy, 
“SIOUIUIRY 
-puey jo esn 043 Aq paaomer oq Ajisva uvo Aoy ‘dn 
ueyoiq Ajsedoid you eje10u00 ey} Jo yavd Aue ut pexyg 
emlo00eq plnoys sjestyo 8043 J] “peaoulo! usy} ole Ul 
USALIP Useq BABY 48g} S[osIyO oY, ‘uONeIedo Zu144n0 
4xeu 943 10} uoyisod mou e dn sexe} puv ‘peor oy} Suoje 
JOYyWAN] Peaowsel 10 UMBIP SI CUTYORU oy} ‘ewOYy USALIp 
e18 peimber spestyo oy} [[@ UeyAA “240000 ou ‘erenbs 
‘ut p Aes ‘jostyc [e038 pjoo @ Butawmp 10j ojdure uvgq3 es0m 
eq 0} palepisuoo st samod oyy, “yout erenbs sod ‘q] Of 
jo omsseid weo3s @ Jepun saaour yorum ‘uojsid 943 Jo 
[A813 pesvaroUr oy} 04 Butamo ‘uMOp USEALIp SI JosTYO e4y 
88 sesvelour A]jenpe1d MO]q OY} JO 9010} OYJ, “UIE 4FT 
jO e90198 [BIZ1UL UB ‘puNoIZ ey} OJUI Buo, “gy Z JesTyO B 
SULALIp Udy ‘MOTTS [LA YOY ‘UT OE JO oROIGS B YIM pus 
JeZeUIBIp Ul “Ul g JopulTAO B YALA ‘°4.M0 F SI UBIsep yuosoid 
ey} Ul peydope ssowmey oq3 jo 4yFZIoM Buryey o 
‘esn 103 Apeor usyy st ouryoem oy, = “gurod 03 
quiod wosy euryoeur oy Surfeauoo 105 eulsue u0170813 
[[8uIs @ JO JeTIog @ 04 Jo ‘AoT]014 ayeIedes B UO JO]I0gq B 04 
J9YyzIe peyousse st yorys ‘edid oqrxey @ Aq sowWeg 943 04 
perdde urveqs pu ‘uoyisod ur peoesd usy3 ere sjestyo oul 
‘ABMPBOI OY} UO 83891 OUIBIJ JOPIIS 949 48Y9 OS paIeMO] pus 
‘uorisod ur peoeyd st ouryowur 043 ‘suoryvsedo dn-Zuryveiq jo 
9U908 94} 4V [VALIV UG ‘eoUB SIP JusIOjns w Aq Avmpvol 
84} SIO OUI OY} 484} OS UMOP PeMolOS OB SToOyA O13 
‘guiod 03 4u10d wooly UMBIp Suteq si oUTYOVU oy} MOY AA 
*s]OSTYO INOJ-AZUdA []B UT GI GIO} PUB ‘BuO “43 ZI] SI OUTwIy 
ey *A[pe1948] gavde “ur gy pue ATjeurpng!Fuo] 42ede “ur ZT 
O18 STOSIYO BY} UMOYS OUTYORUT 04} UT ‘soBJINS PvOI oq} JO 
SOYOUL MO} B UIYZLA Ul UALIp JoYZINJ [estyo oy} pue ‘uMeIp 
-YjIA eq UeYyy UBO 41 puP ‘1eq oy} sesBezer A[oy¥IpemUIT pu 













































































Oinrsmoy 42, SMaLIS 


UIy} ey} UO JowWUBY & YZIM dey v 48Y3 Os ‘pasede} or” B10q 
-88010 9804], °9}010U00 OY} OFUI USALIP 9q 0} STESIYO O49 
Burz10ddns 10} s18q-s8010 pez1EsUI O18 OUIBI OY UT “puBy 
4q poyeiedo smoios yo suvour Aq ‘peambos eq Avui sv ‘oureay 
ey} Suoze AypeurpnytSuo] Jo Ajasieasuvsy pesi0eavsg oq uv 
YOIyA JOUIUIBY-WI8E}8 B PazUNOU SI O14} OUIBIZ 043 UCD 
“‘puey Aq peyxJO sMol0s [8019104 Jo suvow Aq 
‘peimbal sv ‘parleMo] 10 pesred oq UBO OUIBIy OY], “UOTZOOIIP 
Ue UI AOU YOIyA ‘s[eeyM Jnoj UO pezuNoUM pue ‘10430304 
Po}OALI [9098 44FN0IM Jo slopals NO} JO sysIsUD OMBIy OY, 
‘ejduis Ajowesjxe st pu ‘perepisuoo A[[njorvo useq svy 
Isep 043 Jo [wep Areaty ‘Inoge, pusy Aq 4NO pellivo e10M 
41 Jt pardnooo eq plnom 4843 out; o43 1032eNb v ULY} S89] UT 
uew {300M} ynOGe JO YOM OY} OP UBO oqLIOsep OM YOIyM 
SUTYORUL 943 484} poezVUIyse BI 4 “AOMIMIGY-WBE;s O44 
JO S[Ivjep 94} 07 prvder ut ‘psoypwrg Jo “payruiry ‘sisyjoIg 
SOPIVAYT, “SISSOPT JO COURISISER OY} RIA ‘SUOSIBA “J S9,IBYL) 
‘ayy Aq poudisop useq sey 078IZ8NT]I OM OUIYouN oy, 
“F19891 
PueUIUIOD sI0JoI0Y3 YSN YIOM OY} Zatynoexe une 
jo poyjom Aue puv ‘sefqeo o1j0a7e pus sedid-1ojem pus 
SBS JIM UOIZOCUUOO UI PaA[OAU! ¥1OM OY} 03 UOIZIppE UT 
‘sXempeol jo SurAvjor quonbaay 89783 188e00U ‘004 ‘souR}suND 
-110 19}}8] STU, “saToryes 10}0m1 oinsveld puv eroJeUUIOO 
Aq pesieavsy ore sMemysty Ino Yor 03 4Ue}xe Sursvei0u1 
ey} YjLM 8190338 snoLIes eulooeq ‘pejdnii90zuI st onje4 
peor 04} yorya Zuump poried ey; jo uo4eZuojosd oy} puv 
‘perdnoso eur, 043 ‘suoryeiedo yons jo 4800 088m 044 Woy 
Joyjes03[8 119dy ‘siomMeYy-Zu13Z0y Aq o3010U00 e44 04U1 
U@ALIP S[OSTYO YALA In0ge] PenuvU Aq poyesZoqUISIp oq 07 sey 
S14} PUB *YOLY4 “Ul YT OF “UL ZT UWOIJ 9}010U00 Jo SISq v 2ABY 
spol yeydse 10 posed jo Aquoleu oyy, -y10M Yons qyIH 
pe}BI00ss¥ $10}081}U00 PUB sjounCD mets a yg 
Ips TA 9301000 JO UOIyepunoy v ZulAvy sABMpvoI 
to Saeleg a p Pv ol ‘dn Seeten yo esodind 043 105 
peusisep SUIyORUI JO XOUUY OM YOIYA SUOIZBI}SNII! AH, 


‘CaOdAGVUA ‘SHUAANIONA ‘GALINIT ‘SUMHLOUM SALIVMHL ‘SUSSHN Ad AALONULSNOO 


SNOILVGNONOT FZLAYONOO HLIM SGVOU JO dO-OYNINVAYE AHL YOA ANIHOVW SNOSHUVd 




















May 12, I9II.] 


ENGINEERING. 





639 





‘* ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 
The number of views given in the Specification Drawings is stated 


in each case ; none is mentioned, the Specification is not 
illustrated. 
Where inventions are communicated from abroad, the Names, é&c., 


of the Communicators are given in italvs. 
ies of Specifications may be obtained at the Patent Office, Sale 
ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 

the uniform — of 8d. 

The date of advertisement of the of a Complete 

Specification is, in each case, given abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the nce of a Complete Specification 


C 


advertisement ¥ the % 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


12,265/10. The British Thomson-Houston Gempeny, 
Limited, London (General Electric Company, Schenectady, 


U.S.A.). Electric Motor-Control Systems. (2 Figs.) 
May 18, 1910.—In a system of electric motor control in which an 
induction motor and a direct-current motor hani y ind 





dent thereof are employed, means are provided, in accordance 
with this invention, responsive to the speed variations of the 
induction-motor for varying the field strength of the direct- 
current motor to maintain a proportionality between the speeds 
of the motors. A represents the stator cf an induction motor ; 
B represents the rotor, which is provided with collector-rings. 
Through these rings the rotor may be connected to a starting 
resistance C. Disa small resistance, which is left permanently 
in the rotor circuit. E represents the armature of a direct-current 
motor, which is mechanically independent of the induction-motor, 
and which is supplied with current from the direct-current mains 
e,e. F represents a field winding of the direct-current motor, 
which is shown as shunt connected and provided with a rheostat /, 
by means of which the — of the motor may be adjusted. F! 
represents a second field winding of the motor, the current in 
which is varied so as to vary the motor field strength and the 
motor speed in accordance with variations in the speed of the 
main induction-motor. For varying the current in the field 
winding F! many different arrangements may be employed. In 
the particular embodiment shown, rotary transforming a 
is employed, consisting of an auxiliary induction motor G and an 
auxiliary direct-current generator H. This auxiliary generator 
has its armature connected to the field winding F! of the direct- 
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current motor, and has its field winding or windings connected in 
any suitable way adapted ware the desired voltage characteristic 
to the machine. A winding h is supplied from the direct-current 
mains e, ¢, and a compounding winding h! is connected in series 
with the armature H. A rheostat h2 may be used to adjust the 
strength of the winding h. With the main induction-motor up to 
speed the secondary circuit is closed through the resistance D, 
and the auxiliary induction motor G is connected in parallel to 
this resistance, The frequency of the alternating current supplied 
to the primary winding of this auxiliary motor G depends upon 
the slip of the main motor, and consequently its s corresponds 
to the slip of the main motor. Therefore, if the load on the main 
motor increases, and the slip increases accordingly, the speed and 
voltage of the auxiliary generator H increase, increasing the 
current in the winding F!, and thereby strengthening the field 
of the direct-current motor E, so that the speed of the direct- 
current motor is decreased. By properly Pomens the wind- 
ings of the direct-current motor and of the auxiliary direct- 
current generator, proportionality between the speeds of the main 
induction-motor and direct-current motor may be maintained. As 
a speed limiting device there is provided a circuit-breaker J in the 
connection from the auxiliary motor G to the secondary of the 
main motor. This circuit-breaker is provided with a tripping-coil j 
connected in shunt to one phase of the secondary of the main 
motor. The voltage on the terminals of this tripping-coil rises 
with an increase in slip of the main motor, consequently if the 
slip of the main motor becomes abnormal, the circuit-breaker J 
will be tripped. (Accepted March 8, 1911.) 


17,344/10. The Electric and Ordnance Accessories 


mapany. Limi and J. . 
Motor Starters. [5 Figs.) July 21, 1910.—In motor starters 
or circuit closers, wherein the contact-arm and its operating lever 
are coupled during the starting movement by a spring bolt, there 
is employed, according to this invention, an over) protection 
or safety device, consisting of an electromagnet in circuit with 
the armature resistance, and a detent or stop device which, on the 
coil of the magnet being influenced by an overload, during the 
Starting operation, is actuated thereby so as to effect the dis- 
engagement of the bolt connection between the operating lever 
and the contact-arm, and allow of the latter being taken to its 
off” position. The starter comprises a contact-arm a and an 
Operating lever b, both mounted upon a common fulcrum-pin. 
The contact-arm is influenced by a torsion spring whose tendency 


lever a bolt /, actuated by an adjustable spring, is mounted upon 
the lever, and has a notched end that engages with a stud g” on 
the contact-arm. The one end of the bolt carries a rollered stud 
h engaging an inclined cam-slot @ formed in a short arm i, 
loosely mounted upon the same pivot, so that the arm and lever 
a, 6 can move angularly relatively to the arm when coupled 
by the bolt, and this arm is pivoted to the piston- pf 
of a dash-pot retarder j; the arrangement is such that the 
arm and lever a, b are under the influence of the dash-pot 
when coupled, and then any movement of the operating lever 
in excess of a predetermined speed as fixed by the adjust- 
ment of the dash-pot causes the parts a. b to move in advance of 
the arm i, whereby the rollered stud A is constrained to run up 
the inclined cam slot #7 in the arm i, and thus withdraw the bolt 
J from the stud 92, and release the contact-arm to enable it to fly 
back to the ‘‘off” position. The armature protecting arrangement 
provided, according to the present invention, for releasing the 




















contact-arm in the event of an overload coming upon the mains, 
consists of an electromagnet attachment k, wound with an over- 
load coil k! in series with the mains and with the motor armature 
resistances. The one end k4 of the armature k2 of this electro- 
magnet carries a detent m that constitutes one element of the 
electromagnetic stop. The other element consists of a quadrant- 
shaped extension n, carried by or formed in a piece with the pivot 
end of the short arm i, and having upon its edge a series of teeth 
arranged in the plane of the movement of the armature. With 
this arrangement, should an overload come upon the coil when 
the operating lever is being actuated for drawing the contact-arm 
over the starting resistance contacts, the armature is lifted, and 
by this motion the det+nt m is made to engage with one or other 
of the teeth on the quadrant with the result that the arm i 
itself is positively detained, and the cam slot i! held stationary 
relative to the operating lever, thus bringing about the with- 
drawal of the contact-arm bolt and the release of the arm, which 
is thereupon returned to its ‘‘off” position. (Accepted March 15, 
1911.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


16,844/10. F. R. Simms d the Simms eto 
Gompany, Limi London. ito - tion 
De {1 Fig] July 14, 1910.—According to this invention, 
the safety spark-gap is arranged between the part of the conductor 
which connects the high terminal tension and the electric brush- 
holder to the distributer, and a ring is located within the hollow 
spindle of the gear-wheel for rotating the di-tributer-brush, and 
encloses part of the conductor. a! is the armature, and / is the 
high-tension terminal of the collecting-brush holder c. d is the 
current distributer, and e is the gear-wheel carrying the brush f 
of the distributer. A is the rod forming part of the conductor 
between the terminal ) and the distributer d, and iis the hollow 


spindle of the wheel ¢ carried in the bearing j, the rod h bearing 
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at one end against the block or bearing k with which the brush / 
of the distributer makes contact. / is the sleeve embracing the 
other end of the rod h, and mis the spring located within the 
sleeve for causing the said rod and sleeve to make good contact 
with the bearing & and terminal b respectively, the sleeve bein 
preferably forked toembrace the terminal. pis the ring arranged, 
according to the present invention, within the spindle i, through 
which spindle and ring the rod h thus providing the spark- 
gap between the outer surface of the rod / and the inner surface 
of the ring p, the inner surface of the ring being sharpened so 

to reduce resistance to the passage of the yor It will be under- 
stood that the spark-gap can be adjusted by using rings of diffe- 
rent sizes, and t the spark is localised, therehy preventing the 
fracture of the glass disc 0. (Accepted March 15, 1911.) 


6278/10. Daimler Motoren Gesellschaft, Untertur- 
e Internal-Combustion es. 





's to return the arm to, and maintain it in, the “ off” position, 
Whilst for the purpose of connecting the arm with the operating 


(8 Figs.) March 15, 1909.—According to this invention, in order 
toenable the valve-spindles of large valves to be inserted from the 


inter‘or of the cylinder, the supporting sockets on the cylinder- 
head which receive the guide-bushes for the valve-spindles, are 
given an inner diameter which is greater than the diam: ter of the 
valve-spindle by an amount at least double the extent to which 
the edge of the valve-disc projects beyond the bore of the cylinder. 
It is thus possible, before the insertion of the guide-bush into 
the corresponding supporting socket, to insert the valve-spindle 
into the socket eccentrically of the bore of the latter, and, when 
the valve-disc is situated in the upper enlarged portion of the 
cylinder, to place the guide-bush on the spindle and to drive it 
into the socket, whereby the valve-spindle is centred in the 
socket, In the construction illustrated, the outer edges of the 
valves a and a!, when the latter are in oo project into the 
enlarged upper space » beyond the walls of the cylinder. The 
spindles a°, a¥ of the valves are guided in bushes d and d! 


Figi. 
d, 
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respectively, which are inserted in supporting sockets f and /! 
respectively of the cylinder head. As may be seen from Fig. 3, 
the internal diameter of the supporting socket / is made so large 
that when the guide-bush d is removed, the valve-spindle a? in 
the pon anys socket f can be moved so far towards the axis of 
the cylinder that the vaive-disc a moves clear of the cylinder wall 
e when removing or inserting the valve. To insert the valve, 
therefore, the valve-spindle is moved from the position shown in 
Figs. 3and 4 up into the supporting socket f until the valve-disc 
a comes into the enlarged space b of the cylinder, then the guide- 
bush d is over the valve spindle a and inserted into the 
socket f, the valve being thus centred and correctly situated with 
relation to the valve-seat. The removal of the valve is accom- 
plished by first removing the bush d and then moving the sp:ndle 
a2 to the eccentric position in the socket f, as shown in Fig. 3. 
(Accepted March 15, 1911.) 


PUMPS. 
9087/10. W. T. Bell and A. J. W. Graham, Lincoln. 
Air Compressors. [7 Figs.) April 14, 1910.—A valve for 


air compressors is constructed, according to this invention, from 
thin sheet-steel or other elastic material pressed or turned into 
the desired shape for receiving the spring or sprirgs which holds 








or hold it in position, the valve being shaped to suit the port it is 
to control. In its simplest form the valve is made of ring forma- 
tion with turned-up flanges A, B at the outer and inner edges, 
and with the central portion C recessed or curved between the 
outer and inner edges, the spring engaging the insides of the 
flanges A,B, (Accepted March 1, 1911.) 


PRINTING AND ALLIED MACHINERY. 
= % ©. George Mann and 


Offs: 
(1 Fig.) July 14, 1910.—Rotary offset printing machines, in accord- 
ance with this invention, are constructed with three cylinders of 
approximately equal diameters in such positions that the plate 
and impression cylinders are approximately on the same level, and 
the intermediate blanket, or offset, cylinder, slightly raised above 
the level of these, or slightly below this level, and the printing 














GeBsD) 
88 | surface of each cylinder bears such a relationship to the circum- 


ference thereof that in each complete revolution of the machine 
there is a period during which no printing contact occurs, such 
period being utilised to move the offset cylinder out of or into 
contact with the two other cylinders. The sheet is taken from 
the feedboard a by grippers on the impression cylinder c, and after 
receiving the impression from the offset cylinder d is stripped off 
the cylinder ¢ and is delivered to the delivery-board /. The 
cylinders c, g are at approximately the same level, and the offset 
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cylinder d is, in the case illustrated, raised above the level thereof. 
The printing surface m on the offset cylinder d is shorter than the 
longer arc of the circumference of the section of cylinder d—that 
is to say, the arc defined by the two points of contact of this 
cylinder with cylinders candg. The printing surfaces on the 
other cylinders bear a like relationship to the respective cylinders. 
A cam i on the cylinder g operates an arm p on a shaft g, which 
carries two other arms 7, one on each side of the machine, con- 
nected -f toggles with the journals of the cylinderd. The toggles 
raise and lower the cylinder d out of and into printing contact 
when arm p is operated by cam 7 at each cycle of the machine, 
this operation occurring while the printing surface i is entirely 
within the longer arc between the points of contact of cylinder d 
with cylinders c, g. (Accepted March 1, 1911.) 


RAILWAYS AND TRAMWAYS. 


6403/10. Aktieng Brown Boveri et Cie., 

en, tzerland. Electric Rail Vehicles. (2 Figs.) 
April 1, 1909.—This invention consists in an arrangement in which 
the motor, fixed in the frame so that its weight can be completely 
supported by springs, and having a hollow rotor shaft which con- 
centrically surrounds the driving axle, has a hollow intermediate 
shaft within the hollow rotor shaft, in the interior of which is 
situate a coupling which ts the intermediate shaft and the 
driving-wheel axle, this intermediate shaft also being flexibly 
coupled to the motor shaft. In the construction diagrammatically 
illustrated, the vehicle driving axle a has connected therewith 
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two track wheels b, and is surrounded by a hollow shaft which 
may be termed an intermediate shaft c. The axle a is connected 
to the shaft ¢ by means of a universal joint or flexible coupling 
indicated by g. External to the hollow intermediate shaft c is a 
further hollow shaft d, which forms the motor shaft, and this is 
connected to the intermediate shaft c by a further flexible coup- 
ling /, displaced relatively to the first flexible coupling. The 
stator of the motor is fixed in the frame of the vehicle so that its 
weight can be supported by springs. In this manner there is 
obtaine 1 a direct drive to the axle of the vehicle by means of the 
e'ectro motor without this axle being loaded with the dead-weight 
of the motor. (Accepted March 15, 1911.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


4291/10. H. W. Ridsdale and the Parsons Fore 
Patents Com ny: Limited, Londen. Turbine In- 
stallations. o igs.) February 21, 1910.—The invention 
consists in a three-shaft turbine installation, having impulse st 
or stages incorporated with a low-pressure element on each side- 
shaft, which otage or stages.for normal powers exhaust into a 
high or intermediate pressure element on the central shaft, the 
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steam thereafter ee | and passing through the low-pressure 
elements in parallel, while for manwuvring purposes the high- 
ressure element on the central shaft either receives no steam 
rom the impulse stage or stages on one only of the side-shafts. 
According to the arrangement shown, a high or intermediate 
pressure turbine a is provided on the central shaft b, and a low- 
ure turbine ¢ on each of the side-shafts d, the low- jure 
turbines having impulse stages / incorporated therewith, but 


separated therefrom by a partition g. An astern turbine h is 
laced within the casing of each low-pressure turbine c. The 
mpulse stages f receive steam in parallel through the valve con- 
trolled steam-supply pipes j. The steam passing from the impulse 
stages f is conducted by pipes » to the central shaft turbine a, 
from which it passes by pipes o to the low-pressure turbines c, 
from whence it is delive to the condenser. In each of the 
pipes o a non-return valve g is placed and a by-pass connec- 
tion r conducts steam directly from the impulse stages to the 
low-pressure turbines, this by-pass connection opening into 
pipes n, behind the non-return valve q, and is itself con- 
trolled by a valve s, while valves ¢ control the admission of 
steam to the central shaft turbine a. The valves 8 and ¢ are 
connected together in such a manner that when the valves ¢ are 
open the valves s are closed. Assuming that the valves ¢t are 
open, and the valves s are closed, then it will be seen that the 
steam passes from: each set of impulse stages / through the centre 
shaft turbine a, and then divides to pass through both low- 
pressure turbines c. The flow of steam between the centre-shaft 
turbine and the low-pressure turbines holds open the non-return 
valves g, a8 shown in the lower half of the figure. As soon, 
however, as the valves ¢ are closed and the valves s are opened, 
steam will be admitted behind these non-return valves g and close 
them. The steam passes from the impulse stages f direct into 
the low-pressure turbines c, the centre-shaft turbine a not 
receiving steam, and therefore not being driven, the positions of 
the valves being that shown in the upper part of the figure. By 
the operation just described the installation is converted into a 
two-shaft one, and mancuvring can be very easily effected by 
regulating the steam supply to each shaft, both shafts d being 
driven in a forward direction, or one ahead and the other astern, 
or both astern, as desired. (Accepted March 1, 1911.) 

11,539/10. J. Auld and J. Graham, Glasgow. 
Safety-Valves. (3 Figs.) May 10, 1910.—In safety-valves 
for steam-generators and the like comprising a valve b, a valve- 
rod f F geome out through the valve casing, and loading td 
ances h applied to the valve-rod, a piston e is loosely moun on 
the rod, and acts to increase the lift of the valve ), an auxiliary 
loaded valve d fitted with a balancing piston j regulating the 
steam pressure on the underside of the piston e. The action is as 
follows :—When the valve } and auxiliary valve d are loaded, so 
as to open on the steam attaining a given pressure, the steam 
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under valve b opens up said valve and escapes through outlet 
branch m. The steam also passes up the duct ¢ to the underside 
of the auxiliary valved, opens up this valve, and allows the steam 
to act on the loose piston ¢, which floats up against a collar 0, and 
exerts such a lifting force as to further compress the spring /, 
and give, in consequence, an increased lift to the valve / over and 
above the limited opening due merely to the steam acting under 
same, Any accumulation of pressure under the loose piston e 
which cecurs when the valve is in operation, and would tend to 
exert a back pressure on the auxiliary valve d, is balanced by the 
balancing piston j. (Accepted March 1, 1911.) 
5169/10. S. Z. De Ferranti, Grindleford. Shaft Pack- 
{5 Figs.) March 1, 1910.—This invention may be sum- 
marised broadly as consisting in a packing having elastic fluid- 
bearing clearances, the co-acting members of the packing and 
object packed being constructed of mutually non - abrasive 
materials. In carrying the invention into effect, according to one 
form as applied by way of example to a turbine shaft a, a ring ot 
ure graphite is built up of a number of segments b, b closely 
htting along radial lines. On each plane face of this ring toward 
its larger diameter a groove is turned into which fits the project- 
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ing flange or spigot ofa steelringd. In contact with the graphite 
ring so constructed a second similar ring is arranged, the segments 
of the two rings being relatively displaced so as to break joint, and 
in contact with the second ring a third ring is arranged. The 
steel holding-rings d, between adjacent rings of graphite, are 
spigoted on each face, while a sufficient amount of the graphite is 
turned away to allow those parts of the faces of the graphite rings 
clear of the holding rings to butt nst one another as shown. 
The holding rings themselves are held in place by a flat steel hoop 





e, secured by burring over at the ends or in any suitable mann: + 





In the example illustrated in Fig. 2, a pair of the compound 
graphite and steel rings so formed are disposed along the shaft 
side by side, such compound rings being held steam tight in cast- 
iron rings f of L-section, within which they can adjust themselves 
radially, the cast-iron rings fitting closely against adjacent 
members such as the casing or housing h, which encloses them. 
The casing h is provided with a cover i and is secured to the 
larger cover k. packing should, in the first instance, be fitted 
as closely as possible to the shaft, so that the latter at first runs 
against considerable resistance ; after a short time, however, it is 
found that the graphite makes its own clearance and runs with 
very little friction, after the manner of an air-bearing. It will be 
seen that the steel mounting for the graphite rings will expand to 
the same extent as the shaft, and in view of the spigots provided 
will draw the graphite segments radially outwards, and so maintain 
the proper clearance automatically at different temperatures. 
(Accepted March 1, 1911.) 


TEXTILE MACHINERY. 


4741/10. F. Creassey, Nottingham. Lace- es. 
(6 Figs.] February 25, 1910.—The object of the present invention 
is the construction of a twist-lace machine carriage into which 
the thread can be wound direct and from which the thread 
can be drawn without having to pass through the carriage. An 
annular groove or recess 3 is formed in the face of the carriage 1 
and a square or other hole 4 for winding is formed in the centre 
of the boss 5, on to which the thread is wound. The top of the 
carriage is recessed, and is, or may be, provided with a groove 
for guiding the thread, and there is a pivoted spring 8 for tension- 
ing the thread. The carriage is provided with a cover-plate. This 
cover-plate protects the thread in the carriage from being un- 
wound by contact with the warp threads, but the particular pur- 
pose of the cover-plate is to carry a hook 12, the end of which 
points towards the bottom of the carriage and projects forward 





from the inner face of the plate. A carriage constructed as de- 
scribed is placed on a winding spindle and a washer is pressed up 
to the face of the boss 5; the thread is then wound directly into 
the space between the washer and the bottom of the annular 
groove 3. Before the carriage is placed in the machine the end of 
the thread is laid under the tension spring 8 and approximately in 
position as shown in Figs. 1 and 2. The cover-plate is then 
attached to the carriage, and the thread, as it is drawn from the 
top of the carriage, passes into the hook 12, which is preferably 
opposite the winding-hoie 4. The thread thus from the 
tension spring to one side of the hook and from the other side of 
the hook to the outer layer of the thread wound into the carriage 
(Fig. 3’, and this course of the thread is maintained as layer after 
layer of the thread is unwound, the thread from the hook to the 
thread in the carriage passing under the thread between the hook 
and the tension spring. (Accepted March 1, 1911.) 


MISCELLANEOUS. 


12,962/10. A. Dunsmore, Glasgow. Centrifugal 
Machines. [5 Figs.) May 28, 1910.—According to this inven- 
tion in a suspended centrifugal machine having a tubular guard 
sleeve oscillating with the overhead buffer and machine spindle 
and embracing, but not rotating with, the latter, and a valve 
controlling discharge through the bottom of the basket, means 
are provided for operatively connecting the discharge-valve with 
the tubular guard-sleeve in such manner that the valve may be 
raised and lowered while the machine is running. The cen- 
trifugal basket is catried by the usual spider, the apertures 
between the arms of which form the discharge. These apertures 
are controlled by the usual bell-shaped discharge-valve B. The 
collar B! on the upper end of the valve ¥, and surrounding the 
spindle A2 of the machine, has screwed into it a ring B*, carrying 














at its upper end an outwardly projecting flange forming one pir 
of a ball-race, the other part of which is in a flange C screwed int) 
the lower end of a sleeve C!, which is fitted with a hand-wheel C”. 
and internally screwed at its upper end to engage an external 
screw D on the usual guard sleeve D! surrounding the exposed 
part of the spindle A? above the basket, the guard-s eeve D! being 
carried at its upper end by a flexible plate, so that it is free to 
oscillate, but not rotate, with the spindle. With this constrac- 
tion the handled sleeve Cl may be screwed up or down on the 
guard-sleeve D1, and thus raise or lower the discharge-valve B 
to uncover the discharge, and this action may be effected wh le the 
machine is running; a flange E is pinned into the lower end of 
the guard-sleeve D! to limit the downward travel of the handled 
sleeve Cl, and carry the weight thereof when that sleeve is in its 
lowermost position. (Accepted March 1, 1911.) 
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The Law Relating to the Generation, Distribution, and 

Use of Electricity, including Electric Traction. By 

C. M. Kxyowtes, LL.B. London: Stevens and Sons, 

Limited. [Price 2. 2s.]- 

Tus is the first important book on electric lighting 
law which has been published since the passing of 
the Electric Lighting Acts of 1908 and 1909. Those 
interested in the subject will remember that from 
1905 to 1908 various schemes, already noticed in 
these columns, were put before Parliament for the 
supply of electricity to London on a large scale. 
The arguments of the promoters were generally 
that unification was desirable, and would lead to 
a cheap supply, while the existing companies, 
who opposed the scheme, generally admitted this, 
but contended that if the restrictions against 
unification laid on them by the Legislature were 
removed, they were equally able with any new 
company to give a cheap supply, and the duplica- 
tion of capital would be avoided. The companies’ 
arguments in the end prevailed, and Parliament 
in 1908, while refusing to sanction the scheme 
embodied in the London and District Supply Bill, 
passed two Acts which, between them, were promoted 
by all the companies supplying electric energy 
in London. These Acts are the London Electric 
Supply Act, 1908, and the London (Westminster 
and Kensington) Electric Supply Companies Act, 
1908. The provisions of these Acts may be briefly 
summarised; they enable the companies and the 
local authorities supplying electricity in London to 
enter into agreements for mutual assistance and 
association, to lay mains connecting the generating 
station of one undertaking with the district of 
another, and to supply energy to a railway, which 
energy may be used outside the district of the 
supplying undertaker. The London County Council 
is also made the purchasing authority for all the 
London companies in lieu of the various borough 
councils, with the proviso that when it purchases 
one it shall purchase all. Certain agreements 
have already been entered into under the powers of 
these Acts, and it is to be hoped that more will 
follow. 

In 1898 a Select Committee sat to consider what 
changes were necessary in the general law with 
regard to electric-lighting and power supply, and 
in 1904 the Government introduced a Bul to give 
effect to their recommendations. ° If it had passed 
into law, we might have been spared the long fights 
in the Committee rooms which led eventually to the 
passing of the Acts above referred to. It failed, 
however, to get through all its stages, and did not 
become law till 1909, when the Electric Lighting 
Act, 1909, was placed on the Statute-Book. This 
is a general Act, and empowers the Board of Trade 
to grant Provisional Orders for compulsory acquisi- 
tion of land for generating-stations, whether within 
or without the area of supply, for the supply of 
electricity in bulk, the supply of electricity to rail- 
ways, the adaptation of the purchase clauses of the 
Electric Lighting Acts to the case of generating- 
stations and mains in the district of one authority, 
but used for supplying the district of another, 
and for various other less important purposes. It 
furnishes a rare example of almost all the recom- 
mendations of a Select Committee being carried 
into law, the only important exception being the 
Committee’s recommendation in favour of the 
modification of the power of purchase by a local 
authority where the undertaker is supplying energy 
in bulk at a high voltage. 

Although some of these provisions have from time 
to time been inserted in private Acts, yet the 
change in the law made by these Acts of 1908 and 
1909 is so great that we welcome Mr. Knowles’s 
book on the ground, if on no other, that it sets out 
all the relevant Acts and notes where the new law 
differs from or supersedes the old. It is no dis- 
paragement of the author if we regard him rather 
as & compiler than as a creator or a critic. Cases 
under the new Acts are few, if any, as yet, and 
comment on its provisions cannot usefully be made 
until the Courts have decided what they mean in 
muany instances. There remains little for an author 
to do in a case of this sort, save to bring the older 


books—notably that of Shiress Will—up to date 
aod to arrange his materials in convenient form. 
This Mr. Knowles has done, and he has added 
some Model Orders, Bills and Clauses, which will 
certainly be useful to those engaged in draft- 
ing work, Oriticism, therefore, is directed rather 


to minor points, or to affairs which are dealt with by 
the author, than to the way in which he deals with 
them. Mr. Knowles, as a lawyer, seems to have 
confined his attention to those cases reported in 
the law reports, or in more or less official papers. 
But there are one or two decided cases to which 
reference might have been made with advantage. 
Among these are the A.-G. v. National Telephone 
Company, reported in the Electrician, July 20, 1900, 
and the London County Council v. Metropolitan 
Electric Supply Company (Electrician, April 26, 
1901, and Times, March 11, 1902). But the case 
of Farmer v. Waterloo and City Railway is reported 
in the law reports (1895, 1 Ch., 527), and might, 
for the sake of completeness, have been included 
in the notes on Tube Railways. Mr. Knowles 
might also have noted Levy v. National Telephone 
Company (Times, December 18, 1897), and Cris- 
tofer v. National Telephone Company (Electrician, 
December 9, 1898), in his otherwise full note on 
Section 14 of the Electric Lighting Act, 1882; 
and though, perhaps, this is hypercriticism, we do 
not like the side-heading ‘‘ § 3,” where Section 3 
(of an Act) is meant. In the second part of the 
work, which deals with electric traction, the author 
might have noted that the present practice of the 
Light Railway Commissioners is not to schedule 
agreements to the Order, but to insert a clause in 
the Order providing that the premoter’s powers 
shall not be exercised until the provisions of the 
agreement have been complied with. The agree- 
ment is referred to by date, and a copy is filed with 
the Order. The result is the same, but there is a 
difference from the draftsman’s and practitioner’s 
point of view. 

To turn to larger matters, we see Mr. Knowles 
is of opinion that the cases decided under the pur- 
chase clause of the Tramways Act, 1870—i.c., 
Edinburgh Street Tramways Company v. Lord 
Provost of Edinburgh (1894, A.C, 486) and London 
Street Tramways Company v. London County 
Council (1894, A.C. 489) are authoritative on the 
meaning of the purchase clause in the Electric 
Lighting Acts of 1888. We do not think this 
is such a settled matter. The cases referred 
to were complicated with special circumstances, 
and we do not think the House of Lords would be 
disposed to regard them as deciding more than was 
necessary for the facts laid before the Courts in 
those particular instances. Moreover, there is an 
oe difference in the wording of the sections, 
and also between the wording of the purchase 
section in the Lighting Act of 1888 and that of 
1882. This last difference 1s important, since it was 
the onerous terms of the 1882 Act which notoriously 
led to the passing of the Act of 1888, and conse- 
quently we may assume Parliament intended to make 
things easier for the electric lighting companies in 
passing that Act. Even if the 1882 terms are 
identical with those of the Tramway Act, 1870, the 
introduction of the words in 1888 that ‘‘ in purchase 
regard is to be had to the fact that the buildings, 
works, materials, and plant purchased are in such 
a position as to be ready for immediate working,” 
seems to introduce a new consideration which must 
operate, if at all, for the benefit of the vendor. In 
1931 the House of Lords, or their equivalent, will 
doubtless have to consider these points. 

Mr. Knowles has also added to his work a very 
full collection of the various statutory rules and 
orders and official memoranda which deal with the 
subject, and this alone would make his book valu- 
able to those who wish to have all available material 
for dealing with such matters under their hand at 
once. 





‘** Hiitte.” Taschenbuch fiir Hisenhiittenleute. Heraus- 
gegeben vom ~-Akademischen Verein *' Hiitte.” Berlin: 
Wilhelm Ernst and Sohn. pees bound in cloth, 15 


marks ; in leather, 16 marks. 

Tuis is a new venture of the Akademische Verein 
Hiitte, whose Pocket-Book for Engineers has now 
seen its twentieth edition. This new volume, of 
946 octavo pages, illustrated by more than 600 text 
figures, is devoted to the interests of metallurgists 
—those interested in iron in the first instance. The 
treatment and general arrangement are the same as 
in the old-established engineers’ pocket-book of the 
Hiitte, which the new publication may rival in popu- 
larity. There are five divisions and an appendix. 
The divisions deal with :—I. Scientific Principles of 
Metallurgy; the Chemistry, Physics, and Mineral 

of Iron; Iron Tests and Supply Conditions ; sid 
Fuel, Refractory Materials, Coking Plants at Works 





and their By-Products ; III, Steam, Gas, and Elec- 








tric Machinery for Iron Works ; IV. Iron and Steel 
Production and Casting ; V. Further Treatment of 
Iron and Steel, Rolling-Mills, Wire-Drawing, &c. 
The appendix contains statistics. Metallurgy proper 
begins with Division IV., page 489 ; Division ITI. 
might have been omitted, but such books are usually 
intended to be complete in themselves—which is 
an arguable advantage. 

A glance at the long list of the authors of the 
different sections will show that the work has been 
entrusted to competent men. The editor, Dr.- 
Ing. H. Hanemann, of the Technical High School 
at Charlotteaburg, acknowledges the assistance of 
more than fifty collaborators. Most of these are 
generally-known experts ; the professorial element 
is in the minority. We note, for instance, that 
H. Bunte writes on fuel-testing, and that O. Bauer 
and E. Heyn deal with metallography, and G. Hahn 
with tube-rolling ; Geilenkirchen reports on electro- 
steel, O. Thallner on crucible steel, and F. Wiist 
has taken charge of the section on the metallurgical 
chemistry of iron. Particular mention should be 
made of the sections on rolling-mills and wire- 
drawing, which, thanks to W. Lwowski, F. Bonte, 
M. Langer, F. Lilge and Weigel, contain much 
detailed information not hitherto published, we 
believe. Dr. Max Simonis describes his last re- 
searches on ceramic pyrochemistry ; he died before 
the volume pocsaoonnh The articles on the iron- 
carbon system are also very able. But we have in 
vain looked, both in the text and in the alphabetical 
index, for definitions of such terms as ‘‘ mild steel,”’ 
‘* weld iron,” &c., which are used in the book. 
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Our Locomotive Exports.—The value of the loco- 
motives shipped from the United Kingdom in April was 
209,781/., as compared with 134,069/. in April, 1910, and 
268,070l. in April, 1909. ; 
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THE STABILITY OF AEROPLANES. 


The Centre.of Pressure, and its Relation to the 
Automatic Stability of Flying-Machines of Various 
Plan-Shapes and Disposition of Planes. 


By A. P. Tuurston, B.Sc. 


WHEN an aeroplane of any shape is placed at 
various angles in a current of air, it is found that 
the point at which the pressure acts—i.e., the 
centre of pressure—varies with every inclination. 
This variation, or travel, of the point of applica- 
tion of the centre of pressure differs with every 
section and plan-shape of aerocurve or aeroplane. 
With certain aerocurves, and with all aeroplanes, 
the centre of pressure appears to travel con- 
tinuously towards the front edge as the inclina- 
tion is continuously decreased. 


In Fig. 1 is shown the locus of the centre of 


an aspect ratio of 


pressure for rectangles havin 
In both 


3 tol in ‘‘ length” and ‘‘ width aspect.” 


2. 
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The automatic stability of a flying - machine | 
depends upon the continuous travel of the centre | 
of pressure towards the front edge with decrease of | 


inclination. 
The centre of gravity and the centre of pressure 
coincide under normal conditions when a flying- 
‘ CENTRE OF PRESSURE CURVES 
Fig]. FOR RECTANGULAR PLANE HAVING 
AN ASPECT RATIO OF 3:1. 
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The restoring couple at any point is the product 
of the lift by its distance from the vertical through the 
centre of gravity. Since the lift is a function in the 
equation of stability, it follows, as the third condition 
for maximum stability, that the decrease of ‘lift ” 
with decrease of inclination should be a minimum. 
In the ideal condition the lift should increase as 
the inclination is decreased from the natural angle. 
This is, of course, impossible in practice. If, when 
a machine has received a small displacement from 
the natural angle, a perpendicular through the 
centre of lift is drawn to cut the line which passes 
through the centre of gravity, and which is perpen- 
dicular when the machine is at the natural incli- 
nation, a point is obtained the position of which 
affects the stability of the machine. This point, 
which, to coin an expression, might be called the 
‘‘ phugoid centre,” corresponds to the ‘ meta- 
centre” of vessels, and its height above the centre 
of gravity gives a measure of the longitudinal 
stability of a flying-machine. 
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cases the centre of pressure continuously advances | machine is running at the natural angle and speed, | 

Pp y g att g peed, 
but when the angle is too small the centre of | machine is by plotting the 
| distance from the vertica 


with decrease of inclination. 

Fig. 2 shows a similar locus for an aerocurve 
having a camber of one-twel:'th span, and an aspect 
ratio of 3:2; curve 2 representing the hollow 
upwards, and curve 1 the hollow downwards. The 
curve 2 indicates strong stability, and the curve 1 
an absence of stability. These and the following 
curves of the centre of pressure were taken ,}; in. 
above the highest point in the plane, the greatest 
dimension of the plane being 9 in. The author 
finds it preferable to obtain corresponding curves 
in addition, below the planes, since the resultant 
pressure becomes more inclined to the normal as 
the inclination of the plane is decreased. Then, 
by the combination of the two curves so obtained, 
it is possible to find the travel of the centre of 
pressure for any other parallel line. 
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pressure approaches the front edge and forms, 





Another method of examining the stability of a 
roduct of the lift by its 
qcrets the centre of 


with the weight, a couple tending to restore the| gravity. The stability curves, or curves of restor- 


machine to its natural inclination. 


Conversely, if ing torque, so obtained, graphically set forth the 


the inclination is too great, the centre of pressure | stability of a machine. 


travels behind the centre of gravity and forms a 


couple tending to decrease the inclination. 


It follows, as the first necessary condition for 
maximum automatic stability, that the travel of 
ressure to either side of the centre of 


the centre of 
gravity should be a maximum for a minimum altera- 
tion in the angle of inclination. 

As the second condition, it follows that the 


moment of inertia of the machine about a lateral | 
axis through the centre of gravity should be a/ 


In Figs. 3 and 4 are shown the stability curves of 
rectangular planes having aspect ratios of 3: 
when in “length” and ‘‘ width aspect” respec- 
tively. Models were made and the centres of gravity 
carefully adjusted until the best flights were 
obtained. Good flights were obtained when the 
centre of gravity was 0.28 of the width from the 
front edge. The models were then pivoted about 
these points, and the vertical torque resisting 4 
displacement from the natural inclination was 


minimum, since the inertia of the machine resists | measured, and is plotted in Figs. 3 and 4. 


the action of the restoring couples. 


Fig. 3 is an enlargement of a portion of Fig. +. 
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Curve (a) shows the plane in ‘length aspect,” 
and curve (b) in ‘* width aspect.” The rectangle in 
‘‘length aspect’ clearly has a much greater sta- 
bility than the same rectangle in ‘‘ width aspect.” 
The restoring torque = ¢ w A V* lb.-ft., where ¢@ is 
the stability coefficient for any deviation from the 
natural flying angle, and is read from the diagrams 
(Figs. 3 and 4). 
width of plane, back to front, in feet taken 
in the direction of motion. 

A = area in squ»re feet. 

V = velocity in miles per hour. 

The stability of a machine may be increased by 
placing a second or rider plane in front of, or 
behind, the main plane. For maximum efficiency 
in flight, the main plane should have the shape and 
area giving the maximum lift efticiency—i.e., it 
should be approximately a rectangle in ‘‘ length 
aspect.” ‘The shape of the main plane being thus 
fixed, we are only able to’ vary the shape and dis- 
position of the rider plane for the purpose of in- 
creasing the stability. Now the travel of the 
centre of pressure might be increased if it were 
possible to cause the pressure on a front rider plane 
to decrease at less rate than the pressure on the 
main plane, and, conversely, with a tail rider plane 
to decrease at a greater rate than that on the main 
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plane. This result may be obtained by each or all 
of the following means :— 

(a) Placing a front rider plane ata positive angle 
with the main plane—i.e., at'a greater angle to the 
air than the main plane, and a rear rider at a nega- 
tive angle—i.e., at a less angle to the air. 

(b) By utilising the ‘‘ wake” of the front plane 
to affect the back plane. 

(c) By the use of certain shapes and aspects of 
planes for the front and rear respectively. 

(a) If the front rider is at a positive angle, then, 
as the inclination decreases, it is obvious that the 
pressure on the main plane will decrease at a 
yreater rate than that on the rider, since the rider 
will still be lifting when an angle is reached at 
which the main plane ceases to lift. Conversely, if 
the rider is set at a negative angle, then, as the 
inclination of the machine decreases, the front 
plane will reach an angle at which it ceases to lift, 
and upon a still further decrease in inclination the 
air will act upon the top of it and introduce a 
depressing force. This force will oppose the couple 
introduced by the travel of the centre of pressure. 
Thus it follows that a front rider should be set at 
& positive angle with the main plane. From 
Similar reasoning it follows that a tail rider should 
be set at a negative angle with the main plane. 

It will be seen that the Wright disposition with 
the front rider at a negative angle decreases the 
natural stability of a machine. 


of Length from the Pivot 
the Rear Edge. 


(b) Too little attention appears to have been 
| paid to the utilisation of the ‘‘ wake effects” for 
increasing the stability of a machine. 

The air which is engaged by an aeroplane is 
deflected downwards. This downward deflection is 
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not confined to the air in the immediate “‘ run ” of 
the aeroplane, but extends to a considerable dis- 
tance above and below the plane, particularly 
above. The ‘ field” of an aeroplane is therefore 
greater than its *‘ run.” 

Some original stream-line photographs taken in 
a current of air having a speed of 1800 ft. per 
minute are shown in Figs. 5, 6, 7, 8, 9, 10 and 11. 

In Figs. 5 and 6 the air considerably above the 
plane is influenced. In Fig. 7 the air divides at 
the front of the plane, closely hugging the under- 
side and forming a ‘‘ surface of discontinuity” on 
the back. Fig. 8 shows the compression under the 
plane, and the upward spring at the rear to counter- 
act the suction above. Fig. 9 shows the gentle 
downward deflection imposed on the air below the 
rear edge of the plane. Figs. 10 and 11 show the 
action of the upper and lower planes of a biplane 
on the air. 

From these photographs it will be seen that the 
air at the rear of an aeroplane is in a considerable 
state of agitation, which varies from point to point. 
Now the lifting effect of this air in the wake is not 
so good as that of undisturbed air ; moreover, since 
this air has on the average a downward deflection, 
an effect is obtained on a rear plane similar to that 
obtained by placing it at a negative angle with the 
front plane. Thus the stability may be increased 
by so rear plane in the wake of the first 
plane. ut there is an additional effect to be 
obtained by utilising the wake. 

Our purpose is to arrange that the lift on the 
rear plane shall decrease at a greater rate than that 


wake is not so good as that of undisturbed sir, it 
follows that our object may be obtained by arrang- 
ing the rear plane to enter the wake when the 
inclination is decreased, and to come out of it into 
the free air when the inclination isincreased. The 
best place for mounting the rear plane to obtain the 
maximum effect by this means can only be obtained 
by experiment and by drawing the stability curves 
as in Figs. 3 and 4, and the curves for the travel of 
the centre of pressure as in Figs. 1 and 2. 

(c) The third method of increasing the stability 
is by the use of rider planes having certain shapes 
and aspects. 

Now we may use square, rectangular, circular, 
semi-circular, triangular, or other plan shape for 
our rider planes. Of these shapes, a rectangle in 
‘length aspect,” and having the greatest aspect 
ratio, has a greater lift per unit area at small angles 
than any other shape. 

In Fig. 12, which is derived from Dr. Stanton’s 
experiments on a plane having an aspect ratio of 
3:1, the lift on the plane in *‘ length aspect” at 
angles between 0 deg. and 20 deg. (curve a) is much 
greater than that on the plane in ‘‘ width aspect” 
(curve b). Moreover, for angles above 2deg. the 








on the front plane. Since the lifting effect of the 








ressure decreases proportionately (curve a) at a 
ess rate than in the case of the same rectangle in 
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‘* width aspect” (curve b). Therefore a rectangle 
in ‘‘ length aspect,” and having a large aspect’ ratio, 
is the best shape for a front rider. 

The shape of plane having the greatest. propor- 
tional decrease with inclination appears to be either 
a triangle with the apex to the wind, or a rectangle 
in ‘‘ width aspect.”” The author has not yet been 
able to demonstrate the truth of this statement as 
regards the triangle. It is clear that there isa 
greater proportional decrease with inclination for 

lanes having a smaller ‘‘ width aspect.” There- 
=“ it follows that the tail plane should have a 
smaller aspect ratio than the front plane. 

The centre of area of a triangle with its apex to 
the wind would be further from the centre of 
gravity of the machine than the centre of area of 
a rectanyle of equal area in ‘‘ width aspect.” A 
greater restoring torque would therefore be ob- 
tained. Moreover, for equal areas of tail-planes, a 
triangular tail would have double the span of a rect- 
angular plane, and therefore take approximately 
double the advantage of the wake effect. It would 
thus appear from these considerations that a tail 
rider plane should preferably be triangular, with 
the apex towards the wind. Conditions (b) and (c) 
appear to require aspect ratios of opposite values, 
and therefore it follows that the relation of the 
dimensions should be fixed by experiments. 

The problem of stability is not completely solved 
by the provision of a suitable restoring couple. It 
is necessary to provide, in addition, an efficient 
damping couple to damp cut any oscillation which 
may be set up. This damping couple is provided 
by the resistance offered to the planes as they 
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oscillate in the air about the centre of gravity of 
the machine. 
If in Fig. 13 
A = area of the tail-plane A. 
B = area of the main plane B. 


Then A x b=B x a, since the lift is approxi- 
mately proportional to area. 

.. Since the area of the main plane B and the 
distance a are constant, A x 6b must equal a 
constant. 

Now for a given angular velocity of oscillation 
about the centre of gravity X, the velocity v of the 
plane A is proportional to the distance b. 

Also the resistance offered by the air toa plane 
is proportional to the square of the velocity. 

on The damping couple introduced by the rider 
plane A = resistance x b—i.e., x v? x A x b, but 
va b. 

.. The damping couple « Ab? a Ab (b*)—i.e., 
the damping couple provided by rider planes 
having equal control torques increases as the square 
of the distance from the centre of gravity. The 
distance between the planes should therefore be 
as large as is practicable. Also it follows that a 
triangular tail gives a more powerful damping 
action than a rectangular ‘‘ width-aspect”’ tail. 

From the previous reasoning it would appear 
that for maximum longitudinal stability— 

1. With the rider plane in front, the rider should 
have a large aspect ratio in ‘‘ length aspect,” and a 
long span approximating to that of the rear main 

lane. 

. 2. With the rider plane behind, the rider should 
have a smaller aspect ratio than the front main 
plane, and should preferably be triangular with 
the apex toward the wind and placed so as to take 
advantage of the wake effects. 

3. In both cases the rider plane should be ‘set 
as far as possible (within limits) from the main 
plane, the planes should be set at a positive angle 
with each other, and the moment of inertia of the 
machine should be a minimum. 

Centre-of-pressure curves for flying-machines of 
various plane shapes and dispositions are shown in 
Figs. 14, 15, 16, 17, and 18, In all these cases the 
main plane was rectangular, 9 in. by 2 in. The 
aspect ratio was thus 44:1. This rectangle was 
fixed to one end of a rib with its length at right 
angles. Rider _—— were adapted to be pivoted 
at the other end of the rib 7 in. from the outside 
long edge of the main plane. 

The curve (a), Fig. 14, was obtained with a front 
rider plane 9 in. by 4 in. in length aspect. Its 
aspect ratio was therefore 18:1. Curve (6) is 
a corresponding curve with a square front rider of 
equal area to the last. In both cases the rider and 
main planes were parallel. The increased stability 
obtained by the rectangular rider is apparent. If 
allowance is made for the increased longitudinal 
length of the model with the square front rider, the 
superiority of the rectangular rider is still more 
marked, 

Curve (a), between the points B and C, was 
found to be unstable, it being found impossible to 
obtain definite points of balance. 

Fig. 15 shows curves (a) (b) obtained with the 
first model, having the rectangular front rider at a 
positive and negative angle of 5 deg. respectively. 
Curve (a) was obtained with the rider at + 5 deg. 
with the main plane. This disposition gives a 
strong stability. In curve (b) with the rider set at 
a negative angle with the main plane, as in the 
Wright disposition, there is instability, the centre 
of pressure travelling towards the rear for all 
decreases of angle below 13 deg. These curves were 
also found to be unstable between the points A, B 
and A!, B!, 

Curves (a) and (b), Fig. 16, show the same model 
with the rectangular front rider at + 10 deg. and 
— 10 deg. respectively. Curve (a), with the rider 
at + 10 deg., shows a stronger stability than the 
previous curve (a) of Fig. 15, and curve (b) shows 
a a greater instability. Again, it was 
found impossible to obtain definite readings be- 
tween the points A and B, but no such difficulty 
was found with curve (0). 

Fig. 17 shows curves corresponding to those in 
Fig. 16, but with a square front rider of equal area. 
The planes are set at + 10 deg. and — 10 deg. 
respectively in curves (a) and (b). These curves 


are very similar in characteristic shape to those of 
Fig. 16, but in neither case is the stability or in- 
stability so strong. The portions of the curves 
indicating the stability lie between 3 deg. and 





15 deg. It is clear that the travel of the curves 
between these inclinations is smaller in Fig. 17 
than in Fig. 16. Curve (a) is discontinuous between 
the points A and B. 

Fig. 18 shows the centre of pressure curve for a 
Blériot disposition with a rectangular main plane 
and a triangular tail rider. The planes were in all 
cases at + 10 deg. to each other. Curve (a) shows 
great stability. e centre of pressure travels in 
front of the front edge of the main plane. The 
equilateral triangular plane was pivoted at its 
centroid, and an area equal to the square and 
rectangular riders previously used. It was mounted 
at the rear of the main plane, with its apex to the 
wind. In curve (a) the triangular plane was 
mounted ,%; in. below the main plane, and in curve 
(b) 44 in. above. The difference in the curves (a) and 
(b) is therefore to be attributed solely to the differ- 
ence in the wake effects. Curve (qa) gives a superior 
stability to curve (b). Curve (c) was obtained with 
the model used in curve (a), the current of air being 
reversed. Thus the main plane became a rear 
plane, and the triangular tail a front elevator with 
the base to the wind. The line X Y is the vertical 
base line for this curve, and corresponds with the 
back of the main plane. Curve (c) has been super- 
posed on curves (a) and (b) to show the effect of 
plane shape and disposition on the travel of the 
centre of pressure and the stability. 

All the photographs and curves, with the excep- 
tion of Fig. 12, were taken in the aerodynamical 
laboratory of the East London College (University of 
London), by members of the Aeronautical Research 
Society. The writer’s thanks are due to Messrs. 
H. K. Pettit, E. Tindall Cook, and A. G. Field, 
for valuable assistance in taking readings and photo- 
graphs, or constructing apparatus. 








FOUNDRY PLANT AND MACHINERY. 
No. XXVI. 


By JoszsrnH Horner. 


Tue growth of machine-moulding is one of the 
most phenomenal aspects of recent foundry -work. 
Though about sixty years have elapsed since mould- 
ing by machine began to invade the work of a 
generation sceptical of the utilities of the method, 
now in very many foundries machine-made moulds 
form much the larger proportion of the total work 
done. Yet the moulding-machine deserves even 
more recognition than the meagre modicum which 
has been accorded it. It has not yet been given an 
honourable place in all foundries in which it might 
be installed with advantage, and its vast capabilities 
are not realised by all employers and managers. 
True, instances have been recorded of machines 
having been installed and discarded, and of one 
kind of machine having been substituted for 
another. Similar things have happened in the 
machine-shops, but they merely indicate that the 
problems involved in the selection are too complex 
to be treated ina general simple formula. These 
problems include the class of work done, which 
must be regarded from every standpoint, such as 
its area, its depth, outlines, intricacies, the numbers 
of identical castings required, the nature of the 
power, if any, cvallitie. and the control of capital. 
Another matter, which, though usually ignored, 
should have much consideration, concerns the 
methods of working that are already adopted ina 
foundry. That is, whether hand-moulding abso- 
lutely is practised, or whether patterns are largely 
mounted tempormily on bottom or joint-boards, 
or permanently on wooden or metal plates, fitting 
to their own moulding-boxes. The latter methods, 
where they exist, are really more than half-way 
advances to the work of machine-moulding, and 
machines should be selected which will best utilise 
the expensive plated patterns. 

It is also evident that the moulds which appro- 
priate the largest amount of labour are those which 
should be taken to the machines. For example, 
when several small patterns are made in one flask, 
as in much brass-moulding and light iron work, the 
expenditure of preliminary labour is much greater 
than when the same box is filled by a single pattern. 
Again, the time occupied in the mere moulding of 
a pattern may be much less than that required for 
coring it. As the coring and securing of cores and 
their vents must be all done by hand, the saving 
obtained by machine-moulding may be in that case 
but slight. The same remark applies to patterns 
—_ which several false cores must be fitted. 

et, if regarded frum a different point of view, 








machine-moulding in any case shows gain of another 
kind—in the uniformity of castings, and the lessen- 
ing of costs in the machine-shops. The castings 
can be fitted better into jigs and fixtures because 
less adjustments are required than in variable hand- 
moulded work. 

In the installation of hand machines for light and 
medium work there can be no risk, provided they 
are selected appropriately to the classes of work 
that are done in a foundry. Only that type of 
machine is best which does its work most efficiently. 
A simple mould-press meets the requirements of 
light shallow work in many instances. But mechani- 
cal delivery is essential in deep patterns. Again, 
in deep and intricate patterns with vertical sides, 
hand-ramming is preferable to pressure, unless con- 
tour presser heads are used, and then the expense 
of these must be considered in relation to the 
number of castings ; and even then some prelimi- 
nary tucking in, manipulation, and ramming of the 
facing sand may have to be done in the lower 
“wea and next projecting portions and angles 

fore the floor sand is thrown in and compressed. 
Always with increase in depth, and of the presence 
of angles and corners, and weak sections, the lia- 
bility to accidents multiplies. The real tests of the 
utilities of the larger kinds of moulding-machines 
lie in this class of moulds, for plain shallow patterns, 
however large, hardly give any trouble on any 
machine. 

The choice of a machine having either a turn- 
over or a non-invertible table should depend, in a 
large degree, on the size of the table and mould. 
The larger the table, the more reason exists why it 
should not be turned over. Many small machines 
are built without it, though in these there is no 
objection to its use. When pattern parts are 
mounted on opposite sides of a plate, as large 
numbers are, then the turn-over frame is essential, 
except in some machines in which the top and 
bottom boxes are arranged on a sides of the 
plate, and pressed simultaneously. The solid turn- 
over table is also very convenient for the tem- 
porary mounting of patterns made in halves, to be 
replaced by others, for making small numbers of 
castings only ; but with the extension of the prac- 
tice of machine-moulding, the rigid table in repeti- 
tive work seems to be preferred. In this case the 
machines work in sets of two, one on copes or tops 
only, the other only on drags or bottoms ; or, 
alternatively, a number of drags are moulded first, 
and then the pattern part is changed, and a number 
of copes done. 

The most natural way in which the present sub- 
ject can be approached is that just now indicated— 
namely, the class of work done, and the methods 
of moulding practised in any given foundry, and 
the easy transition therefrom to the substitution of 
machine-moulding for hand-work. 

Plate-moulding, largely adopted in many shops 
long before moulding-machines became established, 
is simply a modification of the old bottom or joint- 
board used by the moulders. A pattern or a 
pattern part is laid on one side of a bottom board, 
and rammed on it, or two or more patterns, the 
number depending on the size of the box or flask 
used, the dimensions of the pattern, and other 
conditions. These boards are kept in stock for 
general use, or they are made for their own 
patterns and flasks. A board to receive pattern 
parts on one side has battens on the opposite side, 
to stiffen it. A board which receives pattern parts on 
opposite sides has no battens, and then the‘ attach- 
ment of the pattern parts must be made a means 
to keep it straight, or else cleats are fastened to 
the ends. Figs. 416 and 417, page 645, show such 
a board with the halves of a globe valve fitted on 
opposite sides, and secured to each other and 
to the board with common wood screws. To a 
certain extent the pattern parts maintain the truth 
of the board, but the cleats assist it further. The 
hoop iron screwed down the edges on each side 
prevents the holes which receive the pins of the 
moulding-box from becoming enlarged and slack. 
Fig. 418 is an example of two distinct patterns 
similarly mounted. Some boards have the timber 
strips of which they are composed made in two 
thicknesses, crossing each other at right angles, or 
diagonally. The examples shown with pattern 
parts on opposite sides are real plates, the proto- 
a of the metal plates, and the patterns are said 
to be ‘‘plated.” In metal-plated work the pattern 
is screwed on, or pinned on, or cast with the plate, 
and is rammed on it. The table of a moulding- 
machine when solid is such a plate carrying its 
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In each case, whether that of a bottom 
late, or a machine-table, the advantages 
a temporary mould in a 
the pattern and prepare 
a joint-face upon which the first part of the actual 
mould will be rammed, is avoided. In the case of 
bottom boards, plated patterns, and machine tables 
the joint-faces are rammed directly on board, plate, 
or table, and not on a sand joint, and thus time is 
saved, and accurate joints, free from lumps, are 
secured. The saving is great when plane joints 
are in question. It is greater when joints are of 
irregular forms, following the outlines of patterns, 
the parting lines of which are not in one plane. 
To make these by hand-work in sand is more or 
less tedious. Made once for all on a plate or table 
they are permanent for hundreds or thousands of 
moulds. Again, when patterns are put on boards 
or plates, the runners are usually included, and 
then the time occupied in cutting and shaping 
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these for every separate mould is saved. Finally, 
plating patterns, whether done in ordinary 
hand-work, or on moulding-machines, is favour- 
able to division of labour, so that one man 
may ram bottoms only, another copes only, 
while a third may core and close the moulds. 
There is much of this subdivision practised in 
machine-moulding. Incidentally, though not essen- 
tially, the employment of metal patterns is more 
common in machine-moulding than in ordinary 
hand-work. That metal patterns are more per- 
manent than those of wood is one reason. But 
another is that the weight of metal can be lifted 
and turned about more readily in a machine pro- 
vided with levers and gears than by men by hand. 
The cranes can be used in lifting from ordinary 
hand-made moulds, but the method is as unsteady 
as that afforded by the hands of the moulder. It 
is also slow, and monopolises the service of a crane 
which may be wnatel urgently for other work. 
These are essentials which, however, are not con- 
cerned with the methods of operation of machines. 
Machine-moulding may conveniently con- 


sidered as embracing two great divisions, that of 
several small patterns grouped on one plate, and 
re - large single patterns occupying the whole of 
a plate. 


moulding, and in | ageshent pe the second is 
one of comparatively recent growth in machine 
practice. 

The grouping of small patterns is adopted in 
ordinary moulding when quantities of similar or 
dissimilar articles are required. Similar castings 
are, when practicable, grouped in one mould. But 
in jobbing work odd castings of approximately 
similar masses are enclosed in one box, and their 
runners are cut by the hands and trowel of the 
moulder. In this way the box is occupied without 
waste spaces. And though the arranging of the 
patterns, making the sloping and irregular joints 
where required, and cutting the runners, are details 
which have to be dealt with individually, yet the 
ramming, closing, and pouring of the box occupies 
practically no more time than would be required 
in dealing with a single large pattern in the same 
box. Iron and brass-moulders, and especially the 
latter, effect a great deal of economy in this way. 










































































In plate-moulding this practice is carried on a 
stage further by mounting the patterns on the plates 

ermanently along with their runners and sloping 
joints. This supposes a standardisation and repeti- 
tion sufficient in extent to justify the preparation of 





e first has its prototype in common | 


metal plates and patterns. Having these once 
| prepared, the whole time occupied in arranging 
| patterns and cutting runners is saved, leaving only 
the ramming, coring, and closing to be done. 

Figs. 419 to 422 are typical of plated work of a 
plain character, comprising respectively nuts, 
unions, globe-valves, and bib-cocks. Several are 
| put on a plate and fed from a central runner. 
atterns of considerable length, like those in 
Figs. 420 to 422, are set diagonally in order to 
lessen the width of the plate and box required to 

carry them, and economise sand space. The patterns 
and runners may be pinned or screwed on, or they 
~~ be soldered to the plate. Pienty of this work 
is done in foundries with or without the aid of a 
machine for moulding. 

As the ordinary metal plates are frequently put 















on moulding-machines, so are the odd sides of the 
brass and iron-moulders used on the simple mould- 
ing-presses, with considerable economy of time. 
This is due in the main to the mechanical pressure 
being substituted for hand-ramming in detail, for 
there is no mechanical delivery in these presses. 
It may be as well here to explain in brief the mean- 
ing and utility of the odd side, since it occupies an 
on place in machine-moulding. 

n a previous article, which dealt with moulding- 
boxes (see page 273 ante), the reason was explained 
why, in moulding by turning over, a top box part full 
of sand has to be prepared, and the pattern jointed 
in it, and the fond joint face made correctly before 
the actual bottom box part can be rammed, which is 
done on this joint, after which the temporary mould 
in the top box, having fulfilled its function, is 
knocked out. The use of an odd side avoids the 
repetition of this preliminary for each mould, since 
it affords a false or dummy top mould prepared 
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once for all, on which are rammed all the bottoms. 
It does not include solidly the pattern or patterns, 
but is hollowed suitably to receive the patterns, 
precisely as the actual top part would be in turning 
over. The patterns are laid in the odd side, and 
projecting beyond its joint-face, the bottom box 
part is rammed over them. Then, being turned 
over, the odd side is removed and the top box part 
is placed on the bottom, and the other part of the 
pattern—that which was in the odd side — is 
rammed, 

The odd side is obviously cousin-german to the 
joint-board pierced with holes to receive a pattern 
or patterns, and might have been derived from it. 
Its home is in the Tones foundry. Here a single 
rather small box may contain as many as twenty 
or thirty distinct patterns. The labour of arrang- 
ing these in a dummy box of sand at each time of 
moulding is avoided, either by cutting holes for 
them in a joint-board, or by arranging them ina 
sand or a plaster odd side. When the bottom is 
rammed on the board and turned over, the patterns 
are left by the board lying in the bottom, and 
projecting to be rammed in the top box part. But 
though there is no essential difference in this and 
the odd side, the sand in the latter is more cheaply 
moulded than the board can be cut, especially when 
solid patterns are used, and when sloping and 
curved joint-faces, and numerous runners have to 
be shaped and cut. 

Fig. 423, page 646, in the absence of any distinc- 
tive shading, will illustrate either the arrangement 
of a number of small patterns: sunk into a joint- 
board, or arranged on « plate, or in an odd side, 
together with their runners. The patterns are 
simply arranged to economise the sand spaces. The 
tedious labour of laying out these in sand to be 
moulded by turning over, instead of being repeated 
for each mould, is in each case done once for all. 
A joint-board made of strips of wood united with 
battens on the lower side may be used. Then 
recesses will be cut carefully in the board to 
receive as many of the patterns as are to have one 


646 


ENGINEERING. 


[May 19, rot. 





moiety in the cope and one in the drag. A few of 
the smaller patterns used to fill up spaces may 
happen to occupy the drag only, and these will only 
be dowelled on the board. But the patterns, which 
are symmetrical in top and bottom, are made solidly, 
and sunk into the board as far as their central 
planes. This fitting into the wood occupies very 
much more time than arranging them on a sand 
bed, but when hundreds of moulds have to be taken 
this time is spread over them all, and the economy 
is in favour of the board. The runners also, which 
have to be cut in a sand mould, are fitted as 





tterns once for all on the joint-board. Sucha 
Sond has holes to suit the pins of the bottom box 
part, which box is rammed on it, and being turned 


easily detected by measurement, though it becomes 
evident in the castings. Various precautions are 
taken, therefore, in mounting patterns, and also 
their box parts. As the setting of pattern parts on 
opposite sides of a plate or table by measurement 
is not an absolutely accurate method, the proper 
way is to joint the pattern parts first, as though 
they were to be moulded without the intervention 
of a plate, and then mount them on its opposite 
sides. This is easily done by means either of 
parallel pins, or rivets, or screws. The essential 
thing is that the pattern parts shall be thus 
connected or registered first through holes drilled 
through each part while together. Then holes are 
drilled through the plate directly from one pattern 


















































over along with the board, the latter is removed, 
leaving the patterns behind mostly standing up 
above the sand joint to be rammed in the cope. 

Now, if for a joint-board a mass of hard rammed 
sand is substituted, into which the patterns in 
Fig. 423 are embedded as far as their jointing 
planes, an odd side is produced, which, though not 
+O permanent as the wood, is more readily pre- 
pared, and still has a long life. The odd sides are 
rammed in common boxes or in wooden ones. 
They must have lugs with pins or holes to suit the 
boxes. Those wanted for a moderate amount of 
service simply have the sand rammed very hard, 
which resists the ramming up of the moulds for a 
long time. For more permanent service linseed 
oil is mixed with the sand in the odd side to harden 
it. Plaster-of-Paris is also durable when the 
working face is varnished. In some practice two 
odd sides are used, each of which contains its 
patterns. This is the equivalent of similar practice 
in plate-moulding and in :nachine-meulding. Thus 
Figs. 424 and 425 show two separate plates, each 
carrying one-half of the same pattern. Here each 
half is rammed separately, usually by different men, 
and the mould in cope and drag do not come 
together until they are being closed for pouring. 
This device, borrowed from plate-moulding, is 
largely adopted in machine-moulding. 

Kspecial care has to be taken in the mounting 
of patterns on their plates or tables. In ordinary 
divided patterns, the parts of which are dowelled 
to each other, any overlapping at the joint edges, 
however slight, is ite 
and can be corrected in the 
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part. Pins, rivets, or screws passing through one 
pattern part and plate into the second pattern 
part then ensure alignment at once, rendering 
su uent corrections unnecessary. Thus, in Figs. 
426 and 427 the pattern halves have been drilled 
threugh first (preferably through core-prints, as 





etected by the fingers, | pins. One half being afterwards Jaid on the plate, 
pattern. But when a| the latter is drilled also. Now pins put through 


plate is interposed a slight overlapping is not pattern parts and plate ensure the alignment of the 


shown, when practicable), and the pattern finished 
to its dimensions while temporarily united with 


parts. In Figs. 428 and 429 the same method is 
shown. In Figs. 430 and 431 stove-screws are 
substituted for rivets, with the same result. 

To secure perfect results, perfect fitting of flasks 
to themselves and to the plates is also an essential. 
Frequently, therefore, in this department of work 
the ordinary fitting of round pins in round holes is 
modified, with the object of minimising wear or 
avoiding its results. But as the ordinary round 
pins are retained in the majority of cases, the modi- 
fied devices may be regarded as embodiments of the 
ideas of individuals. Some pins are made square, 
some triangular. An old device is one round pin 
fitting in a round hole, or two pins in two holes, 
and another round pin fitting in an oblong or slot 
hole (Fig. 429). On the whole, the best fitting 
seems to be round pins turned, ground, and 
hardened similarly to those employed in jigs and 
fixtures in the machine-shop. 





THE IRON AND STEEL INSTITUTE. 
(Concluded from paye 630.) 

In our last issue (page 630 ante) we dealt briefly 
with the formal business of the meeting of the Iron 
and Steel Institute held on Thursday, the 11th inst., 
and we now give a more detailed account of the 
— discussed on that occasion and at the meeting 
held on the following day. 


Note on a Process FOR THE DESICCATION OF 
Arr BY CaLctum CHLORIDE. 


This paper, by Mr. Félix A. Daubiné and Mr. 
Eugene V. Roy, Auboué, France, was the first 
dealt with on the 11th inst., when it was read in 
abstract by the Secretary. In this paper, which we 
reproduced in full on page 632 ante, the authors 
gave outlines of the process, reviewed the earlier 
processes based on the same principle, and gave data 
concerning the installation in operation at the 
Differdange works, the first cost, being stated to be 
less than one-fourth that of an installation for 
desiccating by means of refrigerating-machines. 

Mr. J. H. Harrison, who opened the discussion, 
said that the paper was an interesting one from 
several points of view ; it was interesting in the 
fist place in that it was a paper dealing with a 
matter of actual works practice. ‘There were sixteen 
papers on the list before the meeting, he remarked, 
and among their number there were only two or 
three such practical papers, all the others dealing 
with the properties of steel. On simply glancing at 
the list, one might infer that the manufacture of 
iron and steel was going out of Great Britain. 
Referring to Mr. Gayley’s experiments and results, 
the speaker stated that when Mr. Gayley showed 
the improvement in manufacture which it was 
possible to obtain by an application of his system, 
the figures which he gave were at first received 
with some ridicule. Now, however, the value of 
desiccation was fully recognised, and a proof of 
this was afforded by the various processes which 
had been brought forward. Sulphuric acid had long 
been known as a substance suitable for promoting 
desiccation, but hitherto it had been found too 
difficult to use and also too costly; more on this 
point would, however, be heard before long. The 
saving in coke by desiccation had been shown to 
be between 10 and 20 per cent., and this should be 
an incentive for looking fully into the matter. 
Calcium chloride had been experimented with 


“| repeatedly, but it had hitherto not been found 


possible to use it in a practical way; but the 
method described by the authors showed a dis- 
tinct advance. Their process was intermittent, 
and required three apparatus—one at work, one 
in course of regeneration, and one being cooled ; 
this might not be a completely satisfactory 
arrangement, as the rate of desiccation might be 
lowered during intervals of intermittence. It 
was necessary, also, with all processes of desicca- 
tion, among other points, to watch carefully the 
conditions of the atmosphere with a view to ascer- 
tain its moisture content. The installation looked 
a costly one ; no fi had been given as to cost, 
apart from the statement that this was less than « 
quarter of what would have to be expended upon 
an installation for freezing. But we did not know 
the cost of one of the latter installations. It would 
be interesting to know the cost of working per ton 
of pig iron. There were several critical points 
in the process, and the heating for the regenera- 
tion of the calcium chloride had to be carefully 





regulat:< ; t!.is meant a loss of heat, a further loss 
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being involved by the water used afterwards for 
cooling, the result being the disadvantage of a high 
cost of working. ner 

Mr. W. Hawdon, who followed, was of opinion 
that the amount of heat required for drying the 
calcium chloride was very great. The authors used 
waste gases in their plant in Germany, and in that 
country the custom was to wash the gases and so get 
rid of the dust they contained, but in England only 
a few works had put down apparatus for washing 
the gases. In this country, t erefore, the calcium 
chloride would get blocked up with dust. The heat 
required for drying formed a very important item, 
and a very costly one. He would like to know the 
amount of water that was required for cooling. The 
cooling would a to be difficult to carry out 
thoroughly, as the whole of the calcium chloride 
mass cannot come in contact with the cooling-water 
pipes. The figures of cost should be given per ton 
of pig iron; the freezing process had not been 
used simply by reason of the expenditure it 
involved. f ; 

Mr. Stead said that the question of using calcium 
chloride for desiccation had first come under his 
notice twenty-five years ago ; the problem was then 
very similar to what it is now, and at that early 
date no effective arrangement was provided for 
cooling the calcium chloride after desiccation had 
taken place. The original idea had been to put 
the substance first under a hot blast and then under 
a cold blast. The authors dried the calcium 
chloride, they then cooled it, and this was a ste in 
the right direction. The paper was certainly a 
good one, but more information was wanted. The 
authors were probably not in a position to give this 
yet, as the real value of a process could only be 
ascertained after a series of long trials. The paper 
showed also that year by year the manufacture 
of iron and steel was getting more and more 
comparable to laboratory work ; in other words, 
manufacturers were finding it gradually more 
necessary to apply laboratory processes in actual 
metallurgical work, and it was now possible to 
control this work with great nicety, and thereby 
ensure success. Reverting to the authors’ plant, 
he objected to the large number of cooling-water 
pipes ; these must be very liable to corrosion, and 
in Middlesbrough, for example, where many works 
had to depend upon tidal water containing large 
proportions of sodium chloride, corrosion was very 
severe, notwithstanding the use of filter-beds. 
They would therefore be compelled to take down 
the pipes in a very short time and to replace them 
by new sets. If, however, by the use of cooling- 
towers, the same pure water could be used over 
and over again, the working costs might not be so 
high. He expressed the hope that the authors 
would give the Institute more detailed information 
on the process they had thus described. 

Mr. i W. Harbord, who followed, stated that 
the authors had first defined the theory of the pro- 
cess and had endeavoured to come near to it in 
actual practice. He agreed with them in regard to 
their statements concerning the low vapour tensions 
of calcium chloride, and the suitability of this sub- 
stance for desiccation, and he followed the descrip- 
tion of their process; but he did not think the 
authors obtained all they claimed. They used 
comparatively thick layers of calcium chloride, and 
as soon as these became wet, the air impinged 
on the surface instead of going through the mass. 
He was afraid that as the surface gradually lique- 
tied it choked up the mass, it being impossible from 
that time to draw air through the grid. He was of 
opinion that the hot gases dried the substance 
through acting on the top of the layer. He (the 
speaker) had used in his system peat saturated with 
calcium chloride, and, when necessary, another 
stove was turned on, the working being alternate. 
He did not, however, push the process. as at the 
time he had much other work to do. The results 
in laboratory work were, nevertheless, promising. 
The authors had made a great point of their method 
of cooling ; but he was not sure that the advantage 
they derived therefrom was very great, since the 
pipes were buried in the mass, and so could not 
keep the actual surface cool. Liquefied calcium 
chloride, at a low temperature, could absorb very 
large quantities of moisture, and it was now recog- 
nised that the processes in which this was used 
were becoming serious competitors to the freezing 
process, but much poundicrien $ to be done for adapting 
them to every-day practice. 

Mr. L. Sterne, who closed the discussion, asked 
for the cost of the installation ; this item concerned 





him more than any other. We knew what could be 
done with the freezing process ; this process had 
made rapid strides, it involved a small first cost, 
and required but low expenditure for upkeep. 

On the motion of the Chairman a vote of thanks 
was awarded the authors, who would be asked to 
reply to the queries which had been put in the 
course of the discussion. 


Notes oN THE Wewpinc-Up or Biow-Ho.es 
AND Cavities IN STEEL Ineorts. 


The following paper was the one bearing the 
above title, by Mr. J. E. Stead, D.Met., F.R.S., 
and was read by him. We reproduced it in full on 
page 635 ante. 

Professor Arnold, who opened the discussion, 
congratulated Mr. Stead for having taken up this 
subject, which cotitained many obscure points, and 
was one of very great importance. He had brought 
two half-ingots ; one, the steel of which contained 
0.01 per cent. of aluminium, was practically free from 
blow-holes, but had a “‘ pipe,” showing that when 
the blow-holes were got bd of there occurred other 
difficulties. The other ingot showed a large number 
of blow-holes, several of which, being coated with 
oxide, would never weld up. [These blow-holes, 
which were immediately hdew the surface, but in 
contact with the air, the speaker referred to as 
‘*subcutaneous,” while the author, in his paper, 
defined such blow-holes as ‘‘cutaneous.”] Such 
a blow-hole, in course of rolling, would form a 
‘*roke,” and if this, in the further process of manu- 
facture, esca observation, it would lead to 
trouble, as was evidenced in the boiler-tube which 
he proceeded to show. This tube had split, and 
he explained how the fault was caused primarily by 
a ‘*‘ subcutaneous ” blow-hole, and from that point 
the steam pressure had caused a part of the tube to 
tear outwards. The subject, he repeated, was of 
great importance, owing to the practical nature of 
the problems involved. 

r. Saniter, who followed, said that Mr. Stead 
had not only focussed, as he had stated, much of 
what was already known, but he had supported and 
amplified it by further experiments, an his conclu- 
sions agreed with his (the speaker’s) own experience. 
There was on page 11 of the paper (page 635 ante, 
third column) what he presumed to be a misprint in 
the paragraph stating that ‘‘. .. if the slag... 
were rich in silica and low in oxide of iron, the 
oxide dissolved in the metal might actually absorb 
any excess of oxide...” Mr. Stead no doubt 
meant ‘‘ the silicon dissolved in the metal 
... ” With reference to the gas analysis (page 
637 ante, first column), was it not possible, asked 
Mr. Saniter, that in the case in question there was 
or had been a considerable amount of oxide of iron 
in the cavity, which, as the steel cooled down to 
the right temperature, reacted with the carbon 
monoxide to form carbon dioxide. Concerning the 
reactions of carbon monoxide and iron oxide, he 
referred to the work of the late Sir Lowthian Bell 
for an explanation of what he meant. 

Mr. Ridsdale said that Mr. Stead’s paper appealed 
to him, as he had done a great deal of work in con- 
nection with the points raised. He was quite sure 
the author had no need to ‘‘ apologise for including 
so much information already known.” There were 
a number of ae that needed frequently im- 
pressing strongly on steel-users, and which he tried 
to emphasise in his own papers read from ten to 
twelve years ago, and it was most gratifying that 
such an eminent authority as Mr. Stead contirmed 
them. For instance, that complete welding up of 
blow-hole cavities was the rule in ordinary practice, 
and that internal disruption might subsequently be 
caused in quite sound material. In forgings it was 
quite certain that occasionally alleged ‘‘hollowness” 
was produced solely through men on piecework 
continuing work at too low a temperature, to save 
re-heating. He (the speaker) had met with instances 
of blooms which, when forged down at both ends 
and the middle, showed splits, yet, when cut through 
between these so-called ‘‘unsound” parts, they 
not only proved, on polishing and etching, to be 
quite sound, but were forged out under proper 
conditions to perfectly sound forgings. Similarly 
he had instanced the tendency to ‘lamination in 
plates and sheets, and blistering due to this, through 
unequal spread, causing rupture along the lines of 
flow. Blow-holes existed in all steel of every 
make, but the work the material underwent closed 
them up, and it depended very largely on the con- 
ditions of further working whether or not they 
were re-opened and manifested.” Thus, a sheet- 





maker by working his sheets at a low temperature 
(700 deg. to 800 deg. Cent.) in order to avoid 
**stickers,” by this very act accentuated the ten- 
dency to open closed blow-holes, and, as Mr. Stead 
had shown, these temperatures were too low for 
them to weld 7 in. As regarded gases in 
blistered sheets, +. Stead said ‘‘ it was not certain 
that sufficient from blisters in steel had ever 
been analysed before. ...” He (the speaker) 
described in Vol. II., 1901, tests he made both 
from blisters in plain rolled black sheets, which 
consisted mainly of hydrogen. 

Mr. Stead also said he had ‘‘ never been able to 
obtain sufficient gas from annealed sheets for 
analysis.” He (the speaker) had done this, and 
had stated that ‘‘if they had come up only after 
annealing, they had lost their hydrogen, it having 
been expelled by heat and replaced by air.” 
As to the position of blow-holes, Mr. Stead said 
**the least objectionable was when they were 
well within the external surface.” In some cases 
this might not be so. For instance, in a rail 
the speaker had found from hundreds of etch- 
ings rom many makes, if the outside was very 
solid, there was almost invariably a more spongy 
part inside—left to bear the increasing strain as 
the rail became worn and weaker—which might 
suddenly fail at last. On the other hand, if the 
outside was spongy and shelly, almost invariably 
the inside was perfectly sound, and wear only 
removed the weakest parts, leaving the sounder and 
strongest as a backbone to the end. 

Mr. McWilliam gave as examples the welds in 
high-class cutlery. He had examined the welds 
between iron and steel, and with the naked eye a 
distinct line could be seen between the two metals ; 
but when the weld was examined under the micro- 
scope he had found the structure Mr. Stead had 
mentioned—saturated steel on one side, iron on the 
other, and an area between them. He agreed as 
to the ition of the crystals stated in perfect 
welds. arding blow-holes, these had sometimes 
the effect of causing the ingot mould to rise. He 
instanced the manufacture at Sheffield University 
of ferro-nickel direct from the ore, and in one 
instance the ingot mould, which had been plated 
down, rose a considerable amount after the metal 
had been cast. 

Professor Carpenter, referring to the latter 
of Mr. Stead’s paper, in which it was cone 
that experiments should be carried out to deter- 
mine the quality and quantity of gas which solid 
steel of different compositions was capable of having 
forced into it at varying temperatures and pres- 
sures, said that work on these lines had already 
been commenced by one of his (Professor Car- 
penter’s) students using high pressures and high 
temperatures, and he hoped that the results would 
be brought forward in about one year’s time. 

Dr. Besashels questioned the action of the 
gases as outlined; the gases underwent diffusion 
through the steel, and were not necessarily forced 
into solution. The fact that a cavity did not re-open 
only proved that the gas had been forced away 
from that point. The time factor also came in. 
The question of interchange of gases deserved 
further study, as also on ble Arnold’s *‘ sub- 
cutaneous” blow-holes and ‘‘blue” cavities. 
Mr. Stead had said that oxide formed a bar to 
welding, but he (the speaker) was not sure that 
that was proved. Welding might occur in spite of 
the oxide, and impurities at the point of contact 
between two metals might not hinder welding, pro- 
vided the impurities were of the right kind. tt was 
too much to assume that a ‘“‘blue” cavity was 
unweldable. 

Mr. W. H. Ellis stated that the best illustra- 
tion of the welding-up of a subcutaneous cavity, or 

ipe, was afforded by a compressed steel ingot. 
Hie showed on the blackboard how the head of 
such an ingot was forged out to form the forging- 
handle. There was no hole in the top of the ingot, 
as cast and compressed, to place the cavity in 
communication with the atmosphere; there was, 
therefore, no oxidation in the cavity, and this had 
welded-up in the process of forming the forging- 
handle, as was evidenced by cuts which were e 
ultimately along the forging-handle. Ifa hole had 
existed down to the cavity through the top of the 
ingot before forging, the cavity would not have 
welded up. 

Mr. Stead, in replying, said that by the term 
‘*subcutaneous blow-hole cavities” he referred to 
those occurring under the skin of an ingot, well 
inside, and not in communication with the outside 
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air ; the ‘* cutaneous ” ones were those into which air 
could penetrate, and which were lined with oxide. 
Dr. Rosenhain had asked whether oxide of iron 
really did prevent welding. The author (Mr. Stead) 
said it was true that a certain amount of oxide was 
not incompatible with welding—i.e., when the oxide 
of iron was in contact with carbide, in which case the 
carbon of carbide iron reduced the oxide to metallic 
iron, thus rendering welding possible. He agreed 
with Mr. Saniter’s remarks, and with regard to 
the statements made by Mr. Ridsdale, he (the 
author) was so he had not remembered that 
gentleman’s results, and asked that the analyses 
referred to should be sent in. In further reply 
to Dr. Rosenhain, he agreed that fusion was a 
function of time. A bloom at the rolls was kept 
at a high temperature ; this allowed diffusion or the 
expansion of steel into a blow-hole. Bridges over 
a cavity in a piped ingot allowed welding to take 
place, as had been shown ; the nicking and break- 
ing of the bar forming the forging-handle, as had 
been done, was a perfect method of showing that 
welding had taken place. 

On the motion of the Chairman, the author was 
awarded a hearty vote of thanks for his communi- 
cation. 


Some Strupres oF WELDs. 


The third paper taken on Thursday, the 11th inst., 
was one entitled ‘*Some Studies of Welds,” by 
Mr. Edward F. Law, A.R.S.M., Mr. William H. 
Merrett, A.R.S.M., and Mr. W. Pollard Digby, 
A.M.1.E.E., and was read in abstract by the latter. 
We reproduced this paper in full on page 617 ante. 

Mr. A. E. Tucker, who opened the discussion, 
stated that the paper seemed to be an impeachment 
of welding. Seeing the oe which had been 
made in the making of welds, and the probabilities 
which existed of the practice extending, there were 
a few points which required attention. The ques- 
tion of heating played a large part, and the applica- 
bility of welding depended upon circumstances, and 
upon the articles considered. In Birmingham a 
large variety of sketch work was manufactured 
where welding came in. In the case, for example, 
of a 2-in. diameter main having a large number of 
branches connected to it, the only process of manu- 
facture available was that’ of welding. The pro- 
cess was also useful in the fixing of keysin shafting 
to prevent them working loose—in motor-car con- 
struction, for instance, where the vibrations upon 
the shafts formed a serious matter. The pro- 
cesses of welding had met with success in the 
open field. In order to show another use to 
which the oxy-hydrogen flame could be put, he 
exhibited a auaglé of metal which had been cut 
by such a flame ; it afforded a striking proof that, 
when cutting by that process, it was possible to 
discover defects in the body of a piece which prob- 
ably could not be discovered in any other way. In 
the burst boiler-tube which Professor Arnold had 

ut before the meeting, the fraeture may have 
mn caused primarily by a piece of slag in the 
ingot, which, in the process of rolling, had pro- 
duced laminations. e cutting flame was very 
sensitive to the presence Of foreign bodies in 
the metal under operation. When, in the process 
of cutting, the flame came across a foreign body, 
the flame blew back, and if the blow-pipe were 
not removed, the man in charge was liable to 
be injured; the flame refused to cut. He ex- 
lained the position to be given the blow-pipe. 
hen using impure oxygen ou 96 per cent.), 
he (the speaker) not only failed to cut through, 
but the surface was inferior to that obtained with 
pure oxygen. He pointed out the impurities in 
the sample which necessitated the temporary removal 
of the blow-pipe. In order to obtain the most 
successful cutting and also welding, it was necessary 
to use the purest oxygen obtainable; on this 
depended both the strength of the weld and the 
cleanness of the cut. 

Mr. McWilliam preferred Mr. Stead’s definition 
of a weld as being the crystallisation into union of 
two solid metallic surfaces, to that of the authors, 
who defined it as an actual fusion together of 
similar or allied metals. 

Professor Turner thanked the authors for showin 
that the process used for making any particular weld 
could be discovered by the microscope. This was 
an important _—. which threw up the value of 
micrography. e question of welding was a very 
great one for the Midland industries. "The authors 
did not wish to suggest that their own welds were 
less efticient than older welds. By showing that 


there were defective welds only proved that the 
methods used, if not perfect, could also be im- 
proved. He believed that welds were satisfactory 
for all practical purposes if they were well made. 
The authors deserved their thanks for showing that 
there were defective welds, and also, as he stated in 
the commencement, for showing that the micro- 
graph indicated the process followed. 

Professor le Chatelier, speaking in French, said 
the experiments made by the authors showed 
that there were defects in welds; they concluded 
that welding could not be resorted to in those cases 
where the piece had to play an important part. It 
was, of course, always preferable, if one side alone 
of the question were considered, to use a piece which 
formed a whole in itself, rather than one which had 
been welded. In industrial undertakings, how- 
ever, the question of cost also came in, and in this 
respect a good weld helped over the difficulty. The 
price of the original article had therefore to be 
considered also. For example, one would never 
think of applying to pieces made of tool-steel 
methods which would be found sufficient for pieces 
made of cheap steel ; and although a welded piece 
was not so good as a solid or new piece, a weld was 
resorted to because of the cost price of the latter. 
He also instanced structures of shops in course of 
reconstruction, the framework forming which was 
cut by a gas flame in order to maintain the cost at a 
low figure. There might, of course, be bad welds, 
and care was required in the processes of manufac- 
ture. Steam boilers were rapidly worn in places in 
service; locomotive boilers, for instance, were fre- 
quently patched ws in the cracks by using brass 
studs and set working afresh, notwithstanding the 
cracks. A good weld in this case made a better job, 
and many locomotive boilers had been repaired by 
welding without any accidents having occurred. It 
would be interesting were a test to be carried out on 
a large welded piece with a view to determine the 
relative resistance of the weld. It would also be 
greatly interesting to arrive at a method of testing 
with a view to determine homogeneity and to ascer- 
tain the quality of a weld when completed. A cavity 
or an unwelded portion in the joint, might, perhaps, 
be discovered by means of a difference in electric 
resistance or by studying the magnetic properties. 
Such a method would cape it possible to check the 
actual work of welding, and to ascertain whether a 
weld when made was good or not. Marine boilers 
had also been repaired on board ship, and this 
meant an important saving. It was absolutely 
necessary, however, to know exactly how each 
separate class of weld had succeeded, and not to 
remain longer in the dark in the matter. 

Mr. Stead, speaking as to the detection of the 
method of welding by the microscope, stated that 
his own experience had confirmed this. 

Mr. A. J. Jenkins asked for a complement of 
information in regard to the statement that flame 
welds, apart from the work of patching-up castings, 
should receive adequate working and manipulation 
while in their heated condition. Did this mean 
hammering? His experience was that when a man 
put a fair amount of work on a weld, there never 
occurred any great leakage ; if the work were 
simply closed together, the work was returned to 
the man. 

Sir Thomas Wrightson referred to experiments 
made by Lord Kelvin with water at the point of 
solidification, when pressure did not produce heat, 
but cold. He had made similar experiments at the 
Mint on metals, and had also found that a distinct 
drop of temperature occurred when pressure was 
put on. He would send a written contribution to 
the discussion embodying these points. 

Mr. Law, one of the authors of the paper, said 
that the various points raised in the discussion 
would be replied to in writing. 

The authors were awarded a hearty vote of thanks 
on the motion of the Chairman. The three follow- 
ing papers—which were discussed together—were 
then read in abstract by their respective authors :— 


Tue Action or Aqueous SOLUTIONS OF SINGLE 
AND Mixep ELecrxotytes upon Iron, 


Brown. In this, the authors referred to the work 
carried out in the same field by Messrs. Heyn and 
Bauer, and illustrated their owninvestigations. It 
is difficult to detail these without reference to the 
diagrams which illustrate the paper. They found 
that a proportion of 10 lb. of potassium chromate 
per 1000 gallons of water exerted a marked retard- 








ing effect upon corrosion ; in some circumstances 


by Mr. J. Newton Friend and Mr. Joseph H. |, 


a further increase in concentration was even more 
beneficial still. 


THe Corrosion or METALS, 


by Mr. Percy Longmuir. We reproduce this paper 
on page 668. It deals, as will be seen, with the 
corrosion problem under a large number of diffe- 
rent conditions and with several of the theories 
put forward with a view to account for corrosion. 


Tue INFLUENCE OF IMPURITIES ON THE 
Corrosion or Iron, 


by Mr. John W. Cobb, who reviewed the pro- 
+ by considering the impurities both in the 
metal under consideration and in the medium in 
which it was placed. 

Professor Arnold, who opened the discussion, 
said that Mr. Longmuir had called attention toa 
point of great importance—namely, the weakening 
of metals by pickling, which reached in one case, 
as he had shown, as much as 70 per cent. He had 
also called attention to the embrittlement of rails 

laced in tracks in tunnels, for one of which he 
ad found that the lowest alternation of stress 
reversals was four only ; this was, Professor Arnold 
believed, the lowest on record, the former figure 
being 12. He (the speaker) would hesitate to 
attribute that entirely to the environment effect. 
He showed on the black-board a rail-joint with its 
fish-plate, and explained that the failure may have 
been caused partly by the rebounding effect and 
the alternating stresses which were set up when 
the locomotive and rolling stock were passing over 
the joint. 

Mr. Saniter, who followed, said that Mr. Long- 
muir had done good service in emphasising how 
important atmospheric conditions were in causing 
general corrosion, as compared with electrolytic 
action, which might cause local effects. In this 
connection he (the speaker) gave the following 
results, which showed that extra purity was no 

nacea for reducing general atmospheric corrosion. 

e had exposed samples of steel for six months in 
the open air, and the following were the data con- 
cerning these tests :— 
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In regard to Mr. Cobb’s paper he noted that the 
author invoked the aid of the electrolytic theory to 
account for graphite not being corroded in a cast- 
iron pipe. It was interesting to note that man- 
ganese silicate and manganese sulphide, the two 
chief non-metallic impurities in steel, had little or 
no electro-negative action, and therefore did not 
conduce to electrolytic corrosion. While man- 
ganese, apparently, might cause electrolytic corro- 
sion, being electro-positive to iron, it would have 
a protective action on the body of the iron itself 
being corroded, and this was rather confirmed by 
his (Mr. Saniter’s) results. He would like to add 
that any inference as to corrosion drawn from acid 
tests, whether picric acid or another, was most 
misleading ; true results could only be obtained by 
exposure to the atmosphere. : 

Mr. Hatfield, who concluded the discussion, 
remarked that Mr. Longmuir had stated that a 
slightly acidulated and moist atmosphere would, in 
course of two or three years, be sufficient to develop 
brittleness corresponding to that obtained by im- 
mersion for a short time in strong acid ; this, the 
speaker found, did not quite agree with the analyses 
he had given in one of his tables, where the acid 
contents were practically negligible. He also asked 
— far a base would eliminate the action of the 
acid. : 

It was announced that Mr. Longmuir and the 
other authors will reply to the discussion by corre- 
spondence. Upon a vote of thanks to the three 
authors above named, the proceedings of Thursday, 
the 11th inst., came to a close. 

The members met again on Friday, the 12th 
inst., when the reading and discussion of papers 
were proceeded with. 

Tae GrowrTH or Cast Irons arTeR REPEATED 

HEATINGs. 


This paper was read in abstract by the author, 
Professor B. C. H. Carpenter. It gave an account 








of investigations which had arisen out of one pre- 





























May 19, 1911.] ENGINEERING. 649 
viously carried out by the author in conjunction | original pig.. With reference to expansion, Mr. | the evolving of the gas, for, if so, the more gas given 
with Professor Rugan. We referred to this at the | Stead instanced very large tongs in continuous use | off the greater would be the growth. In one table 


time in one of our former issues (KNGINEERING, 
vol. Ixxxviii., page 458). The paper stated the 
influence which phosphorus, sulphur, manganese, 
and dissolved gases had on growth ; it reviewed the 
volume changes occurring in cast irons repeatedly 
heated in vacuo, and contained a number of recom- 
mendations regarding alloys of small or negligible 
growth. The author had found that phospnorus 
tended to diminish growth ; sulphur was never 
present in commercial cast irons in sufficient 
quantity to have more than a small influence on 
growth, which influence, however, was in the 
direction of retardation ; manganese retarded the 
rate of growth in all cases; dissolved gases had 
no influence on the growth of an iron containing 
more than 3 per cent. of silicon; with between 
1.75 and 3 per cent. of silicon content they might 
cause a growth of from 1 to 2 per cent. Tables and 
figures gave the volume changes due to heating 
in vacuo and defined the characteristic features of 
several alloys, the author concluding by statin 
that from the point of view of minimum growth an 
non-cracking, the most suitable material for ingot- 
moulds into which molten steel was cast appeared 
to be a very mild steel. 

Mr. Stead, who opened the discussion, and who 
brought to illustrate his remarks a cast-iron plate 
and various diagrams and photo-micrographs, which 
he had prepared, said that this was a good paper, 
and, like all good papers, it led to thought and sug- 
gested much other work. The statements which 
had been made were not new to laboratory workers 
who had to heat their specimens in order to obtain 
their results. They also obtained fire-bars and 
other pieces which had been heated and cooled 
naturally and over long periods, and these offered 
material to direct their studies. He (the speaker) 
had the opportunity of examining also a cast-iron 
pipe used in conjunction with a blast-furnace, and 
which had been heated at a constant tempera- 
ture for about six years, and his micrographical, 
physical, and chemical researches on this had led 
to important conclusions. These conclusions might, 
perhaps, modify some of the author's conclusions ; 
most of the latter, however, and most of the 
remarks which accompanied them, were correct. 
Here the speaker showed a hot-water heating stove- 
plate which had been in use for a long time and was 
originally square ; he explained its position in the 
stove, and pointed out the parts where the air 
struck it. Expansion took place on one side, and 
there was avery great difference in the specific gravity 
of the metal on one side compared with that of the 
metal on the other. He showed photo-micrographs of 
the cold and the hot ends, in which the white portions 
represented mainly metallic iron ; the black repre- 
sented graphite. The lines in Professor Carpenter’s 
photographs probably represented oxide of iron. 
As heat went on the oxide of iron proportion 
increased, and reduced the metallic iron. By 
repeated heating and cooling specimens became 
very porous, so much so that when plunging them 
in water air-bubbles escaped in continuous streams 
to the surface. An indication of relative porosity 
could be obtained by weighing the specimens before 
and after plunging them in water. Heating to 
anything like 900 deg. led to a displacement of 
oxide of iron. He showed a diagram to explain 
this ; it represented a polished section of a piece 
of metal heated at different temperatures. At 
900 deg. graphite reduced the oxide of iron, leaving 
granules of iron surrounded by films of silicon. 
Compared with one of Professor Carpenter’s photo- 
micrographs, one of his (Mr. Stead’s) had a very 
similar appearance. It explained, according to his 
views, that not only was carbon removed by heating, 
but by long heating the siliconand phosphorus passed 
out also, All the silicon passed into the slag and 
practically all the phosphorus. Professor Carpenter 
had said that the phosphorus was not affected by 
heating; in the speaker’s experiments, however, 
the phosphorus was altered, and he showed a 
diagram to explain this point. Phosphate of iron 
formed around graphite plates if heating took 
place at 700 deg. In the in areas the phosphate 
of iron and silicate of iron were separate. Phos- 


phorus would not diffuse in silico-ferrite as long as 
t was re ay with carbon. Only whenthis latter 
had practically disa red by heating at 900 deg. 
could the diffusion apr By pro He fe 
bited a diagram showing ferrite globulised. When 
broken the cleavage passed through the graphite 
in the slag, and the structure resembled that of the 


for removing slabs from furnaces, and said that the 
jaws had actually contracted in length instead of 
expanding; but this, he added, was a case of 
distribution of material from one place to another. 
The jaws in question, measuring 2 ft. 6 in. from 
the joint to the end of the jaw, had contracted 
by 5 in. by repeated heating and cooling. An 
oblong bar repeatedly heated and cooled would 
ultimately become a sphere. He explained this by 
stating that the metal inside by remaining hot 
remained more plastic than the metal on the outside 
which was undergoing cooling more rapidly. A 
similar action occurred when Professor © nter 
dealt with his own specimens. If these had been 
iven a different section the result would have been 
ifferent. Ifthe tongs he(the speaker) had referred 
to had been of cast steel instead of wrought steel, 
fractures or splits would have been formed in 
the skin of the tongs at the places he showed on 
the blackboard. These splits formed openings in 
the metal, they admitted air, oxide was formed, the 
openings increased by cooling, and rendered the 
metal easily permeable to gas. Professor Carpenter 
had assumed that a silicon alloy was more readily 
oxidised, but he (Mr. Stead) had exposed sheets 
to a heat of 900 deg., one containing no silicon and 
1 per cent. carbon, and the other containing 4 per 
cent. silicon, and the oxidation of the non-silicon 
specimen was very much greater than that of the 
silicon specimen, and afforded a greater expansion. 

On Mr. Stead concluding his remarks, the Duke 
of Devonshire asked Mr. Geo. Ainsworth to take 
the chair, as he had an appointment at the House of 
Lords 


Professor Arnold, who followed, stated that the 
paper was a most interesting one, and formed a 
at ae contribution to the proceedings. He 
would only make one remark, and this was with re- 
ference to the distinction made between steel and 
pig iron as defined by the carbon content. That of 
2.5 per cent. resulted in ‘special steel,” such as 


at a high price; it was not good, therefore, to 
let it be said that with 2.5 per cent. of carbon the 
metal was on the verge of cast iron; it was not, 
the metal was very hard brittle steel. He was 
very glad to have heard Mr. Stead’s contribution to 


the discussion. 

Mr. Saniter was of opinion that the ates of 
11 per cent. in vacuo of one of the alloys (that 
marked N in Professor Carpenter’s paper) was 
certainly very remarkable, and the explanation 
tending to show that this was due to dissolved gases 
was not, to the speaker’s mind, altogether convinc- 
ing. In view of the experiments as shown in one 
of the tables (Table IX. of the paper) it looked as 
though the figures of another table (Table V.) 
required modification as follows :— 

5.0 per cent. per 1 per cent. silicon. 
12.2 9° 
. 10.9 
10.2 

. 1L9 

seb 11.0 * o 


It would be seen that the figures, being the averages 
calculated for 1 per cent. silicon, were fairly con- 
stant with the exception of the sample N, which 
was abnormal both in its silicon expansion and its 
expansion in vacuo. Professor Carpenter had made 
an interesting suggestion with regard to the trying 
of mild steel for ingot moulds; he (the speaker) 
was not sure that this would be a success. 
Professor Turner, who followed, referring to 
several of the specimens mentioned in the paper, 
thered that they were hard, and could not easily 
; machined ; perhaps, in some cases, this was not 
an important consideration, but in others machining 
was necessary. Referring to the manufacture of 
some of the alloys, he would not anticipate any 
difficulty in the cupola, but the metal would, per- 
haps, run thick. He (the speaker) did not agree 
completely with Professor Arnold’s objection to the 
classification of cast iron and steel with regard 
to their carbon content. He was glad Professor 
Carpenter gave figures for the behaviour of speci- 
mens in vacuo, and that he recommended for these 
tests fused silica tubes. He (Professor Turner) 
had examined metals for gases and had found it 
difficult, both with silica tubes and porcelain tubes, 
to obtain blanks that were satisfactory ; Professor 
Carpenter's blanks were satisfactory. Professor 
Turner was not clear that the growth obtained by 
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Professor Carpenter, say for alloy N, was due to 





was made in Sheftield in large quantities and sold | 0 


(Table XV.) where the percentages of silicon were 
given, together with the expansion, it would be 
seen that the samples which had given off the most 
gas were not those which had expanded the most ; 
there seemed, therefore, no connection between 
the two. The question of the evolving of gases was 
not a simple one ; the action was somewhat mitigated 
when heating took place in vacuo. 

Mr. Foster said that he proposed to deal with 
the matter in writing. He instanced the behaviour 
of carbon and iron in the process of manufacture 
in the blast-furnace, and this led him to think that 
the whole question was simply a matter of satura- 
tion, supersaturation, or dilute carbon. He gave 
a few data on the analyses of metals for various 
purposes, stated their duration and their growth, 
and repeated that he would contribute detailed 
figures and examples by correspondence. 

Mr. A. E. Tucker informed the meeting that 
twenty-five years ago he had made mild-steel ingot- 
moulds, and hed oond that these gave a large 
number of ‘‘stickers.” These had to be abandoned 
as they were a failure. 

Mr. Edwards was of opinion that Professor 
Carpenter's explanations in regard to growths in 
vacuo were the only ones that could be given to 
the occurrence. The growth depended largely upon 
the action of the gases upon the mechanical con- 
dition of the metal itself. When there was not 
much growth, this was by reason of the molecular 
opposition to the gases not being very great. The 
growth might be due to the gases, but not actually 
to the volume of the gases. 

Mr. Adamson, who followed, said that Professor 
Carpenter had again contributed some very valuable 
matter in connection with the growth of cast iron, 
and he agreed with him as to the influence of 
phosphorus and manganese on growth, having 
proved this conclusively some years ago in connec- 
tion with castings which had to stand considerable 
os whilst in use. But, on the question 

f the influence of sulphur, Professor Carpenter 
would be right in his contention under the condi- 
tions in which his tests were carried out, and under 
similar conditions. It was well known, however, 
that when sulphur in the form of acids came into 
contact with iron castings, as in gas-retorts, there 
was virtually a pyrites deposit formed, which 
destroyed the iron. Hence, the lower the sulphur 
in such iron, the longer was the life of the casting. 
Whether such destroying influences of sulphur in 
this connection acted in connection with the growth 
of cast iron had not yet been proved. 

From tables in the paper (Tables I. and II.) it 
would ee that growth primarily depended upon 
the condition of the carbon at the commencement 
of the heat treatment. The Y alloy, having a 
slightly lower total carbon and containing the 
highest combined carbon, had increased in volume 
the least, presumably by reason of having the 
highest initial combined carbon. 

e effect of total carbon was shown in the 
author’s previous paper. In dealing with the 
influence of manganese on growth (Table III.), 
alloys K and L showed a difference in total 
carbon of 0.30 per cent. ; and with only a slightly 
lower sulphur and manganese, the growth was 
affected by 1.65 per cent. in favour of the lower 
total carbon. This confirmed the figures in the 
author’s previous paper, and it was well known 
tat the influence of total carbon on growth in- 
creased considerably more than the pro rata increase 
of total carbon, as this exceeded 3 per cent. 
Alloy K was 15.20 per cent. lower in total carbon 
than J, and 14.30 per cent. lower in manganese ; 
but whilst the calculated growth should have been 
12.60 per cent. less, it was only 10.80 per cent. 
The percentages between M and L were still more 
apparent, for the former whilst being 13.30 per 
cent. lower in total carbon, and 15.60 per cent. 
lower in manganese should have a calculated 
growth of 23.60 per cent. less than L, yet the 
actual difference was only 5 per cent. In the 
present paper (Table V.) the total carbon would 
again undoubtedly account for the difference in 
growth per 1 per cent. of silicon, but Table VI. 
appeared to be based upon the supposition that 
total carbon was constant. That, however, was 
not the case, even in commercial pig irons, and 
before such a table could be drawn up with any 
degree of accuracy, the influences of the varying 
percentages of total carbon would have to be con- 





sidered; and in this connection also combined 
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carbon, as well as the other constituents, would | 


have to be constant, which was almost impossible 
to attain. 

The author had given the composition of dis- 
solved gases as chiefly hydrogen and nitrogen, but 
presumably there were oxidising gases also, as he 
had mentioned. 

The alloys N and S (Table XV.) grew more 
in air than in vacuo, Did the author suggest that 
this was because of more oxidising conditions ? 

The author was very frank in his statement to 
the effect that the order of growth was the same 
as the order of magnitude of the temper carbon, 
and it was the speaker’s opinion that this did not 
go far enough, for the growth of cast iron 
primarily depended upon the change in the con- 
dition of the carbon ; first, the free carbon in its 
tinest condition, and then more particularly the 
further influence as this tree carbon was con- 
verted into the several forms of graphite, hence 
the value of fracture, which, in this case, the author 
had given in connection with the increasing per- 
centage of manganese. The predominating partner 
in the fracture of pig iron was carbon, and this was 
controlled by the temperature and time, but was 
independent of silicon, sulphur, phosphorus and 
manganese, which were of secondary importance. 

The author suggested the suitability of low total 
carbon and high manganese alloys for rolls and 
ingot moulds. In connection with rolls it was well 
known that those made from cold blast irons gave 
the longest life, regardless of analysis; and this 
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fact would have to be considered in connection with 
irons used in roll-making. With regard to ingot 
moulds, the author recognised that such an alloy 
as he recommended would be brittle, and this would 
not only be detrimental to the mould while using 
it for casting, but the general rough handling a 
mould gets in a works necessitated a tough iron. In 
general principles, however, the author was correct, 
for the softer and more open the mould, the shorter 
its life. 

Mr. Hatfield stated that his experience generally 
confirmed Professor Carpenter’s researches. In 
regard to hardness, he agreed with Professor 
Turner’s remarks. Inthe matter of the gases, how- 
ever, he would require a complement of information. 

Mr.G. N. Huntley, referring to the tests in vacuo, 
asked whether there had been really no leakage 
during the two days the evacuated tube was heated. 

This closed the discussion, and Professor Car- 
penter said that he would reply in writing to the 
various points which had been raised. On the 
motion of the Chairman he received the thanks of 
the meeting for his contribution. 


Tue CHemicaL anp MecuanicaL R&Lations OF 
Iron, CHrRomMIUM, AND CARBON. 

This paper, by Professor Arnold and Professor 
A. A. Read, was then taken, and read in abstract 
by the former. 
chromium might exist in steel, and showed the 


characteristics of the steelshaving varying chromium | 


contents ; their method of manufacture was stated, 


It described the states in which | 
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‘the results of . different tests being also given. 
Micro-sections illustrated the features of the alloys. 
Mr. Stead, who opened the discussion, said this 
was a most important paper. which would serve for 
reference at all times. The general conclusions 
the author had arrived at were satisfactory and 
justified. The author had asked his (the speaker’s) 
opinion in regard to a ‘‘platform,” or straight 
horizontal line, which occurred in one of the 
diagrams. One was always open to question data 
and hypothetic conclusions ; the data in the paper, 
however, practically confirmed the ‘‘ platform” in 
question and the other indications of the diagrams. 
Chromium had certainly a good future before 
it; it could be said to be both a bad enemy and 
a very good friend. Chromium in iron ores was 
an enemy at the rate of so many shillings less 
per ton, and such ores containing chromium were 
rather a drug in the market. With regard to the 
constituents, the paper had given them the diffe- 
rent names by which they had become known 
(thus ‘*. . . embodying all the phases of pearlite, 
from an almost black-etching pearlite containing 
emulsified carbide—the so-called troostite—through 
pearlite containing very finely granulated carbide 
—the so-called sorbite ... ,” and so forth), 
and Mr. Stead questioned whether one were justi- 
fied in calling the constituents, which all defined 
transitions, by different names, and whether one 
| set of names alone should not be used. 
Professor Turner, referring to a statemeut made 
‘the previous day concerning the theoretical and 
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the practical papers which had been sent in, gave 
as his opinion that Professor Arnold’s paper was 
essentially a practical paper. A most practical 
scientist, Sir Frederick Abel, had demonstrated 
years ago the existence of separate carbides of 
iron. Since that time there had been various 
papers on carbides, for it was of primary import- 
ance for the steelmakers to know what these car- 
bides were. Professor Tyrner added that he would 
only make one remark that morning. The author 
had spoken of the ‘* phases of pearlite.” Now the 
word ‘* phase” was used for the phase-rule, and it 
should not, in his opinion, be employed in the 
other connection. He would substitute another 
word, and would say, ‘‘exhibited, or embodied all 
the stages in the production of pearlite,” when all 
would agree with the exposition which Professor 
Arnold had given. 

Mr. Edwards recognised the difficulty of the 
work described by the author. He had attempted 
also to isolate the double carbide in high-speed 
steels, and his own work went to prove that his 
results of analyses were much about the came as 
those of Professor Arnold, but he was not sure in 
regard to the basis on which the author’s analyses 
were founded. With reference to Moissan’s formula 
and results, stated in the paper, the speaker asked 
whether Professor Arnold had not first of all based 
his formula on Moissan’s, and how he allocated the 
contents of his residue. Had he isolated the chro- 
mium carbide as such? This was essentially a 
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practical paper, because it had an important bearing 
on the manufacture of high-speed steels and in their 
hardening. In regard to the nomenclature of con- 
stituents, the speaker was in agreement with Pro- 
fessor Arnold, for the latter was enabled to facilitate 
matters in this respect to the younger students 
of metallography, and it was important to remove 
the difficulties which surrounded this science. 
But this was a side issue, and he (the speaker) 
would have much pleasure in returning later to the 
matter. 

Professor Carpenter found it interesting to notice 
the separation which took place in the chromium, 
and which bore out the cooling curves. He further 
questioned some of the denominations as compared 
with ‘‘ martensitic structures.”’ 

Professor Arnold thanked the speakers for their 
references, and added that he would reply by 
correspondence. The authors were awarded a 
hearty vote of thanks by the Chairman for their 
valuable contribution. 


INFLUENCE OF 0.2 Per CENT. VANADIUM ON STEELS 
oF Varyine CARBON CONTENT. 


This was the title of the next paper, written by 
Mr. Andrew McWilliam and Mr. Ernest J. Barnes ; 
it was read in abstract by the former. We repro- 
duce it in full on page 652. 

In this paper the authors give the history of the 
use of vanadium in steel, and a description of 
the manufacture of the first vanadium steel made. 
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They also state the methods followed in their 
| experiments upon a number of different samples. 


| Tue INFLUENCE OF VANADIUM UPON THE PuysicaL 
Properties oF Cast Iron. 


This paper, by Mr. W. H. Hatfield, was taken 
| in conjunction with the former one ; it was read in 
abstract by its author, and we reproduce it in full 
on page 670. As will be seen, Mr. Hatfield referred 
| to the experiments made by former scientists, he 
|veviewed his own experiments, and arrived at the 
| following conclusions :—Additions of vanadium had 
| a definite influence upon the physical properties of 
|cast iron, which was mainly that of assisting the 
| carbon to persist in the combined state. The per- 
| sisting carbides, physically, did not differ materially 
from the normal carbide found in the cast iron ; 
owing, however, to the actual presence of much of 
the vanadium in the carbide, that carbide was ren- 
dered more stable. 

Mr. Stead, who opened the discussion, and who 
referred particularly to the first of the two papers, 
said the latter formed a valuable work, and he com- 
plimented the authors on the way they had classified 
their results. It was interesting to know the 
enormous influence which vanadium had on steel ; 
he would have suggested that the alloy be named 
** Arnoldised steel,” had there been no objection to 
the use of proper names in the nomenclature. This 
was another of the papers to put by for use for 
reference purpose. 

Mr. Vaughan Hughes asked for further informa- 
tion as to the heat treatment of vanadium steel in 
practice as distinct from research work. 

Mr. Kent Smith, who followed, said he had 
figures on the subject, but that he would com- 
municate them in writing. Some of these were 
at variance with those of Mr. McWilliam. His 
idea was that vanadium had a beneficial action 
on steel in three ways; indirectly also it was 
a great help, as it was an excellent scavenger, 
rendering the steel in the best condition to be 
improved by further working. Some emall amount 
of vanadium entered into solid solution, and ren- 
dered the ferrite more resistant to wear than 
the ferrite in ordinary steel. It was a question 
whether this was due to thorough scavenging or 
not; at all events, the ferrite had probably the 
power of dissolving some quantity of vanadium. 
A few years ago, this metal was looked upon as a 
fad ; it was now used in large quantities, and the 
consumption in the United States was about 
250,000 lb. of metallic vanadium per annum. It 
was used at the rate of 5 lb. per ton of steel, and 
it fulfilled the most sanguine expectations. He 
(the speaker) had tested a large number of 
specimens, and had found the vanadium to 
greatly improve the physical properties of steel ; 
he stated figures to show this, and added that 
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a vanadium-steel bar could easily bend close double 
when cold. All the results had shown that when 
the manufacture was properly carried out vanadium 
conferred benefits on steel. Laboratory tests were 
by no means the only indications of the value of 
the alloy ; its service value had also been proved, 
and it had been found, for example, that it offered 
enormous resistance to abrasion. It was now used 
for the manufacture of railway tyres and solid 
wheels. He promised to send , Ba dealing with 
the resistance of vanadium steel to abrasion. He 
did not agree with Mr. Hatfield when the latter 
doubted the scavenging action of vanadium. Mr. 
Hatfield did not consider that oxygen was present 
in properly-melted iron, and the speaker asked 
what was exactly meant by properly-melted iron. 
He was convinced that vanadium did act as a 
scavenger, and instanced two ladles of the same 
steel, one of which was vanadised. A comparison 
of the resulting slags gave complete evidence of the 
scavenging action. In cast iron vanadium was of 
extreme value in enabling the casting to resist 
wear ; it also eliminated porosity, which was a source 
of trouble in delicate castings. Cylinders made in 
the United States of vanadium cast iron were exceed- 
ingly superior to others of ordinary cast iron made on 
thesame day. The United States works had adopted 
the alloy for all pieces subjected to wear—for cast 
valve bodies, for example, which had to work under 
a pressure ; formerly with ordinary cast iron it had 
hardly ever been possible to make one complete set 
in one cast. Not one single valve body made of 
vanadium iron had failed to the tests, and, he 
repeated, vanadium iron had rowed adopted entirely. 
First cost had increased, but actual cost became 
less by reason of the decrease in shop rejections ; 
besides, it paid to use vanadium in the long run, 
whether it conferred benefit to the iron or not. 

Mr. Stead, in referring to Mr. Hatfield’s paper, 
asked whether cheaper scavengers than vanadium 
would not give results similar to those of vanadium 
from the scavenging point of view. 

Mr. I. E. Lester said he would await the figures 
that Mr. Kent Smith would send in. He would 
only add, referring to experiments made by Mr. 
Stead, that if good iron were obtained to start with, 
the mixture being a good one also, ordinary cast 
iron without vanadium, which was costly, was the 
best material for man icular purposes. 

Mr. McWilliam and Mr. Hatfield said they would 
reply in full by writing. They were thanked by 
the members, on the motion of the Chairman. 


MECHANICALISING ANALYSIS AS AN AID TO Accvu- 
RACY AND SPEED FOR COMMERCIAL PURPOSES. 


This was the last paper taken on Friday, the 
12th inst. ; it was by Mr. ©. H. Ridsdale and Mr. 
N. D. Ridsdale, and was read in abstract by the 
latter. We propose to reproduce it in part in an 
early issue. In this very interesting contribution 
to the Institute’s proceedings, the authors refer to 
the ordinary methods of analysis, and describe their 
own system which standardised analytical work. 

Mr. Stead, who opened the discussion, said that 
the Ridsdale system saved time, and was a step in 
the right direction. He had gone to the authors 
with samples of slag and steel, and they had given 
him the analyses of both in a very short time, the 
results being in close agreement with those obtained 
by the ordinary methods. The system described 
was admirably adapted to works practice. 

Mr. T. C. Hutchinson stated that the Ridsdale 
system had been in use at Skinningrove since July 
last, and it gave the results which the authors had 
put forward in their paper. The phosphorus and 
manganese contents in iron could be arrived at in a 
very few minutes. The figures the speaker gave of 
analyses made by other methods and by the Ridsdale 
system showed the figures to be very close to each 
other in most cases, and exactly similar in the 
others. 

Mr. Herdsman had seen the system in use at the 
North-Eastern Steel Company, and he was sure it 
would be appreciated when it became known. It 
might perhaps not be applicable yet to independent 
practice, owing to the arsenic difficulty, but it 
would find very large application in steel works, as 
it was a rapid and anaccurate system. Mr. Ridsdale 
intended to eliminate the arsenic difficulty, and to 
render his method suitable for general use. He 
(the speaker) also gave figures to show its degree of 


accuracy. 

Mr. é: H. Ridsdale, in tendering his thanks to 
the meeting, said that he was still working at his 
system, and when once he had established a method 





for ascertaining how the arsenic ran, he could get 
better results than by the well-known long methods. 

The authors were awarded a hearty vote of thanks 
on the motion of the Chairman, and the proceedings 
came to a close after the members had expressed 
their thanks to the Institution of Civil Engineers 
for the loan of their hall. 

The following papers were taken as read :— 
‘*Some Properties of Heat-Treated 3 per Cent. 
Nickel Steels,” by Mr. Andrew McWilliam and Mr. 
Ernest J. Barnes ; ‘*‘ Iron-Silicon-Carbon Alloys,” 
by Mr. W. Gontermann ; ‘‘The Volumetric Esti- 
mation of Sulphur in Iron and Steel,” by Mr. T. 
Gifford Elliot; ‘‘On the Organic Origin of the 
Sedimentary Ores of Iron and of their Metamor- 

hosed Forms: The Phosphoric Magnetites,” by 

r. W. H. Herdsman ; “the etic Properties 
of Some Nickel Steels,” by Mr. E. Colver-Glauert 
and Mr. S. Hilpert. 





INFLUENCE OF 0.2 PER CENT. VANADIUM 
ON STEELS OF VARYING CARBON 
CONTENT.* 


By AnpREw MoWitiam, A.R.S.M., M.Mer., and 
Ernest J. BARNES. 


(Respectively Assistant Professor of Metallurgy and 
Associate in Metallurgy of the University of Sheffield.) 


TxHEman who first brought the possibility of the beneficial 
use of vanadium in steel clearly within the metallurgi 
horizon of the authors was that charming old vanadium 
enthusiast, the late Mr. Auguste F. Wiener. He brought 
samples of ferro-vanadium to Sheffield to be tested, and 
Professor J. O. Arnold made the pioneer investigation 
into the influence of vanadium on steel. The first 
vanadium ingot was made in the University of Sheffield 
on November 9, 1899. Three different researches were 
issued and entered at Stationers’ Hall, and of these there 
was a limited distribution. The work included the com- 
parative influence of tungsten and vanadium on cutting 
steels, and the influence of vanadium on chromium, tung- 
sten, nickel, and plain structural steels. All these stee 
were made in the crucible, and the effect of vanadium as 
measured in these crucible steels was confirmed by several 
heats of vanadium-chromium steels made in the acid 
Siemens furnace. The net result was that the enormous 
influence of vanadium on the cutting properties of the 
steel, and also the enormous influence of vanadium, parti- 
cularly in the presence of chromium, on the other pro- 

rties were determined. Captain H. R: Sankey and 
Mr. J. Kent Smith published an elaborate series of 
ot + * aaa Experiments with Chrome- Vanadium 

The steels were made by the coke-crucible process in 
the Metallurgical Department of the University of Shef- 
field. They were cast into ingots of 3 in. square section, 
and hammered into round bars of 1 in. diameter. These 
bars were cut into lengths of about 11 in. each, ready 
for treatment, so as to provide material for making tensile 
and alternating test-pieces and a microsection from each 
specimen. Table I. contains a detailed list of the treat- 
ments to which the several samples were subjected, with 
the corresponding distinguishing letters :— 

Tasle I.—Treatments, with Distinguishing Letters. 

Treatment. Letter. 
As received - se ‘a os ee -. None 
Normalised. 900 deg. Cent. for 30 minutes and 
cooled in air ee és aa os be N 
Annealed. Slowly heated up to 950deg. Cent.; 
kept at 950 . Cent. for about 18 hours; 
very slowly cooled down in furnace .. ve 
Quenched from ge Cent. in water and tem- 
pered at 400deg. Cent. .. - a - 
Quenched from 850deg. Cent. in water and tem- 
pered at 500 deg. Cent. .. ee a ae 
Quenched from 850 deg Cent. in water and tem- 
pered at 700 deg. Cent. .. ‘a i we 


Meruops OF EXPERIMENT. 

Normalising.—The pieces were placed in a gas-muffle 
at about 700deg. Cent., slowly raised in about 45 minutes 
to 900 deg. Cent., maintained there for about 30 minutes; 
they were then taken out, reared on end on firebricks, and 
allowed to cool in the air. 

Annealing.—Annealing was done in a coal-fired rever- 
beratory furnace according to the details given in Table I. 

hing.—The bars were heated in a Brayshaw gas- 

fired salt-bath furnace, the temperature of which was 
checked by two pyrometers. The pieces were put into 
the bath when it was at 820 deg. Cent. The temperature 
of the bath was raised to 850 deg. Cent., and maintained 
at that temperature for about 15 minutes, when the pieces 
were rapidly withdrawn and instantly quenched in a large 
tank of water at 16 deg. to 20 deg. Cent . 

Tempering.—The tempering was done by putting the 
bars into a lead bath kept at the required temperature in 
another Brayshaw furnace, maintaining the bath at a 
constant temperature for 15 minutes after it had again 
reached the required temperature, when the bars were 
removed and cooled in the air. i 

The tensile test-pieces were all turned to 0.564 in. 
diameter and 2 in. parallel. The microsections were cut 
off the unstrained portion of the short end of the tensile 


* Paper read before the Iron and Steel Institute, 
May 12, 1911. ‘ ; 

+ Proceedings of the Institution of Mechanical Engi- 
neers, 1904, pages 1235 to 1317. (See also ENGINEERING, 
vol. Ixxviii., pages 871 and 904.) 





test-bar, and the standard alternating stress test-piece, 
; in. diameter by 6 in. long, off the unstrained part of the 
ong end of the tensile test-piece. 

he compositions of the steels with regard to carbon, 
vanadium, and ese are given in the table, the 
carbons being determined by combustion and all the 
results checked. The silicons were about 0.1 per cent., 
the sulphur and phosphorus about 0.02 per cent. each. 
TABLE II.—Compositions of the Steels. 


Carbon 
per Cent. 


0.09 


Vanadium 
per Cent. 


0.16 
0.16 
0.23 
0.21 
0.22 
0.21 
0.20 


Manganese 


Mark. per Cent. 





° 
8 


ress 
S82sé 








Considering Tables III. to V. together, the erratic 
nature of the yield-point in the table of steels as received 
should be noted, also the extraordinarily high yield-point 
and maximum stress in these as compared with the nor- 
malised series, and hence the quite extraordinary lowering 
of the le -point and maximum stress in the steels as 
received, brought about by the simple process of nor- 
malising, the decrease in maximum stress —. accom- 
panied by an increase in elongation, and especially in the 
case of 1234. There is a general decrease in maximum 
stress beyond the 0.98 per cent. carbon steel. The 
annealed samples show the usual great reductions in 

ield-point and maximum stress, and there is a curiously 

igh percentage of elongation for 1234 A. This steel, 
Goudh contalaiog 1.32 per cent. of carbon, shows an 
elongation of 28 per cent., and a reduction of area of 
45 per cent. The reason for this striking result is 
understood on examining the microstructure of 1234 A, 
in which it is seen that the pearlite has been completely 
broken up, and there remain only ferrite with cementite 
evenly scattered through it. 

Tables VI. to VIII. show a more regular increase in 
yield-point and maximum stress, with increase of carbon 
up to 1260, with 0.98 per cent. carbon ; and then steel 
1234, with 1.32 per cent. carbon, gives very nearly the 
same results as 1260, in some cases being a little higher 
and in others a little lower. The W treatment has 
brought the tenacity down near to those normalised, but 
the elongations and reductions in area of the W set are 
generally much greater than those obtained with the 
normalised steels. 

Tables IX. to XV. show, perhaps, more clearly for 
each individual case the very decided drop in the yield- 


Tasie III.—Treatment. As Received. 





Analysis. 


of 


Yield - Point. 


Tons per Sq. 


In. 


Reduction 
Arnold’s~ 


Alternating 
Stress Test 


Vana- 
dium 


Car- 
bon 


per | per 
., Cent. 


Elongation per 
Tn. 

YP x 100 
MS 


Maximum 
Stress. Tons 
| per Sq. In, 
Cent. on 2 
Area per Cent. 


Dr. 





0.16 
0.16 
0.23 
0.21 | 
0.22 
0.21 | 
0.20 


em 


ll onal mal 
ee 
+ eA BAERS 


ono 
SSSSS8 
ee 


SSESSSR 
ococooooces 


8 
_ 
hao ROOS 


Q2AdDwwaroc 
on ~3s3 

SSKLF NSB 
woearwrret 


8 


SESSESER 
BOCK NN® 
Fe2FRSES 
Qeanmweo 


: 


0.16 | 
0.16 | 
0.23 | 
0.21 | 
0.22 

0.21 

0-20 «| 


Treatment Y. 850 deg. Cent. 
and 400 deg. Cent. Air. 


0.16 | 33.0 
0.16 81.5 
0.23 18.0 
0.21 16.5 
0.22 14.0 
0.21 11.5 
0.20 4.5 
X. 850 deg. Cent. 
and 500 deg. Cent. Air. 
35.5 , 
29.5 
21.0 | § 
18.0 | 
16.0 | 
13.0 | 
9.5 
850 deg. Cent. Water 
ent. Air. 


| 35.0 


< S288 


Water 


~ 
& 


BerSe 
HO Danweo 


rosssse 
SR2SSES 
8 


RERSTES 
NONWAQnaOre 


Water 


<i 
— 


SSxsses 
SES5588 
coooaosee oO 
SSRAFAE 
Te Pm DOO 


Taste VIII.—Trea 
and 7 
0.16 
0.16 | 
0.23 


2 
ge . 
ay P8828) 


1241 W | 0.09 | 
1240 W} 0.23 | 
1238 W | 0.40 | 
1285 W 0.56 | 0.21 
1268W 0.71) 02 
| O21 

0.20 
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Per 


Mark. | 


nD 
= 


Yield-Point. 

Maximum 
Stress. Tons 
per Sq. In. 

Elongation 
Per Cent. 
on 2 In. 

Reduction 
of Area Per 
Cent. 

YP x 100 
Dr. Arnold's 
Alternating 
Stress Test. 


Tons 


Sq. In. 





amine | | | | 
TaBLE [X.—1241. Carbon, 0.09 per Cent. ; 
Vanadium, 0.16 per Cent. 











1241 33.6 38.1 24.0 70.0 88.2 249 
141N 17.6 | 267 34.5 68.2 65.9 339 
1241 A 13.2 23.0 390 72.7 57.4 
1241 Y 18.4 27.1 33.0 78.9 67.8 
1241 X 20.0 30.8 35.5 77.6 65.0 
1241 W 20.0 | 28.1 35.0 74.7 71.25 | 
Taste X.—1240. Carbon, 0.23 per Cent. ; | 
Vanadium, 0.16 per Cent. 
1240 29.6 40.5 23.0 , 55.1 73.1 295 
1240 N 21.2 32.0 $2.0 | 61.7 66.4 254 
1240 Aj 12.4 25.4 87.5 62.2 48.8 
1240 Y| 26. 38.0 31.5 68.8 68.4 
1240X | 264 39.3 29 5 66.0 67.2 
1240 W 24.8 35.7 31.0 69 2 69.5 
Tasik XI.—1238. Carbon, 0.40 per Cent.; 
Vanadium, 0.23 per Cent. 
, 89. | 63.7 18.0 41.6 72.6 184 
L | 42.4 23.0 48.5 68.8 218 
5. 30°8 82.0 39.2 53.3 
5. 56.8 18.0 50.5 79.2 
\ 54.2 21.0 52.7 74.0 
35. 45.9 26.5 62.0 76.7 
ABLE XII.—1235. Carbon, 0.56 per Cent.; Vanadium, 
0.21 per Cent. 
59.5 10.5 17.3 65.5 171 
46.0 23.0 45.6 63.5 175 
35.1 26.0 43.0 41.1 
66.6 16.5 44.6 76.4 
60.7 18.0 61.2 77.4 
50.2 24.5 57.6 71.7 
TaBLe XTIII.—1263. Carbon, 0.71 per Cent. ; 
Vanadium, 0.22 per Cent. 
1263 44.0 70.4 13.0 , 23.3 62.6 | 120 
1263N 30.0 54.7 19.5 | 33.2 54.8 218 
1263 A 17.0 41.3 20.0 | 27.9 41.3 
1268 Y 66.0 83.2 14.0 408 79.4 
1263 X 57.6 79.5 16.0 39.5 72.4 
1263 W 41.0 56.4 21.0 50.0 81.1 
Taste XIV.—1260. Carbon, 0.98 per Cent.; 
Vanadium, 0.21 per Cent. 
1260 29.0 €9.6 9.5 17.7 56.0 | 121 
1260N\ 310 64.0 11.5 20.6 48.4 | 144 
120A; 160 | 40.1 | 180 | 27.6 39.9 | 
1260Y| 712 93 0 115 33.5 76 6 
1260X| 640 | 903 | 180 | 35.5 70.8 | 
1260W; 42.0 | 60.3 19.5 43.8 69.7 
TaBLe X V.—1234. Carbon, 0.32 per Cent. ; 
Vanadium, 0.20 per Cent. 
1234 38.0 66.4 | 4.5 3.6 57.2 51 
1234 N 28.8 62.8 | 17.0 32.1 54.6 142 
1234A) 16.0 37.7 28.0 44.6 42.5 
1234 Y 76.0 92.7 4.4 9.1 82.0 | 
1234X 57.0 83.4 9.5 227 66.7 | } 
1234 W' 40.0 60.9 | 17.0 35.0 65.7 


| 
point and maximum stress by merely normalising, strongly | 
emphasising the great sensitiveness of these steels to treat- | 
ment. As usual, the drastic annealing very much lowers | 
the yield-point and maximum stress, particularly the 
yield-point. 

Steel 1241 is so low in carbon that it may be looked 
upon as an iron-vanadium alloy, and after normalising, the 
very marked effect of which has already been commented 
on, quenching and tempering has little effect on the tensile | 
tests. yg 1241, in the whole series of steels and | 
treatments the treatment gives the greatest reduction | 
in area, The authors would have been glad to repeat | 
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—Heating and Cooling Curves of Stee! 1238 containing 0°40 per cent. Carbon and 0°23 per cent. 





are very interesting and instructive. Fig. 1 shows the 
remarkable condition of the steel 1241 as received, with 
its yield-point nearly twice as great as when normalised, 
and so very much greater than in even any of the quenched 
and tempered samples. Fig. 2, showing the results for 


of. 
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curves of each sample are drawn in juxtaposition, so as to 
show the relative itions of the Ac and Ar critical 
points or ranges. These curves are plotted on M. Os- 
mond’s inverse-rate method. All the information that is 
likely to be required is clearly marked on the curves 
themselves in Figs. 3, 4, and 5, so that little need be said 
of them here. It is well known that the A2 point is 
reversible in pure iron, and in carbon steels sufficiently 
low in carbon to leave the three points separately recog- 
nisable. The authors showed last May that in 2 per cent. 
chromium steels also the A2 point is reversible, and 
showed the curious feature of Ac2 existing below Acl 
owing to the unusual extent of the irreversibility of Al. 
In the recalescence curves presented in Figs. 3, 4, and 5, 
it is shown that A2 is markedly irreversible, even in 
steels containing so little as 0.16 per cent. vanadium. 
The Al, or carbon change-point, gradually increases in 
size up to 1260, containing 0.98 per cent. carbon, and has 
sensibly decreased in 1234, containing 1.32 per cent. 
carbon, showing that certainly 1234 is over the saturation 
point, and that 1263 is under saturation. The microscope 
shows that 1260 contains free cementite, and 1234 much 
more, whilst 1263 contains free ferrite, so that thesaturation 
point issomewhere between 0.71 and 0.98 per cent. carbon. 


MIcro-STRUCTURES. 


All the micro-sections were taken from the unstrained 

rt of the shoulder of the tensile test-piece, and both 
ongitudinal and transverse sections were examined. In 
every case, both treated and untreated, the longitudinal 
section showed small quantities of sulphide in the form 
of elongated globules parallel to the direction of forging, 
an at present inevitable constituent of all commercial 
steels. In no case was there any difference in structure 
between the centre and the main body of the bars. The 
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Vanadium, and of Stee! 1235 containing 0°66 per cent. Carbon and 0°29 per cent. Vanadium. 


1241 Y, but were not able to do so. The apparently | 1235 (C. 0.56), brings out this very remarkable feature 


erratic result receives some support, however, from the 
test of 1240 Y. 

Stress-Strain Diagrams.—In all except two cases the 
tensile tests were done with a Metzger extensometer 
attached. The readings were taken by students of the 
University in the eourse of their traini 
obtained 


The results | in vacuo on 


rom 1241 and 1235 under the various treatments viously described in detail. 


THERMAL ANALYSIS. 

Heating and cooling curves of each steel were taken | 
ieces 4 in. long by § in. diameter, as Ee } 
e heating and cooling 





photo-micrographs and descriptions all refer to the longi- 


: tudinal sections. 
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—Heating and Cooling Curves of 0°16 per cent. Vanadium Steels, 
with 0°09 and 0°23 per cent. ef Carbon respectively, 


SECONDS PER Mi/m 





— Heating and Cooling Curves of 0°2 per cent. Vanadium Steels, with 071, 0°98, and 1°32 per cent. 
Carbon respectively. 


In all conditions the milder steels, up to 1235, contain- 


| where the yield-point of 1235 is not only much greater | ing 0.56 per cent. of carbon, contained white bands of 
than that of 1235 N, but even of 1235 W. 


ferrite, and these white bands or stripes were not split up 
by any subsequent treatment. 


Tue Streets as Recetvep, NORMALISED, AND 
ANNEALED, 
Steels as Received.—The structures of the steels in this 
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condition very clo.,ely resemble those of ordinary carbon 
steels, but are of a much finer texture. As the carbon is 
increased the area of pearlite increases, until in 1260, 
containing 0.98 per cent. carbon, there is no free ferrite, 
but a slight proportion of free cementite is found in the 
form of imperfect cell walls. When the carbon present 
amounts to 1.3 per cent., as in 1234, the excess carbide 
in the form of free cementite is fairly large (see Fig. 12, 
page 651). The cementite, instead of forming thick cell 
walls, intermingles with the pearlite, and only very 
imperfect cell walls are formed. 
he pearlite in the whole of the steels, as received, is 
of a mixed texture, and on etching dark granular pearlite, 
crystals of very finely laminated pearlite, and light brown 
portions, not resolvable at 1000 diameters, are all found 
in the same field. The ferrite in all the milder members 
of the series is in very fine, well-developed crystals, which 
do not etch very bright owing to their pitting duri 
etching. This pitting occurs whether the section La ctched 
with picric acid or with nitric acid. Striping, or the for- 
mation of a banded structure due to forging, is found in 
all the milder sections, but is almost absent when the 
member of the series containing 0.7 per cent. carbon is 
reached. The actual ferrite crystals show no signs of 
elongation due to forging. 
' The Normalised Steels.—This series is similar to those 
as received, only the banded structure due to forging is 
almost eliminated. On the whole, this treatment has 
made the structure somewhat finer, whilst in carbon 
steels finished at the ordinary temperature the tendency 
is for normalising to increase the size of the grain. The 
pearlite is more evenly distributed and of a more regular 
size, but not so well defined as in the steels as received. 
In the supersaturated bars 1260 N and 1234 N the cell 
walls of cementite have split up, and globules of cementite 
are intermingled with the pearlite (see Fig. 13, page 651). 
The pearlite in the whole of the normalised series is of 
the same mixed texture as that found in the steels as 
received, but there is more of the brown-etching variety. 

Annealed Steels. —As in the Bessemer and the chromium 
steels the striping is most marked in the milder ones u 
to 1235, containing 0.56 per cent. carbon. Above this 
amount the banded structure is almost absent. 1240 A, 
1238 A, and 1235 A show the striping most prominently. 
In 1241 A the striping is not so marked, owing to the 
small quantity of carbide present (Fig. 8, Page 650). 

This drastic annealing causes the carbide of the pearlite 
to sezregate into free cementite, 1241 A being free from 
pearlite, and only worm-like globules and rods of cemen- 
tite are found. As the carbon is increased to 0.56 per 
cent. (1235), these rods and globules of cementite increase 
in numbers and form very coarsely-laminated pearlite (see 
Fig. 9, page 650) ; and although in some few areas there 
are still traces of the original granular pearlite, this is not 
general. 

1263 A and 1260 A show practically no signs of branded 
structure, the matrix being coarsely laminated pearlite, 
with free ferrite in the case of 1263 A, and globules of free 
cementite in 1260 A. 

234 A.—This specimen shows no pearlite, as all the 
carbide has segregated into large and small globules 
scattered throughout the ferrite without any definite forma- 
tion. Fig. 14, page 651, shows the appearance of this sec- 
tion after boiling in an alkaline solution of sodium picrate 
for 45 minutes. This method of etching blackens the 
cementite only, leaving the ferrite bright. This bar gives a 
tensile test not unlike 1238 A, which contains 0.40 per cent. 
carbon. 

QUENCHED AND TEMPERED STEELS. 

Only the milder steels show any traces of a banded 
structure due to forging ; when the 0.56 per cent. carbon 
bar is reached, all signs of a striped structure are absent. 

Tempered at 400 deg. Cent. ( Y).—The general structures of 
this series are similar to those of quenched steels. 1241 Y 
(see Fig. 15, page 651) contains a ground mass of well- 
developed allotriomorphic crystals of ferrite, containing 
areas of brown-etching emulsified pearlite. This brown. 
etching emulsified pearlite occupies a ter area of the 
field than the pearlite of the steels as received or 
normalised. As the carbon is increased the area of .the 
emulsified pearlite increases and it etches darker, until in 
1235 Y, containing 0.56 per cent. carbon, nearly the 
whole field consists of this darker-etching emulsified 
pearlite. 1234 Y contains a ground mass of cells of da k- 
etching emulsified pearlite surrounded by thin irregular 
cell walls of cementite. On examination at 1200 diameters, 
this emulsified pearlite does not resolve in any member 
of the series tempered at 400 deg. Cent. (Y), but has a 
slightly — appearance in places, On etching in 
boiling alkaline solution of sodium picrate, no structure 
visible at 1000 diameters is developed in the pearlite 
portion of any of the bars. 1260 Y and 1234 Y show a 
considerable amount of excess cementite, but only in the 
form of globules and irregular cell walls. 

Stecls Tempered at 700 deg. Cent. (W) (see Fig. 16, 
651).—In general the structures of these are similar to those 
tempered at 400 deg. Cent. In place of the unresolvable 
emulsified pearlite there is pale brown-etching emulsified 
pearlite, which at 1000diameters resolves into bright specks 
on a dark background. These bright specks are cementite; 
they become black on boiling in alkaline picrate, 

The authors have again great pleasure in recording their 
thanks to Mr. F. K. Knowles, B.Met., for giving them 
the benefit of his long experience in making v ium 
steels, and to Mr. Joseph Harrison for so accurately 
ae their test-pieces and keeping them true to mark, 
as well as for his assistance with the Brayshaw furnaces. 





German TELEGRAPHS.—The profits realised by the 
German Dutch Telegraph Company (Cologne) last ad 
Were 38,020/., as compared with 37,196/. in 1909. The 
dividend for the past year is maintained at 64 per cent. 
per annum upon the share capital (350,000/.). 





YARROW BOILER WITH SUPERHEATER. 


CONSTRUCTED BY MESSRS. YARROW AND CO., LIMITED, SCOTSTOUN, GLASGOW. 
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We: illustrate on this and the opposite page one of 
the twelve Yarrow boilers, with superheaters, con- 
structed by Messrs. Yarrow and Co., Limited, Scots- 
toun, Glasgow, for H.M.S. Yarmouth, recently 
launched by the London and Glasgow Shipbuilding 
and Engineering Company, Limited, Govan. This 
vessel belongs to the ‘‘'Town” class, and is 430 ft. 
long, 48 ft. 6 in. beam, and has a displacement tonnage 
of 5250 tons when the mean draught is 15 ft. 6in. 
Turbines of the Brown-Curtis type, as in the case of 
the Bristol,* are being constructed for the vessel, 
under sub-contract of the builders of the ship, by 
Messrs. John Brown and Co., Limited, Clydebank. 
These will develop 22,000 horse-power, to give the ship 
a speed of 24.75 knots. These turbines are to work 
with steam having a moderate degree of superheat, 
and therefore an account of the boilers, which are 
fitted with superheaters, will prove eigenen y 4 A 
general view of the boiler is given in Fig. 1, and clearly 
shows the external fittings. Figs. 2 and 3 are sec- 
tional elevations of the boiler, and Fig. 4 an enlarged 
detail of the superheater. 

The boiler is essentially of the well-known Yarrow 
type, with an upper steam-drum, from which project 
two nests of water-tubes, with a water-chamber 
at the lower extremity of each nest of tubes, the 
firegrate and combustion-chamber being between the 
two nests of water-tubes. The two rows of water- 
tubes in each nest most remote from the fire are 
partitioned off in each water-chamber from the re- 
maining rows of water-tubes. The main feed water 
is introduced into the space marked A, and flows up 
the two rows of tubes most remote from the fire on 
each side of the boiler. These rows of tubes form 
feed-heaters, and it is found that there is an increased 
economy of 5 to 7 per cent. resulting from this system 
of introducing the feed into the boiler. An addi- 
tional advantage is that any grease which may enter 
with the feed water, or any sediment, is deposited 
in tubes which are not ee to the hottest furnace 
gases, and thus the life of the tubes which are placed 
nearest the furnace, and which deteriorate first, is 
prelonged. Either oil or coal, or oil in conjunction 
with coal, may be burned. The usual undergrate 
fittings are provided for use when burning coal. 

Immediately above the outside rows of water-tubes, 
and in close proximity to the steam-drum, are placed 
the superheaters, there being two sets of superheaters 
to each boiler consisting of | pa oe tubes extendin 
from the front to the back of the boiler, and inse 
in the path of the after they have passed over 
the water-tubes. The (J-shaped superheater tubes 
are expanded into boxes, which are provided with 
doors for access to the inside of the tubes. The two 


* See ENGINEERING, vol. xc., page 465. 
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superheaters and one boiler thus form one unit for 
generating and superheating the steam; the satu- 
rated steam from the boiler passes by way of the T- 

iece B and pipes C and D to the superheater-boxes 
E and F, The steam then flows through the upper 
portion of each J-shaped superheater tube and returns 
to the front along the lower portion to the superheater- 
boxes G and H, from which the superheated steam 

asses to the underside of the main steam stop-valve J 
o way of the pipes K and L. The auxiliary steam is 
taken from a separate valve, marked M on the boiler. 

To prevent the risk of over-heating the superheater 
tubes when the main steam stop-valve J is shut and 
the fires are not dam down, there are provided 
small pipes, lettered N and O, leading from the super- 
heater side of the main steam stop-valve J to the 
boiler side of the auxiliary steam stop-valve M, so 
that, as it will usually be necessary to run some of 
the auxiliary machinery, the flow of saturated steam 
from the boiler to the auxiliary machinery will induce 
asmall current of steam to flow through the super- 
heater tubes and thus prevent the superheater tubes 
from over-heating. The arrangement adopted permits 
of easy access for cleaning the outside of all water and 
superheater tubes. 








CuingsE DevELOPMENTS.—A Chinese-Mongolian indus- 
trial company was formed in Pekin in the pen oer of 
the present year under distinguished Chinese and Mon 
golian patronage, and with a capital of 500,000 taels. 
This new concern purposes in the first instance to develop 
the means of communication in Mongolia, to advance 
agriculture, and in due course mining and other indus- 
tries. The company is understood to be intending to 
open a regular motor-car traffic between Kalgan and 
Urgha, a distance of some 650 miles, both for passengers 
and goods, as soon as the road has been put in better 
order. The motor-car is becoming very popular in China, 
and the next few years will no doubt witness a vast 
increase in the import of this vehicle. 


Tue AaRHUS AND Ranpers Exectric RalLway.— 
The scheme for an electric railway between the towns 
of Aarhus and Randers, in Jutland, about which 
negotiations have been long pending, and which was 
thought to be near its settlement, has now met with 
fresh reverses, although the English company which was 
interested in the scheme had reduced the price for 
electric current to the Aarhus municipality. The 
English company had made it a condition for working 
the railway that it should be allowed to build a new 
electric station in Aarhus, the town undertaking not to 
extend its own electric plant and to take any further 
current required from the English company. The town 
council, however, consider the price asked for current by 
the English company is too high, and the negotiations 
are at a standstill, 
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OZONE WATER-STERILISING PLANT | 


AT ST, PETERSBURG. 


At the commencement of this year the large ozone 
water-sterilising -_ which has been installed to the | 
order of the St. Petersburg Municipality, was set to | 
work. The object of the plant is, of course, to pro- | 
vide a supply of pure drinking water, and, more | 
eee to suppress the cholera epidemics which | 

ve been annual institutions for some years, and to 
stop typhus, which is always endemic. 

he water supply of St. Petersburg is provided by 
three water-works, of which only one is equipped with 
sand filtration, whilst the two others pump the ordi- 
nary Néva water direct into the municipal mains. 
The new ozone sterilising plant has been added to one 
of these two water-works (known as Penkowaja) which 
~~ A eae of the city with about 4,000,000 wedro 
(11,000, gallons) of water per day. Before the 
ozonising process, the water is subjected to clarification 
and rapid filtration, in order to remove the impurities 
in suspension resulting from the excessive pollution 
which it undergoes during the period when the ice 
breaks up. Hence the Penkowaja water-sterilising 
plant consists essentially of two principal parts: (1) 
the filtration plant and (2) the ozone sterilising plant. 

The water is pumped direct from the Neva (see 
Fig. 1) into the clarifying reservoirs, a solution of 
alum of suitable concentration being added in accord- 
ance with the well-known American system. The clari- 
fying reservoirs, of which there are eight in all, are 





shown by Fig. 2, page 658. They are connected by means 
of pipes to the rapid filters shown on the other side of 


RAPID FILTER 


Fig.1. j EEE 


the bottom of which the gas rises in a very finely- 
divided state, and hence in very intimate contact 
with the water. The latter is discharged from the 
towers over de-aerating cascades into a discharge- 


pipe, which conveys it to the pure-water reservoirs, | p 


whence it reaches the high-pressure pumps, which 
force it into the municipal mains. 

An electric power-house, comprising boilers, steam- 
engines, and three-phase generators, has been provided 
for running the complete plant. The engine - room 
has the steam sets on the right and the main switch- 
board at the back. On the left-hand side are three 
high-frequency rotary transformers, which raise the 
periodicity at which the current is generated to 500 
cycles per second, after which the current is stepped 
up, by static transformers, to a pressure of about 7000 
volts. This high frequency and pressure are necessary 
for the efficient working of the ozone battery. 

Each of the steam-engines (which are coupled direct 
to the three-phase generators) is of 150 brake horse- 
power, one set serving as a spare. In this connection 
it may be remarked that there is about 30 per cent. 
reserve of all machinery. The total output of 300 
brake horse-power is not required for the ozone 
battery alone, but serves to drive the many motors of 
the filtration plant—e.g., for working the stirring gear, 
rinsing pumps, &c. 

The Penkowaja sterilising station also affords some 
points of interest from the architectural point of view 
—the large reservoirs, clarifying and filter basins, as 
well as the columns and walls, being all constructed of 
reinforced concrete. So far as running costs are 
concerned, the experience which has been gained 
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the illustration. These are of the Howatson type, some- 
what similar tothe American Jewell filters, and the in- 
stallation includes thirty-eight of them. Their design 
is sufficiently well known not to need description, but it 
may be remarked that Howatson does not rsa the 
usual fine filter sand for his filters, but specially = 
pared flint. The speed of filtration is about 92 gallons 
per square foot per hour. The filters are cleaned in 
the usual manner, by back-rinsing with filtered water, 
the flint being stirred up simultaneously by suitable 
gear, which is seen in Fig. 3. 

The filtered water is taken direct to the sterilising 
towers through a ring-main, a small part being 
diverted into a reservoir, where it is collected for 
rinsing the filters. In contradistinction to slowly- 
percolating sand filters, the duty of the rapid filters is 
not to stop bacteria, but merely to retain the impurities 
and colouring matter in suspension in the impure 
water. 

The actual ozone plant is connected to the filtration 
plant described in the foregoing, and also consists of 
two ay, (a) the ozone battery and (b) the 
sterilising towers. The former, which is shown on the 
left of ig. 4, consists of 128 elements, whilst the 
latter, which are seen on the right of Fig. 4, comprise 
five towers, of which one is a spare. The ozone 
battery is built up of the well-known Siemens and 
Halske ozone tube elements (Wig. 5), in which the 
oxygen in the air is converted, by high-tension dis- 
charges, into ozone. The discharges, which assume the 
form of an intense blue glimmering, take place 
between cylindrical poles of aluminium and glass. The 
cuncentration of ozone (gramnies of ozone per cubic 
foot of ozonised air) is determined, to suit the method 
of working of the towers, at the comparatively —_ 
value of 0.07. Before entering the ozone battery the 
air passes through a cooling apparatus, in which it is 
brought to the degree of dryness necessary for the 
production of ozone. 

The movement of the air through the ozone battery 
and the pipes connecting it with the towers is effected 
by the so-called emulsifiers (Otto system) which are 
fitted in the towers. These emulsifiers, or water-jet 
air-pumps, suck the ozonised air out of the ozone 


battery, and eject it, mixed with the water, into 
the sterilising towers. The absorption of ozone and 
simultaneous sterilisi 


of the water is effected partly 
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up to the present shows that these amount, inclusive 
of the alum process and rapid filtration, to approxi- 
mately 0.9 to 1 kopek per 100 wedro—that is, about 
0.87d. to 0.98d. per 1000 gallons, less than half this 
cost being on account of the actual ozonising process. 
Interpreted to meet English conditions, the running 
costs for ozonising only—that is, exclusive of alum 
clarifying and rapid filtration—for plants of similar 
size, may be reckoned at about 0.33d. per 1000 gallons. 

The Penkowaja plant has fulfilled all expectations 
in regard to purifying, both from the purely scientific 
and the bacteriological points of view. The dirty Neva 
water is converted into clear, pure, and healthy drink- 
ing water; the bacteriological index of the ozonised 
water is very low—-namely, between 0 to 3 per cubic 
centimetre ; and coli bacteria, as well as the patho- 
genic germs of cholera and — are entirely absent. 

The Municipality of St. Petersburg naturally con- 
sidered the ozonising process chiefly from the bacterio- 
cidal point of view, and appointed a commission of 
well-known Russian bacteriologists and hydraulic 
he gpa to observe the working of the system and to 
make continuous tests of the results. In addition, 
this commission made very exhaustive researches on 
the Neva water, for more than a year before the 
Penkowaja works were started, with an experimental 
plant for an output of 22,000 gallons per hour, and the 
question of the general application of ozone for the 
sterilising of drinking water, particularly under such 
unfavourable conditions as obtain in St. Petersburg, 
was subjected to fundamental investigation. 

The Penkowaja plant was built to the order of the 
Municipality by the Russian Siemens and Halske Com- 
pany, which has also undertaken to run the works for 
the first year. The plansand the erection were carried 
out jointly by the Siemens and Halske Company, the 
Compagnie de |’Ozone (whose emulsifier towers were 
employed), and the Felten-Guilleaume-Lahmeyerwerke 
(who supplied part of the electrical machinery). 

With the erection of the St. Petersburg ozone water- 
sterilising plant, which will be followed this year by 
two further large plants for Paris, each for 9,900,000 
gallons output per day, the ozone process has advanced 
step by step on to the field of large central drinking- 
water supplies for cities, the various stages being 
characterised by the towns of Paderborn, Wiesbaden, 
Hermannstadt, Florence, Nice, Chartres, Villefranche, 
and Chemnitz. This progress may be considered to 





have dispelled the doubts which were at first raised in 
regard to the technical and commercial value of the 

rocess, and it is anticipated that authorities control- 
ing still larger water works, and who are obliged at 
resent to use suspected surface water, will eventually 
avail themselves of this method of purification. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
| gers market was fairly active and prices were steady. 

he dealings amounted to 10,000 tons of Cleveland 
warrants at 46s. cash, 46s. 1d. and 46s. 04d. eleven days, 
46s. 0}d. thirteen days, 46s. 3d. and 46s. 24d. one month, 
and 46s. 8d. three months, and closing sellers quoted 46s. 
cash, 46s. 3d. one month, and 46s. 84d. three months. The 
tone was just a shade easier in the afternoon, when 2000 
tons of Cleveland warrants were done at 46s. 2d. one 
month, and 46s. 8d. three months. The quotations 
at the close were 45s. 114d. cash, 46s. 24d. one month, 
and 46s. 84d. three months sellers. On Friday morn- 
ing the market was weak and prices fell away. The 
business included 6000 tons of Cleveland warrants at from 
45s. 104d. to 45s. 9d. cash, 45s. 104d. seven days, 46s. 04d. 
and 46s. one month, and 46s. 6d. three months, and sellers’ 
closing prices were 45s. 94d. cash, 46s. 04d. one month, 
and 46s. 6d. three months. One lot of hematite changed 
hands at 62s. 1d. one month. Weakness again prevailed 
in the afternoon, and 3000 tons of Cleveland warrants were 
dealt in at from 46s. to 45s. 104d. one month, and from 
46s. 54d. to 46s. 5d. three months. Closing sellers quoted 
45s. 84d. cash, 45s. 11d. one month, and 46s. 54d. three 
months. Hematite wasquoted 62s. buyersthree months. On 
Monday morning the opening tone was weak, but Cleve- 
land warrants closed stronger. The dealings consisted 
of 4000 tons at 45s. 74d. cash, and 46s. 64d. three months, 
with sellers over at = cash, 46s. 04d. one month, and 
46s. 64d. three months. In the afternoon the tendency 
of Cleveland warrants was to rise, but the market was 
very quiet, and only one lot changed hands at 46s. twenty- 
four days. Closing prices were 45s. 10d. cash, 46s. 1d. one 
month, and 46s. 7d. three months sellers. On Tuesday 
morning Cleveland warrants were steady, and 3500 tons 
were done at 45s. 94d. cash, and 46s. and 46s. 04d. one 
month, and at the close sellers quoted 45s. 10d. cash, 46s. 1d. 
one month, and 46s. 64d. three months. Hematite was 
unchanged at 62s. three months buyers. In the afternoon 
a stronger tone prevailed, and 3000 tons of Cleveland 
warrants changed hands at 45s. 104d. cash and 46s. 7d 
three months, and the day closed with sellers quoting 
45s. 11d. cash, 46s. 14d. one month, and 46s. 74d. three 
months. When the market opened to-day (Wednesday) 
the tone was strong, and a good business of 10,000 tons of 
Cleveland warrants was put through at from 46s. 1d. to 
46s. 3d. cash, from 46s. 4d. to 46s. 64d. to 46s. 6d. one month, 
and from 46s, 9d. to 46s. 10d. three months. At the close 
sellers quoted 46s. 34d. cash, 46s, 64d. one month, and 47s. 
three months. In the afternoon the strength of the morning 
was not maintained, and prices fell away 2d. Cleveland 
warrants changed hands at from 46s. 3d. to 46s. 1d. cash, 
and from 46s. 114d. to 46s. 10d. three months, and closing 
sellers quoted 46s. 14d. cash, 46s. 44d. one month, and 
46s. 10d. three months. The following are the market 
quotations for makers’ (No. 1) iron :—Clyde and Calder, 
59s. 6d. ; Gartsherrie, 60s. ; Summerlee, 62s. ; Langloan, 
64s. ; and Coltness, 82s. (all shipped at Glasgow) ; Glen- 
garnock (at Ardrossan), 62s. 6d.; Shotts (at Leith), 
60s. 6d. ; and Carron (at Grangemouth), 62s. 


Sulphate of Ammonia. — The sulphate of ammonia 
market is again easier, and the price is about 13/. 3s. 9d. 
per ton for prompt delivery, Glasgow or Leith. The 
ee from Leith Harbour last week only amounted 
to 28 tons. 


Scotch Steel Trade.—The state of the Scotch steel trade 
is practically unchanged this week, and the demand for 
heavy material has not improved. Specifications are still 
scarce, with the result that some of the rolling plant is not 
fully employed, and little new business is being fixed up. 
Angles, joists, and boiler-plates are each in rather better 
demand, the latter for export as well as for the home 
market. Black and galvanised sheets are both the subject 
of an improved inquiry for shipment, and Australia, 
India, and South Africa are each inquiring for a goodly 
quantity of structural material, but the prices offering are 
stil] far from tempting. 


Malleable-Iron Trade.—The condition of things in the 
malleable-iron trade in the West of Scotland is still with- 
out change, and the works generally are running only 
intermittently. Large quantities of material are coming 
in from the Continent, and local makers of crown bars 
are willing sellers at 62. per ton, less 5 per cent. ow- 
ever, even at that figure there is little business being 
done, and buyers’ actual requirements are regulating the 
yr The position of affairs was discussed this week, 

ut nothing was arranged. 


Scotch Pig-Iron Trade.—The demand for Scotch pig 
iron has sensibly improved during the past few days, and 
a fair amount of business has been put through. Some 
large quantities are wanted for export, but home buyers 
are also in the market, while the inquiries from the Con- 
tinent for No. 1 quality amount to a fair tonnage. Prices 
are hardening up, rome | Messrs. William Baird and Co., 
Limited, have raised their prices for both No. 1 and No. 5 
Gartsherrie iron by 1s. per ton. The hematite position 
is still very weak, and buyers can hardly be found. It is 
doubtful if makers can at present command 66s. per ton 
for prompt lots. 


Scotch Imports of Iron and Steel.—The following are 





the total amounts of certain manufactured and semi- 
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manufactured iron and steel products imported at Scotch 
ports during the past month. 








From the y ; 
Continent. From U.S.A. 
Tons. Value. Tons. Value. 
£ £ 
Iron barsandangles_... - Len 7,828 
Steel bars, angles, andshapes.. 2,075 13,032 
Iron and steel hoops and strips 136 1,091 366 08=— 4,568 
Iron and steel plates and sheets 1,542 11,515 189 1,342 
5,004 33,466 555 5,910 


Among other smaller lots may be noted some ten lots of 
iron material from Canada, valued at 140/. The total 
import for the month of April was 7569 tons, valued at 
39,6051 , as against 8731 tons, valued at 56,432/., for March 
of this year. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Parkgate Iron and Steel Company.—After a fairly 
successful year the Parkgate Iron and Steel Company 
find themselves with an increased profit of 10,000/., with 
which the directors have decided to open a reserve fund. 
This satisfactory augmentation of profits shows the 
improving trade conditions of the past year, but it must 
also be remembered that the capacity of the works has 
been largely increased, enabling the company to increase 
their output by 20,500 tons. The make of ingots last 
year was the largest in the histery of the company. The 
company’s gross profit for the year is 56,508/., and the 
dividend has been retained at the same figure as the 
previous year. 


South Yorkshire Coal Trade.—At the present moment 
the hard-coal market is in a pretty good position. On 
shipment account there is a very lively inquiry, particu- 
larly for best grades. Since this is expected to continue, 
the holidays making very little difference to the demand, 
prices will probably rise. At present they are steady, 
and collieries have practically no stocks. Gas-fuels are 
also going away pretty well for shipment, but the home 
demand is at a very low figure. Slacks show a tendency 
to advance in price. Trade in house has been very 
quiet. Until quite recently it had kept up remarkably 
for the time of the year, but now there is a distinct falling 
off. Many of the pits are working short time, and in 
spite of this find themselves with rapidly accumulating 
stocks. Business at dépéts has been practically of summer 
dimensions, and the merchants are expecting concessions 
on renewals of contracts. Latest "Change quotations are: 


—Best branch hand-picked, 13s. 6d: to 14s.; Barnsley |i 


best Silkstone, lls. 6d. to 12s. 6d.; Silkstones, 9s. to 
10s. 6d.; pet gene house, 8s. to 9s.; large nuts, 8s. to 
9s. 3d.; small nuts, 6s. to 7s.; Derbyshire brights, 
10s. 6d. to 11s. 6d.; Yorkshire hards, 8s. 3d. to 9s. 6d.; 
_ ee hards, 8s. to 9s.; washed nuts, 7s. 9d. to 
8s 9d.; rough slacks, 5s. 3d. to 7s. ; seconds, 3s, 6d. to 
4s. 9d. ; smalls, 1s. to 2s, 3d. 


Iron and Steel.—The iron market may almost be said to 
be in a state of suspended animation. But for a few 
deliveries of hematite locally, due to exceptional circum- 
stances, transactions are of negligible quantity. There 
have been price reductions all round, but the opinion is 
strongly held in some quarters that the present figures 
indicate rock bottom, especially as regards hematite, 
makers of which, it is stated, would not find it pay to 
produce for anything less. Ruling quotations for district- 
delivered quantities are:—Hematites, West Coast, 77s. 
to 79s.; East Coast, 70s. to 71s.; Lincolnshire No. 3 
foundry, 50s. 6d.; forge, 49s. 6d.; Derbyshire No. 3 
foundry, 51s.; forge, 49s. Scrap remains depressed, and 
some fairly heavy stocks are held. The position in 
the steel trades is still one which it is difficult to 
gauge. In certain directions demands have undoubtedly 
fallen off, yet in some departments, more particularly 
those concerned with the export trade, there are con- 
siderable increases in business. It is stated that Ger- 
many is taking twice as much steel as a year ago, 
and that exports to Japan have increased by 100 per 
cent. A less satisfactory feature is the continued decline 
in American trade, and now a slight decrease in Canada ; 
but, on the other had, the general Colonial trade is 
steadily progressing. The activity of the railway com- 
pa has a welcome stimulating effect. Forges are 
airly well occupied, but the decrease in orders since the 
beginning of the year is very noticeable. The demands 
upon the lighter trades remain without much change, 
and makers of tools of all kinds find plenty of work. 








Tuk Royat AvtTomosite. CLus.—In an address deli- 
vered to the Royal Automobile Club last week, Mr. W 
W orby Beaumont gave an account of the activities of the 
Club since its formation in 1897. He gave some details 
of the various early competitions that were held under its 
auspices, and dealt with the various education campaigns 
which had to be undértaken in its early years, owing to the 
opposition which+he whole development of automobili 
met with. Mr; Beaumont thought that much good had 
resulted from the different trials instituted by the Club, and 
that the developments of to-day owed much to them. Deal- 
ing with the question of petrol-engine rating, he suggested 
that, although the existing RAG. formula now required 
modification, jt should not be lost sight of that what was 
required was an expression that would give a reasonably 
approximate hotse-power for catalogue or exhibition pur- 
poses. He thought this point of view had not altogether 
een kept in view in recent activity in connection with 
this matter. He suggested as a revised formula the simple 


rs 
0 for the horse-power per cylinder. 


expression 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippLesBRouGcH, Wednesday. 

The Cleveland Iron Trade.—There is a rather better 
feeling in the pig-iron trade, and more disposition to 
operate is shown. These changes for the better are 
attributed to the slightly better reports from the United 
States, and the rather heavy transactions in warrants 
recorded this month. Reduced output of pig iron has 
also assisted to strengthen the situation for the time 
being, though it must be admitted that curtailment of 
make is an indication of the falling-off of trade. Furnaces 
on both Cleveland and hematite iron are being put out 
of operation, and yet the statistical situation does not 
show any great improvement. Certainly less Cleveland 
iron is going into the public stores, but at this season 
of the year stocks all round should be falling. No. 3 
g.m.b. Cleveland pig was sold rather freely early in the 
week at 46s. for early f.o.b. delivery, but the general 
market quotation is now 46s. 3d. No. 1 is 49s. 9d.; No. 4 
foundry and No. 4 forge, each 45s. 9d.; and mottled and 
white iron, each 45s. 3d.—all for early delivery, and 
foundry and forge iron are reported to be very scarce. 
Better inquiries for East Coast hematite pig are reported, 
and at least one substantial sale is understood to have 
been made. It is understood that some second hands are 
prepared to dispose of mixed numbers at 61s. 9d. for early 
delivery, but as a rule 62s. is named. No. 1 hematite is 

uoted at 62s. 3d. to 62s. 6d. Foreign ore is inactive. 

ominally market ratesare based on 21s. ex-ship Tees for 
Rubio of 50 per cent. quality, but sellers would quickly 
name less if by doing so they saw reason to believe that 
business would follow. This week a cargo of ore has 
been offered at below the foregoing quotation, but with- 
out tempting a buyer. Coke is very plentiful and weak. 
Average blast-furnace qualities are on sale at 14s. 6d. 
delivered here, and consumers consider that too high a 

Iron.—Stocks of 


figure. 

Stocks and ie em of Pt pig iron 
are now accumulating only slowly, and with the a Ane 
output the additions should cease altogether. So far this 
month Cleveland pig has been sent into the warrant 
stores at the rate of less than 200 tons per working day. 
Shipments of pig iron to date this month average 4554 
tons per working day, as compared with a daily average 
of 5079 tons to the same date last month, and an average 
of 3393 tons ~ working day during the corresponding 
part of May last year. 


Manufactured Iron and Steel.—Orders for manufactured 
iron and steel are very scarce, and in some departments 
there is a slackness and insufficient work to justify manu- 
facturers running full time, but other branches are still 
kept busily employed on contracts made some time ago. 

me producers are inclined to take a more cheerful view 
of the outlook, but, on the whole, prospects are not 
encouraging. Quotations are not quotably changed, but 
for some descriptions orders would be accepted at a little 
below the recognised market rates. Common iron bars 
are 7/.; best bars, 7/. 7s. 6d.; best best bars, 7/. 15s.; packing 
iron, 5/. 15s.; iron ship-plates, 6/. 12s. 6d.; iron ship-angles, 
7l.; iron ship-rivets, 7/. 5s.; iron girder-plates, 6/. 17s. 6d. ; 
iron boiler-plates, 7/. 7s. 6d.; steel bars, 6/. 5s.; steel ship- 
plates, 6/. 15s.; steel ship-angles, 6/. 7s. 6d.; steel boiler- 
plates, 7/. 10s.; steel strip, 6/. 10s.; steel hoops, 6/. 12s. 6d. ; 
steel joists, 6/. 7s. 6d.—all less the customary 24 ar cent. 
discount. Cast-iron railway-chairs are 3/. 12s. 6d.; light 
iron rails, 61. 10s.; heavy steel rails, 5/. 12s. 6d.; and steel 
railway sleepers, 6/. 10s.—all net at works. [ron and steel 
ae corrugated sheets are offered at 8/. 15s. f.o.b.— 

ess the usual 4 per cent. discount. 





Minrne MacuHinery.—Theexports of mining machinery 
from the United Kingdom have, so far, been fairly good 
this year, their value amounting, to April 30, to 341,177/., 
as compared with 434,129/. in the corresponding 
1910, and 248,795/. in the corresponding period of 1909. 





LocoMOTIVES OF THE EasTgeRN RaItwWay OF FRANCE.— 
A copy of the Locomotive Magazine souvenir relating to 
the Eastern Railway of France has lately come to hand. 
This is published by the Locomotive Publishing Company, 
Limited, 3, Amen Corner, Paternoster-row, E.C., at the 
price of 1s. net, and contains half-tone illustrations of 
twelve modern and historical locomotives of this Fren 
railway. The examples chosen range from Crampton 
engines to modern Mallet compounds, and typical 
examples of locomotive and goods engines are given. The 
chief particulars of the engines are also given. 





Licutnine Stroke.—A remarkable case of lightning 
stroke was recently observed in a pine forest near tock, 
in Mecklenburg. A pine tree, 26 m. in height, 10 m. 
higher than the trees near it, was struck. The discharge 
had first passed in a spiral several centimetres in width 
round the tree, then entered the interior, apparently 
through a crack, already in existence, about 15 m. above 

und, and split the trunk in three parts. The crack had 
oon widened to a hole 8 cm. in diameter; there was 
little charring inside, but one quarter was completely 
torn off from the trunk, and found near it; another 
quarter was split off, but remained in position, and about 
half remained intact apart from a radial fissure. The 
split-off portion weighed more than 1 ton, and the ob- 
server, g° Rinkel, and Professor Leonhard Weber, of 


Kiel, agree, in the Electrotechnische Zeitschrift of April 6, 


riod of | bee 





that the splitting must directly be due to electric repul- 
sion, and not to a generation of steam. Neither the! 
neighbouring pines nor an ant-hill at the foot of the tree | 
had suffered. 





NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has ruled quiet, both 
buyers and sellers showing little disposition to enter 
into fresh transactions for the moment. Buyers are 
hoping for a settlement of labour troubles, as they 
consider that such a settlement would have an immediate 
effect upon the market, even if the output remained 
restricted. Colliery-owners, on the other hand, declare 
that their order-books are full well into June. The best 
large steam-coal has made 17s. 9d. to 18s. per ton; 
secondary qualities have ranged between 16s. and 17s. 3d.; 
best bunker smalls between 10s. 6d. and 10s. 9d.; and cargo 
smalls between 9s. and 9s. 6d. per ton. The house-coal 
trade has shown little change ; the best ordinary qualities 
have brought 14s. 6d. to 16s. 6d. per ton ; No. 3 Rhondda 
large, 17s. to 17s. 6d.; and sm 10s, 6d. to 10s, 9d. 

r ton. No. 2 Rhondda large has been quoted at 
2s, 6d. to 13s., and smalls at 8s. to 8s. 6d. per ton. 
Foundry coke has made 18s. to 20s. 6d.; and furnace 
ditto, 16s. to 17s. per ton. As regards iron ore, Rubio 
has realised 19s. 6d. to 20s. 6d. per ton, upon a basis of 50 
per cent. of iron, and charges, including freight, insur- 
ance, &c., to Cardiff or Newport. 


The ‘‘ King George V.”—The King George V. is ex- 
pected to be launched at Portsmouth in September. 
Rapid progress has been made with the ship of late, 
heavy castings having been built into her, including the 
stem and stern-posts and shafting-brackets. 


Keyham.—The cost of Keyham dockyard extension 
was originally estimated at 4,240,000/.; the actual cost, 
however, was 4,233,000/, 


Fishguard.—The inauguration of Fishguard as a port 
of call on the homeward trips of vessels mqegnd in the 
Cunard Company’s Boston service has just taken place. 
The Franconia, on the completion of her waiden voyage 
to and from Boston, initiated this further extension of the 
Cunard Company’s patronage of the Welsh port. 


Dowlais.—Both the Goat Mill and the Big Mill have 
been well employed. The Goat Mill has been engaged 
upon heavy section steel rails, tin-plate Lars, &c. ‘The 
Big Mill has been occupied with light section rails, curves, 
angles, &c. The collieries have been well employed. 


Devonport.—The expenditure proposed to be made upon 
Devonport Dockyard during the current financial year 
includes the following :—New smithery, north yard, 
6100/. ; docking facilities (destroyers), 19,400/. ; storage 
for heavy guns, 1100/.; detention quarters, 18,000/. ; 
turbine repair-shop, 5000/. ; surgery, north yard, 10004. ; 
Bull Point (alterations), 1000/. 

New Sheet Milis.—The Wellfield Galvanising Company, 
Llanelly, has decided to proceed with the erection of new 
works near Nevill’s dock. Four modern sheet mills are 
to be erected at a cost of 30,0007. 


More Welsh Coal.—In April, 1910, the Bedwas Navi- 
gation Colliery Company, Limited, commenced sinking 
two shafts on a hill above Bedwas, and on Thursday a 
seam of steam coal, 4 ft. 6 in. thick, was discovered, after 
both shafts had reached a depth of 527 yards. Operations 
are being continued in anticipation of a lower and richer 
seam being struck. 

Gl ter Navigation.—The directors of the Sharpness 
New Docks and Gloucester and Birmingham Navigation 
Company, in their report for the half-year ending 
March 25, state that the tonnage receipts show a decrease 
of 1506/. as compared with the corresponding period of 
1909-10. Grain — show an increase of 1967 tons ; 
timber imports, a decrease of 12,171 tons ; and sundries, 
a decrease of 2975 tons. The balance of revenue is 4849/., 
and the directors recommend the payment of a half- 
year’s dividend on the A preference stock, carrying for- 
ward 21111. A 50-tun weighbridge and a 30-ton travelling- 
crane have been erected at Sharpness, as well as an 
additional timber-storage shed. Another shed has also 
m enlarged. The directors have granted the Cardiff 
Channel Dry Docks Company a new and extended lease 
of Sharpness Graving Dock upon satisfactory terms. 








Rapium In Swepen.—The manufacture of radium at 
Islinge, in Lidingé, near Stockholm, will not be continued, 
as the result does not come up to the expectations, owip 


ch | to the less satisfactory working of the methods adopted. 


It is, however, possible that the inanufacture may be 
resumed, but this depends upon the outcome of experi- 
ments now going on. 





Evecrr!cauiy-Driven L60ms.—The new shed recently 
built by Messrs. Edward Hibbert and Co., Greencroft 
Mill, is being driven by motors. The electric equipment 
has been supplied by the British Westinghouse Electric 
and Manufacturing Company, Limited. The looms are 
running much quicker and steadier than they did under 
the ordinary system, and the operatives, according to the 
Factory Times, are well satisfied with the alteration. 
The motors are so arranged as to use a short belt, and the 
drive ensures smoothness of running and prevents slips. 





Tue Martin Proomss in GERMANY.—According to 
statistics compiled by the Verein Deutscher Kisen- und 
Stahl-Industrieller, the production of basic Martin steel 
increased by 29.3 per cent. in the year 1910 over that of 
the year 1909, while the ed of Thomas steel 
increased by 6.8 per cent. Including the acid steel, about 
8.2 million tons have been made in converters and 5.1 
million tons in Martin furnaces. The mild-steel produc- 
tion came up to a total of 13.7 million tons. The output 
of electric steel furnaces was doubled last year, rising 


from 17,801 tons to 36,188 tons in 1910, 
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PLATE XXXVIII. 


PERHEATER, FOR THE DUTCH STATE RAILWAYS OF JAVA. 
E pdporiv. UND MASCHINENFABRIK, WINTERTHUR, SWITZERLAND. 


see Page 667.) 
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NOTICES OF MEETINGS. 


Tue Farapay Socirty.—Tuesday, May 23, at 8 p.m., at the 


Institution of Electrical Engineers, Victoria Embankment, W.C. 
(near Waterloo Bridge), a general discussion on ‘“ High Tempera- 
tures” will take place. Dr. R. T. Glazebrook, F.R.S., will preside, 
and the discussion will be preceded by the reading of the follow- 
ing papers :—‘‘ Recent Advances in Gas Thermometry,” 4 Mr. 
Arthur L. Day, Ph.D., Director of the Carnegie Institute, 
peer me ; “The High Temperature Equipment at the National 
Physical Laboratory,” by Mr. J. A. Harker, D.Sc., F.R.S. ; ‘* The 
Boiling Points of Metals,” by Mr. H. C. Greenwood, M.Sc, ; “ The 
Behaviour of Silica at High Temperatures,” by Mr. A. Blackie, 
B.A. Communications will be read from Professor Bodenstein 
(Hanover), on ‘“‘ The Maintenance of Constant High Temperatures,” 
and from M. Féry (Paris) on “ Stellar Pyrometry.” 

Tus PuysicaL Society or Lonpox.—Friday, May 26, at 3 o’clock, 
there will be a visit tu the National Physical Laboratory, Bushy 
House, Teddington. 

Tae Roya. Instrrvtion oF Great Brirain.—Friday, May 26, 
at9p.m. “The Greek Chorus as an Art Form,” by Professor 
Gilbert Murray, M.A , LL.D., D.Lit., F.B.A. Afternoon lectures 
next week at 3o’clock:—On Tuesday, May 23. ‘The Brain 
and the Hand,” by Professor Frederick W. Mott, M.D., F.R.8., 
F.R.©.P., Fullerian Professor of Physiology, R.I. (Lecture II.) 
On Thursday, May 25. ‘Air and the Flying-Machine : (2) Con- 
ditions of Safety for Floaters and Fliers,” by Mr. William Napier 
Shaw, M.A., LL.D., Sc.D., F.R.S., M.R.L., Director of the Meteoro- 
logical Office. On Saturday, May 27. ‘‘ Phases of Bird Life : 
(2) Migration,” by Mr. W. P. Pycraft, F.Z.8. 
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FRIDAY, MAY 19, 1911. 


THE NAVAL OFFICER OF THE 
FUTURE. 

Tuts week fifty-four midshipmen, constituting the 
first group of entrants under the new system of 
training for naval officers, are being examined at 
Portsmouth, to establish their fitness for ing 
into the Service first as sub-lieutenants, and after two 
years’ further training as lieutenants. The occasion 
is historically interesting, and is also of great im- 
portance, as it affords an opportunity of once more 
determining whether the new system will ensure a 
supply of officers to take up such specialised work as 
steam engineering, gunnery, torpedo, and electrical 
work. Ananalysis of the situation, too, is opportune 
at this stage, as it is possible now so to modify the 
original programme as to the remaining proportion 
of the training to be devoted to special practical work 
as to rectify any error which may have been made in 
the course so far pursued. We think a fair case 
can be made out for such an amendment, and that 
a review of the situation will demonstrate the neces- 
sity that sub-lieutenants, who are to take up the 
duties of the steam-engineering officers, should at 
once pass into that branch, and concentrate their 
study upon practical training in the construction 
and repair of machinery and boilers. 

Before stating the case in favour of such earlier 
specialisation than was originally intended, it may 
be well to glance at the underlying motive and 
principle of the new scheme, and to inquire how the 
idea has been worked out in the case of the fifty- 
four youths who have now reached the transitional 
stage. The principle of common entry, on which 
the new system is , has much to commend it. 
Although indefensible, a spirit of caste has crept 
into the Service—a social distinction has been drawn 
between the military and the engineering branch. 
While there has been no failure mutually to recognise 
unity of purpose, professional worth, and personal 
character in the case of the officers of any depart- 
ment of the service, yet the irrefutable claims of 
the engineering officers to equality of rank and 
status with their confréres have been denied by 
military officers with such unreasonable pertinacity 
as to justify the belief that the opposition is inspired 
by the spirit of caste. 

Tired with their efforts to break down this wide- 


ge spread feeling, those in authority resorted to the 


establishment of the new scheme of entry, in the ex- 
pectation that time would rectify the error. There 
can be little doubt about this being the dominant 
motive in those who introduced the present system, 


” | and in itself it is to be commended. But there was 


at the same time the greater reason for doing justice 
to the present engineering officers of the Service, 
and until this is done the action must be regarded 
ly successful. 

But the main consideration is as to the principle 
and prospective efficiency of the new scheme. It 
will conceded that as a theoretical knowledge 
of physics, chemistry, and applied mechanics, now 
constitutes a great part of the training, the officer 
of the future, irrespective of the branch of the 
Service in which he is ultimately to be placed, will 
prove more resourceful. The function of a sound 
education is to create a hunger for practical 








knowledge, to develop the mind in order to assimi- 
late that knowl , and to cultivate the ability of 
applying knowledge to useful work. We can 
conceive of no better medium for achieving these 
desiderata than the tackling of engineering pro- 
blems, and consequently the authorities will be 
commended in direct proportion to the extent to 
which engineering has been made the basis of the 
general training of the midshipmen who are now 
about, to pass into the Service. They have already 
laid a. common foundation of knowledge, and from 
this will flow the advantage that in action one 
officer of a given rank may more easily replace his 
colleague hors de combat. It must not be forgotten, 
however, that the principal function of the warship 
is to win actions, and although the machinery, and 
particularly the boilers, under modern conditions, 
constitute a vital factor in the fulfilment of this 
aim, each branch—navigation, gunnery, torpedo, 
electrical and steam engineering—plays its impor- 
tant part, and needs to be in the hands of men 
having the highest expert knowledge and skill. 
The efticiency of any department must not be 
attained at the cost of the others. 

But when these arguments in favour of common 
entry and training have been acknowledged, there 
remains the important question as to the period at 
which specialisation should take place in the case 
of officers who are destined to serve in one or other 
of the special branches. Upon this question the 
whole success of the new scheme, and its effect on 
the efficiency of warship management, absolutely 
depends. 

n the recent past the torpedo and gunnery work 
has been passed over to the peilitery officers, ba in 
their case a special training in the Excellent has 
followed apes their usual general education. How- 
ever satisfactory from the point of view of the 
management of torpedoes and guns, these courses 
were usually deficient in the extent to which 
p mec naga knowledge was imparted, notably in 
physics and applied mechanics. There is, therefore, 
every reason to believe that the study of engineering 
will ensure a higher efficiency in the case of those who 
specialise in gunnery and torpedo work, ticu- 
larly if, as is certain, the sub-lieutenants who elect 
to enter these departments of the Service are called 
upon to add to the practical knowledge already 
obtained a special course in the gunnery or the 
to o school, 

n the case of the engineering officers there is 
not the same certainty of improved efficiency. 
Keyham College proved an admirable school for 
the training of the engineering student, and the 
four or five years served there, while it may not 
have given the same extent of sea-time as under 
the new system, certainly produced an engineer 
with an intimate knowledge of the mechanism 
which, when in service, he was called upon to 
maintain in the highest efficiency. The youth on 
leaving Keyham had undoubtedly that hunger for 
practical knowledge and that acquaintance with 
machinery which may be taken as a proof of sound 
mechanical training. Nor, so far, is there much to 
cavil at in connection with the new midshipmen. 
The fifty-four who are now undergoing their 
examination are between twenty and twenty-one 
years of age, and began their training in Sept- 
ember, 1903. They spent two years at Osborne 
College and two years at Dartmouth College, going 
afloat then for six months in the cruiser Cumber- 
land, and subsequently they were appointed to 
vessels of various types in commission. While 
at sea they had to continue their studies under the 
direction of specialists on board, and it was pro- 
vided that one-third of their time should be devoted 
to engineering. We know from several of the 
engineering officers who had these midshipmen 
under their charge that their attitude towards their 
work was satisfactory. They were required to 
perform the same functions as the youths who 
underwent training at Keyham under the old 
system, and had experience of watch-keeping. 

e opinion, however, which we have heard on 
all sides is that none of the midshipmen liked 
the engineering work, and this fact is somewhat 
significant in view of the hope that a sufficient 
number of these midshipmen will volunteer 
as entrants in the engineering branch of the 
Service to make up the necessary additions 
to the personnel. e work in the engine- 
room is not always agreeable, and does not afford 
the same opportunities for social enjoyment as 
is the case with the military work. Nor is the 
income as great when special allowances are taken 
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into account. Under the present system, however, 
even the fifty-four men who are sitting for their 
examination are not called upon to volunteer for 
any branch until two years hence, so that it is not 
necessary now to consider to what extent the failure 
of volunteering will necessitate compulsory selection 
for each woe 

It is opportune, however, to inquire whether 
emendation is desirable on the course ori | 
a for the training of these officers. It wi 

conceded that as the midshipmen enter upon 
their service, under the new system, at seventeen 
years of age, instead of twenty years of age, as 
with the Keyham students, there is a gain ; but 
against this thee is the fact that only one-third of 
the time afloat between 17 and 20 years of age under 
the new system is devoted to engineering. Even 
then their service is without much _ responsi- 
bility, and probably, also, without a clear under- 
standing as to the why and wherefore of many 
things which puzzle even the most active mind. 


Moreover, the lack of continuity is not conducive | p 


to concentration. It would therefore be well for 
those in authority seriously to consider whether 
the midshipmen who are successful in this week’s 
written tests and next week’s oral examinationshould 
not be called upon to specialise at once, in order that 
they may, before their minds and characters have 
mor the plastic age, come into continuous and 

irect contact with the work they will ultimately 
be responsible for. The period between the ages of 
20 and 22 years is of the highest importance in the 
development of resource, and there is little need 
to enforce the view that then concentration is of 
vital importance. Our opinion is that a great = 
of these two years should be spent at Keyham 
College and factory, in order that a fuller and 
more intimate experience should be acquired as to 
mechanical engineering generally. teleal, we are 
satisfied that if this amendment were made to the 
scheme, a large part of the wide-spread doubt as to 
its general result would be dissipated. 





THE HARD AND SOFT STATES 
OF METALS. 

A GENERAL meeting of the Institute of Metals 
was held on Friday last, the 12th inst., under the 
presidency of Sir Gerard Muntz, in the lecture hall 
of the Institution of Mechanical Engineers, when 
Dr. G. T. Beilby, F.R.S., delivered the annual 
May lecture of the Institute, taking as his subject 
**The Hard and Soft States in Metals.” In open- 
ing his lecture Dr. Beilby remarked that the 
effect of cold working in hardening ductile metals, 
and of heat in annealing them, had been known to 
the earliest craftsmen. In those days there was 
little difficulty in finding an explanation of the 
phenomena, and it was believed that cold working 
merely compacted the metal, closing up its pores, 
which were re-opened again on heating by the ab- 
sorption of caloric. There was just a sufficient 
amount of truth in this explanation to make it 
acceptable at the time. Most cast metals did, in 
fact, suffer from cavities which could be closed u 
by working the metal; and even the crude appli- 
ances available in the early days made it possible 
to detect that the density of wrought was commonly 
greater than that of cast metal. e application of 
more refined methods of measuring densitiesshowed, 
however, that the density of a metal was as often 
diminished as increased by the process of cold 
working. 

The operation of polishing, he proceeded, pro- 
duced a skin over the surface of a metal, consisting 
of molecules which showed every sign of having 

through a state in which they possessed the 
properties of a liquid. This skin was much harder 
than the rest of the metal, and was more easily 
attacked by solvents. By the action of these it 
could be dissolved off in steps or stages, and it was 
possible, accordingly, to investigate the process of 
polishing analytically as well as synthetically. That 
was to say, the surface produced by polishing could 
be built up step by step, or removed in similar 
fashion. It had thus been proved, as already stated, 
that such a skin, though containing in its thickness 
several hundreds of molecules, yet possessed, or at 
one time in its formation had possessed, the proper- 
ties of a liquid. 

The process of hardening a metal by cold work- 
ing, Dr. Beilby continued, consisted essentially in 
the formation of surfaces of slip between con- 
tiguous crystals, and during this shearing process 
the surfaces of the crystals possessed temporarily 





the ase apa of a fluid. These properties were 
retained for a short time only, the layer affected 
— finally into an amorphous or vitreous state. 

e metal was then left in the condition of a kind 
of ‘‘foam aggregate,” having a cellular structure, 
each little cums being enveloped in an amorphous 
layer formed between the slip surfaces. 

The word ‘‘ amorphous” was used, he said, as 
meaning simply non-crystalline, and thus covered 
the case of colloids. The word ‘‘ vitreous,” on the 
other hand, was used to narrow down the defini- 
tion of amorphous bodies to those which, besides 
being non-crystalline, had the characteristics of 
substances such as glass and certain silicates, which, 
when cooled from the molten state, essed a@ 
glassy surface and showed none of the usual signs 
of crystallisation. The crystalline was commonly 
considered to be the normal state of a solid sub- 
stance, and the amorphous a non-normal one. He 
might point out, however, that this view was 
partly due to a recognition of the importance of the 
hase rule, which led to the idea that stability of 
form could only be investigated scientifically when 
the form was crystalline, other forms being essen- 
tially unstable. Glass, nevertheless, was non- 
crystalline, yet it was one of the most stable of all 
bodies. Yet the physical chemist would say that 
it was unstable from the physical standpoint, in 
spite of the fact that it did not commence to 
devitrify until heated nearly up to its melting point. 
Sugar, again, in vitreous form, was stable at ordi- 
nary temperatures if kept dry, and pure silica itself 
also had a very stable vitreous form. When molten, 





this thickness was large compared with the molecular 
diameter, being 500 to 1000 times this unit. 

The production of the vitreous condition by 
polishing could be shown very well in the case of 
calcite or Iceland spar, a material which could be 
readily split into thin plates, having a surface with 
a fine natural polish. If one of these faces, left 
on cleavage, was polished with a piece of chamois 
leather, it was unchanged to all appearance ; yet if 
the polished surface was then etched with a drop of 
very dilute hydrochloric acid, a shallow pit was 
produced with well developed edges ; and the bottom 
of this pit when examined microscopically showed 
that the metal had been scratched by the soft 
leather fibres moved under the pressure of one 
finger, which had left their record below rather than 
on the polished surface of the metal. Until the 
surface was etched, the polished surface, in fact, 
showed no marks, the scratches really produced 
being obliterated by the flow of the surface layer 
into them. 

What had really happened was disclosed on dis- 
solving away the surface step by step. To this end 
small drops of dilute hydrochloric acid, all of 
uniform size, were allowed to act on the polished 
surface. The weight of calcite dissolved off by the 
acid could be calculated on the assumption that the 
whole of the acid in the drop acted, and the acid 
in each drop was prepared of a different concen- 
tration. The results obtained were summarised in 
Table I., the depth etched being calculated on the 
assumption that a molecule of CaCO, had a diameter 
equal to 0.3 pp. 


TABLE I.—Errects or EtcHIne A POLISHED SURFACE OF CALCITE. 














lamelle, partly etched out | 


| Depth of Number of | Illumination by Light Inci-| Illumination with Slightly Seuie 
HOl. perCent.| Layer. | Moleculesin | dent at Angle of 30 deg. Oblique of Transmitted | * “vi ot Scratches 
Be Thickness. | with Surface. Light. isible in Field. 

| sihieds pcan ene neritic 
0.000125 | 0.62 | 2 |Distinct spicular appearance No visible structure Accidental flow-lines 
0.00025 125 | 4 Ditto Ditto Ditto 
0.0005 2.50 8 Brilliant spicula. Ditto Ditto 
0.001 5.00 16 | Same, but more granular Ditto Ditto 
0.002 10.00 32 Same ; one across flow Flow-lines faintly visible Ditto 

ines 

0.005 25.00 80 Same _—— larger Flow-lines more distinct 
0.01 50.00 160 e same Same, with granular texture Regular scratches appear 
0.02 100.00 | 320 Same ; spicular layer Scratches becoming evident Over 2 

| | _ disappearing i 
0.05 250.00 800 Spicular appearance only Disturbance confined to Over 100 

in edges of scratches | scratches 

0.10 | 600.00 1600 Ditto Some fewer scratches About 30 
0.20 | 1000.00 3200 Ditto | A few scratches, undisturbed About 5 

! 





these bodies were amorphous, and on freezing 
retained the condition. It was usual to attribute 
this retention to the viscosity of the fluid near the 
temperature of its freezing point. The molecules 
were thus very sluggish, and only capable of 
rearranging themselves over a very short-range of 
temperature. The retention of the non-crystalline 
form on solidification was fostered, if no crystalline 
nuclei were present to start with. Thus on heating 
up sugar crystals a point would be reached at which 
some of the original crystals became completely 
amorphous fluids, whilst others had still left a small 
crystalline nucleus. On cooling the sugar again, 
the clear cells would retain the amorphous form 
on solidification, whilst those with nuclei would 
crystallise. 

Water, which in its usual solid form was pre- 
eminently crystalline, could also be obtained in the 
vitreous condition. Dr. Beilby stated that when 
staying in Switzerland, he had thrown drops of 
water on to glass plates, when the temperature was 
— 17 deg. Cent. ese instantly congealed and to 
the amorphous state, although this form was un- 
stable at temperatures above — 22 deg. Cent. 

In the case of ductile materials the range of tem- 
perature over which the molecules could rearrange 
themselves was very large. With gold, for instance, 
crystallisation might set in at any temperature 
from 230 deg. Cent. up to the melting-point. This 
range of some 800 deg. Cent. was so great that no 
ordinary method of chilling was sufficiently rapid 
to stop the change from the amorphous to the 
crystalline form. Hence in such cases the vitreous 
form could only be produced as the result of 
mechanical flow, but in this way it was possible to 
obtain all metals in the vitreous state. Though 
this vitreous condition was confined to masses of 
microscopic minuteness merely, the effects were both 
real and important. From one standpoint the 
thickness of the amorphous cinimd rng tor by cold 
working, was very small—toos , in fact, for the 
film to be visible in the microscope if edge on, yet 





into rounded forms, partly 
_|__ broken and splintered 





A notable feature of the examination thus made 
was the proof that the disturbance due to polishing 
had penetrated from 500 to 1000 » » below the 
surface. This surface, Dr. Beilby went on, had 
been ploughed through and scored, the grooves left 
being flowed over, and filled in so completely that 
no sign of them appeared on the actual surface. 
For a depth of from 50 to 100 u » below the latter 
there were no signs of scratches, a layer of this 
depth ‘| as smooth as « coat of varnish or 
enamel. e edges of the deep scratches, he con- 
tinued, appeared broken and serrated under the 
microscope, having been apparently chipped by the 

e of something through the mass of the 
crystals. Above the depth of 50», the surface was, 
as stated, smooth and polished. A section through 
such a surface based on the results tabulated in 
Table I. was represented in Fig. 1, where the black 
part represented the flowed material and the vitreous 





surface. The deeper lines penetrated down amongst 
the crystals, but above this there was merely the 
smoothed flowed surface. Neveretheless, the ma- 
terial affected by the action of the polisher must 
have been flowed down to the very bottom of the 
deepest groove, these scratches being all healed 
over so completely that it was impossible, even with 
the most powerful microscope, to find any defect 
till recourse was had to an etching agent. These 
deeper scratches, Dr. Beilby said, could hardly 
have resulted from the action of the leather fibres 
per se, but rather from fragments of crystals drawn 
along by them. 

Similar phenomena, the lecturer proceeded, were 
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produced in metals of all kinds when subjected to 
cold working. This was the case even with anti- 
mony—a most brittle and typically crystalline 
metal. If a small fragment were subjected to a 
blow from a drop-hammer, it spread out into a 
thin plate. Such a thin plate usually developed 
some radial cracks some time after being struck, 
but during the instant the experiment lasted 
antimony acted like any malleable metal. Molten 
gold, again, was composed of grains, and if a little 
mass of this were flattened under a drop-hammer, 
it distorted in all directions. The grains extended 
longitudinally, and were thinned transversely, but 
retained their identity. Such primitive grains, 
produced on solidifying the metal directly from the 
molten state, were quite different, the lecturer said, 
from the structure obtained in cold-worked metal, 
or by heat treatment, which gave a granular texture, 
the crystals having then sharp outlines. When 
crystals formed from the molten state, the first step 
seemed to be the segregation of spheroids of the 
pure substance whilst still molten, a eutectic being 
thrown out. Each of these spheroids, thus result- 
ing, was isolated from its neighbours by a wall of 
the eutectic; and each, therefore, crystallised 
independently, the molecules in each individual 
being similarly oriented, and these spheriods and 
their ultimate resultants maintained their identity 
under very severe treatment. The structure of a 
metal on the point of solidification was thus cellular, 
or foam-like, and the persistence of these cells had 
effects, the technical aspect of which was still 
untouched. 

When a globule of gold was flattened, its struc- 
ture was broken up at a single blow, and a new 
system of crystallisation started from many centres 
on the break up of the few primitive grains ; 
nevertheless, after even a number of blows these 
latter still maintained their identity and showed 
traces of the outlines of the original cells. There 
was in such an experiment a great amount of flow 
throughout the whole mass, which had apparently 
been reduced to a fluid and then recrystallised. 
Hence it might be taken that a single blow on a 
small particle would reduce the latter for the 
instant to a liquid condition. The effect of such 
a blow was to introduce a rigid structure amongst 
the soft grains, and a second blow would have no 
effect unless sufficiently powerful to upset this 
rearranged structure. After the whole of the 
primitive grains had been used up in yielding to 
successive blows, the rigidity of the material fell off 
again, so that in the process of wire-drawing the 
crystalline structure was used up more and more at 
each pass, and the metal consequently lost its 
powers of self repair, and at the same time was 
reduced in density. Thus hardened and wire-drawn 
platinum had, Dr. Beilby said, a specific gravity of 
21.4136, as compared with 21.4314 for the annealed 
metal, 

In experiments made by the lecturer in 1904 and 
1905, it was found that copper wire drawn down to 
54 times its original length had its tenacity raised 
to 28.4 tons per square inch. Further drawing, so 
as to multiply its length by 1.7, gave a metal 
with a tenacity of only 27.4 tons. In other experi- 
ments he had tried to break down completely the 
crystalline form in the case of gold, silver, and 
copper, but though, in some experiments, the 
specimens were drawn down to fourteen times the 
original length, the tenacity was generally a maxi- 
mum when the drawn specimen was from three to 
four times its original length. Hard-drawn wires, 
he continued, showed no general stretch, and the 
tenacity given above was calculated on the average 
cross-section. Cooling hard-drawn wires from 15 
deg. Cent. to — 180 deg. Cent. raised the tenacity, 
in the case of gold, from 15.6 tons per sq. in. up to 
22.4-tons ; in that of silver, from 25.7 tons per 
sy. in. up to 34.4 tons, and in the case of copper 
trom 28.4 tons up to 33 tons per sq. in. All these 
drawn wires, though nearly without stretch when 
tested at 15 per cent., elongated about 12 per cent. 
before fracture when tested at —180deg. Cent. It 
appeared possible, therefore, that still harder wires 
could be produced by drawing them at the tempe- 
rature of liquid air. He had himself, he might 
add, drawn wires at —80dey. Cent. 

On etching a hard drawn wire the surface under 
the microscope appeared to be regularly grooved or 
striated longitudinally. On etching a cross-section 
of the wire the appearance developed depended on 
the depth of the etching. With deep etching the 
appearance resembled that of geological strata, 


material was only ially dissolved away, the 
appearance presented was granular. 

n a tensile test of such wires the fractured ends 
were rounded, and in some cases the surfaces 
showed the existence of capillary tubes, the result of 
cavities in the original ingot being stretched into 
minute pipes by the drawing process. This fact 
could serve as the basis of an excellent test as to 
the existence of gas cavities in the metal. 

The wire-drawing tests, to which he had referred, 
had failed in the matter of obtaining a purely amor- 
phous structure, but had shown the practical import- 
ance of a composite structure consisting of crystals 
embedded in amorphous metal. In chemistry, when 
two forms of a single element were present, it was 
usual to assume that the molecule was different in 
the two cases. As metallic molecules were mon- 
atomic, this explanation would not serve as an 
explanation of the hard and soft states, but, never- 
theless, the two forms, present in the granular 
structure, differed in density, mechanical rigidity, 
and electrical properties. Mathiessen, for instance, 
had found that hard-drawn silver wire had 8 per 
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cent. less conductivity than soft wire. In the case 
of copper the difference was 2.5 per cent., and of 
gold 1.8 per cent., and at 83 deg. Cent. it was 
further found that a junction consisting of hard and 
soft silver wires twisted together had an electro- 
motive force of 27 micro-volts. Berthelot, again, 
had measured the heat of solution in mercury of 
different forms of silver. With hard silver this was 
2.03 calories, whilst with silver heated to 550 deg. 
Cent. the corresponding figure was 0.47 more, and 
crystalline silver as much as 10 more. 

In his own experiments, Dr. Beilby said, he had 
found considerable differences in the physical pro- 
rties of wires annealed at different temperatures. 
us on heating cold-drawn gold up to 284 deg. Cent. 
there was a great change produced in its microscopic 
structure, the ‘* geological” strata being replaced by 
very perfect crystallisation. This great change, it 
should be observed, took place at a temperature 
about 800 deg. Cent. below the melting-point of the 
metal, and was completed within a range of 50 deg. 
Cent. At about 240 deg. Cent. crystalline re- 
gation began, and ceased only when the smaller 
crystals were wholly absorbed in the larger. Simi- 
larly he had found a corresponding change at the 
same temperatures in the ‘‘ mechanical stability” 
of the metal. The hard-drawn metal broke down 
without any general stretching, showing that the 
rigidity and the tenacity failed simultaneously. In 
measuring the mechanical stability the unit he had 
taken was the laad required to produce 1 per cent. 
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14.6 tons per square inch, a certain drawn wire, 
unannealed, broke with a load of 13 lb. The 


total stretch was less than 0.3 per cent. (n 
annealing the wire at various temperatures no 
alteration in the stretch was observed until an 
annealing temperature of 225 deg. was reached. 
The stretch in that case was 0.7 per cent., and the 
load carried 12.7 lb. Raising the annealing tem- 
perature to 235 deg., though the load carried was 
13 lb., there were slight signs of impaired stability, 
whilst, as shown in Fig. 2, the yield rapidly in- 
creased when the sone temperature exceeded 
275 deg. Cent. With copper, as shown on Fig. 3, 
hard-drawn wires were unaffected by annealing tem- 
peratures less than 200deg. Cent.,and then the mecha- 
nical stability fell off very rapidly. The thermo- 
electric force developed with a thermo-couple, 
consisting of a standard hardened wire twisted with 
a similar wire, annealed at various temperatures, 
was also measured, and the results for gold were 
plotted in the upper part of Fig. 2. In the case 
of copper, annealing had very little effect on the 
electromotive force developed until the temperature 
exceeded 200 deg. Cent., and, as the microscope 
showed, the change that then set in was accom- 
panied by a change in the crystallisation. 

In the case of silver, the changes produced by 
annealing in the elastic constants of the metal were 
tested by noting the alteration in the vibration 
rate of a ‘‘reed” set vibrating by means of an air 
current. By noting the ‘‘ beats” produced by 
interference with a note of known se so rate, 
the change in the elasticity of the ‘‘ reed” could be 
followed with great accuracy. All the experiments 
showed that within a range of 50 deg. Cent. great 
changes occurred on annealing a hard-drawn metal, 
and such changes must correspond to a relief of 
mechanical strain of some kind. 

In another series of experiments he had built up 
an entirely amorphous mass of precipitated gold, 
and compressed it by hydraulic power till the 
pressure on it was from 60 to 80 tons per square 
inch. Under this pressure a little of the gold 
squirted through a hole left for this purpose, 
and this also proved hard and very brittle. Its 
specific gravity, moreover, was 19.05 instead of 
19.3, and it was almost devoid of elasticity. 
Moreover, on heating the mass to 310 deg. Cent. 
there was no crystallisation produced. In a 
second experiment a fine spiral of gold wire was 
embedded in the amorphous mass before subjectir 
it to compression. In this case more gold squi 
through the hole, and this extruded metal proved 
quite soft, and on heating to 310 deg. Cent. crystal- 
lised freely. The plasticity therefore depended 
upon the presence of crystals, so that with the 
amorphous form we got strength, but a reduction 
in the ductility. 

Flow of a metal, Dr. Beilby continued, might also 
be produced internally by suitable treatment. Thus 
a bar of steel, case-hardened in sodium cyanide 
and quenched from 800 deg. Cent., showed distinct 
signs of internal flow in the interior, due to the 
contraction of the hard skin. 

Professor Huntingdon again had found that with 
copper chestuslgtieality deposited under strain on 
the Cowper-Coles system a new type of structure . 
was obtained, the metal deposit having great 
hardness and being of the amorphous type. 





THE COLLIERY AND GENERAL 
MINING EXHIBITION AT MAN- 
CHESTER. 

Or all centres at which to hold a colliery and 
mining exhibition Manchester is probably one of 
the best in the country—at any rate so far as the 
colliery element is concerned—lying as it does in a 
fairly central position with regard to the t coal- 
fields of Lancashire, Yorkshire, the Midlands, and 
Wales. Moreover, few places are better served 
with railway accommodation, rendering it easy 


of access. Under these conditions, therefore, 
the exhibition organised by the Engineering 
Review and opened by Sir Thomas Holland, 


D.Sc. F.R.S., in the City Exhibition Hall, on 
Friday last, the 12th inst., ought to attract a large 
number of people interested in the important 
industries to which it is devoted. Compared 
with similar exhibitions we have seen in London 
it is not large; it nevertheless contains many 
things worth seeing, colliery appliances occupy- 
ing the leading position, and many of the exhibitors 
being firms whose names have become familiar. 








whilst with lighter etching, with which the flowed 





of stretch. Thus, with gold having a tenacity of 





As an educational factor it should prove of value 
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to colliery managers, foremen, and overseers who 
attend it, for at its stands may be seen some of 
the latest developments in the practice of mining. 
A feature of the Exhibition will be a visit which 
is to be paid to it on May 18, 19, and 20, by the 
National Association of Colliery Managers, who 
hold their annual conference in Manchester this 
ear. 

‘ There, perhaps, never was a time when so 
much attention was called to the safety of the 
mining population, and particularly to that por- 
tion of it who spend their lives in ge ap 
for not only are the owners anxious to do all 
they can to safeguard their men, but the 
Government also keeps a careful watch on all 
appliances, whether for saving life or cheapening 
production ; and it is very gratifying that these 
efforts have conduced greatly to reduce the chances 
of accidents. An unmistakable proof of these efforts 


' 


Fig.1. 





lowered at the top of the shaft, and is accidentally 
raised instead, the winding-engine is automatically 
stopped before any damage is done. It can also 
regulate the s of winding, giving one speed 
for raising coal and another for raising men. It 
has been in existence several years, but has lately 
been improved. It is applicable to any class of 
winding-engine, whether new or at present work- 
ing, without necessitating a new brake, provided 
the present brake is efficient. The machine is 
positively driven from the winding - engine, and 
comprises two governors, which are driven by suit- 
able gearing from the crank or drag-crank shaft of 
the winding-engine. There is a worm-wheel shaft 
which makes approximately one revolution per 
winding, and carries two beaked cams, which are 
adjusted to exact required positions. As the speed 
of the engine increases, first one and then the other 





governor rises quickly, throwing out two vertical 
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Figs. 1 To 3. 


WILpE AND Perriz’s OvVERWIND AND OVERSPEED Device ; Messrs. 


Waker Bros. (Wican), Limite. 


may be seen in the great improvements that have 
been made in safety - eee rescue apparatus, 
hauling appliances, &c. ith regard to winding 
plant, which has been responsible for many serious 
accidents and much loss of life, it is the opinion 
of some mining engineers that the time is not far 
distant when the Government will make compulsory 
the use of mechanical appliances that will render 
ractically impossible accidents due to overwind- 
ing, excessive speed in winding, and winding in 
the wrong direction. Whether such interference 
is likely soon to take place or not we cannot say, 
but it is noteworthy that in the Exhibition several 
very interesting appliances are on view which have 
for their object the prevention of the risks we 
have named, They are all very ingenious, though 
they vary in the degree of simplicity with which 
= attain their object. 
ne of these machines, called the ‘‘ Visor,” is 
shown by Messrs. John Wood and Sons, Limited, 
Barley Brook Foundry and Engineering Works, 
Wigan. It will prevent ov in winding at 
any part of the shaft, and also starting in the wrong 
direction ; for instance, when the cage should be 


| arms, with hooks attached, which come in line of 


contact with the beaked cams mentioned. When 
the winding is near the end, if the engine is 
brought to rest in the usual way, the governors fall 
and the hooks are withdrawn from the line of con- 
tact ; but if, through any cause, the engine is not 
slowed at the usual point, the hooks make contact 
with the beaked cams, and lift up a sliding bar 
connected ‘to # pawl, which pawl, being released, 
disengages a heavy weight, and thereby closes the 
steam-valve and applies the brakes. Should the 
engine be started in the wrong direction, the action 
releases a draw-bar and closes the steam-valve. 
If, therefore, the engine is properly controlled, 
nothing unusual occurs; but should the engine- 
man neglect his duty, the apparatus steps in and 
does his work. In the case of very long winds, 
the motion of the beaked cams would be very slow 
if they only made one revolution during the wind, 
and the engine might run too far owing to slow 
release. In this case the cams are made to revolve 
two or three times during the wind, and the release 
of the brake-weight and the closing of the valve are 





effected more rapidly. In its most recent form the 


appliance prevents excessive speed in winding (say 
by 5 to 10 revolutions per minute) by means of a 
special arrangement of cams which releases the 
draw-bar controlling the brake and the steam-valve 
and stops the engine ; but the arrangement cannot 
very well be described without illustrations. In 
some cases the brake is applied by means of a 
weight, and in others by means of steam pressure. 
The apparatus occupies only a comparatively small 
space by the main winding-engines. There are 
as exhibited at this stand two small winches and 
a small portable air-compressor. 

Another appliance for the prevention of over- 
winding, &c., is shown at the stand of Messrs. 
Walker Brothers (Wigan), Limited, Pagefield Iron 
Works, Wigan, the device being that of Wilde and 
Petrie, which we illustrate in Figs. 1, 2, and 3, 














annexed. Its object is similar to that of the appa- 
ratus just described, but it is attained in a different 
way. The gear comprises twin-cylinders A, A, 
in which the pistons B are moved to and fro in 
a directions by square-threaded screws, as 
shown in the illustrations, and at a speed directly 
proportional to the speed of the cages, the propor- 
tion being regula to suit varying conditions. 
The nuts are rotated by the spur-wheels D in 
front of the cylinder covers, as may be seen in 
Figs. 1 and 2, the wheels in turn being actuated 
| by a shaft from a sprocket-wheel E, and a chain 
or other suitable gearing connected with the 
crank -shaft of the engine. Ball thrust bear- 
ings are fitted to the spur-wheels on each side 
to take up the end-thrust of the pistons. At the 
back end of each cylinder is a non-return valve G 
which opens inwards and has a small orifice in the 
centre, and on the piston end of each of the screws 
is fixed a taper needle valve H, which at a fixed 
point in the wind enters the orifice. The diameter 
| of the needle valve is such that it entirely closes 
| the opening as the piston approaches the end of the 
|stroke. From the bottom of the back end of each 
| of the twin cylinders, pipes are led which communi- 


| 





cate with a plunger K (see Fig. 1), which is placed 
above the twin cylinders A and connected by means 
of a trip gear, Fig. 3, with the throttle-valve 
and brakes, which are actuated by the weight 
M, Fig. 3, and the movement of the bell-crank 
P. The pipes (on which are non-return valves 
J) and the space between the: backs of the pistons 
and the connecting pipe F are entirely filled 
with oil or other suitable fluid, and at the com- 
mencement of the wind the piston B, which is 
then in a position next to the spur-wheels D, and 
not as shown in the illustration, begins to force 
oil through the orifice G (see Fig. 1), and through 
the pipe F into the other twin cylinder. As the 
velocity of the cage increases, so does that of the oil 
flowing through the valves G, and the pressure 
in the cylinder necessary to force the oil through 
the orifice consequently varies with the speed of 
the cage. The action of the apparatus on the 
winding engine may be describéd as follows :—At 
the fixed point in the wind, just when the winder 
should shut off the steam and apply the brakes, 
the needle H enters the orifice of the valve, and 
as the piston travels forward, the effective area 
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for the passage of the oil from one cylinder to 
the other diminishes, and, if the speed of the 
engine does not vary proportionally, there is a 
rise in the pressure of the oil, which causes the 
plunger to lift, and so closes the throttle and 
applies the brakes. Should the engine be started 
in the wrong direction, the needle H completely 
blocks the orifice in the valve G, and the pres- 
sure of the oil is at once raised by the slightest 
motion of the piston, and actuates the mechanism 
that controls the brakes and throttle-valve on the 
engine. The connections of the trip-gear to the 
throttle-valve are so arranged that the engine- 
man may regain control of the latter by simply 
drawing his handle-lever back to the closed posi- 
tion. ‘The steam-brake cannot, however, be re-set 
until the trip mechanism is re-set. The advantages 
claimed for this- gear are that its action is not 
dependent on centrifugal governors. The design 
is simple, and the parts are reduced as much as 
possible, the adjustment is easy, and the apparatus 
can readily be applied to any existing engine. 
Another machine of this class, which we illus- 
trate below, is exhibited by the Worsley Mesnes 
Iron Works, Limited, Wigan, and is known as 





properly checked at the right time near the end of 


the wind, the bar will, of course, be kept quite 
clear of the steel catches, and nothing unusual 
will happen. The apparatus can be arranged, if 
necessary, to bring the engines to a stand from 
overspeeding, and also to reverse the engines in 
addition. Towards the end of the wind the nut 
comes very nearly into touch with suitable trip 
arrangements; and if the engine is not stopped at 
the right place, and allows the cage to rise above the 
height allowed, the emergency gear is tripped off 
by the nut and the engines are effectually stopped 
within a few feet of the ordinary working level. 
The stoppage of the engine would also take place 
if the engine were started in the wrong direction. 
The space occupied by the appliance is roughly 
about 6 ft. in length by 1 ft. in width. An auto- 
matic brake-adjuster, which can be fitted to this 
device, is also shown at this stand. 

Messrs. Robert Daglish and Co., Limited, St. 
Helen’s, Lancashire, also exhibit a machine of this 
class, which may be seen at the stand of the Falcon 
Iron Works, Limited, Oldham, and is called by the 
makers the ‘‘Simplex,” a name which, from the 
construction of the machine, would appear to be 

















Fic. 4. MEtiine’s OVERSPEEDING AND OVERWINDING CONTROLLER ; WorsLey MESNES 
Iron Works, Limitep, WIGAN. 


Melling’s controller and over-winding gear. It has 
never been exhibited before, and is shown coupled 
up to one of Melling’s steam-brake engines. 
It is by preference made of the horizontal type, 
but may, if desired, be placed vertically. When 
made horizontal it can be placed by the side of the 
engine, or even under the floor of the engine- 
room. Itis driven from the drum-shaft or drag- 
shaft of the engine by means of chain - geared 
wheels. The appliance consists of a frame carry- 
ing a square-threaded screw, which may be seen 
towards the top of our illustration, and which is 
made long enough to give ample travel for a nut, 
which in the engraving may be seen about the 
middle of the screw. This nut, during the course 
of the wind, travels almost the whole length of 
the screw, and has on it two steel catches (one 
for each direction of winding) which engage with 
a notched bar that is controlled by a governor run- 
ning In connection with the gear. This governor is 
clearly shown in the illustration. It is so adjusted 
that the maximum working speed of winding is not 
sufficient to bring the notched bar at the top of the 
machine into contact with one or other of the steel 
catches on the screw-nut. If, however, the maximum 
speed is for any reason exceeded, the governor rises 
to its bes position, brings the bar in contact with 
the travelling nut, which operation at once closes 
the stop-valve and puts on the brake. The time 
that this operation occupies can be regulated so as 
to bring the brake on without sudden jar or strain ; 
the engines will be slowed down to the required 
speed during the wind in from three to four revolu- 
ions, and the steam may then be turned on again. 
If the engines are run at the usual speed, and are 





applicable, for it is very compact, and contains 
comparatively few working parts, and, indeed, 
simplicity is one of the chief points claimed by the 
makers. The objects nal at are, of course, 
similar to those achieved by the other machines we 
have described ; the actual details of the mechanism 
we hope to describe more fully at a later date. 
Another useful little appliance shown at this 
stand is an automatic sectional tub axle-greaser, 
which is manufactured by the Falcon Iron Works, 
Limited. Many of the oilers in use apply more grease 
than is required, and the tubs scatter it along the 
floor of the mine, causing much waste. The greaser to 
which we have alluded has been designed to obviate 
this drawback. This is accomplished by making 
the rim of the wheel which applies the grease to 
the axle, not solid, as is usual, but in sections with 
spaces between them, arranged to suit the consist- 
ency of the oil used. The oil is applied in a thin 
film at four or five points on the axle, and is spread 
by the bearing as the axle revolves. The surplus oil 
drains away down the spaces between the sections 
of the wheel rim. The wheel is carried in a cast- 
iron box, and dips into an oil supply which the box 
contains. The wheel revolves on a pin fixed to the 
end of a weighted pivoted lever, and can fall 
slightly as the axle comes upon it, returning to its 
original position when the tub has passed. At the 
stand there is also a very handy pair of 7-in. 
by 10-in. main rope hauling-engines, especial] 

designed for underground use and built for roug 

usage. The engines are fitted with one drum 
24 in. in diameter by 12 in. wide and 6 in. deep. 
It is fitted with claw-clutch and foot-brake, link 
reversing motion, and is mounted on a very deep 
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steel girder-bed. The ratio of the gearing is 4 tol. 
There is also a pair of main ro sr prada 


with drum 18 in. in diameter by 9 in. wide and 
5 in. deep, the gearing being 4 to 1, and one 
6-brake-horse-power electrically-driven haulage set, 
fitted with double reduction gearing having a ratio 
of 25 to 1. 

There is a very good show of miners’ lamps, 
among the firms who exhibit being Messrs. 
Ackroyd and Best, Limited, Morley, near Leeds ; 
Messrs. Richard Johnson, Clapham, and Morris, 
Limited, 24 and 26, Lever-street, Manchester ; 
and the Protector Lamp and Lighting Company, 
Limited, Eccles, Manchester. The tirst of these 
firms have on view a new type of electric lamp, 
which, although it may not take the place of the 
usual type of oil-lamp, on account of its extra 
cost, is, nevertheless, very interesting, and will 
probably be adopted under certain conditions. We 
illustrate it below, our engraving being a repro- 
duction from a photograph. The chief feature 
of the arrangement is that the electric bulb lamp 
is surrounded by water, which is contained in 

















Fic. 5. Hattwoon’s Exvecrric Mriner’s Lamp; 
Ackroyp & Best, Lrp., Morey, NEAR LEEDs. 


a glass cylinder, as shown, the idea being that, 
should the electric bulb be broken, the incandescent 
filament will be cooled by the surrounding water 
before an explosion can take place. The lower 
part of the lamp contains the battery, which can 
only be unlocked and disconnected from the upper 
part in the lamp-house, being fitted with Hailwood’s 
patent magnetic lock ; it cannot be opened by the 
miners themselves. The battery has an electro- 
motive force of about 2 volts, and lasts about 
12 hours, the lamp giving out during that time 
from two to three candle-power. The whole 
appliance weighs from 3 lb. to 34 lb. There is also 
on view here a Hailwood rapid lamp - testing 
machine, which is power driven ; but this we need 
not refer to in detail, as we described a similar one, 
hand-driven, on page 76 of our eighty-sixth volume. 
Messrs. Richard Johnson, Clapham, and Morris, 
Limited, among other things, show a new form of 
self-extinguishing lamp that is worth examination ; 
rotector Lamp and Lighting Company, 
Limited, have a very fine display of electrically- 
lighted lamps. 

There are other stands in the Hall to which we 
wish to allude, but we must tpone this till our 
next issue on account of lack of space. The 
Exhibition will remain open till the 27th inst. 








LOW TEMPERATURES. 

On Wednesday last, May 17, Professor Raoul 
Pictet, foreign member of the Royal Society of 
Arts, read a paperin French before that Society, 
dealing with low temperatures, their applications 
and etfects. He reviewed the work already carried 
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out by a number of scientists, he mentioned his own | 
studies, and the encouragement he had received 
from Lord Kelvin as early as in 1868, when he 
was dealing at the Paris Polytechnic School with 
the general theory of refrigerating machines. 

In comparing mechanics with physics and 
chemistry, he stated that in the former there were 


three detinite primary ideas—space, muscular effort, | o 


and time; while in physics and chemistry great confu- 
sion existed. In these latter sciences we had, in fact, 
units of temperature, heat, conductivity, cohesion, 
affinity, latent and specific heats, &c., all of which 
had to be brought down to the three primitive 
concepts—space, force, and time—and to their direct 
derivatives—work, speed, and mass ; otherwise no 
mechanical theory either of physics or of chemistry 
was possible. This reduction to mechanism formed 
the present objective of thermodynamics and dy- 
namic chemistry. Physics and chemistry, but par- 
ticularly chemistry, had found in thermodynamics 
powerful factors for their development, through 
the artificial production and the utilisation of low 
temperatures. After dealing with such questions as 
gravitational attraction, the constitution of bodies, 
molecular attraction, the behaviour of hetero- 
geneous bodies at very low temperatures, and 
various chemical reactions illustrated by several 
examples, the speaker recalled that at very low 
temperatures the reaction of all heterogeneous 
bodies placed side by side was nil, even when 
an intimate contact was produced by pulveris- 
ing them or by pressing them forcibly one against 
the other. 

Professor Pictet next described the plant installed 
at the Berlin Laboratory, with which he was 
connected, and where any temperature down to 
— 213 deg. Cent. could be obtained. This was 
reached in three successive stages. In the first stage 
a mixture of anhydrous sulphurous acid and carbonic 
acid is introduced into the double casing of the cy- 
linders, and this easily causes the temperature to be 
lowered down to — 100 deg. Cent. 4 the second 
stage protoxide of nitrogen, or ethylene, is used, and 
in order to obtain this in the liquid state the low 
temperature of the first stage is utilised. In the 
third stage atmospheric air cooled in a horizontal 
tube down to below — 120 deg. Cent. in the second 
stage is liquefied. The apparatus used in this 
stage is a glycerine-pump, which compresses 700 
litres of air to a pressure of 200 atmospheres in 
the central portion of the refrigerator connected to 
the second stage. On then expanding down to 90 
atmospheres, the air is liquefied. By causing this 
liquefied air to escape in a small enclosure previ- 
ously refrigerated, the temperature of - 210 deg. 
to —213 deg. Cent. can be reached. 

A series of experiments with this plant, using 
various acids and bases, afforded proof that chemical 
substances did not of themselves combine at low 
temperatures, but required the aid of energy from 
outside ; total reaction always followed a period 
during which reaction was partial, and confined to 
the places where electric or heat energy was 
applied ; the low temperature was perfectly under 
control, and could be maintained either when no 
action took place in the bodies, or when the reaction 
was only partial ; but that it increased suddenly, and 
in spite of all steps taken by the operator, when the 
temperature limit at which ‘‘ mass”’ reaction com- 
menced was reached. The temperatures at which 
the limited reaction could be obtained and main- 
tained were the lower the greater the affinity of 
the bodies in presence one for the other, and the 
more intimate their contact. The use of low tem- 
peratures was therefore a necessity in chemistry, 
since the powerful affinity of bodies played the 
principal part in that science, and it was impos- 
sible to replace these low temperatures by any 
other physical agent. In further dealing with the 
researches he had carried out, Professor Pictet 
stated that between temperatures of —155 deg. 
and —125 deg. Cent. he found no chemical re- 
action, whatever were the nature of the bodies 
present; simple reactions, such as the effect of 
acids on litmus, occurred at lower temperatures 
than other powerful reactions, such, for example, 
as that of metallic sodium on sulphuric acid. In all 
chemical reactions he found two phases—a slow one, 
produced below a certain temperature limit and 
manifesting itself under the influence of an electric 
spark, and also a ‘‘mass” reaction, in which the rise 
in temperature due to the reaction itself produced, 
as it were, a a The electric spark 
appeared to be the best exciter for starting slow 





reactions. This proved that chemical reactions 


always commenced by a period in which the energy 
liberated was negative, and during which it was 
necessary to — external energy to allow of the 
combination of the reagents. e instanced the 
success which had attended the production of 
various substances by a careful selection of low 
temperatures for the reactions ; a rational selection 
f te low temperatures, in fact, had completely 
transformed the ordinary curve of chemical pheno- 
mena, since each reagent was under control, and was 
made to act in its turn, which was not the case 
when chemical operations were carried out in the 
usual way. Professor Pictet also recalled the action 
of low temperatures in the vegetable and animal 
kingdoms, on bacilli, and so forth, and gave 
numerous instances of the usefulness of researches 
in this direction, from the biological point of view. 








THE CORONATION EXHIBITION. 

Txt Coronation Exhibition, which was opened 
yesterday, at the Great White City, Shepherd’s 
Bush, by H.R.H. Prince Arthur of Connaught, 
although it will no doubt prove very attractive to the 
aimed run of visitors, contains no engineering 
exhibit in the proper sense of the term, for this 
year the object of the organisers has evidently been 
to provide a change in the attractive features, and 
machinery does not constitute one of these. The 
Machinery Hall, which, in previous years, proved 
of special interest to engineers, is still in a 
very unfinished state as far as the stands are 
concerned, and when these are all completed 
will be devoted partly to scenic displays and partly 
to what is called the Press Section. All the prin- 
cipal leading weekly and daily papers, both in 
London and the provinces, will be represented in 
this section, and will constitute an attraction which 
has not before been placed before the public in a 
similar way, composed as it is of exhibits con- 
tributed wholly by the Press. In one of the wings 
there is a part of the area devoted to shipping 
interests and collections of ships’ models. The 
part of the building connecting the two wings is 
almost entirely devoted to exhibits supplied by 
different railway companies, though aeroplanes may 
also be seen at one stand in this part of the hall. 
The Stadium is to be used as a flying ground 
for different machines of this class. Engineering 
oe cannot, however, be considered a feature 
of the Great White City this year. 

There is, however, a collection of exhibits of 
scientific interest, and though the display is not 
very comprehensive, the committee have been 
fortunate enough to secure some noteworthy 
objects not previously publicly exhibited in this 
country. From the Yerkes Observatory come a 
series of new transparencies, showing nebula and 
star clusters, and also a fine series of photographs 
of Halley’s comet during its approach to and its 
recession from the sun. From the Meudon Obser- 
vatory M. Deslandres has sent a particularly interest- 
ing set of photographs showing some of the latest 
results obtained in spectroheliography. As is well 
known, certain lines of the spectrum are shifted by 
an increase of pressure or temperature. One of 
such lines is the red calcium line. Taking advan- 
tage of this fact, M. Deslandres has been able 
to sift out the calcium light received from the 
upper layers of the sun’s atmosphere from that 
radiated from the lower regions, where the pressure 
is very much higher. In this way the structure of 
the upper regions of the photosphere has been 
recorded, the result being of great interest. 
Another interesting exhibit in the Astronomical 
Section is a model, contributed by the Royal 
Observatory, Greenwich, of the path of Jupiter's 
eighth satellite. The motion of this satellite 
is so perturbed by the attractions of the other 
satellites that it follows a fresh path every revo- 
lution, and a continuous series of such paths 
are shown in the model exhibited. Another 
interesting model shows the relation of the sun to 
a cluster in Taurus, consisting of forty-one stars, the 
distances of which have all been ascertained, 
together with their motions both transversely and 
along the line of sight. The cluster itself, though 
all the stars appear to form a single group, is 130 
billion miles in diameter. The an also repre- 
sents the path of the sun measured relatively to 
this model during the past 800,000 years, its speed 
along this path being 28 miles per second. 

In the Meteorological Section some remarkable 
photographs of cirrus clouds are exhibited by Mr. 
Clayden. Photographs of these objects are very 


difficult, owing to the background of blue sky against 
which the clouds are projected. By using a cherry- 
red screen to filter out the blue rays, however, 
Mr. Clayden has obtained most excellent results. 

In the Chemical Section there are a number of 
interesting metallurgical exhibits. Amongst them 
is a fine series, sent by the British Vanadium 
Company, illustrating the successive steps involved 
in the production of vanadium steel from the ore up 
to the finished product. Similar series relating to 
chrome and to molybdenum steel are also on view, 
a fine sample of metallic chromium being particu- 
larly noteworthy. Perhaps of more direct interest 
to engineers is Dr. Silberrad’s exhibit showing the 
erosion of bronze propellers. Amongst them is a 
large — of one of the earlier of the Mauretania’s 
propellers, which is eroded to an extraordinary 
depth. Other exhibits in this section illustrate the 
history of the work done during the past thirty-five 
years on the corrosion of steel and iron ; a subject 
on which the last word has certainly not yet been 
said, though the electrolytic theory seems now to 
hold the field. 

The engineer has, perhaps, as good a title to the 
motto ‘‘ Ubique” as the Royal Artillery, and hence 
the exhibit in the biological section may interest 
many. Amongst these is a series of very beautiful 
models showing the life history of the organism 
which causes malaria. This, as is now well known, 
cannot complete its cycle of life wholly in the human 
host, but to this end must pass through the stomach 
of amosquito. An extraordinary feature of the case 
is that it must be a particular kind of mosquito, 
showing that the protozoa in question requires to be 
in very delicate adjustment with its environment. 

We shall hope to return to the exhibits in the 
Science Section in a future issue. 








THE CHEMICAL ENGINEERING AND 
INDUSTRIES EXHIBITION. 

Tue First International Chemical Engineering 
and Industries Exhibition, which was opened at 
the Agricultural Hall, Islington, on Saturday last, 
deserves support. It is the first undertaking of 
its kind devoted exclusively to chemica] engi- 
neering in this country, and it aims, in the first 
instance, at imparting instruction. This was em- 
phasised in the speeches delivered at the opening 
ceremony, over which the Earl of Denbigh, 
M.V.O., who takes a very active interest in beet- 
root sugar, presided. After the loyal toasts had 
been proposed by the President of the Exhibition, 
Professor Raphael Meldola, F.R.S., and after 
Dr. G. T. Beilby, F.R.S., of Glasgow, President of 
the Institute of Chemistry, had wished success to 
the Exhibition, Sir Edward Thorpe proposed ‘‘ The 
Modern Student of Applied Chemistry.” That 
student has reason to complain that the country 
has not, so far, provided well for his training. 
At the Exhibition, however, the student will find 
encouragement, though his questions may, of course, 
often receive the stereotype answer, ‘‘ A secret pro- 
cess of our own.” A series of thirteen lectures has 
been arranged for, as we announced last week, and 
this series was ably opened by Dr. Rideal on Monday 
evening, by an excellent critical réswmé of ‘‘ Modern 
Methods of Water Purification.” Lord Denbigh 
followed with an equally instructive lecture on 
‘*Beetroot Sugar,” on Tuesday afternoon. There 
are no side shows connected with the Exhibition, 
and the band is the only concession to the demand 
for entertainment. Such an exhibition is not likely 
to draw crowds, of course, and the number of 
exhibits is not large. But the quality is good, and 
the visitor will find something to learn, though he 
will be disappointed by the absence of certain 
apparatus ; testing-machines are hardly repre- 
sented, for instance. The Exhibition will be open 
from 10 a.m. to 10 p.m. up to Saturday, May 27, 
inclusive. We shall group our notices of exhibits 
without claiming to observe any systematic order. 

Messrs. Wallach Brothers, Limited, of Royal 
London House, Finsbury-square, exhibit safety 
appliances, helmets and face masks, appliances for 
emptying acid vessels, asbestos suits of the Society 
Italo-Russo Asbestos, and lime and white-washing 
machines. Their aluminium respirator is a cap 
fitting over nose and mouth, and comprising a layer 
of cotton-wool embedded between two sheets of 
perforated aluminium. The respirator weighs less 
than an ounce ; similar simple masks are to be seen 
on other stands. In the new Alison-Broadhurst 
can-filling device of Messrs. Wallach the can 1s 





placed on a little table and pushed up against 4 
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valve ; the can is then in the right position to 
receive the liquid, which flows into it until the 
proper weight of liquid stretches the spiral spring 
which supports the table, and the table drops. The 
apparatus is made for cans of up to 5 gallons capa- 
city ; in the larger sizes the tank is supported by a 
stand with four legs. 

Other safety appliances for workmen, including 
oxygen-inhalers and first-aid ambulance-boxes, are 
shown by Messrs. Zimmer and Co., of 82, Mark- 
lane, and by Messrs. Richard Jacobson, of 70, Shoe- 
lane, E.C. The Dreger oxygen apparatus of the 
latter firm, for the use of miners, has been described 
in our columns. The pulmotor oxygen reviving 
apparatus, also due to Dreger, of Liibeck, consists 
of an oxygen cylinder, a mouthpiece, and a simple 
tube and valve system, such that oxygen is auto- 
matically driven into the lungs of the patient until 
a pressure of 8 in. of water is reached ; the machine, 
which is actuated by the oxygen pressure, then 
reverses, the lungs are deflated, and the injection 
recommences. The firm also exhibits a little 
novelty, the first-aid outfit of Sir Henry Cunyng- 
hame, a small box 5 in. by 3} in. by 1 in., con- 
taining some antiseptic wool, lint, tape, safety-pins, 
a pair of scissors, tablets of corrosive sublimate 
and a bottle for it, and a tube of potassium 
permanganate. 

Messrs. Fuerst Brothers, of Philpot-lane, E.C., 
sole agents for the Deutsche Steinzeugwaren- 
Fabrik, of Friedrichsfeld, near Mannheim, make a 
model nitric acid plant, after the designs of the 
late Oscar Guttmann, the centre of their exhibit. 
The hollow and perforated balls, with which 
Guttmann used to pack Glover and Gay Lussac 
towers, have recently been replaced by hollow prisms 
up to 1 metre edge length, standing on edge, which 
give a honeycomb structure. ‘I'he Hoffmann stone- 
ware stopcocks and acid taps show a very remark- 
ably smooth polish and finish. Engineers will par- 
ticularly be impressed by the centrifugal pumps 
and exhaust-fans, made entirely of stoneware, the 
star-shaped impellers included. The pumps may 
be coupled in series ; the fan-impellers are made 
up to 3ft. in diameter to deliver up to 40,000 cub. ft. 
of air per minute ; these wheels are run at speeds 
of 1000 revolutions per minute and are tested to 
2000 revolutions and higher speeds in the laboratory. 
The firm also shows union bends and pipes, with 
and without lead armouring, and samples of the 
products of the Royal Porcelain Manufactory of 
Berlin, whose technical specialities have a high 
reputation. 

The vitrified stoneware of Messrs. George Skey 
and Co., of Wilnecote Works, near Tamworth, is 
opposite the just-mentioned stand. The firm 
likewise manufacture large worms, coils, and taps, 
and Valentiner nitric acid plant; but in their acid 
pumps the wheels are not made of stoneware. 

The Vitreosil apparatus of the Thermal Syndi- 
cate, Neptune Bank, Wallsend-on-Tyne, and 14, 
Red Lion-square, E.C., are well known. Note- 
worthy specialities in their fused silica goods are 
crucibles, dishes, tubes, receivers, nitric acid coils, 
&c., with glazed surfaces, which are replacing 
porcelain, fireclay, and platinum apparatus ; the 
articles consist entirely of silica, it is stated, and 
the glazing is not produced with the aid of any 
additions ; trays for the cascade concentration of 
sulphuric acid are also made of glazed silica. The 
cracks of silica, when unglazed, occlude gases, which 
may be liberated during experiments conducted 
in vacuo, and at higher temperatures; Marcel 
Guichard has recently drawn attention to this 
feature, which is important, as quartz vessels are 
now largely used in research work. 

The Silica Ware, Limited, of 38, Upper Thames- 
street, E.C., show similar goods with smooth sur- 
faces, but without the fine glazing; among these 
novelties are the small bent by-pass tubes for gas- 
burners. 

The ‘‘Gypo” non-conducting cement of Messrs. 
John Bennett Lawes and Co., Atlas Works, 
Millwall, E., and 21, Mincing-lane, E.C., is a 
compound of asbestos fibre and dehydrated sul- 
phate of lime for encasing constructional steel and 
iron, columns, girders, pipes, &c., to which it is 
said to adhere firmly when directly applied, with- 
out previous special treatment. The iron is em- 
bedded in this compound to a thickness of from 
0.5 in. to 2 in. and more, in order to protect 
the metal against corrosion by oxidation and 
acids ; but the compound is only recommended 
for internal structures, and not for parts ex to 
the atmosphere, or those of which the temperature 








may exceed 150 deg. Fahr., though the material 
is said to afford greater protection than cement 
concrete in case of fire. 

The acid-resisting iron fittings of the Haughton 
Patent Metallic Packing Company, Limited, of 
30, St. Mary-at-Hill, E.C., are made froma material 
especially recommended for the sulphuric acid 
industry. The material, which looks like a high- 
grade ferro-silicon, keeps perfectly bright in the 
strong sulphuric, nitric, nay hydrochloric acids, as 
well as in the weaker, but to most metals fatal, 
acetic acid ; further, in copper sulphate, bromine, 
ammonia, &c. It is cast, being very fluid in the 
molten condition, into web-flanged jack-valves, 
glands, concentration pans, elevators, be., but the 
cast articles cannot be tooled. The Haughton 

king consists of Babbitt metal, which is supplied 
in thin tapes 4 in. wide, and roughly twisted into 
ropes and rings to fit glands, stuffing-boxes, &c. 
The firm also exhibit other fittings, of bronze and 
other metals, for gas works, tar plants, and dye 
works. 

Enamelled acid-proof cast-iron apparatus are 
shown as the speciality of the De Dietrich Com- 

y, of Niederbronn, Alsace, Germany ; various 

wis and pans are prominent among the exhibits. 
The London agents are Messrs. B. A. Smith and 
Co., 4, Church-row, Aldgate, E.C. 

Acid-proof and oil-proof qualities are also claimed 
for the rub-metal and rubber valves, tubes, rings and 
sheets, tyres, heel- , canvas, &c., of Amalgam, 
Limited, of 172, Great Portland-street, W. The 
works of the firm, which is not yet two years 
old, are at Harpenden, Herts. The white or grey 
product, described as a combin ition of Para rubber 
with metallic salts and gums, looks like ordinary 
vulcanised rubber, and can be cut with a knife. 
It will withstand the action of strong acids as well 
as of oil and petrol, and is therefore used on aero- 
planes for shock-absorbers and other purposes, 
where contect with acids or oils would make rubber 
inapplicable. The rub-metal steam-turbine valves, 
gratings, and lift-guards, and the Perreaux pump- 
valves should be noted. 

Mr. J. J. Beer, of 15, Cullum-street, E.C., shows 
the quick-drying apparatus of Biihler (of Berlin) in 
a large-size pattern capable of dealing with 3 tons 
of salts per day, which would require about 50 
horse-power. The salts are dried by being bodily 
carried up by a current of warm air and dropped 
again, somewhat in the manner that flour has been 
dried. The material is fed by a hopper into the 
bottom of a vertical tube; the hot air or gas is 
supplied by a heater and a fan; the material is 
blown up the tube and falls down another parallel 
tube, which takes the salt and air into a cylindrical 
chamber called the ‘‘ cyclone,” in which the separa- 
tion takes place. Above the cyclone are the air- 
filters; the ventilator and heater may be placed 
below the flooring, and the machine requires little 
floor-space, and needs no special attention. At 
Notodden, in Norway, the ammonium nitrate and 
sodium nitrite are dried in this way, the nitrate of 
calcium (nitrolim) apparently not, and the process 
is recommended for all material which can be pneu- 
matically transported. 

The Weston centrifugals, or hydro-extractors, 
of Messrs. Watson, Laidlaw, and Co., 98, Dundas- 
street, Glasgow, are well known in the sugar 
industry, and are now generally used also for 
drying other materials and chemicals. The swan- 
neck pattern of the self-balancing Weston pump 
is combined with its 5-horse-power engine (for a 

-ton machine) which drives the suspended basket 
y belting carried over fast and loose pulleys ; the 
spindle is provided with ball-bearings and the 
conoidal buffer-stop of the firm which prevents 
oscillations ; the countershaft runs at about 300, 
the basket at from 600 to 1500, revolutions per 
minute. These machines require no foundation. 
The pivot machines are also provided with ball- 
bearings. A small hand-worked powder-extractor 
shown has a drum of 44 in. in diameter and a 
capacity of 1 lb.; it makes 4500 revolutions per 
minute. 

The vacuum drying installation of Messrs. Francis 
Shaw and Co., Corbett-Street Iron Works, Brad- 
ford, Manchester, includes large vacuum drying- 
stoves, consisting of a number of superposed hori- 
zontal heating shelves, between which the white 
metal trays containing the materials to be dried 
(originally rubber, now also chemicals, cocoa, fruit, 
&c.) are pushed. Each shelf is a flat steam-chamber 
made of rolled steel } in. in thickness, and is 
connected with a common vertical steam-pipe on 





the right and an exhaust-pipe on the left. The 
whole is contained in a heavy cast-iron box, which 
is provided with an air-tight door and joined to a 
pump. The rapid drying takes place at about 
100 deg. Fahr. in a vacuum of about 28 in. Exhaust 
steam usually suffices for working the stove. The 
space between the shelves is 24 in. 

The kneading, mixing, and incorporating machines 
of Messrs. Werner, Pfleiderer, and Perkins (of 
Kingsway House, W.C., of Westwood Works at 
Peterborough, and also of Cannstadt, Vienna, and 
Saginaw, Michigan) knead and mix in definite 
quantities, dry, and recover the solvent. These 
machines are made for capacities up to 242 gallons 
to deal with 8 cwt. of tough and 184 cwt. of soft 
materials. The most interesting machine exhibited 
is a universal mixer-trough, fitted with a special lid 
attachment, so that the treatment takes p in a 
vacuum which is produced by means of a pump and 
condenser of Messrs. G. Scott and Sons. is kind 
of plant is largely in use for the manufacture of 
celluloid, gutta-percha, artificial silk, cocoa, &c. 
The ingredients—for instance, celluloid and the 
volatile solvent—are put into the trough in mea- 
sured quantities, and are intimately mixed in it, 
being heated or cooled in the jacketed trough. The 
lid has the shape of a truncated pyramid and is 
provided with inspection panes, front and back, a 
pressure gauge in front, and holding-down clamps ; 
the lid is raised when the trough is tilted. The 
firm of Werner, Pfleiderer, and Perkins, was 
founded by Paul Pfleiderer, at Cannstadt, near 
Stuttgart, forty yearsago ; Hermann Werner joined 
in 1880, and they amalgamated with Messrs. A. M. 
Perkins and Co. in 1903. 


(To be continued.) 





Tue Austrian Liorp.—The rough profit realised by 
this important Austrian steam navigation company last 
year was 458,476/., as compared with 419,674/. in 1909. 
After provision for interest and other charges, and 
redemption of capital to the extent of 198,535/., the final 
profit for last year came out at 118,069/., or 21,676/. more 
than the corresponding final profit for 1909. The dividend 
for last year is increased to 64 per cent. per annum, upon 
a capital of 1,152,000. The corresponding dividend for 
1909 was 6 per cent. perannum. A reliquat of 4975l. is 
a» the credit of 1911. The reserves stand at 

fy ° 





Tue Institution oF Minine Enoineers.—The fifty- 
fourth general meeting will be held in London on June ], 
in the ms of the Geological Society, Burlington 
House, Piccadilly, when the following papers will be 
read, or taken as read :—1. ‘‘ A Flame Test for the Esti- 
mation of Oxygen and Black-Damp in Naked-Light 
Mines,” by Dr. J. 8. Haldane, F.R.S. 2. “ An Experi- 
ment on the Effect of Reversing the Main Air-Current,” 
by Mr. James Bain and Dr. J. S. Haldane, F.R.S. 3. 
** Notes on Contrivances Designed to Prevent Over- 
winding, with some Instances of their Failure,” b 
Messrs. W. H. Pickering and Granville Poole, 1M. 
Inspectors of Mines. 4. “‘ The Otto-Hilgenstock Direct- 
Recovery Process and its Application,” by Mr. Ernest 
Bury. The following papers, which have already ap- 

red in the Transactions, will be open for discussion :— 
fa)“ The Mining School at Bochum, Westphalia,” by 

rofessor Henry Louis, M.A., D.Sc., Assoc. R.S.M., 
M. Inst. C.E., &c., vol. xl, 
the Use of Exhaust Steam- ir. John Burns, 
vol. xl, 405. (c) ‘*‘ The Elliott-Jones Vertical Coke- 
Oven,” by Mr. T. Campbell Futers,” vol. x1., 499. 
On June 2, excursions are to take place to the Kent 
collieries and sinkings of the Kent Coal Concessions and 
Allied Undertakings. 


405. ”) ** Progress in 
ower,” by 





Prrsonat.—The Lambeth Brass and Iron Company, 
Limited, 91 and 93, Southwark-street, 8.E., state that 
Mr. Thos. J. Noakes is now associated with them.—Mr. 
W. Fairley, M. Inst. C.E., has removed from 69, Victoria- 
street to Parliament Mansions, Victoria-street, West- 
minster, 8.W.— Messrs. Neville, Williams, and Co., 
80a, Southwark-street, S.E., announce that the Tino! 
branch of their business has been converted into a limited 
company. The public issue of shares having been over 
subscribed, the company has gone toallotment. In future 
all communications relating to Tinol should be addressed 
to the new company, Bi-Metals, Limited, of the same 
address. Messrs. Neville, Williams, and Co. are con- 
tinuing the electrical manufacturing business as before. 
—Mr. T. L. Lintern, consulting engineer, of Cardiff, has 
been appointed chief engineer to the Hughesovka Iron 
and Steel Company, South Russia. He was trained at 
the Dowlais Works, and held the position of chief engi- 
neer to the Weardale Iron and Steel Company, and has 
acted as chief engineer to the Cargo Fleet Iron and 
Steel Company, Middlesbrough.—Mr. J. J. Steinitz is 
resigning his position as joint general manager of the 
Brush Electrical Engineering Company, to take up the 
general management of the Gloucester Railwa: Oar- 
riage Works. Mr. Steinitz is to be congratulated both 
on his new appointment, and on the fact that he onl 
leaves the Brush Company when it has a muc 
improved position. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 10. 


Dutt conditions in the steel industry prevail at all 
centres. Contracts for ore are being placed slowly, 
and an early estimate of probable ore shipments this 
season from the Lakes puts the figures at 34,000,000 
tons as against 40,000,000 tons for last year. This 
estimate is purely a guess, as a general revival of 
demand is liable to occur at any time. Investiga- 
tions are being made in some localities with a view 
of discovering additional ore bodies. Evidences of 
the existence of ore in localities remote from present 
sources of supply are coming out. Steel-making 
centres like Pittsburg and Eastern Ohio report very 
little new business during the t week. It is known, 
however, that plans laid call for very large quantities 
of iron and steel, especially in steel plates and struc- 
tural material. It is confidently expected that many 
of these large uirements will be presented in the 
early summer. The volume of structural material 
required for New York City alone easily figures up 
200,000 tons. Extensive improvements are virtually 
being held up in Chicago and other large western 
cities. It is also known that extensive rail require- 
ments are within easy reach of market, though there 
are no probabilities of the placing of many orders 
before July. In other words, a variety of influences 
have focussed in a spirit of extreme conservatism, the 
duration of which is a matter of speculation. It is 
true that much of the hesitancy in business is traceable 
to the tariff agitation now in progress, and the out- 
come of this agitation cannot be foreseen. It is diffi- 
cult to see how any reduction is likely to take place, 
and seriously interfere with the necessities of steel- 
users. Another cause of uncertainty is the fact 
that decisions of the United States Supreme Court, 
which are to affect the freedom of corporations, are 
still withheld, and no inkling can be had as to 
when these decisions will be announced. The cor- 
porations are determined to know where they stand 
with relation to legislation now existing, to say 
nothing of more stringent legislation that may be 
enacted. 

Apart from these artificial influences business and 
financial condition are sound. The holding up of 
enterprise may not be an unmixed evil. The stock 
markets are also iafluenced by the conditions above 
mentioned. A conservative view of the matter is that 
shortly the country will know what the court deci- 
sions will be, and an adjustment will forthwith ensue 
by way of adaptation to the decisions to be made. 
Prices in many directions are weakening, to the advan- 
tage of a lower cost of living. Immense crops will 
soon be harvested, and this fact wi!l lend its influence 
to the settling of conditions. 





‘*SOME STUDIES OF WELDS.” 
To THe Epiror or ENGINEERING. 

Srr,—In your issue dated May 12, 1911, we notice, in 
the report of a paper entitled ‘‘Some Studies of Welds,” 
read before the [ron and Steel Institute on the 11th inst., 
a reference to ‘Thermit” welds, in which occurs the 
following e :— 

**Generally the ‘Thermit’ process, yielding, as it fre- 
quently does, a spongy mass of metal with blow-holes, is 
useful mainly as an emergency process.” 

As proprietors of the Alumino-Thermic patents in this 
country, we wish most emphatically to contradict this 
statement, which we think has been made without due 
knowledge of the facts. 

Although this statement may have had some founda- 

tion in the early days of ‘‘ Thermit” welding, the blow- 
hole trouble has long since been overcome, a fact which 
we shall be pleased to demonstrate to any of your readers 
who may be interested, if they will call upon or commu- 
nicate with us. The readers of the paper are evidently 
unaware of the results of the tests which have been made 
within the last year or two, or of the fact that the process 
has been sanctioned by the British Corporation for the 
Survey and Registry of Shipping, for repairs to stern- 
posts, rudder frames, &c., as well as by Government 
departments for welding _— work. 
e have lately received particulars of the repair to a 
locomotive side-rod which was ‘‘Thermit” welded in 
1907, and the weld remains as good as ever, although the 
locomotive has been running an average of 100 miles per 
day, five or six days per week, ever since—rather good 
for an ‘‘emergency process.” it year approximately 
95 miles of tramway track (single) were welded in this 
country alone. 

We think we have said enough to disprove the state- 
ment in the paper, but must say we think it a pity that 
the authors should not have taken some steps to verify 
statements of this description before publishing them. 
As to the three photomicrographic figures showing the 
changes of structure in the material, we do not know 
when, where, or by whom the welds in question were 
made, but we have no reason to believe in their accuracy. 
We trust you will be goed enough to insert this letter in 
your next issue. 

Yours truly, 
For THermrit, Limrrep, 
R. Stutz, Managing Director. 
27, Martin’s-lane, Cannon-street, London, y 18, 1911. 





THE LATE MR. EMERSON M. BAINBRIDGE. 


We much regret to record the death of Mr. Emerson 
Muschamp Bainbridge, which occurred on the 12th 
inst., at his residence, 47, Upper Grosvenor-street. 
Mr. Bainbridge, whose portrait we give below, was 
the son of the late Mr. EM. Bainbridge, of Eshott 
Hall, Northumberland, and was born in December, 
1845. He was educated privately, and at the Univer- 
sity of Durham during his period of apprenticeship at 
the Marquis of Londonderry’s Durham Collieries. In 
1870 he went to Sheffield to manage the Sheffield and 
Tinsley Collieries, and was appointed shortly after- 
wards to take charge of the Nunnery Collieries belong- 
ing to the Duke of Norfolk. He remained in the 
position of manager of the latter collieries until 1874, 
when the Nunnery Colliery Company was formed, of 
which he became managing director, with a controlling 
interest in the company. From this time his interest 
in mining enterprises rapidly extended, and he took 
part in the development of many of these. In this 
respect we may make a special reference to the work 
he carried out at the Bolsover Collieries, in connection 
with which he erected the model village of Bolsover. 

Mr. Bainbridge was also appointed at various 
periods of his life a director of numerous industrial 
concerns, among these being the Sheffield District 
Railway, the Lancashire, Derbyshire, and East Coast 





Photograph by Elliott and Fry. 


Railway, the or Patent Pick Company, Limited, 


the Kansas City, Mexico, and Orient Railway Com- 
pany, the New Hucknall Colliery Company, Limited, 
the Yorkshire Engine Company, Limited, the Eriff 


Colliery Company, the Wharncliffe, Silkstone, Lidgett, 
and Hadfield Main Colliery Companies, and the New- 
biggin and West Tyne Collieries. He was, further, 
head of the firm ot Bainbridge, Seymour, and Co., 
of Salisbury House, London Wall, E.C., which has a 
large business as coal-mining experts, valuers, and 
consulting engineers on mining matters. 

Mr. Bainbridge was also well known as one of the pro- 
moters and the chairman of the East to West Railway 
Company, the object of which was to build a railway 
line running from Liverpool to Sutton-on-Sea ; this line 
has only been partly laid. He further gave his full 
support to the Sheffield Canal scheme, by which it was 
proposed to bring direct to the heart of the city ships 
of heavy burthen; this ssheme, however, was never 
carried out. He was an active member of the Insti- 
tution of Mining Engineers. He joined the Institution 
of Mechanical Engineers as a graduate in 1869, and 
became a full member of that Institution in 1890. In 
the same year;and on the occasion of the visit of the 
Institution to Sheffield, he read a paper before the 
meeting on ‘‘ Recent {mprovements in the Mecha- 
nical Engineering of Coal-Mines.” He was a juror 
at the Inventions Exhibition of 1883, and at the 
Brussels International Exhibition of 1897 ; also a 
member of the Royal Commission on Coal-Dust in 
Mines, of 1891. He was appointed on the Commission 
of the Peace for the Borough of Sheffield in 1886. 
He acted for some time as President of the Sheffield 
Reform Club. 

It is interesting to note also that in the course of the 
coal strike in 1892-3 Mr. Bainbridge displayed great 
energy in his endeavours to bring about a settlement ; 
and, further, that when the scheme for an eight-hours 





day in collieries was first oe, ape he immediately 
expressed the very great doubts he entertained as to the 
advisability of the plan, not only from the point of view 
of the general trade of the country, but also from 
that of the welfare of the colliers themselves. 

Mr. Bainbridge sat as a Liberal Member for the 
West Lindsay, or Gainsborough, Division of Lincoln- 
shire from 1895 to 1900. - Later he was selected as the 
Liberal candidate for Hereford, but he never again 
sat in Parliament. 

Mr. Bainbridge was a most active man, and the brief 
outline of his career given above would be incom- 
plete without a passing reference to the philanthropic 
work in which he eng so freely and so liberally, 
not by monetary contributions alone, but by giving to 
it also—and notwithstanding the numerous calls upon 
his time—his own personal service. Besides the model 
Bolsover village already referred to, and which is a 
well-known t of model village, he built, at Bolsover, 
a miners’ orphanage ; he founded a shelter for neglected 
children in Sheffield; he built a Holiday Home for 
factory girls at Seaford ; he established ‘‘ Start-in-life” 
funds at the London Polytechnic and in connection 
with the Salvation Army ; and an out-of-work shelter 
for the West London Mission. He also took a great 
interest in the work of the Young Men’s Christian 
Association, and erected the buildings for the Sheffield 
branch of that body. He was of a most kindly dis- 

ition throughout, and will be missed by a host of 
riends in all te of society. Mr. Bainbridge was 
twice married, first to Eliza, daughter of Mr. G. J. 
Armstrong, of Manchester, and second to Norah 
Mossom, daughter of Mr. J. Compton Merryweather, 
who survives him. 








TWO-CYCLE GAS-PUMP. 
To THE EpiTor OF ENGINEERING. 

S1r,—The Pump and Power Company, Limited, have 
thought fit to publish through the medium of your paper 
a statement to the effect that the Badcock internal-com- 
bustion pump, described and illustrated in ENGINEERING 
of the 5th inst., is substantially that invented by Mr. 
H. A. Humphrey. 

As it is impossible to enter into a discussion on this 
subject, it is only necessary to explain: that the Badcock 
two-cycle internal-combustion pump formed the subject- 
matter of an application for Letters Patent, the complete 
specification of which has been accepted by the Comp- 
troller of Patents, without citation, so in his opinion the 
matter claimed is not anticipated by any prior patent. 

Your readers will have no difficulty in selecting between 
the opinion of persons interested in their inventions and 
the official opinion implied by the acceptance of my 
application. While those interested in opposing my 
invention are free to take action, it is unreasonable to 
im a discussion on this subject upon your readers. 

The date of the application for the patent of the 
Badcock two-cycle gas-pump is June 16, 1910. The date 
of the description by Mr. Humphrey of the invention 
referred to in the letter from the Pump and Power 
Company is November 12, 1910. 

Yours faithfully, 
E. Baynes Bapcock. 

7, Pembridge-Crescent, W., May 16, 1911. 








AUSTRALIAN RAILWAYS. 
To THE EpiTor OF ENGINEERING. 

Srr,—In a letter over my signature and under the 
above heading, which you were good enough to publish 
in ENGINEERING for: March 3, a typographical or clerical 
— probably self-evident—exists in the third paragraph 
oO 277. 

n the sentence, ‘‘ The river constituting the boundary 
throughout the remaining two-thirds of the frontier flows 
through a country which, for some 700,000 square miles 
of rich pastoral land, remains to be served by one 
the river and extending the line,” 700,000 should re 
70,000. 

Yours very truly, 
Jas. ALEX. SMITH. 

Melbourne, April 12, 1911. 








THE ELECTRO-CHEMICAL INDUSTRIES 
OF NORWAY. 
To THE Eprror OF ENGINEERING. : 
Str,—We note in your report of Mr. Scott-Hansen’s 
paper before the Faraday iety that no mention is 
made of the manufacture of aluminium at our factory. 
These works, established by the British Aluminium 
Company, Limited, have been in continuous operation 
for about three and a half years, and if the official figure 
of 486 tons as the total production of aluminium in this 
country for 1909 is correct, by far the greater proportion 
was made here. 
Yours faithfully, 
A/S STANGFJORDENS ELEKTROKEMISKE FABRIKER, 
J. H. West, Resident Engineer and 


Gjerde, May 11, 1911. 





New Orcanic Nitrogen Compounps : Erratum.—We 

t that the name of Dr. M. O. Forster, F.R.S., was 

misspelt in our notice of his Royal Institution lecture, 
published on page 624 of last week’s igsue. 
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THE CORROSION OF METALS.* 
By Percy Lonemurr, B.Met. 


Some four years ago the author had to examine a parcel 
of table knives which had been rejected owing to the 
development, within a few months of actual service, of 
deep pits and grooves ; in fact, the surfaces of the knives 
were deeply ed, and were therefore described by 
the users as —_ steel. A detailed examination of the 
manufacture of the knives and of the steel employed 
conclusively proved freedom from fault in these direc- 
tions. The steel was highest quality double shear, con- 
rane practically nothing but carbon and iron, and the 
manufacture was that usual in producing the highest 
grade of Sheffield cutlery. The net result of the examina- 
tion led to the revelation that the corrosion had practi- 
cally all occurred within one week, that this particular 
week was a race week, and for the time being ordinary 
kitchen services were disorganised. Very interesting 
corrosion effects may be obtained by leaving steel knives 
in contact with fruit or vegetable juices for periods of 
two or three days, and in this respect tomato juice is 
specially effective. 

This introduction leads to a phase of modern thought 

ing deep significance to the steel-maker, and that 

is, that to a large extent corrosion is a function of com- 
——. In view of the admirable work presented by 
ushman, Walker, and others, one cannot help but admit 
that, to a certain extent, composition a decided effect 
on resistance offered to corrosion. Granting this, it must 
also with equal truth be admitted that purity of composi- 
tion alone is not the clue to immunity from, or retarda- 
tion of, corrosion. All who have experience in this 
direction must have found numberless eases in which 
composition of metal has been of considerably less moment 
than its environment. As an illustration, brass fittings 
offer good examples of corrosion, especially when exposed 
to the simultaneous action of moisture and carbon 
dioxide. The deposits resulting from this corrosion admit 
of ready examination, and the data so obtained has a 
direct bearing on the causes of corrosion. One of the 
first deposits examined was from ordinary brass window 
rods containing cgay 65 per cent. copper and 
35 per cent. zinc. The rods had been subjected to internal 
atmospheric corrosion only, and beyond ordinary ventila- 
tion they were not ex to the action of the weather. 
Illuminating gas fumes were also absent, electricity being 
the sole illuminant in the house. A partial ysis of 
the residue resulting from the corrosion gave the follow- 


ing results :— 
Per Cent. 
Free carbonaceous matter .. 1.28 
Siliceous matter. . ee 1.35 
Carbon dioxide .. 7.00 
Lead oxide ve 0.08 
Copper oxide 15 93 
Zine oxide a 22.75 
Iron oxide és ie 2.34 
Anhydrous sulphuric acid 28.65 


Whilst the metals are reported as oxides, it is obvious 
that both carbon dioxide and sulphur will enter into the 
constitution. In addition to the foregoing, cyanogen was 
distinctly present in the residue. 

The one feature of this case to which attention is 
directed is the fact that corrosion is the effect of a strong 
industrial atmosphere. The deposit from the rods repre- 
sents an effect on the interior of a house subject to ordi- 
nary ventilation. External atmosphere conditions as 
judged by rain water were as follows :— 


Deg. 
Temporary hardness .. 2.20 
Permanent am os 8.50 
Total hardness .. _ os ‘. 10.70 

Sulphates es # ve .. 3.6844 grains per gallon 

Sheffield town water, sampled at the same time, gave— 

Deg. 
Temporary hardnes 2.65 
Permanent * 0.17 
Total hardness .. 2.82 


Sheffield town water is notoriously soft, but the com- 
parison is of great interest in showing the hardening of 
rain-water by atmospheric pollution. 

Atmospheric variations have not received much atten- 
tion beyond that given in the Alkali Inspector’s reports, 
although some admirable work was conducted by ages 
Smith, and is recorded in his “‘ Air and Rain,” publi 
in 1872. Using rain as a “collector,” Smith obtained a 
valuable series of results typifying different localities. 
As an indication of the work done, a few results are 
quoted in the following table :— 

Angus Smith’s “‘ Air and Rain” Averages.” 





| | 
Chlorides. Sulphates in Terms 
Rain obtained from —_Graing per Gallon.| of Bos per Gallon. 

Manchester 0.4055 3.1378 
Newcastle .. pe vol 0.5678 8.1111 
Glasgow... oe as 0.6282 4.9139 
Liverpool .. as ne: 0.7110 2.7714 
Scotland (inland country 

places) .. es re 0.2357 0.1444 





The ‘‘sulphate” column is exceptionally interesting, 
and the difference between the inland country 7 eae 0! 
Scotland and of the City of Glasgow is appreci The 
author has found difference of a similar order between 
localities widely situated, but perhaps i i 
attached to the variations within a 

Table I. gives a series of results from rain-water col- 





* Paper read before the Iron and Steel Institute, 
May 11, 1911. 


f which the 





lected during a fall of three hours’ duration, and except- 
ing No. 1 the samples were all collected within an area of 
half a square mile. 

Excepting No. 1, the samples were caught under stan- 
dard conditions. No. 8 represents rain-drippings from 
the foliage of a tree, and therefore gives the effects of a 
more or less concentrated atmosphere. Excluding this 
sample, the results show, for a small area, very distinct 
variation. 

Rain gives in general terms an index of the atmosphere 
through which it falls, but the results obtained are, of 
course, general rather than particular, and there may be 
some tendency to av different emissions from various 
sources. Notwithstanding tbis averaging effect, the fore- 
going results show the ibility of detecting variations 
at comparatively short distances apart. 

In studying atmospheres one characteristic feature has 


TaBLe I.—Rain Samples Collected within Three Hours. 
on : : & Bees ze 


No. | 


Total Chlorides expressed 


Total Sulphates expressed 
as Chlorine. as SO3. 


S 


grains per gal. grms. } and litre grains per gal. grms. per litre 
<< . 5098 0.0072 0.9914 | oe 








1 
. oa: 0.0140 0.4167 | (0,005 
3! 1.1046 0.0157 0.9618 | 0.0187 
4.) 12548 | 0.0179 3.3180 0.0474 
5 :.| 8.0836 | 0.1164 7.3006 0.1044 
6 |.| 0.5948 | 0.0084 1.5388 0.0219 
a: L.191L 0.0170 1.2709 0.0181 
“ad 1.5286 | 0.0218 2.6930 0.0884 
9 || 1.8596 0.0194 2.5727 0.0367 
10 || 0.8498 0.0121 1.8634 0.0266 
11 :.) 0.8549 0.0086 1.6831 0.0240 
12 || 0.2549 | 0.0086 

13 | 0.6798 0.0007 

14 ..| 0.7651 0.0109 





been noted in the case of solid emissions in the form of 
soot. Particles of soot ejected into the atmosphere appear 
to be very high in sulphur, and this led to an examination 
of varicus samples collected from fiues. Some results are 
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Fie. 1. Rat Piece, 8 In. Lonc, Markep From 
lla To 11s, ;& In. Diameter Pieces. Fie. 2. 
No. 6. 8-In. Preces, 8, In. Diameter. Fie. 3. 


No. 6. 6-In. Preces, ¢ In. Diameter. 
oo in Table II., but it may be noted that many samples 
ave been examined since early in 1909, and a lower 
sulphur content than 1.44 per cent. has not been found. 


Tas_E II.—Soot. 











| 
Sulphur in 
Source. Sulphur. Terms of S03 

| 

| per cent. r cent. 
Dining-room chimney 2.26 ” 5.68 
Kitchen chimney re + --| 330 8.24 
Kitchen chimney .. v3 = --| 286 6.14 
Dining-room chimney --| 346 8.65 
Dining-room chimney... 3.60 8.59 
Dining-room chimney*  .. . 7.17 15.65 
Locomotive, Stocksbridge Railway 1.44 3.60 
Locomotive, Stocksbridge Railway ..| 3.44 8.51 
Locomotive, Stocksbridge Railway ..| 2.78 6.93 
Locomotive, Stocksbridge Railway .. 3.13 7.83 
Locomotive, Stocksbridge Railway... 1.79 4.46 
Locomotive crane, 8. Fox and Co., Ltd. 1.68 | 4.19 
Locomotive crane, 8. Fox and Co., Ltd. 354 | 8.75 
Locomotive crane, 8S. Fox and Co., Ltd.| 3.44 | 8.58 
Locomotive crane, 8. Fox and Co., Ltd.| 2.28 5.70 
Locomotive crane, 8. Fox and Co., Ltd.| 3.47 8.65 
Locomotive crane, 8. Fox and Co., tae.) 2.34 5.83 


* This room had not had a fire for ten months. 
The first six results represent soot from ordinary domestic 
grates, and it will be noted that the content of sulphur 
varies from 2.26 per cent. to 7.17 per cent. The latter 


value may be abnormal, for the grate had not had a fire for Hyd 


a period of ten months previous to the sample being taken. 

owever, the results are sufficient to show that the 
domestic grate may be a factor in studies of corrosion. 
The locomotive and loco-cranes show a certain amount of 
variation, chiefly determined by the condition of the flues 
when sampled. Here, again, the sulphur content of the 
soot is an item which cannot be ignored. 

One example of brass corrosion has been quoted, in 
leposit remaining contained 28.65 per cent. 
anhydrous sulphuric acid. In this case illuminating 
fumes were a t. Various cases have been examined 
in which brass fittings have been subjected to the action 
of illuminating-gas fumes. The following case is one 
illustration, from an ordinary brass bell suspended over 
a batswing burner. 


Corroded deposit from bell = 14.49 per cent. sulphur, 
re 36.18 per cent. S0,. ” 





Turning to the corrosion of steel, many samples of 
ordinary iron rust have been examined, and one of the 
distinct features lies in the appreciably high content of 
sulphur. So far as the author has gone this has been 
found to apply only to rust resulting from atmospheric 
action. Six typical results from samples of widely diffe- 
rent origin are included in Table III. 


TasiLe ITI.—Rust. 
| 





Sulphur 














Date 
Source of Rust. Sulphur. | in Terms 
Sampled. of SOs, 
: per cent. | per cent. 
Aug., 1909 .—- eed wire, Flamborough 0.290 | 0.728 
e } 
Aug., 1909 ee gues post, Flamborough 0.125 | 0.312 
Oct., 1909|From fencing wire, outskirts of, 0.803 1.954 
Sheffield | 
Nov., 1909) From projecting nails in wooden! 0.627 1.565 
t, near Moa 
Nov., 1909) From ex mild-steel bars at, 0.275 0.686 
Livet, Isere 
May, 1910/From stack of crucible ingots (a) 1.25 3.124 
May, 1910| ,, - ee pa (b) 1.09 2.712 





The previous history of the steels from which these 
samples of rust were taken is not known, except in the 
case of the crucible ingots, and here the sulphur con- 
tent of the ingots is 0.02 per cent. The ingots had been 
in stock for a considerable time, the (a) set being fully 
exposed to the weather, whilst the (b) set were in a 
shed shielded from the rain, but freely exposed to the 
air. For comparison iron scales from re-heating furnaces 
are given in Table IV. 


TaBLE IV.—Scale from Re-Heating Furnaces. 
2 5 | str 








Date | Sulphur in 
Sampled Source of Scale. Sulphur. Terms of SO, 
percent. per cent. : 
June, 1910 From rail-mill soakers .. -| 0,055 0.137 
June, 1910|Fromrod-millreheatingfurnace| 0.068 | 0.171 
-| 0.068 | 0.171 


June, — patenting furnace 








Whilst the content of euigher is distinctly higher than 
that of the steels from which the scale is formed, it is yet 
notably lower than that of the samples of rust. 
Samples of rust from rails have been gathered from 
are. localities, agd five typical results are given in 
able V. 


TaBLE V.—Rust from Rails in Service. 





| Sulphur. Sulphur in Terms 





Sample. | of SOs, 

per cent. per cent. 
A 0.244 0.611 
B 0.372 0.931 
Cc 0.307 | 0.771 
D 0.574 | 1,444 
E 0.322 0.807 





These samples are from widely-different localities, and 
from rails on main line of service ; with the exception of 
D, they were laid in open situations and in normal atmo- 
spheres. D was in a cutting leading to a tunnel, and the 
somewhat higher content of sulphur is worthy of note. 
The bulk of the work done in this direction proves that 
average samples of rust from rails laid in normal positions 
do not contain less 0.2 per cent. sulphur. merally 
speaking, the sulphur content of British rails is below 
0.06 per cent. 

The foregoing leads to a study of confined atmosphere 
where coal is burnt, and by the courtesy of several rail- 
way companies the author been permitted to examine 
various main-line tunnels. Tunnel atmospheres are diffi- 
cult to sample in a really representative manner ; currents 
of air vary rapidly even in the absence of traffic, and 
variations are also found according to level from which 
the air sample is taken. Therefore tunnel results should 
be taken as referring to the particular sample, and not 
necessarily as an index of the general atmosphere. In 
Table VI. the air samples represent different conditions 
existing within a period of two hours in one tunnel. 


Taste VI.—Tunnel Air Analyses. 





| | 

Sample No. .. * 1. 2. 3. 4. 5. 
|_ Per Per Per Per Per 

(Cent. by|Cent. by Cent. by|Cent. by Cent. by 

| Volume. | Volume. Volume. | Volume. Volume. 





Acids, COg, 809, &.| 0.23 | 0.16 0.08 0.24 0.18 

Oxygen ee --| 19.04 | 20.28 20.05 19.67 20.10 

Carbon-monoxide ..| nil | nil nil 0.32 0.38 
bons, or-| | 

ganic matter nil | 0.35 0.10 0.16 0.08 

Hydrogen ; nil | nil nil nil nil 

Nitrogen -» 79.83 | 79.26 79.77 79.61 79.24 


Samples of water from the same tunnel are partially 
recorded in Table VII. 


TaBLe VII.—Sulphur Content of Tunnel Water. — 











Sample. | Sulphates Expressed as SOs. 
grains per gallon | Grams per litre 
Draining into tunnel i | 0.2494 | 0.0356 
Draining away from track. ‘| 1.5869 0.2267 
Stagnant poo! “ : -| 13.6022 1.9431 





All tunnels contain sooty deposits on the side walls, 
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and a sample of this deposit gave 
2.83 per cent. sulphur or 7.10 per cent. SO;. 
Corroded deposits from rails laid in the tunnel gave 
Sulphur. SOs. 
P< ae is as i as 3.68 9.22 
B55 “ oe es - $e 2.89 7.29 
Another main-line tunnel, examined about the same 
time as the foregoing, gave results which are summarised 
in the following. is tunnel is well drained, and no 
standing water, being of a generally ‘“‘dry” character. 
Four air samples are shown in Table VITI.:— 
TasLe VIII.—Tunnel Air Analyses. 








Sample No. .. : 1 2. 38. 4. 
Per Cent.| Per Cent. Per Cent.) Per Cent. 
-. ¢_ we by | y 
Volume. | Volume. Volume. | Volume. 
Acids, CO g, SOg, &. trace trace 0.10 0.10 
Oxygen es --| 20,80 20.20 19.80 19.60 
Carbon monoxide nil nil ni nil 
Hydrogen carbons, 
organic matter 0.12 0.08 0.18 0.16 
Hydrogen trace | nil nil | nil 
Nitrogen 79.68 | 79.72 79.92 | 80.14 


In this case acid contents are practically negligible. 
The period during which samples were taken covers about 
14 hours. Four samples of water were collected, and the 
sulphur contents of these are shown in Table IX. 


TaBLeE 1X.—Sulphur Content of Tunnel Water. 





Sample No. Sulphates Expressed as SOs. 
grains per gallon | grams per litre 
1 ; 2.2829 0.3261 
2 0.5915 0.0845 
3 0.5722 0.0817 
4 0.6135 0.0876 





Samples of water representative of tunnel atmosphere 
could not be obtained owing to the free drainage, and in 
this case the water does not stand sufficiently long to 
pick up strong indications of the atmosphere. Four 
samples of soot from the walls of the tunnel were 
obtained, and the sulphur contents are as follow :— 





Sample No. } Sulphur. S03. 
per cent. per cent. 

Si, 3.964 j 9.94 

B.. 3.941 | 9.89 

3.. 4.206 10.55 

$.. 29.04 


11.59 | 





No. 4 represents the mouth of the tunnel. The 
gradient here is such that locomotives enter with injectors 
on, resulting in a free emission of the volatile products of 
the furnace. 

Samples 1 to 3 represent normal traffic conditions, and 
confirm a feature previously noted. The rails in this 
tunnel are given a protective coating, and reliable 
samples of scale could not be obtained. Samples of scale 
a few yards from the entrance of the tunnel gave 0.50 per 
cent. sulphur. 

The conditions in this tunnel are good. The wall 
deposits show the sulphur portion of the products of 
combustion to be freely evolved, but the dry atmosphere 
offers no medium for its retention. The quick drainage 
of any incoming water away from the track and out of 
the tunnel is certainly good from the point of corrosion. 


I. Tuxor1zs oF CoRROSION. 


Theories of corrosion do not come within the scope of 
the present paper; but, in view of the admirable work 
done in this direction, it is necessary to briefly note two 
of the three most tenable theories advanced to explain 
the raison d’étre of corrosion. 

The acid theory depends on the simultaneous presence 

of oxygen, moisture, and an acid, and mere traces of 
acidity are sufficient to start the reaction. As generall 
understood, the primary attack is due to carbonic acid, 
a ferrous salt resulting, which in turn is acted upon by 
oxygen and water, with the formation of rust and the 
liberation of the acid. In this manner the process is con- 
tinuous, and a comparatively small amount of acid may 
exercise a vast influence, The acid theory has been 
studied in detail by Friend.* Friend also gives an ex- 
cellent réswmé of results obtained by other workers in this 
direction. 
_ The electrolytic theory depends upon the solubility of 
iron in pure water, or, expressed in another form, upon 
the presence of free hydrogen ions in the purest water. 
A large amount of experimental work has been done in 
this direction, and it has been shown that the rusting of 
iron is principally due toattack by hydrogen ions. Cush- 
man and Walker have respectively presented the case 
from the electrolytic point of view in two admirable 
memoirs. + 

Taking the whole of the work done, the balance of 
evidence apne be in favour of the electrolytic theory. 
However, from an ordinary point of view this is of little 
moment, for the fundamental differences between the 
-acid and electrolytic theories are theoretical rather than 
practical. 

II. ConstpgERaTIon oF RESULTS. 


In discussing problems of corrosion it is frequent 
stated that the examination of corroded audios is Z 

* Journal of the Iron and Steel Institute, 1908, No. II. 
page 5; and 1909, No. II., page 257. 

t Ibid., 1909, No. L., pages 33 and 69. 





conclusive. So far as chemical constitution is concerned, 
there may be truth in this, but in the majority of cases 
of exceptional corrosion a detailed examination of the 
residue will give some clue as to the cause. 

he results given in this paper represent instances 
noted over a long period of time and a diversity of 
geographical position ; yet one characteristic feature is 
maintained throughout, and that is the distinct content 
of sulphur in the residues. To some extent corroded 
deposits may be taken as an index of the sulphurous 
character of the surrounding atmosphere. In no problem 
of corrosion can local conditions be ignored, and in most 
instances they are of equal importance to the character 
of the metal which has been corroded. The importance 
tof external conditions has been verified in many cases, 


and although it is c-r to control them, they must 
still be ised when attempting to reach the truth 
of any special problem. In discussions as to the relative 


corrosion of wrought-iron and steel, external conditions 
have not always received a just measure of recognition. 

Detailed atmospheric work on the lines commenced by 
Angus Smith would give a considerable amount of infor- 
mation, and would tend to extend real knowledge of the 
rationale of corrosion. 


III. Tue Reat Prosiem or Corrosion. 


The problem of corrosion does not lie in the amount of 
metal lost by rust or decay, but on the influence exerted 
on the metal remaining intact and apparently unaffected. 
Deterioration is found which is not explained by mere 
loss in weight or by change in the ordinary composition 
of the metal. 

In the case of non-ferrous ~~ > Arnold* showed, in 
1898, the possibility of failure due to deterioration or 
dezincification of brazing solders and Muntz metal. In 
1903 Milton and Larke,t+ in a pa on the decay of 
metals, gave many instances of deterioration in non- 
ferrous alloys, and also in cast iron. Generally speaking, 
these examples represent definite chemical change in the 
composition induced by external causes. 

ith steels any evidence of chemical change is not 
easily found, and although physical changes are apparent, 
these cannot be explained on the ground of definite change 
in composition. It is not easy to follow the brittleness 
indu in steel when subject to corrosive action, for not 
infrequently a series of factors may be —— together, 
and it then becomes difficult to isolate one single factor. 


This aspect is of particular interest in the case of rails, 
and in aie to get a good starting-point a number of new 
and unused rails have been tested in various ways. 


Results obtained from two rails are given here, and it is 
hoped to publish others when later stages of the work 
have been further advanced. 

Tensile Pri jes.—The author cut an 8-in. length of 
bull-head rail, No. 11, in order to obtain values corre- 
sponding to different zones. The results obtained are 
shown in Table X. (see Fig. 1). 


TasLtE X.—Rail No. 11. Tensile Tests of Rail. 








Mark Max. Stress. (Elongation Reduction of 

: Tons per Sq. In. | Cent. on 4In. | Area per Cent. 
A, from head of rail 48.5 16.5 43.2 
B 9 Pm 48.5 17.75 43.5 
oC ” ” 48.75 19.25 43.5 
D ae ae 49.4 16.0 43.5 
BE eg ge 49.4 17.0 40.5 
F a oe 60.25 15.5 40.5 
G, from web of rail 49.0 19.0 42.0 
H ” 9 49.15 16.8 43.5 
I oe o 49.4 16.75 43.5 
J, from foot of rail 49.9 17.25 | 45.0 
K eo o 49.7 | 15.75 | 42.0 
L . * 49.9 13.5 30.5 
M ess 48.7 | 16.75 | 45.1 








Another rail, No. 6, of similar section, but of a slightly 
different character, was cut for tensile tests, and the 
results obtained from the test-pieces are given in 
Table XI. (see Fig. 2). 

’ Bars cut from rail No. 6a, aud machined to in. dia- 
meter, were tested for (1) resistivity, (2) alternating stress, 
(3) a complete analysis of each bar, and (4) a micro- 
scopical examination. By the kindness of Professor 
Arnold, the alternating stress tests were made on his 
machine at the Sheffield University. The results are 
given in Table XII. (see Fig. 3). 
TaBLE XI.—Rail No. 6. Tensile 


Tests of Rail. 
sos as 


Max. Stress. [Elongation r! Reduction of 








No, Tons per Sq. In. | Cent. on 4In. Area per Cent. 
1 from head of raill 2.750 | 205 | | 48.5 
2 ~ 9 44.25 | 19.0 46.5 
ee oy 43.25 185 | 466 
4 et ” 43.0 17.5 | 45.0 
ies of 43.5 175 | 45.0 
6 es so | 43.25 | 17.3 43.5 
7 os 43.4 19.5 43.5 
9 oo | 44.0 18.0 } 45.0 
9 from web of rail) 41.9 17.0 42.0 
0 -_ - 42.8 19.0 45.0 
ll ” so | 41.75 | 16.5 43.5 
apes a 43.5 | 20.0 43.5 
Le from foot of rail) pe 20.3 49.0 
4 ” ” 4 } 200 45.0 
15 ” » | 43.25 17.5 | 45.0 
16 ” ” 17.0 45.0 


eee 


- Sections cut from pieces A to X were examined in 
detail under varying magnifications, but in each instance 
* “On the Failure of a Steam-Pipe of the ss. Prodano” 


(ENGINEERING, vol. lxxxv., 4 
+ “‘The Decay ef Metals” (Proceedi 





of the Institu- 





tion of Civil Engineers, vol. cliv., Part IV.). 








the structures were quite normal, and are not therefore 
reproduced. 

TaBLe XII.—Alternating Stress Values and Specific 
Resistance of Test-Pieces from Rail No. 6a. 























Zz . 

Analyses. 8 g85 3 zs 

+ ee 
wae © & 5 g \s wees "8% 
fei 2 sh Heche? 
6i/s°\|5 | & £8 Seton BaksS 

.C. p.c. p.c. p.c. p.c. 

Ahead | 0.42 | 0.85 (0.056 0.061 | 0 050 256 17.9 
B ,, | 045 | 085 (0.053, 0.050 0048 282 17.9 
© ,, | 044) 0.84 | 0.050 0.051 0049 272 178 
D ,, 042!) 0.86 | 0.056 0.048 | 0 047 218 17.9 
E ,, | 0.41) 0.87 | 0.054 0.052 | 0.053 254 179 
F ,, | 0.42) 087 (0.056 0.051 | 0.064 260 180 
G ,, | O42, 0.86 (0051 0.049 | 0.053 216 181 
H », | G43) 0.85 (0.054 0.049 | 0 049 264 17.8 
I ,, | O44) 0.85 (0.056, 0.054 | 0.052 262 17.8 
Jy» 0.45 0.86 | 0.050) 0.048 | 0054 264 18.1 
K ,, | 0.44 0.85 |0.052/ 0.052 | 0.051 304 179 
L ,, | 0.45! 0.86 | 0.051) 0.057 00538 256 186 
M web | 0.45 0.84 | 0.056| 0.054 | 0.052 306 181 
N , | 042) 0.84 |0.062| 0.048 | 0 648 262 17.8 
O ,, | O41) 0.85 | 0.047) 0.049 | 0.049 342 182 
P ,, | 0.43/ 0.83 |0.0583| 0.049 | 0.050 260 184 
Q toot 0.44 0.82 | 0.058) 0.048 | 0 051 246 18.2 
» | 0.44) O84 | 0.056! 0.049 | 0.050 254 180 

S ,, | 045!) 0.84 |0.050| 0.050 | 0.051 274 182 
T ,, | O42) 0.86 | 0.051! 0.051 | 0047 270 182 
U ,, | 044) O85 |0052| 0.055 |0.051; 270 | 17.9 
V ., | 043! 0.84 | 0.052) 0.060 | 0051 220 | 179 
W ,, | 043! 0.84 | 0.054/ 0.052 | 0.080 252 17,8 
X , | 045| 0.85 0.050 | 0.052 202 178 


The extent of variation found in rail No. 6 is cum- 


marised as follows :— 
Summary.— Rail No. 6. 














| Specific 
, Elonga- — Alternation Resistivity. 
— Maximum) tion of Area of | Microhms 
Stress. (perCent » Stress | per 
on 4 In, ent. Reversals. Oubic 
, \Centimetre. 
Highest..| 44.25 20.5 49.0 342) | s185 
Lowest .. 41.75 16.5 43.0 202 17.8 
Range.. 2.50 40 | 6.0 0.7 


140 
In view of the distribution of metal in the regular rail 
section, the foregoing highest and lowest values are re- 
markably near to each other, and the between 
highest and lowest is comparatively small except in the 
case of alternation of stress. Here the range is repre- 
sented by 140, or from 202 to 342 reversals. From many 
tests the author believes the foregoing summary to very 
fairly represent maximum and minimum variations in 
quality unused acid rails of British manufacture as 
made in 1910. 

Rail fractures in service may be due to initial defects 
in the steel, or to faults developed by track conditions, 
by service, or by environment. xperience in this 
direction tends to support Dudley’s observation, that rail 
failures are a question of phy rather than one of 
steel-making. A series of fractured rails have been 
examined, and two of these may be quoted here. Rail 
No. 12, cut up as No. 11, gives the following summary :— 
Summary Rail.—No. 12. 


Elongation 














Maximum Reduction of 

as Stress. and -y on | Area per Cent. 
Highest 60.25 | 21 | 42.0 
Lowest 49.24 18 39.2 
Range.. 1.01 | 3 | 2.8 


7 





Another fractured rail of the same type out as No. 12 
gives the following range :— 


Summary Rail.—No. 13. 














a Maximum —~ we Reduction of 
Stress. a yy Area per Cent. 
Highest 50.58 21.0 =| 45.6 
Lowest 48.82 17.5 39.0 
Range. . 1.76 3.5 | 6.6 





Nos. 12 and 13 had developed cracks through de- 
fective track conditions, and in both cases the cracks 
led from the bolt-holes of the fish-plate. Under such 
conditions, apart from the actual defect developed, the 


Summary Rail.—No. 4. 














| 
| 4 | ific 
Elonga- - Alternation Reclotivity 
_ Maximum) tion | of area of | Microhms 
Stress. |perCent Stress r 
on 4 In. dent. Reversals. bic 
| Centimetre. 
‘Ranesien 
Highest ..| 59.25 15.0 | 82.5 276 «| ~~ «(21.9 
Lawest ..| 42.50 1.5 2.0 4 | 19.5 
Range..| 16.75 13.5 | 80.6 272 24 














rail shows no sign of decay or deterioration. Under 
other conditions rails become seriously embrittled, and 
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observation has shown this to be specially so in the case 
of tunnel rails, and the effect is intensified in damp 
tonnels. Rail No. 4, which had been in tunnel service, 
is included for comparison with rail No.6. The summary 
is given above. It was cutas in Figs. 2 and 3. 

he previous history of this rail is not known to the 
author, but it presented no steel-making flaws or defects, 
and, so far as can be judged. is comparable, except in the 
matter of service, with rail No. 6. 

The hardening effect, as shown by the highest maximum 
stress and lowest elongation, is readily apparent. The 
rail has been rendered decidedly brittle bv its environ- 
ment and service conditions. Other similar instances 
have been noted, but it bas not yet been ascertained how 
the brittleness progresses into the interior of the ruil. 
Whilst the whole of the results. show the embrit'ling 
effect, no two samples are precisely alike, and the author 
has not been able to trace any regularity in the order o' 
development of brittleness. So far, it can only be said 
that the deterioration of the uncorroded metal], whilst 
erratic in intensity, is still certain in effect. 

The embrittling effect induced by immersion in fairly 
strong acids is more or Jess recognised. In many indus- 
tries, especially that of wire-drawing, acid cleaning is 
followed in order toremove scale formed by heating. The 
following tests were made on raii steel rolled down to 
#-in. rod for convenience in testing. Each result repre- 
sents the mean of several tests, and unless otherwix 
stated the rods were immersed only until scale was 
removed, then washed in running water and di » inte 
lime water. The results are given in Table XI ° 


TabLe XIII.—The Effect of Acid Cleaning on Stcel as 
Judged by the Arnold Alternating-Stress Test. 


Alternating- 
Stress Test 
Reversals. 


Treatment. 


Cleaned by sand blast’... so - $4 200 
Cleaned in pure sulphuric acid, 1.5 per cent. 
water ee ee ee 
| Cleaned in pure hydrochloric acid, 
| cent. water +“ os 
| Cleaned in pure acetic acid ° 
Cleaned in commercial spirits .. - 
| Cleaned in commercial spirits and blued. 
Cleaned in commercial spiri's and heated to 
| 800 deg. “ es oe ae 
Cleaned in commercial salts’ .. a 
Cleaned in commercial salts and blued 
Cleaned in commercial salts twice normal time 
Cleaned in commercial salts twice normal 
time, and blued .. 
Cleaned in commercial 
time ap 
Cleaned in commercial 
time, and blued .. 


2.5 per 


‘salts thrice normal 
‘salts thrice normal 


From Nos. 10 to 13 represent laboratory results, and 
Nos. 14 to 17a were cleaned in an ordinary wire-cleaning 
house. Bluing represents stoving overnight at a tempera- 
ture of from 100 deg. to 150 deg. Cent. ; and in the case 
of No. 14a this treatment has sufficed to eliminate absorbed 
hydrogen, and to restore the material to its original pro- 
perties. That permanent injury has not follow is 
shown by the slight improvement following normalising 
at 800 deg. Cent. In the other cases permanent injury 
follows. From a study of many cases it has been found 
that even slight over-cleaning results in permanent injury. 

These results have a certain bearing on those shown in 
the summary of rail No. 4. The degree of acidity is 
immaterial provided the time of attack 1s sufficiently pro- 
longed. A slightly acidulated and moist atmosphere 
will, in course of two or three years, sufficient to 
develop brittleness corresponding to that obtained by 
immersion for a short time in strong acid. 

This paper is of a somewhat scattered character due to 
the fact that it represents work done over a long range 
of time. During this time the author’s colleague, Mr. 
T. Swinden, B.Met., has willingly co-operated in the 
work, and cordial thanks are due to him for the help 
generously given. Acknowledgment must also be made 
of the facilities already provided by Messrs. 8S. Fox 
and Co., Limited, Sheffield, and in particular of the 
personal interest shown in the work by the general 
manager, Mr. F. Scott Smith. 





THE INFLUENCE OF VANADIUM UPON 
THE PHYSICAL PROPERTIES OF CAST 
IRONS*. 

By W. H. Harrtetp, B. Met. 

Or late years the metallurgy of cast iron has received 
considerably more attention than previously, and much 
research has been directed towards making such material 
more consistent in its behaviour under physical tests, both 
in the ‘‘as cast” and ‘‘ annealed ” condition. One phase of 
the development is the introduction of some of the 
elements such as have been employed in steel making with 
advantage; vanadium is now suggested as a valuable 
influence in increasing the strength of cast iron, and as 
there is at present considerable disagreement as to exactly 
what the infl of this t is, it was thought that 
the results of the following experiments conducted in our 
works laboratories might be of interest. . 

There are existing, at Cg eg the results of several 
sets of experiments published by various workers, which 
are more or less conclusive in honing the advantage of 
the addition of the element in small quantities. 

Mr. G. L. Norrist gives an instance where vanadium 


* Paper read before the Iron and Steel Institute, 
May 11, 1911. 
+ New England Foundrymen’s Association, May, 1910. 








increased the life of locomotive cylinders. Cylinders 
made of cast iron not treated with vanadium showed a 
wear of ,/; in. per 100,000 miles, whereas vanadium cast- 
iron cylinders showed only microscopical wear after run- 
ning 200,000 miles. Average tests upon such irons gave 
the following results :— 


Tensile Strength. 
| Ib. 


24,225 
28,728 


Transverse Strength. 





Ib. 
2130 
2318 } 


Plain castiron .. 
Vanadium cast iron 


The New York Central Railroad Company have already 
ordered a considerable number of engines equipped with 
vanadium cast-iron cylinders. 

Mr. J. Kent Smith gives interesting figures in an article 
in the American Foundry of February, 1909. 





Fie, 2. QUuENCHED 
860 Dea. Cent. 


Fic. 1. As Cast. 


V. Wutre Cast Iron (No Vanapium) 


MAGNIFICATION OF EN«RAVINGS, 45 DIAMETERS 


As Cast. Fie. 6. QuescHep 


860 Dea. Cent. 


Vi. Ware Cast Iron (0.138 per Cent. 
ACTUAL MAGNIFICATION OF ENGRAVIN 


Fic, 5. 


' i considers that the action of vanadium is three- 
old : 
(a) That it acts as a scavenger, clearing out the oxygen 
and nitrogen, which he considers exists under certain 
conditions in cast iron. 

(b) That it “‘ somewhat strengthens the iron by its solid 
solution in the carbonless constituent of that iron, render- 
ing the molecules of its constituents more coherent than 
ever, and their crystals more resistant to abrasive wear 
and less susceptible to breakage by disintegration along 
the cleavage lines.” 

fc) By its action upon the carbides. 

e author does not agree with Mr. Kent Smith upon 
the first action, since he does not consider that oxygen is 
pe in properly melted iron of suitable composition, 

ut considers that his second and third claims deserve 
consideration. 

Mr. Kent Smith proceeds to substantiate his observa- 
tions with experimental results, and shows that he has in- 
creased the tensile strength of cylinder and other cast 
irons 50 per ee the addition of 0.2 to 0.25 per cent. 
of the element. He also gives instances of similarly 
increased figures under the transverse tests, and further 
demonstrates that these results are not at the expense of 
the deflection by recording figures obtained from the 
standard American bars as high as 0.145. Under com- 
pression and hardness tests he also records improvement. 

It is also claimed that parts subject to much wear are 





improved by the addition of small quantities of the 
element, and in this matter support is obtained from a 
theoretical reasoning of the matter. | 


Dr. R. Moldenke* describes some interesting experi- 
ments made to determine the influence of this element 
upon the properties of cast iron. 

The iron was melted in the cupola, and the addition of 
manganese and vanadium were made to the metal when 
in the ladle. The test-bars were cast to the standard size 
of the American Society for Testing Materials—+.c., 1} in. 
in diameter cast on end, in dried moulds. The testing 
was done upon a 5000-lb. Riehle testing-machine, and 
some of the results are given in the following table. 

The author, however, wishes to point out one or two 
considerations which must not be overlooked when deduc- 
tions are being drawn from the foregoing experiments. 
Better results were undoubtedly obtained with the vana- 
dium content than without it. It is, however, difficult to 
obtain any distinct rule, since the influence of 0.22 per 


| cent. of the element would seem to be as great as that of 


0.45 per cent. In the case of burnt metal, either white 
or grey, a distinct advantage would appear to be obtained 


Fie, 4. QuENCHED 
1040 Dre. CENT. 


Fie. 3. QuENCHED 
960 Dea. Cent. 


MaeniFiep 52 DIAMETERS ; ACTUAL 
Ercnep HNO,. 


Fie. 8. QuENCHED 
1040 Dee. Cent 


Fic. 7. QoEncHeD 
960 Dec. Cent. 


Maaeniriep 52 DIAMeTERS ; 
Ercnep HNO.,. 


VanaDIvum). 
as, 45 DramMerers. 


Dr. Moldenke’s Experiments. 





at 


Analysis. 
Iron Melted. 


Pounds. 
in Inches. 
Rupture, 


Modulus of 
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38,700 
46,320 
28,100 
76,650 
58,040 
59,220 
54,890 
59,030 
59,230 
25,500 
43,380 
28,170 
37,400 


a { _ 


by the addition of so low a percentage as 0.05. It is, 
however, important that we should take into consideration 
the variable analyses, and it is to be noted that the con- 
dition of the carbon is not recorded. 

It will appear from the foregoing data that vanadium 
strengthens cast iron, and the present author has himself 
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* American Foundrymen’s Association, 1907. 
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under certain conditions found such to be the case. His was in the combined state. To the molten metal varyin 
——— of 45 percent. ferro-vanadium were added, an 
the analysis of the resulting materials are given in the 
following table :— 


observations, however, pointed to the view that this 
action was merely due to the influence of that element 
upon the condition of the carbon—i.e., it assisted the 





Fic. 9. As Cast. Fic. 10. QuENcHED 


860 Dec. Cent. 


Fic. 11. QuEncHED 
960 Dec. Cent. 


Fic. 12. QuEencHEeD 
1040 Dec. Cent. 


V2. Wire Cast Iron (0.22 rer Cent. Vanapium). Maanirrep 52 DiaMeETERs ; 
acTuaL Maenirication oF Enoravines, 45 Diameters. Ercuep HNO,. 








Fie. 13. As Cast. Fic. 14. QuENcHED Fie. 15. QuencHED Fie. 16. QuencHED 
860 Dec. Cent. 960 Dec. Cent. 1040 Dec. Cent. 
V3. Wurre Cast Iron (0.45 per Cent. Vanapium). Maonirrep 52 Dramerers ; 


acTuaL Maenirication or Enoravines, 45 Diameters. Ercurn HNO,. 





Fig. 17. As Cast. 


Fie. 18. QuENcHED 
860 Dec. Cent. 


Fic. 20. 
1040 Dea. Cent. 


Fic. 19. QuENcHED 
960 Dee. Cent. 


(JUENCHED 


V4. Wnurre Cast Iron (0.65 per Cent. Vanapium). Macnyiriep 52 Diameters ; 
ACTUAL MaGniricaTion oF Enoravines, 45 Diameters. Ercuep HNO.. 


carbon to persist in the combined state. Now by scientific 





working, as is fully appreciated, the condition of the| . ined | , | : 
‘ arbon can be comp nat contealie’ without access to any Number ro | Graphite. Silicon.| Mn 8. P. Va. 
— Sania, —_ it — Dane — to deter- poe peeeaoears, ene ree ~ apy = o—% 
ne whether any additional advan over the ordinary | , . - S| BS | BS. i 
procedure was to be gained by the addition of the expen- : ” ee oo = by oa oa | fog 0.188 
-—_ alloy of vanadium. To sum u , the question to bel y 9 29 = 0.653 0.28 0.038 | 0.08 0.22 
decided was whether or not the carbides in the treated | v3 2.9 a 065 0.28 | 0.03 bro 0.45 
iron were in any way different from those in the untreated | V 4 2.9 a 0.65 0.28 | 0.03 | 0.084 0.65 


iron. "| } | | i | 


Author's Experiments.—The iron used for these experi- E 
ments was one in which normally the whole of the carbon 





It will be seen that a most interesting set of alloys were 








thus prepared of like composition, apart from the gradual 
increasing vanadium content. 

The whole of these irons presented the normal fracture 
of white cast iron, and microscopically (Figs. 1, 5, 9, 13, 
and 17) were found to present the usual cementite pearlite 
structure of white iron. 

It was considered that the hardness test would be the 
most likely one to determine whether the vanadium had 
any influence over the physical properties, and the bars 
were therefore subjected to both the Brinell and sclero- 
scope tests. The results obtained are given in the 
following table :— 


Number. | Brinell. Scleroscope. 
Vv 387 48 
V1 418 48 
es 430 48 
vs. : 418 47 
va. a 430 48 


It will be seen that here is no evidence in favour of any 
pronounced effect uliar to the vanadium, and it was 
therefore considered that any influence which the element 
possibly had was simply the indirect one. Conclusively 
to prove the manner in which the influence of the element 
was exerted, it was conside necessary to find out how 
it existed in the alloy. 

If vanadium is ndded to pure iron it alloys in all pro- 
portions, and an interesting research has resulted in the 
production of an equilibrium diagram.* If added to a 
steel of carbon content under saturation, it will be found 
that the vanadium above the pearlite change-point exists 
in solid solution. After the resolution of the hardenite 
into pearlite, although it would seem so to be believed, it 
is not as yet proved that the vanadium exists as a con- 
stituent of the pearlite carbide as distinct from the 
pearlite ferrite. 

The alloys which we have under consideration belong 
to the supersaturated range, and it was therefore decided 
to determine what proportion of vanadium crystallised 
with the massive cementite as distinct from the solid 
solution. So that the massive cementite should be alone 
separated, the samples were quenched just above the 
recalescence, previous to the electrolytic separation. In 
this manner the solid solution was taken into solution in 
the dilute hydrochloric acid whilst the cementite carbide 
remained behind. The author appreciated that it was 
possible for the vanadium compound in the solid solution 
to remain undissolved, but experience showed that this 
was not so, as some vanadium was found in the HCl 
solutions. The samples were exposed for 48 hours in each 
case, and the following table gives the analysis of the 
cementite carbides thus produced :— 


| 











Bar. Carbon. | Vanadium. Silicon. 

per cent. per cent. per cent. 
V 6.59 “ 0.58 
Vv 6.54 0.414 0.26 
v2 6.54 6.66 | 0.32 
v3 6.53 0.81 0.31 
Va 6.54 1.25 0.31 


It will be seen that the bulk of the vanadium crystallised 
with the cementite carbide, and it would be deduced that 
it was probably in chemical combination. The author 
has shownt that with the varying silicon content of an 
iron the silicon content of the carbide of such an iron is 
modified, and further that this silicon content is respon- 
sible for the comparative stability of such carbide at Righ 
temperatures. Itis thus interesting to find that not only 
does the vanadium crystallise with the carbide, but that 
it influences the percentage of silicon found in it. Here 
is possibly a further manner in which the influence may 
be asserted. The carbon content of these alloys was 
approximately 2.90 per cent., and if the calculation be 
made it will be found that about 34.5 per cent. of the 
alloy is “ys! carbide. In connection with this fact, the 
following table is of interest as showing the yield of 
carbide obtained :— 


No. Carbide Obtained. Alloy Carbide Obtained. 











in Solution. 
grammes grammes per cent. 
Vv 2.319 5.339 30.2 
vi 2.51 | 5.71 30.5 
v2 2.54 | 5.608 $1.17 
v3 4.11 8.166 33.4 
va 3.12 6.18 33.54 


The silicon not found in the carbide was invariably 
found in perfect solution in the HCl, and as an instance 
of this the silicon in the solution of V 3 worked out at 
0.95 per cent. for the solid solution, thus clearly demon- 
strating that the silicon had been partially prevented 
from crystallising with the carbide by the vanadium 
content. 

Such experiments as these are somewhat crude, but 
they at any rate give results which throw light upon the 
grouping of the elements in such materials. 

Heat-Treatment Experiments.—It was next decided to 
determine by heat-treatment exactly how far the stability 
of the carbide was influenced by the modified composi- 
tion brought about by these additions. Bars of each 
number were heated in a Clinch-Jones muffle for about 
one hour at fixed temperatures, and then quenched. In 
each instance the bars were introduced into the muffle 


. Vogel and Tammann, 
Chemie, vol. lviii., 73 
+ Royal Society, 
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already standing at the particular temperature, which 
was su uently maintained within plus or minus 5 deg. 
Cent. for the stated period. 

Figs. 1, 5, 9, 13, and 17 clearly show that vious to 
treatment the whole of the series were practically identical 
in structure ; they consi of cementite and pearlite. 

The first experiment was the heating at 860 deg. Cent. 
for one hour, followed by the rapid quenching. Micro- 
sections prepired and etched with dilute nitric acid 
revealed the structures showed in Figs. 2, 6, 10, 14, and 18. 
Apart from a slight precipitation in the bar V, there is 
very little difference in the structures presented. 

The second series were heated for one hour at 960 deg. 
Cent., and rapidly quenched. The respective structures 
are shown in Figs. 3, 7, 11, 15, and 19. In bar V (Fig. 3 
the free carbide is nearly all broken down, only isola 
areas being in evidence. In bar V 1 (Fig. 7) little change 
seems to have taken place apart from the ual dis- 
appearance of the free carbide, owing to solvent action 
of the solid solution increasing temperature ; occasional 
nodules of Ey carbon are noticed. The same 
remark “yoo to V2(Fig. 11). The structure of V3 
(Fig. 15) showed, however, no trace of the dissociation 
of the carbide, the whole of the carbide not in solution 
being presented as cementite. «V4 (Fig. 19) naturally 
presented much the same appearance as V 3. 

The final heat-treatment was an hour’s exposure at 
1040 deg. Cent , followed, as before, by a rapid quench- 
ing from that temperature. The microstructures pre- 
sented after this treatment are portrayed in Figs. 4, 8, 
12, 16, and 20. It will be seen that in the caseof V, con- 
taining no vanadium, the whole of the free carbide at 
this particular temperature has broken down with the 
appearance of considerable quantities of annealing carbon, 
whilst the matrix presents the typical martensitic struc- 
ture characteristic of the solid solution when quenched 
under these conditions. The sample V1, containing 
only 0.13 per cent. of vanadium, still contains some 
free cementite carbide, along with a considerable 
proportion of free carbon. The sample V2 presents 
a similar structure, with still more free cementite 
carbide in evidence. The microstructure of V3 is 
interesting; it will be remembered that this bar 
contains 0.45 per cent. of vanadium, and this, no doubt, 
explains the persistence of the bulk of cementite carbide, 
which is the most noticeable feature of the micrograph. 
There has, however, been a noticeable dissociation of the 
carbide with the uction of some annealing carbon. 
The most interesting micrograph is that obtained from 
the sample V 4. It will be seen that all the cementite 
carbide not redissolved in the solid solution has —- 
intact even after exposure to a temperature of 1040 deg. 
Cent. for one hour. 

Conclusions.—The deductions to be made from the 
results of the foregoing experiments are as follows :— 

1. Additions of vanadium have a definite influence upon 
the physical properties of cast iron. 

2. This influence is mainly that of assisting the carbon 
to ist in the combined state. 

3. The persisting carbides, physically, do not differ 
materially from the normal carbide found in the cast iron. 

4. Owing, however, to the actual presence of much of 
the vanadium in the carbide, that carbide is rendered 
more stable. 





“‘Soora, Guripg, 1911.”—This guide, which is edited 
by Mrs. Hugh Adams and Edith A. Browne, and is 

ublished at the price of 2s. 6d. by Messrs. Adam and 
Charles Black, gives information on the social events to 
take place in the course of the year, also information 
on the various societies and clubs in don, on the 
Coronation, the Turin and Rome Exhibitions. 


Tue DevELOPMENT AND Receipts oF GERMAN Ral_- 
ways.—The Minister for Public Works in Germany has 
prepared and submitted to the Emperor a highly interest- 
ing report upon the development of certain branches of the 
railways under his department during the decade 1900- 
1910, from which it appears that the Prussian-Hessian 
State railway system from April 1, 1900, to March 31, 
1910, has increased in mileage from 30,347 kilometres to 
37,162 kilometres—thet is, an increase of 6815 kilometres 
(about 4250 miles), or 224 per cent. The number of rail- 
way stations had, during the same period, risen from 5323 
to 7088—that is, an increase of 1765, or 33.15 per cent. ; 
and the number of employees had risen from ,938 to 
478,407, an increase of 127,469, or 36} per cent. Durin 
the same decade the number of locomotives had inc 
55g per cent., the passenger carriages per cent., and 
the goods wagons 47% per cent. The number of seats and 
standing accommodation for passengers had increased 
75¢ per cent., and the aggregate capacity of goods 
and luggage vehicles 65} per cent. The te number 
of tons transpor rose during the said ten years 
from 199,900,000 tons to 309,200,000 tons, an increase 
of 545 per cent. The receipts inc from 
860,300,000 marks (43,015,000/.) to 1,279,200,000 marks 
(63,960,0002.), or 48); per cent.; and the surplus rose 
from 542,800,000 marks (27,140,000/.) to 629,300, marks 
(31,465,0002.), or 15,4 per cent. The receipts of the 
Prussian-Hessian State railways for last year show a very 
marked advance as com with the Few pe year. 
The increase is somewhat uneven for the different months, 
varying from 4,612,810 marks (230,640/. 10s.) for March 
to 14,493,143 marks (724,657/.) for August. Since the 
beginning of the financial year the seprogate revenue 
amoun to 1,642,930,000 marks (82,146,500/.), which 
shows an increase, compared with the corresponding 
figure for the previous year, of 107,660,000 marks 
(5,383, 0002. ), avenng an Increase in the receipts per 
kilometre from 42,302 marks (2115/.) to 44,452 marks 
(22222. 12s. ). 





MINERS’ WAGES IN GERMANY. 


Some official Prussian statistics just published give 
some interesting particulars as to the number of unions 
in the various districts and their wages. In the five 
Prussian upper mining districts there were employed ii 
1910 an aggregate of 727,704 hands, against 723,669 for 
the previous year, showing an increase on the year of 
4035 hands. is total works out for the various upper 
mining districts as under :— 

Hands. 


346,763 
166,572 
125,849 


Dortmund 
Breslau 

Halle ... 66,775 
Clausthal 21,745 


The increase on last year falls principally on the Dort- 
mund district, the number of employees having decreased 
in some of the other districts. 

The aggregate number of women employed in mining in 
the above districts amounts to 10,227, showing a slight 
decrease as compared with the previous year ; 9235 of the 
above total come upon the Breslau district, whilst there 
were only two women employed in the large Dortmund 
district. The women in the Breslau district are su 
to be very hard worked. The number of youths employed 
during 1910 was 26,201. According to official statistics, 
the wages for the year 1910 average per shift :— 

1909. 
Marks. 

4.49 

4.45 


Marks. 
4.54 
4.49 


3.97 
3.45 
3.23 


Some further statistics throw much light upon the 
movement of the mining wages and those paid in the 
metallurgical industries in one of the mining districts, that 
of Upper Silesia. These statistics go back as far as the year 
1885, giving the average wages in marks per year, both 
male and female hands, and the particulars refer to the 
various branches of the mining and the metallurgical 


industries. 
Coal and Ore-Mining. 
For Male Labourers. 
Abo’ Belo’ 


For the Dortmund district ... 
at Saar- 


At Aachen... 
At the State mines 
: —— : 

n r Silesia 
In 5 ~ ae Silesia 


3.96 
3.48 
3.23 


Female 
Labourers. 


Marks. 


229.16 
323.92 
351.95 
403.56 
383.01 
Silver 
243.75 - 
294.30 
288.04 


669,43 
834.36 
968.64 
1089.52 301.85 
1119.49 354.20 


At the Coke Works. 
581.56 218 
750.40 346.53 
929.60 375.70 
1056.63 408.93 
1113.67 380.92 


The Average of the Mining and Metallurgical Industries. 
589.32 225.36 224.26 
790.54 299.67 272.15 
960.62 309.97 $11.19 
1160.17 372.79 370.81 
1126.13 355.38 369.90 


The above figures will show that the adult male wages 
have very nearly been doubled during the period in 
question, those of the youths and of female hands having 
increased at a more modest rate. 





Moron VEHICLES IN GrrmaNy.—According to the 
official statistics the number of motor-carriages of various 
classes in the German Empire has increased by 15.7 per 
cent. during the year 1910, and amounts now to 57,805. 
The rate of increase is diminishing. Nearly 55 per cent. 
of all the motor vehicles belong to Prussia, an ter 
Berlin, which, however, is not kept separate from the Pro- 
vince of Brandenburg as acti these statistics, owns 
34.5 per cent. The greatest increase concerns motor-cars 
of medium power, from 8 up to 40 horse-power, and 
vehicles for private use and for sport show a greater 
increase than public vehicles. Public motor-carri 
substitutes for the ordinary horse-cab, of from 8 to 16 horse- 
power have actually d in number, while the 
more powerful cars have increased. The motor omnibus 
is still rare, and the numbers show that old two-cylinder 
engines have been replaced by four-cylinder engines. The 
number of motor-carriages used for military transport has 
risen to 1384. There is a decrease in motor-cycles, while 
the ye traffic is served by 1383 vehicles. The total 
number of accidents due to private motor-cars shows a 
very slight decrease. Altogether, 3929 persons were in- 
jured by motor vehicles, and 278 persons killed, against 
194 killed in 1909. It cannot be said, therefore, that 
the new liahility regulations, which came in force in 1910, 
have contributed much to the general safety. 


FOREIGN ENGINEERING PROJECTS. 


WE give below some information concerning colonial 
and foreign ineering projects. Further data concern- 
ing these can be obtained from the Commercial Intelli- 
gence Branch, Board of Trade, 73, Basinghall-street, E.C. 

italy: The British Vice-Consul at Spezia (Mr. H. C. 
Ricardo) reports that tenders will be received up to 
11 a.m. on June 2, at the Royal Arsenals at Spezia and 
Venice for the supply to the Italian Naval Authorities 
of electric cables and wires. The total estimated 
value of the contract is about 35,500 lire (1420/.) ; a de- 
posit ef 3500 lire (140/.) will be required to qualify 
tenders. Manufacturers only will be allowed to tender. 
Local ye is practically necessary. The 
Gazzetta of May 1 states that tenders will be opened on 
May 30 by the Direttore Generale delle Opere Marit- 
time, Ministero dei Lavori Pubblici, Rome, for the con- 
struction of a == for the carrying out of other dock 
works in the harbour of Fano. The upset price is put 
at 115,600 lire (4624/.), and a deposit of 7500 lire (300/.) 
will be requi to ey tenders. Although this con- 
tract will in all probability be awarded to an Italian 
firm, nevertheless the carrying out of the works may 
involve the purchase of some materials out of Italy. 

Australia: The Imperial Trade Correspondent at 
Adelaide (Mr. J. K. Samuel) has forwarded a newspaper 
extract to the effect that the South Australian Govern- 
ment pro to construct, as feeders to the main lines of 
railways, branch lines of 2-ft. or a gauge, on which 
petrol locomotives would be used. e rolling-stock re- 
quired, says Mr. Samuel, would probably be built locally, 
but as rails, fish-plates, and dog-spikes would have to 
imported. 

New Zealand : It sepees from a report received from 
the office of H.M. Trade Commissioner for New Zealand 
that the projected expenditure of the Wellington Har- 
bour Board from March 1 to September 30, 1911, includes 
the following :—Queen’s wharf addition, 1000/.; wool 
jetty repairs and rebuilding, 8200/.; renewing Muntz 
metal, . 3 electric cranes for ‘‘J ” shed, 2400/. ; 
electric-lighting and fire service, hydraulic jiggers, wool 
presses, and accumulator for ‘‘J ” shed, 1250/. ; dredging 
and filling of Waterloo Quay reclamation, 8500/. ; sewage 
drainings, Waterloo Quay reclamation, 3000/. ; road for- 
mation, cai nee work and acquisition of land 
at Miramar, .; installation of electric - lighting 
plant, 10,0007. The construction of a dock wall is also 

ro ‘ 
¥ : With reference to Fn mene irrigation works 
in Cuba, H.M. Minister at Havana reports that a Bill 
has been introduced into the Cuban Senate, and re- 
ferred to the Committees on Codes, Public Works, and 
Agriculture, providing for the grant of a sixty years’ 
concession for the construction and working of irrigation 
works throughout Cuba, of an initial cost of 25,000,000 dols. 
(about 5,139,000/.). By the Bill, the Government are to 
guarantee 5 per cent. interest on the capital, and the 
concessionnaire company is to levy taxes on the land irri- 
gated. The Government may take over the works at the 
end of thirty years. A technical commission is to be 
appointed to prepare the scheme for the works. 

Brazil; The Diario of April 16 publishes a decree, 
No. 8671, opening at the Ministry of Communications and 
Public Works (Ministerio da Viacio e Obras Publicas) a 
credit of 1,000,000 milreis (about 66,600/.) for the con- 
struction of a section of the Central Railway of Brazil— 
viz., from Sabara to the town of Ferros. 

Austria-Hungary: The Austrian Reichsgesetzblatt of 
May 2 publishes a notice granting to the communal 
poor: MF an of Gmunden a concession for the construction 
and working of a narrow-gauge railway from Gmunden 
to Vorchdorf. The concession is for a term of ninety 
ic: With reference to the decree 

ting to the Buenos Aires Western Railway Company, 
Li ited, a concession for the construction of a railway 
from La _— to Meridiano Quinto, the Boletin Oficial of 
April 6 publishes a further decree approving the con- 

t of this railway entered into between the 
ublic Works and the above-mentioned com- 


years. 
Argentine Re 


tract in resi 
Ministry of 


y: 

 peitewtand : The Feuille Fédérale Suisse of May 3 pub- 
lishes a notice of the grant to Messrs. Albert Furter, of 
Wohlen, Henri Débeli, of Fahrwangen, and Otto Meyer, 
of Vilmergen, of a concession for the construction and 
working of an electric railway from Wohlen to Meistersch- 
wanden. The concession is for a period of 80 years. 
Eighteen months are allowed for the actual construction 
of the line, the cost of which is estimated at 950,000 fr. 
(38, 000V. ), ’ ‘ 

Java.—The Bulletin Commercial (Brussels) notifies, 
on the authority of the Belgian Consul at Batavia, that 
the provincial authorities of Rembang (Java) have 
received three applications for concessions for the estab- 
lishment of an important network of railways. The first 

roject is for a line to run from Tandjong-Bendo, ing 
“ way of Lassem, Pamottan, Sedan, Djatirogo, Pontjo, 
Rengel, and Toeban; the second for a line to connect 
Wa (Djatirogo) with Bodjonegono; the third to 
serve the districts between Lassem and Djatirogo. It is 
practically certain, continues the report, that these con- 
cessions will be granted. 

Servia: The British Vice-Consul at Belgrade states 
that tenders are invited by the Servian State Railways 
Administration for the construction of the following lines 
of railway :—(1) Krsna-Pozarevatz ; (2) Lazarevatz-Gorni- 
Milanovatz-Tchatchak. Tenders will be received at the 
Direktion der kgl. serbischen Staatsbahnen, Belgrade, 
up to May 16/29 in the case of (1), and June 10/23 in the 
case of (2). Deposits of 140,000 dinars (5600/.) and 370,000 
dinars (14,800/.) respectively will be required to qualify 





tenders 
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FATAL ECONOMISER EXPLOSION. 


A FORMAL investigation by the Board of Trade has been 
conducted at the Town Hall, Manchester, with regard to 
the cause and circumstances of the explosion of a feed- 
water heater or fuel-economiser, which occurred at the 
works of the Pilki m Tile and Pottery Works Com- 
pany, Limited, Clifton Junction, on September 12, last, 
whereby one man lost his life. The Commissioners were 
Mr. F. Sims Williams, barrister-at-law, and Mr. A. J. 
Maginnis, engineer. Mr. G. Vaux conducted the inquiry 
on behalf of the Board of Trade, and Mr. F. Brockle- 
hurst appeared for the Pilkington Tile and Pottery Com- 
pany, Limited, for Mr. Joseph Burton, the works mana- 
ger, and for Arthur Howard, the engineer who attended 
to the boiler and ents my in use at Se works. 
Mr. E. J. Brown, manager of the inspection department 
of Messrs. E. Green and Son, Limited, makers of the 
economiser in question, was also present, but it was ex- 
plained that the firm were not parties to the investigation. 

In opening the agree ‘or the Board of Trade Mr. 
Vaux said that the economiser, the explosion of which 
formed the — of the inquiry, was made by Messrs. 
E. Green and Son, Limited, Phcenix Works, Wakefield, 
and was fitted to a Lancashire boiler at the Pilkington 
Works in 1897. It was used for heating the feed water 
for the boiler, and, apparently, no trouble had ever been 
experienced with it. It was inspected periodically by 
the makers, and in the engine-room there was placed a 
list of instructions for the guidance of the attendant. 
Under the head of “ Repairs” there was the following 
paragraph, printed in red ink :—‘* When these are being 
executed, it is imperative that the pressure be taken off 
and the economiser shut down by closing the inlet and 
outlet dampers and feed-valves, allowing the heat to pass 
through the spare flue. Under no circumstances should 
any of the joints be interfered with whilst under pres- 
sure.” Arthur Howard and William Horsfield attended 
to the boiler and economiser, one in the day-time and the 
other at night alternately. Howard ap d to have 
shown these instructions to Horsfield, and on more than 
one occasion had warned him never to touch any of the bolts 
without first making sure that there was no pressure in 
the economiser. At 11 pm, on September 11 last, 
Howard saw that two of the cover-joints, or lids, on the 
lower branch-pipes were leaking. e disconnected the 
economiser from the boiler, emptied it by opening the 
blow-out tap, re-made the joints with rubber and canvas, 
and then replaced the covers, afterwards re-connecting 
the economiser with the boiler. At 5.30 on the following 
morning Howard again relieved the economiser of pres- 
sure by lifting the safety-valve, and tried the nuts of the 
two covers he had re-jointed, using a spanner about 18 in. 
long. Having satisfied himself as to the condition of the 
joints, he p his spanner on the branch-pipe near the 
cover, and then lowered the ——, At 6 o'clock 
Howard was relieved by Horsfield, to whom he related 
what he had done with the two covers, and told him 
where he had left the spanner, in case it should be needed 
to tighten the nuts. At 7.10a.m. the explosion occurred, 
and Horsfield was found in the space occupied by the 
lower wre - of the economiser. He was very badly 
scalded, and died shortly afterwards. It was subse- 
quently found that one of the two bolts securing the 
second cover from the inlet end to the lower branch pipe 
had been broken. The cover had been forced from its 

sition, and was on the ground, while the spanner was 
ee 7 ft. or 8 ft. from the place where Howard had 
eft it. 

Mr. Vaux then proceeded to call evidence. 

Mr. Joseph Burton, works manager to the Pilkington 
Tile and Pottery Company, gave particulars as to the 
manner in which the economiser was attended. Both 
Howard and Horsfield were experienced in the working 


of steam vessels, and the firm’s works had been designed 


with a view to their being regarded-as model works of | h 


their kind. This accident was the first and only one of a 
serious nature that had happened. At Easter, 1910, 
Messrs. Green and Son’s inspector made certain sugges- 
tions as to the economiser, and these were duly carried 
out. Mr. Burton added that the firm had paid into the 
County Court the sum of 251/. 12s. 6d. as compensation 
for the death of Horsfield. 

Mr. Robert Jackson, an inspector in the employ of 
Messrs. Green, said that up to about three years ago the 
covers made by the firm were fastened by two §-in. bolts, 
then four 4-in. bolts were introduced, and subsequently 
these had n altered to four §-in. bolts. There were 
thousands of economisers on the two-bolt system in use 
at the present time. He inspected the economiser in 
March, and saw no reason to advise the substitution of 
four }-in. bolts for the two §-in. bolts. 

Arthur Howard, the engineer, gave evidence to the 
a that the broken bolt was a new one introduced last 
June, 
Horsfield had the spanner in his hand. Witness had 
known a bolt to break under an exceptional strain, and 
if the economiser was under pressure, the bolt would be 
more likely to break. In this case, it looked as if the 
nut had been pulled off by the spanner. The economiser 
was worked at a pressure of 110 lb. per square inch. 

Mr. W. T. Lewis, engineer-surveyor to the Board of 
Trade, presented a report as to the result of his examina- 
tion of the economiser after the explosion. He thought 
\t possible to screw off the nut of the bolt with the 
Spanner to which reference had been made. In his 
: _ = Acme pressure was on when Horsfield was tightening 

Mr. Edwin J. Brown, manager of the inspection de- 
partment for Messrs. E. Green and Son, said the econo- 
miser which had exploded was supplied in 1897, and the 
instructions which had been quoted as to the repairs were 


Sent out in 1903. They warned engineers that the joints 





He thought that at the time of the explosion pa 





must not be interfered with while the economiser was 
under pressure. That warning was issued because of au 
accident which had occurred to an economiser at Staly- 
bridge in 1902. It was subsequently decided to fit all 
new economisers with four }-in. bolts for keeping the 
covers on the pipes, and afterwards the thickness of the 
bolts was raised to 8 in. This addition to the number of 
bolts was not made because of any doubt as to the two- 
bolt system, but was simply to guard against the failure 
of the human element. perience taught that the two- 
bolt system was al] that was needed if men would observe 
the rules. If they tampered with bolts under pressure, 
and one got broken, as might easily be the case, the other 
bolt would not be stron ae to resist the pressure 
behind it; but with four bolts, if a man was so reckless as 
to ignore the rules, and a bolt was broken, the other three 
bolts would hold and protect him against the consequences 
of his own —_ 

This concluded the evidence, and Mr. Vaux submitted 
a list of questions on which he requested the judgment of 
the Court. The Commissioners were asked by the Board 
of Trade to say whether the management of the econo- 
miser had been intrusted to competent persons ; whether 
proper measures had been taken to assure that the 
economiser was worked under safe conditions ; also what 
was the cause of the explosion, and who, if anybody, was 
to blame. 

The presiding Commissioner then delivered judgment, 
dealing fully with the construction of the economiser, and 
the cause and circumstances of the explosion. The Com- 
missioners, he said, had come to the conclusion that no 
blame attached to the Pilkington Tile and Pottery Com- 
pony, Limited, to Mr. Burton, or Mr. Howard. They 

eld that the economiser had been periodically inspected 
by a competent person, that competent persons attended 
to it, and that it was worked under safe conditions. ‘They 
were of the opinion that the explosion was caused by 
Horsfield tightening up a joint while the economiser was 
under pressure. It was assumed that Horsfield, in screw- 
ing up the nut, broke it, and that the lid then flew up, 
with the result that the steam and water issued upon him 
with fatal results. The Commissioner pointed out that 
Messrs. E. Green and Son now sent out all their econo- 
misers with four bolts to each lid, irrespective of pressure. 
This was done, not because the two bolts, if properly 
handled, and if the lations were observed, were not 
strong enough for all practical purposes, but as an 
additional precaution against boiler attendants wilfully 
ignoring the rules as to repairing defects while the 
economiser was under pressure. 

The Commissioner added that the Pilkington Tile 
and Pottery Company, Limited, had now adopted 
precautionary measures. 





UNDFVELOPED PreTROLEUM.—The undeveloped petro- 
leum lands of the United States constitute one of the 
most important resources of the Federal Government. 
As a result of investigations made by the United States 
Geological Survey, areas of these Jands have been 
withdrawn from public entry, pending legislation with 
respect to them. The lands thus withdrawn comprise 
3,795,548 acres—viz., Arizona, 230,400 acres ; California, 
1,594,382 acres; Colorado, 87,474 acres; Louisiana, 
414,720 acres; New Mexico, 419,401 acres; Oregon, 
74,849 acres; Utah, 581,500 acres; and Wyoming, 
392,306 acres. 





Prosecten GERMAN Pig-Inon Union.—Negotiations 
are going on for the purpose of egy, Fo German pig- 
iron union, and at a recent meeting in Cologne the Essen 
Pig-Iron Union and almost all the Siegen blast-furnace 
concerns were ene. Amongst the absentees were 
the Geisweider Iron Works, which, from principle, will 
not join a pig-iron union, and a few other works, which, 
owever, by no means are hostile to the idea of a pig-iron 
union, but are prepared to co-operate. The negotiations 
have not yet led toa tangible result. The parties concerned, 
however, have approached each other, and the allotment 
figures have already been discussed The conviction 
therefore exists that there is a possibility of arriving at 
an understanding with the Siegenland works. Negotia- 
tions are to be resumed in the course of this month 
and the Lorraine- Luxemburg works are considering 
amongst themselves the proposals which have been made 
to them, and they will afterwards discuss the matter with 
the Essen Pig-Iron Union. 


Tuer INCORPORATED MunicipaL ELgcrricaL Associa- 
TION.—The sixteenth annual convention of the above 
Association will be held at Brighton from June 27 to 30 
next, under the presidency of Mr. J. Christie. The con- 
vention will be opened at 10 a.m. on the 27th by the Mayor 
of Brighton, and, after the President’s address, technical 
will be read and discussed. In the afternoon visits 
will be paid to the Southwick power-house of the Brighton 
Corporation, and to the works of the Brighton and Hove 
General Gas Company. In the evening a reception and 
conversazione will be held. On the 28th a visit will be 
made to Portsmouth, when the morning, after an official 
welcome by the Mayor of Portsmouth, will be given u 
to technical papers. In the afternoon visits will be pai 
to His Majesty’s Dockyard and the Portsmouth Cen 
tion power-houses, followed by a cruise on the Solent. 
The 29th will be devoted to technical papers in the mourn- 
ing and visits to the Brighton Corporation sub-stations 
and the London, Brighton, and South Coast Railway 
shops. The annual dinner will be held in the evening. 
The final day will be occupied by the annual general meeting 
in the morning, and possibly a motor-car trip in the after- 
noon. Ladies are permitced to attend the convention. 
The secretary of the Association is Mr. C. McArthur 
Butler, of 28, Bedford-square, W.C. 








CATALOGUES. 


_ Anti-Friction Metal.—A copy of a booklet recently 
issued by the Colonial Anti-Friction Metal Company, 
86, St. Vincent-street, Glasgow, has reached us. This 
booklet describes the ‘* Colonial ” anti-friction metal, and 
mentions some of its many applications. The metal is 
said to have given complete satisfaction when used in 
bearings exposed to heat, dust, and other unfavourable 
working conditions, such as occur in rolling-mills and 
foundries. Only one grade is made for all purposes. 


Tank Locomotives.—We have received from Messrs. 
Peckett and Sons, of Atlas Locomotive Works, Bristol, a 
book containing a number of views of their works, and 
also illustrating a few examples of their productions, 
which, as is well known, consist exclusively of tank loco- 
motives. A general description is given of the engines, 
which are suitable for use on branch lines and in factories 
and works, as well as for all kinds of contractors’ work. 
Several standard patterns are kept in stock for immediate 
delivery. All spare parts for these engines are also 
stocked, so that repairs can be carried out with the 
minimum of delay. 


Portable Well -Drilling Machines.—The Keystone 
Driller Company, of Beaver Falls, Pa., U.S.A., have 
sent us a copy of their catalogue of portable drilling- 
machines for artesian wells. ese machines are of the 
percussion type, and are operated by a steam-engine. The 
catalogue illustrates and gives specifications and other 
ay gy of machines suitable for drilling wells from 

ft. to 2500 ft. in depth. Most sizes can be supplied 
as or non-self-propelling, as desired. The 
catalogue illustrates and states prices of all kinds of 
tools and accessories, and also gives very complete instruc- 
tions for well-drilling. 


Motor-Car Accessorics.—Messrs. J. ©. Lyell and Co., 
Limited, 113, Great Portland-street, W., have sent us a 
copy of their catalogue of motor-car accessories. The 
Clair silencer is first dealt with. It consists of a series 
of hemispherical sheet-iron shells which fit into each 
other with a small space between. The shells are per- 
forated over a part only of their surfaces, and are placed 
in a cylindrical casing in such a way that the exhaust- 
gases are forced to take a zig-zag course through the 
silencer. It is claimed that this silencer is strong, simple, 
and easily cleaned, and also that it produces the least 
possible amount of back pressure. Prices and particulars 
are given of various patterns suitable for motor-cycles, 
tri-cars, and cars; a special water-cooled silencer for 
motor-boats is also listed. The catalogue also deals 
with silencer cut-out valves, water-circulating pumps, 
change-over switches for dual-ignition systems, the Clair 
free-engine device for motor-cycles, a chemical fire - 
extinguisher, and some machine-tools. The latter include 
a shaping-machine and _ electrically-operated portable 
grinding and drilling-muchines. 


Suction-Gas Plants.— Messrs. Crossley Brothers, Limited, 
of Openshaw, Manchester, have sent us a copy of their 
new suction-gas plant catalogue, which illustrates and 
fully describes these plants, and draws attention to their 
many advantages for power production. Fourteen stan- 
dard sizes, ranging from 5 to 1000 brake horse-power, are 
made for use with anthracite or coke, and weights, dimen- 
sions, and other particulars of these plants are given. 
For other fuels, such as bituminous , saw-dust, waste 
wood, t, tan refuse, &c., special plants are constructed. 
One of the interesting features ef the standard plants is 
the method of automatically regulating the supply of water 
to the vaporiser. For this purpose a constant level of water 
is maintained in a small cast-iron tank, the outlet from 
which is controlled by a needle valve. This valve is 
attached to one end of a lever, which is provided at its 
other end with a light water-sealed bell. As the interior 
of the bell is in communication with the generator, 
time the engine sucks in a charge, the bell is drawn 
down, and the needle valve thereby opened, and the 
correct quantity of water is allowed to run into the 
vaporiser. By this arrangement the amount of steam 
made is regulated according to the load on the engine, 
and the quality of the gas is the same at all loads. The 
catalogue illustrates and describes several other special 
features of the plants, and also deals with the use of the 
gas for heating, as well as for power production. This is 
effected by employing a small exhauster to draw the 
from the scrubber and deliver it into the heating mains. 
An automatic return-valve is provided to keep the 
ne gay constant, by allowing more or less gas to pass 

ck to the inlet side of the exhauster as the demand 
varies. On this system gas, equal in value to 1000 cubic 
feet of town gas, can be produ for 11d., with anthracite 
at 30s. a ton. The fuel consumption of the suction 
plants, under normal working conditions at full load, is 

iven as Z lb. to 1 lb. of good Welsh anthracite, or 1 Ib. to 
F Ib. of coke per brake-horse-power hour. The catalogue 
prints numerous testimoni in which working costs 
are given, and favourably compared with steam, town- 
gas, and oil-engine plants. 





Sranrorn’s INDEXED ATLAS OF THE CounTy OF LONDON. 
—Mr. Stanford, the well-known cartographer, of 12 to 14, 
Long Acre, W.C., has published a most interesting atlas 
having the above title. Its price is 7s. 6d. net, bound in 
cloth, and 10s. 6d. net, bound in leather. It measures 
10 in. by 64 in. It gives, first, an index map to the sheets, 
or detail maps, in the book ; the detail maps number 84, 
and are very complete. are also two maps show- 


There 
ing the altitudes of London and district above nance 


datum, and the surface logy. The street and place 
Prove is most carefully got up. 


index covers 159 sheets. 
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INDUSTRIAL NOTES. 

AccorpinG to the Board of Trade Labour Gazette, 
which appeared on the 16th inst., the state of the 
labour market in April continued good. On the whole 
it was somewhat better than in March, and consider- 
ably better than a year ago. 

The coal-mining industry and the engineering, ship- 
pare furnishing, wood-working, cotton, woollen, 
worsted, hosiery, and pottery trades were all well 
pe nae There was some slight recovery in iron 
and steel manufacture, and a seasonal improve- 
ment in building and brickmaking. On the other 
hand, there was some slackening in employment in 
the linen, jute, and lace trades, and a reduction in the 
number of pig-iron furnaces in blast. 

As compared with a year ago, there was a marked 
improvement in employment in the engineering, ship- 
building, furnishing, wood-working, and cotton trades. 
There was little change in coal-mining, but in the jute, 
linen, and lace trades, and at blast-furnaces, there 
was some decline. 

In the 395 trade unions, with a net membership of 
764,548, making returns, 21,407 (or 2.8 per cent.) 
were returned as unemployed at the end of April, 
1911, compared with 3 per cent. at the end of March, 
1911, and 4.4 per cent. at the end of April, 1910. 

Returns from firms employing 455,060 workpeople 
in the week ended April 29, 1911, showed an increase 
of 0.1 per cent. in the amount of wages paid com- 
psred with a month ago, and of 3.6 per cent. compared 
with a year ago. 

The changes in the rates of wages taking effect in 
April affected 97,000 workpeople, who sustained a net 
decrease of 13501. per week. Of the total amount 
(2150/.) of decreases, the changes in the coal-mining 
industry accounted for 2040/, These changes were, 
in one case, the result of a fall in the price of coal, 
and in the others ordinary periodic reductions at the 
commencement of the summer period. The principal 
increases affected 6250 blast-furnacemen and iron and 
steel workers in South Wales, and nearly 8000 engineers 
at Nottingham, Coventry, and Belfast. 

The most important disputes in progress during the 
month were those involving 12,000 coal-miners in the 
Rhondda Valley, 600 cotton operatives in Manchester, 
3250 ng Spy ome in Rossendale, and 2600 com- 
positors, &c., in London. The total number of work- 
people involved in all disputes in April, 1911, was 
40,290, or 6287 fewer than in March, 1911, and 13,014 
fewer than in April, 1910. The time lost during the 
month by these workpeople amounted to 512,400 work- 
ing days, or 211,400 less than in March, 1911, and 
46,500 more than in April, 1910. 

Five fresh cases were reported under the Conciliation 
Act in April, involving slipper-makers at Rossendale, 
mineral water operatives in North London, boot and 
shoe operatives at Kettering, painters in North Staf- 
fordshire, and shipwrights and joiners at Southampton. 
Awards were issued relating to tramway workers at 
Manchester, joiners at Glasgow, slaters in Scotland, 
and shipwrights and joiners at Southampton. 


Reports from Geneva state that serious labour riots 
have occurred at Zurich, and on the evening of Thurs- 
day in last week collisions between a number of masons 
on strike and the police took place. The strikers 
numbered in all about 2500, and the police had to 
resort to their sabres and revolvers, the rioters using 
revolvers and stones. The disorderly element appears 
to have been composed chiefly of Italians, who rescued 
one of their comrades from the police and afterwards 
turned their attention to the police station and smashed 
all the windows. On the arrival of reinforcements the 

lice obtained the Seer hand, and a dozen ring- 
Codes were arrested. On the following day the 
State Council decided to requisition the services of 
three battalions. of infantry and two squadrons of 
cavalry ; the streets were paraded by these troops 
during the day and the assembling of strikers was 
prevented. Owing to these precautions the day 
quietly. It was rumoured at the end of the week that 
a general strike had been called. During the riotin 
on the Thursday three of the police were inju 
seriously besides many strikers. 


Serious troubles also occurred last week in Johannes- 
burg. They commenced early on Friday last, the 
cause being the discharge of two tramway men, whose 
reinstatement was demanded, with the additional 
requirement that neither of them should be victimised. 
The tramways are managed by the municipality, and 
strong measures were taken to enforce order, 300 
armed policemen being held in read:ness. In order to 
encourage the running of the cars, the authorities 
offered 5/. to every man who would take out ® var on 
Friday morning up to the number of ten, and the 
requisite number of volunteers was soon procured, each 
car going out in charge of a policeman armed with a 
rifle, in addition to the motor-man and another man 
beside the conductor. A demonstration was made by 
the strikers in the centre of the city, and an attempt 
was made to prevent the running of the cars, which 





attempt ended in a number of arrests by armed con- 
stables. When the motor-men saw that sufficient 
rotection was offered them more volunteers came 
orward, and there was soon a full service of cars. 
Towards evening the strikers became more aggressive, 
boarding the cars and stopping the traffic in the centre 
of the city ; but eventually a way was cleared for the 
traffic by mounted police, after which the strikers 
devoted their attention to the tramway sheds. 
According to reports, the labour leaders are of opinion 
that all workers should assist the strike. 


The sixtieth annual report of the Amalgamated 
Society of Engineers has recently appeared. It forms 
a volume measuring 8} in. by 5} ia. and contains 800 
pages, ss a vast number of statistics, and in- 
cluding all the branch reports for the year 1910. The 
year appears to have been one of general improve- 
ment over the two previous years ; although the early 

rt of the year was not very encouraging, yet an 
improvement set in later. Attention is drawn by the 
secretary to the fact that the power of the Engineer- 
ing and Shipbuilding Federation is very great and 
may have reduced the power and influence of the 
trade unions, and particularly of the sectional societies. 
It. is therefore suggested that the men should carefully 
consider the advisability of the amalgamation of 
trades. Many of the districts made application for 
advance in wages during the year, and these 
vances were successful to the extent of affecting 
31,000 members of the amalgamation. An appeal is 
made to the members for voluntary subscriptions 
towards the support of the two Members of Parliament 
who represent the society. The secretary regrets that 
the amount of these voluntary subscriptions so far 
received is not encouraging, and members are urged 
to come into the breach. It is clearly manifest that 
there is not any great keenness on the part of the men 
to be represented in Parliament, and the argument 
sometimes put forward that the charges should be 
made compulsory loses much weight thereby. How- 
ever, the proposed payment of members will remove 
a part of the necessity for subscriptions. The mem- 
bership at the commencement of 1910 began with 
107,140, and ended 110,733—an increase of 3593, 
which bears a favourable comparison with previous 
years. The aggregate entrances for the year were 
9551, as compared with 6441 during 1909, being an 
increase of 3110, while the number of deaths were 
1264, as compared with 1250 in 1909 ; included in 
the deaths were 404 superannuated members ; the 
numberof exclusions were 4678. The general fundat the 
commencement of the year stood at 191,252/. 18s. 24d., 
and at the close of the year 182,399/. 14s. 10}d., being 
equivalent to 1/. 12s. 114d. per member, which was prac- 
tically the lowest value per member in the history of 
the Society, excepting in 1897 and 1898. Satisfactor. 
advance appears, however, to be es place at all 

ints. The year 1910 commenced with an accumu- 
ated superannuation reserve fund of 382,046/. 9s. 6d., 
and finished with 415,858/. 9s. 6d., being an increase of 
33,811/. 13s. 3d., while the increase for 1909 was 
32,114/. 4s. 104d. This fund is raised by 4s. per year 
levy, and it yielded in the year 18,873/. 13s., as com- 
pared with 18,0830. for the year 1909. The surplus of 
income over expenditure was 14,938/. Os. 3d., being an 
increase of 684/. Od. 3d.—more than the surplus of 
income last year--and of this amount 14,895/. 5s. 8d. 
was derived from interest on loans and investments, as 
compared with 14,115/. 10s. 4d. for 1909. The com- 
bined value of the funds at the commencement of 1910 
was 573,299. 7s. 84d., while at the close of the year 
the funds stood at 598,257/. 17s. 74d., or a combined 
increase of 24,956/. 9s. 114d. 

The income of the Society from all sources to the 
general fund during the year was 422,797/. 13s. 6d., as 
against 399,406/. 6s. 34d. for the year 1909, being an 
increase of 23,391. 7s. 24d. The contributions, fines, 
and levies amounted to 394,649/. 17s. 24d., as com- 
pared with 370,756/. for the year 1909, while the 
amount received from entrances was 3262/. 6s. 7d., 
being an increase of 168/. during the year ; the interest 
from this fund was 19,195/. 9s. 9d., being less by 
2478/. 10s. 3d. in the year 1909. The cost of donation 
benefit came out less by 92,067/. than in the previous 
year, the amounts being 112,417/. and 204,684/. respec- 
tively. The amount paid for contingent benefit during 
the year was 3221/. ls. ld., as compared with 3211/. 
for the year 1909, and the amount paid in sick benefit 
was 59,061/., being 752/. less than in the year 1909. 
Superannuation benefit amounted to 142,491/. 13s. 4d., 
being an increase of 5694/. 13s. 4d., or an increase 
of 44d. per member for the year, as com 
with an increase of 6693/. in 1909. The appli- 
cations for benevolent grants were considerably less 
in 1910 than in the previous year, the total 
amount granted being 5267/. 13s. 4d., as against 
10,0912. for the year 1909; but branches ab » who 
levy themselves, paid 282/. 3s. 4d., so that the actual 
amount by the council was 4985/. 1 
Federation benefit for the year amounted to19/. 14s. 4d., 
as inst 4087: 3s. 4d. for 1909, while the amount 
paid to the Federation for the year was 5575/. 15s. 5d. 





On Thursday in last week a meeting of the South 
Wales Conciliation Board was held at Cardiff to con- 
sider the masters’ application for a reduction of 1} per 
cent. in wages. It was urged in support of the appli- 
cation that for the three months ending March the 
average selling price of coal had fallen below l4s. 9d. 
per ton. The men’s contention was that the average 
selling price did not justify the reduction. It was, 
however, eventually decided to agree to the proposal 
for the reduction of 1} percent. This brings the wages 
down to 50 per cent. above the 1879 standard. 


The Cambrian Combine dispute was settled at a 
conference between the representatives of the owners 
and the men on Monday last. The conference, which 
was a continuation of the one held last week, sat 
in the Westminster Palace Hotel, the parties being 
representatives of the South Wales Coalownrers’ Asso- 
ciation and the Miners’ Federation. After sitting for 
three hours in private, it was announced that a settle- 
ment had been arrived at, but the terms were not 
disclosed. It is understood that the terms will first 
have to be presented to the parties concerned. 


At a wenting of the enginemen and firemen em- 
ployed by the Great Western Railway Company held 
at Bristol to- consider the company’s new circular 


ad-; altering the conditions of employment of locomotive 


men, the following resolution was passed :—‘‘ That if 
the circular be not withdrawn, the central committee 
be requested to arrange a general strike.” 








Tue Raitway YeAR-Book For 1911.—London: The 
Railway Publishing Company, Limited, 30, Fetter-lane, 
E.C. [Price 2s. 6d. net.] This annual appears now for 
the fourteenth year in succession, and has been, of course, 
corrected as near down to date of issue as is possible with 
such a book, for which some of the matter is derived from 
distant countries. The bulk of the volume relates to the 
United Kingdom, the railways of which are treated com- 
paratively fully. The book also chronicles the chief 
events of the year in the railway world. Each year sees 
additions to the subjects dealt with, and the book is un- 
doubtedly a useful hand-book and guide on railway 
matters. The list of foreign railways is not quite com- 
plete, one of the largest systems in Africa being appa- 
rently overlooked. 


We tptress Steet Tupes ror Locomotive Borzers.- 
A British Standard specification has just been published 
for cold-drawn weldless steel tubes for locomotive boilers. 
The specification limits the phosphorus and sulphur to 
0.03 per cent. each, and calls for annealing and for tensile, 
bulging, crown-crushing, flattening, and hydraulic tests. 
For the tensile test a strength of not more than 28 tons, and 
an elongation of at least 28 per cent. in 8 in. are required. 
Bulging to the extent of 15 and 12} per cent. of the dia- 
meter, according to thickness, is also specified, while in 
the crushing test a 2-in. length of tube is to be reduced in 
length to14 in. without sign of failure. For the hydraulic 
test 1000 lb. pressure is specified. Copies of the full 
specification, price 2s. 6d. net, may be obtained from the 
secretary of the Engineering Standards Committee, 
28, Victoria-street, S.W., or from booksellers, or the 

ublishers, Messrs. Crosby Lockwood and Son, Stationers’ 
alccesk Ludgate-hill, E.C. 


Exvecrric Raitways IN GERMANY.—The Prussian 
Government is evidently in earnest as regards the elec- 
trification of certain sections of the State Railways, having 
just asked for a vote of 27,330,000 marks for establish- 
ment of electric traction on the following lines :— 
Magdeburg-Bitterfeld-Leipzig-Halle and Lauban-Ditters- 
back. Kéni zelt, with the branch lines Hirschberg- 
Griinthal, Hirschberg-Schmildeberg-Landeshut-Ruhbank- 
Liebau and Nieder-Salzbrunn-Halbstadt. In the state- 
ment which is attached to the application for the above 
vote, it is pointed out that the adoption of the alternate- 
current system has reduced the cost and made it ible 
to undertake the electrification of the railways. For the 
future the one-phase alternate-current system will be 
adopted, which allows of using and transmitting electric 
current of a very high voltage, and consequently of 
operating over great distances, with simple appliances 
for conveying the current to the cars. 


Tur JAPANESE Navy.—It appears tolerably certain 
that Japan will have to ease off her naval expenditure in 
view of the extraordinarily rapid growth of her public 
debt. Even before the conflict with Russia, Japanese 
national indebtedness was increasing fast enough ; but the 
lurid struggle of Japan with the Colossus of the North 
has left lasting marks upon Japanese financial records, the 
Japanese public debt standing as follows at the close of 


each of the ten years ending with 1910 inclusive :— 
Debt. Debt. 
£ ; 


Year. Year. 


& 
187,240,000 
221,770,000 


1901 1906 
1902 
1903 
1904 


1905 99,130,000 a 


0s. | The increase of the Japanese debt in the last year or two 


is explained, to a slight extent, by refunding operations 
welthheve resulted in annual saving of 365,000/. in interest, 
but required an issue of a large amount of stock or bonds, 
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‘‘ ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 
The number of views given in the Specification Drawings is stated 


nemeenieg eee ee the Specification is not 

wWust 

Where inventions are communicated from abroad, the Names, éc., 
of the Communicators are given in italws. 

Copi Specifications may be obtained at the Patent O Sale 
a 25, Southampton Buildings, Chancery-lane, W.C., at 
i itl Re edeicment of the esrpancs of « Compas 

7" ification is, in each case, given after abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
th eersiorment of the seaptancs of a Gompats Spenifontion, 
Patent on any of the mentioned in the Act. 

ELECTRICAL APPARATUS. 
18,1060. The gn Bt = ——_ Com; » 

Limi London, an Everest, '° 

Lal Distribution. (2 Figs.] May 30, Sen tee invention 


provides in a system of electrical distribution employing rotary 
converters an improved method of obtaining a neutral point on 
the secondary of the transformer supplying the rotary converter 
for connecting the third wire of a three-wire direct-current system, 
and consists in dividing up each secondary winding of the trans- 
former into two portions, and connecting the two portions together 
in series through a reactance. ih secondary winding of the 





A Fig.1. A 8 B lsd 
Fig.2, od 
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| 
a 
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transformer is split up into two portions A and A!, B and B! and 
C and C!, which are connected in series through reactances a, b, 
and c, and the two ends of each winding are connected to the 
appropriate points on the rotary converter armature, so as to give 
a six-phase alternating current supply to the armature. The 
reactance may be a three-legged one, having three coils, as shown 
in Fig. 2, each of the coils being tapped at its mid-point, and con- 
nected to the others to form a common neutral N, to which the 
third wire of the direct current system may be connected. (Ac- 
cepted March 22, 1911.) 





13,410/10. The British Thomson-Houston Com- 
pany, Limited, London. (General Electric Company, 
Schenectady, U.S.A.) 0 - Electric es. 


[3 Figs.) June 2, 1910.—The machine constituting this invention 
comprises a fieli member provided with magnetic poles, and a 
toothed or slotted armature provided with a winding which is con- 
nected to commutator segments as in the ordinary direct-current 
machine, if direct current is required as for exciting magnetising 
coils in the field member, and, furthermore, comprises a third 
winding carried by the field member having a coil-pitch equal to 
the spacing of the armature teeth. Current is induced in the 
armature winding by rotation beneath the field-poles, and may be 
delivered as direct current through the commutator, as in the 
ordinary direct-current machine, to the field-coils or toan external 
circuit, while, at the same time, the armature teeth in passing the 
field-poles vary the flux passing through the coils of the third 
winding, so as to induce an alternating voltage therein. For 
receiving this alternating-current winding the inner periphery of 
the field-poles is slotted, and in order that this winding may be 
conveniently and symmetrically arranged, the number of armature 























teeth is preferably made an even multiple of the field-poles, 
instead of being prime thereto, as in the ordinary direct-current 
machine. A represents the field-frame, which is provided with poles 
@ slotted on their inner periphery. These poles may be conveni- 
ently formed from laminations set into the field-frame. B repre- 
Sents the field-coils for magnetising the field-poles. These coils 
are carried in the interpolar spaces. The number of field-poles in 
the particular machine shown is four. C represents a toothed or 
slotted armature provided with a commutator and brushes. 
D represents the armature winding, the coils of which are carried 
in the armature slots and connected to the commutator segments, 
4s in the ordinary direct-current machine. The number of arma- 
ture teeth or slots is, however, an even multiple of the number of 
field-poles, this number being twenty in the particular case 
shown. In addition to these two wi ings, a third winding E is 
provided, consisting of coils carried in the slots in the field-pole 
faces. These coils co in coil-pitch to the spacing of the 


ermature teeth. The rotation of the armature in the field 
Cuced by the magnetising coils B induces a current in the wind- 
pm Sa which is delive as direct current through the commu- 





le-faces vary the flux passing through the coils of the winding 
In one position of the armature, each armature tooth is o} ite 
a —— tooth surrounded by a coil of the winding and 
at that instant practically all the field-flux passes through the coils 
of that ae When the armature has advanced a distance corre- 
sponding to the spacing between the teeth of the field-poles, or 
to half the spacing of the armature teeth, each armature tooth 
lies opposite a field-pole tooth between two adjacent coils of the 
winding E, and tically all the field flux is diverted from the 
coiis of this winding. Thus, as the armature revolves an alter- 
nating current is induced in the coils of the winding E. A move- 
ment of the armature through an angle corresponding to that 
between two adjacent armature teeth produces a complete cycle 
of the alternating current, and thus the machine is well adapted 
for producing an alternating current of comparatively high fre- 
—. The field-coils B may be excited from the brushes, and 
é field excitation controlled by a field rheostat. Alternating 
current may be delivered from the terminals of the coils E. If no 
current be taken from the brushes except that supplied to the 
coils B, the machine then operates as a self-exciting alternator. 
On the other hand, current may also be delivered from the 
brushes, in which case the machine will act as a double-current 
generator. Furthermore, the machine may be operated as a rotary 
converter by supplying alternating current to the winding E, and 
taking direct current from the winding D, or supplying direct 
current to the = D, and taking alternating current from the 
winding E. (Accepted March 22, 1911.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 

17,858/10. F. Lempiongh. Willesden Junction. 
Internal-Combustion M . (3 Figs.) March 8, 1910.— 
This invention relates to two-cycle internal-combustion engines in 
which two cylinders are provided with a single combustion- 
chamber, and in which one cylinder has an inlet port and the 
other has exhaust ports, which are covered and uncovered by the 
two pistons. In such engines the cylinders receive their charge 
of compressed air or gaseous mixture from a pump connected to 
a crank at an angle of 180 deg. to the engine-crank. According to 
the present invention, two complete motors arranged at an angle 
of 90 deg. to each other are employed, and all the six connecting- 
rods are connected to two wide cranks on a single crank-shaft. 
Each motor comprises a pump or charging cylinder a provided 
with a a 6, which is driven by its connecting-rod ¢ from a 
crank-shaft d. The pump has these characteristics :—It has 
valves which are very rapidly and positively operated, and it has 











a chamber e which receives the charge and retains it at the 
correct pressure to enter the cylinders f, f}. When a pump 
forces the charge direct through a port into the cylinder, the high 
pressure of the incoming charge causes it to rush through the 
residual gases left in the cylinder, and a considerable portion of 
the charge is lost through the exhaust. The receiving-chamber e 
is open to the ports g in the cylinder f, and these latter are 
uncovered when the piston / is approaching the end of its stroke. 
The cylinder /! has exhaust ports g!, which are uncovered by the 
iston h! just before the ports g are opened. The pistons h, h} 
ave connecting-rods i, i!, which are connected to one of the 
cranks, and to this same crank is connected the connecting- 
rod ¢ of the charging-cylinder of the other motor. Each crank 
has thus three connecting-rods, the two outside ones i, i! being 
connected to the firing-pistons h, h! of one motor, and the centre 
one ¢ being connected to the charging device of the other motor. 
(Accepted March 22, 1911.) 


_GUNS AND EXPLOSIVES. 


27,654/10. Whitehead and Co., Actien 
Fiume, H . Automobile {1 Fig.) 
September 25, 1 en to this invention, a guiding 
arrangement obviating the employment of stuffing-boxes for the 
propeller-shafts of automobile torpedoes is characterised by the 





fact that two concentric shafts z and y are displaceable longi- 
tudinally, the outer z g, by means of a bearing 3, 
preferably conical in form, upon the stern-post 1 of the torpedo, 
while the inner shaft y rests upon the outer shaft z by means of a 
bearing 4, which is also preferably conical, under the influence of 
a valve 7, which closes the inner hollow shaft, this device being 





At the same time the teeth of the armature in passing the 


running, with the object of obtaining a good joint in the position 
of repose without stuffing-boxes, while providing for freedom of 
movement of the shafts during ——_. The valve 7, controlled 
by the spring 6, and forming a tightening device, is connected by 
its stem 8 with a piston 9 lodged in a chamber 10, provided on the 
one hand with a tubular high- ure air-admission socket 11, 
and, on the other hand, with air-discharge apertures 12, in order 
that by aut tically separating the valve from its seat when the 
motor is running any binding or seizing is eliminated which might 
impede the movement of the while at the same time per- 
mitting the discharge of the exhaust air of the motor through 
the hollow inner shaft in the usual manner, (4ccepted March 8, 
1911.) 


LIFTING AND HAULING APPLIANCES. 


27,126/10. G. and J. McOnie and P. Maconie, 

reenock. Ships’ Windlasses. (3 .] November 22, 
1910.—In ships’ windlasses of the kind in which the cable-holder 
is clutched to its driving shaft by means of a manually-operated 
internally screw-threaded disc rotatably mounted on a screw- 
threaded portion of the driving shaft, and having means for 
engaging a slidably ted clutch ber provided with pro- 
jections corresponding to recesses in the cable-holder, the clutch 
member is slidably mounted on a central block keyed to the 
driving shaft. The cable-holder A is freely mounted on a driven 
shaft B, screw-threaded externally, as at ©, so as to en with 
the internally screw-threaded eye of the manually rotatably disc 
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D, and provided with prongs E engaging an annular groove in a 
clutch member G, having a plurality of radial projections H ex- 
tending laterally beyond the periphery of the clutch member G. 
The projections H engage with correspondingly shaped recesses I 
in the rim of the cable-holder A. The clutch member G is slidably 
mounted on a central block J, keyed to the shaft B, and the cable- 
holder is formed with a rim K, which serves as a brake drum, and 
is adapted to be engaged by the brake strap. The arrangement of 
devices is such that, on rotation of the disc D, the clutch member 
G is moved relatively to the central block J, through the inter- 
mediary of the prongs E, and the projections H enter the recesses 
I, or are disengaged therefrom, according to the direction of rota- 
tion of the disc D. (Accepted March 22, 1911.) 


MINING, METALLURGY, AND METAL- 
WORKING. 





6857/10. H. J. Heasman, Thundersley. Power- 
ers. (6 Figs.) March 18, 1910.—This invention relates 

to electrically-operated stationary power-hammers, of the kind in 
which two solenoids are so arranged relatively to the hammer- 
stem that when the one solenoid is in circuit the hammer is urged 
in the striking direction, and when the other solenoid is in circuit 
reverse movement of the head is produced. The solenoid circuits, 
according to this invention, pass through a main circuit-maker 
and breaker, operable automatically through the medium of 
another circuit-breaker and maker operable automatically by 
connection witha moving part of the hammer, in order to make 
and break the circuits of the solenoids for operation of the 
h as requisit 1 is the striking soleneid, and 2 is the 
retracting solenoid. The circuits through the solenoids 1, 2 are 
made and broken by means of the main make-and-break operated 
by means of a light current controlled by, and having in its 
circuit, the hammer make-and-break capable of being operated 




















automatically by the hammer-head during ite were ee ony | move- 
ment, and rable also, and a: mec ism designed 
to be worked either by hand or by foot. e hammer make-and- 
break consists of two contact-plates 9, 10, ble of reciprocatory 
movement in guides 12. To a rocking-shaft is secured one end 
of a lever 18, the other end of which has a pin-and-slot connection 
with the hammer-head 19, whereby a spring-mounted pin on the 
end of a lever 14 is caused to travel to and fro between the 
contact-plates 9, 10 during working of the hammer. The contact- 
plates are respectively in different circuits of the current operat- 
ing the main make-and-break, so that when the pin is in contact 
with one of the plates the main make-and-break is qos to 
complete the circuit of one of the solenoids, and when the pin is 
in contact with the other ewy the circuit of the other solenoid 
is completed. 20 is a foot-lever connected with the contact-plates 
9,10. Depression of the foot-lever 20 raises the contact- 

30 is a hand-lever connected to the contact-plates. (Accepted 
March 8, 1911.) 





operative while the torpedo is stationary, and inoperative during 
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underside of the brake-shoes c, the cam faces being one on either 
side ofj the fulcra j upon which the brake-shoes are pivoted. The 
ac gear — shaft m operated by a e-lever to 
turn the arm m1 force upward the usual pressure-pin n which is 
fitted to slide in the hollow pivot-pin oand raise the brake bell-crank 
lever p against the ce of aspring r. The brake bell-crank 
lever p is connected to the Lege lying cage f, so that when 
the brake gear is applied and the sliding cage / is turned in the 


ENGINEERING. 


- | displacement of electromotive forces from which the power can 
be read by means of an alternate-current voltmeter. The present 
invention principally in the provision in that type in 
which the shaft is divided and an elastic coupling interposed, 
of a more compact or self-contained ent comprising two 
alternators of the inductor type, having a single set of field 
magnets and a single magnetic circuit common to both alter- 
nators united by means of a spring pling. A ding to this 
invention, which is based on the foregoing fundamental facts, 
two alternators of the inductor type, made, as usual, without slid- 
ing contacts of any kind, are employed. These two similar alter- 
nators with fields of constant strength are mounted on the two 
halves of a awe which are in turn secured to the two 
adjacent e of a divided shaft, and the two voltages V! and 
v2 (Fig. 1) are produced, each of which is proportional to the 
; and the phase difference between them would depend 
upon the angle of twist. The difference between these voltages 
is represented by the vector v which is proportional to the magni- 
tude of the vol V1 and V2. In order to obtain this result any 
good form of spring coupling may be employed as in Figs. 2 and 
3, where A represents one of a plurality of steel strips uniting 
the couplings, and each half of the coupling c!, d! may be con- 
veniently made to carry a soft iron inductor I. Each inductor 
rotates inside a small alternator armature A, and this armature 
can be supported from the coupling by ball bearings with non- 
magnetic supports B, and be prevented from turning by a weight 
or tie. The two alternator armatures may be connected together 
on the outside by a number of permanently magnetised steel bars 
or strips N, 8, so that asingle magnetic flux passes from one arma- 
ture to its inductor, across the coupling to the second inductor, 
and back through the second armature, thus causing the fluxes 
and E.M.F.’s of the two alternators to be equal, and at the same 
time clamping the armatures permanently together in the correct 
phase relation when once adjusted to it. For indicating the 
Fi 1 (atc wer any form of alternate-current voltmeter will serve, 

wt. Fig. ae ae ut preferably a very robust sensitive, and proportional indicating 
= instrument resembling an ordinary erp | coil instrument, but | direction of the arrow, Fig. 1, by the movement of the actuating 
having a laminated field magnet wound with one or more coils of | gear, the anti-friction rollers g are forced into contact with the 
a fine wire, io emptaved. If this magnet is connected to the ter-|‘cam surfaces h, thereby causing all the brake-shoes ¢ to be posi- 

s 





Wilson, 

‘ower {4 Figs.] March 4, 1910. 
—Aecording to this invention, the main ports a2 of the hammer- 
piston cylinder a and air-delivery port 0b? of the Gnaie-coting 

air-pump Cages are arranged in line, and the controller 
is made with a neck or annular ve g at some distance from its 
upper end, which neck or annular groove, when brought, by the 
raising or lowering of the controller, into coincidence with the 
te ports in the single-acting air-pump and hammer-piston 
cylinders, forms a direct or ht between the two 
cylinders for the air, by which the hammer nisworked, The 
controller dis adjusted by the operation of a hand-lever, one arm 
ot which is connected to the controller d by the eonnecting-rod /. 
When the controller is adjusted so as to occupy the ition 
represented in full lines in ~ 1, the neck g establishes a 
free or direct communication between the single-acting air- 
pune cylinder and the hammer-piston cylinder, the air passing 
reely between the two cylinders through the ports a”, b2 respec- 
tively on the working of the air-pump piston in the ordinary way. 
On the inward stroke of the air-pump piston air also passes 
through the passage v in the controller d, and, lifting the two 
valves 8, p, gains access to the yn ae cylinder by the 
top port a*. This arrangement is especially useful when the 
hammer piston has ascended too high, and is at the commence- 
ment of the inward motion of the air-pump piston, temporarily 
closing, or nearly closing, the port a*. In the position of the 
controller d represented in Fig. 1, a light and elastic blow of the 
tup on the work on the anvil of the hammer is ensured, as the 
air below the hammer piston is imprisoned, and constitutes an 
elastic cushion for the said piston ». By adjusting the controller 
d so as to bring it into the position represented in Fig. 2, a 
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minals of one of the alternators, the flux = in the magnet | tively, uniformly, and forcibly applied to the interior of the brake- 
is nearly independent of the frequency of the alternate current, 

s and is approximately in quadrature with the voltage V, thus 

a being nearly in phase with the voltage v. The torque on the 
moving coil is, therefore, practically proportional to v, and as iron 
is employed the torque can be much larger than with ordinary 
dynamometer instruments. (Accepted March 8, 1911.) 


MOTOR ROAD VEHICLES. 


7489/10. R. E. B. Crompton, London. Motor Road- 
Vehicles. [5 Figs.) March 26, 1910.—This invention relates to 
motor road-vehicles, tractors, or the like, provided with a winding 
apparatus and with a fairlead pulley through the pivotal axis of 
which the hauling or winding rope passes, and comprises an 
arrangement of fairlead pulley whereof the hollow pivotal axis 
lies in, or substantially in, the central longitudinal axis of the 
chassis and in, or parallel with, the hauling or draught line of 
the vehicle. P is the guide or fairlead pulley, carried by a pivotally- 
mounted arm Q attached to the rear cross-member of the chassis 
contiguous to the point where the rope s out from the 
winding drum to the load. The fairlead pulley is capable of 
angular movement around its pivotal axis, and, when arranged in 
\ the position shown in full lines, the direction of haulage, instead 
— 


drum a. On the cage f being moved in the opposite direction 
by the release of the brake-lever and the action of the spring 7, 
the anti-friction rollers g are forced into contact with the cam 
surfaces i, and the brake-shoes c are positively released from the 
brake-drum, (Accepted March 15, 1911.) 


PUMPS. 
23,251/10. Firm Robert Bosch, Seuttenst, Germany. 
a — he Pum [5 Figs.) December 10, 1909.—In 


lubricating pumps of the kind in which the piston receives a 
rotary as well as a reciprocating motion, and is provided with 
cavities for connecting the piston cylinder either with the reser- 
voir or with the feed-pipe, several such pistons and cylinders are 
arranged in a common reservoir and round a common operating 
shaft provided with an inclined cam wheel, which operates the 
pistons of all the pumps. On the driving-shaft A a cam-wheel c 
is keyed in an inclined position. Its rim extends between flanges 
on the upper ends of the pistons b and co-operating flanges on the 
lower edges of caps s screwed on to the pistons. Between the 
caps and flanges pinions s! are mounted. On the periphery of the 
cam-wheel ¢ at the highest and lowest points thereof, radially pro- 
jecting teeth are provided to en the teeth on the pinions s!. 
In the cylinders a in which the pistons b work are two inlet ports 
f and f1, and at the lower ends of the pistons are cavities g and g!. 
On the delivery side of each piston is fitteda non-return valve v. 
The apparatus works as follows :—In the position shown, the tooth 
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tf of extending rearwardly of the tractor, may be reve’ by | 

\! a half-turn with the hauling-rope around the fairlead pulley P an 
carrying the free end of the hauling-rope forwardly of, and along 

beneath, the chassis to any desired point of anchorage in front of 
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heavy blow of the tup on the work on the anvil results as the air 
below che piston is permitted to escape directly into the atmo- 
sphere through the open port a! near the bottom of the 
hammer cylinder. By more or less closing the ports a*, lb? by 
slight adjustment of the controller d, the free communication 
between the two cylinders may be more or less contracted, and 
the elastic or cushioned blow can be regulated to give any desired 
effect. By still further lowering the controller d, the air-pump 
cylinder piston, on its inward stroke, forces the air through the 
inclined = o to the underside of the automatic lift-valve p, the 
valve p being thereby lifted, and permitting the air to escape 
directly into the atmosphere through the hole ry. On the out- 
ward motion of the air-pump cylinder piston the automatic lift- 
valve s is opened by suction, and thereby air is permitted to be 
drawn from the hammer-piston cylinder into the air - pump 
cylinder. At the same time the port / at the lower end of the 
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controller d coincides with the bottom part a! of the hammer 
cylinder, and consequently, on the up stroke of the hammer 
piston, air enters the hammer cylinder through the port a!, the 
valve m being automatically lifted or opened, and ns access tc 
the underside of the h iston. In the way last described 
the hammer piston may be lifted to any desired height in its 
cylinder, and maintained at that height, if desired, by an adjust- 
ment Of the controller to effect the closing of the ports of the 
hammér-piston cylinder. On the lifting of the controller d into 
the position indicated in dotted lines in Fig. 2, air is forced on the 
inward stroke of the air-piston cylinder piston from the air-pump 
cylinder through the tand non-return valve wu into the 
hammer cylinder, and the port a near the bottom of the cylinder 
being open to the at phere, the h piston is driven down 
#0 as to hold the work operated upon firmly between the tup and 
the anvil. (Accepted March 15, 1911.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 
4669/10. C. V. Drysdale, ometer, 


Reigate. 
{4 Figs.) February 24, 1910.—This invention relates to electrical 
transmission dynamometers of the kind in which two a!ternators 
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are spaced or arranged on a shaft at a convenient distance apart, 
so that the twist of the shaft or an elastic coupling in 





there between causes a variation in the magnitude and phase 
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the tractor. By this means the tractor is capable of negotiating, | ; 
or of being extricated from, difficult situations through the 
medium of its own hauling gear and ro When the arm Q is in 
the —- shown, the downward bending strain upon it is borne 
by the sprag S! which is pivotally mounted upon a cross-bar fixed 
to the chassis, and which is provided with a collar s whereby to 
enable the sprag to serve asa supporting strut for the arm Q. 
In some cases the tractor may be required to haul a load situated 
at an angle thereto on one side or the other, and this can be 
effected by swinging the fairlead pulley about its pivotal axis into 
the position shown in dotted lines in Fig. 3, or into a correspond- 
ing position at the opposite side of its pivotal axis, when the - 
is thus led away at an angle from either side of the rear of the 
tractor, the strain upon the arm Q is reduced, and the use of the 
sprag as a strut no longer becomes eager = When the fairlead 
ley P is in the uppermost position, as shown in dotted lines 

n Fig. 1, the hauling-rope can be from it over a snatch- 

block, and may be used for hoisting purposes, such as for loading 
the wagons, or for similar purposes. (Accepted March 8, 1911.) 


19,746/10. K. I. C and A. W. Man- 
chester. Brakes. [2 Figs.) September 24, 1910.—In a brake 
for auto-motor road vehicles, according to this invention, there is 
combined with a brake-drum and a series of pivoted brake-shoes 
formed with opposing cam surfaces on their inner sides and on 
Seems sides of their fulcra, a sliding roller cage, actuated by 
the brake gear and carrying a series of anti-friction rollers to act 

inst one set ofcam faces and apply the brake-shoes positively 
when the roller cage is moved in one direction, and to release the 
brake-shoes a the roller cage is moved in the 
opposite direction. brake-drum a is rigidly connected with 
the wheel-hub ; wee = —— ¢e ———s on a pa fixed to 
of the axle e ; and the pressure-applying cage f 

of anti-friction rollers g and acts upon the brake- 

rough such rollers. For the pu of securing uni- 


e cage f is madea 
loating fit around its retaining flange k. 





It is to be observed 
that the rollers g come in contact with two cam faces h,-i on the 





. Limited 
eR A U.S.A.). 
1910.—Rail ponds in use w 
made with body portions in the form of cables or bundles 
of wires, and as the life of a bond depends upon the amount 
of flexing it will stand under the constant vibrations of the 
rails before crystallising and breaking, the body portions have 


on the left-hand side of the cam-wheel c is just coming into 
engagement with the gearing on the left-hand piston }. If 
the wheel is rotated clock-wise, the cavity g is brought into 
register with the opening f. In this manner the s under the 
piston is connected with the oil reservoir 0, and since the piston 
now begins its suction stroke, oil is drawn into the pump. After 
half a revolution of the cam-wheel the other tooth comes into con- 
tact with teeth on pinion s! and again rotates the piston at the 


moment when it is at its highest point, thus bringing the surface 
between the two cavities into register with the pa 
the space under the piston is cut off from the oil reservoir. On 
the subsequent delivery stroke of the piston therefore the oil drawn 


ssage f, 80 that 


n is delivered through the non-return valve v. On the commence- 


ment of the second suction stroke the first tooth again engages 
the pinion s! and rotates the piston, and so brings the cavity y! to 
register with the suction opening f. On the beginning of the 
second delive' 
now comple 
are cut off. 


stroke the piston is again rotated, so that it has 
haif a revolution, and again both passages f and /f! 
(Accepted March 22, 1911.) 


RAILWAYS AND TRAMWAYS. 
30,138/10. The British Thomson-Houston Com- 
London. (The General Electric Company, 


Rail-Bonds. (3 Figs.) December 28. 
to the present time have been 


Fig.1, 


been made of relatively small wires. However, rail bonds with 
body portions of small wires are objectionable on account of theit 
inability to withstand mechanical impact and abrasion. The 
invention consists in a rail bond having a main body of stranded 
wire and an outer armour of larger wire than the inner wire. The 
main body 1 of a bond is equi with two terminals 2 and 3, 
ae gg ay ge mr dow voted 
strands 5. The inner wires5 may be all of the same size. (Acce 
March 8, 1911.) ’ ‘ 


r wires 4 surrounding smaller 
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YARROW’S Fs: WATER-TUBE BOILERS 
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HIS MAJESTY’S MARINE BOILERS 
YACHT CONSTRUCTED. 
ALEXANDRA, 
YARROW 
napa BOILERS 
BATTLESHIPS HAVE PROVED 
OF THE SPECIALLY 
— SUCCESSFUL 
WITH 
i & OIL BURNING 
85 per cent. ON ACCOUNT OF THEIR 
OF THE LARGE 
DESTROYERS COMBUSTION 
BUILDING FOR THE 
CHAMBER. 


BRITISH NAVY. 
1787 
The latest improved type is fitted with YARROW'S PATENT FEED HEATER. 


The three outside rows of tubes most remote from the fire are partitioned off, up which the feed water ascends; this secures 
an economy of from 5% to 7%, and any grease or sediment which the feed water contains is deposited on the outside rows of 
tubes rather than those subject to the intense heat of the fire, and the life of the boiler is thereby prolonged. 


YARROW « Co., Lta., Glasgow (ortiz tunis) 
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GENUINE DOUBLE 
HELICAL WHEELS 


Cut direct from the Solid 


in ONE GONTINUOUS PIEGE. 











For Efficiency and Reliability, SPECIFY THE 







DAVID BROWN & SONS pp. L°- HUDDERSFIELD. 


South African Repr 








tatives: Messrs. BELLAMY & LAMBIE, P.O. Box 453, Consolidated Building, JOHANNESBURG. 
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STONE BREAKERS. [Boyles 3: “AirPump’ Ventilators 


THE “ BLAKE-MARSDEN” IS THE STANDARD OF THE WORLD. Have Double the Extracting Power of earlier forms. 


80 Gold and Silver Medals (all Highest Awards). LORD KELVIN. “I have —_ Dean yes a At Mr. ates ae ' Ventilator in actuaj 
THE RESULT of 50 years’ experience, ter capacity, , more durable and operation, ve much pleasure in testifying ney.” 1499 











ae ae eee * nie Dye Cota Wess Quarries, Mines,! ROBERT BOYLE & SON, 64, Holborn Viaduct, LONDON. 110, Bothwell St., GLASGOW, 
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PUNCHING 


SHEARING 
MACHINES. 





ce Le Ea TOT oe | 
ADOPTED BY OVER 50 RAILWAY CO.’S THROUCHOUT THE WURLD. 
Possesses pronounced features of decided advantage not found in any other Stone Breaker. 


COMPLETE STONE BREAKING PLANTS, ELEVATORS, anit MANGANESE 
STEEL JAWS ARE MY SPEOIALITIES. 


Works of the largest capacity in the United Kingdom for this 
class of Machinery. 


H. R. MARSDEN, LEEDS.|| == 
DAVEY, PAXMAN & CO. | CTD. 


COoLCcHES TER. 


PAXMAN-LENTZ ENGINES 


Steam Consumption under 101b. per LHP. 
POSITIVE VALVE GEAR. oom 
GREATEST SIMPLICITY. HIGHEST ECONOMY. 


FRANCO-BRITISH EXHIBITION.—GRAND PRIX (Highest Award obtainable). 


PATENT SELF-OILING BEARINGS. 





P Illustration shows 
=| No. 4c MACHINE 
for 1-in. Plate. 
Gaps, we hae 









































HANCERS, BRACKETS, SHAFTINC, 
AND ALL SHAFT FITTINGS. 


SAMUEL PLATT, L2- 


WEDNESBURY. 


— ON ADMIRALTY LIST. — om 


, | STEEL FOUNDRY CO., LD., 
HADFIELD’S SHEFFiecp. 
TRAMWAY TRACK WORK. STONE & ORE CRUSHING MACHINERY. 


GEARING. 
HYDRAULIC CYLINDERS. 
CASTINGS FOR CASTINGS FOR BRIDGES. 


SOLE MAKERS of 


HADFIELD'S varewr “ERA” MANGANESE ‘STEEL, 


which is the supreme material for Tramway Track Work, the 


Weari rush nd Grinding Machinery, &c. — c= as ~~ 
lca wd md a GROUP OF HADFIELD’S STEEL GEARING. 
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SOME EXPERIMENTAL DATA ON THE|te take C, and so on. The section of each lid is eh? ( 1,1 ) a ( Re ) ee 
FLEXURE OF FLAT CIRCULAR|8'ven in Fig. 2; a separate lid, shown in Fig. 3, \ R, Ry R, Ru 3 R, R,,!’ 
was employed for the 2-ft. or largest free plate | where 


PLATES WITHIN THE ELASTIC 


LIMIT. 
By P. T. SrermrHat, M.Sc. 

Tue following paper is an account of some experi- 
ments carried out by the author, with the assist- 
ance of Mr. J. T. Aslin, in the hydraulic labora- 
tory of the University of Leeds, between October 
and December, 1909. The intention was to supply, 
in part, the apparent absence of ay Beare data 
on the behaviour of circular flat boiler-plates of 
various thicknesses and diameters when subjected 
to an evenly distributed load on one side, which 
was in this case applied hydraulically, and to com- 
pire the results so obtained with the theory on the 
subject. 

There is an account of some experiments carried 
out by Mr. Nickols, of Kirkstall, and published by 
Mr. R. Wilson in Enorngeerine, September 28, 
1877. In these experiments a cylindrical shell 2 ft. 
long by 2 ft. 6 in. in diameter was made of ;', in. 
boiler-plate, with the ends butted together and 
double-lap riveted. The ends of this cylinder 
were then fitted with flanged plates of various 
thicknesses and different methods of flanging, and 
water pumped in until rupture took place. De- 














WY ee 
di Co 


Fig. 3. 
- a 


flections were measured for various corresponding 
pressures, and the results plotted. Five experi- 
ments were made in all, but the author was unable 
to deduce anything satisfactory from the results 
obtained. 

With the exception of the above very little work 
appears to have been published on the subject. 
The present experiments were confined to work 
within the elastic limit, for the following reasons :— 

The theory on the subject is based on the beam 
theory which takes Hooke’s law to hold good within 
the elastic limit. 

Any practical advantages which might ensue 
would be applied to plates, such as boiler ends, 
which are designed to work with stresses within 
the elastic limit, depending on the factor of safety. 

The apparatus and method of experimenting 
would be considerably less costly. 

It was intended to experiment with both fixed 
and freely supported plates ; but, as will be seen 
later, so much difficulty was encountered in keep- 
ing the joint of a fixed plate water-tight under 
pressure which was tending to prize it open, that 
an intermediate condition was employed ; and the 
results obtained, though referred to hereafter as 
“fixed,” can only be regarded as such in a com- 
parative sense. Every care was taken to employ 
an exactly similar ‘‘ fixed” joint, so as to ensure 


this in every case. 

Fig. 1 is an illustration of the apparatus. A is a 
cast-iron dise with a 2-in. flange drilled for twenty- 
tour g-in. bolts round the circumference. B, O, 
and D are successive lids, also of cast iron, B being 
bolted on to the disc A, and having a row of studs 









































sas ype on. 

) is a hand-pump with suitable gauges, which is 
connected by means of a pipe to a hole in the 
centre of the bottom of the disc A. 

F shows the apparatus used for recording the 
deflection of the plate at its centre. This consisted 
of an adaptation of Goodman’s extensometer with 
« total scale reading of 4 in. or ;, in. as required. 
The top pair of screws were fixed to a frame resting 
on three adjustable steel points, which were placed 
on the required diameter of each plate. The lower 
pair of screws were fixed to a steel rod which was 
free to move in a vertical direction relative to the 
frame carrying the top screws. This steel rod was 
pointed at its lower end and rested in a centre pop 
in the centre of the plate. By this means a direct 
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€ = constant coefficient. 
h = thickness. 
R, Rj, = two principal radii of curvature. 
But his reasoning to arrive at the above is stated 
to be obscure. 

Poisson also treated the same subject in his 
memoir* in 1814. He gives a general equation for 
obtaining the form which a mean section of a flat 
plate assumes on a given displacement, and he 
deduces that ‘‘it is the difference of state of the 
faces of the lamina which produces its elasticity by 
flexion, or its tendency to recover its natural form. 
In the direction of the principal curvatures of the 
mean section the dilatations and condensations will 
be proportional to the distances from this surface, 
and inversely proportional to the corresponding 
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magnified reading was obtained, and the apparatus | 
was found to check very well in practice. 

After one or two preliminary experiments to 
test the range of the apparatus, two series of tests 
were taken on annealed mild-steel boiler-plates of 
sqomninabty tin., din., jin., and 4 in. thickness ; 
the first series heing freely suspended against an 
edge on diameters of 24 in., 18 in., and 12 in. 
respectively, and the second series being fixed on 
similar diameters in the following manner :—The 
plate was left large enough to correspond with its 
flange in each case, and holes drilled round its 
circumference to take the bolts or studs on that 
flange. The joint was made by rings of ; in. square 
rubber, one inside and one outside the bolt circle, 
and the plate was bolted down as much as ible. 
In this way an evenly bedded joint was obtained. In 
both series the pressure was constantly run off, and 
the zero of the deflection scale checked. Each 
experiment was stopped as soon ag the deflection of 
the plate ceased to be perfectly elastic. Figs. 4 
to 9 show the corrected and final readings of each 
series plotted to deflection in inches corresponding 
to the pressure in pounds per square inch. 

From tensile tests taken on pieces cut from these 
plates it was found that the ultimate breaking 
stress was 27.3 tons per square inch, that elastic 
limit occurred at 18.7 tons per square inch, and that 
Young’s modulus of elasticity (E) was 27,800,000 
pounds per square inch. 

The mathematical treatment of the problem of 
the equilibrium of an elastic plate was attempted 
by Navier in 1821. He arrived at the following 
equation as a condition of equilibrium :— 





3 80 00 
Lhs ner 8a Inch. 


FREELY SUPPORTED PLATES. 


The Figures in Circles 
refer to the N°of the 
Eaperiment. 
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radius of curvature.” In the case of a flat plate 
deflected by pressure this is not completely true, 
for, as will be seen later, a third factor comes under 
consideration, which cannot be neglected. 

Saint Venant also gives an equation for a thick 
plate uniformly loaded ;+ but the recognised theory 
on the subject is based on the reasoning of 
Professor Grashof, and is given by him in his 
‘* Festigkeitslehre ;” Lanza, in his ‘* Applied 
Mechanics,”’ and Morley, in his ‘‘ Strength of 
Materials,” both apply Grashof’s formule to 
particular cases. 

The formule are deduced from the Bernoulli- 
Euler beam theory of bending, and the assumptions 
of this theory are embodied inthem. The differ- 
ence lies in the fact that the bending is not all in, 
or parallel to, one plane, but takes place in every 
plane perpendicular to the flat faces. 

The theory assumes that the thickness is small 
com to the diameter, and that Hooke’s law 
holds good within the elastic limit. 

Grashof obtains the following formule :— 





(1) Freely-supported circular plate, evenly distri- 
buted load. - — 
— gs (m-1)(5m +1) pi 
“ee we Ee 
(2) Fixed or built in plate, evenly loaded. 
s m?—1 prt 
An ta Ee 


where 


* Pages 523 to 545. 
+ Todhunter and Pearson, ‘‘ History of the Elasticity 
and Strength of Materials,” 1893, vol. ii., Section 335, 
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A = maximum deflection—i.¢., at centre of plate. 
m = Poisson’s ratio (4 to }). 

p = pressure. 

y = radius of plate. 

t = thickness of plate. 
E = Young’s modulus of the material. 


Grashof suggests 3as Poisson’s ratio, and substi- 

tuting in (1) and (2) he gets 
(3) A=4 pr for supported plates, 

and 
prt 
E#@ 
which is one-fourth that of a freely-supported plate. 

Taking E, as found, at 27,800,000 1b., formula (3) 
gives the following constants for the actual plates 
tested :— 


r= vin 


"(4) A = 427~ for fixed plates, 
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The author submits that his results go to show 
that it is not permissible to neglect the direction of 
the application of the load, and assume, as is done, 
that the load is applied in a plane perpendicular to 
the original plane of the plate. As long as the 
plate is perfectly flat this would be the case, but as 
soon as it assumes a convex form the direction of 
the load would only remain perpendicular at the 
centre of the plate, and would lie along the radius 
of curvature for every other point on that plate, 
and the resultant of all the diverging pressures 
would tend to reduce the actual deflection. There- 
fore, the more convex the plate becomes—that is to 
say, the greater the actual deflection—the greater 
should be the discrepancy between Dr. Grashof's 
theory and actual practice, and this proves to be 
the case. This factor should not M neglected 
when the deflection exceeds x}, part of the dia- 
meter of the plate. After that the formule based 
on this theory will give a perceptibly larger deflec- 
tion than is actually obtained. Further than this, 
it would appear that when the deflection exceeds 
rho part of the diameter, the curve, though still 
remaining within the elastic limit, is no longer a 





straight line, but tends to curve downwards ; that 
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The curves corresponding to these values are 
shown in fine lines in Figs. 4 to 6. 

It is, perhaps, of interest to note that in every 
case the actual deflection comes out lower than 
would have been expected from the theory, and 
that the greater the ratio of thickness to diameter, 
the greater divergence there seems to be. How 
is this to be explained? It showed itself early 
on in the course of the experiments, and great care 
was taken to nullify as much as possible outside 
influences, such as friction and the inaccuracy of 
the instruments used. The measuring apparatus 
F (Fig. 1) was carefully calibrated by means of a 
micrometer screw under exactly similar conditions 
under which it was to be used, and this calibration 


was checked three times during the course of the | 


experiments. The gauges used with the pump 
were calibrated before starting, and the actual 
ressures used were sufficient to overcome any 
atent tendency to ‘‘stickiness.”” Moreover, the 
load was run off after practically every reading, 
and the deflection reading reduced to zero. The 
discrepancy can hardly be accounted for on that 
score. Nor can it be satisfactorily explained by 
taking a different value for Poisson’s ratio m ; for 
the material is similar in every case, and the theory 
should then show a constant divergence from the 
actual results. 
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is to say, the material acted on by these conditions 
does not comply with Hooke’s law. In the one or 
two cases (Experiments 1 and 7) where this result 
was obtained the theoretical formula would hardly 
be expected to apply at all. Then, again, in the 
theory the load is taken to be supported only by 
the bending forces developed, it being assumed 
that the neutral surface does not stretch. This 
assumption is known to be not wholly correct. 
Whatever the cause, it would appear that Dr. 
Grashof’s formule are on the safe side, so that 
anyone working to them would only increase his 
factor of safety. 

The results obtained with ‘‘ fixed” plates are 
given in Figs. 7 to 9 (Experiments 13 to 24). It 
should be remembered that these plates were not 
rigidly built in, and, though prevented from con- 
tracting in a lateral direction, a small amount of 
flexure at the joint was unavoidable. The formula 
for a fixed of (No. 4) gives a deflection of one 
quarter that of a corresponding freely-supported 
plate. Thisis hardly corroborated by these results, 
even where the difference in the diameter, over 
which the effective pressure was applied in each set 
of experiments, is taken into account. It would 
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also appear that this ratio is not constant, but that 
the thicker the plate the more nearly does the 
‘* free” deflection approximate to that of the fixed 
plate. These two deductions are put forward with 
all due reserve, and further data are required to 
clear these points up. More useful information 
might be obtained if a set of similar plates were 
tested with their edges clamped between two 
flanges, and the author regrets that he was unable 
to do this, through the limited time at his disposal. 





THE WHITE STAR LINER “TITANIC.” 

Tue second of the two White Star liners being 
built by Messrs. Harland and Wolff, Limited, 
Belfast, for the New York service, is to be launched 
on Wednesday next, and the first of the twin ships 
—the Olympic—will leave on her first voyage to 
New York on June 14. Both events are naturally 
regarded with considerable interest, because the 
vessels are the largest yet built. The arrangements 
for the launch of the Titanic will exactly correspond 
with those in the case of the Olympic, and as these 
were unexcelled in the completeness with which 
every possible contingency was provided against, 
success on Wednesday is practically ensured, 
although the task is a difficult one in view of the 
great launching weight of the ship—nearly 27,000 
tons—and the comparatively small distance in which 
the vessel has subsequently to be brought to rest. 
As we described very completely the launch of the 
Olympic on October 20 last (see ENGINEERING, 
vol. xc., page 568), there is no need to enter into 
details here. 

On the occasion of the launch of the first ship, 
too, we fully described the two vessels, giving 
numerous engravings of hull and machinery, with 
several two-page illustrations of the general arrange- 
ment of the boilers and the combination of recipro- 
cating engines and low-pressure turbine. It was 
not, however, possible then to enter into details 
regarding the arrangement of the decks, but we are 
enabled to give with this week’s issue an elevation 
of the ship and plans of all the decks. These plans, 
which are common to both vessels, are reproduced 
on the two-page Plates XX XIX. and XL. and on 
page 679. They afford a splendid idea of the great 
height of the ship—104 ft. from keel to navigating 
bridge. 

Before entering upon a detailed description of 
the arrangement of the decks, as illustrated, it 
may be said that each of the two ships has a length 
over all of 882 ft. 9 in., and between perpendiculars 
of 850 ft , a breadth extreme of 92 ft., and a depth 
moulded of 64 ft. 6 in. The gross tonnage is about 
45,000 tons ; and on a load draught of 34 ft. 6 in. 
the displacement tonnage will be about 60,000 tons. 
For reasons which we explained in our previous 
article there is no intention to drive these ships 
at the very high speeds attained by a few of the 
Atlantic liners, the White Star Company believing 
that there is a wide preference for moderate speed, 
especially when there is ensured that freedom from 
vibration and oscillating movement in a sea-way 
which result from great dimensions and the carrying 
of a large volume of dead-weight cargo. Moreover, 
there is gain not only from the increased revenue 
derivable from cargo and from the greater area 
afforded for the carrying of passengers, but also owing 
to the reduction in the expenses, because of the less 
power necessary to drive the ship. Thus the indi- 
cated horse-power of the machinery fitted to the 
Olympic and Titanic is about 46,000, and this, it 
is anticipated, will give a continuous sea speed in 
service of 21 knots. - As is shown by the elevation, 
Fig. 1, Plate XXXIX., 440 ft. of the length of the 
ship is taken up with the machinery ; this is equal 
to 50 per cent. of the total length, while in the 
case of the express liners the machinery space is 
about 70 per cent. Both proportions, of course, 
include the coal-bunkers. 

In the White Star liners there are twenty-nine 
boilers, having in all 159 furnaces, arranged (as 
shown on the Tonefeilinal section and on the plan, 
Fig. 10) in six separate water-tight compartments, 
five boilers being arranged athwart the ship in each, 
exceptin the first boiler-room from the bow, where, 
owing to the fining of the lines of the ship, only 
four could be accommodated in the width. Of the 
twenty-nine boilers, five in the compartment nearest 
the machinery space are single-ended, the others 
are double-ended. These single-ended boilers are 
available for running the auxiliary machinery while 
the ship is in port, as well as for the general steam 
supply when the ship is at sea. Two of the boilers 
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but separated by the companion-way for the second- 
class passengers leading to the promenade-deck 
above. As to the decoration of these and the 
other public rooms we hope to say more in a later 
issue. Forward of the smoke-room there is a 
second companion-way for the first-class ngers 
leading down through all the habitable decks, and 
here again the ma feature is the large collecting 
area at different landings. 

The bridge-deck (Fig. 3) is the top of the 
moulded structure of the ship; above this, for 
over nearly 365 ft. amidships, the shell-plating has 
been carried to the deck above, but is provided 
with large square windows, raised by mechanical 
means at will (Fig. 1). Within there is a bright 
sheltered promenade for first-class passengers ; the 
walking space abaft this is reserved for the second- 
class passengers. This bridge-deck amidships has 
a length of 550 ft., beginning 189 ft. from the bow, 
while the forecastle is 128 ft. long, and the poop 
aft 106 ft. long. In the forecastle, as shown, there 
are provided capstans for the anchor gear, while 
provision is also made for the cables leading 
to the anchor gear on the shelter-deck below. 
There are three steam-winches in connection with 
the cargo arrangements. Aft again on the poop 
there are electric cranes for the cargo. The main- 
deck house amidships is for the most part utilised 
for special rooms for first-class passengers. For- 
ward of the main companion-way are a series of 
state-rooms. Amidships there are a number of 
‘* parlour suites ” and *‘ suites of rooms.” As shown 
on the plan (Fig. 3), these suites embrace sitting 
and one or two bed-rooms, with bath-room and 
other accommodation. Doors are arranged in the 
partition, so that as many as six rooms can be let 
en suite, an advantage which will be greatly appre- 
ciated by family and other parties travelling together. 
In the after end of this deck-house there is arranged 
a restaurant for first-class passengers. This is 
ey to the dining-room, which will be 
referred to later, and is provided so that first-class 
passengers may dine a la carte, an advantage which 
is being appreciated more and more on all steam- 
ship services, being more consonant with modern 
ideas as to diet. Abaft of this restaurant there 
is a second-class entrance and one second-class 
smoking-room. 

The shelter-deck (Fig. 4) extends right fore and 
aft. At the forward end of the forecastle there 
are Napier windlass and anchor gear, which, as 
has already been pointed out, is of a somewhat 
novel type, owing to the fact that there is an anchor 
hawse-pipe on the stem as well as on the port and 
haeie sides, and thus special drums have had 
to be incorporated, as shown on the small plan, 
which is included on the forecastle deck. Abaft of 
this, under the forecastle, are the mess-rooms for 
the firemen and seamen, with sculleries, &c. In 
the well there are arranged two of the hatches to 
the holds below, and electric cranes for deali 
with cargo, mails, and baggage. Aft of this wel 
the arrangements conform pretty much to those on 
the decks above. It will be noticed that the inner 
state-rooms are arranged with broad ventilating 
passages to the side of the ship, so that these, as 
well as the outer rooms, have port-holes for direct 
ventilation and light. This type of inner berth 
has proved acceptable. Amidships there are 
** parlour suites” and ‘‘suites of rooms.” These 
are of exceptional size, and, as will be explained in 
a subsequent article, are notable for the attractive- 
ness of their decoration. The only public room 
on this level is the second-class library. At the 
stern of the ship there is a third-class smoking- 
room and a third-class general-room, having com- 
munication with the companion-way leading through 
all the decks on which the sleeping cabins of these 
passengers are arranged. In the stern of the ship 
on this level is the steering gear, which has been 
constructed by Messrs. Harland and Wolff, and is 
of their well-known and tied type. The engines 
for working the capstan are also located in the 
steam steering-house. 

The saloon-deck is shown in Fig. 5, Plate XL., and 
the features here, of course, are the dining-saloons 
for first and second-class passengers respectively. 
That for the first-class er is placed almost 
exactly amidships, and is nearly 120 ft. long, while 
forward of it and adjacent to the companion-way 
is a reception-room, occupying about 50 ft. of the 


len of the ship, independently of the stairway 
i a On each side of the ship, it will be 
seen, there is an entrance-hall, separated from the 
first-class reception-room, about 


ft. square, and 
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doors to the main companion-way. The dining- | 
room is arranged with small tables, many of them 
for two Dy me only. The tables are so| 
arranged that a company of an 

have a table to themselves. 
may also be utilised as an annexe to the dining- 
saloon. The second-clacs saloon is equally exten- 
sive, and is similarly arranged adjacent to the com- 
panion-way. The galley and pantries are, as shown 
in the plan, arranged between the two dining- 
saloons to facilitate service ; and, needless to say, 
the experience of the White Star Company has been 
utilised in order to ensure results most conducive to 
the comfort of the passengers. Abaft the second- 
class dining-saloon is a compartment, arranged with 








gece can easily | trated in Fig. 6, it will ; 
e reception-room | part of the ship is given up for the accommodation 


cabins, for second-class passengers, while still 








OOO OTO OLA 


further aft, in the stern of the ship, are rooms for 

the third-class passengers. 
Coming now to the upper deck, which is illus- 
a seen that the forward 


of the trimmers and seamen, while on the port side 
of the boiler-casings there are arranged further 
rooms for third-class passengers ; and, abaft these 
compartments, rooms for waiters, stewards, cooks, 
&c. On the starboard side there is accommodation 
for first-class and second-class passengers, a8 shown 
on the plan. The inner berths on this deck, as on 
the saloon and shelter-decks, are arranged with 
light and ventilating spaces to the shell-plating. 
Alongside the engine-room, on the starboard side, 
are further cabins for second-class passengers. 
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Fie. 1. 


The 
ower deck amidships, as shown on the plan (Fig. 8), | 
At the extreme | 
after end arrangements have been made for putting 
| up portable cabins for third-class passengers, or for 


From this point aft the accommodation is utilised 
for second and third-class passengers. 

The middle deck is shown in Fig. 7. Even this 
deck is well above the load water-line, as shown in 
the transverse section on e 680. At the forward 
end there are cabins for third-class passengers, and 
in the stern for second-class and third-class pas- 
sengers, while the third-class galley and dining- 
saloons occupy the centre of the ship. Alongside 
the engine-room on each side of the ship are the 
cabins of the engineering officers. An interesting | 
development in merchant ship equipment is intro-| absorbed by the machinery, and it will be noted 
duced on this deck and the deck below, in the form 
of a squash racquet court, which is some 30 ft. long 
by 20 ft. wide, with a gallery, while further aft are 
Turkish and electric baths, with all the usual appli- 


pene so monotonous to many passengers. 


is used for the storage of coal. 


| utilising the space for cargo. In the forward end 
| greasers, and third-class passengers, a very large 
area being here given to the Post Office and the 
mails. 


coal-bunkers are arranged athwart the ship, imme- 
diately in front of the firing-platforms in each 
stokehold. These athwartship coal-bunkers are fed 
ances. The electric baths, it will be seen, are from a longitudinal bunker on a higher level, as 
arranged on the port side of the ship, while the | shown, access being obtained through souttles and 
Turkish baths are on the starboard side, with|shoots. The baggage-room has a compartment to 
shampooing-rooms ; forward of these is a swimming- | itself. 

bath, 33 ft. long and over 17 ft. wide. These two| Fig. 10 shows the tank tops at the forward end, 
additions, in association with the gymnasium, and | with cargo or reserve fuel space. It will be seen 





| there is provided further accommodation for firemen, | 


The area of the orlop-deck (Fig. 9) is also largely | 


that, as fully described in our previous article, | 





an @ la carte restaurant, introduce acceptable | that, at this level, there is a separate passage for 
varieties to life on board ship, which in the past has | the firemen from all of the stokeholds, leading to! 





spiral stairways communicating with the sleeping 
and mess-ivoms on the decks above. The arrange- 
ment of boilers, with four abreast in the forward 
boiler-room, and five in all the others, is easily seen 
from this half-plan, while the position of the propel- 
ling engines and of the large refrigerating engines 
is shown. Abaft of this is the turbine-room, the 
exhaust-steam turbine being shown in the centre, 
with the eduction-pipes leading from each side to 
a condenser. Forward are the various valves for 
throwing the turbine out of gear and passing the 
steam from the piston engines direct to the con- 
densers when required. Detailed drawings of the 
engine and boiler arrangements, however, were 
published on the occasion of the launch of the 
Olympic in our previous volume, so that there is 
no need further to refer to them, or to the electric 
engine installation, which occupies the compart- 
ment abaft the turbine-room. The arrangement of 
the propellers is also well shown in Fig. 10, from 
which it will be seen that the wing propellers 
slightly overlap the centre propeller driven by the 
turbine, but the latter is well abaft of the wing 
propellers. 
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HORIZONTAL AND VERTICAL PLANING-MACHINE. 


CONSTRUCTED BY MESSRS. LOUDON BROTHERS, LIMITED, ENGINEERS, 


JOHNSTONE, N.B. 
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If the this being raised or depressed by the arm w fixed to the 
saddie casting. Fig. ii shows a plan of the sliding- 
a stop on one bar, while the other follows the curve of | rack. When working on the horizontal stroke, and 
the radius-plate on the other bar, so that only one bar | requiring vertical feed for the saddle, the rocking motion 
is moved. When the half-way position for the cam is | is obtained by the tappets shown in Fig. 12. One of 
reached, the first runner ceases to bear against the stop, | these is also visible in Fig. 2, while in both these figures 
and now follows the curve of its radius-plate, and may be seen the adjustable kickers on the shaft 1, 
this bar therefore ceases to move, while the runner | which come in contact with these tappets. Cross-feed 
on the other bar now leaves its radius-plate, and for the tool-slide on the saddle is derived from the rod 
pushes ~ its stop, causing the second bar to | y (Figs. 2, 3, and 12). This receives an up-and-down 
move, and its belt to be thrown over on to the driving | motion from the shaft x, already referred to, through 
palley. The machine is started and stopped by the | the lever shown at the bottom of the column in Figs. 2 
ever v (Figs. 4 and 6). and 12. Fig. 13 shows this in plan. At z, Fig. 3, on 

When planing on the vertical stroke, the rocking | the saddle is fixed the tappet ratchet-gear shown in 
motion of the shaft n for the feed is obtained from the | Figs. 14 and 15. An adjustable kicker, which is idle 
tack on the shaft x and quadrant, shown in Fig. 10, | on the up-stroke, attached to the rod y, moves a slotted 


on a driving, and the otheron a loose pulley. 
cam be moved back, one of its runners comes up against 
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rocker, shown in plan in Fig. 15, and by this means 
transmits the necessary movement to the ratchet lever 
and paw! shown in these two last figures. The move- 
ment of the ratchet-wheel through bevels, and a nut 
on the traversing screw, gives a cross motion to the 
tool-slide on the saddle. Alteration in the position of 
the adjustable bolt, shown in Figs. 14 and 15, in the 
slotted arm of the rocker gives variation of this 
traverse. The rocker is returned to its original posi- 
tion by a spring, not shown. All feeds on the machine 


are easily changed while it is running. The gears and 
bevels are all machine-cut out of the solid steel. 
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THE CHEMICAL ENGINEERING AND 
INDUSTRIES’ EXHIBITION. 
(Concluded from page 665.) 

Messrs. Brown aAnpb Son, of 25, Charlotte-street, 
Caledonian-road, show vacuum boiling-pans (of 
copper) for sugar, essences, &c., and a rectifying 
head for rectifying spirit from 40 under proof 
to 80 over proof. The process can be watched 
through an illuminated observation window, and 
the proof-stick is a brass rod, hollow in its lower 
portion and fitted with a stopper which passes 
through a gland, so that samples can be taken with- 
out breaking the vacuum inside. The firm’s 
alembic automatic still serves for making dis- 
tilled water, or aromatic (perfumed) waters in the 
laboratory. The water vessel is capped by a large 
cone, open above, which is over-topped by a closed 
dome, on the bottom of which the steam condenses; 
this latter dome forms the bottom of the upper 
tank, in which the water is thus pre-heated ; the 
steam, it will be undérstood, collects in the narrow 
space between the cone and the dome. The firm 
also exhibits the R.E. (road engineer) apparatus 
of Mr. John Hutchinson, of 141, Ebury-street, 
S.W., for testing bituminous road material (tar 
and tar compounds). This apparatus is a viscosi- 
meter, which can also serve for determining the 
melting-point and the evaporation of the material. 
The viscosimeter is a copper vessel heated by a gas- 
burner which is fitted with a quadrant adjustment 
on the gas feed. Into the top of the apparatus 
fits a cup which is filled with the material ; the cup 
is open below, but this aperture is closed by a 
screw-plug provided with a tapering bore 10 mm. 
in length, 2.8 mm. in diameter at the top, and 
2.7 mm. at the bottom. Thermometers extend 
into the cup and into the vessel. The observer 
watches the cup thermometer, pulls it out when a 
certain temperature is reached, and notes the time 
that the slowly issuing tar takes to fill the 
100-cub.-cm. glass flask under the cup. The test is 
thus arbitrary, and this applies also to the evapora- 
tion test, which is made with the aid of an 
aluminium dish holding about 20 grammes of the 
substance. 

Messrs. Cunningham, Shaw, and Co., of Liver- 
001, show, through their London agent, Mr. 

idmund White, 2, Dunstan’s-hill, E.C., the im- 
proved James Bogardus eccentric mill for grinding 
malt, drugs, bones, old crucibles, &c. These mills are 
manufactured by Messrs. J. S. and G. F'. Simpson, 
of Brooklyn ; they have been on the market for many 
years. ‘The apportioner, also exhibited by Mr. E. 
White, is the invention of Mr. T. H. D. May, of 
Bath. The machine exhibited occupies 57 ft. by 2 ft., 
and is 4} ft. high. Four hoppers feed the different 
ingredients through measuring vessels and shoots 
into an inclined revolving barrel, in which the 
mixing is effected. Under each hopper runs a hori- 
zontal helix, whose body is tapered, and by shifting 
the helix in its cylindrical sleeve, which commu- 
nicates with the hopper, the feed is varied at will. 
This is the apportioning screw. 

Among the combined mixers and sifters of the 
‘*Comet ” Chemical Company, of Manchester, we 
notice Levins’ ‘‘ Auto,” Roberts’s patent filling- 
machine, and Whitehead’s new automatic sampler, 
which takes in samples at regular time intervals, 
every half hour or so. A shaft, supporting an 
upper and a lower disc, between which the bottles 
to be filled are placed, is driven by clockwork, and 

- the liquid runs into each bottle as it gets under the 
feed-pipe. Messrs. Bennett, Sons, and Shears, 
of Farringdon Works, Shoe-lane, E C., exhibit 
chemical and pharmaceutical plant, Perks’ con- 
tinuous still for distilling spirit from oil, molasses, 
Mohra liquor wash, &c., and Shears’ patent mulser 
(emulsion machine), described and illustrated by us 
on page 383 of our eighty-fifth volume. The emul- 
sion is pumped under pressure against a revolving 
disc, which is pressed by a spring against a plate 
containing an orifice, and the liquid exudes under 
pressure. 

The novelty of the Perks’ still is that it con- 
tains a number of trays, arranged one above the 
other, in which closed or perforated steam-pipes 
lie. The liquid to be distilled enters the top tray, 
follows the line of the steam-pipes, and overflows 
to the lower tray, until it is discharged through a 
luted pipe at the bottom. Steam may be injected 
through the liquid from the perforated pipes, but 
asa rulea all stream of water is introduced into 
the trays ; this water is distilled and condensed with 
the spirit, and returned to the trays after separa- 


‘tion in the distilling column above the still. The 
Bennett annular concentric still, the Dreg still 
(mounted on trunnions), and the vacuum drying- 
chamber should also be mentioned, as well as 
various machines for pressing powders into balls 
and tablets. 

More filling and compressing machinery will be 
found on the common stand of three firms not 
mentioned in the catalogue. The Packing and 
Compressing Machinery Company, of 3, Torrens- 
street, City-road, E.C., exhibit the Kilian auto- 
matic tablet-compressing machine in model and 
actual machines, for hand or power drive. The 
dies are fixed in an upper and a lower disc ; both 
series of dies move up and down and grip the 
material between them, and to a certain extent 
dies of different sizes and shapes can be fitted into 
the same disc, so as to supply pills, balls, tablets, 
&c ; these machines come from Cologne. In the 
automatic machines of the Roberts Filling-Machine 
Company, Roundcroft-street, Bolton, for filling cans 
with liquid, the small platform on which the can 
stands drops as soon as the required weight has 
been received, and the feed-valve is closed at the 
same moment. 

Messrs. W. H. Bailey and Co., Albion Works, 
Manchester, exhibit acid and vacuum pumps, 
especially the Késter slide-valve dry pump, whose 
slide-valve runs on the outside of the valve-chest ; 
this pump reduces the air-pressure to one-fifth of 
an atmosphere ; for higher vacua a double pump is 
used. The firm further shows the Foster ‘full- 
bore” pressure-reducing valve, whose action is con- 
trolled by a differential spring, which maintains a 
constant pressure on the governing diaphragm, irre- 
spective of the compression of the spring. Men- 
tion should also be made of the porous filter slabs of 
Mr. J. McLaughlan, of Middlesbrough, for filtering 
acids, sewage, &c., shown on the same stand ; they 
are exceedingly porous. 

The ‘*Auto” apparatus of the Auto Recorder 
Company, Kent-street Works, Leicester, for the 
analysis of flue gases, was illustrated in our columns 
on June 12, 1908. Several minor improvements have 
recently been added to this very useful apparatus, 
which make it still more easy to handle and to take 
to pieces. The caustic tank used to form part of 
the cast-iron bottom ; it is now a separate cylin- 
drical vessel of gun-metal. The water-tank is no 
longer straight-bottomed, but the bottom inclines, 
so that any sediment is washed away ; the tank was 
screwed down, but now lifts off two rods. The 
actual size of the apparatus is 15 in. by 12% in. 
by 21 in. 

Messrs. J. and P. Hill, of Ordnance Works, 
Bernard-road, Sheffield, exhibit one of their 
Galloway-Hill boiler furnaces in a full-size model, 
which allows the visitor to examine all the 
details. One of these furnaces was _ installed 
two years ago, at the Northampton Institute, 
Clerkenwell, for the Babcock boiler, and described 
by us at the time.* The furnace, which was designed 
by Mr. Schofield, is divided into four conduits, 
9 in. wide, arranged longitudinally between the 
front and the back of the furnace. The fire-bars 
are short, and spaced } in. — The draught 
is induced along the conduits by a series of small 
steam-jets. Another novelty worthy of notice is 
the Galloway-Hill stone-drying stove, for treating 
tar macadam, and adopted by the Southport Cor- 
poration. The stone is broken in reciprocatin 
jaw crushers, which deliver pieces of cubica 
cleavage through screens into bins; from the 
bins the stones are conveyed by a large scoop, 
running on an overhead runway, to the furnace. 
When dry, they are taken by the overhead run- 
way directly to the tar-mixer, from which they 
fall into a pit, and are delivered by a scoop. 
The furnace is of the forced-draught type of the 
firm, and composed of one brick flue 40 ft. by 74 ft. 

The alumirium tanks for soap works, coils for 
acids and steam, crystallising trays, cylinders, {c., 
of the Aluminium Plant and Vessel Company, of 
Point Pleasant, Wandsworth, make a fine show. 
The vessels are all made of aluminium sheets, and 
are welded with the aid of the oxy-hydrogen flame. 
The welds look excellent, and are said to be 
mechanically strong. No solder is used in makin 
the weld on the Schoop system, nor does the me’ 
require any previous treatment except mechanical 
cleaning. Tanks can be made to any size, and the 
metal ose not spoil the taste or colour of any 
preparation. Aluminium of 99.5 per cent. looks 





* See ENGINEERING, vol. Ixxxix., page 765. 





bright, like silver, and has not the sickly appear- 
ance of common aluminium ware. 

The demonstrations of modern uses of acetylene 
in lighting and welding by Carbic, Limited, 
of 27, Cannon-street, E.C., are interesting. The 
carbic is calcium carbide in a convenient form, 
which will not be attacked by a moist atmosphere, 
even if kept for a week over water, but will gene- 
rate acetylene when immersed in water. The car- 
bide is mixed with sugar and sulphur; the mixture 
is melted and pressed into granulated cakes, cylin- 
drical in shape, which are dipped into bitumen, so 
as to render the outside moisture-proof. These 
cakes are placed in double cylinders which fit into 
the outer cylindrical generating vessel. The gene- 
ration of the acetylene proceeds quickly and at low 
temperatures, and the resulting sludge of lime is 
practically fluid. 

The products and works of the North-Western 
Cyanamide Company, of 40, Eastcheap, E.C., have 
fully been described in our columns, but since the 
date of our articles the plants of the company have 
been considerably increased in number. The samples 
shown are cyanamide of lead and copper, cyanamide 
of lime (nitrolim), mixtures of cyanamide for agri- 
culture and for hardening metals (ferro dur), and 
chemical derivatives obtained from it. 

Gas-making plants are exhibited by Messrs. 
Thomas Crow and Sons ; apparatus for gas analysis 
in great variety by Messrs. Philip Harris and Co., 
of Birmingham, and by Messrs. Townson and 
Mercer, of 34, Camomile-street, E.C. Messrs. 
Dring and Fage, of 56, Stamford-street, S.E., show 
high-range thermometers and oil-testing and other 
instruments, and as a novelty a set of British grain 
weights, decimalised and correlated on the inch- 
length unit. Mr. Thomas Parker, to whom this 
innovation is due, has found that 1 cub. in. of water 
weighs exactly 250 standard grains at 122 deg. 
Fahr. (which is 50 deg. Cent.); hence the unit of 
weight is the weight of lin. of water. We can 
only hope that this system will not be adopted, if we 
are to change. 

Chemical balances and weights in well-known 

rfection are exhibited by Mr. L. Oertling, of 

urnmill-street, E.C., the Géttinger Prazisions- 
wagenfabrik and Mr. F. Sartorius, of Gottingen 
(agents, Messrs. Gallenhamp and Co., of 19-21, Sun- 
street, Finsbury-square, EC); Messrs. Jules 
Lang and Co., of 16, Bury-street, St. Mary Axe, 
E.C., and Messrs. L. Brefitt and Co., of Castleford, 
exhibit bottles ; colours are exhibited by Messrs. 
Williams Brothers, of Hounslow (also inks, wood 
stains), and Messrs. Read Holliday and Co., of 
Huddersfield, who illustrate the manufacture of 
coal-tar colours and the gradual conversion of 
the raw products. Mr. B. Laporte, of Luton and 
London, shows peroxide of hydrogen, perborates, 
hypo-chlorate, and sundry materials used in the 
bleaching and laundry trades. 

The beautiful optical instruments of Messrs. 
Adam Hilger, Limited, of 754, Camden-road, N.W., 
are shown in a fine collection. Many of them have 
been previously referred to in our columns. 

The Ovzonair ventilation system of Ozonair, 
Limited, 96, Victoria-street, S.W., has recently 
found adoption on London tube railways. Two 
somewhat novel apparatus may be mentioned. The 
first is of the laboratory type. The ozoniser is kept 
under a glass bell and consists of two sheets of alumi- 
nium gauze, separated by mica, and supported by a 
spider, so as to form a box, open above and below. 

he other apparatus is for commercial bleaching, 
and has the shape of a junction box ; the gauze is 
fixed on a serrated frame ; the terminals are at the 
ends, and the air inlet and outlet next to them, on 
the right and left. These boxes, fitted with wooden 
frames, are used in breweries. 

The two exhibits left for notice concern biological 
work. Messrs. Hearson and Co., of 68, Willow 
Walk, Bermondsey, S.E, show incubators and 
sterilisers, and Leune’s model centrifuge, a small 
machine interesting to engineers, because the 
vertical shaft on which the four tubes are suspended 
in forks is rotated at 8000 revolutions per minute, 
so that the tubes, when flying out, have to bear a 
very high pressure; the shaft is driven by an 
electric motor, and runs in ball-bearings. 

Dibdin’s Biological Slate Beds, of 14, Howick 
Place, Westminster, S.W., exhibit a neat model of 
the Faversham Sewage Works, in the course 
of construction, on a scale of } in. to the foot, and 
details of this recent development of Mr. W. J. 
Dibdin’s contact-beds. The new beds, which, it is 
claimed, will successfully deal also with brewery 
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waste yeast, a severe task for sewage engineers, 
consist of horizontal shelves of slate slabs, roughly 
piled on the top of one another, 2} in. apart, up to 
10 ft. in height ; the capacity of the plant is increased 
by increasing the height and also the area. The 
sewage is run twice a day, as a rule, on these slates, 
which will be covered with a thin layer of ‘‘live 
earth,” the remains of the last sewage, which has 
aerobically been decomposed. This layer increases 
very poe 8 in thickness, and very little sludge is 
formed in consequence. The sewage stands for about 
two hours on the slates, and is then drawn off ; then 
follows air treatment and renewed application of 
sewage. If the beds are not overloaded, the sludge 
almost cleans itself, and a minute quantity of mould, 
practically the excrements of the animalculie, is 
obtained. This humus may be collected either by 
sedimentation in a wide channel, which is flushed 
once or twice a day (as at Devizes, where the process 
was introduced six years ago); or by sending the 
effluent over a weir on to clinker beds ; or by passing 
it first through a few settling-chambers and then on 
humus beds, which do not require clinker and may 
be of smaller area than in the last-mentioned case. 
The process is almost inodorous ; the chief advan- 
tage is, perhaps, that so very little sludge is pro- 
duced, 50 tons in eighteen months at Devizes, 
against 8500 tons previously. The live earth does 
the purification work very thoroughly, thanks to the 
abundance of organisms living in it, among which 
long, thin worms are conspicuous. 

Considering the small number of exhibits, the 
attendance at the Agricultural Hall has been satis- 
factory, and the lectures have proved instructive. 
It is to be hoped that a subsequent exhibition will 
find wider support from the exhibitors. 





INDUSTRIAL NOTES. 

Tue Society of Amalgamated Toolmakers have some 
cause for congratulation on the prosperous condition 
they are now in—a condition largely due no doubt 
to careful work in the past. he report for the 
year 1910, which has just appeared, is hopeful, and 
shows that substantial advance was made during 
the year. The membership at the close of 1910 was 
4553, as against 3851 at the close of 1909, being a 
net gain of 702, which may be regarded as a very 
satisfactory result. The income for 1910, which 
included 368/. 4s. interest on investments, amounted 
to 12,5097. 15s. 14d., an increase of 1917/. 3s. 74d. over 
that of 1909, and more than that of 1908 by 2506/. 
Going back as far as the year 1900, the report shows 
that the income was then only 4087/. 6s., with a 
membership of 1851. The reserve funds amounted at 
the close of the financial year to 18,369/. lls. 94d., 
which was an increase of 4515/. 6s. 44d. over the 
amount at the end of 1909. Again, going back to 
1900, we find that the reserve funds were at that 
date 2730/7. 5s. 2d., which means that in 1900 
they amounted to nearly 1/. 10s. per member, as 
against 4/. per member at the end of 1910. The 
amount paid in benefits during 1910 was 53861. 
18s. 1d., or a decrease on that paid in 1909 of 2325/., 
and on that paid in 1908 of 3326/7. 4s. ld. This 
decrease has been much welcomed, as it shows a more 
healthy and prosperous condition of trade. Benevo- 
lent grants amounted to 251/. 2s. 10d, which was 
176. 7s. 11d. less than what was paid in 1909. Super- 
annuation absorbed 256/. 12s , or 81/.*8s. more than in 
1909; but this benefit is expected to-go on increasing 
even in good times; it is, however, a very important 
part of the Society’s good work. The year was a satis- 
factory one, for, as regards the sick section, the number 
of members paying into this section were 2700, or 370 
more than in 1909. The sum of 1028/. lls. 7d. was 
expended in sick pay, which was 190/. 4s. 6d. more 
than last year, and the dividend remains the same as 
last—namely, 6s. 6d. per member per annum. In April 
last the membership stood at 5050, while in the same 
month of 1910 it was 4142, or an increase during the 
year of 908. There was a decrease of unemployed 
during last April over the previous April amounting 
to 11 ; the actual figures being 57 in 1911 and 68 in 
1910. Thereserve fund in April last stood at 22,000/.. 
against 15,300/. in the corresponding month of last 
year. 





The total number of members signing the vacant-book 
of the United Society of Boilermakers and Iron 
and Steel Shipbuilders amounted at the end of April 
(according to the monthly report of the society for 
May) to 5453, as against 5717 at the end of the previous 
month, or a decrease of 264. The number of members, 
excluding those on sick fundand superannuation, signing 
the vacant-book at the end of April was 1817, against 
2055 at the end of March. There were 1243 members 
on the sick fund at the end of April and 1242 at the end 
of March, showing practically no change during the 
month, and the members on superannuation for the 








same months were 2393 and 2420 respectively. There 
was a considerable drop in the expenses during April, 
the actual expenditure being 5604/. 11s. 10d., against 
6999/. 13s. 2d. for March, the decrease during April 
being therefore 1395/. 1s. 4d. The number of members 
admitted during last month was 688, while the number 
who ran out or died amounted to 195. The total 
income of the society for the quarter ending March 31 
amounted to 29,629/. 14s. 8d., and the total expendi- 
ture during the same time to 20,884/. 9s. 8d., showing 
a balance of 8745/. 5s. The total membership at the 
end of March was 51,856. 





According to the monthly report of the Associated 
Blacksmiths and Iron-Workers’ Society for May the 
total income of the society for the four weeks ending 
May 6 was 584/. 10s. 10d., and the total expenditure 
589/. 10s. 11d., showing a loss on the funds during the 
month of 5/. Os. 1d. There was an increase in 
membership of 64 during the last month, and the 
number of members returned as signing the vacant- 
book at the end of March was 71. Unemployed 
benefit amounted to 64/. 1s. Ojd.; superannuation 
benefit to 154/. 2s. 10d., and sick benefit to 140/. 1s, 3d. ; 
funeral benefit to 17/.; management, outlays, and 
grants, to 223/. 5s. 94d. 





Mr. Kaye Butterworth, the general manager of the 
North-Eastern Railway, has issued to the staff of 
the company a circular on the subject of the North- 
Eastern Railway — membership in the Amalga- 
mated Society of Railway Servants. It has resulted 
from the decision of the society to sanction the men 
giving in their notices to leave work should the police 
not be allowed to join the society. In the pre it 
is pointed out that the whole of the p-lice who had 
joined the society have since withdrawn from member- 
ship, with the exception of five men at Hartlepool, 
and that before these men were given notice termi- 
nating their employment they had received intimation 
that the company had no objection to their applying 
for posts in some other grade if they wished to do so. 
It does not appear, however, that any application for 
service in any other department has been made by any 
of the men. Mr. Butterworth declined to agree to 
the question being discussed at the Conciliation Con- 
ference, because it was altogether outside the scope of 
the conference, and had already been fully discussed 
by him with the society’s representatives. It was 
clearly pointed out in the circular that the policemen 
responsible for order and good conduct, whose duties 
might at any time bring them into conflict with 
the men of other grades, could not, from the very 
nature of the case, be allowed to join the men’s union. 
He did not believe, moreover, that there was any 
general desire on the age of the _ to become 
members. This certainly appears to be a very sensible 
view taken by the company, and the men will probally 
soon see the matter in a similar light. 





A ballot has been recently taken by the Cumberland 
Iron-Ore Miners and Kindred Trades’ Association on 
the question of a general stoppage of all the mines in 
the event of the demand for a 6s. 3d. ‘‘ make up” for 
the miners and an increase of 5s. 3d. per shift for 
labourers not being granted. The ballot was taken in 
accordance with resolutions passed at district meet- 
ings of the miners’ lodges in the West Cumberland 
iron-ore district. Before the ballot the increases had 
been granted by three mine-owners, and as nearly 
1000 men are employed at these mines, the dispute, so 
far as they are concerned, is settled. At the 17 mines 
where the ballot was taken 860 men voted in favour 
of a stoppage and 215 against. Instructions were 
therefore given by the council of the Association to 
their secretary to send in notices to take effect from 
Saturday last, so that if no agreement is in the mean- 
time arrived at, the iron-ore district will be idle from 
Saturday, June 3. 

On Wednesday in last week a mass meeting of the 
Cambrian Combine workmen was held in order to con- 
sider matters arising out of the recent meetings of 
representatives of both sides in London. The non- 
publication of the terms of settlement received adverse 
criticism from some quarters, and the probable course 
of events was not stated. The non-unionists in 
the district are, however, likely to receive a little 
attention, for it was decided that what the unionists 
call a ‘‘ peaceful demonstration” should be organised 
against them. It will be interesting to note what 
form this ‘‘ peaceful demonstration” will take. 





The state of affairs in the South Wales coal-field is 
still far from satisfactory, for at the adjourned meet- 
ing of the executive council of the South Wales Miners’ 
Federation, which was held on Monday last, no agree- 
ment was arrived at as to the approval of the terms 
submitted by the employers, which had been discussed 
on the previous Satu For nine months the men 
have now been out of work, and it had been hoped 
that some satisfactory conclusion would have been 





arrived at. There seems to have been a general im- 
pression that the council would adopt a recommenda- 
tion to the Rhondda Valley strikers to return to work 
on the terms of the agreement arrived at in London on 
May 15, but a spirit of dissension was rife. The pro- 
visional agreement was vigorously attacked by the mem- 
bers of the council from the strike area, who omeay 
advocated its rejection. It was, however, finally 
decided to convene a special conference of delegates 
representing the whole coal-field, in order to consider 
the situation, the day fixed for this conference being 
Saturday, May 27. The whole matter is therefore 


still in a state of indecision, and the meeting on 
Monday last does not appear in any “= to have 
helped to bring the strike to an end. The whole 


situation is depressing, for, should the conference 
negative the provisional settlement, the South Wales 
Federation will be placed in an invidious position 
There appear at present to be small hopes of an early 
settlement. 

If we are to believe reports from various ports in the 
United Kingdom, the possibility of a strike of seamen, 
to which we have several times already alluded, still 
seems to be agitating the minds of the leaders in the 
movement, and it is said that preparations are being 
made for the strike to take place on May 29. This, 
however, may not be the seal day, which is believed 
by some people to be kept secret. ‘The shipowners 
outside the Shipping Federation are being approached 
by the International Committee of Seafarers’ Unions, 
and the secretary of the committee is endeavouring to 
persuade the non-federated shipowners to adhere to the 
principle of conciliation, so as to avoid being involved 
in the proposed strike. The matter does not appear 
to cause the general body of shipowners any great 
amount of uneasiness, and the men’s talk about 
paralysing the shipping trade is regarded with a large 
amount of equanimity. Some trouble may, of course, 
be caused at first if a serious attempt is made to with- 
draw the members of the Seamen’s Union, who are 
said to be about 30,000 strong, but the difficulty will 
not be of long duration. The owners will probably 
very soon be able to get plenty of men. 





There is unfortunate news from the Ebbw Vale Steel 
Works, for at the end of this month the steel works and 
coke-ovens are to be stopped working. Approximately 
3500 men will be affected. whose weekly wages amount 
to nearly 6000/. The reason given by Mr. Frederick 
Mills, the general manager, for this stoppage is 
depression in trade, and the date of re-starting will 
depend on the condition of trade. The collieries of 
the company, employing about 6000 men, will, how- 
ever, be kept going. 





It is understood that the Government’s Trade Unions 
Bill will afford protection to the minority in a trade 
union who may object to the funds being used for 
political purposes, and such a minority will not be 
obliged to subscribe to the politival funds. The trade 
unions will be enabled to devote a portion of their 
funds to Pag oy purposes, as legal sanction is given 
them by the Bill to take part in political action in the 
event of a majority of those voting deciding in favour 
of such a course. It is, moreover, understood that 
political action will be deemed to cover local, as well 
as central, political activity. The pro l is that 
the political fund of a trade union shall be kept sepa- 
rate, a special voluntary levy being made in order 
to raise it. 





The great Danish labour conflict has at last ended, 
but not until the extended lock-out, affecting some 
40,000 hands, had come into force, although only for a 
day or two. It was the obstinate position taken up 
by the tinsmiths, and their refusal to sanction the 
terms accepted by their representatives, which caused 
the protraction of the struggle, and the men did not 
come to reason until they saw that the masters were in 
earnest, and until some Social Democratic leaders and 
the large trade unions organisation had urged them to 
do so, and had shown disapproval of their conduct. 
The masters and the official mediator must be com- 
plimented on their patience and perseverance in 
their endeavours to avoid the great calamity of a 
huge lock-out, and the masters have the satisfaction of 
knowing that they carried their main point—the five 
years’ agreement—which is looked upon as very 
essential in most industrial branches. The men had 
a very material start of the masters in Denmark in 
the matter of organisation, as in many, perhaps most 
other, countries, but the Danish masters have in this 
respect made up for lost time, and their organieations 
now work extremely well, with all necessary authority 
and firmness. 





Turn INTERNATIONAL Exuipition.—The British Sec- 
tion of the International Exhibition at Turin was infor- 
mally opened to the public on Friday, the 19th inst, 
la official inauguration of the Section will take place 

ter. 
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Fig. 1. 


Tue illustrations on this and the opposite page | 
show a batch of lathes, designed for the manufacture | 
of 6-in. projectiles, as recently completed by Messrs. 
J. Parkinson and Son, of Shipley, Yorkshire. The 
complete set includes three machines, on the first of | 
which the turning is done, the boring being carried | 
out on the second, and the screw-cutting on the third. | 
The first machine, which turns the outside parallel | 
and conical parts, and cuts the band groove, is shown 
in Figs. 1 and 2. As will be seen, the machine is of 
the massive type which is necessary for the class | 
of work it has to do. It has 12}-in. centres, and 
a bed 8 ft. long and 19in. wide across the face. 
The headstock has a hard-steel spindle bored 6} in. 
in diameter and 20 in. long, to take the shells. ‘The 
front part of the spindle is arranged as a chuck, 
carrying jaws which are operated by a revolving 
nut, which, in turn, is actuated by a worm so 
|e on @ bracket that it may be swung, and thus 

eld out of the way by a plunger when the spindle is 

revolving. The arrangement will be clearly seen in 
Figs. | and 2. When the work is being changed the 
spindle is locked, and prevented from rotating by a 
clutch operated by the lever shown. Through the 
rear of the spindle there is an adjustable stop, against 
which the conical ends of the shells fit, and which 
takes the thrust of the cut. This arrangement, 
together with the rigid chuck, ensures a firm hold 
on the work. The spindle is driven by a 6-in. belt 
working on a two-step cone, of which the larger 
diameter is 16 in., through a gear ratio of 1 to 10, so 
that ample driving power is provided. The front 
spindle-bearing is 84 in. in diameter by 74 in. long, 
and the rear spindle-bearing is 4 in. in diameter by 
5 in. long. 

The saddle movements are controlled from the 
front, and four automatic stops are provided to corre- 
spond with each of the four tools in the turret. The 
turret, which is of steel, is mounted on the top slide 
and fitted with a clamping arrangement, while the 
lower slide is made to swivel for use when turning the 
conical part of the shells. During this process the 
position of the slide is controlled by an adjustable 
tulerum placed at the rear of tae bed. The arrange- 
ment, which is shown in Fig. 2, results in the tool — 
always at a constant angle to the surface of the shel 
being turned. The swivel-slide is locked when the 

railel part of the shell is being machined. The 
oose headstock is clamped to the bed by means of an 
eccentric shaft operated by a lever at the rear end, 
and, in addition, by means of a holding-down bolt 
near its front end. A sliding gauge is carried on the 
back of this headstock for use in locating the position 
of the band groove. Four rates of driven feed are 
provided, and are controlled by a change lever at the 
tront of the lathe. Reversing motion is fitted on the 
headstock for the saddle feeds, The net weight of 
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the machine, complete with countershaft and drop-pan, 
is 64 owt. 

The lathe for boring and facing the shells is illus- 
trated in Fig. 3. It has a headstock similar to that 
on the ending already described. This lathe, how- 
ever, has two saddles—one carrying a four-tool turret 
on the cross-slide, with tools for facing and grooving, 
and the other fitted with a heavier turret to carry 
four boring and recessing tools. The first saddle has 
automatic longitudinal feeds, ranging from fifteen to 
sixty cuts per inch, and automatic knock-off stop- 
motion fitted for each tool. The cross movement is 
by hand, and a screw with micrometer dial is fitted. 
Each tool is governed by a dead-stop, the shaft 
carrying these being rotated by the operator. The 
second saddle carrying the heavier turret has four 
rates of longitudinal feed ranging from thirty to 120 
cuts per inch. It can be moved along the bed by 
rack, pinion, and pilot-wheel. The turret, which carries 
two roughing and two finishing-tools, is rotated by 
hand, and has self-selecting stops for each tool. A 
vertical plunger locates each of the four itions. 
Each saddle is driven from the feed-shaft, which runs 
along the front of the bed, by drop-worms controlled 
by the operator. The feeds are driven by gearing 
from the spindle, and are controlled by a lever in front 
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of the bed. They can be put out of action without 
| stopping the lathe. A counter-shaft is fitted, givin 
two rates of speed. The machine is fitted wit 
pump and circulating-pipes, and its weight, with 
accessories, is 68 cwt. 

The third machine, on which the threading opera- 
tion is performed, is shown in Figs. 4. and 5. Its fast 
headstock is generally similar to those on the other 
two lathes, but it has only 9-in. centres and hasa four- 
step cone for a 4-in. belt instead of a two-step one, and 
a gear ratio of 6.2to 1. The saddle has power longi- 
tudinal and transverse feeds, and is guided by a raised 
projection on the front shear of the gantry. By this 
means the twist is minimised and the friction reduced 
as compared with ordinary construction. The adjust- 
ing strip for wear is set up against this guide. A quick 
withdraw motion is fitted, by which the tool-slide can 
be rapidly withdrawn from the work, and a series of 
automatic stops are fitted for the longitudinal traverse. 
One of these stops can be used when screw-cutting for 
throwing out a clutch and stopping the rotation of the 
leading screw, when the tool on entered the clearance 

roove at the back of the thread. The pitch of the 
eading screw coincides with the pitch to be cut, so 
that pitch mistakes in screwing are impossible. The 





tool complete weighs 47} cwt. 
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Tourist Guipk To THE CoNTINENT.—This guide is 
published by the Great Eastern Railway Company, at the 
price of 6d., the editor being Mr. Percy Lindley. It 
gives illustrated information, with maps and plans, of a 


number of routes meng 29 Holland, Belgium, Germany, | 


Austria, &c., including historical notes and data on all 
places of interest to tourists. A dozen 
tourists’ travel-talk in English, French, an 


contain 
erman. 





Prorressor H. E. ARMSTRONG.—Professor Henry E. 
Armstrong, Ph.D., LL.D., F.R.S., was entertained at 
a banquet in the Hotel Cecil on Saturday, May 13. The 
idea to do honour to their respected teacher originated 
with his chemical students, and a restricted gathering 
had been planned. The engineering students of the 
Central Institute of South Kensington wished to join. 
however. Educationalists generally have a high opinion of 
Professor Armstrong’s method of instruction, and 238 
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| scientists, young and old students, and others,"spent a 
most pleasant evening under the sympathetic presidency 
of Professor W. J. Pope, F.R.S., of Cambridge. 


ConTracts.—During the last month the Yorkshire 
Boiler Company, Limited, have secured, amongst other 
orders, contracts for a 24-ft. by 8-ft. 6-in. Yorkshire boiler 
for Bingley, two 24-ft. by 7-ft. 6-in. for 180 1b. pressure, 
for Edinburgh, one 24-ft. by 9-ft. 6-in. for Leeds, two 
24-ft. by 8-ft. 6-in. in the Halifax district, and one 24-ft. by 
8-ft. boiler for Huddersfield.—_The Paterson Engineering 
Soupany. Limited, Amberley House, Norfolk - street, 
Strand, W.C., have received a repeat order from the Bir- 
mingham Corporation for the supply of one of their Pater- 
son oil-eliminators with quartz-sand filter for the removal 
| of all trace of oil from 350,000 Ib. of condensed steam per 
| hour with a peak load of 500,000 lb. The combined plant 
| will have a capacity of 800,0001b. per hour.—Messrs. André 
| Citroén and Co., makers of the Citroén machine-cut helical 
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gears, have received a contract for the complete gearing 
outfit of a large dredger which the Fitzroy Dockyard is 
building for the New South Wales Government. — Messrs. 
Ed. Bennisand Co., Limited, Little Hulton, Bolton, have 
recently secured contracts for sixty-two of their stokers and 
a number of their other specialities for textile mills, cotton- 
spinning mills, dyeing and bleaching works, chemical 
works, machine works, flour-mills, paper-mills, collieries, 
iron works, steel-rolling mills, engineering works, and 
municipal electricitv works. Many of the orders received 
are repeat orders.—The White Brothers Engineering and 
Machinery Company, Limited, Stratford, E., were suc- 
cessful in obtaining the contract for hauling the well 
known mono-rail from the Shepherd’s Bush Exhibition 
to the Brennan Factory, Gillingham, Kent. The mono- 
rail weighed 26 tons; its length was 37 ft. over all; ite 
breadth, 10 ft.; and its maximum height, 13 ft. 2 in.; its 
value was 50001. The mono-rail was safely delivered 
at the above factory.—Messrs. ritentharans | Brothers, 
Limited. Ryde’s Hill, Guildford, inform us that they 
are supplying the Argentine State Railways with one of 
their universal machines for turning, boring, drilling, 
screw-cutting, milling and gear-cutting, known as the 
** Drummond-Barreto.” (See ENGINEERING, September 2, 
1910.)—After trials with all types of rescue apparatus, 
the North Staffordshire Coalowners’ Association have 
decided to adopt the ‘‘ Proto” type (Fleuss-Davis 
patents) for their district, and Messrs. Sieve, Gorman, 
and Co., Limited, London, 8.E , received a large order 
from them for sets of apparatus, oxygen-compression 
pumps, and accessories. They have supplied upwards cf 
200 sets of this apparatus tothe Lancashire and Cheshire 
Coalowners’ Association for their rescue station at Howe 
Bridge, Lancs, and affiliated collieries during the past 





two years, 
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NOTES FROM THE UNITED STATES. 

DELPHIA, May 17. 
LARGE sales of basic iron have just been completed 
in Kastern and Western markets, following a reduc- 
tion from the very low quotations of the past few 
weeks. Large sales of Bessemer pig have been made 
after a long quiet. Four or five blast-furnaces have 
been blown out, as demand continues to drag. Some 
open-hearth furnaces that have been idle some time 
will start up ina few days. The production of coke 
is now 100,000 tons per week below the level of a vear 
oe Production for the past week just reported was 
,000 tons, which sold at 1.50 dols. per ton for 
fornace coke. This is 0.10 dol. a ton less than the 
April price. These reductions have brought out many 
buyers, and one purchaser is figuring on 20,000 tons. 
By reason of more economic processes introduced 
during the past few months in the making of Bessemer 
and open-hearth steel, there is a ~— margin where 
— maintained atthe old level. Thesteel interests 
ave determined to hold prices for crude steel through- 
out the summer where they arenow. Car orders placed 
during the past six days amount to 3000 freight-cars ; 
in addition 100 passenger-cars were ordered. The 
American Bridge Company closed contracts a few days 
ago for 33,000 tons of structural steel for use in New 
ork City. Dock work in Chicago takes 10,000 tons, 
which independent concerns will make. The United 
States Steel Corporation has ordered 15,000 tons of 
structural steel from independents, to extend their 
mill a at Gary, Indiana, instead of making it 
themselves. The Crucible Steel Company, just out- 
side of Pittsburg, will close a contract next week for 
15,000 tons of steel, and in a short time 9000 tons will 
be ordered for a bridge at Pittsburg. The railmakers 
figure upon doing a business this year of something 
over 2,000,000 tons, while the capacity is double that 
quantity. The capacity of two plants alone—namely, 
Gary, Indiana, and the Edgar Thompson, of Pittsburg 

—could, if pushed, turn out 2,800,000 tons in a year. 
Orders for export continue to flow in, and they con- 
stitute quite a satisfactory percentage of the total. 
The American Natural Gas Association meets in Pitts- 
burg this week, after which it is expected that very 
large orders for pipe will be placed for the construction 
of pipe-lines in the Western and South-Western States. 
The American Foundrymen, which is a very large and 
powerful body of manufacturers, will hold their annual 
convention in Pittsburg, beginning May 23. The 
general tone of the iron and steel market is weak, and 
there are no present indications of a general revival. 
Structural material is leading at present, and an active 
demand will probably continue for some weeks. All 

crop indications continue favourable. 





PeRsonat.—For greater facility in dealing with London, 


the south of England, and foreign business, the 
Roturbo Manufacturing Company, Limited, have opened 
a branch office at Norfolk House. Victoria Embankment, 
London, W.C. 


University or Lonpon Lecrurrs.—A course of five 
lectures on ‘‘ The Application of Hyperbolic Functions 
to Electrical Engineering Problems,” will be given by 
Dr. A. E. Kennelly, of Harvard University, at the 
Institution of Electrical Engineers, Victoria Embank- 
ment, . The first of these lectures, which are 
addressed to advanced students of the University and 
others interested in the subject, will be delivered on 
Monday next, the 29th inst., at 5.30 p.m., and the 
remainder on the four following days at the same time. 
Admission will be free by ticket, obtainable from the 
secretary of the Institution. 


Paris MerrRopouitaN Rattway.—Various ventilating 
works are in course of execution upon thissystem. These 
works comprise two by upon line No. 1 debouching 
upon the terrace of the Tuileries, and to the right of the 

ncorde stations; ventilating shaft upon line No. 3, 
Avenue of the Republic ; and upon line No, 4 a work 
opening out upon the fortifications fosse. Other similar 
works have also been projected. The length of line in 
operation upon the system last year was inc from 

to 42 miles. The average length worked for the whole 
of 1910 was 39 miles, but in consequence of inundations in 
January the actual effective average was reduced to 
364 miles. Since January, this year, two new links have 
been brought into operation—viz., the Louis Blanc and 
Pre St. Gervais section on line No. 7, and the Pereire and 
Champerret section — line No. 8. The total length 
of line in working has, accorcingly, been now in- 
creased to 44} miles. The number of employees of 
all grades in the service of the undertaking was in- 
creased from 4446 at the close of 1909 to 5023 at 
the close of 1910.. The total revenue collected last 
year was 1,789,430/., while the working expenses of the 
twelve months were 766,505/. The net revenue collected 
last year was accordingly 1,022,925/. The corresponding 
net receipts in 1909 were 1,038,253/. The ratio of the 
working expenses to the traffic receipts last year was 
42.83 per cent., as compared with 42.11 per cent. in 1909. 
The share capital stands at 3,000,000/., and the company 
kas also an obligation debt of 4,004,7642. The share 
capital receives a dividend at the rate of 8 per cent. per 
annum for the past yeari 





EDUCATION : ENGINEERING AND 
OTHERWISE. 
. . To THE EpiTorR ei a. 
1r,—Is it not time our agogues deci on some 

one symbol for acceleration to be used in text-books. It 
must be pe to a beginner in mechanics to find ‘* a” 
in one book and “f” in another, as in two books I 
recently came across issued under the same ‘‘ general 
editor”? 

Is it fair that parents should bear the whole cost of 
extra holidays granted in public schools? My two boys 
ot a week extra at Christmas, and another at Easter. 

he school oat ae, _ score .. += ei oneal 
ex each time, and the parents, in ition to losing 
~ + tga have to pay i extra boasting, a fairly 
expensive matter in the case of those resident abroad. 

ff any engineering 1 geo end goes to the headmasters’ 
conference, when and wherever that may be, will he 
produce these matters for consideration on a suitable 
occasion, and earn the thanks of 

Your obedient arvene 


Aden, Arabia, May 5, 1911. 





THE CONDENSER. 
To THE Eprror oF ENGINEERING. 

S1r,—In the editorial upon the condenser (page 191 of 
the current volume) reference is made to the presence of 
air and its effects upon the rate of condensation. Re- 
ference is also made to those who have pursued research 
in this direction. In this connection, might I point out 
that the first investigator to bring into prominence the 
effects upon surface condensation of minute air admix- 
tures was Mr. James Alexander Smith, at present, and for 
the past three years, president of the Victorian Institute 
of Engineers, whose paper ey which much subsequent 
work has been based} entitle “ Air in Relation to Sur- 
face Condensation,” was read before the Victorian 
Institute of Engineers, and was subsequently reprinted 
in extenso in ENGINKERING at page 395, vol. Ixxxi., 
on March 23, 1906. 

Honour to whom honour is due. 

Yours faithfully, 
WiiiiamM CHARLES Rowe 
(Member of Council), M. V.I.F. 
550, 552, Collins-street, Melbourne, April 12, 1911. 





‘*TWO-CYCLE GAS-PUMP.” 
To THE EpiToR OF ENGINEERING. 

Sir,—We quite agree with Mr. Badcock that it is im- 
possible to enter into a discussion on this subject in the 
columns of your paper, more particularly as we have 
notified him that we shall oppose the grant of his patent. 
There are, however, two points dealt with in his letter 
which we should like to correct. 

He appears to be of opinion that if « patent applica- 
tion passes to publication without citation, an official 
guarantee that there is no anticipation may be thereby 
implied, but your readers who are conversant with patent 
matters will know that such is not the case. 

In reference to the last paragraph of his letter, there 
appears to be some confusion with rd to dates. Mr. 
Badcock would almost seem to imply that because Mr. 
Humpbhrey’s description of the two-cycle pump appeared 
in your journal at a date subsequent to the date of Mr. 

cock’s application for a patent, therefore the date of 
Mr. Humphrey’s invention was also subsequent, an 
assumption which is anite incorrect. 
Yours faithfully, 
For THe Pump anD Power Company, LimirTeED, 
J. Patouett, Secretary. 
38, Victoria-street, Westminster, London, S.W., 

May 23, 1911. 


To THE EpiTor OF ENGINEERING. 

Srr,—It has been pointed out to me that my letter to 
you, dated May 16, might be read to imply that my 

tent for the two-cycle gas-pump was accepted by the 

Yomptroller without any citation at all. This is not so, 
as Joy’s patent for ignition was cited, but there was no 
citation of any other patent. 

I was dealing only with the letter of the Pump and 
Power Company which referred to Mr. Humphrey’s 
patents. 

Yours faithfully, 
t. Baynes Bancock, 

7, Pembridge-crescent, W., May 23, 1911. 





“SOME STUDIES OF WELDS.” 
To THE Eprror oF ENGINEERING. 

Sir,—Our attention has been drawn to the letter by 
Mr. R. Stutz in your issue of the 19th inst. It is evident 
that the writer has not read the whole of the paper, and 
has therefore failed to grasp its object, which was to 
discuss studies of abnormal or imperfectly-executed welds. 

With reference to Mr. Stutz’s statement, ‘As to the 
three photo-micrographic figures, showing the changes 
of structurein the material, we do not know when, where, 
or by whom the welds in question were made, but we 
have no reason to believe in their accuracy,” we can only 
remark that criticism of this order (if it can be dignified 
by such a name) conveys its own answer, and calls for 
no comment in your columns by 

Yours, &c., 
THe AUTHORS. 

28, Victoria-street, Westminster, S,W., May 24; 1991. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was dull, and Cleveland warrants, after 
opening firm, became easier. The business only amounted 
to 5500 tons at from 46s. 14d. to 46s. cash, 46s. 2d. 
eight days, and from 46s. 4d. to 46s. 3d. one month, and 
from 46s. 94d. to 46s. . three months. Closing sellers 
uoted 46s. 04d. cash, 34d. one month, and 46s. 9d. 
three months. The market was stronger in the after- 
noon, but the dealings were limited to 1500 tons of 
Cleveland warrants at 46s. ld. five days, and 46s. 4d. 
and 46s. 44d. one month, the session closing with sellers 
at 46s. 1}d. cash, 46s. 44d. one month, and 46s. 104d. 
three months. On Fri y morning the market was 
irregular, and after being done at 46s. 3}d. and 46s. 4d. 
cash, Cleveland warrants reacted to 46s. _ cash. The 
dealings, which -amounted to 5000 tons, included business 
at 46s. 4d. seven days, 46s. 6d. one month, and 46s. 114d. 
three months, and at the close the quotations were 46s. 3d. 
cash, 46s. 6d. one month, and 47s. three months sellers. 
The afternoon market was firm, and three lots of Cleve- 
land warrants were done at 46s. 34d. cash, and 47s. 
three months, and sellers’ closing prices were 46s. 4d. 
cash, 46s. 7d. one month, and 47s. three months. On 
Monday morning a strong tone prevailed, but the 
market was quiet, and only 2500 tons of Cleveland 
warrants were dealt in at from 46s. 5d. to 46s. 7d. cash, 
at 46s. 74d. four days, and 47s. 4d. three months. 
Quotations at the close were up to 46s. 74d. cash, 46s. 104d. 
one month, and 47s. 44d. three months sellers, and there 
were sellers of hematite at 62s. 6d. cash. In the afternoon 
Cleveland warrants were again firm, but the turnover was 
limited to 1000 tons at 47s. 4d. three months, and closing 
sellers quoted 46s. 84d. cash, 46s. 114d. one month, and 
7s. 44d. three mont Hematite was quoted 62s. 6d. 
cash sellers, and 62s. one month buyers. On Tues- 
day morning the market was again quiet, and the 
business consisted of 1000 tons of Cleveland warrants 
at 47s. 1d. July 15, and closing quotations were firm 
at 46s. 9d. cash, 47s. one month, and 47s. 54d. three 
months sellers. Hematite quotations were 61s. 9d. cash 
buyers and 62s. 6d. cash sellers. The afternoon session 
was also — but the tone was strong. The dealings in 
Cleveland warrants amounted to 2000 tons at 46s. 11d. 
and 46s. 10d. cash, and 47s. 8d. three months, and closing 
sellers quoted 46s. 104d. cash, 47s. 1}d. one month, and 
78. 74d. three months. When the market opened to-day 
(Wednesday) the tone was somewhat irregular, but a 
fair business of 5000 tons of Cleveland warrants was 
done at from 46s. 74d. to 46s. 9d. cash, at 47s. Gd. 
August 9, and from 47s. 7d. to 47s. 64d. three months. 
At the close sellers quoted 46s. 10d. cash, 47s. 1d. one 
month, and 47s. 7d. three months. Hematite—two lots 
—changed hands at 62s. cash and 62s. 3d. one month, with 
sellers over in each case. In the afternoon the market 
was nominally steady, and 2000 tons of Cleveland warrants 
were dealt in at 46s. 10d. cash and 46s. 114d. one month, 
and the closing quotations were 46s. 104d. cash, 47s. 14d. 
one month, and 47s. 7d. three monthssellers. The fullow- 
ing are the market quotations for makers’ (No. 1) iron : 
—Clyde, 60s. 6d. ; Calder, 60s. ; Gartsherrie, 61s. ; Sum- 
merlee, 62s. 6d. ; Langloan, 64s. ; and Coltness, 82s. (a)! 
shipped at Glasgow); Glengarnock (at Ardrossan), 
63s. 6d. ; Shotts (at Leith), 61s. ; and Carron (at Grange- 
mouth), 62s. 


Sulphate of Ammonia.—An easier demand has lately 
been felt for sulphate of ammonia, and the price is not 
so firm. To-day sellers quote 13/. 2s. 6d. per ton for 
fooenes Seas Glasgow or Leith. The amount shipped 
rom Leith Harbour last week was 935 tons. 


Scotch Steel Trade.—No improvement can be reported in 
the condition of the Scotch steel trade this week, and 
specifications for heavy material continue scarce. iler- 
plates are in fair demand, both for home consumption 
and for export, but for general material the foreign steel- 
maker seems to be getting a large share of the shipping 
orders, owing to very keen quotations. In the lighter 
classes of steel there is a good demand, and some satis- 
factory orders have lately been booked for shipment. 
Makers of structural sections are perhaps not too well 
placed at present, but an early improvement is being 
spoken about. 


Malleable-Iron Trade.—The malleable-iron trade of the 
West of Scotland has shown little change during the past 
week, but a trifle more buying has been done, with the 
result that employment is just a shade better. The pcsi- 
tion at the present time is one of doubt, and the basis 
price for crown bars remains at 6/. per ton, less 5 percent. 


Scotch Pig-Iron Trade.—The inquiry for the ordinary 
qualities of Scotch pig iron on local account is fair, but, 
on the whole, the demand is somewhat disappointing. 
— the South are inquiring for some fairly good lots, 
an = a respectable quantity is being shipped abroad. 
The hematite position has not undergone any change, and 
the selling price is very much a matter of arrangement. 


Shipbuilding.—During the past week several new ship- 
buildin contracts have been reported, and the outlook 
for a continued spell of good trade is in brighter. 
Messrs. Fleming and Ferguson, Limited, Paisley, have 
received an order from the Tyne Improvement Com- 
missioners for a bucket dredger to be employed in the 
deepening and improvement of the River Tyne. The 
Bombay Port Trust has also placed an order with them 
for a dredger, and the order to supply the engines and 
machinery for a dredger to be built abroad has been 
secured by the same firm.—Messrs. Alexander Stephen 
and Sons, Linthouse, have received orders from the 
British India Steamship Company to build a steamer 
of 4000 tons gross: is vessel is to be « duplicate 
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of the Abhona, built by the same firm, which was 
lost in the Bay of Biscay iast year while on her maiden 
outward voyage in the Eastern trade.—Messrs. William 
Denny and Brothers, Dumbarton, have booked a con- 
tract for a turbine steamer for service between Stran- 
raer and Belfast.—Messrs. George Brown and Co., 
Greenock, have received an order from Mr. E. Radonicich, 
Glasgow, for a twin-screw steamer to carry about 1000 
tons on light draught. This vessel is for trading pur- 

in South American waters.—The Greenock and 


Brangemouth Dockyard Company, Greenock, have con- | 9s. 


tracted to build a large oil-tank steamer for London 
owners. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Success of Sheffield Exchange.—A number of 
members of the Sheffield Excha: for the coal, iron, 
steel, and allied trades met last Friday at the annual 
meeting to hear the result of the first year’s working. 
The information given showed that the experiment of 
forming an Exchange in Sheffield had been attended with 
success. There are now 143 subscribersand 271 members. 
The reproach upon Sheffield in comparison with Man- 
chester and Birmingham, of being without a centre for 
the commercial activities of the city and district, has been 
removed, and there is every reason to anticipate that the 
Exchange will grow steadily stronger, and more surely 
consolidate its position. The strongest argument for the 
existence of the Exchange appears to be that Sheffield is 
the centre of such a very important industrial district 
that it is of the highest importance there should be a 
common meeting place for manufacturers and merchants. 
Mr. T. W. Ward, the President, remarked at the annual 
meeting that Sheffield was looked upon by outsiders as a 

ood practical place, where they knew how to make 
things, but did not know how to sell them. He thought 
the Exchange would alter that impression. 


A Labour Crisis.—Ever since the arbitration when Sir 
Hugh Bell awarded a standard wage of 40s., the moulders 
of Sheffield have been agitating for an increase to 42s., 
the wage obtainable a few years ago. The position is 
rather more acute now than it was previously when 
the question was considered. Last September, when 
the Sheffield and District Engineering Employers’ 
Federation met the men in conference, an additional 1s. 
was conceded and an understanding come to for a further 
conference to be held this month. This conference has 
been held, and the two parties were not able to come 
to a settlement. The men asked for the additional 1s., 
which the masters were willing to grant upon a certain 
condition. The men, however, do not appear to favour 
this condition, and as opinion runs strongly, a ballot is 
to be taken, after which the men’s representatives will 
again meet the employers. The men claim that trade is 
so much better now that their demand is justifiable. 
There are 1200o0f them directly affected in Sheffield, but, 
of course, anything in the nature of a stoppage woul 
have an extremely serious effect upon many other trades. 


Tron and Steel.—With the iron market showing no 
signs of activity as yet, it is generally expected that 
present conditions will continue more or less as they are 
until Whitsuntide. Pig-iron makers seem to quite 
determined to make no further concessions, and, on the 
other hand, this is what a large number of consumers are 
waiting for. The common irons are in an equally un- 
favourable position. At a recent meeting of the Lincoln- 
shire makers it was decided to continue — uota- 
tions, on the ground that small reductions wou ai be of 
little benefit in the way of securing orders. However, 
cheaper terms are being offered by some of the mer- 
chants, both for Lincolnshire and Derbyshire sorts. 
For forward orders concessions are not so easy to 
obtain. Finished iron is just about the same. There 
is not much change in bars, but in these and billets 
makers are expecting better trade in a few months. 
The steel trades generally do not show much alteration 
on the week. If anything, their less favourable position, 
as compared with a month or so ago, is more noticeable ; 
but it 1s difficult to tell exactly what this signifies. It 
is manifested in a decrease of new orders, but there is a 
feeling that this is only a temporary condition. The 
output, at any rate, is still large, and many firms 
are finding it necessary to extend plant. One of the 
big East End firms have put down a slab mould said 
to be capable of producing the largest ingots made, to 
weigh 120 tons. Some important Indian orders have 
been received, including one for a forging-press and orders 
for axles and springs. Steel foundries are mostly busy, 
but there are still complaints that in castings Sheffield 
manufacturers are defeated by the low prices of Con- 
tinental competitors. Work in the engineering depart- 
ments isof a variable quantity, but there is a large amount 
of engineers’ tools being turned out, particularly files 
There is no decrease in the severity of competition in files, 
and makers have to secure profits by virtue of larger 
quantities, Wire-makers are not so busy. 


South Yorkshire Coal Trade.—The hard-coal market is 
now in a very good position. Shipments are increasing 
week by week both from the Humber and the Mersey 
ports. The output of steam cual and cobbles is ve 
considerable, keeping most of the collieries fully en 
and the demand, particularly of best grades, ensures an 
absence of accumulated stocks. Prices are firm, with a 
tendency to rise. A fair amount of gas coal is going away 
on contract account, and also on -_ buying. Varying 
conditions obtain in regard te ks. Pits well sold 
are keeping prices firm. On the other hand, some 
collieries have fair aro on hand, which they are 
anxious to place, and this tends to weaken the position. 





The falling off in the demand for house coal has been ! 





very rapid. Orders have just “‘dribbled” in to mer- 
chants, and the dépéts have been exceptionally slack. 
This state of affairs is, of course, reflected at pits, where 
stocks are increasing in spite of reduced working. In 
view of contract renew however, the owners are 
endeavouring to keep prices up as well as possible, in 
order to make the most favourable terms. Latest Change 

uotations are :—Best branch hand-picked, 13s. to 14s.; 
Reoocher best Silkstone, lls. to 12s.; Silkstones, 9s. to 
10s.; Derbyshire house, 8s. to 9s.; large nuts, 8s. to 
9s. 3d.; small nuts, 6s. to 7s.; Derbyshire brights, 
10s. 6d. to 11s. 6d.; Yorkshire hards, 8s. 3d. to 9s. 6d.; 
Derbyshire hards, 8s. to 9s.; washed nuts, 7s. 9d. to 
8s 9d; rough slacks, 5s 3d. to 7s.; seconds, 3s. 6d. to 
4s. 9d. ; smalls, 1s. to 2s. 3d. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MripDLesBROUGH, Wednesday. 
The Cleveland Iron 7'rude.—After a lengthy period of 
depression a change for the better can ied. 
Values of pig iron are moving up steadily, and business 
generally is improving. Deliveries of pig are on a ver 
age scale, and there are reasons to believe that they wi 
still heavier in the near future, so that the statistical 
situation promises to show further improvement. The 
most gratifying feature of the market, as indicating a 
return of confidence in the future, is a willingness to pay 
rather higher rates for forward than for early delivery. 
As yet there is not much business ahead doing, but quite 
a number of inquiries en forward account are reported, 
and traders now predict considerable briskness over the 
summer and autumn months. Prices of Cleveland pig 
iron are higher than poy | have been for six weeks past. 
Up to 47s. is now named for early f.o.b. delivery of No. 3 
g.m.b., and the other qualities of Cleveland iron are also 
moving upward. No.1 is 50s. 6d.; No. 4 foundry and 
No. 4 forge are each 46s. 6d.; and mottled and white iron 
each 46s. 3d.—all for early delivery. An improvement 
in East Coast hematite pig iron is also noticeable. Sheffield 
consumers are once more in the market, and substantial 
sales to that district are anticipated. Nos. 1, 2, and 3 
hematite stand firm at 62s., and No. 1 is put at 62s. 6d. 
for early delivery. Foreign ore continues dull. Market 
rates are still somiealiyy beavd on 21s, ex-ship Tees for 
Rubio of 50 per cent. pee but it is quite understood 
that sellers would readily accept less, and, in fact, a a— 
is reported to have been — ee of at 19s., but the 
circumstances were exceptional. Coke is very abundant, 
and weak in price. Average blast-furnace qualities are 
offered freely at 14s. 6d., delivered here. 


Stocks and Shipments of Pig Iron.—Accumulation to 
stock has been checked, and indeed, several substantial 
withdrawals of Cleveland pig from the public warrant 
stores have been reported recently. To date this month 
the public stores have been added to by only 403 tons. 


d| Shipments of pig iron for May promise to be excellent. 


To date they average close on 5000 tons per working 
day, as compa: with a daily average of 5100 tons to 
the same date in April, and an average of 3530 tons per 
working day during the corresponding part of May last 
ear. Both last month and in May last year, owing to 
ve there was a working day fewer than for this 
month. 


Manufactured Iron and Steel.—In manufactured iron 
and steel a better feeling is noticeable. Producers of 
most descriptions are disposed to s more hopefully 
of the situation and values all round are maintained, the 
less satisfactory accounts from other districts = 
detrimental influence on prices here. Common iron | 
are 7/.; best bars, 7/. 7s. 6d.; best best bars, 7/. 15s.; iron 
ship-plates, 6/. 12s. 6d.; iron ship-angles, 7/.; irom girder- 

lates, 6/. 17s. 6d.; iron boiler-plates, 7/. 7s. 6d. ; steel 

rs, 61. 5s.; steel ship-plates, 6/. 15s.; steel ship-angles, 
6l. 7s. 6d.; steel boiler-plates, 7/. 10s.; steel joists, 
6l. 7s. 6d. ; cast-iron railway-chairs are 3/. 12s. 6d.; light 
iron rails, 6. 10s.; heavy steel rails, 5:. 12s. 6d.; steel 
railway sleepers, 6/. 10s. ; and iron and steel galvanised 
corrugated sheets, 10/. 15s.—sheets less 4 per cent. f.o.b., 
railway material net, and all other descriptions less 24 per 
cent. 





THe BrrMinGHAM ExcHaNncE.—The committee of the 
Birmingham Exchange have published a directory for 
1911, which gives the names of the members, subscribers, 
and representatives. The names are classified alpha- 
betically, as well as according to professions and trades. 





Tue Practica, Use or Hieu-Sprep Too. Ster..— 
This forms the title of a paper read recently by Mr. 
J. M. Gledhill before the Elswick Engineers’ and 
Foremen’s Association. It contains a large amount of 
interesting information on the various yp ee of 
high-speed tool-steel in shop practive, carefully illustrated 
by a number of sketches and views. Results obtained 
with the various brands for different purposes are 
stated in detail. 





Manval or EvxecrricaL UNDERTAKINGS. —This manual 
for 1911, which, like its predecessors, is compiled under 
the direction of Mr. Emile Garcke, M.I.E.E., F.S.S., 
and is published by the Electrical Press, Limited, 37 and 
38, Strand, W.C., has now been issued, and forms the 
fifteenth annual volume of the series. Its reputation has 
been made long ago, and it will continue to form a most 
welcome book for reference on all matters connected with 
the production and the application of electric energy to 
various purposes. Research is facilitated both by the 
elassifieatien adopted and by an excellent index. 








NOTES FROM THE SOUTH-WEST. 


Cardiff.—Steam-coal prices have experienced no decline. 
For prompt loading there has been little variation in 
—— the prices named in connection with June 

eliveries have m largely nominal. The best large 
steam-coal has made 17s. $d. to 18s., while secondary 
qualities have ranged between 16s. and 17s. 3d. per ton ; 
best ordinary smalls between 10s. 3d. and 10s. 6d., and 
cargo smalls between 8s. 9d. and 9s. 3d. per ton. House- 
hold coal has remained stationary ; the best ordinary quali- 
ties have made 14s. 6d. to 15s.; No. 3 Rhondda large, 17s 
to 17s. 6d.; and smalls, 10s. 6d. to 10s. 9d. per ton. No. 2 
Rhondda large has brought 12s. 6d. to 12s. 9d.; and smalls 
8s, to 8s. 6d. per ton. Foundry coke has been quoted at 
19s, to 20s. 6d.; and furnace ditto at 16s. to 17s. per ton. 
As regards iron ore, Rubio has been quoted at 19s. 6d. to 
20s. 6d. per ton, upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 
Newport. 


Dowlais.—The works have been generally well em- 
ployed. The Goat Mill has been turning out heavy 
steel rails and tin bar. The Big Mill has cos engaged 
upon fish-plates, light section rails, and short agile. 


Pembroke.—Pembroke is shown by the census to have 
sustained a check in population, and not only a check, but 
a decrease. In 1901 the borough had 16,900 inhabitants, 
at present the total is estimated at only 15,400. In 1901 
a large number of men were enga upon the construc- 
tion of a local jetty and main drain works, and this is 
supposed to account for the falling-off now observable. 


Cardif.—The census ore Cardiff a population of 
178,390. The corresponding number of inhabitants in 
1901 was 164,333; in 1891, 128,915; in 1881, 86,271; in 
1871, 56,911; in 1861, 32,954; and in 1851, 18,351. The 
feature of the census just made is that there has been a 
slackening in the rate of growth of population. 


Swansea Drainage.—The Swansea District Council has 
completed a ——— scheme for the Sketty district, out- 
side the borough. The boundaries of the area drained are 
Kimberley-road in the east, Pen-y-rheol in the west, 
Cornglas-road on the north, and Sir R. Morris’s house on 
the south. Provision has been made for carrying off the 
waste products of a population of 50,000, land having been 
acquired for future extension. The disposal works are 
constructed so as to render easy any extension necessary. 
The site selected was at Cwm Farm, and the plans were 
prepared by Mr. Trevor Williams. The contract was 
let to Mr. B. Jones at 10,7491. The works consist of 
four te five miles of pi detritus chambers at the out- 
fall, and large lagoons for the final disposal of the sludge. 








Erratum.—We regret that an error appears in the 
first column on page 661 of our issue of last week. In 
the thirteenth line from the bottom of this column, in 
the article on “‘The Hard and Soft States of Metals” 
are the words ‘‘tested at 15 per cent.” These words 
should be “‘ tested at 15 deg. Cent.” 





NORTHALLERTON.—Northallerton, the county town of 
the North Riding of Yorkshire, is about to increase its 
water supply from 120,000 gallons to 200,000 gallons per 
day. The Town Council has been empowered to construct 
a reservoir with a capacity of 15,000,000 gallons. The 
cost of the proposed new works is estimated at 18,000/. 
Mr. A. M. Fowler is associated with the extension as 
engineer. 





Visit OF CoLLIgERY MANAGERS TO THE WESTINGHOUSE 
Works.—On the occasion of the annual meeting of the 
National Association of Colliery Managers, held in Man- 
chester on May 18, 19, and 20, the British Westing- 
house Electric and Manufacturing Company, Limited, 
extended to the members an invitation to visit their 
works, and inspect some of their apparatus particularly 
suitable to mines. A fairly large number of members 
availed themselves of thisinvitation. A special exhibition 
of mining switch-gear had been arranged, including a com- 
plete line of 750, 3300, and 6600-v. mining switch-pillars, 
also examples of type ‘‘S” gate-end switch-boxes, speci- 
ally designed for use in shallow headings, oil-switches, 
circuit-breakers, auto-starters, liquid-starters, controllers, 
rheostats, &c. A large number of other items of machi- 
nery were also on view, including steam-turbines, con- 
densers with Leblanc air-pumps, turbo-blowers, &c. 





_ THE Concrete InsTiTUTE.—A two-days’ summer meet- 
ing of this Institute will be held on Wednesday and 
Thursday, June 7 and 8. On Wednesday there will 
be, at 11.30 a.m., a meeting in the Lecture Hall at 

ison House, 296, Vauxhall Bridge-road, Westminster, 
S.W., when a paper will be read by Professor Beresford 
Pite, F.R.I.B.A., on ‘‘ The Aisthetic Treatment of Con- 
crete,” after which an interim report of the Tests Standing 
Committee on the ‘Testing of Concrete, Reinforced 
Concrete, and Materials Employed therein,” will be 
presented. A discussion on the paper and the report 
will follow. In the afternoon there will be a visit to the 
Wesleyan Memorial Hall, Tothill-street, Westminster ; 
and in the evening the first annual dinner will be held. 
On Thursda a a ew will be read by Mr. 
Alfred E. rbett, F.R.1.B.A., on ‘‘The Y.M.OC.A. 
Building, Manchester,” after which a report of the Rein- 
forced Concrete Practice Standing Committee on ‘* The 
Standardisation of Drawings of Reinforced Concrete 
Work” will be presented. A discussion on the paper and 


the report will follow. In the afternoon there will be a 
visit to Wharf and Warehouse in London Doc 
the eveni 
Institute 
street, W, 


k ; and in 
& conversazione in the Galleries of the Royal 
British Architects, 9, Conduit-street, Regent- 
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INDUSTRIAL BURSARIES. 


As the teaching profession has absorbed nearly 
all the students who have had the advantage of the 
scholarships provided from the income from the 
profits of the 1851 Exhibition, the Royal Com- 
mission responsible for the administration of the 
funds propose to institute special ‘‘ industrial bur- 
saries,’’ with the view of enticing some of the ‘‘ ex- 
hibition scholars” into engineering and industrial 
chemistry. The idea is admirable ; the possible 
gain to industry immense. But, like most schemes, 
all depends on the principles and details applied in 
its realisation, and we must at once declare unmis- 
takably our entire disagreement with the funda- 
mental principle upon which the scheme is based, 


, | according to a semi-ofticial announcement published 


this week. The evil of the present system, we are 
told, is that college or university-trained youths 
cannot obtain remunerative employment in engi- 
neering, chemical, or other manufacturing works. 
‘A boy goes up with brilliant hopes from some 

r home to the university holding a County 
Council exhibition ; he supplements this, perhaps, 
by some college scholarship, and after three years 
of preparation finds himself stranded at the out- 
set of life, cut off from the career to which 
he was looking forward, because of the need of 
some 501. or 1001. a year for one or two years.” 
Therefore, the Commissioners propose to grant 
annually ten bursaries not exceeding 1001. per 
annum, tenable for two years, to British subjects 
under 25 years of age, to encourage those ‘‘ who 
by unusual natural endowments promise to become 
our future captains of industry.” Colleges and 
universities are to nominate the candidates, and 
the bursaries will be allotted not so much for 
‘*academic distinction,” ‘‘but to those graduates 
who possess natural ability for engineering or 
industrial chemistry, whatever their success at the 
University may have been.” 

The fundamental principle is wrong. The official 
communique says that the ‘‘ engineer’s mechanical 
or constructional faculty can only be developed by 
actual experience in works.” And yet the Com- 


06 | missioners assume that the holder of a b 


need not go into the works until he is over 21 
years of age, or until he has passed beyond the 
age when his mind is plastic and when his character 
is mouldable. If the Commissioners had sought 
from employers reasons why college-trained men 
found themselves at a loose end when they had 
finished an exclusively collegiate training, they 


‘| constructional work. 





would not have remained long in doubt as to 
the necessity for a preliminary practical course in 
the works. ‘‘ The ame of material, of the 
methods of dealing with it, of the tools to employ, 
and of all that relates to its use in construction, 
must be gained through practical work.” So much 
is admitted in the exposition of the Exhibition 
Commissioners’ scheme ; but much more is required. 
Still more may be acquired in the early contact of 
the youth with life in the workshop. There is the 
influence of discipline. Youth is naturally impatient 
to achieve great things, forgetful of the lesson of 
**line upon line, precept upon precept,” of Holy 
Writ. e contact with thie cad with a wealth of 
practical experience, although lacking in knowledge 
of English or syntax, is invaluable, and has its 
greatest effect when the youth fresh from school 
hungers for a knowledge of the first principles of 
Indeed, the effect is lost 
when the learner comes from the college and the 
laboratory with preconceived ideas of science 
without that foundation of practice which is in- 
dispensable in commercial engineering. The 
scientific mind revolts at the obstacles urged by 
the practical mind, sometimes only because the 
latter has not the faculty of defining the value 
of x and y, and refuses to accept the sugges- 
tions of the broader experience. The assumed 
superiority of the purely collegiate course creates a 
mental attitude which, while stimulating aspirations, 
is intolerant of the ‘‘ hewer of wood and drawer 
of water.” In a word, its tendency is to make 
workshop design and management subservient 
to the line of reasoning instilled, and in large 
measure irrevocably fixed, by college and labora- 
tory, and to refuse to recognise that these con- 
ditions have been perfected by a continuous process 
of trial and error. Employers therefore relegate 
such youths to the work for which they are best 
equipped, and as the choice is decided upon eco- 
nomic grounds, the chance is against the entrant 
into the works acquiring that fuller knowledge 
which would fit him to take the place destined for 
him by the Exhibition Commission. Acquaintance 
with the views of employers in the first rank 
justifies the view that when he reaches the age of 
over twenty-one years without coming into contact 
with workshop conditions, the youth generally 
proves a failure in most of the posts where prac- 
tical work is required of him. 

The Commissioners aim at providing an opening 
to the ranks of captains of industry for ‘‘ boys 
from poor homes.” This requires a definition of 
a ‘‘captain of industry.” We have no intention 
here of giving one which will be comprehensive. 
Surely, however, it will be accepted that a know- 
ledge of, and sympathy with, workmen is essential 
to the position, and that the study of men must 
be entered upon before the student has reached 
21 years of age. There is need for men of origi- 
nality and resource, and an exclusive college course 
cannot give these. He must in early life become 
embued with commercial production, and the 
Commission would be doing a great national ser- 
vice if, by financial help, they opened up to capable 
youths in London and other Vistricta urban and 
rural, where few or no manufacturing works are 
situated, a course which would begin in the works, 
say, at 17 or 18 years of age, and, after two years 
spent in successive departments, would be continued 
at a technical college, and during the long vacation, 
at the same works, terminating with a further 
two or three years at the works in the higher func- 
tions of practical manufacture and supervision. 
The amount of the bursary could be determined 
according to the amount of support required in each 
individual case, and at stated intervals there could 
be applied a process of elimination which would be 
a corrective to listlessness, a stimulus to exertion, 
and a safeguard against abuse. 

By such a scheme able youths would have spread 
out before their eyes a clear road to satisfactory 
posts in industries, ‘ape se they had the deside- 
rated qualities. If the selecting authority could do 
what is needed, the scheme would become a perfect 
‘* capacity-catcher”” and new recruiting ground 
would be broken, the recruit becoming a servant 
as well as a protégé of the State. We admit that 
the process of selection becomes of vital im- 
portance ; but this is so with any scheme. Our 
objection to the colleges and universities nominat- 
ing bursars, as proposed by the Exhibition Com- 
mission, is that they have become habituated to a 
certain practice of measuring attainments. It is not 
enough in this case to select careful, accurate, and 
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reliable men, who are to havea limited function. The 
men required must be men of poss possibilities, of 
imagination, of resource, and of strong personality. 
The ordinary attainments test sometimes misses 
such men. The wide culture test of the preliminary 
and other examinations of the universities cannot be 
accepted with full confidence. Boys who have 
remained at school long enough to have a sound 
knowledge and control of mathematics up to the 
integral calculus, mechanics, physics, chemistry, 
&c., and whose attitude of mind has been stirred 
into action, could easily be sifted from the great 
multitude of scholars, by a careful study of their 
school-work, by a thoroughly practical written 
examination, and by a sharp intensive oral exami- 
nation, conducted by leaders of industry as well as 
educational authorities. The committee entrusted 
with such work could also undertake the eliminating 
function, and here they would have the evidence of 
the employer, foreman, bursar, professor, and class 
records. 

The basal idea of the Exhibition Commission, as 
we have said, is ay ty commendable ; but 
they are attacking the problem from the wrong 
end. They propose to assist men to climb a ladder ; 
but it is the wrong ladder. They must put 
the young men on the right ladder, and by 
assistance, by guardianship, and by impetus, —_ 
them to the great upland where genius is wel- 
comed and much needed. They cannot expect 
employers to help forward the scheme unless there 
is a surety of success. Every employer would 
readily accept the responsibility of educating a 
youth of sound promise to build up education and 
experience founded on a grounding of practical 
knowledge, and with science playing an intimate 
but closely-allied part with practice. It is not a 
case of utilising the attainments of students, but 
rather developing experience in many departments 
of applied mechanics, so that the youth may wed 
scientific skill with it. In giving such facilities to 
the study the employer loses much from the 
economic standpoint, but he is sufficiently patriotic, 
as a rule, to recognise that he is thereby furthering 
the highest interests of the State. 





THE LONDON COUNTY COUNCIL 
TRAMWAYS. 

A sPECIAL interest attaches to the report on the 
tramways just presented to the London County 
Council by the Highways Committee, since this 
report is, in substance, a confession of failure, and 
an admission that the millions which, it was claimed 
in 1901, were to be diverted from the kets of 
the ‘‘ Trusts ” to those of the ratepayers, have little 
likelihood of ever being more than a reminiscence 
of a pleasurable anticipation. In the report the 
Committee complain that the tramways have to 
maintain a large proportion of the roadways through 
which they pass, but this obligation was perfectly 
well known at the time when municipal politicians 
laid before their audiences delightful visions of relief 
to the rates. The burden would have had to be 
shouldered by the shareholders had the lines been 
developed by private enterprise, and the same share- 
holders would have had to pay the whole of the cost 
of widenings carried out for the needs of the under- 
taking, whereas the rey Committee complain 
of being compelled to pay the small proportion of 
such costs which it has ultimately been decided the 
tramways shall be responsible for. Complaint is 
made that the motor-buses do not pay for the 
use of the roads, but there is probably no vehicle 
less likely to injure a well-paved street than such 
an omnibus with its rubber tyres, and, as a matter 
of fact, the petrol tax, which is directly allotted 
to road improvement and maintenance, amounts to 
391. per annum per omnibus. Further, the trams 
are responsible for the fact that a large proportion of 
the total width of the roads through which they run 
is paved with noisy granite setts, since wood blocks 
cannot safely be used with the conduit system, the 
expansion of the wood, with ¢ of weather, 
being liable to close the slot. orse-buses are 
possibly responsible for considerable damage to 
some road surfaces from the ussive effect of the 
shod hoofs of their teams, and they also increase the 
cost of street-cleansing ; but as there is no prospect 
of horsed vehicles entering into effective competition 
with the tramway undertaking, there is no sugges- 
tion that they shall be specially taxed. Obviously 
the real complaint against the motor-bus lies not 
in its increasing the cost of road maintenance, but 
in the fact that, as shown in the recent report te 





the London traffic branch of the Board of Trade, 
it is a more efficient means of transport than the 
tramways, and that unless the latter are granted a 
legal monopoly, which fortunately they do not as yet 
possess in London, there is not a little likelihood 
that they may ultimately become a permanent charge 
on the rates. 

In some provincial cities, of course, the nee. 
tramways have what is in effect a legal monopoly, 
since the corporations use their powers as the 
licensing authority to withhold licenses from all 
vehicles capable of entering into effective competi- 
tion with their own tramways. Under such condi- 
tions, of course, it should be eary to show a profit 
on working. 

The word “‘ monopoly” is, unfortunately, used to 
denote two entirely different conditions of con- 
ducting a business. The canals had a monopoly of 
a sort until the appearance of the railways, and the 
latter a monopoly of a similar kind till the introduc- 
tion of electric traction on tramways. These, again, 
had a monopoly of short-distance traffic till the 
advent of better and more efficient means of con- 
ducting such traffic. A monopoly of this character 
is, however, not a monopoly in the true sense of the 
word. It is one held solely on condition of serving 
the public better than any existing competitive 
system, and, in the nature of things, is liable to be 
annulled by the march of invention. 

To vest such quasi-monopolies, held, as it were, 
merely on sufferance, in the hands of public 
authorities, is to place a bar in the paths of pro- 
gress. A town that owns its own gas works, for 
instance, cannot view without apprehension the 
invention of electric lighting, and will do its 
utmost to check the development of the infant 
industry, and, if possible, actually to smother it. 
Again, it is not beyond the bounds of possibility, 
that in the future means may be developed by 
which small private electric lighting and power 
plants may be devised with which the present 
system of current generation and distribution will 
be unable to compete. There is, of course, no 
present prospect of any such development, but he 
would be a bold prophet who maintained its per- 
manent impossibility. Something of the sort 
happened, indeed, on the introduction of the suction 
gas-producer, which undoubtedly did much to dis- 
count the prospects of systems of power-gas distri- 
bution. 

When a quasi-monopoly of the kind under dis- 
cussion, held simply on condition of efficient service, 
is vested in private hands, there is no danger that 
Parliament will agree to sprag the wheels of progress 
merely to save the pockets of investors. When, 
however, an important public authority demands 
that its speculative ventures shall be shielded 
from injuries due to the advance of science and 
mechanics, it is exceedingly likely to meet with a 
sympathetic response, and the public, as a whole, 
will suffer by the check to invention. 

It is notorious that a public department never 
originates any important new departure, and is 
always one of the last to adopt any improvement 
worked out elsewhere. It would not be right to 
hold this as a reproach to the officials, since it is 
inherent in the nature of things. In the public 
services promotion is the reward of industry rather 
than of ability. It would be impossible in the public 
service for a young man of twenty-five-or twenty- 
six to secure by sheer ability the ition of 
general manager over the heads of bis seniors, 
as occurred some years back in the case of a famous 
shipbuilding yard. Moreover, in many services, 
the managing committees do not desire initiative 
on the part of their officials, a display of this being 
a frequent cause of a subsequent forced resignation. 
What is wanted by the politicians is commonly not 
efficiency of service, but ‘‘ talking points” for the 
overwhelming of their opponents or the regalement 
of their own supporters. It is thus practically 
impossible for the best municipal service to be as 
efticiently managed as the best company services, 
where able officers have much more freedom and 
initiative. The full effects of this absence of demand 
for progressive ofticials has, indeed, yet to be felt, 
since up till now the ‘‘ trading” departments have 
been able to recruit their general staff from the 
outside, where ability and initiative form the secret 
of success. 

The London tramways conduct, of course, a large 
traffic, and an immediate cessation of these services 
would be little short of a calamity ; but in view of 
maintaining the amenities of the road it would be to 
the utmost advantage if seme of them could be 





gradually replaced by some less obstructive and dan- 
gerous system of transport. The trams, in fact, are, 
in certain instances, not merely dangerous in them- 
selves, but are a source of danger in others. Unfor- 
tunately, the police statistics only class as ‘‘tramway 
accidents,” accidents occurring to or directly occa- 
sioned by tram-cars ; but there can be little question 
that a large number of accidents to other vehicles 
—hbicycles and motor vehicles in particular—are 
directly due to the existence of the tracks in the 
roadway. These are particularly objectionable in 
the case of the County Council lines, where the 
existence of the slot materially increases the danger, 
as compared with an overhead system. 

Comparisons have been made between the rela- 
tive capacities of tramcars and the omnibuses on 
the basis that the former carry 78 passengers and 
the omnibuses less than half this figure. Such a basis 
is, perhaps, good enough for the purposes of the 
politician, butit neglects the fact that the fewer the 
passengers carried in a vehicle, the more elastic is 
the service, and it is elasticity of service that is the 
great desideratum in the conduct of street traffic. 
At hours when traftic is light, a car holding at most 
thirty-four ngers is in every way more efticient 
than one holding seventy-eight, and during the rush 
hours two such vehicles are more than twice as 
effective as the single large car. The latter, in the 
nature of things, will be called upon to make more 
frequent stops, each of which, in the case of a 
tram-car, causes a serious obstruction to all other 
traffic on the roadway. 

Whether any legitimate remedy exists for the 
present unsatisfactory condition of the tramway 
undertaking is, perhaps, questionable, in view of 
the improvements in the motor-bus and the prob- 
able fall in the price of rubber so soon as the 
effects of the recent large plantations are fully 
realised. Of course, the liticians, whose every 
anticipation has been falsified by the event, have a 
remedy of their own. This consists in a large ex- 
tension of the system, though the Board of Trade 
report that this will be impossible save at a much 
larger rate of es per mile than hitherto. 
The easy routes have been exhausted and other im- 
portant routes can only be opened up at the cost of 
a practically prohibitive expenditure on widenings. 

he County Council politicians also complain that 
the tramways are compelled by Parliament to 
replace, in a period of twenty-five years, the capital 
expended, but conveniently forget that in fact, if 
not in terms, Parliament demanded that the early 
electric tramway companies should attempt to 
accomplish the same feat in twenty-one years. 
This condition was especially hard, since the 
pioneering operations of these so-called ‘‘ trusts ”’ 
was of the greatest benefit to the community ; but 
the very fact that the work was of a pioneering 
character made it impossible that any large 
proportion of the original plant should have a 
marketable value at the time at which the 
undertaking could be compulsorily purchased by 
local authorities. 








PRINTING TELEGRAPHY. 

In some ways the progress of telegraphy appears 
to be slow. It, for instance, has shown no such 
astonishing development in the field it covers as 
latter years have seen in that of its sister art, tele- 
phony ; while the actual apparatus on which it 
depends has, especially in this country, altered but 
little in recent times. Its relatively small advance, 
as compared with telephony, is accentuated by the 
fact that some of its duties are being robbed from 
it by this latter competitor, and combined tele- 
‘agg 8 for which the British Post Office 

as invented the word ‘* phonograms,” are being 
employed to an increasing extent. These phono- 
grams perform a service which, until their intro- 
duction, was dealt with by the telegraph alone. 
To an outsider it might appear that this relative 
falling back of telegraphy is to be explained by a 
reluctance, on the of those concerned with its 
application, to modify their methods and adopt 
such new apparatus as the p ss of the art has 
- at their disposal. Especially may this seem to 
the case in connection with printing telegraph 
apparatus—that is, apparatus which will directly 
reproduce m es on or slip in Roman 
characters, and which, on the face of it, should lead 
to economies as com with Morse sounder or 
other apparatus, with which the messages received 
have finally to be written out by hand. This 
eountry is one of the most conspicuous examples of 
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those in which printing telegraphy has made but 
little progress. 

It ‘4 probable that the ultimate relative fields of 
telegraph and telephony are even yet not accu- 
rately marked out. he peculiar advantages of 
each of the two arts becomes every day clearer. 
but there can be no doubt that much business is now 
conducted by telegraph which properly should 
come within the sphere of the telephone, while, 
conversely, the telephone is now frequently used 
for communications which should be more advan- 
tageously dealt with by telegraph. The first of these 
two practices will naturally tend to ye with 
the gradual spread of the telephone ; the second, 
however, can probably only be eliminated by the 
fostering of a combination system, and by a decrease 
in cost and increase in speed of telegraphic work. 
An example of the practice which would probably 
disappear in the wake of such changes is furnished 
by the sometimes excessive use of trunk calls by 
business men and others. Such calls certainly 
result in a considerable saving of time as compared 
with telegrams, but they are more expensive, 
and in many cases are used merely owing to the 
convenience with which they can be carried out by 
a busy man without leaving his desk, or having to 
dictate a form for transmission to the nearest post- 
office. The extension of the use of phonograms 
will probably ultimately result in the elimination of 
many calls of this sort, as they have the same con- 
venience from the point of view of the sender, and 
are much cheaper, their only disadvantage being 
that they take somewhat longer to deliver and 
reply to. This latter point is, however, frequently 
of little importance, providing the time does not 
become excessive. 

The whole question of the relative fields properly 
belonging to the telephone and telegraph is a 
comparatively simple one, but is much complicated 
by more or less extraneous considerations. The 
best interests of each lie in co-operation rather 
than in rivalry. For the best results of such 
co-operation, however, it is necessary with the tele- 
graph should take advantage of all such improve- 
ments as are likely to result in increased speed 
and greater economy of working. The use of 
phonograms in the place of trunk telephone calls, 
in the manner suggested in the above paragraph, 
would obviously be immensely assisted by de- 
creased time and cost in telegraphic transmission. 
This matter was dealt with in a most able paper 
entitled ‘‘ Practical Aspects of Printing Tele- 
graphy,” by Mr. Donald Murray, which was read 
before the Institution of Electrical Engineers on 
the 4th inst. Mr. Murray pointed out that while 
the telegraph was wasteful both in time and 
labour, it was very economical from the point 
of view of the line and cheap in office equip- 
ment ; while the telephone was very economical in 
time and labour, but very wasteful as far as the 
cost and use of the line went, and expensive in 
oftice equipment. This means, of course, that 
where one system is weak the other is strong, and 
vice versd. A proper combination of the two 
accordingly gives a system fairly economical in time 
and labour, very economical in line, but expensive 
in office equipment. This latter point is, fortu- 
nately, the least important of the four, so that the 
combination gives a system economical in the 
important particulars. e weakness of the tele- 
phone lies in its expensive line and in the unecono- 
mical use it makes of that line. This point is 
naturally of great importance with long-distance 
work, and any combination which restricts the 
telephone to the duties of short-line feeding and 
distribution for long-line telegrams gives an ideal 
system in that each art deals with the conditions 
it is best able to meet. The large development of 
combination phonogram work of this class demands, 
however, that the wasteful time and labour factors 
of the telegraph part of the business should be 
cut down as much as possible, and Mr. Murray’s 
case, as put forward in his paper, is that this 
cutting down is to be looked for inthe greater 
employment of printing telegraphs. 

_ Although Mr. Murray, as the inventor of a print- 
ing telegraph system, is naturally a believer in the 
value and ultimate prevalence of such systems, he, 
none the less, realises the difficulties attending 
their introduction. A large part of his paper is 
taken up with a discussion of these difficulties. 
His consideration of the matter leads him to the 
conclusion that, as far as this country is concerned, 
the immediate field for printing telegraphs lies in 
the transsetion of ordinary business between the 


large centres of population, especially in conjunc- 
tion with the telephone, and that there is little 
likelihood of their immediate application for railway 
or ocean telegraphy, nor yet for wireless messages or 
Press work. Even in ordinary work, for which he 
recommends their adoption, there are a number of 
difficulties, many trivial in themselves, which well 
illustrate the unexpected hitches which crop up when 
it is attempted to seriously alter an existing system 
having enormous ramifications and employing a 
very large staff. For instance, at the very outset, 
what is known as the ‘‘ top-copy ” question arises. 
The top-copy is, of course, the copy of a telegram 
which is filed for office reference by the receiving 
office. In the ordinary way, as copies are now 
written out by hand, a piece of carbon paper is 
used, the top copy being kept for filing and the 
lower—carbon—copy being p Pel to the reci- 
pient. 

To the outsider it would appear simple to 
design a printing telegraph which would make two 
copies, and no doubt it would ; but, unfortunately, 
this simple method of meeting the question is not 
— e. In all large offices there are two classes 
of messages : those which are intended for delivery in 
the towns in which the offices are situated, and those 
which have to be re-transmitted to some further office. 
In Great Britain these two types are known as ‘‘S” 
and ‘‘X” messages respectively. In e towns as 
much as half the traffic may consist of ‘‘X” m es. 
There is, of course, no necessity to make more than 
one copy of such messages, and in the present 
system the operator simply removes the carbon 
paper from his pad when he is writing one out. A 
machine, however, would be unable to distinguish 
between the two types of messages, so that a two- 
copy system would necessitate two copies of every 
message being made. This, however, would be 
very wasteful. Mr. Murray proposes to get over 
this difficulty by making only one copy, and taking 
a wet copy afterwards of such messages as have to 
be sent out. This system is in use in America, and 
would, no doubt, meet the difficulty ; but the neces- 
sity of altering the entire system of message-copy- 
ing is likely to prove at least a hindrance to the 
introduction of printing telegraphs. The whole 
matter well illustrates the unexpected difficulties 
which crop up when it is desired to seriously change 
a complicated and existing organisation, such as 
the telegraph service. 

There are many other practical difficulties that 
might easily be overlooked by a printing-telegraph 
inventor not conversant with telegraph practice. 
For instance, many telegrams have to dealt 
with that are intended for distribution to more 
than one address. Commonly these have to be 
sent to from six to a dozen different places, but 
much greater numbers than this are not uncommon ; 
and Mr. Murray states that the Times, when selling 
the ‘‘ Encyclopedia Britannica,” handed in a 
single telegram for transmission to 24,000 different 
addressees. Obviously, with the ordinary system, 
it is necessary to telegraph such a multiple message 
only once to each distributing office, the addresses 
being transmitted independently; but with a 
printing telegraph system no a method is pos- 
sible, and it is necessary to repeat the message 
with every address. This practically means that 
printing telegraph cannot be used for this class of 
work at all. 

Other serious difficulties arise owing to the dif- 
ferences in the alphabets of the various European 
languages. It is obviously desirable that the key- 
board of a printing telegraph should be suitable 
for the transmission of messages in any of these 
languages, and there is some difficulty in bringing 
all the required symbols within the compass of a key- 
board that shall be reasonably easy to operate. 
In Mr. Murray’s own instrument an international 
key-board is provided which covers all the leading 
European languages, with the exception of Russian, 
and leaves seven blank spaces which may be used 
for special characters necessary for national use. 

It should be noted that Mr. Murray’s telegraph 
instrument is a page printing one. It has made 
much progress in Germany, and has obtained a foot- 
hold in Sweden, Norway, and Russia. It is now 
being fitted up in this country between London 
and Manchester, an experimental set having been 

reviously tried for about six months between 

ndon and Birmingham. The Hughes tape print- 
ing telegraph has been used on a large scale for 
many years in France, Germany, and other Euro- 
pean countries, while the Baudot system has, in 








addition, made great progress in France; 


THE NAVY AIRSHIP. 


Tuer Navy Airship was at daybreak on Monday 
last floated out of the slip in which it has been 
built, the ‘‘launching” being accomplished with 
unqualified success, notwithstanding the great 
size of the structure. The two principal factors in 
the success of the operation were the prevailing 
calm, and the precision with which the sailors were 
drilled to carry out their work. Much has been 
said in the daily papers about delays, but as has 
been more than once stated by the First Lord of the 
Admiralty in the House of Commons, there has been 
no delay. The daily papers have from time to time 

redicted dates for the launch, and have assumed 

nowledge of the state of the work or extent of 
experiment undertaken, and as their anticipations of 
events to come were not realised, because lacking 
in intelligence, they naturally proceeded to evolve 
reasons. On the other hand, the sequence of events 
in connection with the completion of the ship has 
been as anticipated by the Admiralty from time 
to time. With the completion of the vessel a new 
set of problems have to be solved. One thing is 
certain, and that is that neither the Admiralty nor 
the crew of the ship will lose any opportunity of 
gaining the maximum of experience, in view of the 
building of future ships, and also of determining 
the suitability of this type of ship for war service. 
The vessel has been safely moored to a special 
structure erected in the centre of the Cavendish 
Dock, at Barrow, as shown to the right of Fig. 1, 
on ‘page 692. There will be discerned a mast and 
boom for carrying a screen to deflect the wind from 
the bow of the ship when considered desirable. 

Last Tuesday morning there was a stiff breeze 
blowing, averaging, according to the official measure- 
ment, 364 miles per hour, with squalls of 42 to 45 
miles per hour ; but the ship swung comfortably to 
it, the bow standing up to the wind, while the 
structure continued rigid, and the gondolas rode 
easily on the disturbed waters. In withstanding 
this gale while moored, and without any protection, 
the ship has created a record. The crew of nine 
officers and men are to trim the ship. This will 
necessitate her rising clear of the water while 
tethered, so that the ballast in the gondolas may 
be arranged to suit the general equilibrium of the 
whole vessel. The ship, however, is to return to the 
shed, where she was built, so that some adjustment 
may be made to the moorings. After this has been 
done she will proceed on her series of practice flights 
to test her speed, the efficiency of the rudders and 
planes, and the mechanism by which these and other 
apparatus are controlled. 

e published a very complete description of the 
airship now launched in our issue of February 17 
last (page 221 ante), but it may be useful here to give 
particulars now illustrated by the three engravings 
eee on page 692. Fig. 1, which is a complete 

roadside view of the airship, shows the great 
length of the structure—512 ft.; but the diameter 
is better shown in Fig 3—the stern view ; this dia- 
meter is 48 ft. The balloons, or hydrogen reser- 
voirs, which give buoyancy, are enclosed in a 
twelve-sided structure built up of longitudinal lattice 
girders extending from bow to stern, with vertical 
intercostal girders, the top and bottom beoms in 
each case being formed of angles and tees with 
lightening holes. The material used in this frame- 
work is duralumin, a new alloy, which contains 
91 per cent. of aluminium, has a specific gravity 
between 2.77 and 2.84, a melting-point of about 
650 deg. Cent., with strength mm dies equal 
to mild steel. The yield-point varies, according to 
the hardness, from 12 to 16 tons per square inch, 
the breaking resistance from 22 to 29 tons, the 
elongation from 23 to 18 per cent., and the con- 
traction of area from 26 to 34 per cent. Each bay 
of the lattice structure has diagonal bracing of 
wires, a special feature being the care with which 
the overlying units and intercepting points have 
been trea to ensure rigidity. The keel—the 
form of which is well shown in Fig. 3, and the 
length in Fig. 1—extends over nearly one-half of 
the length of the ship. It is of Y shape, carried 
on the girders of the twelve-sided struc- 
ture. It is of lattice-girder construction, with 
duralumin tee-booms and vertical posts and spruce 
diagonals. The bottom is flattened and carries a 
spruce grating, laid to form a gangway, which affords 
communication between the two gondolas. ‘There 
is a ward-room, and the position of this may be dis- 
cerned by the three portholes in Fig. 1. Forward 








and aft of this ward-room hammoeks can be slung 
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at any point in the length of the gangway for 
the use of the crew. The fuel-supply pipes for the 
engine, the circulating water-pipes serving the 
radiator, and the exhaust-pipes from the engines 
are suspended to the bottom of the keel-girder, and 
thus warmth is radiated to the gangway and ward- 
room. The gondolas serve the double purpose of 
accommodating the propeller machinery and the 
whole of the navigating gear, while at the same 
time assisting the buoyancy of the structure 
when moored on the water. These gondolas are 
about 25 ft. long, and are built up of three 
plies of wood laced together. The engine in 
each gondola is a typical ten-cylinder Wolseley 
marine petrol motor with reversing clutch ; the 
cylinders are cast in pairs, and accessibility, relia- 
bility of material, and compactness have been 
specially studied in the desi In the forward 
gondola there are two four-bladed wooden pro- 
pellers, carried on outriggers on each side, a con- 
siderable distance from and at an elevation above 
the gondola. The outriggers are of duralumin, 
stayed with spruce bars secured to the forward end 
of the gondola. Transmission between the engine 
and propeller shafts is through shafting and gear- 
ing with. suitable bearings. One of these wing 
ropellers is shown in Fig. 3, and it will be seen that 

it is completely clear of the gondola. The engine 
in the after gondola drives a single two-bladed pro- 

ller placed abaft the gondola, so that here there 
is only a reversing coupling between the propeller 
and the engine. A blade of this after propeller 
is discernible in Fig. 2, and may also be seen by 
close examination of the after gondola—that in 
the foreground in Fig. 3. The power. of each 
motor is about 200 horse-power, and it is antici- 
pated that a speed of about 40 miles an hour will 
be realised. 

The lifting power, of course, is provided by the 
balloons enclosed within the twelve-sided structure. 
The outer casing is of silk treated by the ‘‘ Ioco” 
process, which renders it not only waterproof, but 
fire-resisting. It weighs only 100 grammes per 
square metre. The upper part of the outer casing 
is being painted with aluminium, which gives the 
silvery appearance shown in the majority of 
the panels, in Fig. 1, while the bottom part has the 
natural colour of the ‘‘ Toco "—yellow. Within ‘his 
main structure there are seventeen balloons, each 
in a separate compartment with a dividing-net. 
The total capacity is over 700,000 cub. ft. of 
hydrogen, so that the lifting power is equal to 
21 tons. The inclining or declining of the airship 
during travelling is effected by four sets of hori 
zontal planes, each set having three planes. They 
are placed on the port and starboard quarters 
forward and aft. These are well shown in Figs. 2 
and 3. They are pivoted in the centre at each side, 
and have a vertical rod at each corner, through 
which all are tilted to the desired angle by wire 
gear operated from either gondola. They are 
connected to each other vertically by spruce bars. 
The planes themselves are formed of the same 
material as the outer shell of the main structure. 
For lateral guidance there are three groups of 
vertical planes or rudders, and all of these are well 
shown in all the views. It will be seen that one, 
having four parallel planes, is placed above, and 
another, with the same number of planes, under the 
stern (Fig. 3). The third rudder is formed of three 
vertical planes, and is abaft the stern gondola 
(Fig. 2). Above the gondola, on the same view, 
there is shown a flat structure resembling a plane ; 
this is a radiator in connection with the petrol- 
engine. The horizontal and vertical planes for 
altering the altitude and course of the ship are not 
dissimilar to laths in Venetian blinds; and in 
connection with those aft there are great fins pro- 
jecting from the main structure, built up of dur- 
alumin framing with silk covering. These are well 
shown in Figs. 1 and 3. 

It need only be added that patience, skill, and 
enterprise, combined with the willingness and 
faculty for experiment, have been displayed, not 
only by Messrs. Vickers, Limited, in the evolution 
of this new addition to the Navy, but also by Cap- 
tain Sueter, who has been responsible for the con- 
struction of the vessel, and by the members of the 
weir | Committee on Aeronautics, and it is to be 
hoped that good luck will accompany the further 


efforts of the crew, under Lieutenant Usborne and 
Lieutenant Talbot, for the thorough testing of the 
airship, and also for the accumulation of experience 
and data to be utilised in the design of such later 
ships as may be built. 





THE COLLIERY AND GENERAL 
MINING EXHIBITION AT MAN- 
CHESTER. 


As there are several interesting appliances at the 
above Exhibition to which we were unable to 
allude in our article on page 661 onte, owing to 
lack of space, we will return to them now. The 
first is to be seen at the stand of Messrs. W. 
Silversteen and Co., 147, Cannon-street, London, 
E.C., who are the sole representatives in Great 
Britain for the makers, Gasmotoren-Fabrik Deutz 
(Gas-Engine Works), Cologne - Deutz, Germany. 
This exhibit is a petrol locomotive for mining and 
other purposes, that has been adopted by the 
Prussian authorities, and is exhibited for the first 
time in this country. We illustrate it on this page, 
our engraving being reproduced from a_photo- 
graph. The locomotive is rated at 8 horse-power, 
and has been designed for underground work on 
a 2-ft.-gauge line, the over-all dimensions being 
as follow: —Total length, 11 ft. ; width, 2 ft. 74 in.; 
and height, 4 ft. 7 in. The engine is of the 
internal-combustion horizontal single-cylinder type, 
working on the Otto cycle, the diameter of the 
cylinder being 6} in. and the stroke 9}in. The 
engine runs at a constant speed of about 300 revo- 


adopted for charging the oil-tank underground in 
order to meet the Government regulations of various 
countries, the filling hose-pipes being fitted with 
automatic valves, which prevent any overflow, 
leakage, &c. Sieves are also provided to prevent 
impurities getting into the engine. 

As regards the working costs, these petrol 
locomotives have, we understand, been found to 
be exceptionally economical. The actual figures 
furnished by mine-owners using 3 to 8 horse- 
power locomotives, which haul a net load of 450 
ton-miles per eight hours’ shift (with one locomo- 
tive in reserve), amount to 1.24d. per ton-mile ; 
whilst actual figures with 12 - horse - power loco- 
motives amount to 0.94d., and with 16-horse- 
power locomotives to 0.80d. per mile. We under- 
stand that up to the present time 700 of these 
locomotives are working underground, 340 of which 
are in firedamp mines. All the leading mining 
companies in Germany, Austria, Belgium, Russia, 
&c., are using them, and are said to find them a 
great advantage. Amongst other companies, the 
Royal Mining Department in the Saar district have 
72 in use; the Gelsenkirchen Mining Company, 
Limited, 69 ; and Messrs. Krupp, 34. In addition 





to use in mines, these locomotives have, we under- 
stand, been found very useful in forest service. 

















CoLireERY LocoMOTIVE WITH INTERNAL-COMBUSTION ENGINE; GASMOTOREN-F ABRIK 
Deutz, CoLoGNe-DEvuTz. 


lutions per minute, and transmits its power to the 
axles by means of machine-cut cast-steel tooth and 
sprocket-wheels, friction clutches, and chains. The 
gearing is arranged to give the locomotive two 
speeds-——that is, 4 and 8 miles per hour. At the 
lower speed the engine is capable of hauling a gross 
load of about 23 tons, and at the higher speed a load 
of about 9 tons on the level. The lower speed is used 
for starting and negotiating gradients, while the 
higher speed is used for transport on the level. In 
addition the speed can, by the action of the throttle, 
be varied from 24 to 8 miles per hour. The weight 
of the engine ready for service is 4 tons. Crude or 
refined benzol, petrol &c., may be used for fuel, the 
consumption when using benzol being, we are in- 
formed, about 0.6 1b. per horse-power per hour. The 
capacity of the oil-tank is about 11 gallons, which is 
sufficient to serve for a shift of 16 hours. The 
cooling water required is about 0.2 gallon per 
horse-power per hour. Much thought has evidently 
been given to the design of this locomotive, one 
matter of vital importance in connection with it 
being the elimination of danger from explosion. 
Electric ignition is used, and any escape there may 
be is rendered harmless before it reaches the outer 
atmosphere by having to pass through a great 
number of filters. The steam in the exhaust gases 
is condensed and enters the atmosphere as water 
vapour ; the exhaust leaves the engine practically 
free from smell, and it is claimed that it does not 
contaminate the air in the mine to any appreciable 
extent. The locomotive is fitted with a strong 
mechanical brake, signal arrangement, sanding 
apparatus, a small and a large lamp, &c. The start- 
ing is effected by a hand-wheel, which, in connec- 
tion with a screw and nut, controls the action of 
the friction couplings. The engine is reversed by 
means of a lever which acts on the gearing, and all 
the levers can easily be attended to from the 
driver’s seat, An ingenious arrangement has been 


Among the exhibitors of coal-cutting machinery 
are Messrs. J. Gillott and Son, Lancaster Works, 
Barnsley, who took out their first patent for this 
class of appliance as far back as 1863. The machine 
exhibited is for ‘‘ undercutting,” and is more 
especially adapted for collieries worked on the 
**Longwall” or some similar system, where a 
considerable length of face can be operated upon. 
It is driven by compressed air preferably, but it 
can also be operated electrically. The air-driven 
machine is lighter and more portable, and is 
claimed to be less costly in repairs and renewals. 
It will work at the low pressure of from 20 lb. to 
30 lb. per square inch, though the most suitable 
pressure is about 40 lb. at the receiver. It is 
designed to cut level with the top of the rails, and 
can arranged so that no lifting of the floor is 
necessary. It can also take outa ‘‘ pricking” at 
some height above the floor, and can be used on any 
seam where a total height of 22 in. for the travel 
alongthe coal face can be obtained. The cutter-wheel 
revolves in a horizontal plane, and is made with 
a set of cutter pockets to cut in each direction, so 
as to enable a cut to be taken from one end of the 
‘* face,” and, after the coal is filled off, to cut back 
again to its starting point, so doing away with 
the necessity of removing the machine by manual 
labour. The machine is made in five classes, vary- 
ing in size and capabilities, and where it is abso- 
lutely necessary to undercut to a greater depth 
than 3 ft. 6 in. the makers supply a specially 
strong machine ; but such large machines are not 
recommended, because they are cumbersome, and 
their use adds considerably to the cost of coal- 
getting. A steel-wire rope fixed to a bridle passing 
round a snatchblock at the far end of the “‘ face ” 
is used for drawing the machine along, the rope 
being connected to a drum, at the front end of the 
machine, which is actuated by a ratchet-wheel and 





lever worked by an adjustable crank, and the feed 
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and pace of the machine can be regulated to the 
nature of the material to be cut. A fair average 
rate of cutting by one of these machines, with 30 Ib. 
per square inch air-pressure, is said to be about 
20 yards per hour, 3 ft. 4 in. under and 3 in. thick 
either in a seating or moderately hard coal. 

Other coal-cutting machinery may be seen at the 
stand of Mr. Austin Hopkinson, Delta Works, 
Guide Bridge. Some of the machines here ex- 
hibited are electrically driven, while others are 
adapted for compressed air, one advantage claimed 
for this make of machine being that it can be 
readily converted for use with compressed air by 
simply removing the electric motor and replacing 
it by a compressed-air engine, or vice versd. When 
electrically-driven, a four-pole series-wound motor 
is used with controllers of the tramway type, 
cut gear-wheels being used. The drive is by 
bevel-wheel and worm reduction. An alternator 
squirrel-cage type of motor may be used, con- 
trolled by a six-pole oil-switch, the gear being 
identical with that used with the direct-current 
machine. The machine complete occupies 6 ft. 6 in. 
in length by 1 ft. 10 in. in height, and 1 ft. 11 in. 
wide. In the machine, driven by compressed air, the 
engine has three cylinders, and is fitted with piston 
valves, and has forced lubrication. The dimen- 
sions and the gear of the machine are the same 


as in the electrically-driven machine, but the weight | & 


is less, being only 24 cwt., against 26 cwt. for con- 
tinuous current and 27 ewt. for alternating current. 
The cutter is driven by a Hans Renold chain, and 
the cutter-bar is carried on a swinging frame. Coal- 
cutting machines are also exhibited by Messrs. A. 
Hirst and Son, Limited, Dewsbury. 

Messrs. Musgrave and Co., Limited, Manchester 
and Belfast, have on view an interesting exhibit of 
fans and blowers, among them being two large 
‘* Ulster” air-fans for mechanical-draught purposes 
in connection with boiler furnaces, &c. One of 
these is coupled direct to an enclosed high-speed 
engine fitted with forced lubrication. There are 
also on view a high-pressure blower suitable for 
pressures up to 24 in. of water, and a small blower 
for a smith’s hearth. The firm also show an 
‘*Imperial” air-heater of the coke-fired type, 
suitable for factory and workshop heating and 
drying purposes. 

At a stand of Messrs. Mather and Platt, 
Limited, Salford Iron Works, Manchester, may be 
seen what the makers claim to be the largest tur- 
bine mining pump made. It weighs 11} tons, and 
has been specially designed for colliery work. It 
has a duty of 1800 gallons per minute with a 
head of 950 ft. at 970 revolutions per minute, and 
a duty of 2500 gallons per minute at 2000 ft. head 
when running at 1450 revolutions per minute. It 
is of the seven-stage type, each stage being a 
separate section, and the whole forming a com- 
plete pump when bolted together. All the wear- 
ing parts are made of specially hard phosphor 
bronze in order to withstand the action of gritty 
andacid water. The guide passages are also renew- 
able, and are not merely light bronze linings, but 
are very substantial, and are so constructed that 
there is no possibility of their coming free when the 
pump is in operation. The bearing at the driving 
end of the pump is fitted with forced lubrication 
and is quite independent of the ee being 
carried on the pump bed-plate. The ing at the 
other end of the shaft is internal, is cooled by 
the water passing through the pump, and is auto- 
matically supplied with grease under pressure. It is 
claimed that this pump has an efficiency of 80 percent. 
Another exhibit at this stand that has an historical 
interest is the original Mather-Reynolds turbine 
pump, which is said to represent the first —— 
chamber pump of this class ever constructed. e 
pump was designed to lift 800 gallons per minute 
under a head of 60 ft. 

A very compact form of vertical high-speed two- 
stage air-compressor is shown at the stand of the 
Tilghman Patent Sand-Blast Company, Limited, 
Broadheath, Manchester. It is the first of this 
class of machine that the makers have exhibited, 
and is built on the same lines as the compressor, 
by the same company, which we described and 
illustrated on pages 347 and 350 ante, but is for 
a two-throw crank. The machine on view at the 
Exhibition has a capacity of 400 cubic feet of 
free air er minute delivered against a pressure 
of 100 Ib. per square inch when running at a 
speed of 320 revolutions per minute, and it 
is fitted with automatic multiple-plate valves. 
The low-pressure cylinder has a diameter of 





144 in., and the high-pressure cylinder a diameter 
of 84 in., with a stroke of 8 in. On the air 
inlet there is an automatic unloader, which is 
y tomegee by the air sng in the receiver, and is 
shown at work. There is also an air-washer, by 
means of which dust is extracted from the air before 
compression. A 75-brake-horse-power motor, by the 
Lancashire Dynamo and Motor Company, drives 
the machine through a flexible coupling at a speed 
of 430 revolutions per minute. 

Messrs. W. H. iley and Co., Limited, Albion 
Works, Salford, Manchester, have on view a very 
comprehensive collection of their standard appli- 
ances. In this collection there is a horizontal 
ram-pump, suitable for working against heads of 
300 ft., with a capacity of 4500 gallons per hour. 
The rams are fitted with cross-heads which work in 
slipper-guides. The valves and seats are of gun- 
metal, and each valve is fitted in a separate valve- 
box. A ‘‘ Davidson” pump is also shown working 
and is supplied with compressed - air from a 
‘* Koster” electrically-driven two-stage compressor. 
This latter machine can be run at high speeds, 
and can be either coupled direct to the motor or 
driven by belting off the motor through a train of 
gearing. Recording instruments and various kinds 
of valves are also shown at this stand, as well as 
injectors and a large variety of pressure-gauges, 


Messrs. Richard Klinger and Co., 66, Fenchurch- 
street, London, E.C., exhibit, along with their 
well-known packing for glands, steam joints, &c., 
which we have already described in our pages, some 
of their gauge-cocks, which are constructed on a 
new principle. The object of the design is to 
render more perfect than hitherto has been the case 
the action of asbestos-packed cocks, The usual 
trouble with asbestos-packed cocks has been that, 
with the class of asbestos generally employed, the 
material wasted away, and the cocks became inefti- 
cient. In addition to this, there are in all such 
fittings small metal surfaces, between which there 
is a great deal of rubbing contact, and which are 
also subject to exceptional wear from water, 
high-pressure steam, &c., as well as from particles 
of grit and foreign bodies in suspension in the 
water. In ordinary gauge-cocks these portions 
soon become affected, and the fitting is no longer 
useful until it has been re-ground on the metal 
faces and re-packed with asbestos. In order to do 
this the complete fitting must be removed from 
the boiler, which is thrown out of work. In the 
case of the Klinger gauge-cocks, the whole inner 
portion of the cock can be removed together with 
the spindle and plug attached to the handle, and a 
new centre can be substituted in a few minutes at 
a very small cost and by unskilled workmen, the 
whole operation being performed without the 
removal of the fitting from the boiler. All three 
cocks used on water-gauges are so fitted, and the 
bottom cock is provided with a ball-valve in 
addition. With this arrangement the gauge lasts 
indefinitely, and the delay consequent on the 
removal of the whole fitting is avoided. The 
principle can be applied to all sorts of valves, 
test-cocks, blow-off cocks, &c. 

Another exhibitor of engine-packing is the firm 
of Messrs. Snowdon, Sons, and Co., Limited, 
Millwall, London, E., but in this case the packing 
is metallic, being that known as the Huhn packing, 
for which Messrs. Snowdon are the sole licensees 
in this country, where, since its introduction, it 
has rapidly advanced in favour. It consists usually 
of square sectional hollow white-metal rings made 
in half circles to fit any rod from } in. in diameter 
upwards, as well as plungers and pistons of an: 
size. These rings are filled, under pressure, wit 
lubricant, and the ends are sealed up. Along the 
working face of the ring small holes are ed, 
through which the lubricant squeezes under pres- 
sure. This packing is quite distinct from the 
usual metallic kings, which are not self-lubri- 
cating. It is claimed that it never scores the rod, 
and there are no springs and small parts to get 
broken or out of order. The white-metal rings 
will stand a temperature of 650 deg. Fahr., and for 
higher superheat the rings are made of soft copper. 
It can be used for all media, including steam, 
water, gases, CO,, ammonia, &c. A variety of 
lubricants can also be seen at this stand. 

Measrs. Isaac Storey and Sons, Limited (branch 
of United Brassfounders and Engineers, Limited), 
Empress Foundry, Cornbrook, Manchester, exhibit 
some of Scott’s air-compressors which are well 
worth inspection. They are of the ball-valve type, 











the special features claimed being minimum clear- 
ance <a minimum number of working parts, 
and valves of great durability. The lower valves 
consist of steel plates in which the balls are 
seated, the upper plate being placed very close 
above the balls allowing very little clearance, 
and the holes in the top plate being so placed that 
they are not directly opposite the holes in the lower 
late, but are more than “half blind” with them. 
t is claimed for this arrangement thata very small 
lift is necessary for the balls, and there is a much 
freer circulation than if the holes were ‘‘ fair.” 
A new type of boiler feed-pump is also shown at 
this stand suitable for about 1600 gallons per hour 
for pressures up to 200 lb. per square inch. 

A very fine collection of drop-forgings may be 
seen at the stand of the Central Marine Engine 
Works, West Hartlepool, among the articles 
exhibited being light and heavy spanners, hatch 
cleats, eyebolts, shackles, hand-wheels, connecting- 
rods, &c. What is known as the ‘‘ Quadrant ” 
sliding-door for mineral and ballast-wagons is 
another feature of this stand. It is a new type of 
door for hopper-bottom wagons, and has, we under- 
stand, been already applied to over 200 wagons. 

Typical examples of the application of the Pittler 
rotary system of prime movers may be seen at the 
stand of the Pittler Universal tary-Machine 
Syndicate, Limited, 361, City-road, London, E.C. 
As, however, these appliances are now familiar to 
engineers, we need not describe them further. 

essrs. Tickle Brothers, Vulcan Foundry, 
Wigan, exhibit typica] examples of their standard 
three-throw mining pumps for heavy duty, ranging 
from 24 in. by 4in. to 12 in. by 18 in. There is 
also a 6-in. by 8-in. self-contained hauling-engine, 
which is a very good example of this class of plant. 

There are not many machine-tools on view, but 
there are some very good examples at the stand of 
Messrs. Perkin and Co., Limited, Lord-street 
Works, Leeds. Among them are an 8}-in. centre, 
8-ft. bed, sliding, surfacing, and screw-cutting lathe 
suitable for general repair work in a colliery 
workshop ; a radial drilling-machine of 3 ft. 6 in. 
radius ; and a high speed sensitive drilling-machine 
for light accurate work, besides tools for general 
work. There is also a new type of high-speed 
hack-saw, fitted with a sud-pump, and suitable for 
work up to 7 in. square. It makes 120 cutting 
strokes per minute, and the starting motion | 
bow release are worked from the front of the saw, 
which, it is claimed, results in a considerable saving 
of time. 

To anyone specially interested in the head-gear 
of collieries, the stand of Messrs. Fr. Meguin and 
Co., A.-G., o/Sarr, whose sole agents are Messrs. 
Witting Brothers, Limited, 46, Cannon - street, 
London, E.C., will prove attractive, for there may 
be seen a model representing a head-gear, the 
oY oy a screening and loading plant, 
and the coal-washery, with the necessary bridge 
connections. 

Messrs. Siebe, Gorman, and Co., Limited, Wesi- 
minster Bridge-road, London, S.W., have, as is 
usual at exhibitions of this class, a very fine collec- 
tion of apparatus for use in rescue work in mines 
and other places. The various appliances are the 
makers’ standard types, and are well worth inspec- 
tion. Another exhibitor of this class of apparatus 
is Mr. Richard Jacobson, 70, Shoe-lane, ame mom 
E.C., who has on view examples of the Dreger 
ee. There are, of course, many other 
exhibitors whose stands are worth attention, but 
8 will not allow us to refertothem now. The 
Exhibition closes to-morrow. 





MODERN HYDROGEN-GENERATION 
PLANTS. 

Ir is very well for our lungs, but very incon- 
venient technically, that oxygen and nitrogen 
should be mixed in our inate. If it were as 
easy to separate the two gases as it is to mix them, 
applied chemistry and metallurgy might take a 
strange development. That development may 
come. The beginning has been made in the labora- 
tory, and the liquefaction of gases known to the 
old generation as ‘ ent,” and their separa- 
tion by cold, have found their way into the work- 
shop. The future generation may accomplish as 
much almost by cooling as the past generation 
effected by heating. One is still a little surprised 
yet to hear that common water gas can econo- 
mically be treated with liquid air in order to 
separate its hydrogen from its nitrogen and carbon 
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monoxide. But such a process is being applied, 
and similar processes would, we imagine, find appli- 
cation even if the present demand for hydrogen, 
mainly wanted for filling air-ships, should not be 
maintained. Technically, it is often the accessory, 
the by-product, which makes a process workable, 
and the manufacture of hy en may lead indus- 
try in general to the use of cooling plants. 

The process to which we allude has been worked 
out by three well-known scientists, Drs. von Linde, 
Frank, and Caro, and has been taken up by the 
Berlin - Anhaltische Maschinenbau - Gesellschaft 
A.-G., of Berlin. It starts with coke and steam. 
The red-hot coke dissociates the water vapour into 
oxygen and hydrogen, the oxygen combines with 
the coke, and the chief products are hydrogen and 
carbon monoxide, in about equal volumes, in 
addition to nitrogen (from the air), and some 
carbon dioxide. Commercial water will con- 
tain up to 5 
The carbon dioxide is removed by absorption. 
The liquefaction separates the carbon monoxide and 
the nitrogen, both boiling at about — 195 deg. 
Cent., from the hydrogen, which boils at — 253 deg. 
Cent. The separation is not perfect, of course ; 
but the hydrogen thus prepared has a purity of 
about 97.5 per cent., and by a further purification 
process the hydrogen percentage is raised to 99.5, 
the remaining 0.5. per cent. being nitrogen. The 
plant is driven by a gas-engine, which is fed with 
the carbon monoxide. ‘The particulars about this 
novel process, which Director Richard Blum, of 
the Berlin-Anhaltische Maschinenbau A.-G., gave 
in a discourse delivered last winter at Berlin in the 
Imperial Aero Club, are rather scanty, and the 
just-mentioned final purification was not explained ; 
but the main features can be understood, and what 
Mr. Blum said about other modern plants for hydro- 
gen generation is also of interest. The discourse 
was published in the Journal fiir Gasbeleuchtung of 
January 21 and 28, 1911. 

The water-gas plant of the Berlin-Anhaltische 
Gesellschaft consists of a boiler, scrubber, producer, 
and gas-holder. From the gas-holder the water- 
gas passes through the first compressor, which 
sends it through steel cylinders charged with 
soda lime. Here the carbon dioxide is absorbed 
under pressure; it might subsequently be con- 
densed with the more permanent gases, but the 
solidifying carbon dioxide is apt to cause trouble in 
liquefying apparatus by clogging the pipes. The 
compressed gas enters the one pre-cooler of the 

rincipal Linde liquefier, the other pre-cooler (the 
iquefier stands between the two) is charged with 
air from a second compressor, and another Linde 
— feeds the liquefier with liquid air. How 
the carbon dioxide and nitrogen are separated was 
not mentioned. The compression of the gases in 
the plant is to 50 atmospheres; the hydrogen 
cylinders are charged under a pressure of 160 or 
170 atmospheres. 

One cubic metre of hydrogen weighs, at 0 deg. 
Cent. and 760mm. barometer, 0.0899 kg., which, 
on the metric system, is tantamount to saying that 
the density of hydrogen is 0.0899, while a cubic 
metre of air weighs 1.293 kg.; the buoyancy of pure 
hydrogen would therefore be 1.203 om per cubic 
metre. According to Professor Nass, of the Prus- 
sian Military —- who inspected the plant, 
the hydrogen supplied had a purity of 99.4 per cent., 
and a density of 0.077, and the gas was quite free 
from impurities which might attack a balloon shell ; 
the plant worked almost automatically like a clock. 
Mr. Blum stated that hydrogen of this purity 
could be supplied at a cost of from 11 to 13 oivinlg 
per cubic metre (1.32d. to 1.56d., or about 4d. per 
100 cub. ft.), while the less pure hydrogen of 9.4 
per cent. could be supplied at 10 pfennig (1.2d.) 
and less. These figures would render hydrogen a 
marketable article. The plant, he said, could purify 
the polluted hydrogen from old balloons ; it could 
work continuously or occasionally ; and, slightly 
modified, could be worked fer the manufacture of 
oxygen and nitrogen. The introduction of this 
process would not involve great changes in the 
already existing water-gas plants, but require 
additions which could be utilised in various ways. 

Another hydrogen process which the Berlin- 
Anhaltische Maschinenbau A.-G. has taken up is 
that of Messrs. Rincker and Wolter, two gas engi- 
neers from the Netherlands. The starting materials 
are oils, tar-oils, as well as the light or heavy hydro- 
carbons of petroleum, and the plant can be made 

rtable. e raw materials should contain much 


ydrogen, and little sulphur, oxygen, and nitrogen. 


r cent. of the additional products. | i 





The process was originally designed for the supply 
of gas for illumination and heating from small (or 
portable) plants, and the towns of Utrecht and 
Koog, on the Zaan River, rely on this kind of gas 
supply. The same plant can, if desired, also yield 
hydrogen gas, met the advocates of military 
ballooning have not failed to emphasise this 
feature, which would make balloons independent 
of fixed charging-stations. The portable plant can 
be started, moreover, in three hours, and with pre- 
heating in little more thanonehour. The portable 
plant is mounted on railway trains, consisting of an 
engine and two trucks. The one truck carries the 
two gas-producers and accessories, the other truck 
carries the gas-purifying apparatus. There are two 
producers, which are charged three-quarters full 
with coke. By the side of them are the oil-tank and 

ump, which forces oil through the cover of the 

rst producer, and further a steam turbine, which 
is fed. with steam from the engine and coupled with 
a blower. The gas generated es through a 
water-seal into the scrubber and coolers, &c., on 
the second truck. The coolers consist of cells of 
wood which are kept wet; then follow the dry 
purifier, in which bog ore is spread on wooden 
shelves, and the gas-driers, which are charged with 
pumice-stone or balls of baked clay soaked with 
sulphuric acid. The carbon monoxide is removed 
with the aid of soda-lime, which, at temperatures 
between 200 deg. and 250 deg. Cent., retains all 
carbon monoxide ; this is done in three chambers, 
which are filled with the soda-lime and heated with 
oil-fuel. This is not quite the last operation; for 
the gas is once more sent through part of the 
scrubber and cooler. 

The turbo-blower is first started to force air into 
the producers, and to blow the coke red-hot. The 
turbo-blower is then stopped, and oil is sprayed into 
the first producer. The oil is decomposed, the 
carbon is deposited as a fine soot, which is arrested 
by the water seal, while the gases pass out. Lest 
the nitrogen and oxygen, which were admitted into 
the producers during the blowing period, should flow 
into the purifiers, the first gas is allowed to escape 
during the flushing period. The blowing takes two 
or three minutes, the flushing one minute, and gas- 
making twenty minutes. Every twenty-four hours 
the producers, which are lined with fire-bricks, 
must be cleared of slag and cinders ; this occupies 
about an hour. The ordinary portable plant yields 
about 100 cub. m. of hydrogen per hour. The 
hydrogen thus produced has, according to Nass, a 
density of 0.09, sometimes of 0.084. 

Some of the other modern methods of technical 
hydrogen generation mentioned by Mr. Blum are 
based on old well-known processes. The Interna- 
tionale Wasserstoff Ges. decomposes, in new plants 
for the Prussian and Austrian armies, steam by 
means of hot iron, as Coutell did 200 years ago, 
and as has been done in this country at Aldershot 
and also in St. Petersburg for some time. The com- 
pany uses a spongy iron, in exceedingly fine subdivi- 
sion, obtained by reducing spongy oxide by means of 
water-gas. The oxide is contained in steel retorts 
heated in fire-brick settings. When the reduction 
has been completed, steam is passed through the 
hot retorts to generate hydrogen, and these two 
operations—the reduction and oxidation of the iron 
—alternate. The resulting hydrogen is described 
as very pure. The electrolytic decomposition of 
water, first practised by Carlisle and Nicholson in 
1800, has been taken up chiefly by the Shuckert 
A.-G.in Nuremberg, by Schmidt in Switzerland, and 
by Garutti in Italy. In most cases caustic soda is 
decomposed in iron vessels, which serve as elec- 
trodes ; 3 horse-power hours are said to yield about 
1 cub. m. of hydrogen and half as much oxygen. 

Of greater novelty in its practical application is 
the liberation of hydrogen as a by-product in the 
electrolytic alkali industry. In the works at 
Bitterfeld and other works the hydrogen which 
used to escape into the air is utilised for filling 
balloons, and many of the famous Continental trips 
of late years have been made with hydrogen 
from this source. The Chemische Fabrik Gries- 
heim-Elektron, whose alkali process is largely 
— in Germany and other countries, is said to 
obtain about 20,000 cub. m. of hydrogen of a purity 
ranging from 90 per cent. to 99 per cent. per day 
in its work. When not directly utilised or stored 
in gas-holders, the hydrogen is compressed in steel 
cylinders, as already stated, and the railway trucks 
of the just-mentioned chemical works (Griesheim- 
Elektron) take 500 steel cylinders, containing nearly 
6 cub. m. of hydrogen each, a total of 2750 cub. m. 


These bottles are arranged in six groups; the 
oe of two groups stand end to end, and 
the bottles of the two rows are connected by 
bent pipes with the common supply pipe; up to 
8000 cub. m. of hydrogen were in this way trans- 

rted per day to the Frankfort Aeronautical 

xhibition a few years ago. The Neue Automobil- 
Gesellschaft builds motor-cars, driven by four- 
cylinder motors of 45 horse-power, carrying eighty 
hydrogen cylinders and pulling a trailer car ; 
balloons can be charged directly from these 
motor-cars. 

During the war between Russia and Japan, 
Russia made use of aluminium and caustic soda 
for hydrogen generation. This method is ex- 
pensive ; the Griesheim-Elektron Company have 
recently brought out an ‘ activated” aluminium, 
however, which is said to be more portable and 
more efficient. The silicon soda process of the 
Siemens-Schuckertwerke is not inexpensive either, 
though elegant ; silicon is dropped into soda lye 
of 25 per cent. ; Parseval balloons have been filled 
with this gas, and the Italian Government e8ses 
a stationary and a portable plant of this type. 
Acetylene has also ees used as raw material 
for hydrogen generation. When compressed to 
two atmospheres, acetylene is explosively decom- 
posed by the electric spark into hydrogen and 
carbon. The latter is deposited as lamp-black, for 
which there is little demand, unfortunately, though 
it is used in the dye industry and in the manufac- 
ture of electric carbons. The process is, or was, 
worked by the Carbonium Gesellschaft ; the works 
were destroyed last year by an explosion. 

When we consider that acetylene is generated 
from calcium carbide and water, and that in 
electrolytic cells it is the water, and not the alkali, 
which is decomposed, water remains the main 
source of hydrogen. Only in the Rincker-Wolter 
process hydrocarbons form the raw material. They 
are not so common as water, but are wanted for so 
many purposes that this point does not constitute 
a weakness of the process. 





RECENT EXPERIMENTS WITH 
INVISIBLE LIGHT. 

In introducing his discourse on ‘‘ Recent Experi- 
ments with Invisible Light,” at the Royal Institution 
on Friday, May 19, Professor R. W. Wood, LL.D., 
of Johns Hopkins University, Baltimore, said that 
the visible spectrum formed only a very small part 
of jts total length. The quite recent researches of 
Professor Rubens (Berlin) had extended the infra- 
red spectrum to wave-lengths of more than 0.3 mm., 
or 600 times the wave-length of visible light. The 
eye was an imperfect instrument, in being so 
restricted, yet wonderfully perfect. The colour 
sense had enabled the eye to make many valuable 
observations without the aid of instruments ; but 
the illumination might mislead the eye. The lec- 
turer showed two pieces of pink silk, apparently 
a good colour match. Placed in front of a mercury 
arc, the one silk looked red, the other blue ; 
viewed through:a screen of red light (arrange- 
ment: eye, screen, silk, lamp) the former looked 
brighter red than before, brighter, indeed, than 
the arc itself, and the latter blue; a green 
screen reversed the order of apparent brightness. 
Another piece of silk, red spots on white ground, 
showed brilliant red spots on dark ground, when 
placed between the red screen and the lamp. The 
coloursin question were anilinedyes which fluoresced 
under ultra-violet radiation ; hence their striking 
brightness. The lecturer further demonstrated 
this by pouring some red aniline solution into a 
beaker of water, the beaker being again between 
the red screen and the mercury are. The aniline 
formed a bright red cloud, much brighter apparently 
than the arc itself. 

Such experiments proved, the lecturer continued, 
that different illuminations might bring out un- 
expected differences, and he had tried to photograph 
with invisible radiations both from the infra-red 
and the ultra-violet regions of the spectrum. For 
the former he had selected the portion between 
wave-lengths 700 and 740 yp ; these rays were just 
outside the distinctly visible red, and not quite 
invisible. For the ultra-violet he took the portion 
between wave-length 300 and 320 up ; enough of that 
light for photographing would pass through a film 
of silver, enue deposited on quartz to such a 
thickness that the sun was but dimly visible through 
it. Absorption by coloured glasses rendered another 





part of the spectrum available for such photography. 
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When the arc beam was passed through a screen of 
cobalt glass, and further through a solution of 
sitoaminatnabasiies (distinguished by beautiful 
greenish fluorescent crystals), rays were obtained 
which made uranium nitrate fluoresce brilliantly, 
while the cuff adjoining the hand holding the 
uranium salt screen appeared dark purple. hese 
particular rays were not — by interposing a 
glass screen, which did not allow the shorter ultra- 
violet radistions to pass. 

In isolating the very long infra-red rays, Professor 
Rubens and the lecturer had made use of the strong 
dispersion which quartz lenses placed at their dis- 

sal. Quartz has a refractive index of 2.2 for 
these very long heat-waves. These infra-red rays 
were converged to a focus upon a circular aperture 
on a diaphragm. The shorter heat-waves, for which 
quartz has an index of 1.5, actually diverged after 
passing through the lens, and were consequently 
not focussed upon the aperture. Lest that aperture, 
however, should allow some of the rays coming from 
the central portion of the lens to pass through, the 
centre of the lens was covered with a disc of black 
paper. This sifting process, which was not perfect, 
was repeated in a second quartz-lens combination. 
In a similar way, Professor Wood explained, the 
ultra-violet could also be isolated, and his apparatus 
on the lecture-table, illustrating this device, was 
vertically arranged. It consisted of a box; the 
electric spark was near the bottom and the round 
diaphragm on the top; the invisible beam of rays 
issuing through the diaphragm made uranium salt 
at once fluoresce. Still more striking was the 
experiment with mercury vapour. A drop of 
mercury was boiled in a quartz flask ; the mercury 
vapour was invisible until brought over the dia- 
phragm. Both these fluorescences were stopped by 
interposing a glass screen in the path of the 
invisible rays. 

Professor Wood then showed his beautiful land- 
scape photographs, mostly taken in Italy and 
Sicily with the aid of invisible rays. For the infra- 
red he had used an aniline dye screen, which was 
so dark red that the arc beam hardly penetrated ; 
yet he had only exposed for 3 minutes in bright 
sun light. The summer scenes shown suggested 
winter landsca The bright blue sky appeared 
black, especially in the zenith, when clear ; faint, 
even invisible, clouds would make the sky less 
dark ; the green leaves looked white, as if covered 
with snow, and appeared comparatively bright even 
in the shadow ; otherwise the shadows, especially 
near the horizon, were very dense, and this photo- 
graphy would lend itself to peculiardecorative effects. 
The photographs taken with ordinary and with 
ultra-violet light formed strange contrasts to this 
series of landscapes. The infra-red rays, Professor 
Wood explained, were not much scattered by 
the dust and molecules in the air, but the ultra- 
violet rays were scattered ; the greater portion of 
ultra-violet rays, which reached the earth, came 
from the sky, therefore, and not directly from the 
sun, and hence the different appearance of the sky 
01 the different photographs. This was very 
noticeable on the simple photograph of a piece 
of white pepe fixed to a wooden post and exposed 
to full sunlight. In the infra-r sieteanats- he 
paper looked white, the sky black, the shadows 
were pronounced ; in the ultra-violet light the sky 
was brighter than the paper, and there were no 
shadows. A man standing in full sunlight had no 
shadow at all on a photograph taken in ultra-violet 
rays. Two other photographs showed ordinary 
black print and writing in Chinese white (zinc 
white) on white paper ; one letter, written with zinc 
white, had been erased. On the ordinary photo- 
graph the erasure was undiscernible, on the ultra- 
violet photograph a black smudge was seen, and 
the Chinese white came out black, the ordina 
ink less black. A landscape well visible throug 
a glass window on an ordinary photograph was 
entirely blotted out on an ultra-violet photograph ; 
yarden flowers (white phlox) looked yo Professor 
Wood had not yet been able to ascertain whether 
flowers that had grown in glass houses (where they 
were not exposed to ultra-violet radiations) would 
differ in this respect. Another photograph showed 
that ultra-violet rays, which pass through silver, 
were less reflected by silver than by brass, which 
was a poorer reflector than silver for ordinary light. 
The reflected images of flowers and of candles 
standing in front of a mirror with mercury backing 
were quite distinct on an ordinary photograph, 
but very faint on an ultra-violet 


which the objects themselves were plainly visible. 


hotograph, on | expected 





Professor Wood then turned to his astronomical 
photography in ultra-violet light. He had rigged 
up an equatorial out of a zinc tube, quartz silver 
lenses, and a bicycle frame (without wheels) which 
he fixed in a block of concrete ; by the aid of a 
screw worked by hand he turned the polar axis 
sufficiently to follow the moon’s motion during 
his exposures of about two minutes. On the photo- 
graphs thrown on the screen, the crater of Aris- 
tarchus appeared surrounded by a dark deposit, 
possibly some volcanic product, which was scarcely 
visible on ordinary moon photographs, and experi- 
ments were now in pro; with a view of deter- 
mining the probable nature of this substance by pho- 
tographing terrestrial volcanic products in the same 
way. Professor Miethe (Berlin) had repeated these 
experiments, but he was not using quite the same 
rays as the lecturer, and their results were not iden- 
tical, because the optical properties changed rapidly 
with the wave-length in the ultra-violet. To study 
the (not very striking) differences in the appearance 
of the ordinary — ultra-violet photographs, he 
(Professor Wood) superposed in the lantern his 
ultra-violet positive on an ordinary negative, while 
Professor Miethe covered the projecting lenses of 
the double lantern with screens—the one of green, 
the other of red glass—and superposed the two 
projected pictures : portions which differed on the 
two photographs would then appear either green or 
red on an otherwise white moon disc. 

In concluding, Professor Wood referred to two 
recent studies of his. He had photographed 
candle flames, containing incandescent carbon par- 
ticles, in different light, placing several flames 
in a row behind one another to’ obtain denser 
shadows ; the shadows were denser in ultra-violet 
than in infra-red. The second research was con- 
cerned with the question whether the electric spark 
was surrounded by fluorescent radiations. He had 
produced a spark between an aluminium rod 
and a horizontal plate of aluminium, perforated 
in itscentre. The ultra-violet photograph showed 
a bright disc, from which a fainter bright band 
extended vertically upward, like a comet’s tail. 
The disc gave a discontinuous spectrum, the tail 
only radiations of one kind. When air was blown 
upon the vertical bright band, its central portion 
was wiped out; when hydrogen was blown upon 
it, the spectrum seemed to shift; it was not a 
mechanical displacement, however, but a fluoresc- 
ence produced in the hydrogen by these obscure 
radiations, which were not reflected by mirrors, and 
incapable of penetrating through materials, and 
which seemed to be radiations intermediate in 
position between the ultra-violet rays (of very short 
wave-length) of Schumann and the X rays. Pro- 
fessor Wood is now studying these spark radiations 
with the aid of very narrow slits. 





Our Coat ABRoaD.—The shipments of coal from the 
United Kingdom in the four months ending April 30 this 
year amounted to 20,049,233 tons, as compared with 
18,583,007 tons in the corresponding period of 1910, and 
19,066,314 tons in the reg me | period of 1909. These 
totals were increased to 20,908, tons, 19,371,801 tons, 
and 19,890,895 tons respectively by the addition of coke 
and patent fuel. Coal was also shipped in the first four 
months of this year for the use of steamers engaged in 
foreign trade to the extent of 6,169,010 tons, as compared 
with 6,044,888 tons and 6,085,543 tons in the corresponding 
periods of 1910 and 1909 respectively. 





Swepisu Iron.—At the last meeting of the Union of 
Swedish Ironmasters it was stated in the report that the 
market for Swedish iron and steel during the first quarter 
of the present year had remained almost unaltered. The 
exports during January and February were certainly 
smaller than during the corresponding period last year, 
but the month of March showed a very material in- 
crease, although it did not fully counterbalance the 
decrease of the two preceding months. It is especially pig 
iron which has met with a ready sale for export during 
the past quarter, but rolled steel of high quality has 
been, and is, also in good demand. Orders in hand for 
these specialities are said to be about as large now as three 
months ago, and specifications for rolling come in normally. 
Thanks to the increased activity of the manufacturing 
engineers, the iron works which supply them with raw 
material have been employed on an increased scale, so 
that the declining tendency of prices may’be looked upon 
as having been arrested. The Lancashire market, which 
suffers very considerably from the unfavourable ition 
of affairs in America, and the decreased sale within the 
country, has, notwithstanding, shown an increased sale, 
ey during the month of March. Although fresh 

es have been somewhat less active during the month of 
April, the works are fully employed. The supply of char- 
coal during the past winter has been very abundant, and 
most of the works have obtained more c than 
c The January quotations were left in force 
without any alterations. 





NOTES. 
Tue First Decape oF THE AMERICAN Stes. Trust. 


Tue American Steel Trust has recently com- 
pleted its first decade, having been founded on 
April 1, 1901. During these ten years this 
immense organisation has steadily grown and in- 
creased, and has attained to a magnitude which 
stands unrivalled in the record of the world’s 
industries. Some interesting figures have been 
compiled in connection with the event, and it has 
been stated that the aggregate receipts of the 
Trust during these ten years exceed the total of all 
the deposits in the banks of the United States. 
The gross revenue for the first decade amounts 
to 5,856,271,615 dols.; working expenses, inclu- 
sive of maintenance and repairs, management, 
taxes, interest, &c., amount in the aggregate to 
4,653,976,850 dols., leaving net profits amounting 
to over 1,202,000,000 dols. The wages paid to the 
men amounted to about 1,350,000,000 dols., or about 
150,000,000 dols. more than the net profits. The 
production of rolled and other finished goods 
amounted to 86,878,855 tons, and that of pig iron 
to 95,436,433 tons, and the quantity of ore used 
reached a total of 181,558,888 tons. The output of 
coal, exclusive of the coal used for the production 
of coke, was 20,484,585 tons, and the quantity of 
coke produced amounted to 110,504,216 tons. Lime- 
stone was required toan amount of 22,809,231 tons, 
and the production of cement made up 26,332,937 
barrels. The Steel Trust controls iron-ore deposits 
estimated to contain 2,000,000,000 tons of ore, of 
which 1,000,000,000 tons are found in the vicinity of 
Lake Superior, 300,000,000 tons in the areas rented 
from the Great Northern Company, and 700,000,000 
tons in the States of Alabama and Tennessee. 
The Trust reckons upon having at its disposal ample 
raw materials for 100 years. The Trust’s railway 
lines have an aggregate length of 3500 miles, and 
its rolling-stock comprises 45,000 mineral wagons, 
its fleet of steamers on the big lakes, rivers and 
canals, comprises 80 vessels, in addition to which 
it has 115 other transport vessels. 


JuBILEE MeerinG oF THE INSTITUTION OF 
Naval ARCHITECTS. 


The full programme for the Jubilee Meeting has 
now been issued. There will be two meetings held 
simultaneously, between 11 am. and 1 P.M. on 
Wednesday and Thursday, July 5 and 6, at the 
Institutions of Civil Engineers and Mechanical 
Engineers, and one meeting on Friday between 
the same hours at the Institution of Civil Engineers. 
The long list of papers to be read, representing 
contributions from France, Germany, Italy, Japan, 
Sweden, United States, and Britain, is almost 
exclusively historical. This is in a large measure 
appropriate in view of the event which the 
International Congress is to celebrate. As regards 
Britain, the retrospects are in the hands of well- 
known members of the Institution. Thus, warship 
building is to be dealt with by Sir Philip Watts, 
naval engineering by Engineer-Vice-Admiral Sir 
Henry Oram, naval artillery by Sir Andrew 
Noble, mercantile shipbuilding by Dr. 8. J. P. 
Thearle, ship surveyor at Lloyds, steam-turbines 
by the Hon. C. A. Parsons, armour by Mr. 
Charles E. Ellis, and ‘‘ Fifty Years” Architectural 
Expression of Tactical Ideas” by Admiral Sir 
Cyprian Bridge. Sir William White is to deal with 
the history of the Institution and the progress of 
scientific education in naval architecture, while Mr. 
Sidney Barnaby is to contribute a paper giving 
‘*Some Further Notes on Cavitation.” From Japan 
there will be four papers, three of them historical ; 
one on ‘‘ Naval Construction,” by Rear-Admiral 
Kondo, Director of Naval Construction ; another on 
‘*Naval Engineering,” by Engineer-Rear-Admiral 
Fujii, Engineer-in-Chief of the Navy ; and a third on 
‘*Mercantile Shipbuilding,” by the Director of the 
Mercantile Marine Bureau, Mr. Yukawa, in col- 
laboration with Dr. Terano, of Tokio University. 
There will also be a paper on ‘‘ The Service Per- 
formance of Two Japanese Turbine-Driven Ships.” 
From the United States of America there will be 
an historical paper on ‘‘ Passenger Steamboat Con- 
struction,” by Mr. Frank E. Kirby, and a com- 
munication on ‘*The Results of Tests on Models 


of Submarines,” by Mr. Mason F. Chace. The 
French contributions are more debatable. Pro- 
fessor Rateau will deal with the rational application 


of the turbine to ship propulsion, and fessor 
Marbec with the collapsing of beams and elastic 
curve slips. The same applies—although, perhaps, 
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to a less extent—to the German papers. Dr. O. 
Schlick will deal with our present knowledge of the 
vibration phenomena of steamers, and Professor 
Q. Flamm with the scientific study of naval archi- 
tecture in Germany. Lieutenant-Colonel G. Russo 
will review progress in shipbuilding in Italy, and 
Mr. J. Johnson (representative of Sweden) in the 
recent developments in the transportation of ore. 
Regarding the social side of the meeting, we have 
already written in detail, and the present promise 
is for a complete success, 


AccIpENTS At AEROPLANE CONTESTS. 

Another fatal accident in connection with aero- 
planing happened a few days ago, differing, how- 
ever, from the majority of previous ones in the fact 
that the victim was a spectator, and that he was an 
important member of the French Government. It 
is possible that on account of these facts the acci- 
dent may strike popular imagination more than 
previous ones, and lead to the dangers of aviation 
being exaggerated. Regrettable though the acci- 
dent is, and deeply as we sympathise with the 
French nation in their loss, it is necessary in the 
interests of aviation to point out that, as far as can 
be seen from the published accounts, it is of a ty 
which should be perfectly preventable. In fact, the 
sole cause seems to have been that the flying course 
was not kept clear of people. An aeroplane started, 
but, owing to the motor not working satisfactorily, 
or to some other cause, the pee mm to descend 
almost at once, and before he had attained any great 
elevation. This is by no means an exceptional 
occurrence, and therefore, if any precautions for 
safety are taken at all, it should be provided for. 
Unfortunately, the pilot found, when he wanted to 
alight, that there was no clear space in front of 
him, and, after successfully avoiding some cavalry, 
he alighted among a group of prominent spectators 
who were on the course. It is said that the danger 
of having spectators on the course had been pointed 
out shortly before, and that almost the last words of 
the unfortunate Minister were, ‘‘ Let us set a good 
example, and go back to our stands.” Had there 
been a clear course, all that would have happened 
would have been that the machine veal have 
alighted, the engine would have been properly tuned 
up, and the machine re-started without any notice 
being taken of the incident. The lesson from the 
accident is, of course, that in all cases where exhibi- 
tion flights are made the course should be kept 
clear. This is not only necessary in the interests 
of the spectators, but is only what is fair to the 
airmen themselves. Many of those who attended 
the various flying meetings last year recognised 
the danger of people being allowed to walk about 
on the course, and prophesied that there would 
be a bad accident in consequence of the practice. 
In actually running meetings it is often ditticult to 
keep everyone off the course, as there are notable 
persons, and perhaps guarantors of the meeting, 
who think they have a right to go anywhere ; 
but the only safe plan is for the executive to 
be absolutely firm on the matter, and if any one 
is ill-advised enough to be offended, let him be 
offended. Even one or two persons on the course 
= easily cause an accident. Irrespective of the 
right that people may have on the course, any 
aviater who had to descend suddenly would natu- 
rally make every possible endeavour to avoid them, 
even at risk to himself, and this might easily cause 
an accident. Many of those who are not practically 
acquainted with flying will not realise this, and it 
is therefore the business of the management to 
insist on orders being carried out. Once a pilot 
has reached a good elevation, there is much less 
risk in going over people or obstructions, for if he 
has to descend, he is high enough up to have time to 
choose a suitable landing place. 


Sir Joun Wore Barry anp STANDARDISATION. 


Ten years have now elapsed since the establish- 
ment of the Engineering Standards Committee, 
and the completion of “this term was fitly com- 
memorated by a complimentary dinner, given on 
Thursday, the 18th inst., by the members of the 
Committee and the Councils of the supporting 
Institutions, to Sir John Wolfe Barry, re ).B., 
F.R.S., to whom the fullest credit is due for the 
initiation of the Committee and for so ably guiding 
its proceedings from the first as its Chairman. The 
dinner was held at the Goldsmiths’ Hall, which had 
been kindly placed at the dis; of the Committee 
for the occasion by the Goldsmiths’ Company. It 


was presided over by Sir William H. ite, 





K.C.B., F.R.S., who, after the loyal toasts had 
been honoured, gave, in appropriate, terms the 
toast of the evening—the health of Sir John Wolfe 
Barry. This was followed by the presentation to 
Sir John of an illuminated address, as follows :— 


We, the undersigned members of the Engineering Stan- 
dards Committee and of the councils of its supporting 
institutions— 

Tue INstiTUuTION OF Civit ENGINEERS, 

Tue INSTITUTION OF MECHANICAL ENGINEERS, 

Tuer INsTITUTION OF NAVAL ARCHITECTS, 

Tue IRon AND Sree. InstitTvrs, 

Tuer InsTITUTION OF ELECTRICAL ENGINEERS, 
on this, the tenth anniversary of the founding of the 
Engineering Standards Committee, desire to place on 
record our deep sense of obligation for the great services 
which you have rendered to engineering as well as to 
British manufactures and commerce, in connection with 
the establishment and subsequent operations of that 
Committee. 

In February, 1901, the first step was taken, on your 
initiative, by the Council of the Institution of Civil 
Engineers, when it was unanimously resolved to approve 
your proposal to appoint a committee for the standardisa- 
tion of rolled sections. That committee originally con- 
sisted of six members, all of whom were eminent in the 
practice of engineering, and no greater proof of the value 
of your action on that occasion can be given than is 
afforded by the statement that, within ten years, the 
organisation has grown from one committee to forty 
committees, the members of which, all men of high posi- 
tion and experience in their several spheres of action, 
now exceed 300 in number, while their work covers 
the whole of engineering practice. It must be 
a matter of satisfaction to yourself that the Engineering 
Standards Committee, during the ten years which have 
ela since its initiation, has done work for which the 
industrial and commercial world must ever be under a 
deep obligation to you. The opportunities which have 
been provided for meetings of engineers and manufac- 
turers, and for discussion on neutral ground of many 
important and difficult subjects, have resulted in a better 
appreciation both of the actual situation and of the 
methods by which difficulties can be surmounted ; while 
engineering requirements have been met and conditions 
fulfilled which are essential to the maintenance of a high 
standard of British manufacture, and which have mate- 
rially assisted in meeting an ever-increasing competition. 

The organisation which has been developed under your 
guidance is unquestionably more complete and authorita- 
tive than any similar organisation yet existing in other 
countries ; and this fact has contributed to the widespread 
and increasing adoption of the Standard Specification 
throughout the Empire. 

The success which has been attained by the Engineer- 
ing Standards Committee has been due largely to the 
kindly tact, discretion, and business judgment with which 
you have guided its operations, and to the wide practical 
experience of men and matters which you have unstint- 
ingly placed at its service. 

e demands which have been made upon your time 
and efforts have been considerable, and this expression of 
gratitude must be ye even though it be sincere 
and universal. It is the heartfelt desire of all who have 
taken part in the labours and deliberations of the Engi- 
neering Standards Committee that you may long continue 
to occupy the position of Chairman. 

In replying to the toast, Sir John sketched the 
history of the Engineering Standards Committee, 
explaining the character of its work and the care 
taken to secure full consideration of the interests of 
engineers, manufacturers, and consumers in arriv- 
ing at its decisions. He also referred to a public 
statement he had recently seen to the effect that 
in connection with the iron and steel trades alone 
one million sterling per year was being saved by 
the work of the Committee. He further pointed 
out that the organisation of the Committee was such 
that —_ provision was made for the revision of the 
standard specifications from time to time to suit 
alterations in consumers’ requirements, or develop- 
ments in manufacture, there being thus no risk of 
permanently standardising out-of-date designs or 
materials. Finally, Sir John referred to the loyal 
support he had always received from the permanent 
staff of the Committee, and particularly from the 
Secretary, Mr. Leslie S. Robertson. The other 
toasts pledged were ‘‘ Standardisation ; Its National 
Importance,” proposed by Mr. Alexander Siemens, 
the President of the Institution of Civil Engineers, 
and responded to by the Right Hon. Lord George 
Hamilton, P.C., and the Right Hon. Sir George 
Murray, P.C., G.C.B., and that of ‘‘ The Chair- 
man,” proposed by Mr. G. Ainsworth, and acknow- 
ledged by Sir William H. White. 


British Rariway Fatatities In 1910. 

The returns of accidents and casualties which 
occurred on the railways of the United Kingdom 
during the year 1910, which have just been issued 
by the Board of Trade, cannot be considered with 
any great amount of satisfaction. The accidents, 
both fatal and non-fatal, show increases for most 
of the heads under which they are tabulated, and 





the grand total shows an increase of 91 persons 
killed and 750 injured as compared with last year. 
It should, however, be pointed out that that year 
was a favourable one in this matter, as it showed 
decreases of 72 on the fatal, and 392 on the non- 
fatal, accidents, as compared with the year before. 
The figures relating to mgers form the most 
unsatisfactory feature of the present returns, as, 
while certain other classes of accidents show 
decreases, they are higher than in 1909 under all 
heads. In 1908 no mgers were killed as a 
result of accidents to trains, rolling-stock, or 
permanent-way ; while in 1909 the number was 
one only. For 1910, however, the figure has 
risen to 22. The number of passengers injured 
owing to the above causes has reached the 
very high figure of 1111, which is an increase 
of 721 as compared with the year before, which, 
in its turn, showed an increase of 107 over 
the year immediately preceding it. These serious 
rises may no doubt - partly attributed to the 
derailment which occurred at Stoat’s Nest in 
January, and to the collisions at Willesden Junction 
and Hawes Junction in December, while the in- 
crease in cases of injury may be largely put down 
to a series of collisions in Ireland, which, although 
they caused no deaths, were responsible for no less 
than 532 non-fatal accidents. The accidents to 
passengers due to causes other than those men- 
tioned above resulted in 96 deaths and 2210 cases 
of injury. These figures are more normal than 
those relating to accidents to trains, and are re- 
spectively 14 and 62 higher than the corresponding 
ones of last year. The records relating to railway 
servants do not show such relative increases as 
those involving passengers, and under ‘‘accidents 
due to trains, rolling-stock, and permanent-way” 
there is a decrease of seven in the number of fatal 
accidents and_16 in the number of non-fatal ones. 
Accidents from other causes, however, are respon- 
sible for an increase of fatal accidents by 56, and of 
cases of injury by 6. The total figures for the year, 
which include passengers, servants, trespassers, 
persons passing over level-crossings, &c., amount 
to 1062 cases of death and 8342 of injury. These 
figures, as before mentioned, show respective in- 
creases of 91 and 750. In some ways the most 
interesting part of these Board of Trade returns is 
that dealing with the actual total number of acci- 
dents to trains and those due to failures of rolling- 
stock or permanent way. The figures under these 
heads are a surer guide to the relative states of 
efficiency of the railways in any two years than are 
those relating to death or injury, since the latter 
may at any time be swollen by one or two bad acci- 
dents which may be purely fortuitous in their 
nature. The total number of accidents, irrespective 
of their results, is obviously a better indication of 
the state of maintenance of, and the care with which, 
a railway system is conducted than is the total 
number of cases of death and injury, which may be 
due to only a small proportion of the total accidents. 
From this point of view the present returns are 
satisfactory, as they show decreases under almost all 
heads. As compared with 1909, there is a decrease 
of 66 in collisions of all types, a decrease of 166 in 
cases of trains leaving the rails, a decrease of 7 in 
the cases of trains running into level-crossing gates 
or other obstacles, a decrease of 56 in the number 
of fires in trains, and a decrease of 28 in the cases of 
failures of tyres. Certain increases are shown, but 
they are not large. Thus there is an increase of 8 in 
the failures of axles, and of 49 in the cases of broken 
rs in the failures of 


rails. A curious result ap 
re 2345 is exactly the 


coupling apparatus, as the 
same as that for 1909. 








INGINEERING EpucaTIon.—The Society for the Pro- 
motion of Engineering Education, Ithaca, N.Y., have 
issued vol. xviii. of their Proceedings, which contains the 
papers read and discussed at their eighteenth annual 
meeting, held in Madison, Wis., on June 23 to 25, 1910, 
and dealing with the various aspects of engineering 
education, both in the United States and in other 
countries. The book is published at the office of the 
secretary, Cornell University. 





Tue ENcIngERING INDEX ANNUAL FOR 1910.—This 
index, which reaches its twenty-seventh annual issue, and 
is published at the price of 10s., t-free, by the 
Engineering Magazine, 52, Acre, W.C., gives classi- 
fied references to the articles which have appeared dur 
the year in the technical journals of this country, Nort 
and South America, and the Continent. Owing to the 
method selected for classification, the finding of any 
article is a most easy matter. The index gives the title 
of the article and of the paper, the date of the latter, and 
the number of words in the article, 
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the piston, and thi ‘ t, being t itted | currents and etic viscosity, which effects are them- " 
. on of waive ty ‘neues < the links ine py admits selves due | rimarily _to rapid. or irregular changes of| CONSIDERATIONS AFFECTING LOCAL 
oil into the cylinder of the relay, which may be seen flux. Besides rapidity of experiment it also has the STRENGTH CALCULATIONS. 


in the illustration. The piston of the oil relay is 
attached to the same spindle as the throttle-valve of 
the steam-turbine, which accordingly moves with it. 

Anemergency governor comes into action automati- 
cally as soon as a speed of about 3950 revolutions per 
minute is attained. This is mounted on the main 
shaft of the turbine, and when it acts releases the 
pawl which holds the oil-valve open under normal 
conditions. When the number of revolutions falls back 
to about 3000, the trip mechanism may be brought back 
into its original position by pressing a knob, the 
ordinary governing then resuming its functions. 

The pumping set in question has been built for use 
as a jet-pump for ore recovery. 








THE PHYSICAL SOCIETY OF LONDON. 

At the meeting of the Physical Society of London, 
held at the oo College of Science on May 12, Pro- 
fessor H. L. Callendar, F.R.S., President, in the chair, 
** Diagrams of Stream-Lines past an Elliptic Cylinder” 
were exhibited by Sir George Greenhill and Colonel R. L. 
Hippisley. 

he stream-lines Y = constant, and the orthogonal 
curves @ = constant, are drawn on Weir’s azimuth dia- 
gram, ruled into elliptic co-ordinates & and 7 instead of 
the Cartesian x and y of squared paper. These are con- 
nected by :— 

1. < = c cosh ¢ where z = x + tyandg=é 

Further write :— 

2.w =o +71 = mcosh ({-Y), where y = a + 
which gives 

3. @ = mcosh (n-a) cos (§—8), Y = m sinh (yn -a) sin 
(E-f), so that y = O over the elli 7 = a and along the 
hyperbola & = £. lso m = @ (a + 6), where Q is 
the velocity at infinity, and a, b are the semi-axes of the 
fixed ellipse. 

The system is a generalisation to confocal ellipses of 
the curves in Maxwell’s Fig. 15, and their oblique tra- 
jectories shown in Fig. 16, and it may interpreted 
electrodynamically in the same manner as in Maxwell’s 
** Electricity and Magnetism,” §§ 434, 436. 

A linkage of Peaucellier cells for drawing the curves of 
Maxwell’s Fig. 15 was shown by Colonel Hippisley. 

Dr. A. Russell appreciated keeping the increments of & 
constant in the diagrams, so that the velocities could be 
seen at a glance. 

Professor C. H. Lees remarked that in a paper by 
Hele Shaw and A. Hay, about ten vears ago, a diagram 
was given of the magnetic lines of force past an elliptic 
cylinder for which » = 8. 

Sir George Greenhill, in reply, said that the curves in 
Hay’s paper were the oblique trajectories of those now 


shown. 

A paper on ‘‘ The Method of Constant Rate of Change of 
Flux as a Standard for Determining Magnetisation Curves 
of Iron,” by J. T. Morris and T, H. Langford, was read 
by Professor J. T. Morris. 

The research described was instituted with the object 
of finding what differences there were between the mag- 
netisation curves for a given sample of iron when deter- 
mined (1) by the older methods, in which the flux is 
changed suddenly ; (2) by a method in which it is changed 
exceedingly slowly, and at a uniform rate. 

The methods experimentally examined were :— 

. Method of constant rate of change of flux. 

. ‘Slow cyclic” hysteresis loops by method 1. 
. ‘ Step-by-step” magnetisation curve. 

. ‘Step-by-step ” hysteresis loops. 

5. Method of reversals, 

6. Alternating-current magnetisation curve. 


Details are given of the theory and practical working 
of method 1. In this method the magnetising current is 
continuously increased through a primary winding by a 
specially designed resistance at such a varying rate as to 
maintain a constant voltage generated in a secondary 
winding. A certain amount of skill is required in 
operating the resistance, but an average experimenter 
may easily acquire this with a little practice. The com- 
plete change of the current occupied times varying from 
one up to some five minutes. 

Tables are given of the magnetisation curve determined 
by the six different methods at a number of values from 

0.3 up to 70, and of the permeability from B 500 up to 
17,000. 

At low values of the magnetising force the uniformly- 
varying-flux method gives results of some 200 lines per 
square centimetre in excess of the older methods. 

As regards the time required for determinations by 
the various methods experimentally examined, ballistic 
methods are undoubtedly the most tedious. The alter- 
nating-current method (Method 6) has considerable advan- 
tages in this respect, a full set of readings of magnetising 
current and induced voltage occupying a very short time. 
When, however, it is necessary to take oscillograms at 
various points in order to plot curves of form factors, the 
time required is enormously increased. The method of uni- 
formly varying flux (Method 1) is peculiarly adapted for 
use where time is a consideration, and at the same time a 
high degree of accuracy is desired. A complete magneti- 
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sation curve may be taken in a very few minutes, and the 
mean of many such curves obtained in, say, one hour, the 
iron being demagnetised between each test. 

The method of ‘uniformly varying flux” appears to 
possess advantages, both scientific and practical, over the 
older methods in use for the testing of ring samples of 
magnetic materials. It avoids difficulties du 
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advantage of accuracy of repetition under standard or 
predetermined conditions of magnetic change. 

The method is therefore commended for the carrying 
out of magnetic tests, especially where great accuracy 
under definitely known conditions of experiment are 
essential. 

Mr. A. Campbell remarked that it was rather difficult 
to say whether it was tests made with a slowly-varying 
flux that were required in practice. He thought tests 
made with cyclical changes were more useful. The 
differences in the results given by the two methods were 
important. He pointed out that the method could be 
used for the determination of the chm by substituting a 
known mutual induction for the iron under test. 

Dr. A. Russell pointed out that the value of H was 
different at the inner and outer radii of the iron ring 
used by the authors. 

Dr. 8. W. J. Smith said it would have been interesting 
and instructive if the authors had performed a similar 
series of experiments by the different methods upon some 
material freer from magnetic viscosity than soft iron. 
Experiments made upon a sample of nearly pure iron in 
weak fields did not seem to be explicable along the lines 
suggested by the authors for the iron they used. 

eclanee C. H. Lees drew attention to the extraordi- 
nary simplicity of the reluctivity curves. It looked as if 
1/u were a linear function of H. 

The President remarked that by superposing on the 
constant magnetising field an alternating field which was 
gradually reduced to nothing, much larger values of the 
apparent permeability were obtained. For weak fields it 
was over 100,000. This effect was due to the residual 
magnetism left by the alternating field. 

Professor J. T. Morris, in reply, stated that they had 
not tried their method at Ts different speeds. In 
reply to Dr. Russell, he stated that the same iron ring 
was tested by the different methods. Replying to Mr. 
Campbell, he had thought of the present method as a 
means of measuring a mutual induction. 

The President gave a demonstration of the action of the 
electric thermo-regulator designed by him for experiments 
by the continuous electric method on the specific heat of 
water in 1897, and described in the Philosophical Trans- 
actions, A., 1902. The expansion of liquid in a bulb 
causes a thread of mercury to make contact with a plati- 
num wire actuating a relay which puts a 16-candle-power 
lamp in series with a 32-candle-power lamp in the regu- 
lator-tank. If the wire is fixed, hunting occurs, owing to 
the mercury sticking to the wire, and to lag of the regu- 
lator-bulb. This is prevented either by causing the wire 
to move up and down continually through a distance of 
about 1 mm. with a period of 5 to 10 seconds, or by fixing 
the lamp-bulb close to the regulator-bulb. The hunting 
was demonstrated by means of a platinum thermometer 
reading to 0.001 deg. Cent. Other details of construction 
were also explained. The same type of regulator is now 
being employed for measurements of the variation of the 
specific heat of water by a new method, in which two 
steady currents at different temperatures are allowed to 
mix, or share their heat, the resulting temperature being 
observed. 








SUBSIDIES IN THE SpANisH CoaLinc TRapDE.—A mea- 
sure has been prepared for the purpose of helping the 
Spanish coal industry by means of reduced tariffs in the 
shape of a bonus per transported ton. The system applies 
to the despatch of coal by sea coastwise, and for traffic 
between Spanish harbours and export in Spanish bottoms. 
So as to bring about a fair and practical distribution of 
the premiums, the whole of the Spanish coast has been 
divided into three zones. The first extends from Bidas- 
soa to Mino, embracing the whole of the northern and 
north-western coast of Spain along the Bay of Biscay and 
the Atlantic ; the second zone extends from Guadiana to 
Malaga, the main portion of the south coast of Spain, the 
north coast of Africa, and the Canary Islands; whilst 
the third zone comprises the coast from Malaga to Ca 
Cerbtre—that is, the east coast of Spain, including the 
Balearic Islands. The premium amounts to 0.20, 0.25, 
and 0.30 pesetas, according to the coal having passed 
through one, two, or three of the above zones on its way 
from the place of production to its destination. 





Tue CHRIsTIANIA ExHtsitTion, 1914.—The great Chris- 
tiania Exhibition of 1914, in commemoration of Norway’s 
centenary as an independent kingdom, so to speak, has 
met with one or two reverses at the outset, which, however, 
do not interfere with its importance as the greatest 
Norwegian exhibition ever held... In the first sles the 
plan of making it a Scandinavian event will have to be 
abandoned, neither Denmark nor Sweden showing any 
inclination to join. Secondly, the selection of the site has 
caused some dissent and some unavoidable delay. To 
begin with, the Frogner site was looked upon asan almost 
foregone conclusion, and plans were prepared on this basis; 
since then the Hooedé was matt. and the supporters 
of this scheme succeeded in bringing about the appoint- 
ment of a special committee, which always means delay, 
and no decision has as yet been arrived at. The Exhibi- 
tion, to which reference has previously been made in this 
journal, is meant to illustrate in the most adequate 
manner Norway’s industries and general standpoint in 
every branch concerning the life and development of the 
nation in the year 1914. Each branch or section will 
exhibit collectively under the supervision of experts, and 
exhibits which are not considered of a sufficiently high 
standard will not be admitted. The mere advertising 
side of this Exhibition will be kept well within bounds 
and reduced as much as possible. 





By J. Montcomerig, B.Sc. 


Ir is a truism that there is no such thing in the calcula- 
tions dealing with the strength of = as an actual 
quantitative stress in tons per square inch. 

‘To design a ship from first principles” is a phrase 
which is often used in a sense implying far too much. 
All calculation of the strength of ships, whether local or 
structural, is an act of comparison, since the magnitudes 
of the deforming forces against which provision is to be 
made are not known. What we do, therefore, is to take 
the structural arrangements of vessels which have stood 
the test of experience, and compare and contrast them 
with those proposed in any particular case, or try to 
derive from them some corresponding arrangement which 
shall be satisfactory in the case we are dealing with. Or 
we may compare the materials and the method of com- 
bining them in one part of the vessel with those adopted 
in another part in order to see whether any increase of 
scantling is necessary on the one hand, or any reduction 
permissible on the other. In each case the calculation is 
a comparative one. 

Now those who know ordinary drawing - office con- 
ditions and limitations will that in making these 
calculations it would be quite useless to suggest the 
employment of complex mathematical methods. These 
are very well in their place, but they are not likely soon to 
be adopted in actual practice. The calculations are 
usually simple applications of the ordinary engineer’s 
theory of beams, and the results obtained are, of course, 
only approximations—sometimes not too close approxima- 
tions. i that case it becomes important to eliminate, 
so far as is possible, errors which lie at the root of our 
comparison. We must be sure that all the elements of 
the problem have been taken account of ; that the assump- 
tions we make—and they are many—are legitimate ; that 
they apply equally to both cases, or to all cases under con- 
sideration; and it is my object in this paper to draw 
attention to one or two elementary considerations which, 
with some experience of this kind of work, I have found 
to be more often forgotten than remembered. 

Eccentricity.—And, first, I would draw attention to the 
necessity for taking account of the shape of the sectional 
meer | employed. The girder theory postulates that 
the loads causing deflection are to be applied in the plane 
in which the beam bends, but, in the case of some sections 
commonly used in shipbuilding, owing to their unsym- 
metrical form, lateral deflection will take place under a 
vertically applied load; so that, if we are comparing, say, 
the value of a hatchway fore and after, formed of bulb tee, 
with that of one formed of bulb angle, on the basis of a 
comparison of the section moduli about a horizontal axis 
through the centre of gravity, the possibilities of error are 
serious. To illustrate this [ have taken three sections— 
bulb angle, channel, and zed—all having prnetionlly the 
same section modulus about a horizontal axis through 
their centres of gravity, and compared the stresses result- 
ing in each case from the application of the same vertical 
load over the same length, the girders being free to 
deflect laterally. Most problems of this nature, involving 
oblique bending, resolve themselves into a determination 
of the neutral axis of the section under stated conditions, 
and this can be easily and rapidly done by a process which 
was explained to this Institution in a paper read by 
Dr. Bruhn in 1905, and which may be outlined as follows:— 
First find the principal axes of inertia of the section—that 
is, the axes about which the moment of inertia is greatest 
and least respectively, and find also the moments of inertia 
about these axes. In many cases these factors have been 
calculated and are available. If they are not available, 
they may be obtained by taking two rectangular axes 
through the centre of gravity of the section and findin 
the moment of inertia about these two axes (I, x and Loy 
and also the product of inertia (P:,) about these axes. 
This latter quantity is the sum for the whole section of all 
quantities a x y, where a is a small element of area and 
(zx, y) its co-ordinates. That being done, the angle (@) 
which the principal axes of inertia make with the assumed 
rectangular axes will be found from the relation— 


I, z— I, ” 
3P., 


The moments of inertia of the section about these 
rincipal axes (Ioz and I,7 respectively) may be found 
rom the following relations derived by elementary 

geometry :— 
Iz = Inx cos? 0 + Io, sin? 6 + 2 Px» sin @ cos 0. 
Iny = Io, cos? 6 + Inx sin? 0 — 2 Px» sin @ cos @. 

Now draw the principal axes of the section in their 
correct position—o x and o » in Figs. 1 to 3, page 703, and 
set off along o y a distance equal to V/I,> and along ox a 
distance equal to /I,3, and with these as the semi-major 
and minor axes respectively draw an ellipse. This is one 
of the ellipses of inertia for the given section, and one of 
its properties is that a tangent drawn to it at the point 
where the plane of the external couple intersects it 15 
parallel to the neutral axis; another useful property 15 
that the moment of inertia of the section about any other 
axis passing through the centre of gravity may be found 
Cage a tangent to the ellipse parallel to that axis. 

e square of the length of the perpendicular from the 
origin to this tangent is the moment of inertia required 
in the proper units. For example, in Figs. 1 and 3, the 
length () Pe represents the moment of inertia of each 
section about the neutral axis. 

Following out this construction, then, for the three 


cot 2 0= 


™ Paper read before the Institution of Naval Architects, 
April 6, 1911. 
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sections mentioned, the ellipses for which are shown in 
Figs. 1 to 3, it is found that, in the case of the bulb angle, 
the neutral axis is inclined at an angle of 59} deg. to a 
horizontal axis through O, while that of the Z-bar is 
inclined at an angle of 634 deg. The major axis of the 
ellipse of inertia for the channel is, of course, vertical. 
If the external couple be resolved alongand perpendicular 
to the neutral axis, using the vertical component and 
measuring y and also about the neutral axis, it is 
possible to obtain a comparative statement of the stress 
on each from the ordinary beam formula. It is found 
that the stress in the bulb angle is 40 per cent. greater 
than that on the channel, while the stress on the Z-bar 
is 70 per cent. in excess of that on the bulb-angle. 

It is therefore very necessary, as these illustrations 
show, to take account of form in all cases where freedom 
of deflection is permitted, and in those cases also in 


Fig. ee 
Plane of Loading, 











axis is not displaced very materially from OX. It may 
be worth while noticing, however, that in the case of 
the girder-frame formed of frame and reversed frame, 
there is still a considerable tendency towards lateral 
deflection. If the girder deflects vertically as the 
plating compels it to do, it does so by virtué of the appli- 
cation of another couple in a plane at right angles to the 
‘irst, and the application of this couple causes an increase 
of stress on the shell rivets in respect of the eccentricity 
of the section. Now, if a tangent be drawn to the ellipse 
parallel to O X, its point of contact with the ellipse will 
give that point at which the resultant couple must be 
applied in order that O X may be the neutral axis. O A 
in each case is the direction of this resultant, and O B 
and B A represent its vertical and horizontal components. 
It may be suggested that the magnitude of A B may 
measure, relatively, the increase of stress on the shell- 
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compared, or when a girder is being designed from 
| another standard form, the usual method of procedure is 
to arrange that each shall have the same normal stress 
incident upon the part of the girder farthest from the 
neutral axis. What is forgotten here is that normal and 
shear stresses do not always exist independently of each 
other. These are component stresses resolved for the sake 
of convenience in certain directions, and, while at that 
part of the girder farthest from the neutral axis, there is 
normal stress only, at another point there may be normal 
and shear stress, and the greater principal stress at that 
point may exceed substantially in magnitude the value 
which has formed the basis of our comparison. 

The method for finding the pone ma stresses in the 
cases which we have usually to consider is well known, 
| but may be conveniently set forth here. 
| In Fig. 10, page 704, A BC D is a rectangular prism 
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which it is difficult to determine how much of this | rivets, and it will be noticed that this is greatest in the | of the material of indefinitely small dimensions in the 


freedom exists. 
to beams, for example, it would hardly be 
determine this quantitatively, and the provision in the 
rules of Lloyd’s Register, which requires that, if bulb} 
angle-beams be fitted to alternate frames in vessels | 
exceeding 34 ft. in breadth, a steel or iron deck is to be 
laid upon them, is a provision which is based largely on 
the considerations referred to above. 

In the t majority of cases, however, to be found in | 


girder. It is not suggested that the above is of great 
importance in the case of ordinary ships’ frames, but it | 
illustrates the advisability of fitting bracket attachments | 
to the shell itong cases where the eccentricity of the | 
girder is considerable. In longitudinally-framed vessels, | 
for example, where the transverse girders have large 


bulb-angles fitted on one side, provision has been made | 


In the case of a wood lower deck bolted | case of the girder-frame, and that it is more pronounced | plane of paper, and of unit thickness, and subjected to a 
ible to | in the case of the 8-in. girder than in the case of the 10-in. | normal stress of intensity 


», and to a tangential stress 
of intensity f. On some plane A E the stress (p) will be 
wholly normal, and from a consideration of the equili- 
brium of ABE, and resolving the forces acting on 
ABE parallel to A B and B OC, we get— 


Pp, + f tan 0, 


f = tan @, and p 
Pp 


shipbuilding practice, the bars are constrained to move | for this and for supporting the transverse web itself by | or 


in a vertical direction by the plating which is attached 
to them, and in these cases the ordinary method of com- 
parison based on the moduli of the sections is quite 
applicable. The effect of the plating is largely to nullify 
the want of symmetry of the section to which it is | 
attached. That this is so may beseen from Figs. 4, 5, 6, | 
and 7, above. There the same construction 


worked out for bulb-angles, and combined frames and 
reversed frames, each + 

attached. 
has its maj 


It will be seen that the ellipse of inertia now | 
or axis nearly horizontal, and that the neutral 








fitting efficient brackets at intervals riveted to the trans- | 
verse webs and the longitudinal frames. | 
Normal and Shear Stresses.— Another point to which it 
is worth while calling attention is the practice of design- 
ing girders upon a consideration of shear and normal | 
stresses treated independently of each other. Owing, | 
in girders fitted in ships were usually small, it has not 
but girders are now being fitted in which this element | 
must be taken into account. When two girders are being 


p?- pp, — f? = 9, 


from which ' 
» Mt Vet ase 
2 
From the above relations can be obtained the values of 


as been | probably, to the fact that until recently the shear stresses | the two principal stresses at any point, and also, if it 


were necessary, the inclination of the planes of principal 


aving shell or deck - plating | been the custom to pay much attention to shear as such, | stress. In applying this to the cases we have to deal 


with, the usual assumption is made that elastic failure 
takes place for a certain value of the maximum principa 
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stress.“ The effect will be more clearly expressed by 
taking a concrete example of a kind often met with. 
Figs. 8 and 9 represent sections of two girders fitted under 
the lower deck beams of a vessel. The girder in Fig. 8 
consists of two angles and an intercostal plate of the 
scantlings shown, while that in Fig. 9 is formed of a 
flanged plate suitably supported at intervals and with a 
rider plate fitted to the flange. The latter form of girder 
is now very commonly adopted. The girders are of the 
same length, and are loaded in the same way. Under the 
conditions assumed, the total load on the girder, which is 
30 ft. long, is 67 tons, and the normal stress on the lower 
flange in the case of Fig. 8is7 tons per 4: in., and that in 
Fig. 9 is 6.7 tons per sq. in., the moduli of the sections 
being nearly the same. On the usual basis of compari- 
son, therefore, the flanged girder would be accounted 
rather stronger than the other. The shear stress in the 
case of the flanged girder, however, is 7 tons per sq. in. 
as against 3,7 tons per sq. in. in the other, in each case 
the shear being assumed to be uniformly distributed over 
the web. Now, atthe point X in Fig. 9 itis obvious that 
neither the horizontal nor the normal stress will be much 
less than the maximum, and therefore, applying the 
=¥ gp given above to that point, it is found that 


in those cases where girders are slotted for the passage 
of beams or frames, Just at the slot the shear force, 
|and, therefore, the tensile force, will be nearly a maxi- 
|mum, and, having in view the rough edge of the slot, 
| may attain dangerously high dimensions in certain cir- 
cumstances. the sketch shown in Fig. 11 illustrates 
| this latter point, and shows the pull stress referred to. 
The methods of provision against this are obvious. 
| ince the above was written a case has come under 
| observation which exemplifies the point, and which may 
| prove to be of interest. It is the case of the boundary 
| bulkhead of a deep tank, which was stiffened by hori- 
zontal bulb angles and supported by two webs and a 
|centre-line bulkh Fig. 12 is an elevation of the 
webs, and it will be seen that the support to it was fitted 
|at the middle of the depth. When the tank was tested 
in the usual way, by a head of water extending to 8 ft. 
| above the crown, the webs failed—the lines of failure are 
shown on the figure—and the rivets at the bottom of the 
web statted. The remedy in this case was to fit a web- 
| plate of greater thickness, adequately supported at the 

ittom. 

Stiffness.—The element of stiffness is almost uniformly 
neglected in local strength calculations, yet there are 











































































































It is essential also to take account of stiffness in all 
those cases—and they are numerous—in which one set of 
girders depends for support upon another set. For 
example, the ordinary frames and plate side-stringers in 
a web-frame ene. or ordinary deck b and 
quarter girders. If the rigidity of the supporting girder 
be reduced, the supported beams may be subject to in- 
creased bending moments at the fixed ends. A very 
apposite instance of this is seen in the case of longitu- 
7 framed vessels, which are now familiar to most of 
us. In that system, as you are aware, the fore-and-aft 
frames which support the shell plating are themselves 
sup by a series of strong traverse webs, and the 
author of that system has shown sound practical judg- 
ment in adopting a much higher fattor of safety in the 
design of his transverse webs than elsewhere. Relatively, 
the transverses are the strongest and most rigid part of 
the whole structure. 

As another example, consider an ordinary lower deck 
beam supported on two quarter girders, as shown in 
Fig. 15. ling only with the beam and the uniform 
load upon it, the assumed condition of zero resultant 
slope along the beam, and also from a consideration of 
the theory of continuous beams the bending moments at 
the ends will be 

































































at X the greater principal stressin the case of the flanged | many cases in which a consideration of it is most neces- 
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girder is 10.27 tons per sq. in., while the greater principal 
stress at the corresponding point in the double-angle 
girder is 7.6 tons per sq. in. The flanged girder is really 
a weaker girder than the other, and this result is due 
entirely to the relative difference in the shearing stresses, 
and it shows that in this case, which is not an excep- 
tional one, the ordinary method of comparison quite 
fails to give correct results. 

The conclusion is obvious that in girders supporting 
decks, especially those which support heavy cargo, the 
material of the web should be of a satisfactory thickness, 
or other means taken to keep the shear stress within 
reasonable dimensions. 

As regards shear stresses generally, there is no very 
consistent practice observed as to the fitting of supports 
to webs of deep girders. If pure vertical shear be mr mat 
it will be found capable of being expressed in terms of 
push and pull stresses of equal intensity to the shear 
stress, each acting at an angle of 45 deg. to the vertical. 
So far as the stability of the web is concerned, it is the 
push force we are providing nee, and the web supports 
should be fitted at sufficiently close intervals and more 
closely towards the ends than at the centre of the web. 
No lightening holes should be cut in the vicinity of the 

ints of maximum shear. — Pa ad force above ref 

also requires to be consid in shipbuilding practice 





* The assumption that elastic failure occurs for a 
value of the maximum —— stress is uniformly made 
in shipbuilding calculations, but it may yet be necessary, 
in certain instances, to take as the criterion of elastic 
breakdown a value of the maximum shear stress. 


those who have had practical experience with ships of 
this type agree that such stiffness is necessary. It has 
| been sometimes suggested that an ordinary “‘ deep” 
frame my should be adopted in petroleum 
steamers, and such an arrangement could easily be de- 
signed which would be equivalent in strength to the 
present practice. But it would be a much more flexible 
arrangement. 

To illustrate this, I have taken the case of an oil steamer 
of dimensions 360 ft. by 50 ft. by 29 ft. to upper deck, 
and having the arrangements and scantlings as provided 
for in the Rules of Lloyd’s Register for petroleum vessels. 
An outline of the sidehip section is shown in Fig. 13, 
and, as will be seen, the vessel has two side-stringers 
fitted below the second deck. Assuming the same 
external conditions—i.c., a head of water extending to 
the k r cre a have calculated a scantings which 
would be required to give approximate ual stre 
if ordinary bulb-angle frames were fitted, with two inter- 
costal na having double angles. An outline of 
this is shown in Fig. 14. The frames required are 12-in. 
by 34-in. by 0.64-in. bulb-angles. Assuming in each case 
that that part of the load on the side taken by the two sets 
of interdependent girders is proportionate to their stiff- 


in the one case to that in the other. Comparing, then, | 
the two cases, and reducing the modulus of ay 
25 per cent. in the case of the web-framed vessel, it v 

be found that the uniform frame ent gives a side, 
the rigidity of which is 40 per cent. less than that of the 
other. Now, where failure has occ in oil vessels, 
in the majority of cases it has taken place in the riveted 
connections, and if the modern tice be de; from, 
it will require to be realised t a considerable amount 





of the rigidity now obtained will be lost. 





ness, 1t is possible approximately te relate the deflection | 1.3. 


beam (tons). 
1 is the distance between supports (in.). 
I is the moment of inertia of beam and plating (in. )*. 
6 is the subsidence of B below A (in.). 
E is the modulus of elasticity (tons per sq. in.). 


It will thus be seen that the increase of bending 
moment at A, directly due to the deflection at B, is the 
second term on the right-hand side of the equation, and 
varies directly as that deflection. This increase may not 
be a negligible quantity. In the-case taken, with the 
supporting girder 30 ft. in length, as in Fig. 9, and 


assuming a deflection = (300 ) in the latter, the bend- 


ing moment at A is increased 25 per cent. as com red 
with the case in which no deflection is assumed. Fig. 15 
shows the variation in bending moment over length of 
beam. 
In practice the increase would be slightly less than this, 
but at least it illustrates the importance of securing suff- 
cient rigidity in designing girders different in form from 
those usually fitted. ek tas 
Stiffness, in actual practice, is usually a matter of 
depth, and in association with depth it bas an important 
ring on the stress on the rivets ne mages rames, 
girders, &c., to the shell and deck-plating. The usual 
formula for estimating the stress on these rivets is af 
follows—viz. :— ~~ 
. -¥ 


ae 
where 
square inch. 


= shear stress on rivets in tons p 
neutral axis 


f . 
A.y= moment of plating about t 
(in.)°. 


s 
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breadth of section (in.), expressed in this 
case in terms of the area and spacing of the 
rivets. 

P total shear force (tons) acting across section. 

I moment of inertia of frame and plating (in.)*. 


For the same external load and spacing and diameter 
of rivets 


where K is a constant. 

From this it will be seen that just as an increase to 
the depth of a girder does not necessarily mean a reduc- 
tion of normal stress, soan increase to the depth of a frame 
or beam does not necessarily imply a reduction of shear 
stress on the rivets, although in the majority of cases it is 
so. Again, itis a common idea that if a reversed bar be 
riveted to the inner edge of a frame, the depth being 
unaltered, the shear on the frame rivets is increased. 
This also is not necessarily so, and, indeed, in the majority 
of cases, a reduced stress results. It is a question of the 
relation between the increment of » and the increment of 
I, and in cases where the depth is not altered, an easy 
approximate means of determining whether or not the 
stress is increased can be found as follows—viz :— 

Let a smal] element of area a be added to the inner face 
of section at a distance h from the neutral] axis. 

Let A be the area of section in square inches. 

In be the original moment of inertia of section 
about the neutral axis (in. )4. 
k be the radius of gyration (in.). 
Iy be the altered moment of inertia of section (in. )*. 
y be the distance of centre of gravity of plating 
from neutral axis. 
Due to the addition of a, the displacement of the neu- 


tral axis will be ( ah ); and the new y will be 
A+a 


(y + 2 )- 
- Ate 
— (A + a) (a hp 
(A+aP? ° 
neglecting the moment of inertia of the added element a 


about an axis through its centre of gravity. 
If f, is the new stress on the frame rivets, then 


Also, 
= Iy +a h? 


( y+ 2% 

-iot=s 2... ; 

f fi Ae+AaY 
A+a 


Simplifying this, we get, for the condition that (f — f,) 
may be positive, k? < h y—that is, the shearing stress on 
the rivets is diminished if k2 < hy. The effect of the 
moment of inertia of the added area about an axis through 
its centre of gravity will be small; but, if it is not negli- 

ible, it may be shown that for the increment of stress to 
zero the following relation holds—viz. :— 
_ah (: -%)- I, - 
A+a\y F 


AR ° 
where I, is the moment of inertia of the added area 
about an axis through its centre of gravity (in.)*. 

The above will nw a means of determining the effect 
of redistribution of material in a section, so far as the 
stress on the shell rivets is concerned. The effect of 
increase of — can also easily be found, and in practice 
it is found that increase of depth usually operates to 
reduce the shear stress on the frame or beam rivets. 

Pillars.—The strength of pillars is usually compared by 
means of an application of the Rankine-Gordon formula. 

That formula is as follows—viz. :— 


1 a 
+e Bp 
P = the crippling load in tons. 

f = compressive strength of material at yield-point, 

tons per sq. In. 

A = area of cross-section (sq. in.). 

l = length of strut (in.). 

k = least radius of gyration (in.). 

¢ = constant expressing degree of fixity of ends. 


If this formula be examined, it will be seen that it does 
not take account of the relation existing between the radius 
of gyration of the section and the thickness of the material. 
A tubular pillar, for example, of relatively small diameter 
and great thickness, will fail by primary bending ; another 
of relatively great diameter and oun thickness will fail 
by local collapsing of the walls of the pillar, or secondary 
bending. Thete must be an economic: relation therefore 
between radius of gyration and thickness, but for this 
relation formule of the Rankine-Gordon t: do not pro- 
vide ; indeed, the relation in that formula of radius of 
gyration to thickness is arbitrary. 

Quite romently experimental work has been done on this 
subject by Dr. Lilly, of Dublin University, and the records 
of this published in the technical Press and elsewhere 
have attracted a good deal of attention, His results can 
be summarised as follows, so far as they bear on pillars 
used in shipbuilding :— 

1. That the Rankine-Gordon formula may be used for 
solid round pillars without risk of serious error. 

2. That the Rankine-Gordon formula does not hold for 
tubular pillars the thickness of which is small relative to 
their diameter, and for such pillars the denominator in 
the Rankine-Gordon formula should contain a factor 
expressing the ratio of radius of gyration to thickness of 
material, 

3. When the thickness exceeds about jj; diameter, 


Rankine’s formula may be used. Different constants 
should be used for different sections. 

Lilly’s modified formula, derived by analysis and from 
his experiments, is ar 


= k i 

l+q-— +e 

Cc) i c R 
where 


F is the compressive strength of a short block of the 
material ; an 

¢, isa new constant depending upon the form of the 
section. 


Other things being equal P will be greatest for a 
minimum value of ¢,, and c,; was found to be least for 
circular sections. ‘The constant ¢, can be exp 


thus :— 
_N.F 
7 = a 


¢} 
where 


F is compressive strength of a short block of the 
material. 

E is the modulus of elasticity. 

N isa tabular number for varying sections, 


N was found to be 50 for tubular pillars and 60 for 
square hollow pillars and 70 for pillars of H section. 

It may be interesting to determine the effect of this 
modification upon a common case. Suppose it is desi 
to fit a tubular pillar 15 in. by 0.40 in., instéad of one 
12 in. by 0.50 in., 15in. and 12in. being the external 
diameters of the pillars ively. The area of the 
former is 18.25 sq. in., and that of the latter 18.06 sq. in. 
The radius of gyration of the former is 5.2 in., as 
against 4.07 in. in the latter case. It could be claimed 
then on the basis of the Rankine-Gordon formula that 
the proposed substitute was a stronger pillar than the 
other. Ifthe calculation be made, indeed, it would be 
found that the crippling load for the 12-in. by 0.50-in. 
pillar is 95 per cent. of that for the 15-in. by 0.40-in. 
illar. Comparing the two by means of the modified 
ormula given above, and taking the value of the constant 
c, the same for both—0.13—the crippling load derived for 
the 12-in. by 0.50-in. pillar is 25 per cent. in excess of that 
derived for the other—a very different result. Some 
builders, again, prefer to fit square hollow pillars, and 
the usual practice is to relate these to the standard 
circular pillar on a basis of area alone. If the side of 
the square be the same as the diameter of the circle, it 
will be obvious that the thickness of the material may 
be unduly thin. Ihave taken several cases of round and 
square pillars and worked out their relative crippling 
loads, which have been embodied in the tables given 
below, and from which the effect of the relation of thick- 
ness of material to radius of gyration is evident :— 














Round Round Square Square 
Hollow | Hollow | Hollow Hollow 
Pillar. Pillar. Pillar. Pillar. 
Pillar . 12in. by | 15 in. by |10.4 in. by| 12 in. by 
0.50 in. 0.40in. | 0.455 in. | 0.39 in. 
Area... .-8q. in.) 18.06 18,25 18.1 18.1 
I about horizontal axis) 
through ©.G. (in.) 299 492 292 407 
Relations of crippling! 
loads by R.-G. for-| 
mula .. os on 1 1.05 1 1.03 





If the comparison be made by the modified pillar 
formula, taking account of the factor - the results are 











as follow :— 

SURAT TEER GEENA: 0 en 
| Round Round Square | Square 

— Hoilow | Holiow | Hollow | Hollow 

Pillar. Pillar. Pillar. Pillar. 

Outside diameters ..| 12in. by | 15in. by 10.4in. by| 12in. by 
| 0.60in. | 0.40in. | 0.455in. | 0.39in. 

Relative crippling loads) 1 081 | 0.88 0.74 


It will be seen that the strength proportions between 
the various pillars are inverted by reason of the change of 
base of comparison. 

Again, in order to avoid the expense of riveting two 
channels together, it is sometimes proposed to onpley 
rolled sections with rider plates riveted to the flanges. It 
is necessary here to see that there is sufficient material in 
the web of the strut, the thickness of which will usually 
be much less than that of the corresponding channel 
section. It will be sufficient for practical purposes in 
these cases to express the area of the masertdl in the web 
as a percentage of the total area of the strut section. A 
minimum percentage of 20 would agree fairly well with 
practice. 

In arriving at a conclusion as to how far it is necessary 
to reconsider our present practice, it must be remembered 
that, while there are strong primd facie grounds for believ- 
ing in the modified pillar formula referred to as an accu- 
rate means of compari there is comparatively little 
ag ape evidence yet in existence to support it. 

n addition it must be remembered that, in the pillars 
we are dealing with, to obtain even an approximately 
correct comparison is difficult. Two —_— may beof the 
same length, and may by ordinary rules require the same 
scantlings, and yet have points of difference of which it 
is not _—— to take account. Concentric loading is 
never obtained, and there may be great want of symmetry 
in respect of the bending moments at the of the 
pillar. It would appear, therefore, that from a practical 
point of view the most advisable course is still to use the 





Kankine-Gordon formula, due regard always being paid 








to its limitations, ant pep may eaten to : t that in 
using it asa means of comparison the following precau- 
tions should be observed :— . 

1. That regard be paid to the nature of the end fixings, 
the presence of brackets, for example, being taken account 
of by a differentiation of the length. 

2. That pillars of similar form only be compared. 

3. That in the case of hollow slibes the thickness of 
the material may be not unduly reduced ; in the case of 
circular pillars this thickness should not be less than one- 
thirtieth of the diameter of the pillar. 

4. That in built pillars the area of the web should not 
be less than one-fifth the total area. 

Plating.— Before concluding the paper I may be allowed 
to make a brief reference to comparative calculations of 
strength of plating. The question of the strength of 
flat plating under various conditions of loading has 
often occupied the attention of naval architects, and 
those who wish to read the theory of the subject may be 
referred to ro read before this Institution in the years 
1886, 1891, and 1893, and especially to a paper read by 
Professor Bryan in 1894. In that paper Professor Bryan 
deals with various shapes of plates, variously loaded ; but 
he regards the cases in which we are interested—viz., 
that of a rectangular plate fixed at the edges and uni- 
formly loaded—as unsolvable analytically. Dr. Bruhn 
has also read to another Institution a paper on the same 
subject, in which an approximation to the stress in the 
plate is obtained and expressed in a complieated equa- 
tion. In that investigation, and in the others, certain 
assumptions are made regarding the direction of greatest 
stress, and rding also the reactions where the plating 
is riveted to the supports, and so far as I have been able 
to examine them the different results are not reconcilable. 
Asa means of comparison it need hardly be said that a 
consideration of the area of unsupported | plating is quite 
a fallacious guide. Results obtamed by considering a 
strip of plating as a strained girder would also be wrong 
quantitatively, since that method entirely ignores the 
stretching of the plate, and since both stresses and strains 
in a bent plate are different from those in a bent beam, 
owing to the constraints of the adjacent plating. Com- 
paratively, however, in certain cases this latter method 
may give results which are not far out. So far as the main 
structure of the vessel is concerned, the question did not 
have much importance until the present quite modern 
practice was begun of dispensing with side-stringers and of 
increasing the spacing of the frames. Even in moderate- 
sized vessels a frame spacing of 36 in. is becoming quite a 
common jm meme and is usually associated with an 
absence of intermediate supports to the shell in the shape 
of side-stringers. In these circumstances it may become 
of importance to know the local effect of this decreased 
support, and all the more so when it is remembered that 
the magnitude of the structural stresses in the hull is also 
influenced thereby. It is unfortunate that such informa- 
tion is very difficult to obtain, and the amount of experi- 
mental work that has been done is very small. The latest, 
indeed the only, experiments I have m able to trace 
have been those by Professor C. Von Bach at the Royal 
Technical College, Stuttgart, and published in Berlin in 
1 


908. 

Some of these plates were tested to rupture, and in the 
case of a square plate the rupture took place in the line 
of the diagonal, showing that the test stress in that 
case acted across the diagonal of the square. In some 
rectangular plates tested, the rupture took place in the 
middle and parallel to the long side, which appeared to 
show that in these cases the maximum stress ac 
parallel to the short side of the rectangle. 

The formula expressing the maximum stress in the 
plate, as derived from the experiments, is as follows— 


v1Z.°— 24a 
a? } w 
~<a ae + 2° 92” 
where 
p = maximum stress in the plate. 
¢ = coefficient depending u the condition of 
the ends of the plate determined by experi- 
ment. 
aand b = lengths of sides of rectangle. 


w = intensity of uniform pressure. 
s = thickness of plating. 


Now, if this formula be used as a means of compariso: 
we may neglect the coefficients, since the plating is fix 
in the same manner in each case. As the 
remainder of the formula, it will prove to when 
examined, a formula for the stress across the diagonal of 
a rectangular plate supported at the perimeter, the 
diagonal being subject to a stated bending moment. The 


an 


term oe is the square of the perpendicular drawn 
from a corner of the rectangle to the diagonal B X 


see 
Fig. 16), and the couple acting on the diagonal A C = 
its force equal to the pressure on A B O, and its arm the 


6 From this the stress across A C can be 


calculated, and gives an expression similar to the above. 
This, again, does not take account of the stretching of 
the plate. For thick shell-plates, however, in which the 
component of stress due to this Jatter effect is small, the 
best practical method of comparison appears to be at 
present to p on the basis of resistance to bending, 
and in long narrow panels of plating to assume the greatest 
stress to act el to the short side, and in shorter 
wider panels to assume it acts across the diagonal. It is 
poorer | also to note that the disposition of the om. 
ported plating greatly affects the resultant stress. 

resultant stress on the shell, neglecting that due to bend- 
ing of the frame, will be the sum of local and struc- 
tural stresses. .If the assumption be made that the local 
stress acts parallel to the shorter side, then in a transverse 


distance 
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ship, this stress is to be added to the structural stress. 
If the assumption be made that the greatest local stress 
acts across the diagonal, then a simple investigation is 
necessary to determine how much must be added to the 
structural stress. If, however, the rectangle be dis 

with its long side in the direction of the length of the 
vessel, as is the case in longitudinally-framed vessels, the 
stress due to water pressure acts at right angles to the 
structural stress on the first assumption, and on the 
second nearly so. So that, although the local stress in a 
longitudinally-framed vessel may be greater than that in 
a transverse vessel, it does not follow that the resultant 
stress will be greater, assuming them both to have 
the same structural stress. On the other hand, the 
stress due to bending of the girders in the latter case is 
in the same direction as the structural stress, while in the 
transverse ship this stress is at right angles to the struc- 
tural stress. It is advisable, therefore, in comparing 
strength of ships’ plating, to take account of the struc- 
tural stress, the stress due to water pressure, the stress 
due to local bending of the frames, and also to take 
account of the direction of these stresses. 








FOREIGN ENGINEERING PROJECTS. 

Ws give below a few data concerning foreign engineer- 
ing projects and work. Further particulars with regard 
to tenders can be obtained from the Commercial Intelli- 
gence Branch, Board of Trade, 73, Basinghall-street, E.C. 

Holland: The Nederlandsche Staatscourant notifies that 

tenders will be opened on June 2 by the Commissaris der 
Koningin in de Province Friesland, at the offices of the 
Provincial Administration at Leeuwarden, for the con- 
struction of two new breakwaters at Harlingen, and the 
carrying cut of harbour works at Nieuwe Willemshaven. 
The upset price is put at 843,000 gulden (70,250/.). 
Specification No. 125, containing particulars of the con- 
tract, may purchased from Messrs. Gebroeders van 
Cleef, Hofspui No. 28a, The Hague. 
_ Denmark; The Danish Licitationen contains a notice 
inviting tenders, approved by the Ministry of Public 
Works, for the carrying out of dam and lock works on the 
Ribe Canal, in accordance with the plans and specifica- 
tions, which may be obtained from Engineer Thomsen, 
Hedeselskabet, Viborg, on deposit of 100 kr. (5/. 11s.), 
which will be refunded provided the documents are 
returned not later than the day of the adjudication. 
Tenders must be delivered at the Digelagets eotposien, 
Ribe, not later than 10 a.m. on May 30. 

Servia ; With reference to projected railway construc- 
tion in Servia, the British Wisetionent at Belgrade now 
reports the publication in the Official Gazette of calls for 
tenders by the Servian State Railways Administration 
for the construction of the lines in question—viz. (1) 
Krsna-Pozarevatz; (2) Lazarevatz-Gorni - Milanovatz- 
Tchetchak ; (3) Nish-Knjazevatz; and (4) Toptchider- 
Krsna. 
kgl. serbischen Staatsbahnen, Belgrade, up to May 29 
in the case of (1), June 23 in the case of (2), June 8 in the 
case of (3), and June 15 in the case of (4). Deposits of 
140,000 dinars (5600/.), 370,000 dinars (14,800/.), 1,230,000 
dinars (49,200/7.), and 810,000 dinars (32,400/.) respectively 
will be required to qualify tenders. 

Montenegro: The Bulletin Commercial (Brussels) 
notifies, on the authority of the Belgian Legation at 
Cettinjé, that the Montenegrin Government have recently 
granted to a private individual various concessions for 
the establishment of hydro-electric works, the electrifica- 
tion of the Antivari-Virpazar Railway, the construction 
of electric railways, and the working of an iron mine. 

Russia; H.M. Consul at Batoum reports that, accord- 
ing to the Caucasian newspapers, an electrical engineer, 
a British subject, has applied for permission to promote 
a scheme for utilising some of the river and lake waters of 
the Highland districts of the Caucasus for the generation 
of electricity. A technical Commission appointed by the 
Russian Government has approved of such an under- 
taking, and has elaborated conditions under which a 
concession should be granted to the applicant. The engi- 
neer in question proposes to build a large hydro-electric 
station at Lars, on the Georgian military road beyond 
Vladikavkaz, for the Northern Caucasus, and another on 
Lake Gotchkha, in the Government of Elizavetpol, for 
the Trans-Caucasus. The proposals are stated to include 
also a further scheme for acquiring mineral deposits, 
principally copper mines. ‘The local Press states that the 
scheme will naturally lead to the construction of an inland 
electrical railway over the main -Caucasian chain, con- 
necting Vladikavkaz directly with Tiflis. 

China : The following information is from the report 
by His Majesty’s Consul at Nanking on the trade of that 
district in 1910, which will shortly be issued :—‘‘ During 
the year the construction of the southern or British section 
of the Tientsin-Pukow Railway, which was commenced 
in January, 1909, made steady progress, and it was found 
possible in February, 1911, to attach passenger-cars to 
the construction trains running between Pukow and Lin 
Huai Kwan, a distance of 94 milss. Rails have actually 
been laid as far as Hsiichowfu, which is not much more 
than 30 miles from the point at which the line joins up 
with the German section, and there is every hope that the 
whole of the British section, which is 236 miles in length, 
will be available for traffic by about the middle of 1912. So 
far no arrangements have been made for the opening to 
foreign trade of Pukow, the Y: ze terminus of the line, 
which is situated on the northern bank of the river 
opposite to Nanking. To Nanking the completion of the 

entsin-Pukow Railway will be of vital importance, for 
on this line depend her prospects of future commercial 

perity. Asa distributing centre, this port, owing to 
inferior communications with the interior, has been unable 
in the past to compete with its neighbours Chinkiang and 
Wuhu, so that its trade has hitherto been almost entirely 


Tenders will be received at the Direktion der | P’ 





a local one. The new railway should bring down to 
Pukow for export the produce of the whole of the country 
north of the river, for which the line must also me 
the means of supply; and, assuming that no official 
obstacles are pl in the way of the development of the 
traffic of the railway, it seems almost certain that Nanking 
must become, next to Hankow, the most important 
commercial centre on the Yangtze. 

Japan: The following information is from the report 
by the British Acting Vice-Consul at Hakodate on the 
trade of that district in 1910, which will shortly be issued : 
—An agitation is on foot to have the Government railway 
line on the main island extended some 30 miles to Omi- 
nato, a naval port on the north of Aomori Bay, and to 
have this place made an open port. The harbour works 
at Hakodate have alread m commenced, and are to 
be completed in 1917. The principal breakwater, about 
3300 ft. long, will stretch north and south from outside 
the west end of the present harbour, and will enclose a 
space for a safely protected anchorage of more than 1 square 
mile in extent. The total cost will be 170,500/. A great 
increase in the importance of Hakodate as a port for foreign 
trade may reasonably be ex pected asa result of the develop- 
ment of the Island of Hokkaido and the growth of its popu- 
lation. The Muroran steel foundry, the joint enterprise of 
two British firmsand the Japanese Hokkaido Colliery and 
Steamship Company (Hokkaido Tanko Kisen Kwaisha) 
is now almost complete, and is expected to be in full 
operation in 1911, manufacturing guns and armaments 
generally for the Government. Already work has been 
commenced, and a number of orders from the navy and 
railway departments are now in hand. The capital of the 
company stands at 15,000,000 yen (1,531,000/.), all paid 
up, held in equal shares by the British and Japanese. 
During 1910, debentures to the value of 10,000,000 yen 
(1,020,800/.) were raised in Japan, where, owing to the 
easy state of the money market and the large amount of 
unemployed capital lying idle, it was found that the 
— could raised to better advantage than in 

ndon. 

Uruguay : With reference to the Bill providing for 
harbour improvements at Montevideo, HM. Minister at 
that city reports that this Bill has now been re-drafted 
by the Committee of the Senate, and the proposed ex- 
penditure considerably reduced. Some of the works 
taken out are not entirely rejected, however, but merely 
deferred, and will probably be made the subject of 
separate agreements later on. Under the present Bill 
the expenditure authorised is 3,786,000 (about 
770,000/.). The works provided for include the erection 
of administrative buildings and a passengers’ pavilion, 
at a cost of 300,000 pesos; four shed dépdts, 1,120,000 
org various sheds, 591,800 pesos; forty-nine cranes, 

13,600 pesos ; one floating crane, 150,000 pesos ; electric- 
lighting and power installation, 115,000 pesos ; railway 
lines, 261,000 pesos, &c. The executive is instructed to 
repare a scheme for the construction of a dock at a cost 
of 1,500,000 pesos. All the works to be authorised under 
the Bill are to be put up to public tender, with certain 
specified exceptions, which include the electric-light and 
power works, the railway lines, the passengers’ pavilion, 
and the administrative building, and the shed dépots. 
(Peso = about 4s. 3d.) 








CRYSTALLISATION OF STEEL AND IRON-CARBON ALLOYS. 
—At the meeting of the Manchester Literary and Philo- 
sophical Society, on May 9, Professor F. E. Weiss, 
D.Se., F.L.S., President, in the chair, Mr. Ernest F. 
Lange gave an account of ‘‘Some Remarkable Steel 
Crystals, Coupled with Some Notes on the Crystallisation 
of the Iron-Carbon Alloys.” The crystals were dis- 
covered by Colonel T. E. Vickers, C.B., in the cavity of 
the rising head of a large steel casting, and were pre- 
served by him in view of the known rarity of the occur- 
rence of such a mass of perfectly developed ‘“‘ pine-tree” 
steel crystals, as the crystalline structures of steel are 
usually allotrimorphic, instead of idiomorphic—that is to 
say, their geometrical forms do not, except in very 
unusual circumstances, correspond with their internal 
“or symmetry. A photograph of the cavity was 
exhibited, which showed the walls covered with pyra- 
midal apices of the crystals formed in the liquid metal 
and masses of crystals up to 14 in. or 15 in. in 
length pendant from the upper portion of the cavity, 
where they had slowly formed and elongated with the 
sinking metal with remarkably little interference and 
under exceptional circumstances of size of casting 
and casting head and slowness of cooling. Reference 
was made to the columnar structure of steel castings 
and ingots as cast, and to the fact that although steel 
ingots show such a strongly defined columnar struc- 
ture the experiments of Miller in Germany had shown 
that the interior of ‘‘ bled” ingots was invariably smooth, 
and that ordinarily solidification proceeded in smooth 
parallel layers without intrusion of any crystal growths 
towards the interior. These “‘pine-tree” steel crystals 
had never been reproducible in a laboratory — 
and the problems of the crystallisation of steel had been 
worked out by experiments upon the allotropic forms of 
the iron and iron-carbon alloys, the work of Stead and 
Osmond and Cartaud being specially mentioned for 
its laboriousness and ingenuity. The lecturer illus- 
trated the internal symmetry of the crystalline structures 
of various steels by lantern slides showing the structures 
that had been obtained in some of his own experiments 
in the heat treatment of steel, some of which had led to 
the scientific control of certain metallurgical operations 
hitherto guided by rule-of-thumb — only. In the 
discussion which followed, in which Professor H. C. H. 
Carpenter and Mr. Rhead took part, Mr. Rhead exhibited 
a portion of a steel “pine tree” crystal similar to that 
described in the lecture, and also a piece of steel furnace 
phosphoric ‘‘ bear” showing marked cubic cleavage. 





WORKMEN’S COMPENSATION CASES. 
Houses or Lorps. 


Death on Ship from Unexplained Accident.—According 
to the Workmen’s Compensation Act, if a workman 
should die from accident on board ship, the onus of 
proving that the death arose out of and in the course 
of his employment rests with the applicant. This 
burden of proof is still with the applicant in any case 
where the cause of the accident is left unexplained, 
The probability that the accident happened at a time 
when the workman was at work is always held in favour 
of the applicant. All the cases of unexplained death by 
accident on board ship have been decided in favour of 
the applicant, and the fact that the cause of the accident 
is a mystery does not now justify ship-owners in denying 
the application, and refusing the inference that the accident 
occurred in the course of the workman’s employment. It 
has been held again and again that when a seaman on 
board ship is found drowned, it may be presumed that 
the accident arose out of and in the course of his em- 
ployment, if it was his duty to be in the course of his 
employment at the time the accident overtook him. 
Although the onus of proof is, generally speaking, upon 
the applicant, the Court inclines to reasonable inference 
of the probable cause (Bender v. Owners of s.s. Zent, 
L.R., 1909, 1 K.B., 41 C.A.). This typical case might 
have warned the ship-owners that the law, in the case 
of Rice v. the Owners of the s.s. Swansea Vale, gave them 
no encouragement to resist the claim of the applicant, in 
face of the application being granted by the County 
Court, and again upheld by the Court of Appeal. The 
steamship-owners in this case fought the applicant 
from court to court, up to the House of Lords, where 
the decision went against them, and in favour of the 
relatives of W. Rice, the first mate of the appellants’ 
steamship, who suddenly disappeared while on the watch, 
and was afterwards found drowned. The unfortunate 
officer was known to have vomited some time previously, 
and the employers assumed that his death was not due to 
accident; they, therefore, insisted that the onus of proving 
that the accident arose in the course of the man’s employ- 
ment had not been discharged by the evidence, and the 
onus was still upon the applicants. 

The ship at the time of the mate’s disappearance was 
at sea, the sea being smooth, with a low haze. The 
deceased mate was seen by the captain at 4 a.m., prior to 
going on deck to begin his watch (from 4 to8 a.m.). 
According to the captain, the mate was then complain- 
ing of giddiness and heaving. He turned to work, 
however, at 6a.m., and at 7 a.m. was seen by the 
crew on his usual duty on the bridge, but was never 
seen afterwards. The County Court Judge found 
that the officer had died by accident, and awarded the 
dependants 300/. compensation, and as it was the duty of 
the deceased to be on the watch, the Judge presumed the 
accident causing his death must have arisen out of and 
in the course of the employment. The Court of Appeal 
was asked to reverse this decision on the technical 
ground that the Act imposed upon the relatives of the 
deceased the obligation of proving that he met his death 
by an accident arising out of and in the course of his 
employment. The Court, composed of the Master of the 
Rolls and Lord Justice Fletcher Moulton, agreed with 
the County Court Judge, Lord Justice Buckley dis- 
a a and hence the further appeal to the House of 

ords. 

The Lord Chancellor, in giving judgment, agreed that 
the onus of proving accident arising out of and in the 
course of the deceased’s employment lay with the appli- 
cants, but he said that the Judges were justitied in 
drawing reasonable inferences. In this case such causes 
as suicide or murder were excluded from the probable 
causes of death. The mate’s duty on deck, in charge of 
the watch, was attended with the risk of falling overboard 
in the course of the man’s employment. The mystery 
was cleared away by reasonable and probable inference, 
and so the circumstances explained the cause of death and 
discharged the onus. 

The only question for the Court of Appeal was whether 
there was any justification for the County Court Judge 
in arriving at the decision he did. The employment of 
the ship’s mate clearly ex him to the danger of 
falling overboard, and therefore if an accident happened, 
it must have been in the course of the employment. The 
probabilities were that the man met his death by falling 
overboard while in the course of his employment, rather 
than by murder.or suicide. The suggestion that he had 
been vomiting and giddy did not dispose of the case that 
the man died by an accident in the course of his employ- 
ment. The appeal was dismissed, and the point so fre- 
quently raised on appeal by ship-owners appears by the 
judgment to be finally settled. 








Tue Nicxet Inpustry 1x Norway.—The working 
of the Evje Nickel Works was completely electrified 
in the course of last year, and two new furnaces were 
built, one of which has a smelting capacity of over 
200 tons per day. The ore comes partly from the com- 
pany’s own mine, and partly from the Faé mine, in 
addition to which ore is imported from Greece, and a 
concentrate from works near Dieppe, made from New 
Caledonian ore. The Kristianssand Nickel Refining 
Works, which handle the products from the Evje Nickel 
Works, have now been in operation a few weeks, and the 
results give most satisfactory promise. The new electro- 
lytical refining process has fully answered the expecta- 
tions entertained of it, the only trouble having been 
the training of the operators. The present production is 
about 25 tons of pure nickel and 16 tons of pure copper 
per month. It has been decided to increase the capital, 
which will enable the works to double their production. 
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CATALOGUES. 


Insulators.—A price-list of white pean insulators 
has been issued by the Sloan Electrical Company, Limited, 
Conradty House, 12, Golden-lane, E.C. Particulars are 

iven of several patterns of insulators, and all necessary 
iron work for a telephone, and power-trans- 
mission lines. Insulators for extra-high-tension power 
transmission, at pressures up to 39,000 volts, are also 
listed. 


Spectroscopic and Optical Apparatus.—The newest 
catalogues issued by Messrs. Adam Hilger, Limited, of 
75a, Camden-road, N.W., deal with spectroscopic appa- 
ratus fitted with glass and with quartz lenses, échelon 
diffraction gratings, Fabry and Perot étalons, Lummer- 
Gehrcke plane-parallel plates, and other novelties and 
accessories, most of which we have noticed. Goniometers, 
micrometers, and polarimeters are also described in these 
instructive lists. 


Hoists.—We have received from Mr. Ralph H. Hay- 
lock, 63, Queen Victoria-street, E.C., a list illustrating 
and stating prices of ‘‘ Excelsior” hand hoists for raising 
goods from the ground to the upper floors of ware- 
houses, &c. Three types are made, for loads of 3cwt. and 
5ewt. In each type the hoist is suspended on rollers 
from a beam, in such a manner that the hoist and its load 
can be drawn into the room, and the load lowered on to 
the floor without swinging. 


Oil and Petrol Motors.— Messrs. John I. Theenpee 
and Co., Limited, Caxton House, Westminster, 8.W., 
have issued an interesting booklet illustrating Thorny- 
croft oil and petrol motors, and their application to 
marine propulsion and stationary work. The marine sets 
shown range from 74 to 100 brake horse-power, and the 
stationary sets include electric-lighting, pumping, and 
air-compressing plants. The klet also reproduces a 
large number of photographs of boats on which the motors 
have been installed. These illustrations include high- 
speed motor-boats, pinnaces, launches, yachts’ tenders, 
cabin cruisers, and yachts employing the motors for main 
or auxiliary power. 


Roller Bearings.—The Cooper Steam-Digger Company, 
Limited, of King’s Lynn, Norfolk, who have recently 
taken over part of the business of the Empire Roller- 
Bearings Company, Limited, have sent us a booklet 
describing the “‘C. P.” roller-bearings, and explaining 
how a considerable reduction in the cost of power trans- 
mission may be effected by their use. Among the special 
features of these bearings, it is mentioned that the shaft 
is protected from wear by fitting to it a sleeve made in 
halves, which are secured to the shaft by means of spring- 
steel clips fitting into grooves turned in the sleeve. This 
sleeve, and all other load-carrying parts, are made of 
special steel hardened and ground. It is also claimed 
that, since all parts of the bearings are split longitudinally, 
they can be applied to line shafting as easily as ordinary 
plummer blocks, and, as they do not exceed the latter in 
width, can be used in situations where bearings with long 
rollers would be inadmissible. The price-list gives full 
particulars of rigid and swivel bearings, hangers, and other 
a. suitable for shafts ranging from 14 in. to 6 in. in 

lameter, 


Springs, &c.—We have received from Messrs. Herbert 
Terry and Sons, Novelty Works, Redditch, a copy of a 
catalogue they have issued recently. Messrs. Terry, as 
is well known, are specialists in the manufacture of 
springs, and their catalogue illustrates hundreds of differ- 
ent patterns and sizes for all purposes. The catalogue 
also deals with spring-clips of almost every conceivable 
shape, as well as spring washers, bright steel washers, split 
pins and cotters, split rings, and various accessories for 
motor-cars and cycles. Prices are stated for the articles 
by the dozen or gross; they are also sold in boxes of 
assorted sizes. This catalogue was accompanied by 
samples of some of the firm’s products, including a 
leather pouch containing a set of three double - ended 
tempered-steel spanners, ranging in size from ,‘jin. to 
4in. Whitworth. We have also received a ‘Tur- 
bine” adjustable spanner, and a little steel spanner 
for adjusting motor-car magnetos. The ‘‘ Turbine” 
spanners are made from }-in. steel plate, and are provided 
with twelve small steel blades, hinged so that any number 
of them can be turned to occupy part of the space between 
the jaws, and thus vary the width of the opening to suit 
different nuts. Two patterns are made, one for nuts up to 
gin. Whitworth, and the other for all sizes between } in. 
and 4in. The spanners are intended chiefly for cyclists 
and motorists, who will doubtless appreciate the utility of 
these tools, which possess all the advantages of the adjust- 
able type, and yet retain the qualities of lightness, 
strength, and rigidity. 


_Acetylene-Gas Lighting.— From Messrs. Bailey and 
Clapham, Limited, of Keighley, we have received a copy 
of a recent edition of their catalogue of ‘A BC” acety- 
lene-gas lighting apparatus. The catalogue, after pointing 
out the advantages of acetylene as an illuminant for 
country houses and other buildings in situations where 
there is no supply of coal gas, fully explains the “‘ A BC” 
system, and gives some notes on its working. Various 
types of generators, having capacities ranging from 3 to 
1000 or more 25-candle-power lights, are next illustrated 
and described. These generators are of the automatic 
type, in which the supply of water to the carbide is 
controlled by the movements of a relatively small gas- 
holder. For the largest sizes a non-automatic generator 
can be supplied if desired. The non-automatic generators 
are provided with a larger gas-holder, and the admission 
of water to the carbide is regulated by hand. The 
catalogue also deals with portable lamps and generators, 
self-contained lamps for street-lighting and other pur- 








acetylene meters, cooking and heating stoves, 
low-pipes for welding, jet and ineandescent burners, &c. 
Both upright and inverted incandescent, burners are listed, 
and the firm states that with the latter type a light of 
75 candle-power is obtained with a gas consumption of 
3 cubic foot per hour. Photographs of a great number 
of country houses, large and small, in which the ‘‘A BC” 
system of lighting has been adopted have been reproduced 
in the catalogue, and testimonials from the owners of 
several of these houses show that the plants have given 
satisfaction for a number of years. Prices for generators, 
fittings, and all accessories are clearly stated. 


Primary Cells.—We have received from Messrs. Siemens 
Brothers and Co., Limited, Caxton House, Westminster, 
S.W., a copy of a new edition of their fluid battery cata- 
logue, and also a supplement dealing with **‘ Neotherm” 
copper -oxide cells. he catalogue is divided into three 
sections, two of which deal respectively with numerous 
patterns of Daniell cells and Leclanché cells. The third 
section is devoted to Bunsen, Grove, and bichromate 
cells. Prices, weights, dimensions, and other particulars 
are given of each type and pattern, and its relative ad- 
vantages are explained. The catalogue also states prices 
of materials for charging the cells. The ‘* Neotherm” 
cells consist of a flat rectangular iron vessel containing a 
solution of sodic hydrate, in which a flat zinc plate is im- 
mersed. The interior of the vessel is lined with copper 
oxide, which constitutes the depolarising agent, being 
gradually converted into spongy copper while the cell: is 
discharging. An important advantage of this cell is that 
the spongy copper can be re-oxidised a very large number 
of times by heating the iron vessel, so that it is only neces- 
sary to renew the electrolyte and the zinc element. For 
many purposes batteries of ‘‘ Neotherm” cells form 
an excellent substitute for small accumulators, over 
which they have the important advantages of not 
running down when idle, being mechanically stronger, 
and having a more regular rate of discharge ; they may 
also be short-circuited without permanent injury. Thecells 
are made in two sizes, of which the smaller has a capacity 
of 150 ampere-hours, with a discha 
the capacity of the larger cell is about twice as great. 
The electromotive force of each cell is 1 to 1.1 volts. 
Prices are stated for both single cells and batteries, and 
also for a regenerating oven specially designed for heating 
the iron vessels to restore the depolarising material. 


Electrical Thermometers.—A pamphlet describing the 
**Telethermometer,” an instrument for measuring com- 

ratively low temperatures, has come to hand from 
Messrs. Nalder Brothers and Thompson, Limited, 34, 
Queen-street, E.C. This instrument, originally suggested 
by Mr. A. B. Chatwood, has been specially designed for 
use in cold stores and on vessels carrying refrigerated 
produce. It is of the resistance type, and consists of two 
essential parts—an indicator and a temperature coil of fine 
wire. This coil, protected by a cylindrical case, open at 
one end, is placed in the position of which it is desired 
to measure the temperature, and the indicator, connected 
with it, can be placed any convenient distance away. 
The instrument works on the Wheatstone bridge prin- 
ciple, the temperature coil being one of the arms. The 
pr arms and the galvanometer are contained in the 
indicator-case. The galvanometer is of the moving-coil 
type, and, when a voltage is applied to the terminals, its 
indications are proportional to the change of resistance 
due to the variation of the temperature of the coil. The 
scale is practically evenly divided over the whole range, 
and is calibrated to read directly in degrees Fahrenheit 
or Centigrade. To operate the instrument a pressure of 
about 30 volts continuous current is used, and this is 
obtained by tappings from a high resistance placed acress 
the lighting mains, or by means of a hand-operated 
magneto-generator. The instrument is rendered indepen- 
dent of the applied voltage by means of an electro- 
magnetic controlling device situated witbin the case, so 
that variations of the pressure of the mains, or of the 
speed of the magneto-generator, are automatically com- 
pensated. It will be obvious that the temperature of 
any number of different rooms can be read with one indi- 
cator at a central point, if each room be provided with 
a temperature coil from which leads are taken to the 
central point, and, as the instrument is highly dead-beat, 
these different temperatures can read off in rapid 
succession. It is claimed that this system is simple, 
convenient, and accurate, and also that a great saving of 
time is effected when the temperatures of several different 
rooms have to be recorded at regular intervals. Prices 
are stated in the pamphlet. 





NaturaL Gas 1n GrerMANy.—Oil has been struck in 
recent years in a large number of bore holes made in 
various German districts north of the Harz mountains, 
notably near Wietze, Celle, and quite recently at Neuen- 
gamme, near Hamburg. In many cases natural gas 
escapes from the bore-holes, and attempts have been 
made to utilise this as fuel for boilers and for illu- 
mination. Most of these attempts have had to be given 
up again, however, because the gas supply failed, and the 
gas is now frequently allowed to escape into the atmos- 
phere, as the proprietors did not care to run the risk of 
putting down supply plant which might become useless 
in ashort time. For this reason the contemplated scheme 
of a common gas power-station has also been abandoned, 
although some of the gas is very pure, and has given great 
satisfaction when burnt directly in -engines. The 
tremendous rush of methane gas from Neuengamme bore- 
holes caused considerable attention last winter. uite 
recently the large balloon Hamburg II. has been filled 
with this ; owing to the strong wind the operation 
occupied 14 hours, 
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ROYAL METEOROLOGICAL SOCIETY. 


Tue first afternoon meeting of this Society for the 
present session was held on Wednesday, the 17th inst., 
at 70, Victoria-street, Westminster, Dr. H. N. Dickson, 
President, in the chair. 

Dr. H. R. Mill and Mr. C. Salter read a joint paper 
on “*The Frequency and Grouping of Wet Days in 
London.” The purpose of this paper is to place on record 
certain facts, derived from the ne homogeneous records 
of rainfall kept at Camden-square, bearing on a recent 
scheme for insurance inst rain risks. Days with a 
rainfall exceeding 0.20 in. only are dealt with, as this is 
the limit adopted in several of the policies of insurance. 
The discussion is, of course, strictly applicable to London 
only ; but it will probably apply fairly well to other 
inland stations in the south-east of England. 

The authors have examined a number of instances in 
which an insurance under one or two of the forms of 
policy offered would have resulted in a claim had a 
person in London insured every day for the week com- 
mencing that day during the whole period of 52 years. 
The actual compensation yielded by each 1/. invested 
during each seven-day period, from 1859-1910, would have 
been as follow :— 


2 . . 
‘ ° 3) = . e . s ° ‘ - 
eit ia BIPISiS| PIB Ss Bi gigs 
oS @ = a 3s = = 5 | ° 7 
Sitia leis lSiF/ 2/8/83 iki 4le 


8/8 | 6/5 6/10 4/1 
9/1 | 8/6 |7/10 7/7 





4/9 11/3|10/7| 11/1 |10/1 18/10 15/9/11/1/10/- 
9/1 11/3/11/4}10/10 10/- 13/10 12/8 10/8|10/9 


> | Policy. 


Mr. E. Mawley read his ‘‘ Report on the Phenological 
Observations for 1910.” The most noteworthy features of 
the phenological year ending November, 1910, as affecting 
vegetation, were the continuous and heavy rainfall in 
February, a sudden change from cold to warm weather in 
the middle of May, the great dryness of September, and 
the heavy rains and low night temperatures in November. 
During the greater part of the year wild plants came into 
lossom behind their usual time, the departures from the 
average being greatest at the end of April and the 
beginning of May. Such early spring migrants as the 
swallow, cuckoo, and nightingale made their appearance 
at about their usual dates. The only deficient farm cro’ 
were wheat, barley, and peas. On the other hand, the 
yield of oats, beans, potatoes, turnips, mangolds, and hay 
were above the average, and more especially beans, 
turnips, and hay. The crop of apples, pears, and plums 
was much under average, while all the small fruits, except 
strawberries, which yielded well, were also rather under 
average. 





Tur Eaneér-Hotmstrém Strrone-Current Myoro- 
PHONE.—The Swedish Egnér-Holmstriém strong-current 
microphone, which has been mentioned in ENGINEERING on 

revious occasions, has recently been put to further tests. 

he Danish State Telephones have worked it on the Copen- 
hagen-Skaw line—the longest in Denmark—as well as on 
the ordinary lines, with a somewhat stronger current, and 
the results have been exceedingly favourable. Experi- 
ments are at present being carried out on the Berlin- 
Stockholm line, in addition to which several instruments 
are being tested on different German lines. About 500 
sets of apparatus are being made in Sweden for the 
purpose of placing them on different lines within the 
country. 





Cost or Snip Construction AND REPAIR IN THE 
Unirep States.—The following information is from the 
report by H.M. Consul-General at New York, on the 
trade of that district in the year 1910, which will shortly 
be issued :—H.M. Consul-General was asked why it was 
that repairs to damaged ships could be carried out as 
cheaply in the United States, where the cost of labour 
and materials was high, as they could be effected in the 
United Kingdom. e whole question was examined, 
and it was found that, roughly speaking, such repairs 
would cost from 50 to 75 per cent. more in an American 
yard than they would in a British yard. In the special 
cases—viz., the repairs to the steamships Florida and 
Cartago, which were instanced as proof of the assertion 
to the contrary, business conditions were not normal. 
The American dry docks were empty, and there was the 
keenest competition for the work among the different 
applicants. The securing of the orders meant keeping 
the works open, and the failure to do so would have 
entailed the shutting down of the concern, with discharge 
of men and deterioration of machinery. The terders 
made therefore were, in view of the special circumstances 
ruling, far below the normal rates. Under ordinary 
circumstances they would have been at least 30 per cent. 
higher. This is, indeed, evidenced by the tenders 
actually made, which ruled as follows, the highest and 
lowest tenders being quoted :—Florida, 48,000 dols. and 
36,500 dols.; the Cartago, 159,000 dols. and 83,850 dols. 
The case was much the same at the time when the 
contract for the Argentine Dreadnoughts was secured 
for an American firm. The American yards were short 
of work, and preferred to accept an offer on which they 
would make but a small profit rather than shut up their 
sho discharge valuable employees, and allow their 
machinery to deteriorate. Moreover, owing to slackness 
of home naval orders, the rolling-mills were also looking 
for work, and were willing, for the same reason, to 
deliver plates, &c., at lower rates than usual. Neither 
must it be forgotten that under Section 19 of the Tariff 
Act of 1900 a vessel can be built in the United States for 
export much more cheaply than she could be built for the 
home trade, inasmuch as all materials necessary for the 
construction of a vessel for export, and for its own outfit 
| and equipment, can be introduced duty free. 
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Fie. 1. 


In one sense the use of a radiation pyrometer as a| 
means of estimating temperatures is probably pre- 
historic. For centuries past skilled workmen have 
estimated the temperatures of furnaces and of pieces 
of work under manipulation by the character of the 
radiation received by the eye, which, as thus used, is 
undoubtedly the earliest of radiation pyrometers. 
Eye estimates of temperature, though often wonder- | 
fully accurate, are nevertheless solely dependent on 
the skill and training of the attendant, and the intro- 
duction by M. Féry of an instrument which would 
record in definite figures the temperature of any 
furnace at which it was directed was thus a great step 
in advance. 

The Foster fixed-focus radiation pyrometer, which 
we illustrate on this page, is, of course, based on the 
same laws of radiation as was the original instrument 
of M. Féry. It has, however, been specially designed 
for workshop use, — simple to manipulate, and not 
easily damaged by careless handling. 

The instrument complete, with its indicator, is 
represented in Fig. 1. It consists essentially of an 
aluminium tube about 2 ft. long and 17 in. in diameter. 
At the one end it is fitted with a thermopile, which is 
coupled up to an ammeter (having a scale divided to give 
direct readings of —e and at the other end 
it is open, this open end being directed at the furnace 
or other object of which the temperature is to be 
measured. In use the indicator is carried on the left 
arm, and the open end of the tube pointed to the 
peephole of a furnace, the temperature of which is at 
once indicated on the dial. No focussing is required, 
and the ammeter used is unaffected by being out of 
level, giving the same reading whether placed hori- 
zontally or vertically. It is a robust instrument, and 
does not need to have its coil clamped when being 
carried. If a series of measurements extending over a 
considerable time are needed, the instrument is fixed 
on a portable tripod, to which the indicator can also 
be hooked. The only precaution it is necessary to 
observe in using the instrument is that its distance 
from the object of which the temperature is to be 
measured must not be more than ten times the 
diameter of the object. Thus, if the peephole into 
a furnace is 3 in. by 3 in., the mid-point of the instru- 
ment must not be more than 30 in. away from. the 
opening. It is not necessary, it should be understood, 
to place the instrument at this definite distance, since 
any less distance will do. 

The principle on which the instrument is constructed 
is best shown by the diagrammatic view given in Fig. 2. 
Here N M PQ represents the aluminium tube consti- 
tuting the body of the meter. The thermopile is 
fixed at D, and on this the radiation entering at 
the opening EF is concentrated by the concave 
mirror shown at C. The thermopile at D replaces 
the eye of the trained workman, which, as already 
stated, is really the earliest of all radiation pyro- 
meters. The condition for the proper operation 
of the instrument is therefore that an eye placed 
at D should not be able te see round or to one 
side of any hot object, such as AB. Any ray 
lying outside the cone defined by the dotted lines 
A E GF B will, it is obvious, miss the edge of the 
mirror C, and thus fail to be reflected to an eye situated 
at D. Any body uniformly illuminated will, however, 
appear equally bright, whatever its distance, from D, 

rovided that it extends beyond the limits of the cone 

tGF. It is true that the intensity of the light sent 
from each particle of such a surface falls off inversely 
as the square of its distance from G; but since the 
base of a cone with a given apex angle is proportional 
to the height of the cone, the number of such particles 
included in the base of the cone is proportional to the 
square of the distance of A B from G, so that the two 
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effects exactly compensate each other, and in the con- 
ditions named above the total radiation received at D 
is, as stated, independent of the distance between G 
and A B. 

Details of the construction of the pyrometer are 
shown in Figs. 3to1l. The inner yl ace shown 
in Fig. 5 are provided to prevent the possibility of 
stray radiation being reflected from the inner wall of 


the tube to the mirror, and thence to the thermopile. | 


The latter is mounted on a flat spring, which is shown 
separately in Fig. 10. This ensures the thermopile 
against injury in case of the tube being accidentally 
dropped. A two-wire cable is used to connect the 
thermopile with the indicator. This has a ‘‘con- 
centric” socket, and both contacts are made by screw- 
ing the socket home on the screw shown at the back 
of the instrument. 

The instrument obeys with considerable accuracy 
the law that the radiation varies as the fourth power 
of the absolute temperature. Were it possible to get 
an absolutely ‘‘ black” thermopile, it would follow the 
law stated exactly. The departure is, however, small, 
and is eliminated by the calibration of the indicator. 

The instrument is generally used for measuring fur- 
nace temperatures, and is graduated —— It 
is not absolutely necessary that there shoul an 
actual opening into the furnace, since, where this is 
pete ser og a tube with a closed bottom can be 
through the furnace wall. The bottom of this tube 
will be at the same temperature as the interior of the 
furnace, and this temperature can be measured by 
directing the pyrometer to the bottom of the tube. 

In some cases, a3, for instance, in the hardening of 
leaf springs, the furnace temperature is much higher 
than that to which it is desired to raise the objects 
passing through it. The pyrometer we have described 
has proved of, great service in such cases, since by it 
the actual temperature attained by the objects can be 
read off directly. A certain correction is, of course, 

uired in such cases to allow for the fac’ that iron 
oxide does not radiate in quite the same way as does a 
black body. This correction is easily allowed for, and, 
if desired, the makers—the Foster Instrument Com- 
pany, of Letchworth—will supply indicators graduated 
tosuit. The instrunrent has also been used to measure 
the temperature of blooms, billets, and rails during 
the process of rolling. 

The standard patterns of the instrument are sup- 

lied for two ranges of temperature—viz., from 
500 deg. up to 1400 deg. Cent., and from 900 deg. up 
to 1800 deg. Cent. One of these, taken at random 
from stock, was sent to the National Physical Labora- 
tory, and its accuracy tested, with the following 
results :— 


Reading of — 
Instrument. Correction. instrument. Correction. 
70 -10 1100 + 10 
800 0 1200 +10 
see 0 1300 +10 
1000 0 








Pig 1n GerMany.—The production of pig in Germany 
| and the Luxembourg in April was 1,285,395 tons, as com- 
| pared with 1,202,117 tons in April, 1910 ; 1,047,197 tons in 
| April, 1909 ; 979,866 tons in April, 1908 ; and 1,077,703 
| tons in April, 1907. The metallurgical resources of Ger- 
many would appear, accordingly, to be steadily expand- 
ing. The production for the first four months of this 
year showed an increase of 386,077 tons, as compared 
with the first four months of 1910. 





Tue ‘‘Bruston” AvuToMATic ExEcTRIC GENERATING 
Systrm.—During the last eighteen months a very handy 
and ingenious form of apparatus has been devised, by 
Messrs. R. A. Lister and Co., Limited, of Dursley, for 
the automatic generation of electricity. Although the 
apparatus has, during the time named, been in successful 
operation, it is only since the beginning of April that it 
has been brought prominently went ; it may now be 
seen at work on the premises of the makers, 47, Victoria- 
street, Westminster. The ‘‘Bruston” system, as it has 
been named, generates electricity automatically imme- 
diately it is required for lighting or any other purpose, 
and does away with the necessity of large, expensive 
batteries. The apparatus consists of a low-s petrol 
or gas-engine of stan design, the only addition to 
which is a simple valve-lifter for relieving the com- 
pression when starting the engine. The engine drives 
a shunt-wound dynamo of standard type by means 
of a belt, the whole being fixed to a bed that can 
be placed on a pad of felt on the floor, no holding- 
down bolts being required. The tank for the ag | 
water, and the controller for the en, are fixec 
on the same bed as the engine and dynamo. In addi- 
tion, there is a switchboard containing an ammeter 
for the current » an ammeter for the current wen | 
generated, a voltmeter, a Bruston patent relay, whic 
controls the starting and stopping of the plant, a safety 
circuit-breaker for protecting the battery and dynamo, 
and a safety fuse for protecting the wiring. The plant is 
started by switching on three or four lamps, these being 
lighted from the battery. When more lamps are switched 
on, the extra current required causes the relay (which is 
an automatic switch) to be put intoaction, and the current 
from the battery then passes through the controller, and 
is delivered to the dynamo, which then acts asa motor and 
turns in the same direction as the engine, to which it 
is connected by the belt, the engine turning as though 
it was started by hand. The engine then begins 
firing, and overcoming the motor effect of the dynamo, 
generates electricity, delivering current direct to the 
lamps, and, in course of time, replacing the energy that 
has been taken from the battery, in order to start the 
dynamo. If the number’of lamps required is less than 
that necessary to start the plant, the voltage of 
the battery will drop, but such drop will also actuate 
the relay and cause the plant to start up and re- 
charge the battery. When the lamps are switched off 
and the battery has been charged up to the standard 
voltage, the plant automatically stops. One of the chief 
features of the appliance is the way in which the com- 
pression of the engine can be cut out when required at 
starting. The plant on view in Victoria-street is of 
24 horse-power, and can supply 120 12-candle-power 
metallic filament lamps The makers claim that they 
can lock the machine in a room and have it used for 
several weeks without any attention, 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 

OATIONS UNDER THE ACT OF 1907. 

umber of views given in the Specification Drawings is stated 

“in wach case; where none ts mentioned, the Speiotion tt at 

Where inventions are communicated from abroad, the Names, é£c., 
of the Communicators are given in b 

i ; ined at the Patent Office, Sale 


Or Te feehommt Dedigst 


Buildings, Chancery-lane, W.C., at 
the uniform 
he 


ice of 8d. 
date of the advertisement of the nce of a Complete 
Specification is, in each case, given after abstract, unless the 
atent has been sealed, when the date of sealing is given. 
Any person may, at any time within two months from the date of 
the advertisement of the nce of a Complete Specification, 
give notice at the Patent Office of ion to the grant of a 
Patent on any of the grow mentioned in the Act. 


ELECTRICAL APPARATUS. 


28,356/10. Siemens Schuckertwerke, G.m.b.H., 
Berlin, Germany. - hts. [1 Fig.) January 26, 
1910.—In arc-lamps for use in search-lights having a metal-coated 
negative carbon and a protecting tray, envelope, or the like of 
fire-proof material placed below the negative carbon to protect it 
from the hot flames, and collect the drops of molten metal which 
detach themselves from the said carbon, the tray is, according to 
the present invention, made of a good heat-conducting metal 
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for example, of copper—instead of fire-proof material. The pro- 
tecting tray has the form of a half hollow cylinder a, with a rein- 
forcement b at one end. It is carried by a metal bow ¢, which is 
fastened to an iron ring g, which is usually used for centering the 
arc. The prejudicial action of the hot flames of the arc on 
the negative carbon is prevented by a, and the latter also catches 
and collects the drops of molten metal f. (Accepted March 29, 
1911.) 


847/11. A. P. Lundberg, G. C. Lundberg, and P. A. 
Lundberg, London. Plug-and-Socket Connections. 
{1 Fig.) January 12, ag aN og wy | to this invention, the 
split pins are carried in bushings let into the circular disc of 
insulating material, and these bushings are of insulating material 
that is impervious to atmospheric infl and moisture. The 
arrangement is such that the split pins are insulated by the 
bushings, and it may be in addition by washers from the circular 
disc, and that, whatever be the condition of this disc, the insula- 
tion resistance is maintained. 1 is the body or member into the 
interior of which the ends of the flexible and insulated conductors 











are passed, and to which the circular disc 2 of insulating material 
is attached. 3 are the split pins. 4 is a bushing of insulating 
material that is impervious to atmospheric influence and moisture, 
and is used to line the hole in the disc 2 through which the pin 3 
passes. 5 are washers of this insulating material, and 6 are metal 
washers which are pp down by the screwing together of the 
component parts of a y 3 upon the washers 5. The pins 3 are 
made in two parts, as shown, and are connected together by the 
one part being formed with a tapped hole, with which engages the 
threaded shank of the other part. The bushings 4 and washers 5 
are preferably made of mica. (Accepted March 29, 1911.) 


LIFTING AND HAULING APPLIANCES. 


_ 9019/10. J. J. Royle, Manchester. draulic Lifts. 
(7 Figs.) April 14, 1910.—According to this invention, motion- 
multiplying gear for hydraulic lifts and cranes consists of a rolling 
drum or drums of varying diameters, and ro secured thereto 
in such manner as to cause the drums under the pull of the 
hydraulic ram to roll towards the ram or in the direction of the 
pull, and means percep ney movement of the drums is used to 
raise the cage or other object atan accelerated rate. Use is made 
of a compound drum having two diameters, and the preferred 


by the cage, and similarly the weight of the cage is balan ) 
the drums, the weight of the cage slightly preponderatin 7 4 
extent sufficient to allow of the cage descending when the ram 
moves in. By thus counterbalancing the cage and drums the 
ram is left only the work of raising the unbalanced portion of the 
cage and the load. With ithe ropes g, g acting upon the sinaller 
drums }, }, the effect of the ram in moving downwards will be to 
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(90/8 y ai 
cause the compound drum to rotate about an imaginary centre 


coincident with a point on the periphery of the larger drum, and 
further to cause the drums to roll downwards and towards the ram. 
By the drums thus rolling downwards, the cage, through the 
ropes h, is raised at an accelerated rate relatively to the move- 
ment of the ram and double that of the drums. (Accepted 
March 22, 1911.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


24,157/10. Firm Robert Bosch, Stu t, Ger . 
tting Motion. [4 Figs.) December 10, 1909.—The 
invention relates to an apparatus for transmitting the drive to 
machine parts, the speed of which is to be varied independently 
of the speed of the driving parts, and, according thereto, the 
coupling between the driving and driven members is effected by 
means of clamping rollers, which engage in one direction of 
motion only, and are provided with means for causing the rollers 
to disengage after executing a predetermined part of the stroke. 
a isa sleeve, keyed on the shaft a! to be driven. In the view 
shown the front end plate has been removed, so that only the 
cylindrical walls of the sleeve appear. The driving coupling 
member consists in a cylindrical part J fitting loosely on the 
sleeve a and fixed to a plate, to which is fixed an operating 
lever d, which receives reciprocating motion in any manner. 
On the periphery of the part } cavities f, fare provided. These 
cavities are somewhat inclined, and in each a coupling roller c is 
laced, which is . by a spring towards the narrower end. 
e springs tend, therefore, to couple the driving and driven 
members together. At their open ends the cavities /,/ are 
formed to serve as bearings for pawls h,h. The one press 
the rollers c, ¢ against the tails of the pawls /,/, and tend 
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thereby to turn the pawls inwards. The releasing device consists 





construction of compound drum is with the part of large di 
The 


in an lar flange | which surrounds the nave of the driven 





central to and lying between the parts of small diameter. 
large and small parts are referred to as the drum and the 
small drum or drums. a is the large drum, and b,) the small 
drums ; ¢ is the eto be raised and lowered; d the hydraulic 
cylinder, and d! the ram; e is the hoist structure. Secured at 
one end to the drum a are two wire ropes f, f, which at their other 
ends are secured to a cross-bar at the top of the hoist structure. 
Secured at one end to the drums b, ) are two further wire ropes 
’) 9, which at their other ends are secured to the crosshead of the 
hydraulic ram. _When the compound drum is at the highest 
point of its vertical movement, the ropes f, f are coiled around 
a drum a, and the ropes £ g are uncoiled off the drums }, b. 
hen the compound drum is at its lowest point the ropes f, f are 
uncoiled off the drum a, and the ropes g, g are coiled around the 
drums 6, , With the ropes g, g connected to the drums b, b the 
Grams are not sustained by the ram, and if left to themselves 
would fall down. Means are therefore requi to ce the 
Weight of the drums, and for this purpose the drums are con- 
nected to the cage ¢ by a rope or ropes h which over a 


pling member. At the upper end of the flange three cavities 
are provided corresponding with the three pawis h, h, in 
which cavities the noses of the pawls en; In the direction of 
the driving stroke the three cavities each end in an inclined sur- 
face. To the annular flange / a lever m js fixed, which can be 
rotated through an angle co ing with the length of the 
cavities. The lever d is given an oscillatory motion, and at each 
stroke counter clockwise the rollers c, ¢ lock themselves between 
the surfaces of the cavities /,f and the sleeve a, and the driven 

ling ber i tated with the lever. At each clockwise 
stroke the rollers c,c roll ‘off the surfaces of the cavities /, f and 
the driven coupling member remains at rest. On the ro mn of 
the part b, however, the pawls A,h are also rotated, and if the 
releasing device | is so adjusted that the noses of the pawls arrive 
at the inclined surfaces at any time during the stroke, then the 
pawls are forced outwards, their tails press the rollers c, c against 
the springs and so release the coupling. Thus, according to the 
position of the releasing device / or lever m, the coupling may be 
rel at any moment during the working stroke of the part J. 








carrier pulley i, 


Insuch way the weight of the drums is balanced 





PRINTING AND ALLIED MACHINERY. 
a’ 485/10. George Mann and Co., Limited, and A. 


Machines. [1 Fig.) June if ee Ithographts 


athe for direct printing or offset printing, the 
ind wherein, in order to obtain a ially good rolling of the ink 
on the plate which carries the dealan, the cylinder which carries 
this plate performs two or more revolutions for each impression 
of the sheet to be printed, the damping rollers are carried, 
according to this invention, on swinging brackets or some equi- 
valent device in a manner usual with single-revolution plate 
cylinders, and are subjected to the action of a cam motion or the 
like, so that they come into contact with the plate immediately 
after an impression has been taken from the cylinder, remain in 
contact for an integral number of revolutions—always less than 
the number of revolutions of the plate in one cycle—and do not 
again come into contact with the plate until another impression 
has been taken. The use of such mechanism gives a more effective 
roll of the inking-rollers, because the surface water has been re- 
moved from the plate by the first roll of the inking-rollers, and in 
this way it is possible to use a smaller number of inking rollers 
than is usually the case, A is the plate cylinder carryirg the 
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design to be printed. The printing surface of the cylinder extends 
from a? toa! in the longer direction circumferentially. B!, B® are 
damping rollers carried on swinging brackets, of which one C is 
shown in the drawing. The brackets C are keyed to a shaft D, 
to which is also keyed a cam lever E carrying a roller F which 
engages a cam G revolving together with a wheel H, the revolu- 
tions of which cor nd exactly with complete cycles of the 
machine. J, J are inking-rollers, The plate cylinder A makes 
two revolutions in one complete cycle of the machine, and the 
operation of the machine is as follows :—Immediately after an im- 
pression has been taken from the design surface a2, a!, and during 
the first revolution of the plate cylinder A, the damping-rollers 
B!, B? are lifted by the operation of the cam G when the gap 
between a!, a2 is opposite the damping-rollers B!, B2, so that these 
latter come into contact with and roll the complete — 
surface a2, a!, which is also rolled subsequently during this revolu- 
tion by the inking-rollers J. When the gap between aland a? 
is opposite the damping-rollers B!, B2 during the second revolu- 
tion of the plate cylinder A, the damping-rollers B!, B® are 
lowered out of contact with the design surface a!, a2, which is 
therefore rolled only by the inking-rollers J. Immediately after 
this second roll of the inking-rollers J, an impression is taken 
from the design surface a2, a!. (Accepted March 22, 1911.) 


9245/10. R.G. Morton, Senr., and T. M. G. Morton, 
Errol. Air-Exhausting Pumps. (6 Figs.) April 16, 
1910.—In air-exhausting pumps in which the piston controls 
inlet ports in the cylinder wall, and itself carries a valve, the 
cylinder is open at the top, and the valve at the bottom of the 
trunk piston exhausts directly intothe atmosphere. 1 is a single- 
acting vertical cylinder with trunk piston 2. In the bottom of the 
piston is a small valve 4 which can open when such piston is 
moving towards the bottom of the cylinder, the valve-seating 
being not more than flush with the end of the piston. The piston 
clearance is as smal! as possible. On the side of the cylinder is an 
annular or part annular 6, situated near the upper limit 
of the stroke of the piston, and in this passage are a series of air- 
inlet holes communicating with the inside of the cylinder, The 
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passage 6 is ted to the vessel containing the air which is 
to be exhausted. The air-exhaust pump acts in the following 
manner :—When the trunk-piston 2 moves away from the bottom 
of the cylinder, the valve 4 is closed by atmospheric pressure, or by 
a pressure greater than that within the cylinder, and the air in 
the clearance space becomes juced, the uction ually 
increasing with the travel of the piston until the air inlets are 
——- and uncovered by the piston. When this occurs, the air 
rom the chamber or vessel being ex! through the 
holes in the side of the cylinder until the pressure in the vessel 
and the pressure in the cylinder are about equal. On the return 
stroke the piston 2 closes these inlets, with the consequence that 
the air in thecylinder is compressed to an extent su nt to open 
the valve 4, thus allowing the air to escape. (Accepted March 22, 


1911 
RAILWAYS AND TRAMWAYS. 


6006/10. L. B. Stevens, London. nailing Asee 
ratus. (4 Figs.) September 10, 1910.—This invention compr' 
improvements in rockers for safety locking-bars for railway switch 
and signalling apparatus. ccording to this invention, the 
counterweight is supported on a crank-arm fixed to the rocker, 
but extending from the axis in the te direction of the 








(4ccepted March 29, 1911.) 


rocker-lever—that is, in a downward direction. As shown, the 
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rocking-lever a is fixed by a split-pin toa rocking-pin b mounted to 
oscillate in inclined ngs ¢, cl in a bracket d secured to the raile, 
and provided with the usual stops to limit the motion of the lever. 
A crank g is also fixed to the rocking-pin b, and carries the counter- 
weight h, which is slotted to receive the arm of the crank on which 
it is detachably held by a split-pin. It will be understood that 

















the length of the crank g or its position in the weight h must 
be such that the weight is kept above the ballast of the per- 
manent-way when in its lowest B oa me The upper end of the 
rocking-lever a is connected with the locking-bar j by a stud-pin, 
and is also formed with the lug on wh'ch the bar rests. (4ccepted 
March 22, 1911.) 


6732/10. E. Peckham and F. 8. Audrews, London. 
way and Tramway Trucks. (6 Figs.) March 17, 
1910.—The invention relates icularly to a suspension device 
by means of which the car-truck is suspended from the axle- 
journal boxes in such a manner to permit a pendulum-like swing of 
the suspension links to allow a lateral movement of the vehicles, 
independent of the wheels and axlés. In carrying out the inven- 
tion as applied to trucks in which the axles are capable of radial 
movement independently of the truck, the yoke 6 is made wide 
enough to allow clearance betweén the sides of the yoke and 
journal-box 2, and between the stay-bar or yoke-brace A and the 
suspended plank 1 an intermediate sliding member 13 is inter- 
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sed, The suspension links 3 through perforations in this 
ntermediate member 13, which is adapted to slide on rollers longi- 
ae along the underside of the yoke-brace A, and between 
the sliding member and the suspended agp 1 are interposed the 
supporting-springs 5. By means of this swivelling support the 
axle and journal-boxes are free to slightly turn independently of 
the suspension device. It will be understood in this embodiment 
of the invention the oprentegs of the link suspension are retained 
even though the axle is capable of a radial movement, this radia- 
tion being permitted by the aforesaid swivelling support of the 
links and the sliding movement of the member 13 along the yoke- 
brace A. (Accepted March 22, 1911.) 


7474/10. T. Locker, Chesterfield. Carriage and 
Wagon Coup (2 Figs.) March 26, 1910.—In carrying 
out this invention, the draw-bar A is provided with means of 
attachment to the vehicle and is preferably flattened at its for- 
ward end to a thickness 2 apy f equal to that of the hook 
B. This end of the draw-bar Ais provided with an enlarged head 
© of a T-shape. The hook B is provided with a recess D in the 
form of an undercut slot shaped to receive the enlarged head C 
and open on at least one face of the hook. The recess D may be, 
and preferably is, extended as shown at D! to furnish means for 
the attachment of the coupling-link E, the extension D! being 








open on both sides of the hook. In assembling the parts, the link 
E is first passed through the recess D into the extension D! and 
the hook B is then moved sideways, so that the enlarged head C 
enters into the recess D. The are then locked in engage- 
ment with one another by means of a collar or clip F passing 
round the head © and recess D. It will be appreciated that by 
the employment of this invention the draw-bar hook B may be 
removed. and —— without a weld and without removing the 
draw-bar, and t the ym ig E will {be securely locked in 
place by the same simple operation by which the hook is attached 
to the draw-bar. (Accepted March 29, 1911.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 

7896/10. W. L. Spence, Ginegow. Turbine Speed- 
Reducing Gear. (3 Figs.) ane 2, 1910.—The invention 
relates to speed-reducing gear applicable to the turbine ‘propul- 





sion of steamers, and more particularly to gears of the ty 

described in Specification No. 9716, of 1907. Triplex gears mate 
in acco! with this specification are double reduction spur 
gears with the high-speed and low-speed shafts in line, and with 





their ends in close proximity. They are connected by three 
countershafts, each carrying a wheel and pinion placed 120 deg. 
apart round the main axis of transmission. According to this 
invention, the first-motion gear is double helical, and the second- 
motion gear (countershaft pinions and slow-speed wheel) is single 
helical, so that end thrust is set up in each countershaft and in 
the slow-speed shaft. The angle of teeth is chosen so that this 
thrust is of moderate magnitude, and in the-wheel such that it 
ong any thrust on the slow-speed shaft, as that due to a pro- 
peller. The thrust on the countershaft is taken up by ball or 
other thrust-bearings spring -supported. The springs form 
a means of estimating the thrust, and consequently the 
load on each shaft, and by setting up one way or another 
the thrust can be equalised, as the shafts are capable of 
axial movement. The double helical wheel R is mounted 
on a castellated shaft. The pinion P is single helical, and 
by reaction with the slow-speed wheel (not shown) sets 
up end pressure on its shaft. This end pressure is taken 
up by the ball-bearing B. A number of studs T are screwed 
into the gear-casing GC, and flanges F and F!, having be- 
tween them springs 8, are free to slide over these studs. The 
flange F is prevented from moving away from the casing by lock- 
nuts on the studs T, but it is free to travel:inwards. The flange 
B! of the thrust-bearing B is drilled for studs Y, which at the end 
remote from the thrust-bearing are screwed into a flange F? 
abutting upon the gear-case GU. Flange F! is prevented from 
moving up inst F2 by the lock-nuts shown. With outward 

ressure of the countershaft C S upon the thrust-bearing B the 

ange F'! is drawn outward by the studs Y, and the springs S are 
compressed against the flange F. Inward pressure maintains 
contact between the flanges B! and F, and compresses the springs 
S against the flange F!. It will be obvious that the springs can 
be moved bodily to right or left hand, and can be compressed or 
released by objantion the position of the lock-nuts shown. 
(Accepted March 29, 1911.) 


25,966/10. R. Copeland, Walisend-on-Tyne. Metallic 
[3 Figs.] November 8, 1910.—According to this 

invention, the stuffing-box rings are formed with raised or pro- 
jecting annular seats, against which the segmental packing-rings 
or the clamping or connecting members thereof take a narrow 
central bearing, so as to leave the packing-rings free to make a 
good joint with the adjacent faces of the adjoining stuffing-box 
rings, and the annular seats are provided with extended flanges 
or rims, ¢, ¢ are pany Me = arranged in chambers formed by 
rings ¢, e¢ assembled in the stuffing-box. The packing-rings c, ¢ 
are made in segments secured together by clamping or junction- 
pieces /, fand springs g, 7. The pieces /. f are of |.-section, and 
are arranged at the junctions of the segments of the rings ¢, ¢, 
with their horizontal components overlapping the upper faces of 
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the ends of the sections, and the springs y, 9 are connected 
to the pieces /, / and press the segments of the rings ¢, ¢ and the 
inner peripheries of the horizontal components of the pieces /, 
against the rod. The rings ¢,¢ are of L-shape in section, but, 
instead of the horizontal members being plain, as hitherto, the 
inner faces thereof are formed with projecting annular seats j, j 
having extended flanges. The pieces /, / bear against the annular 
seats j, j, and press the lower faces or ends of the packing-rings 
firmly against the upper faces of the horizontal members h, / of 
the rings e, ¢, and the packing-rings c, ¢ are thus caused to make 
good joints with the members /, A. All the stuffing-box rings 
may be formed with annular seats j, j, but preferably the first 
and last rings are of ordinary or plain section. (Accepted 
March 22, 1911.) 


SHIPS AND NAUTICAL APPLIANCES. 


21,341/10. J. W. Jack, Southampton. Submarine 
Veasels. [3 Figs.) September 13, 1910.—The main objects of this 
invention are to provide means whereby an internal-combustion 
engine may be used in a submarine vessel during salvage opera- 
tions, whilst submerged, without disturbing in any way the 
equilibrium, and whereby a float or buoy employed for sustaining 
air-inlet and exhaust pipes may be readily moved from one place 
to another. The buoy @ supports an air-supply pipe b of flexible 
armoured hose and a flexible armoured hose exhaust-pipe e. The 
engine f drives pumps connected to the oil-fuel tank p and to the 
carburettor of the engine, so as to supply the necessary oil-fuel to 
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the engine for combustion, and to tanks g and to the exterior of 
the vessel, so as to —- water into the tanks ¢ simultaneously 
with the pumping of oil out of the tank p. © pumps are so 
arranged that the weight of oil pumped out of the tank p is equal 
to the weight of water pumped into the tanks g, the water being 
equally distributed between the two tanks y. By this means the 
centre of gravity and total weight of the vessel are unaltered 
during the running of the engine!/, and consequently the engine 
can be kept working as long as desired without any trouble as to 
readjustment of balance. e exhaust from the engine is taken 
direct to the surface through the pipe ¢, so that no disturbing 
effect to the equilibrium of the vessel is caused thereby, and this 





also ensures the engine exhausting at atmospheric pressure, so as 
to obtain a maximum efficiency. The buoy @ is of an elongated 
or boat shape, as shown, in order to facilitate towing when this is 
necessary, and is also provided with inclined fins, arranged so as 
to tend to raise the head of the buoy when being towed, and 
thereby assist in preventing the waves from washing over the 
buoy and getting into the pipes b, e. (Accepted March 22, 1911.) 


TEXTILE MACHINERY. 

21,629/10. O. Hibbert, Hyde. Looms. [2 Figs.) Sept- 
ember 17, 1910.—This invention relates to the more efficient ap- 
plication of power to looms for weaving. According to, and for 
the _ of, this invention, an adjustable bracket b is fitted 
on the loom-frame a near the driving-strap ¢, and suspended 
from the bracket by a rod or bar d, adjustably connected to the 





bracket b, is a flanged weight or pulley e, whose position on the 
rod f is also adjustable. The bracket » is placed at such an anzle 
that the weight or pulley will rest against the driving-strap. By 
these means the strap is always in tension while rr or de- 
livering the shuttle, and the tension is relieved immediately 
after the delivery of the shuttle (Accepted March 22, 1911.) 


6684/10. A. E. Drew, J. Arkins and W. Dean, 
Bolton. Spinning, Doubling, and Fo: Cops. 
(20 Figs.) March 17, 1910.—This invention refers to apparatus for 


spinning, doubling, and forming cops on the bare spindle on 
frames of the ring or flyer type, and consists in providing a loose 
but controlled spindle in a driven tube or socket, the loose spindle 
being able to accommodate itself to the variations of the tension 
of the yarn, —— to the requirements in the formation of 
the cop. A twister is provided for pottiog the required twist 
into the yarn, and consists of a driven ring large enough for the 
cop to pass through. This ring or twister is provided with a 
wharve for driving purposes, and rotates on a bearing fitted on the 
rail. Travellers, eyes or slots, through which the yarn is led, are 
provided on or in the rim of the driven ring, or twister, which is 
driven independently of the tube or socket containing the loose 
spindle. a designates the frame of the machine, ) the bottom 
row of drawing rollers, ¢ guides over which the threads pass on 
their way to the ring-twisters ¢, f the loose spindles, g the 
spindle-tubes or sockets, h the top and A! the bottom stationary 
rail, i the top and i! the bottom lifting rail, k one of the stationary 
guides for the lifting-rails, 1 one of the chains secured to the 
lifting-rails 7,7! for raising and lowering the same, and thereby 
imparting the required rising and falling motion to the driven 
spindle-tubes or sockets g and spindles f. Each loose spindle / is 
fitted in a driven tube or socket 7. The driven ring or twister ¢ 
may be constructed in any convenient way, and may comprise a 
combined body and wharve grooved to receive a band driven 
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from a tin drum. The body is mounted upon a boss or cup 
fixed in the stationary rail, and the combined body and wharve 
rotate upon an idle ring or washer. A traveller is mounted 
on the combined body ani wharve, and the thread 8 
through such traveller on its way to the bare spin le /. 


The spindle-tube g has a footstep formed upon it, and = 
in e 


footstep is ween in a footstep bearing secured 
lower lifting-rail 1, The ery gee g is also supported and 
guided by a bolster-bearing 


eld in the upper lifting-rail i. The 
spindle-tube g containing the loose spindle f is driven in an) 
convenient and known manner at a quicker rate of speed than 
that of the driven ring or twister e; and driving connection 
between the spindle tube g and the wharve, through which it 
slides vertically up and down, is effected by any suitable means. 
Although the spindle / fits loosely in its driving tube g, with 
which it rises and falis, it is nevertheless rotated with it. The 
spindle f fits with such ease or freedom in its tube g that its 
velocity is retarded as required merely by the pull or tension of 
the yarn, according to the varying diameters formed during the 
building of the cop, and in order to ensure an even tension of the 
yarn throughout. The lifting-rails i, (1, which move up and down 
during the formation of the cop, are moved sufficiently rapidly 
by their actuating chains / during the motion which effects the 
crossing of the yarn on the cop in order to give only a few turrs 
of yarn in the uired direction, as in the case of mule-spinning, 
and this action is rendered possible by the fact that the loose 
spindle f accommodates itself to the extra tension put upon the 
yarn during such rapid movement. (Accepted March 22, 1911.) 
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SHEWING GENERAL DISPOSITION 
OF BLADES. 
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COEFFICIENTS FOR FLOW IN 
PIPES. 
By E. 8. Bexxasis, M. Inst. C.E. 
1. Formule.—The usual formula for flow in 


channels, open or closed, is V = C,/RS, where C 
is a variable coefficient, R the mean hydraulic 
radius, and S the inclination of the water surface. 
In the case of a closed channel or pipe S is the 
hydraulic gradient. The loss of head H in a given 
length is nearly as V*. It would be exactly as V* 
if C were constant for any one pipe, but C varies 
somewhat with V. Sometimes the formula is put in 
the form H=m V", where mand » are each constant 
for a particular pipe. With this formula x is never 
2, but may be, say, 1.8 or 1.9. If this formula is put 
in a logarithmic form, it is the equation to a straight 
line, and this simplifies the construction of diagrams, 
and may be an advantage to the investigator or 
writer of a treatise. To the practical engineer it is 
anything but an advantage, for he would have, 
whenever he calculated a discharge, besides look- 
ing up the proper values of m and n, to use tables 
of logarithms. As it is, he merely looks out the 
value of C in a table, and then finds V or Q from 
another table or diagram. Again, an engineer 
soon gets to know the approximate value of C, and 
how much it varies. e can then easily make an 
approximate calculation in the absence of tables. 
The formula V = C,/RS is, without doubt, the 
best for practical work. 

One set of values of C is that found by Kutter— 
or, rather, by others from Kutter’s formula. It is 
sometimes said that ‘*‘ Kutter’s formula is too com- 
plicated.” The remark is, from a practical point 
of view, unintelligible. The complicated formula 
is for finding C. The values of C, as found for all 
the different values of Kutter’s ‘*‘ N ’—i.e., for 
channels of very different degrees of roughness, 
and, for all likely values of R and §, are all tabu- 
lated and accessible.* 

2. Remarks on Values of C.—The values of C are 
best known for cast-iron pipes, new or coated, 
and the chief aim of investigators is to find 
really good values of C for such pipes. For pipes 
whose coating is damaged, or which are rusted 
or tuberculated, no reliable values of C have been 
ascertained. All that can be done is to make 
allowances for their state by deducting a percentage 
from Cor V. The value of C in any pipe is reduced 
if the pipe becomes rough, or if the joints are uneven, 
or if any obstruction occurs in it. Again, it has 
lately been found that at a bend in a pipe the dis- 
turbance in the velocity ratios at different points in 
the cross-section (this is the chief cause of increased 
resistance at bends) extends for a long distance, 
perhaps a hundred pipe-diameters, down-stream, 
and the same is doubtless true of the eddying and 
disturbance caused at the entrance of the pipe or at 
any obstruction. An obstruction impedes the flow 
both directly and in virtue of the down-stream dis- 
turbance. In any pipe in which there is a high ratio 
of disturbed length C will be lowered. Since pipes 
are of all degrees of roughness, and their exact con- 
dition, as to roughness, state of joints, and obstruc- 
tions, or as to ratio of distur length, is not 
always known or reported, and since the coefficients 
which are being sought for are those suited 
to new or cota ipes in good order, it is clear 
that any vapeuted low values of C should be 
regarded with special suspicion. Again, it is diffi- 
cult to accurately observe very flat gradients, and 
results obtained on pipes of very flat gradient are 
open to suspicion. Sources of error, such as irre- 
gularity in the diameter, accumulation of air in, or 
faulty attachment of, piezometers, may affect the 
results in either direction. Occasionally all sources 
of error act in one direction, and abnormally low 
values of C result. 

3. Fanning’s and Smith’s Values of C.—It has 
long been known that C increases with R, and also 
somewhat with V. Any values of C which do not 
vary according to this law—for instance, Darcy’s— 
are obsolete, and need not be considered. The first 
extensive set of coefficients in which C varies as 
above was published by Fanning.t Then followed 
Hamilton Smith, but he did not consider pipes of 
diameters between 0.1 ft. and 1 ft. The followin 
is an abstract of the coefficients of Fanning an 
Smith. They are applicable to cast-iron pipes, 





.. . See the tables of Jackson and Higham and Bellasis’ 
Hydraulics with Tables.” 

t ‘* Treatise on Water Supply.” 

t “‘ Hydraulics.” 








new or coated, with joints, &c., in good order, and 
curves of fair radius. 
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Smith made some experiments himself, and dis- 
cussed, with the care which characterises all his 
work, all previous experiments known to him, 
rejecting some and utilising others. It will be seen 
that for the smallest pipes Fanning’s coefficients 
exceed Smith’s, while for large pipes they exceed 
Smith’s by 1 to 6 per cent. = all isl, and fall 
short of Smith’s by 6 to 11 per cent. when V is 5 
to 10. For most practical purposes there is no 
very great error in using either set of coefficients, 
but Smith’s figures are to be preferred because 
they are later, because of the greater attention 
which he gave to the subject, and because (see 
remarks in paragraph 2) they tend to be higher. 
To say that a low coefficient is ‘‘ on the safe side” 
is not a very suitable remark. An engineer can 
always be on the safe side if he wishes. It is hardly 
right to compel him to be so by supplying him with 
inaccurate figures. 

4. Other Recent Values of C.—Pipe coefticients 
have in recent years been discussed by Unwin* and 
by Lawford.t Unwin does not appear to have 
brought under consideration any experiments 
besides those already considered by Smith, except 
one experiment ona 1-in. pipe. He omits several 
which had been accepted by Smith. For pipes of 
3 in. to 2 ft. in diameter, Unwin’s figures are nearly 
the same as Fanning’s. For larger pipes they fall 
short of Smith’s figures by 8 to 12 per cent., and 
of Fanning’s by larger amounts. The only experi- 
ments on pipes over 27 in. in diameter considered 
by Unwin are two on 4-ft. pipes. One of these is 
an experiment by Stearns on the Rosemary pipe, 
in which C comes out 140 and 144 when V is 3.7 
and 6.2. The other is an experiment by Gale on 
the Loch Katrine pipe, in which C comes out only 
112.5 when V is 3.5. The acceptance by Unwin 
of this experiment seems to be the chief reason 
for his low values of C for large pipes. This 
experiment had been rejected by Smith partly 
because of the improbability of the figures 
and partly because: the method of ascertaining 
the volume of water was never explained. It has 
been finally rejected by Lawford, who adduces two 
other experiments on 4-ft. pipes—one by Fitz- 
gerald on the Rosemary pipe, which had become 
tuberculated and had been cleaned, giving values 
of C practically the same as those found by Stearns, 
and the other by Bruce, on the Glasgow pipe-line, 
making C 136 and 138 for velocities of 1.9 ft. and 
3.6 ft. per second respectively. Lawford also 
obtained values of C from various sources, which 
seem reliable, for pipes of various diameters ranging 
up to 2.5 ft. He made experiments himself on 
3-in., 4-in., and 5-in. pipes. He arrives at the 
following series of coefficients for pipes up to 4 ft. 
in diameter, and for velocities of 1 ft. to 5 ft. per 
second. He finds the effect of changes in tempera- 
ture negligible in ordinary practice. 

Considering for the present only large pipes, 
Lawford’s values of C are sometimes practically 
the same as Smiths, but are generally somewhat 
higher. The chief differences are for low velocities. 
When V = 1 Lawford’s cvefficients are about 7 or 
8 per cent. higher than Smith’s for the largest 
pipes. When V = 5 Lawford’s figure is 4} per 
cent. higher than Smith’s for a 3-ft. pipe. In other 
cases the differences are unimportant. Lawford’s 
figures differ less from Smith’s than they do from 








* ** Hydraulics.” 
+ Min. Proc. Inst. C.E., vol. cliii. 





Fanning’s, except when V=1. It seemsclear that 
most of Fanning’s and Unwin’s coefficients should 
be considered as superseded. The only question 
is whether Lawford’s figures are to be preferred to 
Smith’s. For velocities of 1 ft. per second Law - 
ford’s and Fanning’s figures with one another 
better than either agree with Smith’s, and perhaps 
Lawford’s should be considered the best. For 
higher velocities Lawford’s and Smith’s figures 
differ little, and either may be accepted. 





Class of | _. | Velocity in Feet per Second. 
Pipe | Diameter =o ES 
(Size). | of Pipe. 2 eS | « ‘ 
} in. 
| 8 58 65 70 75 80 
— f} 3 75 81 86 90 o4 
pe || 9 87 92 97 101 105 
ft. 
1 97 | 101.5 | 1055 | 100 112.5 
1.5 il 15 | 118 120 122 
oe 116 120 128 126 128 
F 8 125 128 131 | 188 140 
is 133 131 138 «| «140 142 


5. Kutter’s Values of C.—Kutter'’s coefficients, if 
N is taken as 0.011, agree in a general way with 
Smith’s, as will appear from the following abstract, 
but they remain constant for any one pipe for all 
gradients from 1 in 1000 upwards—i.e., for all cases 
to the right of the thick line. They are far lower 
than Smith’s in the right-hand part of the table, 
especially towards the top, and higher in the lower 
left-hand part. The disagreement is serious. It 
is somewhat reduced if Lawford’s moditications of 
Smith’s figures are accepted, but is still very con- 
siderable. Kutter’s coefficients are not generally 
considered suitable for pipes. 


Velocities in Feet per Second. 








Diameter 
of 
Pipe. 
pe 1, 2. 3. 5. 8. 0. 
ft. 
1 102 106 106 106 106 106 
2 105 121 124 124 124 124 
4 128 137 | 189 140 140 140 
6 140 147 148 149 149 149 
6. Coefficients for Small Pipes. — For pipes of 


diameters of 3in. to 9in. there are ent experi- 
ments—Darcy’s and others—which are accepted by 
Fanning and by Unwin, and, as has been seen, the 
coefticients of both these writers practically agree, 
and are shown in the table in paragraph 3. Experi- 
ments on still smaller pipes are as subjoined. In 
each case there were numerous observations :— 





— Observer. Diameter. Kind of Pipe. 
: | 
1 H. Smith | 0.6 in, Wrought-iron gas-pipe. 
2 % 1.2 in, Ditto. 
3 - 0.1 ft. Wrought-iron asphalted. 
4 Bossut lin, to2 in, Straight tin pipes. 
5 Dubuat 1 in. to 2 in, Ditto. 
All of these are accepted both by Smith and 
Unwin. Smith’s results for Experiments Nos. 2 


and 3 are practically identical, which shows that 
the coefficient for a small wrought-iron pipe is not 
altered by coating it. Experiments Nos. 1, 4, and 
5 fall generally into line with the above and with 
the figures just mentioned for pipes of 3 in. to 
9in. 

In the years 1904 to 1908 an important series of 
experiments was made by Schoder and Gehring.* 
An abstract of the results is given on the next 
page. The figures indicate the difference between 
the experimental values of C and Fanning’s values. 

All the rivets had very flat heads. ‘‘The 
asphalt coating tends to fill up and smooth the lap, 
but the galvanising leaves the edge of the lap 
sharp.” The pipes were all long, and the experi- 
ments carefully made. The first part of the table 
confirms the general accuracy of Fanning’s (and 
Unwin’s) coefficients. Lawford’s figures (see table 
in paragraph 4) for small pipes must be rejected. 
The low figures may be due to any of the causes 
mentioned in paragraph 2. 

Particulars of experiments made by Brightmoret 
are given in the second table on the next page. 

All the observations seem to have been made 
within 20 ft. to 40 ft. of the entrance of the pipe, 


* Engineering Record, August 29, 1908. 
+ Min. Proc. Inst. C.E., vol. clxix. 
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Shoder and Gehring’s Experiments. 


Dia- | Velocities in Feet 





























re | r Second. 
ee | Joints. —_ Lie ‘ Remarks. 
Pipe. | 
" iL 3. | 5. | 10. 
in. | | 
Cast iron, as- Hub and 8 i+ 2)+ 21+ 21+ 2 
Dore = | spigot | 
rought iron,) Screw 5 |+ 21+ 21+ 2+ 2 
rusty flange | } 
Ditto | Screw 4 |+ 6+ 4/+ 2)/+ 0 
| coupling | 
Ditto | Do | 8 |+ 4+ 4+ 4/+ 3 
Ditto | Do. 2 |- 4/- 9/-12/-16 
Wrought iron; Screw 6 |+18) +17) +4-14/+14 This pipe “‘had 
| flange | | | a sort of glaze 
| | | inside due to 
long service in 
| a steam-heat- 
| ing main.’ 
| —_—— | — | —— | —_ |} —— —___- —____ 
Spiral riveted,| Riveted 6 (+ 4|+ 7+ 9|+11Steel 0.05 in. 
asphaltedt | flange ey | thick. 
Spiral riveted, Do. 6 |- 5)- 6,- 6)- 9S8teel 0.078 in. 
galvanisedt | thick. 
Spiral riveted,| Do. 4 + O|+ 3/+ 4/+ 5 Steel 0.0375 in. 
asphalted thick. 
= the | 
3 | 
Spiral riveted,| Do. 4 |- 4/- ale 0|+ 2 Steel 0.0875 in. 
asphalted thick. 
(flow against! 
the laps) 
Seamless) Special 5 |+ 6)/+13/+18)+23 Flange ar- 
drawn brass | flange ran 80 as 
| | to give a con- 
tinuous 











| smooth pipe. 


t Coefficients the same with flow with and against the laps. 
Brightmore’s Experiments. 








Velocity in Feet per 
Second. 











re 
a 
Kind of Pipe. ro Remarks. 
f=) 3.3. 5.2. 8.1. 9.3. 
in. 
Galvanised iron .. 3 | 65.2, 67 | 68.5 70 
New cast iron 8 | .. | 61.2] 621 (62 
” ” ‘a 3 -- | 60 | 49.7 |49.3 
Velocities, 1.1 to 14.7 per Second. 
Cast iron ; rusty, | 3 | 41.3 Coefficient in- 
but not tubercu- 4 47.5 | dependent of 
lated . lJ 6 sa 50.6 | the velocity. 


and were thus subject, to some extent at least, to 
special disturbances. The results must be rejected. 

Saph and Schoder, from experiments on pipes of 
seamless drawn brass,* diameters 2 in. to 0.1 in., 
arrived at the formula V = 279 R®-7! §°-57, With 
a 2-in. pipe anda slope of 5.99 in 100, V is 5.77 ft. 
per second. Fanning’s coefficient would give 4.90 ft. 
per second. They also made experiments on galva- 
nised pipes, diameters lin. to 0.25 in., but the 
results were erratic. The velocities in all these 
very small pipes were nearly always considerable, 
and often high, ranging up to 10 ft. or 12 ft. per 
second. An increase of temperature of about 
10 deg. Fahr. was found, roughly, to increase the 
discharge about 4 per cent. in the brass pipes. It 
seems probable that the coetticients for small pipes 
are specially affected by variations in roughness not 
very apparent to the senses, or by disturbances due 
to slight deviations from straightness, or to other 
causes, 

7. Coefficients for Riveted Pipes.—For large pipes 
built of riveted plates C is ine outen to devon ber 
surface, than for clean or coated cast iron. The 
values arrived at by Garrett,+ who has modified 
Unwin’s figures, are as follows, and may be accepted. 
The number of experiments on such pipes has been 
few :— 


Velocity in Feet per Second. 











Diameter 
of Pipe. 
1 38. 5. 8. 10, 
ft 
1 dé | 102 104 | 
lh 4 105 107 
2 96 106 108 112 
24 7 107 | 12: 114 116 
3 99 108 112 116 119 
4 108 | |(:110 114 116 
5 104060 | «Ol? S|: 
6 108 ; ; 116 


| 
For small spiral riveted pipes with flat rivet-heads 
see table above, relating to Shoder and Gehring’s 
ee When asphalted Fanning’s coefficients 
will do. 
8. Pipes whose Coating is Damaged or which are 
of Civil En- 
, vol. cliv. 





* Transactions of the American Societ 
gineers, vol. xxix., and Min. Proc. Inst. C. 
+ Hydraulic Tables and Diagrams. 





Tuberculated, or Contain Deposits or Organic Growth. 
—For these it is impossible, as already remarked, 
to give any coeflicients. The discharge may be re- 
duced by 15 or 30 per cent. or even more, especially if 
the pipe is not very large, as in this case the tuber- 
culation, &c., besides roughening the pipe, appre- 
ciably reduces its diameter. 





THE GREAT ZIG-ZAG ON THE GREAT 
WESTERN RAILWAY, NEW SOUTH 
WALES. 

THE cutting out of the Great Zig-Zag on the Great 

Western Railway, New South Wales, recently 

finished, is one of the most remarkable works in 

connection with railway reconstruction to meet an 
increase of traffic. The improvement, in common 
with many others, even if the desirability of it had 
been originally foreseen, could not have been 
provided for out of the limited capital available in 














many years one of the tourist sights of the colony, 
was, with the lesser one, designed and carried out 
| by the late Mr. John Whitton, M. Inst. C.E., and, 
though now superseded, was a monument to his 
skill and sagacity as applied to the requirements of 
his day. Though an obvious source of danger as 
well as, in later days, an obstruction to traffic, 
| fortunately no serious accident has occurred due to 
| its existence. The first proposal for its abolition 
| was in 1885, and in 1894 it was proposed to cut it 
| out by a direct tunnel 2816 yards in length. This 
| deviation, dealing with the line west to east, turned 
north-east from the continuation of the lower dead- 
jend (see Fig. 1), and piercing under the 3650-ft. 
'summit, rejoined the original line near the 86th 
| mile, where the level, since raised, was about 250 ft. 
| lower than the summit. 
| This would appear at first sight to have been the 
simplest, and a fairly economical, solution of the 
difficulty, though the grade against the load was 











(2067 8.) \ Ped 
a J 
Fig.2. 
2 7 ef Miles , 
f 
83f 
Pe 4 
( 
‘ 
ay 
1b NEZY oo50 “ 
sm-- Abandoned Line. a emer af 
--— New Line. va msoy | 
==% Tunnel. SS Bye sy 
the yey | for the purpose forty years ago, when| considerably greater than in the deviation now 
what has been known since as the ‘‘ Great Zig-Zag” | adopted. The experience, however, of the Otford 
was constructed. Tunnel, which is a long one, on a 1 in 40 grade 


The Great Western main line, 503 miles long, 
exclusive of branches, from Sydney to Bourke, 
crosses the Blue Mountains, which are met with 
about 36 miles from the capital, and the ascent, 
until a few years ago, was made by a smaller zig- 
zag or switchback, combined with a grade of 1 in 30. 
This was followed by a succession of severe grades, 
many of them 1 in 33, which took the line from a 
level below the switchback of about 90 ft. over sea- 
level to 3650 ft. at 52 miles further on. Here a 
severe drop occurred, and the Great Zig-Zag took the 
line down the face of the mountain, with two dead- 
ends and a succession of 1 in 42 grades combined 
with 8-chain curves, to a level of 3080 ft. at 54 
miles, counted by the line, beyond. The smaller 
zig-zag was cut out by a tunnel some years ago, at a 
cost of about 50,000/., the interest of which is much 
less than the working expenses saved by its con- 
struction. But the grading was untouched, the 
importance of this being lessened by the fact that 
it was in favour, and not against, the heavier up- 
loading from the interior to the port. When, how- 
ever, more recently, the duplication of the Western 
Railway was being extended, a scheme was passed 
more than a year ago by the Public Works Committee 
involving a 7}-mile deviation with 1 in 60 grades, 
to be used against the lighter down traffic, the 
original 1 in 30 line to be retained for the up, heavier 
trains, the grade being, of course, in their favour. 
This work has not yet been carried out. 

The Great Zig-Zag, which has formed for so 


against the load, on the south-coast line of the 
colony, showed that, owing to the consequent heavy 
steam exhaust, it would have been impossible at that 
time to ventilate such a tunnel properly. Hence, the 
long tunnel was not favoured on the more crowded 
western line, this aspect of the question obtaining 
additional importance in a sub-tropical climate. 

A thorough investigation was then made by the 
railway surveyors of the Public Works Department 
under Mr. H. Deane, M. Inst. C.E., the engineer- 
in-chief, and one of the most interesting and difti- 
cult problems in railway location was finally solved, 
and is now realised. The number of possible lines 
were reduced finally to five, which, with the direct 
tunnel line already referred to, are shown in Fig. 1 
in dotted lines, all of them containing heavy works, 
and also including much tunnelling ; but this was 
broken up into comparatively short lengths. It is 
not necessary to go into the detail of these schemes, 
which were placed before the Public Works Com- 
mittee in 1902; but it may be explained that the 
spiral scheme, shown on the left side of the plan, 
had the advantage of economy in first cost by the 
utilisation of much of the old line. However, by 
it, though the zig-zag trouble was got rid of, the old 
grade of 1 in 42 was not improved, and its claim 
to consideration lay in the fact that even with a 
considerable amount of traffic the cost of assistant 
engine working, still to be retained, would probably 
be less than the interest of the excess in first cost 
of any of the other four schemes over that of the 
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spiral. Following the course of the railway west 
to east, or towards Sydney, this line (Fig. 1) was a 
pre duction of the lower dead end of the Zig-Zag into 
a spiral, mostly in tunnelling, sweeping round and 
rejoining the old line above the upper dead end. 

The scheme, which is shown in thick dotted line 
in Fig. 1, and which appears as the only deviation 
in Fig. 2, was finally chosen, and no doubt wisely, 
looking at the question of speed of passenger trains, 
and possibly of greatly increased traftic of the future, 
for, though its cost would be much greater than 
that of the spiral, it was certainly, with its easy 
grading, finally reduced to 1 in 90, the best solution 
in every way. The three other proposals had many 
merits, but were undoubtedly inferior. The pro- 
posal, and the working-up of the selected line, is due 
to Mr. Thomas Kennedy, Assoc. M. Inst. C.E., one 
of the several railway surveyors of the Public Works 
Department engaged on the various routes. ae 
with this cut-off, the works of which were commen 
in June, 1908, the line at its western end begins, 
as did the spiral, as a production of the lower dead 
end, and goes immediately into a tunnel of about 900 
yards in length through a neck of the mountain, to 
the top of which the old line had climbed by means 
of the Zig-Zag. Here the new line crosses under 
the old one some 350 ft. below, and emerges on, and 
skirts round, the face of a precipice. This is much 
scored by ravines, and as the line intersects a succes- 
sion of alternate chasms and spurs, there are neces- 
sitated nine tunnels. The line reaches easier slopes 
rather more than half way, and rejoins the eastern 
end of the now abandoned railway at the low point 
at about 864 miles, which is not far from where the 
first long tunnel scheme rejoined it. One cutting 
on the cut-off, substituted for what was originally 
intended to be an eleventh tunnel, is 132 ft. deep, 
while some of the embankments are on an equally 
considerable scale. The tunnels have concrete walls 
and brick arches. The line, which is double and of 
standard gauge, with 80-lb. rails, has maximum 
curves of 14 chains radius, tapered with cubie para- 
bolic approaches at each end, like all the sharper 
curves on other lines in the State constructed 
within the last fifteen years. 

Sublime views of the Kanimbla Valley, over 
1000 ft. below, and of Mount York, are seen from 
between the tunnels. The total length of the 
deviation is 5 miles 60 chains, which is 52 chains 
shorter than the old line following the Zig-Zag. 
Moreover, some 30 minutes’ travelling time are 
saved by the adoption of the new line, due to easier 
grades and curves, and to the removal of the 
obstruction. 

As the longest tunnels of the series of ten were 
at each end of the heaviest part of the line, occupy- 
ing consequently the longest time in being pierced, 
the usual colonial method of telescopic construc- 
tion could not be adopted ; that is to say, using the 
line itself for the carriage of the plant and 
material necessary for the works ahead. If this 


difficulty had not been surmounted, the 1500 to| pa 
1600 men, who were the maximum force, could | p 


not have been employed, and the completion of the 
work in about two-and-a-half years would have 
been impossible. A temporary funicular railway 
was therefore constructed from the old main line 
down one of the gullies, with a maximum grade of 
1 in 1}, descending a vertical height of 350 ft., the 
weight of the trucks carrying the material down 
being used to draw the empties up. : 

A power-house was installed for the effective 
prosecution of the work, and was > am ig with 
Babcock and Wilcox boilers and Morcom high- 
speed engines. The current was used for air-com- 
pressors for the drills, blowers for ventilation, 
lighting the tunnels, and pumping the water, which 
was found to be troublesome in the sandstone 
formation met with. 

The cost of the work is stated to be over 350,000/., 
or nearly 61,0001. per mile. With regard to the 
advantages gained, evidence was given at the 1902 
inquiry that, dealing with the traffic of that time, 
the 5188 goods trains annually using that division 
of the line might be reduced, by this improvement, 
to 3900, as, apart from the grades and curves, the 
shortness of the wings or dead-ends of the Zig-Zag 
necessitated the dividing of the trains over the 
division in which the obstruction occurred, while 
686 hours annually would be saved in the _ 
train service. The chief mechanical engineer a 
estimated that the running expenses of all trains 
over the portion of the line affected were at least 
50 per cent. greater than if the obstruction had not 
existed. The goods traffic of the New South Wales 


railways has increased 30 per cent. in the last five 


years, so that the former figures may be largely | 
increased if applied to the present time. The work | 


was carried out by means of day labour by the Rail- 
way Commissioners of New South Wales, under their 
engineer-in-chief, Mr. James Fraser, M. Inst. C.E., 
Mr. W. J. Quodling, Assoc. M. Inst. C.E., being in 
local charge. 

The 1 in 42 ?_ combined with the sharp 
curves against the load on the up traffic, do not 
begin at the lower dead-end of the Zig-Zag, for the 
approach to it from the country below for nearly a 
mile-and-a-half has the same grade. Until this, 
therefore, be cut out, the full advantage of the 
work which has been completed will not be obtained. 
The Works Committee accordingly, in November, 
1908, a proposal for what is, in fact, a con- 
tinuous extension north-westerly of the cut-off now 
finished, but on the northern or lower side of the 
present line. It is also a very heavy piece of work, 
and will, no doubt, be shortly taken in hand. 





FOUNDRY PLANT AND MACHINERY. 
No. XXVII. 


By JoserH Horner. 


In plate and machine-moulding the thickness of 
the - or table has no influence on the depth of the 
mould or casting. The faces of the plates make the 
identical joint faces of the moulds which come into 
contact. If pattern parts are mounted on opposite 
sides of a plate, the flask parts are separated by 
that thickness at the time of ramming, and after- 
wards are closed when removed from the plate. An 
exception to this occurs when patterns, or portions 
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Fies. 432 anp 433. Hottow Patrrerns Mountep on Pwiates. 


| wood and mounted on a plate with the con- 


cavities cut out, and the necessary sloping 
ogee made in the wood. Such patterns may 

and are moulded from, but they lack dura- 
bility consequent on the shortness of the grain. 
A better plan is to prepare them in this way, 
ge the best finish and accuracy possible, 
and with two shrinkage allowances, and then 
take a mould and casting therefrom—that is, a 
mould of pattern and plate for use as a permanent 
metal pattern. This will require a little filing and 
smoothing, but not much if the wooden pattern 
has been carefully prepared. In such a case the 
thickness of the plate will have to be taken account 
of, as in Figs. 432 and 433, so that the bottom will 
be thicker than the casting by just the amount of 
the thickness of the plate. Another and better 
method is to take an ordinary pattern brass (or 
patterns, if several are to be moulded on one plate) 
and ram on them a mould encircled by a framed 
skeleton pattern-plate enclosing the brass patterns. 
The top and bottom boxes will be rammed on this 
and the brasses simultaneously, producing a mould 
of both plate and brasses, The sloping joints will, 
in this case, have to be made in the mould with 
the hands and trowel, and will be permanently 
embodied in the metal pattern. 

In most work, except the shallowest, an essen- 
tial portion of the moulding-plate or table is the 
stripping-plate. A deep pattern having well- 
curved edges, as, say, 4 semi-circular part, does not 
require it; but a shallow pattern having vertical 
edges does. Stripping-plates for lengthy and per- 
manent service are often filed or shaped in solid 
steel sheets or plates. But the more general 





practice is to prepare a plate having an opening 
Fig. 434. 
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Fias. 434 to 436. Exampies 


or Stoprne Jornts, 


of them, have to be drawn through the thickness 
of a plate or table, as often occurs. Then the plate 
thickness has to be added to the thickness of the 
ttern. Thus, while in the foregoing figures the 
late thickness has no influence on the pattern, 
in Figs. 432 and 433 the pattern must be made as 


|rather larger than the pattern, merely approxi- 
| mating to its contour, and then to run a soft white 
metal between it and the pattern, which, taking the 
outline of the latter, forms a perfect: fit. Though 
|not so durable as steel edges, the soft metal lasts 


\along time and can be renewed at very slight 








much deeper as the plate is thick. The reason is, expense. This, like most inventions of utility, 
of course, that the interior portion of the pattern | dates back from, and was embodied in, the earliest 
passes up through and beyond the plate to the other | moulding-machines made, being included in the 
side, and when the mould parts are brought together Jobson machine. Figs. 437 and 438, page 714, illus- 
they are nearer to each other in the horizontal | trate an example from a mounting by Henry E. 
lanes by the deducted thickness of the plate. In | Pridmore, of Chicago, being an axle-box brass. It is 
ig. 432, the portions a, a will, when the mould is | made in two portions, for drag and — respectively, 
closed, occupy the positions indicated by the dotted | mounted on pattern-plates, by which the parts are 
lines adjacent. So, too, in Fig. 433, all the interior | withdrawn through the stripping-plates. Fig. 437 
rtion of the cone-pulley will, at closing, be shifted | forms the drag, and Fig. 438 the cope. The babbitt 
in the direction of the arrow by the amount of the | lining is indicated by the letters A, its adhesion 
thickness of the plate. being assisted by nails. The stripping-plates rest 
These are typical of a large class of patterns | on the frame of the machine, and the pattern-plate 
which may be grouped in common as being of|is actuated by the movable yoke-frame. The 
hollow design. | sloping parting joints at the ends are provided for 


ut while these have plane joint. | 
faces, there are many examples in which the joints | by permanent pattern pieces, the ‘‘ parting joint- 
| piece” in Fig. 437. 


are not plane, but sloping, or concave and convex. | 

Any common half-bearing is typical of this group, | Thus far, the last only excepted, the examples of 
Fig. 434. The sloping sand joints are indicated, | vatterns selected have been those such as would be 
but with slight alternative modifications shown at used in ordinary moulding with or without attach- 
opposite ends. Figs. 435 and 436 indicate the ment to plates. These comprise probably 80 per 
reverse and complementary part of the mould, cent. of machine-moulded work. The remainder 
Fig. 434. The necessity for imparting the sloping | include a class of work which has no exact proto- 
shape to the joint is, of course, that a perpendicular types in hand-moulding. Two. examples illustrate 
lift is impossible. As much slope is imparted as is the method of mounting work on the turn-over 


necessary to permit of ing the mould without table of the Darling and Sellers machines, Figs. 439 
damage to the sand. The method of moulding may | 


to 445. One is a stepped-cone pulley, the other a 
be varied to suit conditions. In Figs. 435 and 436 trolley-wheel cast with a ring of teeth, which, as 
the pattern may be rammed on a joint-board, and ordinarily moulded, requires a three-part box. The 
the interior and sloping ends be formed in a block 


moulding-box parts are registered to each other 
of wood. Patterns of this kind can be made in and to ‘‘ puttern-mountings” or ‘‘ pattern parts” 
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or ‘‘ false parts,” by their pins and holes, and only 
the latter are attached to the turn-over table, and 
all are interchangeable. These pattern-mountings 
are used to a great extent on several different types 
of machines. In each case the patterns are in two 
gee to suit the method of moulding adopted. 

n ordinary work, as we have seen, each pattern 
would be complete and self-contained. 

Taking the stepped cone in the first place, Figs. 
439 to 441, the first operation is to ram the whole 
of the outside, Fig. 439. The pattern is provided 
with a flange which has no place in the casting, 
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being a supplementary portion only, the sole func- 
tion of which is the centering of the pattern in the 
pattern-mounting, and consequently in the bottom 
moulding-box, which is pinned to the mounting. 
When the sand has been rammed around by hand, 
the table is turned over along with the box and its 
mounting. The rising table is then brought up to 
the mould, the cotters in the pin-connections are 
removed, and the moulding-box being thus released 
from the pattern-mounting, the mould is lowered 








Heavy Rovex-Grinping MacuHine. 


from the pattern. The top or cope is moulded in the 
second operation, Fig. 440. The pattern-mounting 
for this also is bolted to the turn-over table and 
receives that portion of the pattern which corre- 
sponds with the interior of the cone, and which is 
fixed in the pattern-mounting by means of plaster- 
of-paris, A, A. The top box, having its bars shaped 
to the interior contour with the usual clearance 
allowance, is pinned to this. This is now rammed 
and the table turned over ; the rising table is then 


brought up to the mould. The connections between 
this moulding-box and the pattern-mounting are 
then released, and the mould is lowered from 
the pattern. In the next stage, Fig. 441, the top 
and bottom box parts are seen closed and cored, 
with the runner and riser. 

The next example, Figs. 442 to 445, is that of a 
mould made in a three-part box, leaving one flange 
loose for the purpose of delivery. The first portion 
of the pattern, Fig. 442, contains the gear teeth 
and the interior part of the toothed wheel, with the 
plated portion of the trolley-wheel centre. The 
** pattern-mounting ” or ‘‘false part” is bolted to 
the turn-over table, a stripper-plate on the false 
part encircling a portion of the pattern, which 
is registered into a seat in the false part. 
Over the stripper -plate the bottom box is 
placed, its pins passing through lugs on the 
stripper-plate and the false part. It is then 
rammed, and the carrying-off plate is bolted to its 
face. The whole is then turned over bodily, the 
rising table brought to the mould, the connections 
between the moulding-box and the false part are 
released, and the mould is lowered from the 
pattern. In the second operation, Fig. 443, 
the middle part is rammed on another piece of 
pattern, which comprises the rim of the trolley- 
wheel and the arms and boss on one side of the 
plated portion. This is cast along with a false part, 
which is bolted to the turn-over table, instead of 
making a separate piece of it. Over this the top 
part, Fig. 444, is placed and rammed, and then 
lifted off to permit of the removal of the loose 
flange from the trolley rim. The top is then 
replaced and cottared to the middle part and turned 
over to allow of the release of the connections 
between the middle part and the false part. The 
top and middle are then lowered together from the 
pattern and lifted away and placed on the bottom 
part, thus completing the mould, as in Fig. 445. 

An interesting example which requires a three- 
= box, or the use of false cores, is illustrated by 

igs. 446 to 454. It is a pump body, as moulded 
and made on one of the ordinary hand turn-over 
machines of the London Emery Works Company, 
Tottenham, N., the cylinder cores being produced 
on one of the firm’s core-making machines. The 
casting is shown in Figs. 446 and 447, in which 
the lugs or feet that entail either a middle or a 
false core are seen. Fig. 448 shows the pattern- 
plates and the provisions for making the cores. 
The details of the mouldsare illustrated by Figs. 449 
to 454. 

The moulding-box comprises top, middle, and 
bottom. As there can be but one parting in the 
mould, as far as the delivery of the machine is con- 
cerned, this is effected by doubly tapering the sand 
in the middle to the effective parting of the mould 
in the middle plane a, a of the pump cylinders 
(see Fig. 450). The false cores A, A then, Figs. 
451 and 452, which undercut between the joint 
and the lugs, take the place of a separate middle, 
such as might be used in ordinary moulding. At 
the other end of the mould the outside B, B of 
the circular chamber of the pump (compare 
with Figs. 446 and 447) is carried in the middle 

rt, the sides of which are doubly bevelled, 
Fig. 454, and also provided with bars, Fig. 453, to 
retain the sand. Elsewhere the sand in the middle 
is doubly sloped to receive the false cores A, A over 
the lugs and to permit of the deep down-jointing of 
the sand in the bottom and top, which extends to 
the central plane a, a of the middle, meeting there. 
In the top, the interior of the chamber is formed 
by the sand, Fig. 449, passing down through the 
middle box part. The method of formation of the 
moulds and cores is not like that which would be 
done in ordinary work. In Fig. 448 the two illus- 
trations to the right are those of the pattern parts, 
the two to the left the provision for making the 
cylinder-cores. The two figures to the right are 
really odd sides, only instead of containing the top 
and bottom faces of the patterns embedded in 
sand, the patterns, of white metal, are set in 
plaster-of-paris, with all the ee joints made 
to correspond with those required in the top and 
bottom parts. The top box part is rammed on 
the odd si@e at the extreme right, the bottom box 
part on the second one from the right, the boxes 
fitting by their oom to the bushed holes in the lugs 
of the odd-side boxes. The middle box part, with 
the two cylinder cores D, D in Figs. 450, 452, and 
453, is rammed between the mould on the turn- 
over plate, the second illustration at the left-hand 





in Fig. 448, and the mould on the rammer-head 
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or presser-plate, the first illustration at the left in 
that figure. The cores are 1ammed round their 
vent-bars (seen in Fig. 453), thus completing the 
middle. Then, when the round core E in Fig. 451 
is inserted, and the false cores A, A ‘above the lugs 
all in the bottom box, the middle and top are 
brought together for the first time, and closed for 
pouring through the runner E, Fig. 453. 

It may be taken as an indisputable fact that 
practically all castings of small and medium dimen- 
sions may be made more economically and better 
in any foundry than hand-moulded ones. The 
case of massive work calls for more caution. Many 
limitations come in here which do not appear in the 
smaller castings. For massive work the machines 
must be massive and fixed on deep foundations, 
as with other machine-tools. The difficulties of 
operation increase, such as the ramming, the com- 
mand of the mould area, the withdrawal, the risks 
of unsteadiness, the management of the accessories, 
the dumping of the sand mixtures, removal of 
boxes, &c. The cost of the installation, which is 
heavy, must be well weighed against the value of 
the actual saving made by its use. Unless work is 
repetitive and regular the gain will not be sufficient 
to justify the outlay. Large patterns were long 
thought to offer unsurmountable difficulties to their 
moulding by machine. Their weight, the weight 
of the table, and that of the moulding-boxes filled 
with sand, rendered lifting and turning over and 
removal impossible in the earlier designs of machines 
of light build and operated by levers. Moreover, 
large moulds are rammed on the floor, so giving 
the moulders opportunity of standing on or over 
them, and exerting their strength in the most effti- 
cient attitude. But all these difficulties have been 
overcome so well that patterns of 10 ft. or 12 ft. 
in length or diameter are now rammed, delivered, 
and the boxes removed with practically no mus- 
cular effort. There are hand machines which, by 
means of compound and toggle levers or gears, 
are capable of manipulating heavy masses. But 
the best results are obtained from the hydraulic 
machines, in which the ramming and delivery are 
accomplished by the turning of cocks, and from 
which the boxes are carried away on tracks. Some 
of these machines work in duplicate, one box being 
under the machine while another is being brought 
up to it, or taken away. 
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Tue ‘‘ Naval Annual” has reached its semi-jubilee, 
and, notwithstanding many competitors in many 
countries, it maintains, if, indeed, it has not im- 
proved, its international reputation. This has been 
won in past years by the accuracy with which data 
have been accumulated, by the completeness and 
correctness of the elevations and plans of ships pub- 
lished, and by the variety of special subjects dealt 
with by writers of undoubted authority. All of 
these writers have followed the example of Lord 
Brassey himself and of the Hon. T. A. Brassey in 
adopting a judicial spirit in dealing with subjects 
of a controversial nature, particularly where inter- 
national susceptibilities may be involved. The 
result is that the reader, irrespective of nationality, 
finds all he wants set out, not only in intelligent 
form and easy of reference, but with that fairness 
which ought to characterise all work of cosmopo- 
litan interest. 

In the first chapter, there is an admirable record 
of progress in all departments of British naval 
activity, and in the second a similar review of 
oe of a navies, the former by Mr. 

rassey and Mr. H, P. Hussey, and the latter by 
Mr. John Leyland ; while the third chapter deals 
with the comparative stre of navies, and has 
been again pre by Mr. Brassey himself. This 
chapter naturally excites most interest, owing to 
the anxiety entertained on all sides regarding the 
comparative strength of the important navies of the 
world. Curiously enough, there is issued contem- 
pomanorey with Mr. Brassey’s comparison what 

as hitherto been known as the “Dil ke’’ Return, 
but which was moved for this year in the House 
of Commons by Mr. W. H. Dickinson, M.P. for 
St. Pancras. This return sets out the numbers 
of ships of various classes at the end of March, 
1911, reckoning, in the case of battleships and 








armoured cruisers, only those which are not over 
20 years of age, and in all other cases vessels 
which still retain their armament, but have not yet 
been placed on the list of vessels for sale. The data 
issued by the Admiralty are summarised in Table I. 
TaBLE I.—Comparative Strength of Navies. 
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It will be seen that in battleships built we do not 
equal the two-Power standard, Germany and the 
United States having sixty-one ships against our 
fifty-three. If European ships only are reckoned, 
we have a preponderance, which, as Mr. Brassey 
points out, is daily diminishing. A year ago the 
‘*Dilke”’ return showed that Germany and the 
United States had sixty-three as compared with 
our fifty-six, so that they have increased their lead 
from seven to nine. Not only are our ships built 
prior tothe Dreadnought era becoming obsolete at 
a greater rate, but we are not building new ships 
at the same rapid rate as our competitors. Thus 
Jast year we had in progress nine ships, as against 
twelve for Germany and the United States ; this 
= we have only ten, against fifteen for the two 
‘owers named, so that here there is an excess which 
has increased from three to five. As Mr. Brassey 
points out, ‘‘the navy of Austria, Germany’s close 
ally, is becoming a factor in the naval situation, and 
Austria’s recent action in the Balkan Peninsula, 
with the support of Germany, and in defiance of the 
Treaty of Berlin, is an indication of how the e 
of the world may be disturbed.” It is significant 
that Austria-Hungary is this year for the first time 
included in the Government return; Italy, the 
other member of the Triple Alliance, still holds its 
place. The battleships built for the Triple Alliance 
practically equal those in the British Fleet, while the 
ships at present being built for the Triple Alliance 
number eighteen battleships, as compared with ten 
for Britain. It is true, ett that armoured 
cruisers, which may be placed in the line of battle, 
reduce this excess. Mr. Brassey in the ‘‘ Annual” 
gives a table (II.) which shows the probable increase 
of Dreadnoughts within the next three years, and 
this may be quoted :— 
TaBLE II.—Probable Number of Dreadnoughts Completed 
in Next Three Years. 
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* Assuming that one of the 1911-12 programme is a cruiser- 
battleship. 

This table shows that we are not maintaining the 
two-Power standard, and that in battleships our 
new ships will only equal those of the Triple Alliance 
in 1914. Again, however, it should be noted that 
the table does not include the battleship-cruisers, 
of which Germany has built, or has under order, 
five, while Britain has seven, excluding the Colonial 
cruisers. Another point which ought not to be 
omitted is that, as shown in the ‘‘ Annual,” the 
actual expenditure on new construction by Britain 
has in ten years increased only from 10 to 15 millions 








sterling, whereas in the case of Germany it has 
increased from 4$ to 12} millions sterling ; in the 
case of the United States, fram 4.7 to 5.3 millions 
sterling ; and in the case of France, from 5.3 to 
5.7 millions sterling ; while Italy and Austria also 
are making a great effort to meet greater needs. 

‘**German Naval Administration ” is the title of 
the next chapter, which is by Mr. John Leyland. 
It is an historical narrative and a detailed ex- 
position of the system adopted in connection 
with the organisation of the German Navy. 
Although there are differences in the organisation 
as compared with our own Admiralty, the general 
result is not dissimilar. In the German Navy there 
is no single Chief Constructor of the Navy, the 
department including a number of experienced ship- 
building and other officers, and after they have 
prepared their scheme to meet the requirements of 
the Imperial Navy Office, there are joint meetings 
of the naval and technical groups of officers under 
the presidency of the State Secretary of the 
Navy. At this conference the proposals are 
specially examined in relation to financial possi- 
bilities, and any particular points are then decided. 
The State Secretary is alone responsible for the 
development of any type of ship, but he must 
submit plans to the Emperor. The Admiral’s staff 
is without direct influence upon the development of 
ship types, but there isa real interchange of opinion 
between the two departments ; so that, as with the 
British Admiralty, the Board are in full possession 
of the opinions of the officer afloat. Mr. Leyland 
says :—‘‘ Both for shipbuilding and the building of 
machinery estimates are opened publicly, so that the 
work may be conducted as economically as possible, 
and the Imperial yards have the duty of regulating 
prices.” e presume that ‘‘ publicly ” here means 
in the presence of the representatives of the 
contractors only, and we are not quite certain as to 
what is meant by ‘‘the Imperial yards... 
regulating prices.” With regard to ordnance there 
is no publication of tenders, because at the present 
time all guns for the navy come from the Krupp 
Company, while torpedo armaments are provided 
from the Imperial factory at Friedrichsort. Mr. 
Leyland is inclined to the view that while less time 
is now required for building German ships than 
formerly, the bureaucratic system in German naval 
administration has drawbacks, and that the cost of 
construction is much higher than in some other 
countries. 

As usual, there is a chapter in the ‘‘ Annual” by 
Mr. Alexander Richardson dealing with engineering 
questions, and this year it is devoted seal to the 
subject of oil-engines versus steam-turbines. The 
attitude of various Government authorities having 
been reviewed, it is pointed out that the outlook 
of all naval authorities is ‘‘ hopefully expectant,” 
although they are very properly acting cautiously 
and experimentally. This is in part attributed to 
the hesitancy of engine-makers as to guarantees, but 
nearly every Power has ‘oil-engines under order, 
the largest set contracted for being a six-cylinder 
engine as to 9000 brake horse-power, 
which, if it proves successful, may be fitted to the 
centre shaft of a German battleship, while the 
wing shafts will be driven by steam - turbines. 
The British Admiralty have under consideration a 
proposal to fit an engine of somewhat less power 
to an old cruiser. At the same time it is pointed 
out that in view of the high price of vil, and 
the absence of any great supply in this country, 
the problems of the coal-gas engine, and _parti- 
ane the producer, should not be neglected. The 
difficulty undoubtedly is to get a producer to work 
efficiently with bituminous coal and without involv- 
ing a deposit of tar and pitch on the engine valves. 
Scrubbers in land installations cleanse the gas, but 
such installations are not desirable on board ship. 
Many engineers, it is stated, are working at the 
producer problem, and when success is achieved, 
a great impetus will be given to the development 
in service of the internal-combustion engine. The 
ccnditions to be fulfilled by internal-combustion 
engines are stated, and various types now pro- 
posed, mostly of the Diesel class, are described, 
including the Vickers, Carels, Schneider, Dutch, and 
other designs of engines, while the results of appli- 
cations in actual practice are reviewed. 

As to fuel consumption, the Diesel engines built 
in this country, principally for electric dynamo 
driving, are designed to meet a guaranteed con- 
sumption of 0.4 lb. per brake horse-power hour, 
the efficiency being from 33 to 35 per cent. of the 
calorific value of the oil, as compared with 15 per 
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ent. in the case of superheated-steam turbines. 
But it is stated that the British Admiralty have 
been satisfied with 0.56 lb. in Diesel oF aren. 
engines of over 1000 horse-power. ith coal-gas 
engines the consumption in land stations has been 
brought under 1 1b. per brake horse-power per hour. 
The marine steam reciprocating engine has given 
an economy for all purposes of 1} lb. per indicated 
horse-power. In a recently - tried gg leon 
destroyer, where only oil-fuel was used, the con- 
sumption was almost exactly 1 lb. per shaft horse- 
power per hour. ‘‘ With conditions more condu- 
cive to economy in larger ships, oil-fuel, if used 
alone in the boilers, will give a lower rate.” Oil, 
when it is satisfactorily consumed in the boiler— 
i.e., without undue pressing—evaporates from 
14 lb. to 16 lb. of water from and at 212 deg. Fahr., 
and the steam consumption of the Parsons reaction 
turbine has now been reduced to from 12} lb. to 
13 lb. of steam per shaft horse-power for all pur- 
poses. In the case of some foreign battleships, 
where an intermediate-pressure turbine is intro- 
duced between the high and low-pressure turbines, 
giving a greater range of expansion, the steam con- 
sumption is expected to be still lower. With an 
evaporation of only 14 lb. of water per pound of oil 
we have thus the probability of a consumption equal 
to 0.8 lb. of oil per shaft horse-power per hour for 
turbines. A British firm with a great experience 
of marine oil-engines claims an economy in oil- 
engines over coal-fired boilers and steam-engines of 
30 per cent. in fuel consumption. 

The Niirnberg Company claim that the weight 
of oil- engines for the vessels being built at 
Hamburg shows a saving of about 40 to 50 per 
cent. when compared with steam-engine plant of 
the same power, but the British firm of large 
experience already referred to is content to claim 
a reduction of 15 to 20 per cent., and the view of 
the Engineer-in-Chief of the British Navy is quoted 
to the effect that about 17 shaft horse-power per 
ton of machinery can be obtained with an oil-engine 
of special design using heavy oil ; butas each engine 
is small, and its power cannot be increased very 
much, without decreasing revolutions and in- 
creasing the weight for a given horse-power, the 
very large powers required for marine propulsion 
can only be obtained by the multiplication of small 
units. The same authority gives the space occu- 
pied as 0.32 sq. ft. of floor-space per brake horse- 
power for oil-engines in a large installation, while 
for turbines it is 0.28 sq. ft., which latter figure 
will be decreased as the power of the turbine 
installation increases. 

Recent progress in turbine design, fully reviewed 
in the ‘‘ Annual,” shows that there is probability 
of improved economy at low power by the adoption 
of the impulse reaction type of turbine and of gear- 
ing. Moreover, the turbine has the fundamental 
advantage of being balanced, whereas the un- 
balanced forces of the reciprocating engine, whether 
steam, oil, or gas, have in the past proved objec- 
tionable, especially in warships, where steadiness 
of the gun-platform is of vital importance. 

After a chapter on the ‘‘ Tactics of Trafalgar,” 
by Mr. J. R. Thursfield, who brings to bear on his 
subject a studious mind and an attractive style, 
Commander C. R. Robinson contributes an article on 
the Dreadnought era, reviewing the progress made. 
Mr. John Leyland has an article on the ‘‘ Declaration 
of London,” while Sir Cyprian Bridge contributes a 
chapter on ‘‘ How the Declaration of London Con- 
cerns the Navy.”” He seems also to be free from much 
of that anxiety which pervadés a certain class of 
writers on this subject, and points out that it is 
upon the Navy, first and last and all the time, that 
our countrymen throughout the Empire will be 
forced to rely to protect our maritime commerce, to 
keep enemies from our shore, and to ensure regu- 
larity and sufficiency of supplies of food and raw 
materials, and not to international agreements and 
declarations formulated with such perfection that 
lawyers would be unable to find a reason for wrang- 
ling about them. It should also be understood 
that if we are neutrals while others are fighting, 
adhesion to the international agreement reduces 
the risk of our being unfairly treated, but that it 
will not secure us against the risk of being treated 
so. He contends that ‘‘the International Prize 
Court of Appeal will be, in reality, a constant 
arbitration tribunal, which can get to work much 
more speedily than any arbitration authority 
specially constituted, probably after long negotia- 
tions, for the decision of particular cases.” 

We are glad to find again a contribution by Lord 





Brassey, who writes on the subject of mercantile 
auxiliaries, the use of which he has on many occa- 
sions advocated most forcibly. He thinks that we 
ought to supply armament suitable to merchant 
ships, and secure to the Government a veto on the 
transfer of these to foreign owners. He adds that 
little ditticulty need be experienced in sufficiently 
reper the upper works of these ships, for it is 

is belief that a box battery for guns might easily 
be incorporated so as to be adaptable for the guns 
in war time without actually affecting the economy 
of the shipsin peace time. He quotes Mr. Peskett, 
of the Cunard Company, to the effect that mer- 
chant ships could actually be built lighter than 
they are under the present system if they were 
provided with one very strong protective deck, with 
sloping sides. Even channel steamers could be 
uti =1 in Lord Brassey’s view, in connection with 
coast deferce. We have 38 vessels in the cross- 
Channel service, with a tonnage ranging between 
1000 and 2500 tons, and with sea speeds of 20 knots 
and upwards. 

Commander Robinson, in his review of armour 
and ordnance in the ‘* Annual,” has very properly 
% vigorous protest against the tendency, even 
in British papers, to depreciate the quality of 
British guns or their system of manufacture. This 
depreciation is not justified, apart altogether from 
its policy, in view of foreign competition. Com- 
mander Robinson says the Germans have great 
confidence in their guns, but in addition to the 
proper pride in their own guns, it may be remem- 
bered also that there is a foreign market for war 
material, and it is no new thing in commercial 
rivalry to depreciate the wares of a competitor in the 
same line of business. It has been claimed that 
German guns are lighter, but, as has been pointed 
out repeatedly in Encineerinc,* when high bal- 
listics are obtained from a light gun, a greater 
velocity of recoil is communicated to the gun, 
and this must be resisted. The mountings and 
the ship’s structure adjacent to the mountings must 
consequently be made stronger, so that the saving 
in weight in the gun itself may be more than 
absorbed in the additional strength required. 
Moreover, the barbette may have to be increased 
in area, and, in view of the heavy armour of 
the walls, there is probably another increase 
in weight. In fact, as Commander Robinson 
points out, the expedient is sometimes adopted in 
the British practice of making the guns even 
heavier than necessary at the breech end in order 
to bring the centre of gravity to the rear, and so 
effect a reduction in the diameter of the barbette 
armour, thereby saving more in the weight of the 
mounting than is added to the weight of the gun, 
in consequence of the increased diameter of the 
breech end. As regards the wire-wound versus 
solid-steel construction, Commander Robinson is 
quite satisfied of the efficiency of the former 
method. There seems at the moment a tendency 
towards increased bore. We have adopted the 
13.5 in.; America the 14 in.; Germany is said to 
be contemplating the adoption of the 13.95-in. 
gun, and Japan the 14-in. gun. Other Powers will, 
no doubt, follow suit, because of the greater de- 
structive power of the larger bursting charge pos- 
sible with the heavier gun. Moreover, the heavier 
shell does not need such a high muzzle velocity 

r foot-ton of striking energy, so that there is 
ess erosion in the bore. In this connection, it is 
interesting to note that the Chief of the Bureau of 
Ordnance of the United States Navy, Rear- 
Admiral N. E. Mason, states that, owing to 
erosion, the life of the larger guns is not more than 
100 to 150 rounds. There is no idea of increasing 
the length possible with the larger gun, and the 
Chief of the Bureau of Ordnance of the United 
States Navy points out that at 10,000 yards nearly 
all of a battleship is above the horizon, as seen 
from the sights of a gun 25 ft. above the water, 
At the best no one would think of firing at a greater 
range than 12,000 yards. At 15,000 yards all, or 
nearly all, the actual hull of a ship drops below the 
level of the horizon, leaving only the superstruc- 
ture and upper works visible. At 20,000 yards the 
strip of the upper works which would show above 
the horizon would be too narrow to be of any real 
value as a target. At 25,000 yards the whole of 
the battleship is below the horizon, except, perhaps, 
the top of the smoke-stacks. 

In connection with the torpedo-repelling arma- 


* See ENGINEERING, vol. Ixxxviii., page 123, and vol. 
Ixxxix., page 486. 





ment there seem to be a remarkable difference of 
opinion. We have confined ourselves to the 4-in. 
gun. America has advanced from the 3 in. to the 
5in.; Germany has adopted the 5.9-in. behind 
armour, and 3.4 in. guns in the superstructure, 
and, it is reported, is contemplating an increase to 
6.7 in., if not 8.2 in. The Japanese have a secondary 
armament of 6 in. and 4.7 in., and so with other 
Powers. The view is that, given sufticient stop- 
ping power in the projectile to repel attack by 
estroyers, rapidity of fire is of primary import- 
ance ; but if destroyers increase in size and in the 
extent of the protection adopted in their design, 
we may have to move towards a more powerful 
gun than the 4-in. breech-loader. 

As regards gun control, many experiments seem 
to be in progress for the use of optical devices 
(or prisms) corresponding to the periscope, so that 
the gun-control personnel may be beyond the reach 
of the enemy’s fire, an advantage which is certainly 
not achieved with the lattice masts or even with 
the elevated platforms cased in armour. The 
continuous effort towards improvement of the 
higher explosive powders is also dealt with, and 
thus ‘* Brassey’s Annual” is, as always, an interest- 
ing record of continuous progress. 





ELECTRICALLY-DRIVEN GRINDING- 
MACHINES, 


WE illustrate on page 715 two direct-driven grinding- 
machines, recently constructed by Messrs. B. a 
Rowland and Co., Limited, Reddish, Stockport, which 
have several features of interest. Fig. 1 shows a com- 
bined disc and emery-wheel machine, directly driven 
by a 4-brake-horse-power continuous-current motor, 
running at a speed of 1440 revolutions per minute. 
The motor is totally enclosed, as also is the starting 
switch-gear, which is mounted on the back of the 
machine-bed; the electrical gear is thus protected from 
dust and metal particles arising from dry grinding. 
The motor armature is mounted on the machine spindle, 
which is 14 in. in diameter and of special high carbon 
steel. This shaft runs in adjustable cast-iron bearings 
of a special mixture ; these bearings, which are 74 in. 
long, are fitted with oil-ring lubrication, and the end 
thrust is taken by dust-proof ball-bearings. At one 
end of the spindle is mounted a steel disc, 18 in. in 
diameter, provided with a balanced rocking-table, 
having vertical, horizontal, and swivelling adjust- 
ments ; an index and a scale are fitted to the rest for 
setting the table to any desired angle with the disc 
face, and a stop is provided for setting it in the hori- 
zontal position. A guard and scraper are fitted to the 
disc to prevent dust or oil being thrown from the 
peed, and a water-trough is arranged for cooling 
work during grinding. 

The opposite end of the spindle carries an emery 
wheel, 14 in. in diameter and 14 in. wide, mounted in 
standard dovetail safety-plates, which grip the wheel 
independently of the drive, and practically eliminate 
the risk of bursting. Several of these machines have 
recently been delivered to the order of the Bengal- 
Nagpur Railway Company. 

e second machine, illustrated in Fig. 2, is a heavy 
rough grinder adapted for dealing with large steel or 
iron castings, stampings, &c., and was recently sup- 
plied to the Midland Railway for use at their Derby 
works. It is direct-driven by a 74-brake-horse-power 
motor running at 700 revolutions per minute, the 
motor shown being for three-phase current. 

The armature-spindle, which is 2} in. in diameter, 
runs in Hoffmann ball-bearings, and is fitted with 
plain thrust- bearings, running in grease, and provided 
with dust-excluders. 

The wheels, which are specially graded to withstand 
the rough usage for which they are intended, and to 
work otthent hestion or glazing, are mounted in safety 
dovetail plates at each end of the spindle ; they are 
each 30 in. in diameter, one being 6 in. thick a the 
other 14 in. thick. Specially heavy grinding rests are 
provided, adjustable to suit the wear on the wheel. 

Both these machines are of massive design through- 
out, and the wheels are fitted with corrugated steel 
vafety-guards, which are adjustable to compensate for 
the wear of the wheels. 





THE Swepisu STaTe AND SwepisH W ATER-PoweEr.— 
The rightful ownership toa t deal of Sweden’s water- 
power, especially in the north of the country, seems to give 
a good deal of trouble owing to the claims put ferwend | by 
the State. Some Swedish companies, the Gidea and 
Husum Company and the Mo and Donisjé Compar y, 
which are both intent upon exploiting the water-power, 
respectively of the Gide River, and the Torrbile Fall in 
the Ore River, which they claim to be theirs, have now 
petitioned the State for a definite statement in the matter, 
as to whether or not the old rule that he who owns the 
shore owns the water, which is upheld in other parts of 
Sweden, does apply to Northern Sweden, so that, if 
necessary, this highly-important question can be decided 
by a law court. 
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ENGINES OF THE GAS-DRIVEN YACHT 


“PROGRESS.” 


EMPIRE OIL-ENGINE SYNDICATE, LONDON. 


CONSTRUCTED BY MESSRS. F. W. ROWLANDS AND CO., BIRKENHEAD, FOR THE 
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Springs tend to | one or two revolutions at most, and is then cut off 
ed | automatically, as already described. This feature 


with a couple of balanced valves. 
keep these valves closed, but they can 
by a cam-shaft driven by spiral gearin 
main shaft, as best seen in 
it should be stated, do not “positively” open the 
valves, but do so through the intermediary of a 
Hence, once the engine starts firing, 
\ |and the pressure consequently rises in the cylinder, 
air-pump, and vice verad. The additional air-pump | the cams are no longer able to open the valves, but 
shown at F, Fig. 9, furnishes the supply of compressed merely compress the springs, so that the air supply 
: The | is automatically shut off so soap as it is no longer 
air supply for this purpose is led to the engine by a required. This provision makes the manipulation of 
pipe which passes along the back of the cylinders as | the engine very simple. 
indicated at G, Fig. ¥, Branches connect this pipe engine the supply uf compressed air is requi 


of the air-pump cylinder, and is scavenged and charged 
in exactly the same way as is the upper end. 
the engine is to be run reversed, the connections 
between the ends of the working cylinder and the 
changed over by the four- 
By rotating this 


ends of the air-pump 
way valve shown at 
valve through a right angle the top of the working 
cylinder becomes connected to the bottom of the 


air used for starting and reversing the engine. 


In starting or reversing the 





leads to great economy in the consumption of com- 
pressed air, and the engines have frequently been 
mancuvred to a far greater extent than would ever be 
required in practice, with but the small auxiliary com- 
ressor running, and without material loss of pressure 
in the reservoir. In rough weather, if the supply of air 
is left on, it will prevent any possibility of the engine 
being stopped if, after being throttled down to prevent 
racing, the propeller is suddenly re-immersed. The 
range of speed over which the engine will run satis- 
factorily is from 40 up to 210 revolutions per minute. 
The reverse lever of the engine is shown in its neutral 
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position at K, in Fig. 7. It will be seen that there are 
two notches on each side of the central notch. Of 
each of these pairs of notches, that nearest the neutral 
notch corresponds to the running position of the 
engine, and outermost to the starting position. With 
the lever in the starting position the cam-shaft con- 
trolling the air supply is shifted so as to operate the 
air-valves in their due sequence for the desired direc- 
tion of rotation, and at the same time the spark is 
retarded in each cylinder, the four-way gas-valves E 
being simultaneously moved so as to connect the 
appropriate end of the air-cylinder to the top of the 
main cylinder. So soon as the engine starts firing, 
the lever is moved back to its running position, an 
operation which moves the cam-shaft clear of its 
followers. As instancing the handiness of the engine, 
it may be stated that, in coming out of dock on one 
occasion, twenty-six different movements were made 
in the course of 21 minutes. The time taken to reverse 
has been found to be from 3 to 4 seconds after the 
order is given. 

In fact, the main difficulty experienced in sre 
— manipulation of the engines has been connectec 
with the producer. In land practice a suction-gas 
plant, once started, runs commonly without violent 
fluctuations in the output demand With a marine 
engine coming in or out of rt, however, the 
conditions are very different, and it was found that 
special steps must be taken to maintain the quality 
of the gas and the strength of the mixture, what- 
ever the temporary draught on the producer. For 
producers furnishing gas to a land engine the supply 
of water or of steam can be conveniently adjusted 
by hand, but experience showed that an auto- 
matic control was desirable for the supply to a 
marine poem, To provide this control, the appa- 
ratus illustrated in Fig. 11 was devised. The steam 
supply (at atmospheric pressure) is obtained from a 
small separately - fired boiler. The steam is de- 
livered through a rose fixed, as shown, at the top 
of the air-pipe leading beneath the grate of the 
producer. Lower down in this pipe a coil of tubing is 
tixed, which is charged with D oy methyl alcohol. 
The top of this coil is connected to a pipe leading to 
a chamber below a flexible diaphragm shown, this 
chamber being filled with a heavy oil. A series of 
magnifying levers transfer any motion of the flexible 
diaphragm to a balanced valve on the steam supply. 
At full speed this valve is fully open, and a full 
supply of air and steam is drawn through the draught- 
pipe into the producer. Should, however, the speed 
of the engine be suddenly reduced, the vacuum in the 

roducer falls off, and there is less suction in the 
} ht-pipe. As a consequence less air is drawn in, 
and the coil containing the methyl alcohol is raised in 
temperature by the excessive supply of steam. Asa 
result the vapour pressure inside this coil is raised, 
and, being transferred to the flexible diaphragm, moves 
the latter, closing the steam-valve more or less com- 

letely. Should next the speed of the engine be sud- 

enly increased, a larger quantity of air is sucked into 
the draught-pipe ; this cools down the coil, lowering the 
pressure within it, and the steam-valve is then forced 
open by the spring shown above it. 

To maintain automatically the proper relative pro- 
portions, of gas and air, in the charge supplied to the 
engine, the device illustrated in Fig. 12 is employed. 
This is essentially the same in function as some of the 
automatically adjustable carburettors now fitted to 
motor-cars. 

A bell dipping into mercury is provided inside a 
‘* vacuum ” chamber as indicated. This bell is con- 
nected by a hollow stem to a gas-valve shown below 
at V, and has also mounted on it at Pa ae ee 
piston, which when in its lowest position shuts off al 
connection between the outer air and the supply-pipe 
to the engine. When a charge is being drawn into 
the latter, the vacuum produced is communicated to 
the space above the bell by the hollow stem. The 
bell thus rises, opening simultaneously the gas-valve 
and theair-ports. The air which enters passes through 
slots in the air piston, and by rotating the latter, the 
relative proportions of air and gas can be adjusted. 
This adjustment is made by turning round the mixture 
handle, shown at the top in Fig. 12. The ition of 
this having been once adjusted to suit the quality 
of gas being used, the ‘‘ carburettor” automatically 
maintains the proper proportion of gas and air during 
all changes of speed of the engine. 

Both barrel and covers of the cylinders are water- 
cooled, the water being circulated by a small pum 
driven by chain gear from the crank-shaft. secon 
pump supplies the water needed for the scrubber. 

For starting up the producer, and for charging the 
reservoir of com these a air in port, a small oi -engine 
ia fitted. This drives a ‘‘ Sirocco” fan, which gives 
the draught necessary for starting up the producer. 
It also drives a small Reavell air-compressor for charg- 
ing the reservoir as stated. 

he proprietors of this gas-engine and vessel are the 
Empire Oil-Engine Syndicate, Limited, of 34, Great 
St. Helens, E.C. Mr, C. H. T. Alston was responsible 


for the design of the engine, which was built for the 


DETAILS OF MECHANISM FOR GAS-YACHT “ PROGRESS.” 


THE EMPIRE OIL-ENGINE 
























SSSA a TR 














Syndicate by Messrs. F. W. Rowlands and Co., of 
Birkenhead, and the consulting engineer, who has been 
associated with its development from the beginning, 
is Mr. P. T. Houston, of Messrs. Houston and Gall, 
4, Lloyd’s-avenue, E.C. It is intended to build a 
second engine to develop from 350 to 400 horse-power, 
and a corresponding gas plant, in both of which a 
number of improvements in detail will be embodied. 
This plant will be fitted on board a vessel of the com- 
mercial type. 








INDUSTRIAL NOTES. 

THE monthly journal of the Amalgamated Society of 
Engineers for June indicates a wn improvement in 
the numerical strength of the society, the membership 
having gone up 726, and amounting now to 113,789. 
It appears, however, that the growth does not come 
up to the expectations of the editor, who would like to 
see an increase of 1000 per month. The growth in 
financial strength arising out of an increase in numbers 
is supplemented by the reduction in the number of 
those on each of the great benefits of the society. 
Last month there were recorded members on 
donation benefit, 2918 on sick benefit, and 6039 draw- 
ing superannuation benefit. The quarterly report 
dealing with the last three months of 1910 shows 
that the net gain in funds was 1880/. 15s. 7d., which 
is small, but this is attributed to the effect of 
the boiler-makers’ dispute throwing members of the 
society out of work. The first three months of 1911 
showed a gain of 11,080/. 15s. 1d., which, though more 
satisfactory, is much short of what it would have 
been but for the holiday benefit. The superannua- 
tion reserve fund at the end of 1910 was 415,859V. 
The gain for the first quarter of 1911 was 7895i., 
which made the strength of the fund 423,754/. The 
income from the levy, of 1s. per member per quarter 
brings in a sum of 240i. short of 5000/7. per annum, and 





by the end of the r it is hoped t the income 
from this source will be over 5000/. per annum. The 
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Journal for this month offers some remarks on the 
Chancellor of the Exchequer’s Bill for Sick and Un- 
employment Insurance, and indulges in dreams of a 
cabinet formed entirely of Lloyd Georges, and a vision 
of a resulting civilisation from which all evils have 
been remov We can quite believe that the result 
of such a cabinet would wonderful ; but whether 
the marvel of it would take the form created by the 
imagination of the writer to the Amalgamated Engi- 
neers’ Society’s journal may be doubted. We willingly 
admit that one Lloyd George may be excellent from 
some points of view, but a cabinet of Lloyd Georges 
would be somewhat overpowering ; in fact, the idea 
carries our thoughts back to the palmy days of the 
Gilbert and Sullivan opera. 


At the end of last week nv decision had been 
reached by the wages board formed for dealing with 
disputes in the Bradford wool-combing industry, for 
at a meeting held on Thursday in last week, in order 
to consider the present demand for an all-round 
advance in wages, the matter was left over, an 
adjournment of the meeting being made till a date not 
fixed. The demand made by the executive of the 
union is for a general advance of 5 per cent. for all 
night-workers, with a minimum of 25s. per week. 

en the vote was taken it was found that the 
employers’ representatives and those of the men voted 
solid each =. The men’s president then asked for 
arbitration, which the employers refused, and it was 
decided to leave the matter over pending a meeting of 
the Employers’ Federation. It is feared that the 
officials of the union may not be able to prevent a strike 
if the present demand is not speedily granted. The 
dispute concerns about 12,000 operatives. 


On Thursday, in last week, at a meeting of the 
Cambrian Trust strikers, held at Ton-y-pandy, 
the terms offered by the masters were rejected, and 
the following resolution was :—‘* That we do 
not accept the terms, nor the assurances, and we ask 
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the Conference to bring the question of a living wage 
(8s. to every collier, and 5s. to the unskilled workman) 
before the general conference to be held in London in 
June.” There do not appear to be any signs of the 
men giving way at present. Although it is said that 
the application for a living wage has the whole- 
hearted support of the ee of the various 
districts, there appears to be some difference of opinion 
as to the best time for forcing the issue, some sup- 
porting the view that it would be better to wait 
till the autumn, when the men will be in a better 
position to fight, while others maintain that the 
present is a fit time for commencing a general strike. 
It was put before the miners by their executive that 
the funds of the South Wales Miners’ Federation were 
almost exhausted, and that the grant of 3000/. per week 
from the Miners’ Federation of Great Britain would 
almost certainly be withdrawn if the Cambrian work- 
men did not accept the provisional agreement. It was 
all of no avail, however, and on the vote being taken, no 
delegate present supported the acceptance of the terms. 
It was agreed, however, to have another sitting of the 
Conference on Monday, to give the matter further con- 
sideration. It is understood that the meeting was a 
very stormy one. There ap ars to be a strong feeling in 
South Wales that inevitable disruption must overtake 
the local miners’ federation with its 150,000 members 
as a result of the Rhondda strike ; but this, of course, 
remains to be seen. 





At the general conference of delegates of the miners’ 
lodges in the South Wales coalfield, held at Cardiff on 
Monday last, a resolution was passed asking the Miners’ 
Federation of Great Britain to declare at the conference 
to be held on June 14 a general stoppage throughout 
the Federation for the purpose of securing a definite 
guaranteed minimum wage, and, failing this action, 
asking the South Wales Federation to declare a stop- 
page to secure this end. 





The long strike of the coal-miners. at Springhill, in 
Nova Scotia, which has now lasted more than twenty 
months, has ended. It has been the most bitter 
strike that has occurred in the history of coal- 
mining in the colony, and has involved about 1200 
men. The end came on May 27, when the miners 
adopted a report of the settlement committee. The 
wre originated in men making a demand for a 
recognition of the United Mine Workers, an advance 
on the schedule wages, and the removal of the docking 
system, which was considered unfair. When the strike 
began the men were informed by the company that 
they would not be taken back except at a reduction 
of 15 per cent. in the wages. Under the terms of the 
settlement none of the men’s demands was agreed to, 
and they returned to work ata reduction of 10 per cent. 
in wages. The cost of the strike to the men is said 
to be 300,000/. The settlement was favoured by the 
chief officials of the United Mine Workers. 


The General Committee of the Federation of Master 
Cotton-Spinners’ Association held a meeting at Man- 
chester on Thursday in last week and decided to ask 
all firms using American votton to close their mills for 
the whole of Whit week, and on the following Monday, 
instead of for the usual two days. It is stated in the 
circular in which this recommendation is conveyed 
that the decision is only a preliminary measure, which 
will be followed by a request to members to vote on the 
question of organised short time until the end of the 
present cotton season. It is said that unless the trade 
is to suffer disaster the committee must be supported 
in their endeavour to deal with a situation the acute- 
ness of which is increasing. 





We are now able to give a full text of the proposed 
Trade Union (No. 2) Bill dealing with the application 
of the funds of the unions to political purposes, 
to which we alluded on page 687 last week. After 
defining what a trade union is, the Bill goes on to 
state that :—(1) The funds of a trade union shall 
not be applied, either directly or in conjunction 
with any other trade union, association, or body, or 
otherwise indirectly, in the furtherance of the political 
objects to which this section applies (without prejudice 
to the furtherance of any political objects), unless 
rules, to be vy te whether the union is registered 
or not, by the Registrar of Friendly Societies, are in 
force providing :—(a) That the funds of the union are 
only to be applied in the furtherance of any political 
objects if the furtherance of those objects is approved 
as an object of the union by a resolution for the time 
being in force, passed on a ballot of the members of the 
union, taken in accordance with this Act for the purpose 
by a majority of the members voting ; and (b) that any 
payments in the furtherance of those objects are to be 
made out of a ——— fund (in this Act referred to as 
the political fund of the union), and for the exemption 
in accordance with this Act of any member of the 
union from any obligation to contribute to such a fund 
if he gives notice, in accordance with this Act, that he 
's unwilling to contribute ; and (c) that any member 
who is exempt from the obligation to contribute to the 





political fund of the union shall not be excluded from 
any benefits of the union, or placed in any respect, 
either directly or indirectly, under any disability or at 
any disadvantage as com with other members of 
the union ps in relation to the control or manage- 
ment of the political fund) by reason of his being so 
exempt, and that contribution to the political fund of 
the union shall not be made a condition for admis- 
sion to the union. (2) The political objects to which 
this section applies are the expenditure of money 
(a) on the payment of any expenses incurred, either 
directly or indirectly, by a candidate, or prospective 
candidate, for election to Parliament, or to any public 
office, before, during, or after the election in connec- 
tion with his candidature or election ; or (b) on the 
holding of any meeting or the distribution of any 
literature or documents in support of any such candi- 
date or prospective candidate ; or (c) on the mainten- 
ance of any member of Parliament or any person 
holding a public office ; or (d) in connection with the 
registration of electors, or the selection of a candidate 
for Parliament or any public office ; or (e) on the hold- 
ing of political meetings of any kind, or on the 
distribution of political literature or political documents 
of any kind, unless the main purpose of the meetings 
or of the distribution of the literature or political 
documents is the furtherance of statutory objects 
within the meaning of this Act. 

A ballot for the purposes of the Act shall be taken 
in accordance with any rules made by the union for 
the purpose, but the eshte of Friendly Societies 
shall not approve any such rules unless he is satisfied 
that every member has an equal right of voting, and 
that the secrecy of the ballot is properly semen A 
member of a trade union may at any time give notice, 
in the form set out in the schedule to the Act, or in a 
form to the like effect, that he is unwilling to contri- 
bute to the political fund of the union, and on the 
adoption of a resolution of the union approving the 
furtherance of political objects as an object of the 
union, a circular shall be sent to the members of 
the union acquainting each member of his right 
to be exempt from contributing to the political 
fund of the union and enclosing a form of exemp- 
tion notice. On giving notice in accordance with 
this Act of aowilingenes to contribute, a member 
of the union shall be exempt, so long as his notice 
is not withdrawn, from contributing to the political 
fund of the union as from the first day of January 
next after the notice is given, or, in the case 
of a notice given in pursuance of the circular sent to 
members under this section, as from the date on which 
the notice is given. Effect may be given to the 
exemption of members to contribute to the political 
fund of a union either by a separate levy of contribu- 
tions to that fund from the members of the union who 
are not exempt, or by relieving any members who are 
exempt from payment of the whole or any part of any 
periodical contributions required from the members of 
the union towards the expenses of the union, and in 
that case the rules shall provide that the relief shall 
be given, as far as possible, to all members who are 
exempt on the occasion of the same periodical 
payment. 

The Bill passed its second reading by 219 votes to 18 
on Tuesday last. The Socialist leader, Mr. Ramsay 
MacDonald, stated that it was in no sense satisfactory 
to his followers, but that they would vote for the 
second reading, though they intended to insert 
amendments in committee. 





Mopern Hyprocen-GEnERATION PLantTs.—With re- 
gard to our article on ‘‘ Modern Hydrogen-Generation 
Plants,” which appeared on page 697 of last week’s issue, 
the British Oxygen Company, Limited, of Elverston- 
street, Westminster, inform us that in the Linde-Frank- 
Caro process the last traces of carbon monoxide are 
removed by means of calcium carbide or of soda lime, 
after the removal of the bulk of the carbon monoxide, 
and also of the nitrogen by liquefaction. We were not 
aware of the use of calcium carbide. 





Tuer Society or Encingers.—This active society held 
its annual dinner on Saturday, May 27, at the Criterion, 
the President, Mr. F. G. Blovd, being in the chair. 
After the usual loyal toasts been proposed by the 
chairman, Mr. Alexander Siemens, President of the 
Institution of Civil Engineers, gave the toast of “‘ The 
Society of Engineers,” and congratulated it upon its 
work for the younger members of the profession. He 
said that the Institution of Civil Engineers was holdi 
a conference this summer, and the question as to whic 
years were best for the training of youths for the profession 
would be discussed. He also touched upon the necessity 
of a knowledge of one or two foreign languages, so that 
lucrative ts abroad might be taken. Mr. Siemens 
also ho to see a scheme by which all the students of 
the various colleges might be helped by affiliation with 
the Institution of Civil Engineers. Amongst the com- 
af present were Mr. E. B. Ellington, President of the 
nstitution of Mechanical Engineers, who proposed the 
toast of ‘‘ The Ladies,” and Mr. J. W. Jacomb-Hood, 
President of the Permanent-Way Institution, who 

ded for the same. An excellent mme of 
music brought a most successful evening to a ‘ 





*VULKAN” ELECTRO-MAGNETIC SYSTEM 
OF DRIVING PLANING-MACHINES. 


On pose 187 of our eighty-ninth volume we described 
and illustrated a powerful electro-magnetic clutch, 
adapted to the driving of rolling-mills, and again on 
page 100 of our ninetieth volume we referred in a 
ye eye to a similar clutch that had been fitted to 
a lowing-engine by Messrs. Cochrane and Co., 
Limited, of Middlesbrough. This t of clutch is 
known as the ‘“‘ Vulkan,” for which Messrs. Cecil G. 
Lugard and Co., St. John’s House, Chester, are the 
sole agents in this country. It has, we understand, 
proved very satisfactory for the purposes to which 
we have referred, and has now been adapted for 
driving planing-machines. An adaptation of this kind 
is illustrated on page 722 of our present issue, being 
shown in two perspective views, Figs, land 2, which 
are reproductions from photographs. The planing- 
machine to which the clutch is applied is a large one, 
having a travel of 23 ft., and a width of 8 ft. 3 in., 
the ‘‘ Vulkan” drive being fitted direct. The electric 
motor runs in one direction only, and is an ordinary 
standard machine, rated at 40 horse-power when run- 
ning at 1000 revolutions per minute. As the motor 
always starts up free, the starter is also of the ordina: 
type. The machine is arranged for three cutting peeks 
—namely, 9 ft., 18 ft., and 36 ft. per minute, and a 
constant return motion of 90 ft. per minute. 

In order better to understand the arrangement of 
the gearing we may refer to Fig. 4, from which it will 
be seen that the motor is connected through a shaft, 
on which there is a small fly-wheel, to the pinion E, 
driving the spur-wheel F. The pinion E ie drives 
the spur-wheel G, which transmits the power to the 
sliding pinions H, I, or K, and also serves to raise the 
cross-slide of the planer through the pair of bevel- 
wheels Land M. The sliding-pinion H can be moved 
into engagement with the spur-wheel N, the wheel I into 
engagement with O, or the wheel K into engagement 
with the wheel P, whichever cutting speed is required, 
and these wheels N, O, and P will rotate clockwise 
when seen from the motor. The spur-wheel F is 
mounted on one of the magnetic bodies of the 
** Vulkan” clutch, and the spur-wheels N, O, and P 
on the other ae oe body. 

The magnetic body carrying the spur-wheel F rotates 
anti-clockwise at a comparatively high speed (500 revo- 
lutions per minute), and is therefore used for driving 
the planer on the return stroke. The other magnetic 
body carrying the spur-wheels N, O, and P rotates 
clockwise at 50.4, 97.6, or 204 revolutions per minute, 
according to which sliding pinion is in operation. 
Each magnetic body is mounted on a gun-metal bush, 
and runs freeon theshaft. Between the two magnetio 
bodies there is a disc armature shrunk on to the shaft, 
and each magnetic body is fitted with a coil, the ends 
of which are connected to the slip-rings, on which 
rings small carbon brushes press and convey the 
electric current to the rings from the mains. The disc 
armature is provided with a friction-ring, and each 
magnetic y with a ventilating-ring. When the 
current is switched on through the coil of one of the 
+ gap bodies, this body becomes highly magnetic 
and is attracted to the armature, thus pressing the 
friction-ring and ventilating-ring together, and carrying 
the armature and the shaft R round in one direction. 
When the current is broken, the magnetic attraction 
ceases and the armature and ehaft R are rel 

It is, therefore, clear that it is only necessary to 
switch the current on to one or other magnetic 
body to reverse the direction of the shaft R and the 
bevel pinion 8S, as both the magnetic bodies are being 
revolved in opposite directions. Should the current 
be interrupted, the shaft R and the bevel pinion 8 
will remain stationary. This regulation of the current 
is done automatically by a eliding switch actuated by 
the usual dogs on the side of the table. The cur- 
rent taken by the clutch is very small, being in 
this case 2.16 amperes for the cut and 1.38 amperes 
for the reverse, at 220 volts (475-303 watts respec- 
tively). Two single pole-switches, one placed on each 
side of the machine, and a pear-switch on a flexible 
cord for stopping the machine complete the necessary 
switch-gear. In Figs. 5and 6 are shown two diagrams, 
one of the current required to work the planer when 
the ordinary belt-drive is used, and the other when the 
‘* Vulkan” clutch-drive is adopted, and it will be noted 
that the peak of the load on reversal is considerably 
reduced with the latter forin of drive. Fig. 7 shows a 
clutch of this kind arranged for driving with open and 
cross-belts from the main shop shafting, and shows the 
electric connections and the automatic reversal-switch. 
The pulleys A and B, which carry the open and crossed 
belts, are combined with magnetic bodies connected 
with the automatic reversing-switch, and through the 
disc C they turn the shaft D in one or other direction. 
When the reversing-switch is in the middle position, 
both the pulleys A and B are running loosely, 
and the disc C with the shaft D remains steady. 
Instead of belt-pulleys, gear-wheels may, of course, 
be used. 

As an illustration of the accurate reversal that can 
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Fig. 3 POWER DIAGRAM- ORDINARY BELT DRIVEN PLANER. j 
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\--------- 2 ; eo = me : : on the table, Fig. 3 isa good example. In the machine 
a ese we have descri all the bearings are of the ring 

lubricated type, the magnetic bodies being lubricated 
through the centre of the shaft R. The friction and 
ventilating-rings do not require lubrication, and will, 
it is claimed, run for years without adjustment. The 
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\B i drive can be arranged very simply, and an ordinary 
; H standard motor and starter can be used—a type much 
¢ t cheaper than a reversing-motor. All the reversing 






" parts are made as small and as light as practicable, in 
"i order to reduce the kinetic energy to as Jow a point as 
H possible, and it has been found that the planer can be 
Feast ageisbeetaos iascages aviey cosroas sosaaeenoran J run at very high speeds, and reversed accurately with- 

out shock on the gears. Repairs and adjustments have 
also been found to be very small. 

































surraces 4 toga wgether Tur German Navy.—Two torpedo-boats, the G 195 

magnetic : and V 190, have been launched at Kiel and Stettin. Of a 
torpedo flotilla ordered in 1909 only three boats remain to 
be completed—viz., the V 191, the G 196, and the G 197. 
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TRANSPORTERS FOR ROTHESAY DOCK. 


We illustrate, on e 726, one of the two trans- 

rters designed and built by Messrs. Babcock and 
Vileox, Limited, of Oriel House, Farringdon-street, 
London, E.C., and Renfrew, to the order of the 
Trustees of the Clyde Navigation, for their new 
Rothesay Dock at Clydebank. The transporters are 
used in unloading iron ore from ships, and discharging 
it into wagons for transit to the various iron works 
in the district, and were erected to meet the demand 
for more rapid handling consequent on the continually 
increasing value of land at the docks and the growing 
stringency in the enforcement of demurrage charges 
on rolling-stock. The plant is similar to that at some 
of the ore docks on the Great Lakes of North America, 
where rapid handling is a necessity. 

It will be seen from the illustrations that the trans- 
porters each consist of a main boom, pivoted on two 
travelling-towers, and having a hinged derricking 
portion projecting from the larger tower over the 
water. On the Lane member of the boom there 
runs a crab, with the skips or grabs for taking the 
ore, &c. The extreme length of the boom, including 
the overhanging part, is 218 ft. 4 in, and _ the 
head-room from its lower side to the wharf-level 
is 60 ft. The main tower is about 125 ft. high 
over all, and runs on two lines of rail at 40 ft. 
gauge, the wheel-base being 50 ft. The smaller tower 
runs on a single line of rails about 17 ft. 6 in. from the 
inside end of the boom. The pivots of the boom are 
arranged in such a way that the towers can be 
travelled independently, enabling the operator to angle 
the end of the boom through a distance of about 25 ft. 
either way, so that the transporter can be moved over 
the hold of a ship, while the point of discharge remains 
in astationary position, or vice versd. Both towers can 
also be travelled simultaneously and at the same speed. 
Dials are fitted inside the operator’s cabin, indicating 
the angle at which the boom is standing on either side 
of its mid-position, and automatic switches cut off the 
current supply from the travelling motors, and apply 
the brakes should the operator attempt to angle the 
boom more than the allowable maximum. For travel- 
ling, the towers are fitted with independent motors 
and controllers, the running wheels being driven 
through machined steel bevel and spur gearing and 
shafting, carried on self-aligning bearings. Powerful 
automatic brakes are fitted, and rail-clips are provided 
for use when heavy gales are blowing. 

The derricking portion of the boom is 66 ft. in 
length. It is carried by permanent plate-guye, which 
are jointed and fold up when the boom is hoisted. 
The derricking is effected by wire ropes passing over 
sheaves at the top of the tower, and attached to a 
winch with double spiral barrels. This winch is operated 
by an independent motor and controller, the motor 
driving through a heavy set of worm-gear running in 
an oil-bath. 

The crab on the lower member of the boom is fitted 
with two motors—one for hoisting and one for travers- 
ing. The hoisting is performed by Messrs. Babcock 
and Wilcox’s patent “Crypto” hoisting-gear, which 
obviates the use of controllers and avoids heavy rushes 
of current when starting, at the same time enabling the 
load to be handled very rapidly. The traversing motor 
is controlled in the usual way, and is geared direct to 
the axles through spur-wheels, powerful brakes being 
fitted to stop the crab in the shortest possible time. 

The transporters are designed for handling loads of 
44 tons at a lifting speed of 185 ft. per minute and a 
traversing speed of 500 ft. to 600 ft. per minute. The 
speed of travelling the towers is 60 ft. to 70 ft. per 
minute, and the time occupied in raising the derrick- 
ing portion of the boom from the horizontal to the 
vertical position is 2} minutes. The hoisting motor is 
of 75 horse-power, while the traversing and derricking 
motors are each of 25 horse-power. The travelling 
motor for the front tower is 25 horse-power, and that 
for the back one 15 horse-power. 

The structure of the transporters has been designed 
especially heavy with a view to their being amply safe 
under ail condinions. One of the greatest factors in 
designing large structures of this class is the question 
of wind-pressure in relation to the stresses, as wel 
as the question of general stability. A more exposed 
site than the Rothesay Dock at Clydebank could 
not well be imagined, and this fact has been taken 
into consideration throughout the design. The trans- 
porters have been subjected to an exhaustive series 
of tests by the engineers to the Clyde Trust, and have 
been accepted by them. It should be mentioned 
that this interesting installation is the largest of its 
kind in the country. The transporters were built to 
the specification and under the supervision of Mr. 
G. H. Baxter, M.I. Mech. E., and Mr. Walter Dixon, 
M.I. Mech. E., M.I.E.E., respectively the mechanical 
engineer and consulting electrical engineer to the 
Clyde Trustees. 





Tux Contntu Canat.—The Corinth Canal Company—e 
somewhat ill-starred French enterprise—realised last year 
a not revenue of 5882/., as compared with 5605/. in 1900. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 24. 

GENERAL business interests are anxiously awaiting 
the revival indemand which conditions warrant manu- 
facturers in expecting. Curtailment has been the 
rule in all branches of business for many months past. 
It was regarded as bad policy to permit an accumula- 
tion of stocks of any kind, and in consequence supplies 
are everywhere light, but sufficiently abundant to meet 
current demand. The iron and steel industry has 
been plodding aleng cautiously, and at the present 
time the inquiries relate only to equipment that is 
absolutely needed. Railway managers admit they have 

lans perfected for extensions and enlargements of 
Facilitice, but it seems to be their ane to let 
requirements force them into the market rather than 
to anticipate anything. This leads to more or less 
spasmodic buying. For a week or two there is a rush 
of orders only to be followed by a week or two 
of quietude. The indications from Canadian sources 
are that there will be much buying during the current 

ear for equipment and extensions. The Canadian 

acific has issued specifications fr 1000 to 2000 steel 
underframe box-cars, and from 300 to 500 gondola 
cars. The Grand Trunk has also sent out specifica- 
tions for 1000 steel frame box-cars. Another railroad 
terminating in Winnipeg is in the market for 250 box- 
cars and 100 flat-cars. he Cincinnati, New Orleans, 
and Texas Railway has asked prices for 27 steel under- 
frame passenger cars and 1000 steel hopper-cars to 
transport coal and other freight usually carried on 
such cars. The rail mills are barely able to maintain 
their present degree of activity. Orders are booked 
daily for considerable material. The Edgar Thompson 
plant has just booked orders for 2500 tons. This 
condition has materially reduced the demand for coke 
in the Connellsville region. 

The Studebaker Corporation has just placed an 
order with the United States Tyre Company for 135,000 
tyres and an equal number of Continental demount- 
able rims, the total value of which approximates 
4,000,000 dls. The buyers are the largest manu- 
facturing concern of the kind in the United States, 
and the company is making extensive improvements. 
The Great Northern Railroad will shortly be in the 
market for 30,000 tons of rails. It is intimated this 
week that, as the fiscal year closes on June 30, a good 
many roads will postpone the placing of orders until 
after that date. A great many rails are needed for 
extensions that are to be completed this year, and it 
is presumed that, when the orders are placed, the 
stipulation will be one of the conditions. Prices of 
almost all kinds of goods are steadily declining. This 
is a favourable sign, and will help to steady conditions 
and lay the foundaticn for a reaction in the early 
autumn. 





Urrer Conco Rattway.—The capital of the Upper 
Congo and Great African Lakes Railway Company is to 


be carried from 2,000,000/. to 3,000,000/. by the creation y 


of 100,000 new shares of 10/. each. This proposed in- 
crease of capital will entitle the company to land grants 
to the extent of 10,000,000 acres. 





British WEIGHTS AND MEASURES AssoctATION.—The 
Committee of Control, desiring to ascertain how the 
metric system is being received by the manufacturers and 
traders of the country, have had a return made which 
gives this information in tabular form. A glance at the 
table leads to the deduction that there is no evidence to 
show that the metric system has made any substantial 
progress during the past decade. 





Tue Royat Sanirary Institurr.—The twenty-sixth 
congress of this Institute will be held at Belfast from 
July 24 to 29, under the chairmanship of the Right Hon. 
Lord Dunleath, D.L., J.P. The programme will be 

iven in the supplement to the Institute’s journal. Dr. 
Fouis C. Parkes, M.D., D.P.H., will deliver a lecture on 
“The Prevention of Tuberculosis—A National Task.” 
Professor H. R. Kenwood, M.B., D.P.H., F.R.S. Edin., 
will lecture on ‘‘The Open Window.” A number of 
visits and excursions have been arranged. Further infor- 
mation can be obtained from the Secretary, Mr. E. White 


1 | Wallis, 90, Buckingham Palace-road, London, 8. W. 





Tue InstITUTION OF MECHANICAL ENGINEERS: Con- 
VERSAZIONE.—This conversazione was held on Frida 
evening lest, May 26, in the Institution Building, Storey’s 
Gate, Westminster, under the presidency of Mr. Edward 
B. Ellington. Though not quite so large as on some 
previous occasions, the attendance was very good, and 
the programme prepared for the members and their 
friends was excellent, both scientifically and musically. 


A distinct feature of the evening was a lecturette on | Glasgo 


** Optical Determination of Stress,” delivered in the large 
hall by Professor E. G. Coker, D.Sc., F.R.S.E., who 
showed, by the aid of very beautiful lantern-slides, how 
varying stresses in small celluloid specimens produced, 
under polarised light, different colours, indicating the 
nature and the extent of the stresses. A programme of 
vocal and instrumental music was excellently rendered in 
the library during a part of the evening, while the Royal 
Artillery band performed in the main hall. The result 
was a most enjoyable eveniag. 





NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday the pig-iron 
market was closed, the day being observed in Glasgow 
as Victoria Day holiday. When business was resumed 
on Friday morning the market was weak but active, and 
the dealings amounted to 10,000 tons of Cleveland war. 
rants at 463. 6d. and 46s. 54d. cash, 46s. 8d. twenty-one 
days, 46s. 64d. and 46s. 6d. seven days, 46s. 8d., 46s. 9d., 
and 46s. 8d. one month, and 47s. 3d. and 47s. 2d. three 
months. Closing sellers quoted 46s. 6d. cash, 46s. 9d. 
one month, and 47s. 244. three months. Cash sellers 
of hematite quoted 62s., and three months’ buyers offered 
the same figure. In the afternoon Cleveland warrants 
became easier, and the turnover consisted of 4000 tons at 
46s. 54d. thirteen days, 46s. 74d and 46s. 64d. one month, 
and 47s. three months. At the close there were sellers at 
46s. 44d. cash, 46s. 64d. one month, and 47s. three months. 
Hematite was unchanged at 62s. cash sellers, On Monday 
morning renewed sales caused a further development in 
weakness in Cleveland warrants, The business amounted 
to 5500 tons at 46s. 2d. cash, 46s. 3d. four days, 46s. 5d., 
463, 54d., and 46s, 5d. one month, and 46s, 9d. August 23, 
and closing quotations were 46s. 2d. cash, 46s. 5d. one 
month, and 46s. 104d. three months sellers. Hematite 
was quoted 62s. one month sellers and three months 
buyers. A better feeling prevailed in the afternoon, but 
the dealings only amounted to 4000 tons of Cleveland 
warrants at 4(is. 2d. cash and four days, 46s. 3d. ten days, 
46s. 5d. one month, and 46s. 104d. three months. At the 
close sellers’ prices were firmer at 46s. a cash, 46s. 54d. 
one month, and 46s. 1ld. three months. On Tuesday 
morning the market was quite idle, and sellers of 
Cleveland warrants quoted easier at 46s. 2d. cash, 
46s. 5d. one month, and 46s. 104d. three months. In the 
afternoon Cleveland warrants were quiet, and 2500 tons 
changed hands at 46s. 10d. three months and August 25. 
Closing — were unchanged from the morning session. 
When the market opened to-day (Wednesday) the tone 
was better, and 7000 tons of Cleveland warrants were 
dealt in at 46s. 4d. cash and eight days, 46s. 64d. one 
month, 46s. 6d. and 46s, 64d. July 3, and from 46s. 11d. 
to 47s. three months. At the close sellers quoted 46s. 4d. 
cash, 46s. 7d. one month, and 47s. 04d. three months. 
A stronger tone again prevailed in the afternoon, 
and Cleveland warrants were done at 46s. 5d. cash, 
46s. 54d. eight days, 47s. 1d. and 47s. 2d. three months, and 
closing sellers quoted 46s. 54d. cash, 46s. 84d. one month, 
and 47s. 24d. three months. One month hematite was 
quoted 62s. 44d. buyers, and 62s. 74d. sellers. The follow- 
ing are the market quotations for makers’ (No. 1) iron: 
—Clyde, 60s. 6d. ; Calder and Gartsherrie, 61s. ; Summer- 
lee, 53s. ; Langloan, 64s, ; and Coltness, 82s. (all shipped 
at Glasgow); Glengarnock (at Ardrossan), 64s. ; Shotts 
(at Leith), 61s. 6d. ; and Carron (at Grangemoutb), 63s. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia is again on the small side, and the market is the 
turn weaker. The current quotation is now 13/. per ton 
for ay delivery, Glasgow or Leith. The total amount 
shipped from Leith Harbour last week was 371 tons. 


Scotch Stecl Trade.—The state of affairs in the Scotch 
steel trade has not undergone any change of late, and 
producers are still a of the scarcity of specifi 
cations. Witha very large output from the shipbuilding 
ards during the past month, and with a large increase 
in the number of new contracts fixed, one would naturally 
expect a revival of activity in the various steel works, 
but so far there has been little sign of any improvement, 
in the heavy departments at any rate. Ship-plates and 
angles are in poor demand, but home and export buyers 
of boiler-plates are passing rather more orders, some 
satisfactory lots being wanted for shipment to the Con- 
tinent. Inquiries for structural sections are fair, but an 
increase falls to noted in the inquiries for light 
material, some of the colonies being in the market this 
week for fair quantities. 


Malleable-Iron Trade.—No change has taken place in the 
conditions ruling in the malleable-iron trade of the West 
of Scotland, but employment is rather better. This state 
is due to some buying which has lately been done at the 
reduced price, the current figure being on the basis 
of 6/. per ton, less 5 per cent., for Crown bars. Ww as 
the above price is, sellers of German and Belgian stuff 
are willing to accept even less to secure the business. 
Nothing has, as yet, been definitely done with regard to 
the formation of a new working agreement, and although 
several makers would gladly welcome another arrange 
ment, it is generally understood that the majority of the 
— do not consider that the time for such has arrived 
yet. 


Scotch Pig-Iron Trade.—There is rather a better 
demand for the ordinary qualities of Scotch pig iron, and 
makers are being kept well employed. Home buyers are 
not very much in evidence at present, and the majority 
of the orders are coming from the South and from ab . 
The prices are firm. ematite is still very dull, and the 
current price is in the neighbourhood of 66s. per ton, but 
it is stated that makers might accept 65s. for a few 
prompt lots. 


Shipbutlding.—Messrs. Murdoch and Murray, Port 
i w, have received an order to build a large pas- 
senger and cargosteamer for service on the River Amazon. 
This vessel, which will have triple-expansion engines 
supplied by a Glasgow firm, will be one of the largest yet 
built for the Amazon taade. It is worthy of note that 
the above builders have already built eleven steamers 
for the same destination during the past twelve months 
—Messrs.. Mackie and Thomson, y wos have secured 
contracts for four steamers, of which two are large 
twin-screw steamers for foreign owners; one is for 
@ wingle-serew cargo-steamer for the General Steam Navi- 
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gation Company ; and one is for a twin-screw steamer for 
Colonial owners.—The oil-tank steamer, the contract 
for which was noted last week as having m secu 

by the Greenock and Grangemouth Dockyard Company, 
is for Messrs. John I. Jacobs and Co., London. The 
engines are to be —_ lied by Messrs, Rankin and Black- 
more, Greenock.—The Ai Shipbuilding Company, 
Troon, have secured orders for two 300-ft. twin-screw 
passenger steamers of first-class description for foreign 
owners. The same builders have also secured the order 
to build a triple-screw motor vessel for H.M. Con- 
sular Service on the Congo.—Messrs. Ritchie, Graham, 
and Milne, Whiteinch, have received an order from 
British owners for a heavy steel barge to carry cargo. 
—Messrs. Alley and MacLellan, Limited, Polmadie, 
have contracted to build a paddle-barge of 20 tons, and 
a steel cargo-lighter of 500 tons, each for foreign owners. 


Wages in the Iron Trade.—The following intimation 
has been made to Messrs. James C. Bishop and James 
Gavin, joint secretaries of the Scottish Manufactured 
Iron Trade Conciliation and Arbitration Board, by Mr. 
John M. MacLeod, C.A., Glasgow :—‘‘In terms of the 
remit, I have examined the employers’ books for March 
and April, 1911, and I certify the average realised net 
selling price at works brought out is 6/. 3s. 7d. per ton.” 
This means no change in the wages of the workmen. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—There is a better feeling 
in the pig-iron trade. Buyers are once more coming 
forward rather freely, and inquiries for delivery ahead 
indicate a return of confidence in the future. Values 
tend upward. No. 3g.m.b. Cleveland pig is now 46s. 74d. 
f.o.b., whilst No. Lis quite 50s.; No. 4 foundry and No. 4 
forge, each 46s.; and mottled and white iron, each 45s. 9d. 
—all for early delivery. East Coast hematite pig is 
steady, and mixed numbers are firm at 62s. for early 
delivery, the price of No. 1 hematite being fixed at 
62s. 6d. Foreign ore is still lifeless, and consumers— all 
of whom are well bought—declare that prices will have to 
be lowered before buying can take place. Market rates 
are based on 20s. 6d. ex-ship Tees for best Rubio. Cuke 
is very plentiful, and medium blast-furnace kinds are on 
sale at 14s. 6d. delivered here. 


Manufactured Ironand Steel.—More favourable accounts 
are given of the manufactured iron and steel industries. 
There is certainly more demand, and works are more 
fully employed, while the outlook is becoming more satis- 
factory in the leading branches. Values all round are 
well maintained, and any change is likely to be in an 
upward direction. Common iron are 7/.; best bars, 
7l. 7s. 6d.; best best bars, 7/. 15s.; packing iron, 5/. 15s. ; 
iron ship-plates, 62. 12s. 6d.; iron ship-angles, 7/.; iron 
ship-rivets, 7/. 5s.: iron boiler-plates, 7/. 7s. 6d. ; steel 
bars, 61. 5s.; steel ship-plates, 6/. 15s.; steel ship-angles, 
61. 7s. 6d. ; steel boiler-plates, 7/. 10s. ; steel strip, 6/. 10s. ; 
steel hoops, 61. 12s. 6d.; steel joists, 6/. 7s. 6d. ; cast-iron 
railway-chairs 3/. 12s. 6d.; light iron rails, 6/. 10s.; heavy 
steel rails, 5/. 12s. 6d.; steel railway sleepers, 6/. 10s. ; 
and iron and steel galvanised corrugated sheets, 10/. 15s. 
—sheets less 4 per cent. f.o.b., railway material net at 
works, and all other descriptions less 24 per cent. 


Ironworkers’ Wagcs.—The accountants to the Board of 
Conciliation and Arbitration for the Manufactured Iron 
and Steel Trade of the North of England have just certi- 
fied the average net selling price of iron rails, plates, 
bars, and angles for the two months ending April 30 last 
at 61. 6s. 7.04d., as compared with 6/. 6s. 10.20d. for the 
previous two months; and, in accordance with sliding- 
scale arrangements, wages for June and July will be the 
same as prevailed during the preceding two months. 


Shipments of Iron and Stecdl.—Shipments of iron and 
steel from the Tees during May come fully up to expec- 
tations, and those of pig were heavier than for some time 
past. Official returns give the total of loadings of pig 
iron for the month just ended at 142,559 tons, 126, 
tons of which went from Middlesbrough and 15,695 tons 
from Skinningrove. For the previous month the total 
clearances of pig amounted to 130,761 tons, and the pig 
shipments for May, last year, were pee at 85,524 tons. 
Of the Skinningrove shipments for the month just closed 
14,618 tons went to Scotland and 1077 tons to Holland. 
Of the pig sent from Middlesbrough, 17,770 tons went to 
Scotland, 14,706 tons to Germany, 10,475 tons to Canada, 
10,127 tons to Japan, 10,000 tons to the United States, 
9328 tons to France, 8408 tons to Italy, 7660 tons to 
Wales, 6926 tons to Sweden, and 5648 tons to Holland. The 
manufactured iron shipped from the Tees during May 
amounted to 12,257 tons, the largest customer being 
India, with an import of 3915 tons. The total loadings 
of steel for the month just ended reached 40,417 tons. 
India was also the largest buyer of steel, taking 6431 tons, 
whilst the Argentine received 5450 tons; Egypt, 4592 
tons; and West Australia, 3067 tons. 








NOTES FROM SOUTH YORKSHIRE. 
; SHEFFIELD, Wednesday. 

Activity in Edge Tools.—One of the most flourishing 
branches of Sheffield trade at the present moment is that 
devoted to the manufacture of all kinds of tools. 
Some of the large firms report that they are busier than 
ever before, that they are in the happy position of finding 
the demand grow in proportion to their increased facili- 
ties for production. Particularly does this apply in the 
agricultural implement section. In spite of the multi- 
plicity of machines for farm work, the output of scythes 
is bigger than ever. The makers are working overtime, 


and there is, in fact; some shortage of labour. Heavy 
stocking is always done by the manufacturers during the 
winter, but this season’s demand has far ou wn their 
anticipations. Similar busy conditions obtain amongst 
makers of machine-knives, chaff-cutters, and sheep-shears, 
and the year is expected to yield record figures. The 
trade in hand-saws is flourishing, and much of the work 
has been captured from American rivals. 


South Yorkshire Coal Trade.—The hard-coal pits are 
mostly on full time, and the demand is such that there is 
very little stock on hand. Shipment quantities are on 
the increase and the general industrial demand is well 
maintained. Prices ares y with an upward tendency. 
There is a better call for gas-fuel for shipment, and the 
home consumers nhc gen. | average quantities. The 
position of slacks varies, and those pits dealing with a 

demand are asking higher prices. Merchants are 
inding a ready market for coke. In spite of slight 
increases in the output of house coal, the month’s produc- 
tion will show a decline. A few pits are still working 
full time, but stocks have accumulated to such an 
extent that most of them are on short working, about 
three days a week. Values have a weak tendency, but 
owners are stipulating for last year’s prices on contract 
renewals. The following were the quotations on the local 
exchange at the week-end :—Best branch hand-picked, 
13s. to 14s.; Barnsley best Silkstone, 11s. to 12s. ; Silk- 
stones, 9s. to 10s. ; byshire house, 8s. to 9s. ; large 
nuts, 8s. to 9s. 3d.; small nuts, 6s. to 7s.; Derbyshire 
brights, 10s. to 11s. ; Yorkshire hards, 8s. 3d. to 9s. 6d. 


Tron and Steel.—Again there is not much change to 
report in the iron market. Reportsof improvement from 
iron-producing areas in the North have tended to make 
the position a little better. At any rate, the expectations 
of further price reductions are disappearing. The majority 
of buyers still keep off the market. Those few who have 
obtained supplies for immediate delivery have been able 
to do so on fairly easy terms. In the common irons what 
little buying is being done is mostly of Derbyshire sorts. 
Scrap is still in a very dep condition. In some 
branches of the heavy steel trades, notably armaments, 
there is a very considerable amount of activity, and a 
good deal of overtime working is necessitated. In 
other directions, however, conditions are not so good, 
and work fluctuates in a manner which make it difficult 
to estimate the real state of affairs. The railway de- 
partments, at the present time pretty active, show 
instances of this. Spring-makers are working overtime, 
but in axles and tyres there are manufacturers who are 
quiet and others who are well booked up. Railway steel 

merally, however, promises to improve still further 

uring the coming months. Wagon-builders have a good 
weight of work in hand. The manufacture of minin 
machinery is providing good work for many large Sheffiel 
firms, and exports of this class of — ther with 
yay steel, drills and other tools, reach big figures. 
Although the iron and steel foundries are very well 
occupied and the rolling-mills busy, work does not yet 
come to the furges in anything like satisfactory quantities. 
The fact that in various steel specialities ordering has 
fallen off whilst competition remains just as keen, of 
which makers incline to take a serious view, is not now 
regarded with so much anxiety. In view of the briskness 
earlier in the year, and provided orders are good in the 
autumn, a little quietness just at present is not of so much 
moment. In most departments of the lighter trades 
makers are busily engaged, and reports from file and 
general tool manufacturers are of an encouraging nature. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—While the managers of come collieries have 
been holding out for enhanced figures, others have been 
talking of somewhat lower quotations. One leading 
Admiralty steam-coal colliery has effected a sale at 
18s. 6d. per ton, but this must be re as an excep- 
tional price. The general quotation for the best large 
steam coal has been 17s. 9d. to 18s., while secondary 

ualities have ranged between 16s. and 17s. 3d. per ton ; 
the best ordinary bunker smalls have made 10s. 3d. to 
103. 6d.; and cargo smalls, 8s. 9d. to 9s. 3d. per ton. 
Household coal has been quiet, and prices have remained 
about stationary : the best ordinary qualities have brought 
14s. 6d. to 16s. 6d. per ton; No. 3 Rhondda large, 17s. 
to 17s. 6d.; and smalls, 10s. 6d. to 10s. 9d. per ton. No. 2 
Rhondda large has been quoted at 12s. 6d. to 12s. 9d.; 
and smalls, 8s. to 8s. 6d. per ton. Foundry coke has 
made 18s. to 20s. 6d.; and furnace ditto, 16s. to 17s. per 
ton. As regards iron ore, Rubio has realised 19s. 6d. to 
20s. 6d. per ton, upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 
Newport. 

Swansea.—The construction of the King’s dock has 
involved a large accession to the population of Swansea, 
which is shown by the census to have now 114,000 in- 
habitants, as compared with 94,537 in 1901; 90,425 in 
1891 ; 65,597 in 1881; 51,707 in 1871; and 41,606 in 1861. 





| 
| 





The boundaries of the town were extended in the decade 
ending with 1881. It will be seen that the population of 
Swansea has multiplied nearly threefold during the last 
50 years. 


The ‘‘ Lion.”—The main conning-tower of the new 
cruiser Lion is on an improved design, and the first of 
this type to be moun It has no observation slits 
between the roof and walls, which are of 10-in. hardened 
steel, thus making it, as far as the main structure is con- 
concerned, shell proof. i for observation a 
smaller dome-shaped armou tower is fixed to the after 
part of the roof, in which are cut a number of apertures, 
giving a nearly all-round view. Access to this observa- 
tion tower is to be obtained throngh the roof of the 
larger structure. 





Barry.—The population of Barry is shown by the 
census to be 33,500, an increase during the past ten years 
of about 6500, and ——S past twenty years of nearly 
21,000. In 1881 Barry only 563 inhabitants. The 
great increase which has since taken place is attributable, 
of course, to the development of the undertaking of the 
Barry Dock and Railway Company. 


Canadian Trade Prospects.—At a meeting of the New- 
eat Chamber of Commerce on Friday a letter was read 
rom the Colonial Secretary transmitting a despatch from 
the Governor-General of Canada as to a complaint of 
the Newport Chamber that the new reciprocal arrange- 
ment between Canada and the United States would 
be likely to be detrimental to the iron and steel trades 
of the district. The letter showed that galvanised and 
black sheets of British manufacture were admitted free 
of duty into Canada, and that those manufactured 
in the United States were subject to a 5 per cent. 
ad valorem duty ; but if the agreement became operative, 
= 5 per cent. duty would not apply against the United 

tates. 


Bath.—A party of twenty-five members of the Bristol 
Association of Engineers has visited Bath, and inspected 
a sew: tank now in course of construction on a Midland- 
road site, and also the works of Messrs. Stothert and 
Pitt, Lower Bristol-road. 


Avonmouth.—The Docks Committee of the Bristol 
City Council has been considering the provision of addi- 
tional cold-storage accommodation on the west side of 
Avonmouth old dock. This has me necessary in 
consequence of an increase in the importation of frozen 
meat. 





Tue AvucusTiIn Normanp Sxipsuitpinc Yanrp.—The 
Chantiers et Ateliers Augustin Normand, Havre, have 
recently issued an illustrated pamphlet giving a history 
of their company, and brief data on the ships they have 
built at different periods, down to the latest types of 
destroyers for the French Navy. They illustrate their 
type of water-tube boilers and several types of Diesel 
engines, which they also manufacture. The pamphlet is 
admirably got up. 





ConTracts.—We understand that the British West- 
inghouse Electricand Manufacturing Company, Limited, 
have recently received some extensive orders for rotary 
transformers, rotary converters, controllers, switch-gear, 
&c., from about twenty different firms. Among these are 
one 1000-kw. rotary converter for the Metropolitan Rail- 
way Conoatg three 250-kw. rotary converters for the 
borough of Poplar; one 700-kw. rotary converter for 
Cardiff Corporatien ; and three 600-kw. and two 300-kw. 
rotary converters for Stoke - on - Trent.—Exceptional 
sete continene in the steam-turbine department of the 
Brush Electrical Engineering Company’s works at Lough- 
borough, and orders now being executed for the Govern- 
ment as well as for rately mm | and electric supply com- 
panies’ stations include two sets of 1200 kw. for the 
Admiralty ; three sets of 1200 kw. for Edinburgh ; two 
3000 kw. for the North Metropolitan Company; 2000 kw. 
for the Birmingham and Midland Company ; 1000 kw. for 
Walthamstow; 650 kw. and 400 kw. for Luton; 450 kw. 
for Kettering, Folkestone, and Ballarat; and 300 kw. for 
Banbury.—The British Humboldt Engineering Company, 
Limited, Dixon House, Licyd’s Avenue, E.C., have at 
present three orders running for their magnetic separators 
of the laboratory type for treatment of tin, wolfram, and 
similar ores ; one, ordered by the Crown Agents for the 
Colonies, is destined for Kuala Lumpur, for checking 
aay mg one, ordered by the Director-General of Stores 
or India, for treating and testing various kinds of ores, 
the tin, wolfram, and other mineral contents of which have 
to be ascertained ; the third separator, ordered by Messrs. 
Fraser and Chalmers, Limited, is for the Malay States. — 
The A.B.C. Coupler, Limited, Queen Anne’s Chambers, 
Tothill-street, S. W., inform us that their automatic buffer 
coupler, Jepson’s patent, has been adopted as the standard 
for the locomotives and rolling-stock of the Bauchi — 
Railway in Northern Nigeria—2 ft. 6 in. gauge. The 
couplers for fifty-five vehicles and four locomotives now 
under construction to the order of the Crown Agents for 
the Colonies for this railway are to be of exactly similar 
type in every way to that which is in use as the standard 
for locomotives and rolling-stock on the Kalka Simla Line, 
Indian State Railways, which has gradients of 1 in 33 
and curves of 120-ft. ius.— Messrs. Siemens Brothers 
Dynamo Works, Limited, have secured an order for the 
electrical equipment of the new works of the Carlyle 
Trading fe Investments Trust, Limited, Bromley, Bow, 
including the supply of Gugsretens, mestens, switchboards, 
and electric lighting.—Messrs. Pollock and MacNab, 
Limited, Bredbury, near Manchester, inform us that the 
have four axle-turning lathes for the Indian States Rail- 
ways in course of construction at their works at the present 
time. We described their lathes of this type in a preceding 
issue (vol. lxxxvi., page 378).—The Worthington Pump 

pany. Limited, have recently received orders for six 
natural-draught cooling-towers; four complete surface. 
condensing outfits of large capacity, in connection with 
steam-turbine service ; a number of smaller outfits of the 
same type and pumping installations.— Messrs. Willans 
and inson, Limited, Rugby, have received an order 
from the Queensland Government ilway Commis- 
sioners for a 750-kilowatt Willans impulse-disc and drum 
turbine, with a General Electric Company's two-phase 
alternator and surface condensing plant. This turbine 
will be capable of giving its normal full load with high- 
pressure steam, or with any mixture of high-pressure and 
exhaust steam, and is intended for installation in the 
Ipswich Locomotive Works of the Queensland Govern 
ment Railways. 
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TRANSPORTERS AT ROTHESAY DOCK OF THE CLYDE TRUST. 
CONSTRUCTED BY MESSRS. BABCOCK AND WILCOX, LIMITED, ENGINEERS, RENFREW. 
(For Description, see Page 724). 
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EMPLOYERS AND NATIONAL 
INSURANCE. 

Tue general acceptance of the principle under- 
lying the Government scheme for national insurance 
against ill-health, unemployment, &c., was again 
clearly proved during the second reading debate 
in the House of Commons. At the same time 
there was a much fuller recognition of that neces- 
sity for the amendment of many details, which 
was indicated in our previous article, than in the 
previous debate, when the Bill was introduced. 
The passage of the Bill through Committee of the 
whole House therefore promises many important 
discussions, and one of the first will have reference 
to the question as to whether the scheme should 
not be divided into separate units, more particularly 
as parts of it fall to be administered by different 
departments of State, the provision for insurance 
against unemployment coming under the purview of 
the Board of Trade, that against ill-health under the 
Treasury, while the Local Government Board are 
necessarily concerned with those details which 
relate to causes of epidemics of ill-health. Apart 
from this, however, the details are closely inter- 
laced with the Workmen’s Compensation Act, the 
Employers’ Liability Act, and many provisions of 
the common law ; and it would be well, before the 
new proposals are incorporated in the Statute- 
Book, that there should be some consolidation of 
the enactments which we have named. 

Those having experience of the Acts dealing 
with compensation to workmen for accidents know 
how difficult it is to guard against the hypo- 
chondriac and the neurotic individual, who, without 
any dishonest intent, magnifies every fancied ache 
into physical disability. Such cases are very numer- 
ous, and in the past have thrown a heavy burden upon 
employers ; in the future they will seriously affect 
the finances of the health insurance scheme unless 
precautionary measures are taken. Moreover, 
there will be, more than in the past, greater reason 
and consequently increased difficulty in determining 
if an illness is the result of an accident, and the 
date when the ill effects of the accident pass away, 


29 | leaving the patient subject to ill health entirely dis- 
730 | sociated from the-effects of the accident. 


There is 
sure to be litigation on this point, which has often 
arisen under the Workmen’s Compensation Act. 
Moreover, in that Act there are scheduled many 
so-called industria] diseases, and it is always difficult 
to diagnose accurately whether these are consequent 


33} on the employment, or whether they are merely 


developments of a physical disability uired 
during employment. Many examples might be 
quoted; there is the case of hernia, which has been 
a prolific source of revenue to the legal profession 
in connection with the Workmen’s Compensation 
Act. Itis beyond dispute that a large proportion 
of the accidents which are stated to have occasioned 
the hernia have simply been the means by which 
the existence of the hernia has been discovered. 
That this association between the new Government 
proposals and the Workmen's Mae ee Act 
is by no means remote is proved by the terms 


lof the sub-sections of Clause XI. of the Act. 


This clause places in the hands of an ‘‘ approved 





society” the power to prevent the workman 
entering into any agreement to accept a lump sum 
in respect of the compensation under the Work- 


men’s Compensation Act to which he may be 
entitled, although the Act itself entitles an em- 
a gs and a workman to come to such a settlement. 

is is not only an interference with the respec- 
tive rights of both ies as individuals, but may 
operate very harshly against the workman in the 
event of its becoming part of the new Act. 
Another sub-section of the same clause places 
those responsible for the administration of the health 
insurance provisions in a position of antagonism 
to the employer, in respect that the ‘approved 
society” may force the employer into court, 
although the workman may not be desirous of in- 
stituting proceedings against the employer, either 
on account of valuable consideration, or on account 
of the law being vague and the possibilities of 
success remote. These and other provisions of the 
new Act clearly show that there is need for the 
consolidation of existing Acts with the new scheme. 

In connection also with the insurance against 
invalidity, there is another provision which em- 
ployers must very carefully consider. Clause 46 of 
the Bill provides that if in any locality the ‘‘average 
expectation of sickness ” is exceeded by more than 
10 per cent., the amount of any extra expenditure, 
ascertained by an official appointed by the Home 
Secretary or the Local Government Board, on 
making inquiry, shall be exacted, under his order, 
from the employer, if the excess is found to be due 
to the nature and conditions of the workers’ em- 
ployment, or to neglect on the employers’ part to 
observe and enforce the provisions of the Factory 
Acts. This, it will be recognised, is a serious deve- 
lopment, which not only involves interpretation of 
the Factory Acts, but may give rise to injustice. 
In the first place, no provision is made for any 
appeal against the finding of the official referred to ; 
his competence would be a matter of degree, but 
his order for the exactment of the extra expen- 
diture from the employer would be absolute 
Obviously, with the best intentions, the ofticials 
may differ very considerably in their interpretation 
of the liability of employers, and consequently there 
is a possibility of serious conflict, loss of time and 
money, and the disturbing of good relationship, if 
employers have to resort to the law to upset the 
decision of the official, even if such resort to 
the law courts is competent, which is not clear. 
In the second place, the question arises as to the 
basis of average ‘‘ expectation of sickness” accord- 
ing to the clause of the Bill. Recently there 
has been a tendency for factories to be trans- 
ferred from largely populated and over-crowded 
centres to small towns and rural districts. Assum- 
ing that in such rural district the average is 5 per 
cent., and assuming that new works are estab- 
lished in such district, then if, as a consequence of 
the establishment of these works, the sickness rate 
be raised by only 4 per cent.—which is a very small 
addition—the a would be to augment the 
average expectation of sickness (5 per cent.) to the 
extent of the 10 per cent. provided in the clause. 
Under such condition, is the employer to be called 
upon to meet the extra expenditure involved by 
such condition? Such slight excess, even if due 
to the conditions of the employment carried on in 
his factory, would render him liable, notwithstand- 
ing that he might be fully observing, and success- 
fully enforcing, every provision of the Factory Act, 
and that his factory rate of sickness might be lower 
than the average of factories carrying on the same 
business. 

As regards another feature of the Bill, it is 
significant of the attitude of organised labour that 
regret has been widely expressed at the apparent 
encouragement given in the Bill to employers’ sick 
and superannuation clubs. Such clubs, which are 
doing splendid service from the point of view not 
only of administering benevolent funds, but also in 
maintaining friendly relations between capital and 
labour, ought certainly to be encourag They 
compass the aim of the Government Bill in its 
most commendable form, because the club embraces 
all workmen, and therefore does not involve an 
one in the risk of rejection at the hands of friendly 
societies on account of some personal disqualifica- 
tion—moral, physical, politi de religious—while 
at the same time enabling the workman to refrain 
from associating with trade unionism should 
he disagree with its objects or its methods of 
giving effect to them. It may be that some—or 
even a large proportion—of such workmen are 
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‘* undesirables ” from one point of view or another, 
but they are entitled to equal treatment with their 
fellows under any State scheme as well as under 
any works scheme, and any provision of the Bill 
must be pronounced as unjust if it forces the con- 
scientious objector to friendly societies or trade 
unions into the Post-Office fund—with conditions 
greatly inferior to those granted to ‘‘ approved 
societies.” Employers’ clubs have been condemned 
by trade unions apparently because they lead to 
friendly relationships. They are, however, the 
only means at present existing whereby workpeople 
are afforded a loophole to escape the fate of the 
‘* deposit contributor ” in the Post-Office fund. A 
more generous recognition of the position of, and 
the work done by, such employers’ clubs is most 
desirable, not only because they cultivate an 
amicable feeling within the works, but because 
they embrace within their fold the non-members of 
friendly societies and trade unions. 

The unemployment insurance scheme has equally 
serious defects, but only a few of these can here be 
referred to. The trades covered are those con- 
nected with building, and all works of construction, 
engineering, shipbuilding, and the construction of 
vehicles. The reason given for embracing only 
these trades is that in them unemployment is 
serious in its extent and chronic in its nature. 
This may be true of building and of shipbuilding, 
but it does not apply in the case of general engi- 
neering. This difference affects the justice of 
almost every provision alike as regards premiums 
to be contributed and benefits to be paid. Modifi- 
cations must be made, unless each trade is 
to bear its own burdens, as to which more 
definite decision must be arrived at. The cotton 
and mining industries were not included because in 
periods of depression ‘‘short time” is systematic- 
ally resorted. Surely every inducement to adopt a 
similar method should have been held out to other 
industries. In the engineering trade this system is 
also followed to a large extent, but in shipbuilding 
and in the building trade generally there are diffi- 
culties in applying this principle. It will be a gross 
injustice if the funds for the respective industries 
are made common to all, and not exclusive to each. 
Another question is as to whether ironfounding is 
to be included. Unemployment in this trade is 
much greater than in general engineering ; obviously 
it ought to be included, and there is great need 
for its treatment as an entirely separate industry. 

As we pointed out in our previous article, provision 
is made in the Bill whereby an employer may pay 
in advance an annual amount, and secure a rebate 
on the amount which otherwise would be payable 
weekly in respect of a given workman. Should 
such workman be discharged, and become entitled 
to unemployment benefit, and should he sub- 
sequently be re-employed with the same employer, 
the contribution paid by the employer in advance 
will not cover any part of the period of such 
re-employment. The principle underlying this 

rovision is by no means evident. If a workman 
Come of his own accord after the employer has 
paid his insurance premium in advance, what is the 
position of the employer! Is he not entitled to 
any refundment or credit under such circumstances ? 
n another clause of the Bill it is provided that 
if a workman has paid contributions for 500 weeks 
or more, he should be entitled, at any time after 
reaching the age of 60 years, to be repaid the 
amounts (if any) by which the total amount of 
such contributions has exceeded the total amount 
received by him out of the unemployment fund, 
together with compound interest at the rate of 2} 
per cent. per annum. Continuous employment of 
any workman is in large measure the result of the 
efliciency of such workman, but credit must be 
conceded also to the employer for providing such 
continuous employment. If, therefore, the work- 
man is entitled to a refund. why should the em- 
ployer not be similarly entitled to a refund or 
credit / There may be difficulty in arranging for 
refundment to the employer for any particular 
workman, as he may not have been in the same 
works for the 500 weeks; but if the funds of the 
trades are to be kept separate, it might be quite 
possible to credit the employer’s portion of the 
appropriate trade fund with an amount correspond- 
ing to that paid to the individual member, and this 
amount would then be available for making good 
any deficits which might arise. If a surplus were 
created by the contributions, it might justify a 
revision of the employer's rate of contribution to 
such trade. 





The unemployment scheme also trenches very 
considerably on the Labour Exchanges Act. The 
utilisation of these exchanges was optional in the 
case of the employer as well as the workman, 
but Clause 73 of the Insurance Bill is evi- 
dently intended to make the use of exchanges 
attractive to the employers in order that they 
may be able to compound in advance by having 
the employment of different workpeople for vary- 
ing periods counted for the purposes of the 
employers’ contributions as the continuous em- 
ployment of a single workman. Apart from the 
objection to the insidiousness of this attempt to 
force employers to use the exchanges, it is very 
doubtful whether the latter would always be in a 

ition to fulfil their part of such a contract. 

‘ake, for example, a first-class draughtsman or 
highly qualified skilled artisan of any description. 
Is the employer to be compelled, in order to secure 
the pecuniary benetit of such an arrangement, to 
accept such workmen as the Labour Exchanges 
may have on their books’ Is he to be debarred 
from obtaining the man he requires in some other 
way / If not, is he to be compelled to pay his full, 
and not compounded, contribution in respect of 
such a workman not engaged through the exchange ? 

One more detail will suftice for the present to 
show the importance of every sentence in the Bill 
being scrutinised. Apprentices are included in 
the unemployment scheme, and yet it is part of 
the conditions of their indenture of apprenticeship 
that employment is to be practically continuous. 
They are not subject to the ordinary risks of un- 
employment, as are adult workmen. It seems 
desirable, therefore, that they should be either 
exempt from the provisions of the Unemployment 
Bill, or that in their case the rate of contribution 
should be considerably reduced. 

The whole scheme as it stands must, like the 
Workmen’s Compensation Act, tend to the further 
enforcement of that most objectionable of all 
principles of evolution and_ political economy—the 
‘*survival of the fittest.” The effect of the Work- 
men’s Compensation Act was to render unemploy- 
able many who, for one reason or another, were 
more liable to accident than their fellow-men. This 
is bound to be accentuated by the National Insurance 
Scheme. In thecaseof the Workmen’s Compensation 
Act, the employment of a workman suffering fromany 
defect of person was, in effect, made impossible, owing 
to the dictates of economics, and owing to the higher 
accident rate, and consequently higher premium, 
which the employment of such workpeople made 
inevitable. In the case of the health insurance 
proposals, the employers may have no direct in- 
ducement to refrain from discharging the chronic 
invalid, but as such workpeople will now be able 
to gain support from the sick fund, employers will 
have less compunction than formerly in discharging 
them, in order that the health standard of their 
employees may be increased and the average pro- 
ducing capacity augmented. 





ENGINEERING SOCIETIES AND 
EXAMINATIONS. 

THE growing feeling which demands that the 
engineering profession should attempt to attain a 
more corporate individuality and a better standing 
in public estimation has received a further illustra- 
tion in the decision of the Council of the Institu- 
tion of Electrical Engineers to institute examina- 
tions of candidates for election and transfer to the 
class of associate member. This decision, which 
was announced in the report read at the annual 
general meeting, held on the 26th ult., is of much 
interest and importance. Its immediate object is, 
of course, to raise the status of the Institution to 
such a level that membership of its ranks may carry 
a more definite cachet of professional ability than 
it does at present, but at the same time it must be 
regarded as a symptom of a movement the object 
of which is to draw the whole body of engineers 
into a closer professional guild, and to enable them 
to take their proper rank along with the members 
of other and better organised professions, such as 
medicine and law. Wedo not suggest that this 
movement is altogether a conscious one, but there 
can be no doubt that the ideas it represents are 
every day appealing more strongly to the mem- 
bers of the profession. 


It is unnecessary, at the present moment, to deal | pa 


with the general question of the improvement in 
the status of engineers, as we wrote at some length 
on the specific case of the mechanical engineer 





at the time the subject was raised by Mr. Elling- 
ton in his presidential address to the Institution 
of Mechanical Engineers. The step taken by 
the Council of the Institution of Electrical En- 
gineers is, however, of such importance as to 
demand some comment. The public standing of 
the engineering profession has undoubtedly im- 
proved in recent years. This is largely due to 
various corporate actions which engineers have 
made, such as those relating to standardisation, 
and the publication of conditions of contracts, wiring 
rules, &c. Something has also been done towards 
bringing their professional views directly before the 
attention of ParliamentaryCommittees. te, however, 
engineers are to achieve the position which their im- 
portance in modern civilisation justifies them in 
demanding, it is essential that the status of their 
leading organisations should be raised to the 
highest level possible, and the institution of exami- 
nations for entrance is possibly one of the means 
by which this raising may be accomplished. Some 
success has attended the system of examinations 
introduced by the Institution of Civil Engineers, 
and the parallel step now taken by the Institution 
of Electrical Engineers will cause little surprise. 

We are not particularly enamoured of examina- 
tions per se, as readers of our columns will be well 
aware; but if their results are not allowed todominate 
other considerations, they may form a useful method 
of selection from among candidates for admission to 
technical societies. A certain minimum scientific 
and technical knowledge may well be demanded from 
engineers at the present day, and an examination 
is probably as convenient a method as it is possible 
to devise in order to ascertain if candidates: possess 
that knowledge. The danger is that mere exami- 
nation ability may be given too much weight, and, 
manifestly, the only safeguard against this possi- 
bility lies in the constitution of the councils of the 
technical institutions. As matters stand at present 
there is little danger that the superior value of 
cere knowledge and experience will be over- 
ooked, but it is at least possible that in the future 
the councils, or some of them, may be captured by 
the scholastic element, with unfortunate results. 
Writing last week on ‘‘ Industrial Bursaries,” we 
pointed out the utterly wrong point of view, in 
regard to the manufacture of engineers, which 
was being taken by the Royal Commission respon- 
sible for the administration of the 1851 Exhi- 
bition fund. An equally vicious standpoint is 
taken up in the dispensing of the Whitworth 
funds, a ridiculous six months’ workshop experience 
being all that is now demanded from candidates 
for the annual exhibitions. If this six months 
were made into three years, there would be 
much greater likelihood of the funds being em- 
ployed for the purposes for which they were 
intended ; and instead of such a large proportion 
of the exhibitions being held by technically-trained 
schoolboys, who ultimately drift into the lower 
ranks of technical teaching, they would be held in 
the main by practical men, who, after their college 
work, would return with their scientific knowledge 
to practical fields. This discursion is somewhat 
away from our present subject, but the point we 
wish to emphasise is that the introduction of 
examinations carries with it at least a possibility 
that the point of view which tends to rely too 
purely on examinations as a test of ability, and 
which dominates the administration of many of our 
educational funds, may in the future attain a 
serious foothold in our technical institutions. We 
do not suggest that matters at the present time 
show this result to be imminent, but it is well to 
realise that the introduction of examinations carries 
with it the seeds of such a possibility. 

At the present moment the details which are to 
govern the examinations of the Institution of 
Electrical Engineers have not been published. 
The Council report, however, that the system is to 
come into force after January 1, 1913, and that the 
examination will be divided into two parts, the 
first covering general knowledge, and the second 
one of the four special subjects—Power, Lighting 
and Traction ; Telegraphy ; Telephony; or Electro 
Chemistry and Electro-Metallurgy. It is interesting 
and satisfactory to find that no such subject as 
physics, pure and simple, has been included under 
the special subjects. The list which is given is 
compatible with the aims of an engineering society 
r excellence, and it is to be hoped that when 
further details are published it will not be found to 
have been weakened by the inclusion of subjecte 
calculated to appeal simply to the teaching pro- 
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fession or to mere students. Membership of an 
engineering institution should be possible only to 
those who can properly be described as engineers. 
It is sometimes objected that an examination test 
may rule out able and eminently desirable men who 
might be valuable members of an engineering institu- 
tion, because their training and experience has been 
of such a purely practical nature that they would be 
incapable of answering the more or less theoretical 
questions which must form the major part of any 
written examination paper. This is possibly true, 
but we think the class of men referred to are 
becoming more rare every day, and in any case the 
Council of the Institution of Electrical Engineers 
are reserving power to themselves to grant exemp- 
tion from the examination in suitable cases. The 
possible ruling out of purely practical, suitable men 
is not the danger we see in the proposal. It is the 
letting in of purely theoretical, unsuitable men. 





POSSIBLE METHODS OF ATTACK 
ON DIRIGIBLES. 

ALTHOUGH the aeroplane is now attracting more 
attention than the dirigible for military work, the 
latter is still being built, and it is therefore of 
interest to consider what are the best methods of 
attacking it. Whether we regard the airship 
as being employed by our enemies, or as being 
engaged in our own defence, it is necessary to study 
the means of attack which will prove most fatal to it. 

Naturally the form of attack will have to be 
varied to a certain extent, according to circum- 
stances. The first point of attack will naturally be 
in the air, from opposing aeroplane or dirigible, 
but, in the absence of these, ships may have to 
open fire to defend themselves, and so also may 
stations on land. In the case of the aeroplane, only 
comparatively light weapons can be carried, as is also 
the case with field forces, where guns to be effectual 
against airships have to be moved rapidly ; on the 
sea much greater weights will be practicable. 

In considering the most suitable methods of 
attack, it is necessary to consider the structure to 
be attacked. This consists of either one large gas- 
bag, or a series of small ones, filled with hydrogen. 
This gas-bag is necessarily of very large size, and 
therefore an easy mark. Suspended from it is a car 
or cars, which not only offer a very small mark, but 
are so small that it is conceivable that in the future 
they could be plated with bullet-proof armour. It 
is therefore evident that, if possible, we should 
attack the large gas-bag rather than the small cars. 

Taking existing weapons first, there appears to 
be a great deal of doubt as to the effect of piercing 
the gas-bag of a dirigible with ordinary bullets. It 
has been assumed that the only effect of a bullet 
going through the envelope would be to make a 
hole through which the gas would very slowly 
escape, and that the buoyancy of the balloon would 
not be perceptibly affected for a considerable time. 
In fact, it is assumed that the effect would be the 
same as in an ordinary spherical balloon. It is, 
however, very doubtful whether this would actually 
hold good in practice. The spherical balloon does 
not need to be under any pressure to maintain its 
shape, whereas the ordinary dirigible does. Hence, 
in the latter, the gas would issue very much more 
rapidly, and a very small loss makes the bag in the 
non-rigid type lose its shape, when disaster is 
inevitable. In addition to this, however, there is 
the possibility of the envelope tearing, as it appa- 
rently did in the case of the Repetiien. 

In the accident to the Republique the propeller 
broke, and a piece went through the envelope. This 
cannot have made a hole large enough to let out the 
gas instantaneously, yet the balloon fell at once, 
killing everyone on . The presumption is that 
although the hole made by the propeller was of 
moderate size, the fabric tore, and therefore the 
whole structure broke in two in the middle. A 
stream of bullets from a Maxim or a bursting shell 
night easily have the same effect. Rough splinters 
of shell will not make clean holes like bullets, but 
will tear ragged holes, which might easily spread. 
It is even possible that some form of chain-shot 
might be revived. The rigid type, with its separate 
balloons, avoids these defects to a large extent, but 
even here the loss of gas from one balloon might 
disturb the balance, while the enormous size of the 
rigid type makes it a very easy mark, and very 
expensive. 

he most vulnerable point of the dirigible 
appears, however, to be the inflammability of the 
g*s5 with which it is filled. Hydrogen is necessary 





in order to get the lifting power, and this gas 
lights at a very low temperature. Once the gas in 
the gas-bag is ignited it is absolutely certain that 
everyone in the cars must die. It should not be 
difficult to devise a weapon light enough to carry 
even on an aeroplane, and capable of setting the 
gas alight at considerable rauge. The most obvious 
method would be to use a rocket which would be 
quite certain to set the alight if it penetrated 
the bag, and might very likely do so by even passing 
near to it. 

Alternatively a shell filled with a burning com- 
position could be used. As this would not require 
great penetration, it would not need a very high 
velocity, and therefore a comparatively light gun 
would suffice. There seems no definite reason why 
such shells should not be fired from a pompom. 
Where larger guns are available, as in the case 
of a ship, a shell filled with stars, such as are used 
in fireworks, might be very effective. Anyone who 
has watched these will realise the large area covered 
by the burning stars, and this might be very greatly 
extended with suitable bursting charges. Such stars 
would spread over a very large space and render 
hitting the gas-bag at long range a certainty, even 
in the confusion pe poorer fighting. 

When these possiblities of attack are considered, 
it appears that the chances of the successful use of 
dirigibles as engines of offence are very small. 
Their imposing appearance has led to a comparison 
with a battleship, while the aeroplane has been 
likened to the destroyer. The battleship, how- 
ever, holds its position in virtue of its invulner- 
ability ; that is to say, that the battleship can 
carry armour which will resist the guns of the 
destroyer, and can also be subdivided in a way impos- 
sible in a small ship. The gas-bag of the dirigible, 
however, so far from being invulnerable, adds a 
special risk of its own. In fact, if we want to get an 
analogy on the sea for the aeroplane and dirigible, 
we must assume a fight, not between destroyers 
and a battleship, but between destroyers and a 
merchantship made of thinner plating than the 
destroyer, and absolutely full of material so inflam- 
mable that the first shell would set it alight. Under 
these circumstances few naval experts would back 
the merchantman. 








COUNTRY HOUSES AND FIRE. 

Tue destruction of another large country house 
by fire—namely, Sir Tatton Sykes’s seat at Sled- 
mere—draws attention to the question of the 
efficient protection of such buildings—many of them 
of great historic interest—from fire. The subject is 
a matter of considerable public importance, for one 
of the many unpaid services which country gentle- 
men perform is that of preserving many works of 
art, old books, and other articles of value, which if 
thrown on the market would in many cases find 
their way across the Atlantic. 

The fire at Sledmere is of some special interest 
from the fact that it occurred in the middle of the 
day, that the house stood practically within a 
village, and that it was discovered during the 
men’s dinner hour, when a large proportion of the 
village labourers were at home for dinner instead 
of being at work in the fields. No time could there- 
fore have been more favourable for dealing with a 
fire, yet all that could be done was to remove the 
valuables, and to leave the building virtually to its 
fate. Luckily in this case practically all the objects 
of interest and value were got out, but it was, 
nevertheless, inevitable that some of them should 
be damaged by hurried removal, and once again it 
was proved that what is really needed is some means 
of saving the building itself. 

In dealing with this matter, a point not always as 
much considered as it might be is the fact that the 
preservation of the building centres itself largely, 
if not entirely, in the preservation of the roof. The 
process of destruction in the case of Sledmere was 
that the roof got on fire at one corner, the flames 
spread rapidly all over it, and before outside help 
could be got it was alight from end to end of the 
building, which was then doomed. The same thing 
has happened in other cases. If fire could be pre- 
vented from spreading along the roof, its progress 
would be comparatively slow, for the partition- 
walls in such houses are usually very thick, and the 
doors in them comparatively small. Hence it 
should be possible to confine a fire to the room in 
which it originated, or to those immediately above 
and below, until the arrival of such help as would 


| enable the danger to be effectively dealt with. 





Those who have been up into the roof of an old 
country house will realise what a regular fire-trap 
it is. There are usually no partitions of any kind, 
the partition-walls not being carried up to the 
slates, but stopping at the ceiling. The quantity 
of timber in such roofs is enormous, and it is usually 
of the most inflammable nature. In some of the old 
houses of the Tudor period, it is true that much 
of the timber is oak ; but the large majority of the 
country houses were either built or re-roofed about 
the eighteenth century, and in this case the timber 
is usually very common fir. Once part of this gets 
alight, therefore, the fire spreads all over the 
structure very quickly unless an exceptionally good 
supply of water can be directed on to it. 

e first point to which these considerations lead 
is that, in arranging any form of fire service, special 
attention should be paid to the roof of the building 
to be protected. It is very common nowadays for 
country houses to have a good water service laid on 
to them for domestic convenience, and in this case 
fire-hose and hydrants are usually provided. While 
there is often an imposing array of. these fittings on 
the various landings, &c., how many of them can be 
used up in the roof? One obvious precaution is, 
therefore, to have plenty of connections available 
actually in the roof itself, and to have more than 
one staircase by which access can be gained to these 
appliances. The means of access should, of course, 
be arranged so that men can work at the roof 
without danger of being cut off. 

Many of these old roofs are in a state requiring 
a good deal of repair, owing to the inferior timber 
of which they are constructed, and if much new 
work has to be done, it will often be quite worth 
while considering the question of using iron instead 
of wood, It may also be worth while considering 
the question of carrying some of the internal walls 
up to the slates, or introducing other forms of fire- 
resisting partitions. This would delay the spread 
of the fire very considerably, and therefore give 
time, which is the one thing needful. 

Considering that the commercial value of these 
houses and their contents often runs into six figures, 
while their sentimental value is quite incalculable, 
it is surprising that so few of them have a really 
effective steam fire-engine available. The cost of 
such an engine would bear a very small proportion 
to the cost of the property it was used to protect. In 
order to be of real use, however, it should not be 
kept solely for use in case of fire, as in this case its 
need would come so seldom that it would be difli- 
cult to get a crew well trained to its use. In ordi- 
nary country-house life, however, it would be quite 

ible to make other uses of it, for it could be 
made to do all the pumping required on the place— 
e.g., watering the garden in summer, flooding ice in 
winter, and, on an ordinary agricultural estate, could 
often be used for pumping water for the various 
farms, &c. If in these various uses it was called 
out without previous notice, and a small gratuity 
given to its crew for every minute by which the 
time of their ‘‘ turn-out” was within a certain fixed 
period, they would soon become very efficient, and 
constitute a real protection, not only to the house and 
village, but to every farm and stack on the estate. 





THE HEATING OF CABLES BY 
CURRENT. 

Mr. S. W. Metsom and Mr. H. C. Boorn, of the 
National Physical Laboratory, and the Laboratory 
itself, were warmly eulogised from all sides at the 
Institution of Electrical Engineers on Thursday, 
May 25, when they presen an account of their 
recent research into ‘‘The Heating of Cables with 
Current.” The investigation was undertaken on 
behalf of the Wiring Rules Committee of the 
Institution, and it will form the basis of the new 
rules which the Institution is about to issue. As 
chairman of the Committee, Mr. C. P. Sparks 
expressed his high appreciation of the work done 
and his satisfaction that it will be continued. The 
old table, they now clearly recognised, had partly 
been based upon insufficient data, though it was 
satisfactory to find that the observation of the old 
rules would keep electricians within safe limits. 
These views were endorsed by Mr. H. Human as 
representative of the insurance companies, who had 
co-operated with the Wiring Rules Committee in 
drawing up the old rules of 1907, and in ensourag- 
ing a thorough inquiry into these —, for 
which the National Physical Laboratory was 
pre-eminently fitted. There can be no doubt that 
a national, independent institution is the body to 
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which such inquiries should be entrusted, and that 
the work has been done, in this case as in others, 
with conscientious care and in a thoroughly com- 
petent manner. That was the key-note of the 
remarks made by Mr. J. F. C. Snell, Mr. W. R. 
Rawlings, Mr. A. Whalley, Mr. C. C. Pitman, and 
others. There was very little criticism as to detail, 
and it would be difficult to deal with the detail in 
an abstract. 

The investigation so far concerns more particu- 
larly twenty-one cables, tested in lengths of 40 ft., 
insulated with rubber or paper, ranging in sectional 
area of conductor from 0.005 sq. in. up to 1 sq. in.; 
these cables could, according to the old rules, carry 
currents from 9.8 up to 750 amperes. The paper- 
insulated cables were lead-covered, the others 
taped, braided, and compounded. The cables were 
laid flat on the wooden floor of a room kept at even 
temperature, or placed in casings or in iron tubes ; 
the tubes were sometimes embedded in plaster. 
The increase of temperature was determined by 
measuring the resistance of the cable, and the air 
temperature was taken simultaneously ; it was 
observed that even the heavy cables followed the 
slow temperature variations in the air very well. 
The curves of the report mostly refer to tempera- 
ture rises of 20 deg., 30 deg., and 50 deg. Fahr. 
For the determination of the temperature coeffi- 
cients lengths of about 1 metre — there is a fine 
mixture of British and metric measures in the 
paper, which shows that insurance companies, 
cable-makers, and scientists are working in unison 
—were cut off from some cables, and each of the 
wires was tested separately in oil baths. An objec- 
tion raised by Mr. Wordingham, that the strands 
of large cables might possibly be in better contact 
when hot than when cold, was proved to be with- 
out practical eae The current was taken 
from a battery, but alternating currents gave prac- 
tically the same results. 

Stranded and solid wires of the same conductor 
area, it was found, heated almost to the same 
degree. The current-carrying capacity of the 
rubber cables for a temperature rise of 20 deg. 
Fahr. was about 10 per cent. less when the cables 
were run in casing than when lying on the floor ; 
there was little difference in the heating as regards 
rubber cables in casing and in iron tubes, lying in 
air; but when the tubes were embedded in plaster 
the cables cooled more quickly. Rubber-insulated 
and paper-insulated cables behaved similarly. The 
experimenters’ formula connecting current density 
i per square inch cross-section of conductor S and 
outside diameter of the cable isi = ¢ (D/S)" , where 
n ranges from 0.5 to 0.66. For the determination 
of the thermal constants the temperature of the outer 
cable surface was wanted, and this was determined 
by winding fine copper wire round the braiding or 
the lead of the cable-cover; the change in the 
resistance of this fine wire was measured. As 
regards the cooling effect of the covering, it was 
noticed that the permissible current density could 
be considerably increased with small cables by 
increasing the size of the covering, but there was 
little to be attained in this way with larger cables. 
The chief quantities on which this alee effect 
depends are the thermal conductivity /* and the 
constant of emissivity h of the covering. The 
curves indicating the variation of the current 
density, producing a certain temperature rise, with 
thickness of the insulation and covering, all gave a 
inmaximum point for an outside diameter D of 
2.15 cm., and it would appear that it is useless 
to make this D greater than 2 k/h, because any 
further increase in the covering would otherwise 
diminish, instead of increasing, the permissible 
current density. 

The tests so far conducted show the actual heat- 
ing which various types of cables will undergo 
when used under normal conditions, and the chief 
advance is that the criterion of voltage drop has 
been abandoned, and that the actual heatin 
has been determined. Some tests were pi ee | 
under extreme conditions to meet special demands. 
More data will be collected, as to buried cables, for 
instance. Critical temperatures will be determined ; 
the heating by 20 deg., 30 deg., or 50 deg. Fahr., 
which currents of certain densities produce in 
various cables, concerns average temperatures, of 
course, and not maxima. Under certain conditions 
cables may be safely exposed to a temporary heat- 
ing which would excessive if applied 
nently. In investigating this point, Messrs. 
and Booth have run cables intermittently for four 
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minutes with three minutes’ rest, on overloads of 
33 and 50 per cent. The full temperature rise 
which cables only attain after some hours’ working 
was not reached in these cases, and there would be 
no objection to this intermitteat overloading. One 

int we should like to mention in conclusion. 

rofessor A. W. Porter remarked during the dis- 
cussion that, so far as he could see from a glance at 
the paper, the conclusions as to the heating and 
cooling effects of the covering might have been 

redicted from his (own) experiments on the 
olen of pipes and wires. It is surprising that 
these experiments of Professor Porter, which he 
brought before the Physical Society of London two 
years ago, and which have briefly been mentioned 
in our columns, are so little known. 








THE OPTICAL PROPERTIES OF 
METALLIC VAPOURS. 

Tue series of three Tyndall lectures on ‘‘ The 
Optical Properties of Metallic Vapours,” which 
Professor R. W. Wood, LL.D., of Johns Hopkins 
University, Baltimore, delivered at the Royal Insti- 
tution on the Thursday afternoons, April 27 and 
May 4 and 11, form an instructive supplement to 
Sir J. J. Thomson’s lectures on radiant matter and 
energy, given at the same place before Easter. Pro- 
fessor Wood dealt chiefly with anomalous refraction 
and dispersion of metallic vapours and with the emis- 
sivity and the — behaviour of metallic vapours 
in magnetic fields, making in his demonstrations 
use of iodine vapours as well as of sodium and mer- 
cury vapours. When the phenomena of the anoma- 
lous refraction and dispersion of sodium vapours 
began to attract attention, W. H. Julius, of Am- 
sterdam, pointed out that these phenomena might 
have a serious influence on the interpretation of 
solar observations concerning the photosphere, the 
protuberances, and the so-called ‘‘ green ray,” that 
is to say, the green ‘‘ light” which the last rays of 
the sinking sun appear to assume for a second or so 
It was to these features that Professor Wood 
referred in his introduction. 

The work upon the optical properties of metallic 
vapours, which had occupied the greater part of 
his time for the past ten or twelve years, Professor 
Wood stated, had begun with an attempt to verify 
experimentally a theory, proposed by W. H. Julius, 
which explained the flash spectrum of the sun’s 
reversing layer, seen just before the total phase of 
a solar eclipse, as a result of anomalous dispersion 
of the light from the photosphere in the absorbing 
atmosphere of metallic vapours surrounding the 
sun. A celestial body surrounded by an atmo- 
sphere appeared magnified in proportion to the 
refractive index of the atmosphere, as a result of 
the curvature of the light rays. This magnification 
was shown on the screen by projecting the 
image of a cylindrical cavity in a block of jelly, 
half filled with a mixture of glycerine and powdered 
magnesia, upon which a mixture of magnesia and 
water was poured. The diffusion of the highly 
refracting glycerine into the jelly increased the 
refractive power, causing the bottom of the cavity 
to appear expanded, the white mass of the mag- 
nesia resembling an inverted mushroom. If the 
atmosphere had a high refractive index for certain 
monochromatic radiations only, the magnifications 
would take place for these rays, and not for others. 
If the sun were surrounded only by (non-luminous) 
sodium vapour, it would appear magnified in yellow 
light, and its white disc, when covered by the 
moon, would appear surrounded by an intensely 
luminous yellow atmosphere. The spectroscopic 
examination of this light would lead the observer 
to infer that the light was emitted by the glowing 
atmosphere, though.the vapour was in reality dark, 
and the light came from the hot photosphere ; the 
non-luminosity of the vapour, as such, was subse- 
quently demonstrated by the lecturer. 

The powerful selective dispersion was then pro- 
jected upon the screen. White light froma platinum 
slit close to the crater of an arc was rendered 
nearly llel by a lens and passed through a steel 
tube 2 in. in diameter, 3 ft. in length, closed by 
two glass plates. The tube contained metallic 
sodium and was exhausted to a pressure of 2 milli- 
metres ; it was mounted in an ordinary combustion 
furnace. The rays leaving the tube were deviated 
and spread into a horizontal spectrum upon the 
This (arc) spectrum was first continuous ; 


in the yellow, and the portions of the spectrum to 


minutes, followed by six minutes’ rest, and for two the right and left of this dark band were bent away 





in opposite directions as a result of the refraction 
of the light in the sodium vapour. The apparatus 
was then modified to show the ‘‘ flash ” spectrum. 
The platinum slit was turned into a horizontal 
ition, and the light from the sodium tube focussed 
y a small lens; a second lens beyond this focus 
and a prism projected an image of the slit upon the 
screen (the ceiling in this case) spread out into a 
spectrum, as before. The image of the slit formed 
by the first lens was now gradually covered by a 
black card (the moon’s disc covering the sun). The 
sodium tube becoming hot, the deviation of the 
yellow rays by the absorbing sodium vapour enabled 
the rays to get over the edge of the card, anda 
bright line blazed out in the yellow of the rapidly 
fading spectrum. This was the first time, Pro- 
fessor Wood mentioned, that he had tried to project 
the two phenomena, which he had so far only shown 
in small spectroscopes, like those on the lecture 
table. 

With the aid of slides the lecturer then dealt 
with the general features of light absorption by 
metallic vapours. Of special interest were some 
slides, in which various metals appeared to dissolve 
in mercury vapour and to exhibit absorption lines 
and bands which could not be brought out with 
the pure metal alone, even at much higher tempe- 
ratures. The absorption of yellow light by sodium 
vapour was further illustrated in a very graphic 
way. A large sheet of white paper was illuminated 
by the yellow light of a giant sodium flame placed 
behind it ; a large incandescent lamp was also 
behind the paper. In front of the screen was 
mounted a glass bulb containing hydrogen and a 
small piece of metallic sodium. When the bulb 
was heated, it filled with an opaque vapour, which 
appeared as black as tar when seen by the yellow 
sodium flame light. But when the white light of 
the lamp was turned on, the bulb appeared perfectly 
transparent, and on extinguishing the lamp the 
— turned black again. 

n the second lecture Professor Wood dealt with 
the light emissivity of vapours. The spectra of 
vapours might, he said, contain hundreds and 
thousands of lines, sometimes arranged in series. 
But the investigator was in the position of a man 
who had had a high mathematical training, but 
knew nothing about a piano, and who was asked 
to determine the structure of the piano from the 
sound which it gave out when falling downstairs, 
or when all the keys were struck at the same 
time. If he could strike one key at a time, or 
excite one radiation, the task would be less bewilder- 
ing. He, Professor Wood, had succeeded in ex- 
citing light emission in vapours by exposing them, 
not to white light, but to some particular radia- 
tion which was absorbed and re-emitted. White 
light would cause a vapour to emit a complete 
fluorescence spectrum; the fluorescence spectra 
excited by monochromatic radiations, the yellow, 
green, and violet lines of certain metals (zinc, 
mercury, cadmium, &c.) were much simpler, and 
generally consisted of lines spread out at equal 
distances. These spectra could not be projected, 
unfortunately. 

For many demonstrations iodine vapour was, the 
lecturer said, more convenient than sodium vapour, 
because iodine could be handled in vessels of glass 
and quartz. Sodium and iodine shared with a few 
other gases the property of. emitting radiations 
purely thermal in character, while most gases would 
not radiate unless under special electric conditions. 
If a gas did not absorb light, it could not emit 
light. That was so with solid substances as well, 
of course, and fused quartz, being very transparent, 
absorbed very little light, and for that reason it 
emitted very little light when hot. This was demon- 
strated first with a bead of microcosmic salt, which 
was hardly visible when fused in a gas-flame, and 
then by heating a quartz bulb in the blow-pipe. The 
glow of the incandescent quartz walls was faint, 
but when a few iodine crystals were dropped 
into the bulb the glow became very bright, 
because iodine vapour was rendered luminous as 
a result of the high temperature. It might be 
objected that the iodine luminescence need not 
be thermal after all, because the iodine was 
mixed with oxygen and nitrogen in the hot 
bulb ; but the iodine behaved in the same way in 
the highest vacuum. It had also been suggested 
that different parts of the bulb might be at different 
temperatures, so that iodine was dissociated and 
recombined at different spots ; but the phenomena 
remained unchanged when observed in fine capillary 
tubes. As iodine absorbed selectively, it must 
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also emit selectively. These features were more 
easily studied by passing light through the vapours 
than with the aid of the electric discharge in which 
several independent variables were apt to modify 
the phenomena, potential gradient, current density, 
&e. 

In the demonstrations Professor Wood first made 
use of two arrangements. In the first a large 
flask, exhausted, but containing a few crystals 
of iodine (which has a very low vapour pressure 
at ordinary temperature) was exposed to the arc 
beam ; it absorbed some light at ordinary tem- 

rature, and a greenish phosphorescence was seen. 

hen Professor Wood altered the experiment by 
placing the flask over the arc, with a lens interposed, 
in a vertical beam, when the greenish glow was at 
once visible. 

The fluorescence and resonance spectra of 
iodine vapour and the development of a band 
spectrum by the presence of helium were demon- 
strated both during the lecture and at the Royal 
Society soirée of May 10, in the following way. 
Light from a mercury are entered endways into a 
large exhausted bulb, being focussed at the centre 
of the bulb, which contained a few crystals of 
iodine. The vapour displayed brilliant phosphor- 
escence, and the spectroscope showed the resonance 
spectra excited bythe two yellow and the green 
mercury lines. These spectra were complicated ; 
by interposing some eosin solution to absorb the 
green rays, or some neodymium to absorb the 
yellow rays, the two spectra were separated. When 
the bulb contained iodine and helium, at 2 mm. 
pressure, the band spectrum of iodine appeared 
superposed on the resonance spectrum. In helium, 
at 10 mm. pressure, the band spectrum alone was 
seen, as in the case of iodine in vacuo excited by 
white light (carbon arc). 

In explaining these complex phenomena, Pro- 
fessor Wood pointed out that the fluorescence of 
iodine and sodium was reduced in intensity by the 
presence of air or other gases in the bulb. The 
electro-negative gases were most effective in destroy- 
ing fluorescence—a fact which he and Dr. J. Franck 
had ascertained last winter in Berlin. Chlorine at 
1 mm. pressure reduced the intensity of the fluores- 
cence to one-third, while in the case of air a pres- 
sure of 15 mm. would be required. Helium was 
the least operative gas in this respect, and it was not 
a question of heavy molecules, as he had at first 
thought ; for argon behaved like helium, and hy- 
drogen was more active. In helium at 80 mm. the 
fluorescence was still fairly bright. 

The spectrum of the fluorescence of iodine stimu- 
lated with white light was the band spectrum con- 
sisting of many hundred lines. Excited by the mono- 
chromatic radiations of the mercury arc, the iodine 
emitted a resonance spectrum similar to that of 
sodium vapour. These resonance spectra showed 
about a dozen lines widely separated for each excit- 
ing radiation. When the vapour was illuminated 
by the two yellow mercury lines, the spectrum con- 
sisted of thirteen pairs of double lines, in the red, 
orange, and yellow. When excited by the green 
mercury line, single lines were seen, and they were 
separated by distances equal to the distance between 
the pairs excited by the yellow lines. Helium had 
a very remarkable effect on these spectra, though 
affecting the fluorescence intensity so little. Iodine 
vapour excited by the mercury arc in the presence of 
helium at 2 mm. showed, in addition to the reson- 
ance spectrum, the complete band spectrum observed 
in iodine vapour in vacuo exci by white light. 
When the helium pressure rose above 10 mm., the 
intensity of the fluorescence began to weaken, the 
resonance spectrum disappeared, and the band 
spectrum alone remained. Moreover, the green 
portion of the spectrum was weakened to a greater 
extent than the red ; consequently the colour of 
the fluorescence was distinctly orange-red when 
stimulation with white light was used, in contrast 
to the yellowish-green colour observed when the 
vapour was in vacuo. These colour contrasts were 
demonstrated. 

The sodium-vapour slides, also exhibited, showed 
inany crowded lines in the spectrum excited by 
white light, and only a few lines when the stimu- 
lating light was that of a metallic arc. A barium 
are gave a few single lines ; a magnesium arc (three 
lines) produced triplets which were repeated in 
various parts of the spectrum; the lithium arc 
(four lines) gave rise to one blue series, one green 
and two red series, each of six or eight lines; 
the green cadmium line produced doublets; in 





similar series was very striking. Interesting ex- 

riments were also made with mercury vapours. 

ven at room temperature mercury vapour (in spite 
of its low tension) had sufficient density to display 
fluorescence, but this luminosity was contend to 
the ultra-violet, and invisible, therefore, unless 
photographed ; then a dark cone was seen on the 
negative, as if the quartz flask containing the drop 
of mercury had been filled with dust. Under ultra- 
violet illumination (magnesium arc) a greenish-blue 
fluorescence became visible, especially when the 
mercury was heated to boiling ; the fluorescence 
was no longer visible when a screen of glass was 
held in front of the arc, because the glass absorbed 
the ultra-violet light. When the temperature rose 
above 700 deg. Cent. this fluorescence disappeared. 
In demonstrating this phenomenon, which was very 
peculiar (because this change in the light emission 
was not accompanied by a corresponding change in 
the absorption), a jet flame was directed against the 
wall of the flask at the spot where it had appeared 
fluorescent ; the fluorescence disappeared, and the 
photographs showed that it was only the vapour 
close to the hot spot which had ceased to emit light. 

In the third lecture Professor Wood indicated 
how these phenomena might be understood. A 
molecule might be regarded as containing many 
small particles (electrons), each attached to a spring, 
and capable of vibrating and of giving out radiations 
of its own. The particles were held together by 
electric forces, which might be likened to threads, 
so as to form systems. A system would, e.g., consist 
of five — capable of emitting red, yellow, 
green, blue, and violet radiations ; the five were 
apn to forma “sage om Let a system be excited 
»y green rays; the green particle would respond, 
and as it was joined to the others, the disturbance 
would spread, and all the particles of the system 
would vibrate, each at its own period, though not 
at considerable amplitude. A similar system could 
be excited by waves of a different frequency. 

Each ‘‘ resonance”’ series of the spectrum would 
be emitted by one particular system of electrons, 
responding to one particular period, the period of 
the exciting ray. Thus monochromatic light gave 
a single series. When the exciting source was 
white light, all the systems would respond simul- 
taneously, just as a series of tuning-forks would 
begin to vibrate, when they were all fixed to a sound- 
ing-board, which was being pounded ; a complete 
spectrum of very many fine lines would result. So 
far the consideration concerned only an elementary 
vapour, ¢.g., of iodine in vacuo. When another 
element—helium—was admitted, collisions would 
occur between the helium atom and the iodine 
molecule, and the system of electrons would become 
entangled, so that the excitation of one system by 
an external source would force the other systems 
to vibrate also. Energy would be transferred in 
the iodine molecule from one vibrating system of 
electrons to the other. The change in colour by 
the admission of the heliuni could be explained by 
energy being given by the original green direct-reson- 
ance radiation to the yellow and red portion of the 
new resonance spectrum. Thus, contrary to Stokes’s 
law, according to which the radiation emitted by a 
fluorescent body was of greater wave-len than 
that of the source, the light emitted could be of 
shorter wave-length than the exciting radiation. 
Professor Wood pointed out several such excep- 
tional cases on the photographs which he had 
obtained since the preceding lecture. 

The lecturer then passed to the rotation—by the 
magnetic field—of the plane of polarisation about 
an axis parallel to the direction in which the light 
was travelling. The amount of the rotation in- 
creased as the refractive index of the medium 
increased, and as the refractive index of metallic 
vapour had a very high value in the immediate 
neighbourhood of the anomalous absorption bands, 
a strong rotation was to be expected with sodium 
vapour, and had, indeed, been observed by Macaluso 
and Corbino. In the lantern demonstration Pro- 
fessor Wood passed the tube containing the sodium 
right through the perforated poles of the electro- 
magnet between which it was heated. The beam 
of the lantern passed through a slit and lens into the 
nicol, emerged plane-polarised, entered the vapour- 
tube (which must be exhausted before starting the 
experiment), and the second nicol which arrested 
the vertical or the horizontal vibrations, and finally 
traversed a prism which projected the spectrum 
onascreen. The field thus remained dark until the 
plane of the polarisation was rotated either by turn- 
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when the sodium _— effected the rotation. In 
this way, Professor Wood remarked, he had turned 
the plane through angles as large as 1200 and 1400 
deg., which meant that the rays were turned four 
times though a complete circle. The rays which 
were active in this experiment were those immedi- 
ately to the right and left of the two D lines, and 
four radiations were therefore concerned. Two 
pairs of dark bands should hence a , the 
existing D line err sane the middle of each 
pair. e lines widened out, however, as the sodium 
vapour became denser, and more lines appeared 
with bands on their edges. ‘This appearance was 
the result of the repeated complete or half rotations. 
When the phenomenon was photographed and 
measured, the first bright line would have under- 
gone a rotation through 90 deg., the first band halfa 
rotation of 180 deg.; next came a bright line rotated 
through 270 deg., and so on in steps of 90 deg. 
There were also selective absorption phenomena in 
the green and red, and magnetic spectra thus 
produced were very rich in lines. 

The next question was whether the vapours on 
both sides of the absorption bands were equally 
efficient in producing magnetic rotation, and whether 
the rotation was always in the same sense. In order 
to study this problem, the polarised light was 
through two quartz wedges, one right-handed and 
one left-handed, joined to a prism |" |. A ray 
passing through the middle portion of the prism 
would undergo as much rotation to the right as 
to the left, and would emerge unchanged; if 
cutting through the upper part, it would chiefly be 
turned to the right, and would emerge vibrating, 
say, vertically ; a ray striking lower down would 
undergo less rotation to the right, and would 
emerge vibrating horizontally, and so on. _ [f, 
then, the spectroscope slit were arranged vertically, 
the spectrum would appear to be crossed by parallel 
horizontal dark bands, corresponding to the extinc- 
tion of the horizontal (or vertical) emerging rays by 
the second nicol. When the sodium vapvur tube 
was interposed, the bands would be interrupted, and 
the ends of the bands should turn up (or turn down) 
at both sides, if the rotation on both sides of the 
anomalous dispersion region took place in the same 
direction, or one of the horns should turn up and the 
other down, if the rotations took place in opposite 
directions. In the case of the D line now the horns 
were both turned up; but in the case of the red 
lines successive bands were interconnected by curved 
lines, some curving upward, some downward. This 
fact suggested the existence of positive electrons, 
in addition to that of the negative electrons, to 
which most optical effects were ascribed ; the 
appearance might, however, be explained on other 
grounds, though certain features of the Zeeman 
effect again pointed to positive electrons. 

Finally Professor Wood referred to an experi- 
ment which he could not demonstrate. Since high 
absorbing power for certain radiations was often 
accompanied by high reflecting power, he had tried 
to see whether sodium vapour would reflect yellow 
light ; but he had failed, and he now understood the 
reason of the failure, after succeeding in photo- 
graphic experiments with mercury vapour. A drop 
of mercury was heated in a thick-walled quartz flask, 
and exposed to ultra-violet radiation. The light was 
reflected from the two quartz surfaces, and the one 
reflected ray was cut out, while the other ray— 
that coming from the inner wall in contact with the 
mercury vapour—was focussed on a slit. A power- 
ful reflection was then observed, as if the inner 
surface had been silvered, but it was confined to the 
region next to the mercury line. The reflection 
began to be marked when the mercury pressure 
exceeded 5 atmospheres, and it became more intense 
as the pressure increased, so far as the experiments 
went, at any rate ; for at about 25 atmospheres the 
bulbs generally burst. Now sodium vapour could 
not be obtained at high pressures, and one could 
not, in metal tubes, provide any sharp surface on 
which reflection might occur. 

After the lecture members present were enabled 
to separately examine the magnetic rotation pro- 
duced by sodium vapour, and also the selective 
transmission of green light by iodine vapour. In 
the latter experiment the parallel beam of an arc 
lamp passed in succession through the first nicol, the 
first perforated magnet pole, a quartz bulb in which 
iodine was heated by a Bunsen burner, the other 
pole, and the second nicol intothe eye. The iodine 
vapour at first looked purple, because the vapour 
absorbed the green rays of the white beam ; when the 
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electro-magnet was excited the colour changed at 
once into green, because the nicol now allowed 
the green light emitted to . The photographed 
spectrum of this green light resembled the fluores- 
cence spectrum of iodine vapour excited by white 
light. 





NOTES. 

Tue City anv Guiips or Lonpon InstTITUTE. 

THE report, just issued, of the Council of the 
City and Guilds of London Institute for the 
Advancement of Technical Education, contains a 
copy of the supplemental charter issued by His 
Majesty, which constitutes the Central Technical 
College as the engineering department of the 
Imperial College. As now arranged, the control 
of the college is vested in a delegacy of nineteen 
members, of whom eight will be appointed by the 
Institute and three by the Goldsmiths’ Company. 
In this connection it is announced that Professor 
O. Henrici, F.R.S., and Professor H. E. Arm- 
strong, F.R.S., are both retiring at the end of the 
present session from the chairs they have filled 
with such advantage to successive generations of 
students. Both are, on their retirement, being 
appointed Emeritus Professors in their respective 
courses. The workshops at the college have been 
enlarged by three new bays having in the aggregate 
a floor area of 6720 sq. ft. The number of students 
attending the college during the past year has been 
474, of which 237 took the course in civil and 
mechanical engineering. Regarding the Finsbury 
Technical College, it is announced that there is 
again a decrease in the entry of students, which is 
attributed in part at least to the continued depres- 
sion in the electrical trades. It is also, no doubt, 
partly due to the great increase in the provision of 
opportunities for technical instruction in other sec- 
tions of the Metropolis. It is to be hoped that the 
future may see an improvement, as it would be diffi- 
cult to overestimate the value of the work done by 
this college in past years. 


Tue Task-Work System. 


Engineers will be interested in observing that 
the remarkable investigations of Mr. F. W. Taylor 
into the science of ‘‘hustling” are at length 
attracting attention in non-technical journals. 
Thus Mr. Taylor himself has contributed a note- 
worthy article on ‘‘The Principles of Scientific 
Management” to the May number of the World’s 
Work. Though little here will be new to readers 
of ENGINEERING, and though many of Mr. Taylor’s 
contentions will arouse strong opposition, yet it is 
impossible to deny either the interest or the 
importance of his work, even though few may be 
disposed to accept his recommendations in their 
entirety. In short, Mr. Taylor contends that ‘‘ the 
system ” is greater than the ‘‘ man,” who must be so 
disciplined as to do exactly as he is told by the 
powers above him. No doubt there is a good deal 
of truth in his contention that under ordinary 
nee of piece-work men always keep a little up 
their sleeve, for which, indeed, it is hard to blame 
them, in view of the not infrequent shortsighted- 
ness of the financial departments of many estab- 
lishments. It would be easy to quote case after case 
in which men have been induced to show initiative 
and ability by a promise of high pay, and have then 
been cheated of their promised reward, the com- 
mercial department being inclined to fix their atten- 
tion too exclusively on the man’s weekly rate, and 
not on the actual cost of the work. Moreover, Mr. 
Taylor is also right in his view that the men often 
do not know the best and most efficient methods 
of operating, and on this circumstance he bases his 
claim that full instructions should accompany each 
blue print setting forth in absolutely full detail the 
exact procedure to be followed bythe workman. The 
latter is thus treated exactly a: if he were a machine. 
In some cases Mr. Taylor even prescribes certain 
periods of rest, so as to prevent the man ‘‘ sprint- 
ing” himself to a standstill before the day is half 
done. As a method of teaching men the best 
methods so far discovered of handling certain kinds 
of work, there is much to be said in favour of Mr. 
Taylor’s system, at least as a temporary expedient ; 
butas a fixed régime it is certain to occasion resent- 
ment amongst the best class of men, and it is thus 
doubtful if it can be permanently a success. The 
system seems to demand docility rather than 
dateater in the workman, and would seem to close 
to the latter every avenue of advancement, since 
he is given no opportunity of showing initiative and 





intelligence. These are wholly supplied by the 
‘* office,” which can no longer be recruited from 
below, as it now often is, as no method is provided 
for differentiating between the merely industrious 
and the able workman. 


MrrTEOROLOGY AND AERONAUTICS. 


In a course of two lectures lately delivered at 
the Royal Institution, Dr. W. N. Shaw, F.R.S., 
described the results of recent British meteoro- 
logical investigations and their bearing on the art 
of flight. It has long been recognised that, owing 
to the greater prevalence here of atmospheric irregu- 
larities, the aeroplanist has a more difficult task 
before him in this country than on the Continent 
or America, a condition which, though a handicap 
for the present, may have advantages in the future, 
since it will call for a higher degree of skill on the 
part of the airman. Dr. Shaw showed that on 
occasion the upper strata of the atmosphere were 
moving in entirely different directions from the 
lower ; and that the latter were, moreover, enor- 
mously influenced by surface conditions. Anemo- 
meters less than a mile apart often showed, he 
stated, enormous discrepancies in the wind veloci- 
ties registered, and to a lesser degree also in the 
direction of the air current. Many of these dis- 
appeared, however, he said, at a height of 1500 
metres, at which level the wind velocity was very 
approximately equal to that calculated from the 
distribution of the isobars. This theoretical velo- 
city was known, he said, as the ‘‘ gradient” wind, 
and it was directed along the isobars, and not 
at right angles to them, as might possibly have 
been expected, in this matter resembling the 
motion of a planet which was at right angles to 
the central force acting on it. Local conditions, 
he said, might cause ‘‘cliff” eddies, which would 
be highly dangerous to air-craft. Such cliff eddies 
were formed when a wind met the steeply in- 
clined face of a cliff. Anemometers fixed at the 
top of such a cliff showed in that case extra- 
ordinary variations in the wind velocity from 
moment to moment. A still more dangerous set 
of conditions were, he said, those which resulted 
in ‘‘line” squalls. Such squalls were liable to 
arise when, say, a current of cold air advancing 
over the Atlantic met with a similar, but warmer, 
current coming up from the south. In these cir- 
cumstances the two currents might for some time 
mutually deflect each other, and flow side by side in 
parallel lines inatemporary equilibrium, which might 

rsist for some days. Such an equilibrium was, 

owever, likely to be destroyed with extraordinary 
suddenness. The colder current then pushed in under 
the warmer, deflecting it upwards, and apparently 
the face of the advancing body of cold air ** broke” 
like a wave, tumbling down in front of the general 
mass. Ina few minutes, consequently, the wind 
might rise from a steady breeze of 5 to 15 miles 
per hour in one direction to a squall of 45 or 60 
miles per hour in another, and there was a corre- 
sponding sudden fall of temperature. Such a squall 
died away gradually, but there might be many repeti- 
tions of it. Line squalls, he said, were of every 
degree of intensity, the milder type being very 
common in these islands ; but where the meteoro- 
logical conditions were such as favour the most 
violent type, airmen would find prudence the 
better part of valour. No dirigible could weather 
one, even if the engines were stopped, and the 
craft turned into a mere floater, since experience 
had shown that, owing to the accompanying shift 
of wind, even a balloon would be overtaken by the 
squall. Aeroplanists might, Dr. Shaw thought, 
possibly fare better. 


AGRICULTURAL MacHINerRy IN Russia. 


The agricultural machinery industry and trade in 
Russia is one of great importance, not only to the 
native manufacturers, but also to a number of 
English engineers, who are watching the endeavours 
for and against the protection of the home manu- 
facturers in this branch. In Russia voices are raised 
against excessive protection, as such is bound to 
prove detrimental to the agricultural interests, the 
more so as the dearth of labour in many districts 
makes the use of machinery more and more neces- 
sary. A member of the Duma, M. L. K. Scheschmin- 
zow, has prepared an exhaustive and interesting 
report upon the subject of agricultural machinery 
in Russia, from which it appears that the value 
of the imports into Russia of foreign agricultural 
machines has risen from 19,000,000 roubles in 


the year 1905 to 40,000,000 roubles in 1909, since | 





which time there has been a tendency to further 
increase. In spite of a tariff which favoured the 
importation of complete machines and handicapped, 
by a heavier duty, the importation of raw material 
for the home industry, and notwithstanding the 
law of May, 1898, allowing complicated machines 
to be imported free of duty, the value of Russia’s 
own production of agricultural machinery and 
implements of late years has shown a very marked 
increase, which keeps step with the imports. The 
value of the agricultural machinery and imple- 
ments manufactured within Russia in the year 1894 
only amounted to 6,900,000 roubles ; in 1905 the 
figures had risen to 18,000,000 roubles, two years 
later to 24,000,000 roubles, and in the year 1909 
to 40,000,000 roubles. A detailed list of the various 
manufactures comprises, for instance, 61,464 har- 
vesters, 22,554 thrashing-machines, 392,248 ploughs, 
&c., but the list does not seem to contain any port- 
able engines, &c. These particulars are for the year 
1908, when the industry comprised 500 works, 
with an aggregate of 20,000 horse-power and 25,529 
workers. Although the output had so materially 
increased, the dividends of the limited companies 
engaged in this branch sank from an average of 
8.28 per cent. in 1901 to 3.68 per cent. in 1908. 
The Minister of Finance, in a report accompanying 
the Budget for 1910, praises the quality of the 
Russian manufactures in this branch, pointing out 
that the making of more complicated machines on 
a larger scale has only recently been commenced. 
Amongst the arguments in favour of an effective 
protection of the home industry, M. Scheschminzow 
ints to the lower value of a year’s work of a 
ussian worker as compared with that of a foreigner 
in this branch. He puts the production of a Russian 
workman at 1000 to 1270 roubles for a year, that of 
a German workman at 3000 to 4300 roubles, and 
that of an American workman, in some cases, even 
at 6000 roubles. The reason of the low figure for 
the Russian workman is partly his inferior skill and 
partly the many extra holy-days, which absorb some 
500 hours in the year. Capital and credit are also 
much in favour of the foreign manufacturer. The 
proposal of the large American firm of MacCormick 
and Dering to construct in Russia large works for 
the manufacture on a very large scale of compli- 
cated agricultural machines, subject to a sufficiently 
protective duty, is hailed with satisfaction, as no 
Russian capital has to be found, and an increased 
demand would ensue for Russian raw materials, 
Russian labour and Russian engineers, at the same 
time as the Russian industry would benefit from 
the vast experience of the foreigners. The means 
of helping the Russian industry suggested are, 
firstly, increasing the cost of foreign machines 
through a higher duty, and, secondly, making 
the home production as cheap as possible. The 
latter end is to be obtained by allowing the 
import of machine-tools for this industry free of 
duty, which would also apply to machine parts 
which cannot at present with advantage be made 
in Russia, a system of premiums for the manu- 
facture of certain machines, a reduction in taxes, 
rates, &c., as far as manufacturing and trading 
concerns in this industry are concerned, extensive 
credit facilities, and exhibitions, trials, &c., for 
Russian-made machines, with high money prizes. 





THE ANCHOR LINER ‘ CAMERONIA.” 

Tue Anchor Line will, in August, have on their New 
York and Glasgow service four new express ships of 
10,500 tons gross register and 17,000 tons displace- 
ment, the last of the series having been launched on 
Saturday, the 27th ult., by Messrs. D. and W. Hen- 
derson and Co., Limited, Partick. This vessel, the 
Cameronia, is, like the others—the Columbia, Cale- 
donia, and California—a twin-screw steamer, 530 ft. in 
length over all, 62 ft. breadth moulded, and 36 ft. 6 in. 
depth moulded. The engines are of the four-cylinder 
triglo-expansion four-crank type, balanced on the 
Yarrow-Schlick-Tweedy system. : 

The first-class accommodation—for 240 persons—1s 
amidships. Most of the state-rooms are on the bridge 
and promenade-decks, and are arranged for one, two, 
or three passengers in each. There are also a few first- 
class rooms on the main deck. The first-class dining- 
saloon, to seat 200 passengers, is on the upper deck. 
The second-cabin passengers, of whom 424 can be 
carried, will be berthed largely on the same deck as 
the first class. Their rooms are fitted for two or four 
each, with a few larger cabins for family parties. 
There are two second-class dining-saloons, # ladies 
room, and asmoking-room. Of third-class passengers 
900 will he carried—on the "tween decks aft and on the 
main and ’tween decks forward, 
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‘*INDUSTRIAL BURSARIES.” 
To THE Eprror oF ENGINEERING. 

Sir,—I am greatly impressed with the suggestions con- 
veyed by your leader of May 26, on the subject of 
industrial Conneiee, What you say regarding the 1851 
exhibitioners is no doubt true, and there may be good 
cause to deplore their drifting into teaching. But I should 
like to point out that our present educational arrange- 
ments, and the conditions of modern apprenticeship, tend 
from the start to divert youths of ability from the pursuit 
of directly productive careers. It has been a matter of 
grave concern to myself, as the head of a science school, 
that so many youths of fine quality emerging from the 
lower middle and artisan classes should be forced to seek 
“success in life” along purely academic routes, which 
usually lead to some form or other of official work. Far 
too many are removed in this way from doing industrial 
service, and the nation does not get full benefit of the 
brain power at its disposal. 

A scheme of industrial bursaries on the lines you 
indicate would infuse secondary schools with a new spirit. 
Teachers would have a wider outlook, for it would thus 
be realised in a very definite way that, during the later 
years of school life, every opportunity would have to be 
given to enable youths of promise to ‘‘find themselves.” 
If, as you so pointedly insist, the selection of the indus- 
trial bursars is not to be determined merely by what a 
youth can accomplish in a limited time when facing 
formal tests of what is called his “‘ general culture,” as set 
by university and other educational authorities, but 
mainly by his character, tendencies, and intellectual force 

-a difficult job, I admit—then there is room for believing 
that the State will be well served by its new recruits. 

As regards the necessity for, say, two years’ hard and 
wide experience in works after a youth has laid firm 
foundations of scientific knowledge and method, I have no 
doubt. Let him go fresh from school, keen on the life 
he has chosen, and he will find in his every-day environ- 
ment educative influences that will not be denied. You, 
sir, think that employers, having in view the aims of the 
scheme, will be sufficiently patriotic to afford satisfactory 
facilities for this bursar apprentice, so that his education 
may proceed in the interests of the State. Clearly there 
is a difficulty here. The traditions of managers, foremen, 
and the shop generally, do not at present favour excep- 
tional treatment, and without this the full value of the 
two years’ apprenticeship cannot be realised. However, 
your scheme is a State-aid scheme, and the State can do 
much with firms that undertake State contracts, and so 
possibly a solution may be found readily enough. 

Briefly, then, your leader appeals to me in virtue of its 
outlining a scheme which (1) would raise new ideals in 
secondary education; (2) would place clearly before able 
boys of scientific turn and strong character promisin 
avenues of approach to industrial careers ; and (3) move | 
save for national industrial service a large amount of 
first-class capacity which at present finds a limited sphere 
of action in other and less important fields. 

am, yours, &c., 
ScHOOLMASTER. 








MANCHESTER STEAM-USERS'’ 
ASSOCIATION. 

THE annual meeting of the members of this Association 
was held on Tuesday, the 23rd ult., at the offices, 9, Mount- 
street, Manchester, the President, M1. Adam Dugdale, 
Blackburn, in the chair, supported by Mr. H. H. Smith- 
Carington, Mr. Harold Lee, and Dr. Hopkinson, members 
of the Executive Committee. 

The report of the Committee of Management was read 
by the Secretary, and stated that the results of the past 
year’s working had been satisfactory, the number of 
members and works, as well as the number of boilers 
under inspection, and the amount received from ordinary 
subscriptions, being higher than in any previous year. The 
net surplus in favour of the year, after making allowance 
for various items of special expenditure, was 1730/. 12s. 6d. 
The investments of the Association now stand at 37,110/., 
while cash at bankers and other assets bring the total of 
the reserve fund to 42,3502. 

As many as 22,655 examinations were made of boilers 
during 1910, including feed-water heaters or fuel-econo- 
misers, 9675 of these being ‘“‘internal,” ‘‘flue,” and 
“entire” examinations, the highest number ever yet 
recorded. 

The firebox of a locomotive crane boiler enrolled with 
the Association had collapsed and rent during the year, 
resulting in personal injury to several men working along- 
side. The matter, the report stated, was still under 
investigation, with a view to determining the actual 
cause, which could not at present be stated. At the end 
of fifty-six years’ working the Committee had in 

leasure in being able to report that no life has ever been 

ost by the explosion of any boiler under the Association’s 
guarantee, 

Outside its ranks the Association had recorded, during 
the year 1910, the occurrence of 35 explosions, killing 
20 persons and injuring 71 others. Of these, 24, killing 
9 persons and injuring 34 others, may be termed “ boiler 
€xplosions proper,” while the remaining 61, killing 
11 persons and injuring 49 others, may be termed “‘ mis- 
cellaneous explosions ”—1.e., those arising from steam- 
pe. stop-valves, kiers, drying-cylinders, bakers’ ovens, 

c. In addition to the above, one explosion arose from 
the Lursting of a hot-water or kitchen boiler, by which 
one person was killed. These figures are higher than for 
several years past, but in many cases the explosions were 
of a comparatively trifling character, 9 subject to 
investigation under the provisions of the Boiler Explo- 
sions Acts, 1882 and 1890. 

Certain experiments which the Association started a 





few years ago, to ascertain the causes of occasional mys- 
terious failures in steel “_— have been practically com- 
pleted, and will shortly be summarised and published in 
the Chief Engineer's Annual Memorandum. The most 
important conclusion arrived at is that many of the 
failures which had been looked upon as mysterious are 
due to an excess of nitrogen in the steel. 

In conclusion, the report stated that the Association’s 
first object, as exp’ by its title, is the prevention of 
steam-boiler explosions by careful systematic inspection, 
but it is at all times desirous of being of service to its 
members in every possible way, and of assisting them in 
the attainment of economy in the application of steam. 
Advice is gladly given with regard to the satisfactory 
working of boilers or engines, the prevention of smoke, 
the treatment of feed waters, the prevention of scale, and 
other matters of interest to steam-users; and the com- 
mittee wish especially to call attention to this branch of 
the Association’s work. 

The chairman, in moving the adoption of the report, 
pointed out that the Association still continued to make 
progress, and was ones out the aims of its founders— 
viz., to prevent loss of life by the systematic inspection 
of boilers, and to advise as to economy and efficiency in 
working. When the Association first started the gua- 
rantee system, the committee had such faith in the 

rinciple of faithful inspection that each one voluntarily 

und himself to advance up to 10002. in case of explo- 
sions, but now a considerable reserve fund had accumu- 
—_ and the Association still maintained its original 
objects. 

Mr. Charles Heaton, Vice-President, Bolton, seconded 
the resolution for the adoption of the report. There was 
no mystery in boiler explosions, but the Association had 
clearly shown that they might be prevented by careful 
inspection by able and experienced men. An experience 
of fifty-six years had amply confirmed the soundness of 
the principles on which the Association was founded. 
Inspection cost nine-tenths of the income, and if the 
examination and guarantee of boilers was undertaken at a 
lower rate or cheaper form, it must, the speaker said, 
ultimately lead to inferior service and increased danger. 

The resolution was then put to the meeting and carried 
unanimously. 

Upon the motion of Mr. Wm. Parker (Messrs. Colvert 
and Sons, Limi Preston), seconded by Mr. G. Fairrie 
(Messrs. Fairrie and Co., Limited, Liverpool), the thanks 
of the Association were voted to the Committee for 
their past services, and they were reappointed for the 
ensuing year. 

A hearty vote of thanks to the Chairman was passed 
and the proceedings terminated. 





WORKMEN’S COMPENSATION CASES. 
County Courts. 


Medical Referee Cannot be a Witness.—A_case which 
came before the Cardiff County Court on May 13 raised 
a@ most important point as to the status and functions of 
a medical referee, and also as to whether an injured work- 
man is justified in refusing to undergo, at the request of 
the employer, a medical examination, when the medical 
examiner selected had previously expressed his opinion 
at an earlier stage of the same case, in his capacity as 
medical referee. The application was one by the em- 
ployers for the suspension of the workman’s weekly pay- 
ments, on the ground that the workman had refused to 
submit to a medical examination. 

The case was that of McAuley v. the owners of the s.s. 
Lord Antrim. The applicant was a fireman, who, having 
received injuries, had been examined by the medical 
referee. The latter advised the Judge that McAuley was 
fit for light work, and was likely ina month or two to be fit 
for his usual duty as fireman. When the month or two had 
ela , the employers thought it fit to reopen the question 
of the man’s capacity. The man consented to examination 
by the referee in his private capacity on one occasion; but 
1efused on a subsequent occasion, when the employers 
required another examination (again by the same medical 
gentleman who had previously ac as medical referee). 
The ground of refusal was that the medical referee, in 
his private capacity, had made a report to the Shipping 
Federation, and it was now objected that the referee, as 
an officer of the Court, had no right to make an examina- 
tion at the request of the employers. The workman had 
more than once offered himself for examination by any 
qualified medical gentleman other than one who had 
acted in his case in a quasi-judicial capacity. 

The employers in this case probably acted on the 
assumption that any workman receiving weekly pay- 
ments shall, if so required by the employer, from time to 
time submit himself for examination by a duly qualified 
medical practitioner, provided and paid for by the 
employer. Ifthe workman refuses to submit himself to 
such examination, or in any way obstructs the same, his 
right to weekly payments shall be suspended till such 
examination has taken place. 

This provision (1, sch. 14) is meant to prevent obstruc- 
tions and to ensure that frank bond fides shall 
observed by the workman. In this case no mala fides 
was suggested. The man refused to submit to examina- 
tion by a medical man who would have acted illegally in 
a dual capacity of paid servant of the employers and the 
quasi judicial officer of the Court. hen an aw 
to be reviewed the medical evidence should be above the 
suspicion of being prejudiced. The Court of Appeal, in a 
like case, had previously commented severely on a medical 
man acting at one time as an official of the Court, and at 
another time as the paid examiner of the a 

When a review is being applied for, the medical evidence 
must be perfectly impartial. It was held in an appeal from 
the City of London Court that to call a medical referee as 
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a witness was illegal and contrary to the meaning of 
the Workmen’s Compensation Act. The medical re 

acts with the County Court Judge asadviser at one time, 
and is not, of course, eligible at another stage of the same 
case as a medical witness for either party. This case has 
ventilated the law, and no mistake of the kind made by 
the Shipping Federation or the employers in this case 
is likely to occur again. 

No Shame in State Burial.—At Cardiff County Court 
a youth applied for compensation money to be used for the 
payment of the funeral expenses of the applicant’s 
mother, so as to avoid her burial by the parish. He was 
refused, because compensation iy me | is for the benefit 
of the living, and not to bury the dead. It is false shame 
for the poor to regard burial of a parent by the State as a 
disgrace to the survivor. 

A Case of Copestty for Light or Usual Work.—The 
case of Walter Wilson, collier, who claimed compensation 
from Messrs. Andrew Knowles and Sons, Limited, was 
heard at Salford County Court on May 13. The man had 
strained his back while at work as a collier on April 14, 
1909. For eleven months he was wholly incapacitated, 
after which he was partially incapacitated. In the early 
part of the year he was found light work. In July, 
1910, the employers contended that he was again able for 
his usual work. From the date of his beginning light 
work the employers paid him 1/. 0s. 10d. a week, and the 
difference between this payment for light work and his 
full wi is 7s. 10d. per week. This was stopped when 
his full capacity was alleged by the employers to have 
been fully restored on July 6, 1910. 

The Judge found that this was not a case of malingering. 
The workman had been sixteen weeks in bed, and when 
able for light work he was content to do it for reduced 
wages. His timidity, rather than continued incapacity, 
was responsible for his claim to continue light work. The 
Judge, however, refused his application, and stopped the 
com pensation. 

Workmen and Light Work.—A very similar application 
against the same firm was also dismissed. A collier named 
Newbury was totally incapacitated from May 30 till 
August 3, 1910. He tried to resume work in September, 
and again in December. He was paid compensation till 
August. The Judge, with the medical referee, concluded 
that he had failed to prove incapacity after September 22, 
and the man’s application was dismissed, although here, 
again, there was no malingering. When men used to hard 
work are, by an accident, seriously laid up for weeks or 
months at a time at home, neurasthenia lingers long after 
physical incapacity has « . The employers, in justice 
to themselves and to their worker himself, must draw the 
line sometimes. The above cases are proof, if proof were 
wanted, that contributory insurance will be more satis- 
factory, when it comes, than the burden of weekly pay- 
ments being borne at the oo of the employers or the 
insurance companies, which is, of course, a tax upon 
capital, and the ofore a tax upon the production of 
capital and labour alike. 





Crapock AGRICULTURAL Society Suow, 1912.—The 
Society has decided to hold, in 1912, an exhibition of 
dam-valves, which will be divided into two classes :— 
(a) Those suitable for use in shallow dams, about 20 ft. 
deep ; and (b) those suitable for use in deep dams. In 
the former class a 25/. prize is offered for competition. 
In the latter class exhibits are for exhibition only. 
Information can be obtained from Mr. Geo. H. Byrnes, 
hon. secretary, Field Trial Section, Cradock. 





Tue CHEMICAL ENGINEERING Exuisition.—The first 
Chemical Engineering Exhibition, held at the Agricul- 
tural Hall, Islington, was closed on Saturday last, and 
on Monday the exhibitors entertained Professor Meldola 
(president), Mr. Walter Reid (chairman of the advisory 
council), and Mr. F. W. Bridges (o ising secretary 
and manager) at dinner in the Holborn taurant. Mr. 
Bridges stated that the exhibitors were satisfied, and he 
himself felt sufficiently encouraged to repeat the exhibi- 
tion two years hence. Mr. Reid remarked that it had 
been proved that they had done wisely in arranging a 
special exhibition, instead of making chemical engineering 
merely a section of an engineering exhibition in Olympia. 
The most characteristic speech was delivered by Mr. 
Thomas Tyrer. He said that he had kept aloof from the 
Exhibition, but he was converted ; they would want two 
years for preparation, but the next Chemical Engineering 
Exhibition would be a success. The educational character 
of the Exhibition was again emphasised by Profeesor 
Meldola and most of the speakers. 





PersoNaAL.—We understand that Messrs. Curtis’s and 
Harvey, Limited, the well-known explosive manufac- 
turers, of 3, Gracechurch-street, London, E.C., have 
acquired an interest in a factory in Canada, to be known 
as Curtis’s and Harvey (C a), Limited, where they 
will manufacture explosives of every description for 
supplying the Canadian market.—The Simms Magneto 


be | Company, Limited, inform us that the large plant of the 


Simms Magneto omen of New York, was completed 
on April 16, at Bloomfield, New Jersey. The works as 
now installed are capable of a production of 40,000 mag- 
netos per year; the total capacity can reach 75,000 to 
eur without extension. The works 
ight, heat, and pone, and for the 
present employ about 1100 hands. T ey are situated on 
the Delaware and Lackawana Railway line, having their 
own siding.—Mr. William Turner having resigned his 
position as general r of the Simms Renee Com- 
pany, Limited, Mr. E. C. Gowing has been appointed 
works manager, and Mr. F. Savage, commercial manager 
of the company. 
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LAUNCH OF THE WHITE STAR LINER 
‘* TITANIC.” 


Ir only aaieet favourable weather to make the 
launch of the White Star liner Titanic, from Messrs. 
Harland and Wolff's yard at Belfast, on Wednesday 
last, an impressive sight, and, fortunately, the weather 
was brilliant. As has always been the case at these 
works, there was no naming or formal launching 
ceremony, although the event was attended by the 
chairman and directors of both the builders’ and 
owners’ firms, as well as by a large company. The 
launching arrangements were under the personal 
direction of Lord Pirrie, but here again the usual 
practice of carefully elaborating the instructions 
to every person concerned with the operation 
was carried out, so that there was not only abso- 
lute precision, but entire absence of the fuss sometimes 
associated with the launching of even comparatively 
small ships. The arrangements and the mechanism 
associated with the agar | of the ship were fully 
described in a previous article in connection with the 
launch of the Olympic (see ENGINEERING, vol. xe., 
page 568), and it need only here be said that there was 
no necessity to bring into action the hydraulic cy- 
linders to give the ship a start on the ways. The 
time occupied from the beginning of movement until 
the vessel was afloat was 62 seconds, the maximum 
speed being 12 knots. The vessel was drawn up in 
ahead her own length, and was subsequently towed to 
the berth where she is to be fitted out. 








THE SS. ‘‘HIGHLAND LOCH.” 

In view of the importance of the Argentine market 
to British engineers, the latter will welcome the sub- 
stantial improvement in the postal facilities which has 
resulted from the enterprise of Messrs. H. and W. 
Nelson, Limited, of 98, Leadenhall-street, E.C. This 
firm is establishing a fleet of ten new steamers trading 
direct between London and the River Plate. The whole 
of these steamers are of between 7000 and 8000 tons 
register, and will make the trip in about three weeks. 
Right of the vessels have already been delivered, and 
the remaining two will probably be received from the 
builders in the course of the next two months, so that 
all the ten vessels will have been put into service 
within a year. The boasts are primarily intended for 
the meat trade, and each week one or the other 
delivers into London 3000 tons of this commodity, 
sufficient to supply the whole of the Metropolis for one 
day. The boats are, however, designed to carry also 
108 first-class and about 32 second-class passengers. 
Moreover, the Postmaster-General has now arranged 
that these boats shall carry supplemental mails. These 
will be delivered in Buenos Aires on each Wednesday, 
giving ample time for a reply to be sent by the regular 
mail steamer leaving that port on the following Friday. 

To signalise the inauguration of this service Messrs. 
H. and W. Nelson, Limited, invited a number of 
visitors to inspect, on Wednesday last, the Highland 
Loch and to travel with her from the Albert Docks 
down to Tilbury. This boat is the latest addition to the 
fleet, and has been built by Messrs. Cammell Laird and 
Co., Birkenhead, to the designs of Mr. Arthur R. T. 
Woods, the general manager of the Nelson Line. The 
vessel is one of four ordered from the same builders, 
The Highland Loch measures 414 ft. between perpen- 
diculars by 56 ft. beam by 37 ft. 6 in. to shelter-deck, 
the draught loaded —- 26 ft. 24 in., and the tonnage 
7350 gross. In the double bottom 1380 tons of water 
ballast can be carried, and the bunker capacity is 
1500 tons ; but one of the holds is fitted to carry 
another 1500 tons on the outward trip ; this is for use 
on the homeward run, and obviates the necessity of 
coaling abroad. 

The main machinery consists of a set of triple-expan- 
sion engines, with cylinders 31 in., 51 in., and 56 in. 
in diameter, with a 54in. stroke, designed to indicate 
4400 horse-power, and to give a service speed of 
134 knots. Steam is supplied from a set of four 
boilers designed for a working pressure of 210 lb. per 
squareinch, Of these, three are fitted with Howden’s 
forced draught, whilst the fourth, which will be used 
for supplying the auxiliary machinery in harbour, is 
worked with natural draught. 

There are five holds, all of them being thoroughly 
insulated, and provided with brine cooling-pipes. 
The whole of the refrigerating machinery has been 
supplied by the Liverpool Refrigeration Company, 
and comprises two ammonia compressors, the smaller 
plant being used for the ship’s stores on the voyage 
out, whilst the main plant is used on the return 
journey when the holds are full of meat. The main 
compressor is driven by a triple-expansion engine 
developing 120 horse-power. Each of the intercoolers 
is built on the sectional system, so that any coil can 
be cut out and replaced without interference with the 
remainder. To facilitate the somewhat close regula- 
tion of temperature which is necessary in carrying 
‘**chilled” meat as op to frozen, Mr. Woods 
has fitted one of Simpson’s flow-meters on each of the 


systems of brine circulation, to show accurately the | Srea 
supply te each, whilst a thermometer indicates the tem- 








DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
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In the accompanying diagrams each vertical line represents.a market day, and each horizontal line 
represents 1s. in the case of tin-plates, hematite, Scotch and Cleveland iron, and ll. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in weight from 70 lb. to801b. The metal 
prices are per ton. Heavy steel rails are to Middlesbrough quotations. “Tin-plates are per box of I.C. cokes. 
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rature of the brine as it returns from the hold. eg nay Princess Alice, —_ for te Canadian 
e attendant, therefore, can adjust the supply toeach | Pacific Railway Company’s service between Vancouver, 
hold, and to weber part of a hold: with poe hee see Victoria, and Seattle. "The vessel is about 300 ft. long, with 
Webb’s patent temperator is also fitted. This was | ® breadth of 46 ft. The main engines, constructed by = 
illustrated on page 147 of our issue of August 2, 1907, py mone Ei tnnntias Chesteeet ag the 
and makes it easy to control the brine temperature. | Yarrow. Schlick- Tweedy system, i eliminate vibra. 
| tion. e vessel is desi; for a 8 of close on | 

CaNnaDIAN Paciric Rattway Company’s PassENGER knots. In addition to the ordinary eon -bunkers, the ship 
EAMER “* Princess ALick.”—Messrs, Swan, Hunter, and will carry oil fuel, and the boilers will be fitted with a 
Wigham Richardson, Limited, launched on May 29 the complete installation of oil-burning apparatus, 
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SHARROCK’S CASK TRUSSING-BELL. 


CONSTRUCTED BY MESSRS. A. RANSOME AND CO., LIMITED, 


D 


SECTION ON 
LINE Y_Y. 


c 





We have on more than one occasion (page 845, 
vol. lxxxv., and page 379 ante) referred to cask-trussing 
belis made by Messrs. A. Ransome and Co., Limited, 
Newest ania and now we illustrate another, 
which has been specially constructed by this firm, to 
enable permanent steel hoops of any section to be 
driven absolutely tight on barrels during the operation 
of trussing. This method obviates the necessity of 
using temporary truss hoops, and entirely does away 
with the services of skilled coopers to drive or tighten 
the permanent hoops after trussing, thereby effecting 
a very great economy in the cost of manufacture. 
‘The bell is so arranged that the permanent steel or 
iron hoops are made slightly smaller than the inside 
diameter of the cone, and therefore the operation of 
trussing is actually upon the hoops themselves, 
instead of being upon the inside of the cone; it is 
claimed that this method produces a barrel hooped 
more tightly than is ‘om if the hoops are of larger 
diameter than the bell. 

Sharrock’s bell can be fitted to any of the makers’ 
existing trussing-machines, whether driven by hydraulic 
or belt power, and the barrels can be set up in the bell 
as in the case of the trussing-machines we have pre- 
viously described. The illustrations show a bell for 
fixing four steel hoops on a barrel, but the bell can be 
arranged for fixing more hoops, if desired. The output 
may be gauged from the fact that from twenty-five to 
thirty 460.10. cement barrels can be trussed per hour. 
In the case of cement and similar casks, one head is 
permanently fixed in place while trussing is carried out. 

Some advantages attending the use of Sharrock’s 
bell are as follow :— 

1. Neither electricians nor skilled mechanics are re- 
quired, as all the adjustments suitable for different con- 
ditions of barrels can be readily made by the operator. 

2. There is saving in labour and materials due to 
the simplicity of design. : 

3. Hoops of different gauges can be used without 
any adjustment or alteration to the rings. 

The permanent hoops (which are, as stated above, 








NEWARK-ON.-TRENT. 











made slightly smaller in dia- 
meter than the inside diameter 
of the cone) are placed in the 
grooves A and B (Fig. 2), which 
are made in segments, and 
which hold the hoops in posi- 
tion when the cone is open. 
The bell is then closed, and 
the staves are assembled on 
the rising table of the trussing- 
machines, or, if preferred, the 
barrel, previously raised, can 
be placed on the machine. 

he centering - screws C, 
which are fitted to the outer 
shell of the cone, and are inde- 
pendent of the grooved holders 
and drivers A and B, keep the 
hoops quite concentric when 
the cone is closed. 

As the table carrying the 
staves rises, the holders and 
drivers A and B are pressed slightly back by the 
staves, but the springs at D hold them firmly against 
the outer surface of the barrel, the upper edges of the 

rooves preventing the permanent hoops from rising, 
while the staves are fo’ upwards into them to any 
degree of tightness which may be desired. These 
bal ave constructed to suit the lengths and outside 
diameters at head and bilge of each size of barrel 
required to be dealt with. ; bs sea 

The complete bell is shown in perspective in Fig. 3, 
this illustration being a reproduction from a photo- 
graph ; the actual construction will, however, be best 
understood from Figs. 1 and 2. These bells, as well 
as*those already mentioned, to which electricity is 
applied in order to produce magnetic action for holding 
the hoops in place while trussing, add very greatly to 
the ease with which casks of all kinds can be made, and 
are labour-saving appliances in the best sense. 











RADIOTELEGRAPHY FOR Fisuinc F.LEerrs.—Last year 
two steam luggers of the herring fisheries at Geestemiinde, 
clese to Bremerhaven, and five more fishing steamers 


were fitted with radiotel ph apparatus. © results 
were very satisfactory. e boats could keep in com- 
munication with one another, and they were able to 


send information as to their catches back to their offices, 
and receive instruction as to the ports they were to make 
for. Much time was saved in consequence, and business 
considerably facilitated. The Deutsche Seefischerie - 
Verein has therefore resolved to provide the sailing 
vessels for deep-sea fishing, which are more dependent 
upon the weather than the steamers, likewise with radio- 
telegraphic ontfit, with the assistance of Imperial funds. 
So many sailing boats have been lost of late, ym on 
the Lower Elbe and the North Sea, that this fishing 
trade seemed to be doomed, and British fishermen have 
not suffered less severely. If the fleets had had timely 
warning of approaching storms, they might have reached 

rt. is warning can be given by coastal stations and 
ightships. Four cutters are at the present time being 
fitted out at Hamburg, and instruction in the operating 
of the instruments is given to masters aud wep 
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BALANCING FOUR-CYLINDER MARINE 
ENGINE. 


General Propositions and Diagrams Relating to the 
Balancing of the Fowr-Cylinder Marine Engine.* 


By Cuaries EB. Ines, M.A., Fellow of King’s College, 
Cambridge. 

Introductory. — The mathematical character of this 
paper will probably render it distasteful to some who 
otherwise might be interested in its contents. To meet 
this difficulty the following non-mathematical introduc- 
tion has been inserted :— 

The problem of balancing the four-cylmder marine 
engine consists of oy x | that the inertia forces along 
the four lines of stroke shall, as far as possible, reduce to 
zero resultant force and zero resultant couple. 

If the system has an unbalanced vertical resultant, the 
engine will possess a tendency to lift up and down on its 
foundations. This tendency is termed ‘‘hammering.” If 
the engine is free from hammering, the inertia forces may, 
nevertheless, give rise to a couple tending to pitch the 
engine to and fro in a fore-and-aft vertical plane. This 
action is known as ‘‘ tilting.” 

Hammering forces and tilting couples can be readily 
oe into a series of harmonic components. Of these, 
the first two are of outstanding importance, and are dis- 
tinguished by the terms “ primary” and “secondary.” 
In the course of this paper ihe degree of balance obtain- 
able in connection with hammering and tilting is i. vesti- 
gated, and the conclusion arrived at is as follows :— 

In addition to a balance for primary hammering and 
primary tilting, either secondar ) rene: fm or secondary 
tilting can be balanced, but not Yoth. The designer must 
take his choice. If he elects to balance secondary tilting, 
he must be content with an engine having cranks 180 deg. 
apart. This arrangement, although well adapted for a 
motor-car engine working on the Otto cycle, is unsuitable 


for a marine engine. In marine practice the best result ” 


is obtained by balancing primary and secondary hammer- 
= primary tilting. 

our-cylinder engines balanced to this degree of accuracy 
exist in endless variety. None of them can claim perfec- 
tion in the matter of balance, for one and all suffer to a 
greater or less extent from unbalanced secondary tilting. 
From this infinite variety the designer must make his 
choice, and if, in making this selection, his judgment and 
common-sense are to have fair play. the problem should 
be presented to him disentangled from its mathematical 
complications. 

By adopting a symmetrical form of engine, the balanc- 
ing calcul :tions cease to formidable, and it may be 
partly owing to this fact that the symmetrical form of 
engine known as the Yarrow-Schlick-Tweedy system is 
so universally 7 % 

The object of the diagrams accompanying this paper 
is to make the whole range of approximately balanced 
engines equally accessible to the designer, so that his selec- 
tion shall be perfectly free, and in no way influenced by 
the presence of mathematical difficulties. 

To ebtain freedom from primary and secondary hammer- 
ing, the reciprocating masses and crank angles must 
satisfy the four equations stated on 737. From 
these four equations a crank-angle condition (see page 738) 
can be deduced. Sets of c angles fitting this condi- 
tion exist in endless variety. Some of these, however, 





* Paper read before the Institution of Naval Architects 
Apri. 1911. 
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masses, and as such 


correspond to ae ve reciprocati 
these cases, sets 


have no practical value. Disrega: ing 

of crank angles a, 8, y (see Fig. 3), which can give free- 
dom from primary and secondary hammering, can be 
found from Diagram Fig. 4 in the following manner : 

a is given by the value of the horizontal line, 8 is given 
by the value of the curve, and 7 is given by the value of 
the vertical line passing Hib any part on the 

iagram. 
rom the four equations on page 737 it is possible to 


E, B of Fig. 7, and the pole C is located by the inter- 
section of the two curves corresponding to the positions 
"annie h 

iagram Fig. 8 gives in this way the complete range of 
engines balanced a primary and secondary hammering 
and for primary tilting. Every one of these arrangements 
suffers to a greater or less extent from secondary tilting, 
and by omen Seana Fig. 12 the designer can fin 
out immediately how any particular engine stands in this 
respect. 


(Mp + on. )s Ib. 
U g 


Let 6 define the angle turned through by the crank 
from the top dead-centre position. 

Assume that the crank-shaft rotates with uniform 
angular velocity w, then a can be expressed by the Fourier 


d | series 


a = ru#{o0s # + fo(R) cos 26 + f, (R) cos 40 + f,(R) 


eliminate the angles and obtain a relation between the cos6O+.. -} 
masses. The analytical process of elimination is, however, 
a failure, as it leads to a result far too complicated for 
arithmetical computation. This mass relation is graphic- 
ally exposed to view in Diagram Fig. 5. The least recipro- 
cating mass is taken as unity, the greatest mass is given 
by the value of the curve, and the two other masses by the 
values of the horizontal and vertical lines passing through 
any point on the 
Sir diagram. If the 
~~ = Fig. 7 crank angles and 
<7 reciprocating 
masses of a given 
engine fail tofit the 
Diagrams 4 and ‘) 
respectively, the 
engine cannot be 
free — both 
primary and sec- 
ondary hammer- 
ing. 


o obtain this information the cylinder positions 
F, D, E, B are set out ry bere base of Diagram Fig. 12, 
and the vertical intercept between the point E and the 
through D is a measure of the unbalanced 


cosondoay t tilt ing couple. 


where f, (R), f,(R), &c., are rapidly-converging series of 
ascending powers of R. 
15 Re, 


h 3 
ti *,(R)=R+ R + 

Unhampered by mathematical difficulties, the designer 4 128 
can thus select from Diagram Fig. 8 the arrangement, R° 3Ré6 
symmetrical or unsymmetrical, most suited to his purpose, fa (R) = - .- 
and he can P to check and increase the 
accuracy of his results in the following man- 
ner :— 

From Di m Fig. 8 he would read off the 
values of a, 8, y, 5 as accurately as possible, and 
then, if necessary, slightly adjust these values so 
as to make them absolutely fit the crank-angle 
relation of 738. From these corrected values 
of the crank angles the reciprocating masses can 
be computed to any required degree of accuracy 
by means of the formula stated on the same page. 

Throughout the paper no notice is taken of 
the valve gear. It is assumed that this is a 





NOTATION OF CRANK ANGLES. 


CURvg 
p——-£| 











” 


Bi, 
<4y 
Rp 
0° 15° 30" 
CURVEY T(E R49) COS 40 
(masa) 














Xe,! 
Note. N 
R-§ in this construction 


2 


Pe, 
Se, bp 
cj 
Yon 


PISTON ACCELERATION 





PRIMARY MASS 
QUADRILATERAL. 








SECONDARY MASS 
QUADRILATERAL 


. 5 O° 65 70° 75° 80° 85° 90° 35° WO°HWS* 110° 5° 120° 
K a) Ry Rs 


+ 








Ld 


te i 

. os ; § Pa 

i eS wheedpednngiion 

' . ee a. ae 

’ H ' -— H (4/4 
-t--4--4--4- 4<-+-- 
‘ ‘ ‘ ' H 

_— -4- 
' H 


S 


1 


. 
' oy 
4-4-2 4--4--4- 
: r ; 


‘ 


+- 
’ 





‘ ‘ ' 
wojeogco deodongong- ogee 
' i ' ' ' 


i : 
cabaadge 
-4-—+ 


(e3t) 


A 


eodeod- 


ae mee 


o-$--4 


Construction for Cylinder Spacings. 
ABC Disa primary mass quadrilateral. 
C E is drawn parallel to the side D A. 
O F is drawn parallel to the side B A. 
The points F, FE D, B give the relative distances 
between the lines of stroke 0, 1, 2, 3. 


+ 
H 


-_----f 
> = | 
i 

= % 

codons 
' 


———— 


(2830) 





29 


Mg 


~ 


The first two mass crank-angle equations state that a 

uadrilateral can be constructed whose sides are propor- 
tional to the reciprocating masses, and whose external 
angles are a, 8, y, 5. This figure is termed a ‘mass 
quadrilateral.” A wide range of mass quadrilate 
more than sufficient for practical pu can be evolv 
from Fig. 14 by the process explained in the Appendix. 

Having selected from Fig. 14 a mass quadrilateral 
giving freedom from primary and secondary hammering, 
the spacing of the cylinders to give freedom from primary 
ane is readily deduced by the construction indicated in 
Fig. 7. This construction, however, does not directly 
satisfy the need of the designer. It deduces cylinder 
spacings from a given mass quadrilateral, whereas what 
he requires is to deduce the particular mass quadrilateral, 
giving freedom from primary and secondary naan 
and primary tilting, which co mds to a given set 0 
cylinder spacings. This latter problem apparently yields 
to direct attack only in the case of the symmetrical one 
To enable the designer to approach the general lem 
of balancing from this natural point of view, Begun 


Fig. 8 has been > 
‘Phe base of this diagram corresponds to the line F, D 


separate system, which must be balanced independently | In the case of an engine of practical proportions R can 
of the main reciprocating masses. The obliquity of the | hardly exceed one-third, and a very close approximation 
valve connecting-rods being slight, it is only necessary in | to the piston acceleration is 

this system to consider nape = inertia effects, and the ik R R3 Rae) 
ae = balancing the valve gear is thereby greatly a=rw {cos 0+ ( + j ) cos 2.6 -— om j 
simp) > 





Pr y ts.—Throughout the following) In Fig. 1 the exact values of = are plotted on a crank- 
work masses are expressed in pounds and distances in | we 
angle base, the value of R being 4. 


feet. . . . . 
In a single-cylinder vertical steam-engine :— nother curve is obtained by superposing the three 
Let curves— 

y = rcos @ 


y=r (R+ =) cos 20 
y=- r(B) cos 0. 


The result of this superposition is seen to coincide very 


If at any instant the downward acceleration of the | closely with the true * curve, and thus indicates that the 
piston is a, the inertia force acting on the frame of the | w? 


engine upwards along the line of stroke is 


Mp denote the mass of the reciprocating parts. 
M. denote the mass of the connecting-rod. 
bM- denote the moment of the connecting-rod about 
its big end. 
1 denote the length of the connecting-rod. 
r denote the throw of the crank. 


R denote the ratio r 








| total contribution made to the piston acceleration bj 
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the sixth and higher harmonic components is relatively 
nsignificant. : 

For most practical purposes these higher harmonics are 
negligible, and the inertia force on the frame of the engine 
acting along the line of stroke can be regarded as built up 
of the three harmonic components— 


M 


— 7 cos 0 w? " ‘ . 
g . 
(B+ Pr 0052 0 ut ey 
4/9 
_RM 


rcos4@w? . ‘ . (3) 


where M signifies the quantity— 
Mp + ? Me. 


The first and second harmonic components are termed 


If the unbalanced vertical resultant does not act through 
the ©.G. of the engine frame, the engine develops a 
tendency to rotate in the ‘“‘fore-and-aft” vertical plane. 
This effect is termed ‘‘ tilting.” To be properly balanced, 
on must be free from both “hammering” and 
“* tilting.” 

The cranks and lines of stroke are distinguished by the 
Nos. 0,1, 2, 3. The reciprocating masses ( My + $ M. 


are denoted by My, M;, Mg, M3. The crank-throw and 
connecting-rod lengths are assumed to be the same for 
each of the four sets of moving parts. The angles of the 
cranks in advance of the top dead-centre are 0, 0+4), 
6 + ay, and @ + as. 

Conditions for no Primary or Secondary Hammering.— 
These are 





M, cos @ + M, cos (@ + a,;) + My cos(@ + ay) + 
‘M; cos (9 + a; = 0) 
and 








600 
Par emnen ron att f 
“SS Conve neg 7m F 
-- 40748 
F Ps 
P 
mM, ae 


F, D, E, B give the lines of stroke. 
The mass quadrilateral is obtained by drawing 


D A parallel to C E. 
B A parallel to C F. 








Construction for the Residuary Secondary Tilting Couple— 
Given by PQ x FB. 
H P = HB, and LQ = LB. 
P H makes an angle 2 8 with L H. 
LQ makes an angle 2 a with L H. 


the primary and secon inertia forces respectively. 
The quantity M is termed the reciprocating maas. 


Four-CrLinpDER MARINE ENGINE. 

Definitions and Notation.—If the four vertical inertia 
forces acting on the frame of the ag along the four 
lines of stroke do not form an equilibrium system, their 
unbalanced resultant will tend to lift the frame bodily 
up and down. This effect is termed ‘‘ hammering.” 





‘ 

i 
o 

\ . 
\ 3 
(2034) * ra 


| My cos2@ + M, cos (2@ + 2a,) + May cos (20 + 2ag)+ 
M; cos (2 @ + 2a;) = 0 
for all values of #, and they lead at once to the four con- 
ditions :— 
My + M, cos a, + Mgcosa,+M;cosa;=0 . (1) 
M, sin a; + Mosina, + Mgsina,=0 . ; (3 
My +M, cos 2 a; +My cos 2a2+M;cos2a,=0. (3 
M, sin 2a; + Mesin2 a, + M; sin 2a; = 0 (4) 

Conditions 1 and 2 are equivalent to the statement that 
four lines of lengths proportional to My, Mj, Me, Ms, 
drawn in the direction of the cranks 0, 1, 2, 3, form a closed 
quadrilateral. Such a figure will hereafter be termed 
a ‘mass quadrilateral.” Conditions 3 and 4 state that a 
corresponding quadrilateral relation exists between the 
four reciprocating masses and the directions 2a,, 2ay, 2a;3. 

Fig. 2 shows ope pair of primary and secondary 
mass quadrilaterals. 

Crank-Angle Condition for Freedom from Primary and 
Secondary Hammering.—By manipulating equations 1, 
2, 3, 4, it is i to eliminate the three ratios 
My : M, : Me : Mj : and obtain a crank-angle relation. 

Eliminate My by subtracting equations 1 and 3, and 
the crank-angle relation can then be written in the form 
of a three-row determinant :— 








sin a) SiN Gy sin a; 
sin 2a, sin 2a, sin 2 a, == 0, 
cos 2a,;—cos a, cos 2a,—cosa, cos 2 a3— Cos as 


Expanded out, this leads to the following condition :— 
sin 4 sin @ sin B sin ™!—™ gin @—% sin 3% 
2 2 2 2 2 


{ cos FET Me + cog 898 + ooe “3 * $2 %1 } =0. 


This condition is satisfied if any one of the angles a,, 
Gg, @3i8 zero, or if any two of them are equal ; in other 
words, if any two of the cranks are parallel. 

It will be shown subsequently that, with this setting of 
cranks, freedom from primary tilting can only be obtained 
by. making two lines of stroke coincident. Rejecting 

his abnormal case, there remains the alternative condi- 
tion— 
a, +a, — ay Qg+ dd, — Gg 
3 9 + cos 





Ag +G)—G_ _ 
2 =0. 





Now introduce a change of notation— 
Let a, 8, y, 6 be the angles between the cranks (see 
Fig. 3), so that— 


@ =a; a —-a,=f3;a,;-a,=7; 24 —-a,=5; 
the crank-angle relation then reads— 
a+y e-7y_ B-6 
cos —9— + cos" = cos 5, 


2 cos - cos }, = con 5 J 

Unless this crank-angle relation is satisfied, it is impos- 
sible to obtain f om from primary and secondary 
hammering for an engine which has its four lines of 
stroke separate. 

To facilitate the application of the crank-angle relation 
to particular cases Fi . 4 has been prepa In this 
construction corresponding values of a, y, and 8 are 
given by the horizontal line, the vertical line, and the 
curve passing through any point on the diagram. This 
diagram includes all the combinations of crank angles 
which lead to positive values of the reciprocating masses ; 
and if the crank angles of a given engine cannot be made 
to fit the diagram, this engine cannot be free from both 
primary and secondary hammering. 

Reciprocating Mass Condition for Freedom from Primary 
and Secondary Hammering. — Between the equations 
1, 2, 3, and 4 it is pone to eliminate the three angles 
@), Gg, as, and so obtain a relation between the recipro- 
cating masses. 

The analytical process of elimination is laborious, and 
yields a most complicated result, which apparently 
admits of no simplification. To render the mass relation 
available for numerical calculations, it is necessary to 
express it graphically. This has been done in Fig. 5. 

n this construction the least reciprocating mass is 
taken as unity. The greatest mass is given by the curve 
passing through a point on the diagram, and the two 
corresponding interimediate masses are given by the hori- 
zontal and vertical lines passing through this same point. 
In Fig. 5 the range explored is limited to engines in 
which the greatest reciprocating mass is not more than 
three times the least, and for all practical purposes this 
= ¢ is sufficient. 

If the reciprocating masses of a given engine coming 
within this cannot be made to fit this diagram, the 
engine cannot be free from both primary and secondary 
hammering. 

Analytical Expressions for the Mass Ratios in Terms 
of the Crank Angles.—Consider the mass quadrilateral 
shown in Fig. 6. By projecting the sides on a line at 
right angles to the side Mi. it is evident that— 

My sin a = M, sin 8 + Mj sin (8 + ¥). 
Similarly— 
My sin 2a = My, sin2 8 + Mgsin 2(8 + ¥). 
Hence 
sin @ sin ; sin (« + 3) 
M, = My ~ ~ = 
8 sin + sin nA 
in 8 sin 3 (8 + 3 ) 
and 
sin a sin® > B sin * ; B 
M; = My > = : 
sin sin +2 \ sin 2 
(B+>)sin (8 +3 ) 3 
Interchanging a with 6 and 8 with y, 
6+ ¥ 6-¥ 
2 


6 


sin 6 sin sin 
M, = My 
; . ws BE 

sin sin F ) sin — 

(8 + y)sin (7 + §) sin F 

By means of these expressions the mass quadrilateral 
corresponding to any possible set of crank angles can be 
deduced. A phical method of manipulating these 
analytical results is explained in the Appendix. 

Cylinder Spacings to Give Freedom from Primary Tilt- 
ing.—Let A B c D be « primary mass quadrilateral. 
(See Fig. 7) From the point C draw lines C F, C E 
parallel to the sides B A, D A, and determine thus a 
range of points wf thediagonal BD. Thisrange gives 
a representation of the cylinder spacings which render 
the engine free from primary tilting. In this range the 
points F, E, D, B correspond with the lines of stroke 
0, 1, 2, 3. 

The fact that the lines of stroke designated by conse- 
cutive numbers are not adjacent should cause no surprise. 
Throughout the foregoing work it is nowhere assumed 
that the sequence ae inders follows the sequence of 
their numbers. ; 

Proof.—Let los, hs, 13 denote the distances of the lines 
of stroke 0, 1, 2, from the line of stroke 3, all these dis- 
tances being measured in the same direction. : 

Given that there is no primary hammering, there will 
be also freedom from primary tilting, if the sum of the 
moments of the vertical inertia forces about any point in 
the fore-and-aft vertical plane is zero. 

Select this pcint on the line of stroke 3, and the condi- 
tion for no primary tilting takes the form— 


Ing My 008 8 + lg M, cos (@ + a) + lo, My cos (0 + a.) = 0 
for all values of #, and this at once leads to the two 
conditions— 
log Mo + U3 My, 008 a, + leg My cos ag = 0, 
hs M, sin a, + 43 My sina = 0, 
and these latter state the fact that a triangle having its 


sides in the directions of cranks 0, 1, 2 has the lengths of 
the sides in the ratio Jy, Mo : 43 My : les Mg. 
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In Fig. 7, K B C is such a triangle, and, accordingly, 
log Mo : yg My : Log My = KB:CK:BC. 





Thus 
gj _KB,M,_ KB, OK_FB 
bh, CK M, CH ES EB 
and 2 
ln _ KB, Me_ KB, BC _FB 
L 80 M BC AD DB 


showing that Mog : 3 : 423 = F B: EB: DB, and that the 
points f. E, D, B give the relative positions of the lines 
of stroke 0, 1, 2, 3. ] f 

To deduce cylinder spacings from a given mass quadri- 
lateral is thus a simple operation. e reverse process 
of determining the primary mass quadrilateral corre- 
sponding to a given set of cylinder spacings, secondary 
hammering also being balanced, cannot apparently be 
achieved by a direct process, except in certain symme- 
trical cases. However, as these are the data from which 
a designer has usually to work, Fig. 8 has been prepared, 
which gives an immediate solution to the following 
problem :— s 

Given the Cylinder Spacings for a Four-Cylinder 
Marine Engine, to Find the Mass Ratios and Crank Angles 
which give Frecdom from Primary and Secondary Ham- 
mering and Primary Tilting.—Explanation of Fig. 8. 
(See Fig. 9.) eee, 

If the length F B is fixed, and one of the inside lines of 
stroke is at a definite point D, the locus of C is a definite 
curve. By taking various positions of D along F B a 
series of curves is obtained. 

In Fig. 8 twenty-one such curves are drawn correspond- 
ing to twenty-one itions of D, ranging from 0 to 20. 
If the positions of the two inside lines of stroke are given 
—suy, for instance, by the points6, 15—then C is situated 
at the intersection of the curves 6, 15, and the mass 
quadrilateral corresponding to this particular set of 
cylinder spacings can at once be completed. 


If the same cylinder spacings fit the secondary mass 
quadrilateral, 
BE.FD _ sin 2 az sin 2 (a; — %) 
FE.BD sin 2a, sin 2 (a; — ag) 
Hence the condition for a balance in both primary and 
secondary tilting is 
sin a2 sin (a3 — a,) — Sin 2 ay sin 2 (a3 — a) 
sin a, sin (az — a) sin 2a, sin 2 (a3 - a2) 
and either 
sin (a3 — a) sin ay = 0, 
or 
sin (a; — a9) sin a, = 0, 
or 
cos (a, — a)) COS a2 = cos (a3 — ag) COS a; 
and, since the last reduces to 
sin (a. — a;) sin a; = 0, 


the condition is that two of the cranks must be set in the 
same or opposing directions, and consequently two lines 
of stroke must be coineident. For a four-cylinder engine 
with separate lines of stroke a balance for both primary 
and secondary tilting is incompatible with a balance for 
primary and secondary hammering. The two relations 


connecting crank —_ and cylinder spacings sta 
ent upon the assumption that the 


above are not depen 
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If the two outside cylinder spacings are equal, the | 
orimary mass quadrilateral takes the kite form shown in | , 
Ki . 10. This is the arrangement followed in the Yarrow- | | 
Schlick- Tweedy system of balancing, and admits of the | |__le 
following direct analytical treatment. na 
The condition for no secondary hammering is YA 3 
2 cos ® cos? =1 (1) | |e 
2 2 "| LL 
~~ ee m4 
"1 
vi 
"| 5 | 4? 
Fig. 22. 4 TT [ls 
4A: gee ms 
LI L410 
Ly LT | 
AA we a om n 
ZA Aa a 
ZA gO ee ~ 
ZA 4 LTO 14. 
= —] = 4 
Cen 7 F FF CT FC FC MD HBHBEHKBETNHDD o 
if the points F and E are determined as in Fig. 7, and | Gr} 
C A intersects D B at N wr \ | Fug. 13. 
From the geometry of the figure 3 \ 
im wm - oO a 
Mg sin 5 “DN M; sin 5 (2) \| 
and c’ 
s 5 r 
M, cos = = M; cos — (3) “2 
From (1) and (3) 7 
cos 8 = Ma- Ms, ogg = Ma— Me 
M, M 
From (2) and (3) 
DE? M,? +2FD. DE. M;M; - F B?M,?= 0. 
This latter gives the ratio Mz: M, for any given sym- 
metrical spacing of the cylinders. 
For instance, if the cylinder spacings are in the ratio | 5 
6:10:6, the quadratic becomes eile 
vee D 


100 M,? + 192 My M, — 484 M,? = 0. 


From which 
M 


2 = 1.44033. 
Ms; 
Cos 6 = = 0.44038 6 = 68 deg. 50 min. 
Cos 8 = — 0.305715 pai. BS . 


. nd the mass quadrilateral has the form shown in Fig. 10. 
This result could be deduced at once from Fig. 8. For 
non-symmetrical cylinder spacings a direct analytical 
attack along similar lines seems to end in failure, and 
the solution must be obtained from Fig. 8, or some other 


indirect 


process. 
Impossibility of Obtaining a Balance for Both Primary 
the Balance for | 
ig. 8 supplies an 
r primary and 
imary tilting. It is natural 
also balanced for 


and Secondary Tilting while Preservi: 
mere and —— Hammering. — 
infinite variety of engines 
secondary hammering and 
to inquire whether any of these are 
secondary tilting. 
In Fig. 7 
BE. FD _ sin agsin (a; ~ a) 


foi 





FE.BD sin a sin (a; — a.) 


| four connecting-rods and cranks are identical. Conse- 
quently, no greater perfection in tilting balance can be 
achieved, even if this restriction be removed. 

Condition for a Balance in Hammering to the Fourth 
| Harmonic.—The limits of balance in tilting having been 
established, the limits of balance in hammering will now 
be investigated. If the balance in hammering is to be 
carried up to the fourth harmonic, to the relation 





2cos* cos % = cos & =s 
ee. 2 
| must be added the further condition 
2 cos a cos y = — cos (8 — 4). 


From this it follows that 


. (1 + 2cos a) (1 + 2cos y) = 0, 


and 
(1 + 2.cos 8) (1 + 2.cos 5) = 0, 


Two adjacent crank angles must be each 120 deg., and 
the mass quadrilateral simplifies into an equilateral tri- 
angle. The four-cylinder engine under these conditions 
degenerates into the three-cyli type, with cranks set 

















120 deg. apart, a type which is very well balanced for 
hammering, but cubainend for primary tilting. A balance 
in hammering can therefore be adjusted to include the 
fourth harmonic component, only at the expense of sacri- 
ficing the balance in primary tilting. 

Geometrical Construction for the Residuary Secondary 
Tilting Cowple.—Engines comprised in Fig. 8 all possess 
a secondary tilting couple of greater or less extent. If 
crank No. 1 makes an angle @ with the vertical, the value 
of this couple is 


{ Mo Zoz cos (2 8 - 2a) + Mj 43 cos 20+ \ 
Mg [3 cos (2 6 + 28)} J 


and if the lengths L Q, H L, P H ere obtained as shown 
in Fig, 11, this secondary tilting couple takes the form 


ee ere reins Br tb. 
PHos(20+28)} f nah 


The expression inside the first bracket is the projection of 
a vector of length P Q on a line making an angle 2 4 with 
the vertical, Thus the full value of the secondary tilting 


couple amounts to 
3 2 
to M (R+ 4°)" pote, 


where M is the mass represented by PQ on the same 


( R+ -) na Ib.-ft. 
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scale that the sides of the mass quadrilateral obtained 
from Fig. 8 represent the reciprocating masses. 
_ The results of an extended application of this construc- 
tion are shown in Fig. 12. 
Vertical ordinates in this diagram give values of 
2° Thus corresponding to the cylinder positions 0, 8, 
15, 20, the value of ¥ is obtained by scaling off the height 


of the curve 8 above the point 15. 

Many of the arrangements defined in Fig. 8 would be 
unsuitable in practice owing to the bad setting of the 
crank angles. From the point of view of crank effort the 
ideal arrangement is to have the cranks set at right angles, 
and if the condition is laid down that only a limited 
departure from this ideal is permissible, the region to be 


| explored in Fig. 8 can be definitely marked out. 


ithin this region an application of Fig. 12 will enable 
a designer to aalaeee seallity the magnitude of the resi- 
duary secondary tilting couple, and so deduce the 
arrangement which, other circumstances being equal. 
gives greatest freedom from this unbalanced effect. 

Unless the interchangeability of parts associated with 
Fae ed is all important, there seems no reason why 
the choice should be restricted to the Yarrow-Schlick- 
Tweedy arrangement. If this restriction is removed and 
low-pressure cylinders of unequal diameters are permitted, 
the designer is able to adhere more closely to the natural 
cylinder spacings and natural reciprocating masses, and, 
taking advantage of this fact, he may effect substantial 
economies in the length and weight of the engine, accom- 
ames by a beneficial reduction in the residuary tilting 
couple, ; 





APPENDIX. 

METHOD OF CONSTRUCTING THE SFRIES OF Mass QuaprI- 
LATERALS CORRESPONDING TO A BALANCE FOR BOTH 
PRIMARY AND SgconDARY HAMMERING, 

For a range of itions B taken along the fixed 
direction A B, (see Fig. 13) the locus of C is a definite 
eurveOC,. Similarly, for itions of C along the fixed 
direction b o the locus of Bisa curve OB: The points 
C and B in Fig. 13 give a possible mass quadrilateral. 

In Fig. 14 this method has been extended to give a 
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range of mass quadrilaterals sufficiently extensive for all 

ractical pu Nineteen radiating directions for B 
_ been selected, and the nineteen corresponding curved 
loci for C deduced. Eleven directions for C with eleven 
corresponding loci for B are also drawn. 

Consijer the intersection of direction 4 and curve 7 on 
the left meshwork. If this point is defined by C, the 
corresponding position of B on the right meshwork is at 
the intersection of curve 4 with the direction of7. B 
this process pairs of points C and B can be determin 
in infinite variety, and, if = oa of three angular 
points C, D, A of the mass quadrilateral are selected, the 
remaining point B can at once be located. 





FOREIGN ENGINEERING PROJECTS. 

WE give below a series of colonial and foreign engineer- 
ing projects. Further data concerning them can be obtained 
from the Commercial Intelligence Branch, Board of Trade, 
73, Basinghall-street, E.C. 

South Africa : H.M. Trade Commissioner reports that 
a Bill was introduced into the House of Assembly, and 
passed its second reading on April 21, providing for the 
expenditure during the period from May 31, 1910, to 
March 31, 1912, for railway and harbour capital and 
betterment services, of 5,889,827/. The services include: 
—Construction of new lines (new proposals), 1,200,000/. ; 
completion of lines under construction, 1,200,0007; new 
works on open lines, 1,565,417/.; rolling-stock, 1,000,000/. ; 
harbours, 200,000/. 

Belgium: The Moniteur Belge contains a decree, issued 
by the Ministry of Railways, Posts, and Telegraphs, 
granting to the Société Nationale des Chemins de Fer 
Vicinaux a concession for a. the Tournai- 
Péruwelz light railway from Tournai to Rumillies. Four 
years are allowed for the completion of the work. The 
undertaking will be assisted by State and communal 
subsidies. 

Italy: It appears, from the Bollettino Finanze (Rome), 
that the Commission which has been considering harbour 
improvements in the Adriatic has recently submitted its 
report. ‘The most important works proposed are at the 

rts of Bari, Ortona, Ancona, Ravenna, Chioggia and 

Jenice. The amount to be expended in respect of Bari 
is put at 7,675,000 lire, of which 1,700,000 lire is required 
for breakwaters, 2,500,000 lire for dredging, &c., and 
3,475,000 lire for warehouses, electric cranes, steel rails, 
&c. Ortona Harbour isin a somewhat backward state, and 
an expenditure of 9,000,000 lire is proposed, about half of 
which is set aside for the construction of docks, and the 
other half for dock railway lines, cranes, &c. Similar 
works are also proposed for the following ports :— Ancona, 
3,800,000 lire; Ravenna, 14,400,000 lire ; Venice, 14,000,000 
lire. Among other proposed harbour works in the 
Adriatic and Ionian seas may be mentioned the following : 
—Cotrone, 3,000,000 lire ; Taranto, 1,006,000 lire ; Galli- 
poli, 3,000,000 lire; Brindisi, 2,000,000 lire ; Monopoli, 
1,900,000 lire; Molfetta, 1,000,000 lire; Manfredonia, 
2,000,000 lire; Vieste, 1,500,000 lire; Pescara-Castella- 
mare Adriatico, 2,200,000 lire ; Lago di Varano, 1,000,000 
lire. (25 lire =1l.) The same Bolletino notifies that a 
firm of contractors named Sutter have undertaken to 
build a new railway from Montiglio to Serralungo via 
Villadeati. The cost of construction is estimated at 
2,000,000 lire (80,000/.). The construction of this line will 
be of particular advantage to Turin, which will then be 
in direct communication with the district of Valle Cerrina. 
The Gazzetta Ufficiale notifies that tenders will be opened 
on June 14, simultaneously at the Ministero dei Lavori 
Pubblici, Rome, and at the Prefettura di Catania, 
Catania, for the construction of a breakwater and kindred 
works in Catania Harbour. The upset price is put at 
2,450,000 lire (98,000/.), and a deposit of 120,000 lire 
(4,800/.) will be required to qualify tenders. Although 
this contract will in all probability be awarded to an 
Italian firm, nevertheless the carrying out of the works 
may involve the purchase of some materials out of Italy. 

Spain : The Gaceta notifies that Don Domingo Arcarzo 
y Arno has applied to the Direccién General de Obras 
Piiblicas for a concession for the construction and work- 
ing of a secondary railway from Alicante to Aleoy. 

Panama : With reference to a call by the Government 
of Panama for tenders for the construction of the Panama- 
David Railway, H.M. Minister at Panama reports publi- 
cation of the relative specifications, draft contract, &c., 
and forwards copies of these documents (in Spanish and 
English), which may be seen by British contractors at 73, 
Basinghall-street, EC. Tenders, together with a deposit 
of 10,000 balboas (about 2083/.), will be received at the 
— ¢ the Secretary of Public Works, Panama, up to 
June 30. 

Braz: The Diario Oficial publishes decrees Nos. 8688 
and 8689, opening in favour of the Ministry of Communi- 
cations and Public Works (1) a credit of 200,000 milreis 
(xhout 13,3002.) to defray the expenses in connection with 
the extension of the section of line from Itacurussa to the 
city of Angra, on the Central Railway of Brazil ; and (2) 
« credit of 375,000 milreis (about 25,000/.) in respect of 
the a of the main line of the Central Railway of 

ar iZl, 

J spyn (Corea): The following informa‘ion is from the 
report of Mr. Acting-Consul G. B. Sarsom on the trade 
of Corea in 1910, which will shortly be issued :—The pre- 
sent length of railways in Corea is 674 miles, and the pro- 
jected lines, which are to be completed in a period of five 
years (reduced from an original of 11 years) will add a 
further 310 miles. The Ping-yang-Chinnampo line, 34 
miles, was completed in August, 1910. The projected 
and incomplete lines are as follow:—1. Seoul-Gensan, 
136 miles ; surveying work was begun in April, 1910, and 
construction started at Y. in the autumn of that 


year. 2. Honam im 174 miles, from Taiden, on the 


Mokpo. Construction commenced in October, 1910. 
Reconstruction work on the Seoul-Wiju line is proceed- 


complete system of Corean railways includes :—1. Recon- 
struction of the existing egy nen a ay railway. 
The importance of this line is increased by the prospect 


linking the east coast of Corea with the Manchurian 
system. 2. Extension of the Seoul-Gensan line north to 

amheung. 3. A line from Hamheung to Hoiryong. 4. A 
line from Ping- Yang to meet the Gensan-Hamheung line at 
a point north of Gensan. (5) A line starting from Taiku, 
and serving the district thence to Mokpo. (6) A line 

rallel to the Seoul-Fusan line, from Seoul to Taiku, via 

hong-ju. The object of this line is to relieve pressure 
which will fall on the main line when through communi- 
cation is well established between Fusan and Mukden, a 
route over which heavy traffic is anticipated. With regard 


make a definite statement, but they will probably not be 
taken in hand until the completion of the two lines now 
under construction. The budget for 1911-12 contains an 
cppeeprinten of 867,500/. for railway construction during 
the year. This is included in a sum of about 6,000,000/. 
for public undertakings, which, the Governor-General 
states, is an instalment to cover two or three years. The 
harbour works include the following :—Chemulpo: A 
consecutive undertaking, including customs buildings, to 
be completed in six years (1911-16) at a total cost of 
355,550/. The scheme is not yet published, but will com- 
prise a system of wet docks. Fusan: A consecutive 
undertaking, already in progress, and to be completed by 
1914, with a further outlay of 390,400/. Chinnampo and 
Ping-Yang : Similar works to be completed respectively 
in three years for 85,250/., and in two years for 12,250/. 





Coat StTorRAGE WITH EXcLusion oF Arr. — Experi- 
ments on the preservation of Westphalian coal under 
exclusion of air have been carried out by Dobbelstein, 
and are described in Gliick Auf ! of May 6. The coal con- 
sisted of lumps about # in. in size (from 15 to 20 mm.) and 
vessels of 2 litres (about 3 gallon) capacity were charged 
with this coal and provided with air-tight covers. The 
vessels were further filled, either with water or with 
carbon dioxide, flue gases, or sulphurous acid vapours. 
Samples were taken and analysed after two weeks, three 
weeks, and six months; at the end of this period no 
further weathering seemed to occur. Parallel tests were 
made with coal exposed to the air. The different sorts of 
coal did not all behave equally. But on the whole it 
would appear that little is gained by — the coal 
under water or in special atmospheres. The loss of gas 
was little affected by the treatment, and the difference ob- 
served might have been less noticeable if the coal had been 
taken as soon as mined, and not after intervals of from 
five to eight days; the weathering is most marked in 
the first days. If anything special is to be done for the 
storage of coal, roofs should be provided for the coal 
piles, and thermometers be inserted so as to obtain warn- 
ing of any tendency to spontaneous combustion. 





ProvsecTeD Russian Rariways.—At the instance of 
the merchants of the town of Kjachta, on the Siberian 
Mongolian frontier, the Commission for the Construction 
of New Railways is considering the building of a new 


the Trans-Baikal Railway, to the town of Kjachta, a 
distance of 225 versts. The Ministry for Traffic has 
recommended the construction of a State railway which 
may be called a South Siberian main railway in connec- 
tion with the Siberian railway and the Turkestan rail- 
way. It is also proposed to build an auxiliary line 
to the Siberian railway from Nowo-Nicolajewsk, fol- 
lowing the upper course of the Ob, via Barnaul, to 
Bijsk, at the northern base of the Altai Mountains. 
The Government is also preparing a plan for the con- 
struction of comprehensive auxiliary railways in European 
Russia. The railways are to be built by private capital, 
and the former Director of the Department for Rai) ways, 
Mr. I. W. Maximow, is at the head of the combine. This 
latter plan, when realised, will supply a very serious 
want, its principal object being to form a large network 
of lines in connection with the main lines, so as to facili- 
tate the transport of goods to the stations of the latter, 
which at present is a very difficult matter in most parts 
of the vast empire. 





Water Supriy or Lincotn.—Lincoln will have the 
benefit of its new water supply in September. The supply 
will be derived from Elkesley, near Worksop, where 
extensive works have been built. The water is obtained 
from the new red sandstone by means of four bore-holes, 
3 ft. in diameter and 570 ft. in depth. The pumping 
plant consists of two triple-expansion marine-ty pe surface- 
condensing pumping-engines, which lift the water from 
the bore-holes into settling-tanks, and by means of high- 
lift pumps it is forced to Lincoln through 22 miles of 
21-in. rising main. The buildings at Elkesley consist of 
a large engine-house, boiler-house, pump-room, and coal- 
store, as well as a house and cottages. e Trent had to 
be crossed, and this has been accomplished by a steel 
bridge, the main span of which is 252 ft., with five other 
8 of 65 ft. each. At the Lincoln end the water is 
+ mer into an elevated tank, 100 ft. above the surface 
of the ground, supported on a masonry tower, and capable 
of holding 300,000 gallons. The tank is for the supply of 
the high-level district. The water gravitates from this 
tank to a surface reservoir on Bracebridge Heath, three 
miles from Lincoln. The reservoir, which is covered, 
holds 6,000,000 gallons. The works have been carried out 


of eventual connection with the Kirin-Hoiryong line, thus 


to the date of execution of these plans, it is yet early to 


line, of normal gauge, from the station Myssowaja, on | }, 


THE STRESSES IN PROPELLER BLADES. 


ing a . In addition to the above, the scheme for the| An Investigation into the Stresses in a Screw-Propeller 
Blade.* 


| 

By Engineer-Lieut. ALFreD Tukner, R.N., 

Associate-Member. 

ATTENTION is drawn to the remarks on page 78 of the 
| Transactions of this Institution for the last year, 1910, 
| in which it was stated by Mr. T. B. Abell that the thick- 
| ness of the roots of the les has a marked effect on the 
| efficiency of a propeller, besides having a considerable 
| bearing on the phenomenon of cavitation, an increase 
|of thickness diminishing the efficiency and tending 
to cause the cavitation. It was also suggested that it 
may be the cause, to some extent, of the rapid corrosion 
or erosion which occurs not infrequently on blades of 
| propellers running at a high number of revolutions. 
An attempt has therefore been made to estimate the 
order and nature of the stresses in the blade of a high- 
speed propeller with a view to determining whether a 
decrease in the root thickness can be effected which will 


a the propeller’s general performance without 
ucing its strength beyond safe limits. 

The eo is attacked purely from a point of view of 
strengt: 


J > ss all questions affecting the general 
design and principal dimensions of the propeller being 
left out of consideration. 

There are several methods of quickly determining a 
suitable root thickness for a given blade, but that, per- 
haps, introduced by Mr. D. W. Taylor, Naval Con- 
structor of the United States Navy, is the most thorough, 
and it has been generally followed in the case of stresses 
due to thrust and transverse forces. This method is ex- 
plained clearly and with care in his well-known treatise, 
and no further explanation is therefore necessary. + 

The first step is to obtain values for the stresses in a 
blade for pur of guidance and comparison, as from 
these values the corresponding stresses in propeller blades 
of similar type and size can be inferred. For this pur- 
pose a blade of a fast-running propeller, developing 4500 
shaft horse-power at 780 revolutions per minute has been 
taken, the develo area being about 18 square feet ; 
pitch, 5 ft.; and diameter, 5 ft. 6 in., the conditions of 
working in such a case being rather severe. The speed 
of the vessel has been assumed to be 30 knots. The 
dimensions are quite arbitrary, however, and represent no 
particular design, but from the results calculated several 
interesting facts may be deduced. 

In Fig. 1, page 740, the developed surface is represented 
by a circle with two modifications in the shape making 
three blades. The shape is altered to swell the surface 
near the tip and root, and they will be spoken of after 
wards as blades A (circle), B (broad tip), and C (pointed 
tip), the area being sensibly the same in each case. 

In order that the effect of the shape of the blades may 
be considered as fully as possible without complicating 
matters the section at the root is maintained the same 
(34 in. thick by 22 in. long) in each case, and in the 

culations for the blades with increased pitch the length 
and thickness of the root section are assumed to be 
unaltered for the purpose of comparison. 

The first operation taken is to distort the developed 
areas, as indicated in Fig. 2, in which all points on the 
surface with the same radius from the centre of the shaft 
are represented as being on a straight line parallel with 
the horizontal base line. The lines a, a, b 6), &c., which 
ave been drawn with a steadily increasing curvature 
from the tip downwards, are represented in Fig. 2 by the 
lines a2 dg, be bo, &c. This is a more or less rough approxi- 
mation, representing the points of equal distance from 
the axis on the developed area as obtained in the design 


stage. 

In Fig. 3 and in Table I., on page 741, a complete ca!- 
culation is given to show how, by systematic tabulation, 
enabling one to work from column to column, the centres 
of thrust and transverse forces can be obtained by Taylor’s 
method, a calculation which may be tedious by ordinary 
methods being made with comparative rapidity. 


In the first column y gives the ratio diameter at @ par- 


ticular radius, / is the length of the strip of blade at the 
same radius, a is the ratio of a particular length to the 
maximum diameter d, y is the maximum diameter 
ratio, and X- , Z - , &c., are the areas enclosed by the 


curves whose horizontal ordinates represent the particular 
values of X ; ai * &c. X, Y, and Z are Taylor's 
vo 


constants for the different values of y, and the other 
columns result from multiplying or dividing as indicated. 

On completion of the various columns the characteristic 
curves are drawn and in ted by Simpson’s rule in the 
additional columns provided, and the formule under 
Table I., on page 741, determine the itions of the 
centres of thrust and transverse force, K, and Ky being 
the fractions of the extreme radius at which they lie. 

Fig. 4 shows how the characteristic curves vary with 
the shapes of blade for two pitches of 5 ft. and 6ft. It 
will be seen that this considerable alteration does not 
appreciably affect the nature of the results, and to a 
certain extent one confirms the other. 

Fig. 5 shows the positions of the centres of transverse 


* Paper read before the Institution of Naval Architects, 
April 6, 1911. 

+ Since this paper was printed the author has found 
that in Mr. D. W. Taylor’s recent work, ‘‘ The Speed and 
Power of Ships” (1910), a chapter is devoted to the ques- 
tion of stress, which appears to cover the ground of the 
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pressure and thrust, as previously calculated, and also 
how they may be determined approximately for some- 
what similar blades. 

C G, is the centre of gravity of the developed surface 
before distortion, and C Gy, is the centre of gravity of the 
surface after distortion, as previously descri If it 
can be granted that the centres of thrust and transverse 
force may be combined into a common centre between 
the two, which is not strictly true, the new centre would 
be roughly one-third the way down between them, on the 
assumption that the thrust force in such a case is twice 
the transverse force. It will then be noticed that the 
resultant centre is from two and a quarter to three times 
the vertical distance between C G, and OC Ge that CG, is 
above C G,. 

Assuming a propulsive coefficient of 0.7, to allow for 
the designed power being exceeded, or for the additional 
thrust due to head winds and sea, foul bottom, towing, 
&e., being excessive, the following calculation gives the 
tensile and compressive stresses in the roots of the 
blades :— 





Propeller. B. A. Cc, 
Turning moment per blade (in Ib.) . 121,200 121,200 | 121,200 
Turning moment about the root (in Ib.) 
81,325 80,719) 79,265 
Thrust per blade (Ib.) 11,390 11,390, 11,390 
Moment of thrust about the root— 
mnthesied pitch bi 
an © = circumference at root { B | 186,900 174,700 | 165,200 
= 1.363 / 
Moment perpendicular to face— 4 | 
A sin @ + B cos @ (in Ib.) M, 175,980 168,400 | 161,500 
Moment parallel to face— 
A cos @ - B sin @ (in lb.) Me 102,450 93,190 | 86,380 
Maximum tensile stress \ | 
35 M, 15 Me .. 7,607 7,217| 6,906 
ert + Ph Ib. per sq. in. | | 
Maximum compressive stress \ | 
105 My, . om 9,950 9,510 9,139 
= , Ib. per sq. in. { | 
8 lh? t 


The root sections are assumed to be parabolic in each 
case, and this form of section will be retained unless 
otherwise stated. The compressive stress is about 30 per 
cent. greater than the tensile in each case, and attention 
must be principally directed to the reduction of this 
stress ; although, as will be seen later, a corresponding 
reduction in the tensile stress follows. The shear stresses 
are relatively unimportant, and have been neglected. 

A reduction might be made by varying the proportions 
of the root section. Fig. 6 shows the effect due to six 
sections of equal area. A is the normal porabolic section 
of a certain thickness and length. B is the section dis- 
torted by making the after face of the blade convex, with 
the same total thickness, the height of the segments of 
the after and forward halves being as 1 to 5. C isa 
blade with the heights of the two portions equal, D and 
E are B and A reversed respectively, and F has the 
following half only of the blade reversed. The stress for 
a given bending moment is inversely proportional to the 
modulus of the section (c / h?) where 

l = width of section in inches. 
h = maximum thickness of section in inches. 

The values of ¢ for the six sections are as follow :— 


E. F. 


-1048 
-1048 


Root ¢ Section. A. B. 








For tensile stress —..| .1148 | .0889 0762 | .0727 | .0762 
For compressive stress.., .0762 | .0727 | .0762 | .0889  .1143 





F is certainly the best form of the six as regards 
strength, whether the leading or following half is re- 
versed, as the compressive stress is reduced almost to the 
value of the tensile stress in case of section A. 

The relative values of the tensile and compressive 
stresses are plotted, and if a given value of ratio 


safe compressive stress 
safe tensile stress 


is known, whether it be ter or less than unity, the 
strongest section can be found. To bring the stresses, 
however, to the desired limits, the total thickness must 
be adj usted subsequently. 

The advantages, if any, in having a blade intermediate 
between A and C would, however, be of smal] moment, 
and the adoption of C and D would result in loss 
of strength, and, no doubt, of efficiency. On the other 
hand, the gain by the adoption of F is appreciable, and, 
as with the leading half reversed, it approximates more 
closely to the blade section, which, according to Mr. 
Taylor, gives the minimum backward thrust, it is for the 
consideration of the designer whether it might not be 
more generally adopted for the thicker sections if not for 
the thinner sections towards the tip. A compromise can, 
of course, be effected between the shapes A and F with 
less distortion of either of the halves of the blade. 

‘he stresses considered next are those due to the direct 
radial centrifugal pull, and those caused by the blade, if 
thrown back, tending to etraighten out normally to the 
axis of the shaft. 

In Fig. 7 the back of each of the three blades is assumed 
to be straight from root to tip, which is thrown aft 43 in. 
7 each case. By graphically integrating the centrifugal 
: ct on strips of 1-in. thickness over the face of the 
lade as indicated, the tensile stresses for B, A, and C 
are 1380 Ib., 1494 Ib., and 1575 Ib. per respec- 


tiv l ome inch 
ively, the total direct radial pull per blade being nearly 


On aigntiog the moments due to the centrifugal 


action of these inch strips, the stresses induced are found 
to be more pronounced, being 53961b., 5678 1b., and 
5766 1b. per square inch respectively (tensile), with the 
corresponding compressive stresses of 80951lb., 8577 Ib., 
8650 lb. per square inch, or, taking an average for the 
three blades, the stresses due to centrifugal action when 
the blades are thrown back are practically equal to the 
stresses due to the thrust and transverse forces. 


Tensile Stress, 


Compressive Stress, 
Lb. per Square Inch. 


Lb. per Square Inch. 

















B A Cc B A Cc 
Thrust, &c., stress) 7,607 | 7,217 | 6, 9,950 9,510 | 9,130 
Centrifugal radial 
stress .. ..| 1,880 1,494 1,575 -1,880 -1,494 | -1,575 
Centrifugal bend- | 
ing stress 5,396 5,678 | 6,766 8,095 8,517 8,650 
Total stress 14, 383 14,389 14,247 16,665 16,533 | 16,205 





It appears also that when the blades are skewed back, 
the total stress is sensibly independent of the shape of the 
blade, provided the root section is the same in each case. 
This is, to a certain extent, true for the stresses in erect 
blades, the ratios of the stresses being 100 : 97 : 94.5 and 



































stress from the tip to the root for each blade as indicated 
on Fig. 8. It should be observed that the blades have 
been assumed to fine away gradually to a point, and, 
as practical considerations require more metal at the 
upper edges than is shown, the centrifugal effects are to 
this extent underestimated. 

The stress, on this assumption, decreases as the tip 
is <a = at different rates for each blade, and most 
rapidly in the case of blade C. Knowing the ratio of 
the stresses and the moduli, the latter may be modified 
to equalise the stresses, if desired, by reducing the 
thicknesses. This has been effected as indicated by the 
modified vertical sections. 

The effect of the reductions shown has been calculated, 
and it is found that in the case of the centrifugal stresses 
for blades B, A, and C they are of the order of 14, 20, and 
40 per cent. respectively, with corresponding reductions 
of 16, 22, and 55 per cent. in the —— bending 
stresses. The reductions of the forces which set up the 
objectionable propeller vibrations might perhaps be ex- 
pected to be of the same magnitude. 

It has been assumed throughout that the root of the 
blade is not supported by the radii of metal at the boss, 
and, neglecting the question of obtaining a sound casting 
by having a more gradual c of shape, the effect of 
these radii is most important in the previous considera- 
tion of the calculated stresses. In practice the stress of 
the root is less than that found by the preceding caloula- 





TABLE I.—To sHow, atone witH Fic. 3, How CENTRES OF THRUSTS AND TRANSVERSE FORCES CAN 
BE OBTAINED BY TAYLOR’s METHOD. 



































Yolas xX) +f 4 

y v 
100 : 93.5 : 88.2 in the case of tensile and compressive 
stresses respectively. Neglecting blade C as being some- 
what abnormal, this appears to indicate that the rules 
which determine the principal dimensions of the pro- 
peller, in ordinary use, are by no means inaccurate, 
provided the results of experience are made use of in the 
selection of suitable constants. 

An inspection of the centrifugal force curves will show 
that, if the blade be divided roughly into three equal 
portions, it is the middle portion that causes the pre- 
ponderating effects, and, as might then be expected, the 
centrifugal stresses are highest in the case of blade C, 
which is most lightly stressed under the thrust and trans- 
verse forces. 

A reduction in the total centrifugal forces at the root 
can be effected by reducing the thickness of the metal 
above the root ; but, before this is made, the order of the 
working stresses throughout the blade must be calcula 
as far as practicable. An approximation has been made 
in Fig. 8, but the chief difficulty lies in the question of 
the intensity of the pressure over the surface. If it were 
uniform, the centres of thrust and transverse force would 
be expected to coincide with the centre of gravity of the 
blade area ; but, in view of the centres being above it, an 
equivalent blade area with uniform intensity of thrust 
must be found by some means or another. 

Fig. 4 depicts the curves representing the various 
functions from which the area of unknown shape would 
be derived. All are of the same general character, and, 
keeping in view the position of its known centre of 
gravity, it appears to be not altogether unreasonable to 
assume that the curve enclosing the new area is also of 
the same family of curves. 

By a tentative process—viz., cutting out and suitably 
shaping and balancing paper patterns of the general 
ce cter of these curves—these areas have been plotted 
for each of the three blades, and the curves of the bend- 
ing moments with the various moduli of sections have 
drawn. A direct measure of the stress at any radius 
is given at once by the ratio of the moment of the equi- 
valent area above that radius to the modulus of the corre- 
sponding section. The stresses at the roots having been 





tons in the case of C, 








calculated previously, we have an approximate curve of 


l -l ho f l l a 
” — - ed , - 5 , Va - , "= ah = 
y l d x a vd ta) ¥ awa 1 “a 53 
y¥ ¥ 
1 24.8 0.876 2.944 | 1.107 1.107 1.107 3.297 | 1.240 1.240 | 32.54 12.22 | 12.22 
0.9 31.7 0.480 2.612 | 1.254 1.129 1.393 2.999 1.438 1.296 23.98 11.56 12.79 
0.8 35 0.530 2.277 | 1.207 | 0.966 1.509 2.705 1,435 1.148 | 17.09 9.05 11.32 
0.7 35.5 0.538 1.939 | 1.044 0.730 1.491 2.416 1.300 0.909 11.68 6.28 8.96 
0.6 | 34.5 0.522 1.598 | 0.834 | 0.501 1.392 2.134 1.115 0.669 7.58 3.96 6.60 
0.5 | 323 0.489 1 254 | 0.614 0.307 1.228 1,862 0.911 0.455 4.6 2.25 4.50 
0.4 29.1 0.440 0.912 0.402 0.161 1.005 1.606 0.707 0.283 | 2.54 1.12 2.90 
0.3 25 0.378 0.582 0.220 0.066 0.734 1.374 0.520 0.156 1,22 0.461 1.54 
| 
TABLE I.—Continued. 
-_— santicittishliitpeiiiia ———e . — — 
X, Xy X, Y, | ‘ | “, zy 
y 7 
Ord. | Mult.! Prod.) 0, .|M | P oO. |M.! P. | 9. M.| P. oO |M | P. | Oo |M.| P. Oo |H./ P. 
(— — — Se — aa 
0 | 1 | 0 0 1; 0 0 1 0 0 ; 1/;0 0 1/0 | 0 1/\;0 0 ; 1,90 
1.13 4 | 4.62 | 1.11 4/444 1,138 4| 4.52; 1.27 4 | 5.08 | 1.26 4 | 5.04 ; 12.3 4 49.2) 124 | 4 49.6 
1.255 2 | 2.61 |1.11 2; 222 1.41 2| 282); 1.45 2/200 12; 2 2.56 | 111 2/ 222) 12.6 2 26.2 
1.18 7 4.72 0.910 4 3.64 151 4 6.04 1.41 4 5.64 1.09 4 | 4.36 8.3 4 33.2 | 10.3 4 41.2 
0.97 2 1.94 0.660 2) 130 147 2 2094) 1.24 2 248 0.83 2 | 1.66 5.4 2; 108) 81 2 16.2 
0.745 a 2.98 | 0.420; 4) 1.68 1,34 4, 5.36 1.08 44.12 0.58 4/232; 32 4/| 128 5.7 4 22.8 
0.520 2 1.04 | 0.230, 2) 0.46) 1.13 2!' 2.26 081 2 1.62 | 0.36 2 | 0.72 16, 2 %2/; 36) 2 7.2 
0.300 4 1.2 0.109 4 0.44 0.86 4 3.44 0,60 4,240 | 0.21 4 | 0.84 0.65 4 2.6 2.1 4 84 
0.110 1 0.11 | 0.03 1, 003 0.54 1 0.54 0.42 1 0.42 | 0.004 1/009 | 0.25 1 0.2 0.94/ 1 0.9 
Total 19.02 'Total . |14.21 | Total . 27.92 |Total . (24.66 | Total .|17.59 | Total -| 34.2 | Total 171.5 
1 /a*xX, -SY, 
as = 0.306 K; = ( y ¥ ) = 0.677 Radius of centre of thrust pressure, 22.3 in. 
4 \as XxX, -f ¥, 
; : . 1 (8X, + f2, 
f = 0.0085 Ko = — . = 0.635 Radius of centre of transverse pressure, 20.9 in. 


tion, as the area at the root is so very much increased 
by additional metal in the radii as indica at MN in 
Fy . 8, and, whereas the calculated stress at the root may 
be high, the actual stress may be quite normal. On the 
other hand, for some of the remaining portions of the 
blades the stress may conceivably be greater instead of 
less than that at the root; and as the question of the stiff- 
ness of the blade must not be lost sight of, the process 
ene described for calculating the extent to which the 
»lade can be thinned could then be os for increas- 
ing its thickness by extending the ii more gradually 
up the back into a similar curve. 

The blades under discussion are all symmetrical, but 
similar processes can be devised for the examination of 
blades of unsymmetrical form, whether thrown aft or 
athwartships. The calculation of the stresses due to 
vibration is beset with many difficulties, and has not been 
proceeded with in this paper. 

In this connection it is observed that certain brasses 
and bronzes for propellers give way somewhat readily 
under compressive loads, while the ultimate crushing 
stress remains high. Several authors on the subject of 
strength of materials refrain from giving any figure for 
such compressive stresses, and, on the whole, it fous 
to be undesirable to accept compressive stresses in brass 
and bronze which are much higher than the working 
tensile stress allowed for this purpose. 

In conclusion, it is for the careful consideration of de- 
signers of propellers for modern fast-running turbine 
machinery whether throwing back the tip might not be 
dispe with completely. It is clear, from the point 
of view of strength, that it is likely to be harmful to the 
blade, and from this standpoint throwing the blade 
slightly forward would be beneficial. 





RecorpD or Sports.—The Royal Insurance Company, 
Limited, Liverpool, have issued a smal] booklet giving 
the records up to the end of 1910 of tically every 
section of sport, including aviation. e book is care- 
fully indexed, and will ry useful for reference pur- 

The compra will be pleased to supply copies so 
ar as their stock will permit. 
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Fig. 1, until, in the lowest position, the 
piston will be in its extreme inward posi- 
tion. The result of this action is that as 
the cylinders pass the portion of the 
working chamber which communicates 
with the inlet-pipe, they draw in charges 
which are finally trapped as the cylinders 


























pass the lower division piece. On the 
other side of the vertical centre line the 
pistons move outwards, and expel their 
charges into the discharge-pipe, finally 
reaching their extreme outward position 
again when directly under the upper 
division piece. 

The pump which is illustrated has 
twelve pistons, each 7 in. in diameter 
and 3 in. stroke. It is intended to run 
at about 200 revolutions per minute, and 
may, of course, be driven in any suitable 
way. The pump, which weighs only 











16 ewt., does not require priming, and is 








which should be 
ur 8, is illus- 
trated in Figs. 1 to 3, above. the “aot is the 
invention of Mr. W. I. Vincent, of Cardiff, and is being 
” on the market by the Rotoplunge Pump Company, 

imited, of Albert Chambers, High-street, Cardift, it 
consists of a cylindrical casing having inlet and outlet 
passages and containing a central hub or rotor, in 
which a series of radial cylinders are formed. These 
cylinders are fitted with pistons which are pivoted 
on to a cross-head common to all, running in roller- 
races fixed to the inside of the two ends of the casing. 
The roller-races are set eccentrically with respect to 
the shaft which carries the rotor, so that as this latter 
rotates, the pistons move in and out radially with 
respect to it. Slots are formed in the side cheeks of 
the rotor to allow for the in-and-out movement of the 
spindles which are fitted to the cross-head and which 
carry the various pistons. The general lines of the 
arrangement will be followed from Figs. 1 and 2, in 
which a is the rotor, b one of the cylinders with its 
piston, and c, c the roller-races in which the cross-head 
works, 

The method of operation of the pump will be best 
understood from Fig. 1, from which it will be seen that 
the working chamber is divided into two parts by 
upper and lower division pieces d, d, which on their 
inside are curved to the radius of the outside of the 
rotor. On the left-hand side the working chamber 
leads to a 9-in. inlet Pipe, and on the right-hand side 
to a 9-in. outlet pipe. The pump rotates in the direc- 
tion indicated by the arrow, and it will be clear, 
owing to the relative positions of the centres of the 
rotor-shaft and roller-races, that any cylinder which is 

ing the upper division piece will have its piston in 
its extreme outward position. As this—temporarily— 
top cylinder moves down in a counter-clockwise 
direction, however, its piston will move inward, as 
shown by the other cylinders on the left-hand side in 


A ROTARY pum 


of novel type, 
especially useful for soni-guulalte 








said to run very silently. This latter 
int would follow naturally from the 
act that there is no pulsation or reac- 
tion, and consequently no vibration. The 
flow of water from the outlet is, of course, 
constant. As the pump has no valves, it should be 
very suitable for pumping sewage or semi-solids. 
Brake-Horse-Power Tests of Engine Running 
Uncoupled and Exhausting in Air. 

















Revolu- Boiler | Engine Brake 
ot : — tions per Stop- Stop- Horse- 
x * Minute. Valve. Valve. Power. 
Ib. 

1 50 194 Full open Full open 12.13 
2 42 128 » ” 7.56 

3 30 104 » ” 48 

4 25 94 ns a 2.87 

5 20 78 % ” 100 


Pumpinc TEstTs. 


Engine Exhausting into Pump. Boiler and Engine Stop- 
Valves Full Open. Capacity of Tank, 356.75 Gallons. 





git |#2! £, |*8a/ 2 
s ou = 8 =zS 
e)£ (32 oi | ,dé| 38 
s| es | 23 ER Scz= | gs - 
| $81: = Sw Eso 35 3 
&\ a (28 &3 z=S| Se ¢ 
percent H.-P. 
1} 50 184 24 74.2 | 95.75 | 8&8 
2| 42 160 28 74.6 | 95.3 7.6 
3| 30 123 39 7.0 | 97 | 5&8 
4| 2 9 51 | 7a2 | 907 |) 419 
5] 20 62 1 min. filling! 62.0 8u 2.5 
} tank 2 ft. 8} in. 
| —250 gals. 


The suction and delivery pipes were 9 in. inside diameter ; height 
from water level to centre of suction, 25 ft. 6in., and from 
centre of suction to centre of discharge 4 ft.6in. There were 
two right-angle bends, and a foot-valve was fitted at the bottom 
of the suction pipe, 3 ft. below water level ; allowing for friction, 
the total over-all head is equal to 33 ft. 


A number of tests have been carried out b 
Walliker at Cardiff, on a pump of the 


Mr. J. G,. 
imensions 








given above, which was built by Messrs. Stothert 
and Pitt, Limited, of Bath. The pump was driven by 
a small single-cylinder vertical engine, the exhaust of 
which was turned into the suction side of the pump 
through the connection shown in the upper left-hand 
corner of Fig. 1. The possibility of using the pump in 
this way as a condenser for the engine driving it is a 
feature of some novelty. Mr. Walliker records that 
on @ vacuum test the pump showed 29.95 in. when the 
barometer was standing at 30.15 in. The results of 
Mr. Walliker’s tests are given in the tables in the 
preceding column. 

An additional test, carried out to ascertain the fuel 
consumption, gave the following results for a one-hour 
run :—Steam pressure, 60 lb. per square inch ; revolu- 
tions, 200 per minute ; lift, 25 ft. 6 in.; head over all 
(allowing for friction), 33 ft.; water delivered, about 
270 tons ; coal consumption, 118 lb. 





Bete1an Rait Imports.—The imports of rails into 
Belgium last year were 5700 tons, as compared with 
2000 tons in 1909, and 3800 tons in 1908. To these totals 
Germany contributed 42U0 tons, 600 tons, and 1300 tons 
respectively ; France, 600 tons, 700 tons, and 1600 tons 
respectively ; and Holland, 500 tons, 500 tons, and 500 
tons respectively. 








New Type or SwepisH WarsHip.—The new type of 
larger Swedish warship, the ‘‘F” type, which has been 
recommended by the Swedish Defence Committee, and 
which will no doubt be adopted, has a displacement of 
6800 tons, with engines of 17,800 indicated horse-power, 
calculated to give a speed of 22.6 knots. The armament 
consists of four 28-cm. guns, eight 15-cm. guns, and six 
75-mm. guns. The cost of an ‘‘F” boat will be about 
600,000/., and the crew will number 408 men. 





THe AccuMULATED CapiTaL OF SwEDEN.—It has not 
infrequently been urged that the Swedes, both indivi- 
dually and as a nation, are rather an open-handed people, 
and that this circumstance might have an unwholesome 
effect upon the national balance-sheet and the accumula- 
tion of capital. Statistics just made available at the 
instance of the Defence Committee, however, point dis- 
tinctly in the opposite direction. According to these 
investigations, the national capital of Sweden has in- 
ptt | ten 9,000,000,000 kr. in 1898 to 13,456,700,000 kr. 
in 1908, which means an average increase of 445,000,000 kr. 
per annum for the said decade. 





Burnos ArrEs Harsourn Works.—We stated on page 
583 ante that the contract for the new harbour works at 
Buenos Aires had been awarded to Messrs. Walker and 
Co. The work, we are now informed, involves the 
reclamation of over a million square yards of land, the 
construction of four new docks with quays extending for 
over 5000 lineal yards, and warehouses covering about 100 
acres of floor s It is anticipated that about 154,000 
cubic metres of concrete will be required, and no less than 
about 19,000 tons of steel. The total scheme includes 14 
large warehouses, 20 sheds, 80 subways uniting the various 
warehouses and sheds, and a certain number of large grain 
silos. This is probably the largest contract ever secured 
in reinforced concrete. The engineers for the eral 
scheme are Messrs. Livesey, Son, and Henderson. Messrs. 
Edmond Coignet, Limited, of London, prepared the scheme 
for the work in reinforced concrete ; the buildings are to 
be executed entirely in this material, including walls, 
roofs, staircases, and loading platforms. 
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‘‘ ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED AB8TRAOTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 
umber of views given in the Specification Drawings is stated 
"in each ne ‘hers tone © mentioned, the Specification te not 
i trated. 
Where inventions are communicated from abroad, the Names, éc., 
of the Communicators are —- ae po 7 Pr o ae 
“Branch, 25, Southam; Buildings, Chancery-lane, W.C., at 
t Un 


‘orm price of 8d. 

The date of the advertisement Ro cnmsanse & 2 Cuatee 
et eaten eee abstract, unless the 
Patent has been sealed, when the date of sealing is given. 
at any time within two months from the date of 

the nce of a Complete Speeification, 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


AGRICULTURAL APPLIANCES. 


28,886/10. R. H. Fowler, A. Pepper, and H. Royston, 
Leeds. Disc Ploughs. (3 Figs.) December 12, 1910.— 
Disc ploughs are usually provided with tines, known as ‘‘ keep- 
tines,” for holding the plough to its work, the depth at which 
such keep-tines work being capable of adjustment. By the 

resent invention the keep-tines are provided with cutting-shares 
instead of points, and are carried by the plough body €0 as to be 
independently adjustable. The shares cut at the opposite angle 
to the cutting angle of the discs, so that they assist the plough 
when entering its work, and cause the plough to run “ to land’ 
or “off land,” according to the depth at which the tine is set, 
thus minimising the draught and the effort of the steersman. 


h 





The plough body a is adjustable on the frame }, so that the 
cutting angle of the disc may be varied. Behind the disc the 
plough body carries a bracket 7, in which slides the stem of the 
keep-tine c. The latter has a vertical row of perforations to 
receive a pin, fixing its height in the bracket, in which it is further 
held by a wedge. The bracket 7 is adjustable on the plough body 
a, to which it is held by bolts. This adjustment of the bracket 
enables the keep-tine, with its share, to be set so as to cut away 
any desired portion of the sole of the furrow. At its lower end 
the keep-tine has a foot for reception of a share e, The scraper 
is a mould-board f carried by an arm g from the plough body, 
with intervention of aspring h. (Accepted April 12, 1911.) 


ELECTRICAL APPARATUS. 


15,807/10. The Jandus Arc Lamp and Electric 
Company, and A. D. Jones, London. Arc- 
Lamps. [4 Figs.) June 1,1910.—This invention consists in the 
use in conjunction with enclosed arc-lamps, burning chemically- 
compounded or mineralised carbons, of a tube or tubes, commonly 
known as a breathing-tube, of substantially large diameter, long 
enough and unobstruc by valves and of such construction as 
to permit of easy cleaning, discharging into the atmosphere 























through a suitably constructed draught or wind screen. The 
ne 
\ 
\ 
* y a 
—— CR Z 
= 
Try 
_6 
” Ss 
7 
ge {f 
f 4 
AN Ky 
WZ 
C5897) 
drawing shows a part section of a lamp of the type described in 
Specification No, 24,138, of 1907. The casting ¢ an annular 


groove, or breathing-tube z, having an opening communicating 
with the enclosed chamber. The channel z is closed by a cover g, 
which also serves to hold the outer globe c, which restson a ring 
of asbestos packing. The cover q has an rture | from 
the channel z into the space between the inner globe } and the 
outer globe c. The channel z is so disposed that there is no com- 


munication between the two apertures. The space between the 





inner and outer globes is in communication with the atmosphere 
through a number of small holes f in the ring e. (Accepted 


April 20, 1911.) 
27,712/10. C. M. Dorman, R. A. Smith, and H. G. 
Salford. Fusible Cut-Outs. (6 Figs.) Nov- 
ember 29, 1910.—The improvements relate to the type of fuse- 
bridge described in Specification No. 29,420, of 1898, and to base- 
plates or blocks fitted with terminals for use in connection with 
same. A is the fuse-wire ; B1, B2 contact-pieces ; D is the tubular 
insulating bridge or handle ; L is an insulating base-plate or block 
provided with metallic terminal pieces M!, M®, to which the con- 
ducting wires can be easily attached. The terminal pieces 
M!, M*, with their fittings, are sunk in recesses formed in the 
aeregiate L entirely below the surface. The contact-pieces 
B!, B2 on the fuse-bridge are made of elastic metal of a sugar-tong 
When the bridge is placed in its working position on the 
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base-plate, the contact-pieces B!, B? enter the recesses in the 
base-plate in which the terminal pieces M1, M? are sunk, the 
sugar-tong-shaped spring contact-pieces fitting tightly over the 
terminal pieces and making good electrical contact with them. 
As shown in Fig. 1, the terminal nuts are sunk in recesses formed 
in the underside of the fuse-bridge. The result of the whole 
arrangement is that when the bridge is in the working position 
on the base-plate the whole of the polarised metal rts are 
inaccessible to the fingers ef the operator. When the bridge is 
withdrawn from the the spring contact-pieces on it are 
accessible, but they are not then polarised. The terminal pieces 
in the base-plate, which are always polarised, are always inacces- 
sible, whether the bridge is in position on the base-plate or not. 
(Accepted April 12, 1911.) 


11,602/10. R. A. Fessenden, Brant Rock, U.S.A. 
Telephone tters, (2 Figs.| May 10, 1910.—The 
applicant has discovered that a sensitive teleph tr itter 
may be constructed by using contacts formed between certain 
pairs of elements, of which one has high thermo-electric power, of 
which silicon and tellurium are examples, with means for varying 
the pressure at the contacts by means of the impulses to be trans- 
mitted and a local circuit containing the contacts and the 
secondary of a transformer whose primary is connected to a 
high-frequency alternator. 11 is the diaphragm of a telephone 
transmitter, attached to which is a small conducting-rod 12, which 








may be of brass, the outer end of which is preferably rounded. 
The outer end of the rod 12 rests against a button 13, which may 
be of silicon, the button being fastened to the brass disc 14. The 
disc 14 is mounted on the flexible arm 15, and the pressure 
between 13 and 12 is adjustable by means of the screw 16. 17 is 
a local battery adjustable by means of the sliding contact 22. 18 
is the secondary of a transformer whose primary 20 is connected 
to a high-frequency alternator 19. 21 is a telephone receiver. On 
suitably adjusting the transmitter, and talking into the mouth- 
piece so as to set the diaphragm Tl into vibration, and thus 
vary the pressure between 13 and 12, the speech is reproduced in 
the receiver 21. (Accepted April 12, 1911.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


10,400/10. H. Campbell, Halifax. Suction-Gas 
Producers, [1 Fig.) April 28, 1910.—Th2 present invention 


comprises a novel construction of evaporator with support for the 
brickwork and upper part of the producer generally, and a means 
of closing the annular space between the inner and outer shells 
forming the evaporator. The dead-plate is also made concave or 
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flat, with a central hole, and is loosely supported on a central 
spindle or bracket, with a series of arms, and the plate can be 
rotated on its ~ e and being also mounted on a carriage or 
runner, can be easily manipulated. According to this invention, 





the ev r comprises an outer shel] 1 and an inner concentric 


the upper flanges of the two shells 1, 2 is a ring 4, upon which the 
brickwork 5 and big portion of the producer is built, and by 
which it issupported. The lower flanges of the shells 1,2 are united, 
and the space between the two closed by a ring, so as to allow of 
free expansion and contraction without fracture. The evaporator 
is conical, the angle of inclination being acute. The water is 
maintained at a constant level, and the steam space is protected 
from the direct action of the heat in the furnace, owing to the 
intervening 5: 17 being filled with the lower portion of the 
brickwork which is ss on the ring 4. Undue heat and 
expansion and contraction, and consequent liability to fractu re, is 
obviated, as the only portion of the evaporator which is not 
covered with water is shielded in the manner above described. 
The dead-plate 7 comprises a plate, preferably slightly concave or 
dish-shaped, and having a large central aperture. The plate 7 is 
supported on a disc 10, carried on a central spindle, on which it 
can be rotated. (Accepted April 2, 1911.) 


8543/10. H. F. Wright, Ne Gas-Holders. 
(7 Figs.) April 8, 1910.—In a spirally-guided gas-holder, according 
to this invention, the bearings for the roller spindles are indepen- 
dent of the carriage and are adapted to be adjusted independently 
of the carriage by the insertion of a aa | plate or as 
plates between the bearing carrying the spindle and the framing 
of the carriage, the nuts upon the spindles for securing the latter 
being correspondingly adjusted relatively to the P. ate of the 
framing of the carriage through which the rear ends of the spindles 
pass. In the case of rollers rotating on fixed spindles, these nuts 
are clamped directly on to the rear framing of the carriage ; but 
in the case of spindles to which the rollers are fixed, the nuts are 
clamped against the ends of sleeves which rotate in the framing 
of the carriage. a indicates the plating of the lift of a gas-holder, 
and / one of the spiral guides attached thereto ; ¢ is the roller 
carriage which is mounted upon the upper flange of a lift d, and 
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e, e are the pindles which carry the guide-rollers /, f, between 
which the spiral guide b runs, the spindles being mounted in 
bearings g formed in the front plate of the carriage c. In the 
arrangement shown in Figs. 1 and 2, the guide-rollers / are adapted 
to rotate upon the spindles ¢, whilst in the arrangement shown in 
Fig. 3 the rollers are fixed to the spindles ¢, which are adapted to 
rotate. To effect the adjustment of the rollers f,/, packing- 
pieces are inserted between the front plate and the other portions 
of the carriage. In the arrangement shown, nuts e!, e! on the 
rear end of the spindles are pted to be | d to allow of 
the adjustment of the — to the desired extent in the bear- 
ings g, the nuts being then tightened up against the rear framing 
of the carriage. When, however, the rollers f, f are fixed to the 
spindles, as in Fig. 3, a sleeve, which is adapted to rotate ina 
bearing in the rear plate of the carriage, is clamped on each 
spindle between the nuts ¢!, ¢!, the sleeves rotating with the 
spindles and the guide-roller. (Accepted April 20, 1911.) 


GUNS AND EXPLOSIVES. 


5371/11. Sir A. T. Dawson and T. Buckham, London. 
Pedestal Gun-Moun (3 Figs.) April 6, 1910.—In 

estal gun-mountings of the kind in which a clamping-band 
is attached to the pedestal, and the ends of which are con- 
nected by a device whereby the band can be tightened or 





LKR» 
N 

















Ys, 





Y 
\ 


XX 





slackened relatively to the training worm-wheel, for enabling the 
worm-wheel to be locked to the mounting when the gun is being 
trained, or to be liberated from the mounting when it is desired to 





aporatoi 
shell 2, each flanged at’ both top and bottom, and supported on 





move the gun rapidly through large horizontal angles, the member 
to which the ends of the clamping-band are ted is adapted, 
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according to this invention, to be displaced to cause both ends of 
the band to move away from or towards the mounting. C is the 
clamping-band. Both ends of the band © are connected to a 
member E carried in the bracket C! attached to the pedestal A, 
the ber E being displ ble to tighten or slacken the band C 
on the boss B! of the training worm-wheel B. The inner part of 
the member is recessed to receive a block E!, the inner surface of 
which engages in the groove provided in the boss, and the outer 
surface has a cavity to receive the inner reduced end of a bolt E? 
carried in the member E, the length of the said end being less 
than the depth of the cavity. Between the block E! and a should 





munication, thereby establishing connection between theexhausted 
train-pipe P and the branch-pipe p, with the effect that the 
engine and tender brakes are taken off. When the engine is 
attached to the train, the vacuum brake is worked by means of 
the driver's handle, which also controls the ejector in the usual 
manner, the valve c being placed in the “ brake off ” position, as 
shown in Fig. 3, in whic ye the passage c* in the valve is 
open to the ports a! and a, but all direct communication 
between the atmosphere and the main train-pipe or between the 
atmosphere and the engine and tender-brake cylinders by way of 
a4 is cut off. The valve is particularly convenient 





on the bolt E?a Belleville spring-washer is disposed, in order to 
allow the band C to be slightly elastic when clamped ti e on 
the boss B!. The outer end of the bolt E? is provided witha 
handle, by means of which the bolt can be rotated to displace the 
member EK, the two ends of the band being thereby moved away 
from or toward the pedestal mounting to tighten the band as 
required, (Accepted April 12,1911.) 


Sir A. T. Da . Buckham, 
(2 Figs.) April 6, 


pedestal gun-mountings of the kind in which there is 
provided a clamping-band attached to the pedestal, and the ends 
of which are connected by means of a device whereby the band 
can be readily tightened or slackened relatively to the training 
worm-wheel, for enabling the worm-wheel to be locked to the 
mounting when the gun is being trained by the training worm- 
wheel, or to be liberated from the mounting when it is desired 
to move the gun rapidly through large horizontal angles, the 
clamping-band is made, according to this invention, in two 
portions or halves, each of which is pivotally attached to the 
pedestal, the free end of each portion being connected by means 
of a tightening device, which causes the free ends of each portion 
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of the band to approach or recede. The clamping-band C is made 
in two parts, each of which is pivotally connected to a bracket C! 
attached to the pedestal A, the free ends of the parts of the band 
being provided with lugs c!, c? to receive a bolt D. The screwed 
end of the bolt D engages with a nut which has a projection 
engaging in a recess in the lug c! in such a manner that the nut 
cannot rotate when the bolt is angularly displaced. The other 
end of the bolt is formed with a collar bearing against the outer 
face of the lug c?, and is also formed with a squared head to 
receive a spanner or handle for tightening the band. When the 
bolt is turned to | the band the lugs cl, c? approach, and 
recede when the d is slackened. e band engages in a 
groove formed in the boss B! of the training worm-wheel B, which 
boss may be integral with the worm-wheel, or may be attached 
thereto by means of screws, (Accepted April 12, 1911.) 


RAILWAYS AND TRAMWAYS. 


28,408/10. G. Mitchell, London. Vacuum-Brakes. 
(6 Figs.) December 6, 1910.—For use in rendering vacuum auto- 
matic brakes on an engine and tender capable of being worked 
independently of those pertaining to the train, the valve appa- 
ratus now to be described is employed. In the train pipe P, and 
within convenient reach of the drive~, is inserted a eters, 
which is screwed a fitting A which terminates in a valve seating. 
In this fitting is formed a paw a, which is in communication 
with the train-pipe, and which terminates in a port a! in the face 
of the valve-seating. There is also a which connects at 
one end with the branch-pipe p, and terminates at the opposite 
end in the port a* in the face of the valve-seating ; whilst a‘is a 
through passage open to the atmosphere at the back of the fitting 
A, and terminating in a port a in the face of the valve-seating. 





Mounted on a central pin is a face-valve c, ble of a limited 
rotative movement about the pin, and furnished with an operating 
handle ; the rotative movement of the valve is limi by two 
stops formed on the fitting A. The working face of the valve c is 
formed with a -way c?, of ak to embrace the 
two ports a! and a, or the two a* and a. When the handle 
is in the “ brake on” position, as shown in Fig. 2, the branch-pipe 
p is in communication, through the valve passage c2 and port a, 
and through Lew a‘, with the external atmosphere, an being 
thereby admitted to the engine and tender-brake cylinders, 
with effect that the brakes are applied. When the handle 
cl is in the “brake off” position, as shown in Fig. 3, the 
valve shuts off the communication with the external air 
through the passage a4, but places the ports @! and @° in com- 


the p 

and effective when an engine with its tender is detached from the 
train, and is being used for shunting. The hose-pipe couplings 
are placed on their ‘‘dummies” at front of locomotive and rear of 
tender, the auxiliary ejector is kept running, and the vacuum 
brake is both applied and released by means of the special valve 
hereinbefore described. When the engine is attached to the 
train, and it is desired to work ,the train-brakes independently 
of those on the engine and tender, the controlling-valve c¢ is 
placed in the ‘“‘running” position. The operation of the driver's 
valve to apply the brakes has, under such conditions, the effect 
of applying the brakes to the train only—excluding, that is to 
say, those on the engine and tender. The latter, on the other 
hand, are operated without affecting those pertaining to the 
train, by placing the controlling valve ¢ in the ‘‘ brake on ” or in 
the “brake off” position, as may be required. (Accepted 
March 29, 1911.) 


8834/10. Sir R. A. Hadfield, Sheffield. Tramway 
Points, {9 Figs.) April 12, 1910.—This invention relates to 
tramway points of the kind in which the tongue is formed with 
an enlarged rounded heel end provided with an outwardly-ex- 
tending flange having an inclined upper surface, and arranged 
to work in a corresponding groove in the point body, which is 
provided with a bearing portion adapted to fit such enlarged 
end of the tongue, so as to prevent vertical and forward move- 
ment thereof, such bearing being completed by a part having an 
inclined surface corresponding to the inclined surface of the heel, 
and removable from the point casting or body in order to allow 
of the tongue being insertedin place. According to this inven- 
tion, the removable bearing part adapted to complete the bear- 
ing for the pivoted heel end of the point tongue, and having an 
inclined bearing surface is mounted so as to be capable of lateral 
adjustment through a hole in the point body, and to bear against 
the inclined surface on the lateral flange or projection of the 
— heel end of the point tongue, and thereby compensate 
‘or wear of the point tongue not only in a lateral direction, but 











also in a vertical direction. The point casting @ is provided, at, 
say, the outer check side rail portion thereof, with an inspection- 
box b, adapted to receive a plate c, from which projects the 
required bearing part d, so that the — edge or surface of the 
plate c and bearing part d are coincident, thereby enabling a 
cover ¢ to be fitted to the inspection-box to entirely protect the 
plate. The dimensions of the bearing part d, laterally considered, 
are such that when the inclined bearing surface d! of the bearing 
= d engages the inclined surface /! of the outwardly-extending 

ange f on the enla rounded end g' of the point tongue g, 
the plate c will not make direct contact with the point casting a, 
so, that means, such as packing lamine, which may be of different 
thicknesses can be dk in conjunction with the securing-bolts i 
to adjust the position of the plate c and hold the bearing part d 
rigidly in place. As wear occurs, one of the lamine may be 
removed or replaced by a thinner one and the whole resecured, 
the bearing part d acting through the inclined surface d! thereof 
and the inclined surface /! on the flange / to take up wear between 
the parts that would otherwise result in both lateral and vertical 
slackness. (Accepted April 20, 1911.) 


SHIPS AND NAUTICAL APPLIANCES. 


8120/10. F. G. P. Preston, Deptford, and W. 8. 
Parsons, Ladywell. Ash Ejectors. (3 Figs.) April 4, 
1910.—-The invention relates to apparatus for ejecting or dis- 
charging ashes from ships below the water-line, such apparatus 
being of the type comprising a hopper, adapted to deliver the 














“a 


ashes to a discharge-pipe through a lateral connection to the 
latter, through which discharge- ipe a jet of water is forced 
e 
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axially, which jet not only induces ashes to leave the hopper, 
but them below the water-line. According to this 
invention, an enlargement is formed on the discharge-pipe to | 


which the branch or extension from the hopper is laterally con- 
nected, the enlargement assisting the jet forced axially in the 
nay ester of an ejector-like action. The hopper a is connected 

y a ae b at the bottom to an enlargement c of the dis- 
aaa and a centrifugal pump e discharges a stream of 
water under pressure through a nozzle / into this enlargement c 
of the discharge pipe where the branch-pipe from the hopper joins 
the same. A water jet g may be arranged to wet the ashes passing 
to the ejector device below the hopper, as well as to serve another 
pu . At the base of the hopper where the water jet or flush 
is preferably situated there is a flap-valve h which is made to 
float up, if and when the water rises in the pipe , or the valve may 
be provided with a lever i and counterweight k, so as to be 
normally closed except when the apparatus is at work. The 
bottom of the hopper is provided with a packing to make joint 
with the valve A, and the water flush from the jet g ensures the 
face of the valve being kept sparged and free from grit, the valve- 
seat being also sparged if desired. The ejector device suitably 
consists of the nozzle /, before referred to, attached to the dis- 
charged orifice of the centrifugal pump e driven by a prime 
mover, The shaft of the prime mover is coupled directly to the 
pump shaft, and a crank on the shaft is directly coupled to the 
movable jaw g of a crusher of the stone-breaker type mounted 
and operating in the hopper a. (Accepted April 12, 1911.) 


TEXTILE MACHINERY. 


7391/10. W. T. Smith, Bolton. S or Build- 
Co; {7 Figs.] March 24, 1910.—This invention relates 

to the spinning or building on continuous spinning frames or cops 
of yarn similar in structure or characteristics to those produced 
upon the spinning-mule, and commonly known as mule-cops. The 
invention consists essentially in a cop resembling a mule-cop, in 
which the yarn is wound on from the nose finishing at the shoulder, 


in 


and the whip crossing commencing at the shoulder and finishing 
at the nose. A and B illustrate an ordinary mule-cop, and C and 
D the improved cop made to resemble the mule-cop. In the 
application of the invention the winding of the short length of 
whip or binding thread is d at the shoulder a instead 
of the point or nose, and finished at the point a? instead of at the 
shoulder, and the winding of the remainder is started at the point 
and finished at the shoulder. (Accepted March 29, 1911.) 


12,919/10. F. C. Watts, G. W. Watts, and J. L. 
Fearnley, London. Le Instruments of Pre- 
cision. [2 Figs.) May 27, 1910.—The invention is intended to 
facilitate the adjusting and levelling of parts of instruments of 
precision, and, according thereto, a collar can be clamped at will 
to the levelling or other screws, after the usual adjustment. The 
collar is rigidly connected with an arm provided with means, such 
as opposing screws or a screw and spring, for fine adjustment of 
the levelling-screw. A indicates one of the arms of a geodetic 
theodolite, into the end of which the levelling-screw S is fitted. 
This levelling-screw is provided, at some position along its spindle, 
with a plain journal-bearing B, to which is fitted a collar. This 
collar is provided with a clamping-screw for clamping it to the 
spindle. In this collar the levelling-screw can, when M is un- 
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clamped, freely revolve. This collar has cast solid with it, or fixed 
rigidly to it in some other way, an arm E projecting radially to 
the axis of the levelling-screw. The free end of this arm is forked, 
and on the ends of the forks are bosses, into which are tapped, or 
screwed, two opposing screws O, O. The axes of these screws are 
placed at right angles to the axis of the levelling-screw, so that 
they TP upon a rigid lug L fixed to the arm A, When the 
screw M is screwed up, the screws 0, 0, when rotated, impart a 
small amount of rotary motion to the levelling-screw 8. It is, of 
course, to be understood that before the screws 0, O are rotated 
the levelling-screws have been first approximately adjusted. A 
spiral or other spring may in some cases be mounted so as to exert 
pressure upon one face of the lug L, and in opposition to a screw 
O, acting on the opposite side of the lug, provided that such spring 
is sufficient to overcome the friction and resistance of the levelling- 
screw 8. (Accepted April 12, 1911 ) 








Bete1an Biast-FurNnaces.—The number of furnaces in 
blast in Belgium at the commencement of May was 41, as 
compared with 40 at the commencement of May, 1910. 
The number of furnaces out of blast was six, as compared 
with four. The total of 41, representing the furnaces in 
blast in Belgium at the commencement of May, was made 
up as follows :—Hainaut and Brabant group, 20; Liége 
group, 17 ; and Luxembourg, 4. The production of pig in 

lgium in April was 172,270 tons, as compared with 
152,380 tons in April, 1910. The aggregate output for 
the first four months of this year was 667,770 tons, as com- 
pared with 593,180 tons in the corresponding Fagen of 
1910. The te of 667,770 tons was made up as 





follows :—Puddling pig, 28,270 tons; casting pig, 15,720 
tons ; and steel pig, 623,780 tons. 
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THE DESIGN OF WIND BRACING 
IN STEEL STRUCTURES. 
By J. S. Witson, Assoc. M. Inst. C.E 

THERE is an anomaly in connection with the 
method of designing wind-bracing usually given in 
text- books, and generally followed in practice. 
This usual method is to determine the loads and 
stresses coming on the various members of the 
wind-bracing of a steel-framed structure by —_ 
statical considerations. That the stresses actually 
coming on the bracing members are not those thus 
determined can easily be proved by elastic con- 
siderations. The difference, however, is not due to 
secondary stresses introduced by the bending of 
the members. Such secondary stresses, of course, 
always exist, but the difference in this case is due 
to the fact that the main members of a structure 
cannot be strained without the bracing-bars between 
them also being strained. 

Consider, for ‘example, the bridge represented by 
Fig. 1. With very tow exceptions the bracing is 
arranged as shown in the figure, and consists of a 
series of transverse and double diagonal members. 
In the bay e fg h the parts ef and hy of the main 
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girder booms are designed so that the thrust 
brought on them by the vertical loading of the 
bridge (dead and live load) does not produce a 
stress greater than a certain limit determined by 
some prescribed strut formula. The wind bracing- 
bars in the horizontal plane are designed to with- 
stand the loads brought on them by a specified 
wind | praeg ond acting horizontally on the ex 

area of the loaded bridge, the shear due to the wind 
pressure being transmitted across each bay of the 
bracing by a thrust in one diagonal and a tension in 
the other. 

The wind-bracing is thus designed without any 
consideration of the strains produced in the main 
booms by the vertical loading of the bridge. 
Obviously the two lengths of boom ef andhg cannot 
take a compressive stress without being reduced 
thereby in length, and they cannot suffer any 
reduction in length without the wind-bracing 
members also being strained. The wind-bracing 
therefore has stresses produced in it independently 
of any wind action, and by what follows it will be 
seen that these stresses are considerable. 

Fig. 2 may be taken to represent a bay of the 
wind-bracing between the top booms. In the 
lengths ef and hy of these ms, the vertical 
loading on the bridge produces a compressive stress 
Pa, and the elastic reduction of the length due to 
that stress will be Aa. From simple geometrical 
considerations the deformation Aa will be accom- 
panied by deformations Ac and Ab in the wind 
bracing-bars. As 

(c —- AcP =(a - Aa)? +(6+ AbP 
we get, neglecting square terms, 
c4c=aAa-—bAb very nearly . (1) 


_ To determine the stresses p, and p, correspond- 
ing with these deformations, first equate the total 
load on the transverse member ¢h to the component 
in that direction of the total thrust of the two 
diagonals connected to that member at h* (Fig. 1)— 


* The thrusts along th and fh are assumed to Le e ual. 








that is, 
Bp =2* pO 


tC 
e BP 
where B and C are the sectional areas of the trans- 
verse and diagonal members respectively. Then 
putting (1) in terms of the stresses, we have the 
three stresses related thus :— 
Cpe _urpa Pm 
a =. & 
(E = modulus of elasticity). 
Substituting the value obtained above for p,, we 
ave 


’.. po =2 
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To get a rough figure as to the meanings of the 
above, we may take the lengths a, b, and c to be in 
the ratio 4 : 3 : 5, and the sectional areas C and B 
to be equal, then 

Pc = 0.447 pa compression, 
and 

ps = 0.537 pa tension. 

As the sectional area B is often considerably 
more than OC, and the ratios of the lengths may be 
more or less favourable, the stress in the diagonal 
members may be from three-eighths to three- 
quarters of the stress in the main booms, quite 
irrespective of any wind pressure. 

If the strains in a bay of the bottom boom be 
considered, a similar result is obtained, except that 
the stresses are reversed. 

Now assume the wind pressure to produce a total 
shear W, which has to be transmitted by means of 
the diagonal bracing across the bay. e propor- 
tions of W coming on the diagonal bars will be as 
shown in Fig. 3—that is, 


We 
+ 25° 
The diagonal members are already subject. to the 


stress p,,or a total load P, = p,C. The total load 
due to both causes must therefore be 


P. c + psd 
and the stress will be 
Pet 3 





Cc 





A numerical example will illustrate the extent 
by which the actual stresses in the wind-bracing 
members and their connections exceed those used 
in the design. 

In one of the best modern books on bridge con- 
struction a carefully proportioned ‘* through” span 
is completely designed. The. particulars of the 
design necessary for the present purpose are given 
in Figs. 4, 5, and 6. For the upper system of bracing 
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oe 


a = 2f 
b. = 14.375 ft. 
ce = 28.83 ft. 
B = 4.97 sq. in. gross area. 
O=497 ,, te 
So that 
Pe = 0.603 pa 
and 
po = 0.629 pa. 


The stresses in the main booms due to live load, 
dead load, &c., are also given in Fig. 4. The 
corresponding stresses in the diagonal members 
which must accompany them will therefore be :-— 


Dead load ... 113 x 0.603 = 0.68 ton 
per square inch 

Dead load + live load ... 4.15 x 0.603 = 2.50 tons 
per square inch 

Maximum load ... 6.06 x 0. = 3.65 tons 


per square inch 


Strictly speaking, the proportion of the load 
taken by the wind-bracing should be deducted from 
that on the main booms, and all the stresses would 
be slightly reduced in consequence. 

Regarding wind pressure, the diagonals are of a 
stiff section (Fig. 7), but in this instance they are 
considered to be too slender to take any load as 
struts, and are designed on the assumption that 
each takes the whole load (12.42 tons) in tension. 
This is quite a common practice, but with reference 
to the riveted connections and the manner in which 
such a strut will actually behave, it is not satis- 
factory. The designing specification taken as a 
guide in the example under consideration contains 
a more or less usual clause requiring all members 
counted on as acting as struts to have the ratio of 
length to least radius of gyration not to exceed 
120, which would allow a corresponding permissible 
compressive stress of 3.25 tons per square inch. 
Although this specification will not permit the 
strength of this diagonal as designed to be relied 
on asa strut—the ratio length to least radius of 
gyration is 158—experiment proves that a strut 
even of this great length will actually support a 
stress of from 7 to 8 tons per square inch without 
crippling. It is obvious, therefore, that although 
these diagonal members are only intended to act in 
tension, they will in reality act as struts up toa 
comparatively high stress. The two diagonals will 


therefore each take 12.42, = 6.21 tons due to wind, 


equal to a stress on the members of + 1.25 tons per 
square inch of gross area. We have already seen 
that the stress on these diagonals would be from 
0.68 to 3.65 tons per square inch due to the vertical 
loading only of the girders. The stress given above 
due to wind added to the latter figure gives a maxi- 
mum of 4.90 tons per square inch. Even omitting 
the addition made for impact in the vertical loading, 
the te stress would be 3.75 tons per square 
inch. This stress on the gross sectional area of 
the diagonal represents 18.67 tons, and as there are 
only six {-in.-diameter rivets in single shear at 
their end connectivns, the shearing stress would be 
over 5 tons per square inch, while for erection 
rivets the maximum fixed by the specification is 
only 3.93 tons per square inch. As designed, the 
six rivets with this specified shearing stress repre- 
sent 13.2 tons, ample for the 12.42 tons due to 
wind, which is assumed to be the maximum load 
coming on the member. 

This examination also indicates how improbable 
it is that the diagonals could ever act in the manner 
assumed in their design. 

An examination of the wind-bracing between the 
bottom booms—for instance, in the end bay—leads 
to similar results. Here p. = 0.73 pq, and the 
maximum stress in the diagonals due to the vertical 
loading would be 4.05 tons per square inch. For 
dead + live + wind it would be 5.49 tons per 
square inch: and with im added it would reach 
6.8 tons per sq. in. in tension: 5.49 tons per sq. in. 
on the gross sectional area of the diagonal = 33.5 
tons, which represents a shearing stress of 6.98 tons 
per sq. in. on the eight rivets of the end connec- 
tions. These diagonal members are expected to act 
as struts as well as ties in the design ; so here, again, 
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as in the case of the upper. bracing, it is difficult to 
understand how the compressive stress of 2.75 tons 
per sq. in, assumed in the design can come on either 
diagonal if the vertical load—dead + live—alone pro- 
duces a tensile stress of 2.74 tons per sq. in. in them. 

Although the example taken refers to the wind- 
bracing of a bridge, the principles involved apply 
also to any bracing of a similar kind, whether 
between the legs of a steel tower or gantry, or 
between the several parts of compression members 
or columns. 

The whole of the above argument is based on the 
supposition that the wind bracing-bars are free from 


stress when the main booms are also free from | 


stress ; that when erected in the bridge manufac- 
turer’s yard on numerous supports, the rivet-holes 
in the ends of the members are all made fair. 
Naturally, by introducing some initial stress in the 
transverse and diagonal members the stresses cal- 
culated above could be reduced. Difficulties, such 
as straining the bars, or possibly heating them at 
the time of final erection in order to get the rivet- 
holes fair before riveting the connections, would be 
serious from a practical point of view, especially 
with reference to comparatively small structures 
where only two or three rivets would be concerned. 


Fig.8. 
T 





| tion of the bracing 
'the main booms. 


The ‘‘K” system of triangalation is illustrated 
in Figs. 10 and 11. It is perfectly adapted for the 
transmission of the shear due to the wind pressure 
from one transverse member to the next, but the 
stresses produced in its diagonal members and 
riveted connections by the compression or exten- 
sion of the main booms is quite negligible. Fig. 12 
represents in an exaggerated manner the deforma- 

roduced by the compression of 
The resistance of the half dia- 
gonals to axial compression bends the transverse 


| member and secondary stresses are produced in it. 
If the ends of the transverse member be assumed 


fixed the stresses will be greatest and that case 
will be examined. 

Using the same symbols as before, the reaction 
or force at the centre tending to bend the transverse 


member is equal to 2 p, C © (the extension of the 
c 
transverse member by the outward thrust of the 
diagonals is neglected) an 1 the deflection 
_ B 
192EI 
moment of inertia of the transverse 


x 2 pe a 
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By putting only single diagonals in the bracing 
—_— the stresses in them can be reduced, but 
that arrangement introduces the undesirable ten- 
dency for the main booms to be pushed out of line, 
as shown in an exaggerated manner in Figs. 8 and 9; 
also to introduce vibration. On the other hand, the 
transverse bars might be omitted, so that the double 
diagonals form a Warren system. The transverse 
members, however, are generally necessary for the 
bracing ina vertical plane, and cannot be dispensed 
with. If flat bars quite incapable of supporting any 
compressive aaa be used for the diagonals, then, 
under the vertical loading, both diagonals would 
buckle, and before either could become operative, 
to withstand the effect of wind pressure, the two 
main booms would require to deflect laterally a 
suflicient amount to tighten up the diagonals. 
Befure this could happen, most of the load due to 
wind would be transferred to the lower wind- 
braving by the vertical transverse bracing, and the 
flat diagonals would not fulfil their purpose. 
Though not very often used now, round ties with 
screwed couplings, by which the diagonals can be 
made quite tight while the bridge is loaded verti- 
cally, have advantages in this respect compared 
with the stiff bracing usually specified. 

The anomaly and other difficulties can easily be 
avo‘ded by the adoption of the ‘‘K” or half- 
diagonal system of bracing. Although the difti- 
culties described are recognised by some engineers, 
it is remarkable that no mention is made of them, 
or of the ‘‘K” system of bracing, in any of the 
English text-books that have been consulted. 

he ‘‘K” system appears to have been first 
proposed in connection with the design for a bridge 
at Munich in 1892; also in a competitive — 
for a bridge at Buda-Pesth, by Professors 
Thiersch and W. Deitz, in 1894.* It was also con- 
sidered in the studies made for, the trestles of the 
Kinzua Viaductt (Fig. 11). More recently that 
system of bracing has been successfully adopted in 
the main girders of a 90-metres (295 ft.) span rail- 
way bridge, by Professor K. Bernhard. { 

* See Professor W. Deitz’s article, Zeits. d. Ver. 
Deutscher Ing., 1899, 230. 

+ C. R. Grimm, “the Kinzua Viaduct.” Transactions 
of ea American Society of Civil Engineers, vol. xlvi., 


t There is an illustrated description by Professor 
Bernhard in Zeits. d. Ver. Deutscher rg 1905, 1660. 
Further particulars may be found in \ Handbuch der 
I Ww haften,” vol. ii., part 3. 











If the ends of the transverse member are not 
considered fixed, but pivoted, then 


P= aT 


and 
f = 0.302 pa. 


With this system of bracing, therefore, the com- 
pressive stress produced in the diagonals by the 
vertical loading is practically eliminated. The 
secondary bending stress f produced in the trans- 
verse member has its maximum values where that 
member is supported, furthermore, compared with 
the secondary stresses in the main verticals of 
girders, such as those shown in Figs. 1 and 4, they 
are moderate,* and do not therefore appreciably 
reduce the efficiency of the system of bracing. 

The loads brought on the half diagonals by the 


wind pressure would be 9 x 7.19 = 11.2 tons, 


compression on one diagonal and’ tension on the 
other—a stress of 2.25 tons per square inch. The 
half diagonals are too slender laterally to count as 
struts, but by adding the stays between the main 
booms and the centres of them, as shown, the ratio 
of length to least radius of gyration is reduced to 
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Also 


or, in terms of the stresses, 


Ab= Pad 
E 


equating the two values of 4 b we get :— 


x Se 
cK’ 


Pe == — 
208 1 (2) 
192¢I 
The maximum fibre stress f in the transverse 
member due to the bending is related to the de- 


flection thus :— 
SB 


2Ey’ 
where y is the distance of the extreme edge of the 
section from its neutral axis. Putting this value 
for 4 b in one of the above equations we have :— 
fe _ Pad _ Gpec 
aEy & cE 
f= UE pa - pe} 


If in the example already examined the wind- 
bracing be redesigned on the ‘‘ K” system, it could 
be eal as shown in Figs. 13 and 14. Putting the 
dimensions of the bracing in the two equations 
above (b = 14.375’; « = 26.0’) we get the axial 
compressive stress in the half diagonals, 


wares 
—quite a negligible fraction of the stress in the 
main booms ; we also get :— 

f = 0.604 pa. 


Ab= 





98, and the permissible compressive stress is 3.9 
tons per square inch. The compressive stress on 
the transverse member is the same as in the original 
design (1.25 tons per square inch), but the unsup- 
ported length is reduced by half as re-designed, so 
that there is a still greater margin of strength. 

It is preferable, when the ‘‘K” system is adopted, 
to have the transverse members nearer together 
than in this example, in order to reduce the lengths 
of the half diagonals. A recent instance of the 
adoption of the ‘‘K” system of bracing is in the 
tower of the 150-ton crane at the Penhoét ship- 
building yard. The photograph reproduced in 
Fig. 17 on the two-page plate published in Enet- 
NEERING, December 23, 1910, clearly shows it. 





FORMULA FOR THE DESIGN OF 
SHAFTS SUBJECTED TO BOTH 
BENDING AND TWISTING. 

By T. Matsumura, Professor of Mechanical 
Engineering, Kyoto Imperial University. 

Tue problem of combined stress has recently been 
much discussed, but, as far as the writer is aware, 
the complete solution is not yet attained. Some 
adhere to the shear-stress formula for ductile 
materials, while others hold on the internal friction 
theory. The writer here proposes a modified for- 
mula for the design of shafts, covering all grades of 
steel and other materials. 

The proposed formula is of the form :— 

* The verticals in girders of this type, with riveted 
connections, are subject to secondary stresses which are 
calculated and have been measured to be from 22 to 
202 per cent. of the primary stresses, 
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Equivalent stress = Ap +B ./ 2 + (29)? 
, being the bending stress, g the shear stress, and 
‘A and B constants to be determined by experi- 
ment. This formula is simply deduced from St. 
Venant’s. 


ae - ilfm—-1 m+1 we 
Principal stain = 2 [Set “A/a + a | 
or 
m—1 m+1 


ry ; {= + 
Equivalent stress, » oe? oe 





a/v + 207, (1) 


where m is Poisson’s constant.* 

From (1), if the bending stress alone is acting— 
i.e., if g = 0, we have 

Pp =?P, 
and if the shear stress alone is acting, or if p = 0, 
we have 
1 m+1 @: 
m 

Therefore, on the hypothesis that the elastic 
breakdown takes place when the equivalent stress 
reaches a certain value, if p, denotes the bending 
stress at the elastic limit determined in simple 
bending tests, and % the shear stress at the same 
limit determined in simple twisting tests, we have 


g=we@ti, . . . 
m 


Pp 


which relation is met with in any text-book on 
the strength of materials. 
Now eliminating m between (1) and (2) we get 


p= (1-2 )p+ Pin/m+ ear. @ 
This is the equation recommended by the writer. 


Pi is to be determined directly by experiments. 


24 
For p, = 24, this equation is identical with the 


shear-stress formula. 

In the issue of December 24, 1909, of this journal 
were published Mr. C. A. M. Smith’s results of ex- 
periments on combined stress. An abstract of the 
results on a high-tension steel is given below :— 

Results of High-Tensile Steel Tests. 


| 














Specimen. Diameter. | Direct Load.|Torsion.| _p. q- 
} tons | } 
i | 07% | Of 41 | 1,000 | 18,500 
2 | 0.75 3 34 | 21,200 15,800 
2 | 0.75 4 81 21,200 | 14,000 
3a «| «(0.75 8 23 | 19,400 | 12,600 
8 | (0.75 5.2 32,200 
4a | (0.75 6.2 ee | 83,500 
4b | 0.75 | 02 38 1,000 | 17,100 


These resulte may be plotted on diagram as Mr. 
C. A. M. Smith did. 
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For this steel 1 is computed to be 0.92, taking 


n 
the mean values of p, and q,. Substituting this in | b 


(3) and making p' = constant = p,, we get 


32,800 = 0.08 p + 0.92 /p? + (2g). 

This equation is represented by the dotted curve 
in the diagram. A close conformity of the curve 
with the results of experiment will be recognised. 

Owing to want of exact knowledge of the relation 
of the bending and shear stresses at the elastic 
limit, the writer is not at this moment able to 
settle the constants A and B for different materials. 
If, for the present, the following may be taken for 
the mean relation of the stresses, 

0.6 for mild steel, 

a. {az for hard steel, 
Pr 0.8 for steel castings, 





* — is often called Poisson’s ratio. 
m 





then the formuls for these materials would be 

p = 0.17 p + 0.83 ./p? + (2)? for mild steel, 

p = 0.33 p + 0.67 ./p* + (2 q)? for hard steel, 

p' = 0.37 p + 0.63 ./p*® + (2 ¢)? for steel castings, 
or if M be the bending moment and T the twisting 
moment, then the equivalent bending moment is 

M! = 0.17 M + 0.83 /M? + T? for mild steel, 

M! = 0.33 M + 0.67 /M? + T? for hard steel, 

M! = 0.37 M + 0.63 /M? + T° for steel castings. 

In addition it should be mentioned that in 
applying these formule: in practical calculations a 
correction is necessary. One kind of the stresses 
may be of a steady nature, while the other kind is of 
a varying one. Therefore, the use of equal factors 
of safety for the two kinds of stresses is not always 
to be expected. Thus, according to Bach, T should 
be multiplied by a correcting factor. 

Let f be the working stress for bending and s the 
working stress for shear, then the formula cor- 
rected by Bach’s method is 

M!=AM+B J/M?+ (al), 





where 


Under the same assumption as to the relation of 
the stresses as above, we have 


a=0.6 £ for mild steel. 
s 
a = 0.75 4 for hard steel. 


a= 0.8 £ for steel castings. 
8 





ELECTRIC POWER ON THE NORTH- 
EAST COAST.—No. V.* 

WE have already described the transmission and 

distribution systems of the principal electric power 

companies at work upon the North-East Coast. It 


HP POWER SYSTEM 





TOTAL HORSEPOWER CONNECTED 


frsamy 1900 1901 1902 1903 7904 


remains now to make some reference to the various 
uses to which electricity is put in this district.t 





* Article No. I. appeared in our issue of February 24; 
pany oa = March 17 ; No. III. on April 21 jgtimd*No. IV. 
on May 5. 

+ Among these are alkali manufacture ; aig ow Y 
battery-charging ; bread-making ; brush - making ; book- 
inding ; stone - quarrying ; stone - dressing; tinplate 
works ; wire-drawing ; carriage-building ; chain-making ; 
cabinet-making ; copper and brass rolling-mills; dry 
docks ; engine-building ; fusing quartz ; flour-mills ; boot- 

ing ; grindstone manufacturing ; glass-making ; loco- 
motive building ; mattress-making; motor-car building ; 
ordnance works ; printing ; picture-frame making ; paint- 
making; railway-carriage builders; salt-mines ; sodium- 
making ; saw-mills ; shipbreaking ; aluminium manufac- 
ture ; boiler-making ; artificial-stone manufacture ; brick- 

ing ; colliery ventilating, ha screening, pump- 
ing, and winding ; sheet-iron rolling ; wire-rope making ; 
wagon-building ; carbon manufacture; cement-making ; 
copper-tube drawing ; cork ion manufacture ; elec- 
trical machinery making ; copper works ; ic lamp- 
making ; foundries ; general engineering work ; gelatine 
manufacturing ; ironstone mines ; lead-making ; magnesia 
manufacture ; oxygen-making ; paper-making ; printing- 
ink makers ; potteries ; rope-making ; rivet, nut, and bolt- 
making ; shipbuilding ; stone- ; soap-making ; and 
manure-making. 








The earliest consumers were, of course, for light- 
ing, but their installations call for no special com- 
ment. When the Newcastle company extended its 
operations along the north bank of the Tyne its 
principal customers were the large shipyards and 
engineering works, amongst the principal firms 
supplied in this district being the following :— 
Messrs. Armstrong, Whitworth, and Co.; Swan, 
Hunter, and Wigham Richardson ; Northumberland 
Shipyard ; North-Eastern Marine and Engineering 
Works ; Tyne Pontoons; Wallsend Slipway and 
Engineering Company ; Hawthorn, Leslie, and Co.; 
Parsons’ Turbine Works : Smith’s Dry Dock ; 
Gateshead Locomotive Works ; Hood, Haggie, and 
Co.; Tyne Iron Shipbuilding Company ; Wallsend 
and Hebburn Colliery ; J. Spencer and Sons ; W. 
Dobson and Sons, and most of the other large 
works in the vicinity. The map published in our 
issue of May 5 (page 575 ante) clearly shows the 
dense industrial nature of this district. 

As the Newcastle Company extended its area, it 
increased the variety of its consumers. It is this 
greater variety of consumers, and the fact that 
their demands for power occur at different periods 
during the twenty-four hours, that enables a large 
power company to produce current so much more 
economically than an isolated private plant. As the 
North-East Coast power system grew, by the inclu- 
sion of other companies and other districts, as 
already described (see page 235 ante), the supply for 
lighting became relatively less important, while that 
for power and collieries became more important. 
This is shown in the subjoined diagram, Fig. 80. 
As already described, distribution takes place at 
a variety of pressures, many consumers having 
three-phase current, while others are supplied with 
direct current. At the principal shipyards three- 
phase current is mostly used. 

Some of the more representative examples of 
electric drive may be briefly referred to. Three 
are illustrated on the next page. The first, Fig. 81, 
shows one of several Massey power-hammers at the 
Northumberland Shipbuilding Company’s Works. 


AP 
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Each hammer is driven by its own motor, mounted 
on the frame of the hammer and driving through 
spur-gearing. The second illustration, Fig. 82, 
shows the application of an electric motor to a 
punching and shearing-machine. The third, Fig. 83, 
represents an electrically-driven winch at Messrs. 
Swan, Hunter, and Wigham Richardson’s works. 
At the Wallsend Yard, Neptune Yard, and the 
Tyne Pontoons of this firm practically every machine 
is driven by means of electric motors. e Wall- 
send Yard was originally supplied from the ship- 
building company’s own direct-current generating 
station, but this has now been entirely dismantled, 
and the supply given from the power company’s 
three-phase cables by means of motor generators, 
so that the whole of the original direct-current 
installation has been retained. All extensions, 
however, have been carried out with three-phase 
motors, and, with the exception of the cranes in the 
engine works of the Neptune Yard, three-phase 
motors have been adopted for the rest of the 
works. 


At the engine works of Messrs. Hawthorn, ~ 


Leslie, and Co., St. Peter’s-on-Tyne, the principal 
feature of interest is the cranes, a number of which 
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ELECTRIC 


Fig. 81. 


were originally driven by means of square shafting, 
but have now been converted to electric driving. 
The converted cranes are each provided with a 
single motor of the short-circuited rotor type; while 
the new cranes, which have been installed since 
electric driving was introduced, are provided some 
with three motors and others with four motors of 
the variable-speed type, working in conjunction 
with a controller. An overhead travelling crane 
is illustrated in Fig. 84, on page 749. Throughout 
the works electric motors are used for driving all 
classes of engineering tools, shafting, air-compressors 
and hydraulic pumps, while the shop-lighting is 
done by means of enclosed arc lamps working two 
in series. 

There are several instances of dock pumping 
plant being driven by means of three-phase electric 
motors ; one installation containing two centrifugal 
pumps, fitted with motors of 350 horse-power. 


Messrs. Armstrong, Whitworth, and Co., at both |, 
Jalker shipyards, also employ }' 


their Elswick and 
three-phase power. In these installations there 
is a fine example of an electric pumping installa- 
tion working in conjunction with an accumulator 
for operating hydraulic too:s. This installation 
consists of several large pumping units all pump- 
ing into the same accumulator, and so arranged 
that any or all the sets can be started up auto- 
matically, depending upon the demand for water. 
An electrically-driven air-compressor installation 
is illustrated by Fig. 85, on page 749. It consists 
of four ca tenypac rd sets, each fitted with auto- 
matic starting and stopping device to operate in 
an exactly similar manner to that of the pumping 
lant. 

¥ The North-Eastern Marine Engineering Works, of 
Wallsend, are driven exclusively by means of direct- 


ELECTRICALLY-DRIVEN Power-HamMer. 





POWER ON 








Fig. 83. Etvecrricatty-Drtiven WINCH. 


current motors, the special feature here being the 
large hammer-headed crane fitted with no less than 
six direct-current motors. A similar crane was 
recently erected by the Wallsend Slipway Company, 
whose works are also completely equipped with 
three-phase motors. 

The Wholesale Co-Operative Society is a very 
important user of power for all purposes at Dunston- 
on-Tyne, where the society's flour-mill is situated. 
The whole of the machinery in the mill is driven by 
means of three-phase motors. The installation 
includes motors for driving a large number of 
cranes and elevators used for loading and unloading 
ships, and alsoa number of large motors for driving 
the corn-grinding plant. 

This installation is of special interest, as the mill 


THE NORTH-EAST COAST. 














Fic. 82. ELecrricatty-DrivEN SHEAR AND PoncH. 


was originally driven by a number of large hori- 
| zontal steam mill-engines, which a few years ago 
| the society substituted for a complete electric 
| installation. The motors have all been placed in 
| the actual machine-rooms, and the whole of the 
| Space originally occupied by the old mill-engines has 
| now been filled up with new milling machinery. 
|In addition to this the Wholesale Co-Operative 
| Society have recently put down a large electrical 
| installation for driving their soap works, which are 
| also situated at Dunston. At the pottery works of 
| Messrs. C. T. Maling and Sons, Ouseburn, direct 
| current is employed at a pressure of 480 volts, the 
most noteworthy feature being a 125-horse-power 
| motor driving the flint-grinding machinery. 

| Atthe important rope works of Messrs. Hood, 
Haggie and Co., electric power is employed for 
various purposes ; Fig. 87, on page 749, illustrates 
50-horse-power and 40-horse-power motors driving 
binder twine-machines. 

On the Durham side of the river perhaps the 
most important applications of electric power are 
those of the various collieries, which are now 
making use of electricity for winding, screening, 
ventilating, pumping, hauling, lighting, and, in 
fact, all purposes. At the Murton Colliery there 
is an important installation of electric re elec- 
tricity being applied to the low main coal haulage, as 
illustrated by Fig. 86, on page 749, and to ventila- 
ting purposes, as shown in Fig. 88, on page 760, 
and to a variety of other uses. 

Fig. 89, on page 760, shows'the fine electric winder 
installed at the Harton Collieries. The whole of 
the appliances at the Harton Collieries are worked 
entirely by electricity, no steam power being used 
for any purpose. In fact, both in the pits in 
| Northumberland and Durham a rapid extension in 
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the use of electric power is taking pen this being 
rendered possible by the fact that the public supply 
exists, enabling the coal-owner to dispense with the 
heavy capital outlay necessary for a private instal- 
lation.* . 

Further south, in the Cleveland and Durham 
Company’s district, the iron and steel works form 
some of the most important users of electric power, 
which is required for rolling-mills, blowers, and a 
number of other pur connected with the blast- 
furnaces, as well as in the iron-stone mines them- 
selves. Electric power is also used in the brine 
works, especially at the Haverton Hill Wells, as 
well as in the collieries in this district. + 

At the Spawood ironstone mines electric fans 
and screening plants are already being electrically 
driven, while electric power is also used at the 
Yorkshire Tube Works, where it is used in the 
manufacture of welded tubes. It.will, of course, 
be understood that it is not possible to mention 
in detail a tithe of the larger installations through- 
out this area, the variety and extent of which can 
only be indicated. Sufficient has, however, been 
said to show how general the ap lication of electric 
power has become in this ee urhood, and the 
really remarkable influence which it has had upon 
the industries of the district. The power com- 
panies have shown that their product lends itself 
equally well for driving the Sean or smallest 
installations. 

No reference above has been made to the various 
classes of lighting consumers, nor to the important 
consumers for traction purposes, which include the 
North-Eastern Railway Company, who use electric 
power on some 40 miles of their electric lines, the 
l'yneside Tramways Company, the Gateshead 
Tramways Company, the Middlesbrough Tramways, 
and many others. These installations, however, 
are not of a novel character, it now being generally 
recognised that both for local railway and tramway 
work electric power has proved itself to be the most 
suitable and cheapest agent. 

The success which has attended the conversion 
of the Newcastle suburban railways to electric 
power is largely due to the fact that the railway 
company was able to obtain its electric power from 
a large central power company, and did not have 
to go to heavy expenditure in building a power- 
house of its own. Whatever may be the result where 
the railway company has to go to this expense, 
which is bound to somewhat affect the financial 
result, there can be no doubt that where a public 
supply of this nature and of this magnitude is avail- 
able electric power can show very important 
economies over steam, Thus even in the largest 
installations the policy of centralisation has shown 
itself to be as efficient as in the amaller installations. 


. Among the pits using electrically-driven plant 
are the following :—Harton Collieries ; Redheugh Col- 
liery; South Pelaw ; i Company ; 


ington 
Pelton Colliery ; cheep ny Coal and Coke Company ; 


Walker Coal Company ; t Holywell Coal Company ; 
Hetton Coal Company ; Pease and Partners; Priestman 
Collieries Seer: Stella Coal Company: Dunston 
Norwood and Swalwell Garesfield Collieries; Wallsend 
and Hebburn Coal Company ; Joseph Laycock and Oo. ; 
Lambton Collieries, Limited; and the South Hetton 
Coal Company. Supplies are about to be given to the 
pits at Bu on, a. Preston, and other places. 
+ The following is a further list of some of the important 
users of power in this district, which will give some indi- 
cation of the variety of industries which are supplied :—The 
Anderston Foundr Company Limited (complete equip- 
ment of foundry); the Bowesfield Steel Company, Limited 
(two 750-horse-power sheet-mills) ; British Chilled-Roll 
and Engineering Company ; Bell Brothers, Limited (iron- 
stone mines and iron works; Bolckow, Vaughan, and Co., 
Limited (iron-stone mines); Casebourne and Co., Limited 
(complete electrification of cement works); Central Zinc 
Company, Limited ; Cerebos Salt Company ; Crewdson, 
Hardy, and Co., Limited, Yorkshire Tube Works; 
Dorman, Long, and Co., Limited (rolling-mills and wire- 
drawing works); Head, Wrightson, and Co., Limited, 
engineers ; Horden Collieries Company (three collieries) ; 
Middlesborough Corporation (bulk supply); North- 
Eastern Railway Company (three docks and one wagon 
works); Ormes y Rolling- Mills, Limited (1000-horse- 
power rolling-mill); Pease and ers, Limited (col- 
lieries and iron-stone mines); Slag-Reduction Company, 
Limited ; Smith’s Dock Company, Limited; W. oe 
and Co.; Sir B. Samuelson and Co., Limited (steel 
works and blast-furnaces); South Medomsley Colliery 
Company, Limited; Salt Union, Limited; Sir S. A. 
Sadler, Limited, coal-owners ; South Derwent Coal Com- 
pany, Limited ; Tees Salt Company, Limited; James 
oicey and Co., Limited (collieries); Weardale Steel, 
Coal, and Coke Company, Limited ee, Sees 
Crane Colliery Company ; and Ri sons, Wes' 
and Oo., Hartlepool, shipbuilders and engineers. A 
number of builders also employ the power in connection 
with pug-mills, &c. 
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Prengreny in Colours. By Grorce LInDsAY JOHNSON, 
ot D. London: Ward and Co. [Price 3s. 6d. 


net. 

WHEN noticing the author’s book on ‘‘ Photographic 
Optics and Colour Photography” (ENGINEERING, 
vol. Ixxxviii., page 2) we expressed ourselves as 
being disappointed with the small portion of it 
devoted to colour photography. Dr. Johnson is 
evidently in agreement with us, for he has thought 
it ‘desirable to write an entirely new work on the 
subject which should embodyall the latest methods.” 
He commences this new book with a short chapter 
on the history of the subject, and then, as one might 
expect of a medical man, deals with colour vision 
and colour blindness, pointing out that the usually 
accepted theory of light is not in accord with some 
facts concerning colour vision. This is of vital 
importance to mariners and railwaymen, and 
certainly should prove an interesting field of investi- 
gation, as people have been found who are blind to 
the red, green, and blue sensations, and yet see 
white objects as white. But although there may 
be, among human eyes, some exceptions to the 
eneral rule, the Young-Helmholtz theory is the 
is on which most colour photography is carried 
out, and this theory is that every colour in Nature 
can be formed from one or more of the three 
primary colour rays—red, green, and blue-violet— 
whilst the mixture of all three gives white. On 
this theory, then, the popular modern plates have 
been devised, and the getting of a coloured image 
may be attained by the rays from the lens passing 
through a mixture of grains of the above-mentioned 
three colours spread upon a thin film on the plate, 
or the film may be ruled with three sets of regular 
lines or dots, in all cases the colours being arranged 
in such proportions that daylight pong through the 

film shall appear to the eye as white or light grey. 
Pigments ag | opaque and absorbent of light, 
when printing inks are employed they are the com- 
plementary colours to the colour screens used in 
making the three blocks resorted to by the letter- 
press printer for coloured illustrations. Whilst on 
the subject of letter-press printing, we can hardly 
let pass unchallenged the author’s statement that 
Ives was the ‘‘ inventor of the half-tone process,” 
although all will acknowledge his labour in making 
smooth the path of colour and half-tone printing. 
Other processes of obtaining pictures in colour 
beyond those which we have mentioned, and which 
are more or less known, are also described in Dr. 
Johnson’s book. The chapter on kinematography 
in colour is instructive, as it is very difficult for an 
observer, when viewing the projected results in a 
hall, to realise that the range of colours there pre- 
sented is obtained by means of alternate projections 

of red and n images on to the lantern-screen. 
The employment of colour photography in many 
branches of engineering is spreading, and its 
usefulness in research work can hardly be over- 
estimated, as Professor Coker’s experiments, repro- 
duced.on Plate I. of the current volume of Enat- 
NEERING, will bear witness. Dr. Johnson’s book 
contains descriptions of the various sensitive colour- 
plates and the methods of using them, and should 
prove a useful guide to those who have already 
mastered the rudiments of ordinary photography. 


It is illustrated by numerous plates, which, unfor- 


tunately, are not always numbered, whilst a rather 
more comprehensive index would have added to 
the value of the volume and extended its undoubted 
usefulness as a hand-book and a work of reference. 


Linseed Oil, and other Seed Oils: An Industrial Manual. 
By Wittram D. Ennis, M.E. London: Constable and 
Co., Limited. 1909. [Price 16s. net.] 

THE study of the management and details of a 

great industry is very fascinating. Its tentacles 

reach out in such a variety of directions that the 
unexpected happens ard surprises are frequent. 

So many operations are involved, so many divided 

interests have to be collected, so many nice adjust- 

ments have to be made to ensure the accurate 
working of the complicated machine, that one 
knows not whether to admire most the energy that 
rose superior to all difficulties, or the ingenuity 
that secured the exact dovetailing of all the parts. 

The vastness of the numbers played with exercises 

a charm by their very magnitude, they introduce 

poetry into statistics, for they testify to boldness 

and foresight, as well as to skilful tactics and wide 
resource. The linseed-oil trade, with whose de- 
tails Professor Ennis deals, is one of those gigantic 





industries whose extent the world scarcely appre- 
ciates. In a special way it illustrates many 
attractive features. It has bent agriculture to its 
necessities, applied the lessons learnt in the 
chemical laboratory, revolutionised old methods, 
and ministered to a widening culture. This is 
clearly demonstrated by the survey made by the 
author, who traces the industry from the harvesting 
of the raw material, the flax-seed, till the finished 
product is in the hands of the manufacturer, or the 
refuse oil-cake is fed to live-stock. 

The annual output of linseed oil in the United 
States alone—and here we may say that the book 
is. more particularly concerned with American 
methods—is 60,000,000 gallons, yet—and perhaps 
this is the strangest part of the tale to the general 
public—linseed oil remains very much of an ab- 
straction. The treated oil is itself seldom directly 
consumed. It may come before the public in a 
hundred different ways, but the identity of the 
linseed oil is apparently entirely lost. For example, 
as Professor Ennis says, ‘‘few people know that 
the ink with which this book is printed, and the 
covers in which it is bound, are products of linseed 
oil, and virtually impossible without linseed oil.” 

This quotation will suggest that the book is of a 
popular character, or, at least, is not severely 
technical. It conveys, however, a great deal of 
information, and much that would be of use to the 
manufacturer or manager of works. It might find 
a place in both the counting-house and the work- 
shop, but it will not displace Dr. Lewkowitsch’s 
standard treatise. The author is an engineer rather 
than a chemist, and he deals more effectively with 
the physical than with the chemical side. Some 
may be disappointed that he has not entered more 
fully into the subject of chemical analysis, and may 
have a difficulty in following the remarks on the 
chemical methods for determining purity, or in 
appreciating the importance or competency of the 
several tests. But the value of the book consists 
in the wide survey of the whole industry, the place 
it occupies in the world’s commerce, the assistance 
it gives to related manufactures, and the market 
conditions under which the trade is managed. 

The first eight chapters deal with the work of 
the mill and the forms of machinery that experi- 
ence and ingenuity have devised for the thorough 
extraction of the oil from the seed. The hydraulic 
operative equipment is very well described, and, 
without any expert knowledge, the seed may be 
traced from the storage bins, through the opera- 
tions that yield the crude oil, the processes of 
filtering, clarifying, weighing, &c., till the oil is 
ready for delivery, or the cake furnished by the 
refuse is put upon the market. Without any 
obvious reason, the application of the new process, 
as it is called, in which a volatile solvent such as 
— is used to absorb the oil, necessitating the 
subsequent recovery of the solvent, is discussed 
later. But whatever plan is adopted, the methods 
described are those which are followed in America ; 
but occasional reference is made to the varying 
practices pursued in England, where the linseed- 
crushing industry is conducted on widely different 
principles. The main factor that determines this 
difference is the relative importance of oil-cake in 
the two countries. In the United States oil-cake 
is regarded as a waste product. The consumption 
is very small, and some 350,000 tons are annually 
sent to Europe. The consequence is that the 
American crusher aims at getting the last drop of 
oil out of his seed, and his average oil-cake con- 
tains only about 4 to 7 per cent. of oil. In Eng- 
land the cake will very frequently contain 20 per 
cent. of oil. In many cases our home crusher 
regards himself, in the first place, as a cake-pro- 
ducer, and oil is his by-product. One consequence 
of this method of manufacture is that the oil is 
sold at such low prices that it finds application in 
directions that would be economically prohibitive 
in America. 

Other chapters are devoted to what may be 
regarded almost as matters of accountancy. But 
they are not out of place in this wide survey of the 
industry. The balance-sheet cannot be accurately 
drawn without taking into account many variables, 
which in trades less dependent upon technical 
detail can be safely overlooked. We have also two 
chapters on the seed itself, its cultivation, produc- 
tion, handling, freight, and market manipulation. 
Here the author does not disdain to enter dis- 
creetly into the relative merits of ‘‘spot” and 
‘* future” transactions. Apart from the excitement 
which the American market is so well calculated to 
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afford, these chapters have about them the elements 
of romance, provided by the changing demands of 
industrial communities, shedding wealth and pros- 
perity on the favoured, but recklessly blighting 
the results of much earnest, well-directed effort. 
Chemistry, too, plays the part of a fairy god- 
mother, benefiting whom she will, allowing only 
certain laboratory experiments to be converted 
into profitable factory practice. Time was when 
flax was cultivated with a view to the utilisa- 
tion of the fibre, and the seed was regarded 
as a waste product, saved only in sufficient quanti- 
ties to ensure the renewal of the crop. Progress 
and science have demonstrated the error of the 
simple agriculturists of the past. The seed is now 
practically the sole object of cultivation, and the 
tibre swells the waste heap. The world’s product 
of seed is little short of 100 million bushels, and 
of this vast crop the fibre adds very little to the 
world’s wealth or productiveness. e reason for 
this apparent direful waste of a once valuable 
harvest is that the fibre and the seed do not mature 
together. When the fibre can be advantageously 
gathered the seed has not acquired its full richness 
of oil, and when the seed is ready to be collected 
the fibre cannot be used. But it may be confidently 
anticipated that chemists and iculturists will 
overcome this difficulty. Enterprise will not long 
allow —— source of wealth to be neglected. 
Even Mendelian science may find its opportunity 
here. Experiments are already being made in one 
direction—that of varying the method of steeping 
the flax, in order to render it more amenable to 
treatment for ordinary manufacture ; and if these 
attempts should fail, new uses will be found to 
which the flax straw can be advantageously applied. 
Another curious feature in the history of the trade 
is the migration of the crop. Before the War, 
Ohio and Kentucky were the States that pro- 
duced the greatest supply. The tendency to move 
westward has been persistent. The prospect of 
cheaper land has, no doubt, had its effect, but the 
cost of freightage has been a very great factor in 
determining the localities devoted to flax. Freight- 
age may amount to as much as 12 or 13 per cent. 
of the total cost, and, therefore, reduced transit 
charges and easy access to markets have influenced 
the seat of trade. This prospect has been of advan- 
tage to the Lake District, since the steamers can 
carry enormous quantities of either seed or oil at 
low rates. Pipe-lines have not been used; the 
quantity is too small to warrant the expenditure, 
but tank steamers are available. In this way 
Duluth has risen to be a most important centre in 
the distributing trade, and raises another interest- 
ing point, which we may not stop to discuss—the 
possibility of the flax cultivation and oil manu- 
facture crossing into Canada and increasing the 
resources and prosperity of the Dominion. 

The remaining chapters deal with chemical tests 
for oil purity, richness of cake, &c., adulterations, 
treatment of the oil in the forms of so-called 
“boiled” and ‘‘bleaching” oil. Other oils men- 
tioned in the title are treated rather summarily. 
The consumption of cotton-seed oil is larger than 
that of linseed, but the space devoted to it is small, 
while the information concerning miscellaneous 
seed-oils is very meagre. But the book is dis- 
tinctly valuable for the insight afforded into one 
special industry, and should appeal to many dif- 
ferent classes of readers. 





The Law Relating to Electrical Energy in India ; being 
the Indian Electricity Act, 1910, with a General Intro- 
duction, Notes on Clauses and Appendices, consisting 
of Rules, Model Forms, &c. By J. W. Mearss, 
M. Inst. C.E., M.1.E.E., F.R.A.S., Electrical Adviser 
to the Government of India, assisted by N. N. 
BLOMEFIELD, Solicitor. Calcutta: Prin at the 
Government of India Central Press. [Price 15s. net. 

To those who have read the author’s earlier wor 

on **The Indian Electricity Act, 1903,” the chief 

interest of the present volume will be to note the 
changes which have been made in the law by the 
new Indian Electricity Act of 1910. Mr. Meares 
has gone into this of his subject not only in 
the notes to the sections of the new statute, but 
also in an introductory chapter giving a historical 
sketch of the growth of the ph wt | industry in 

India, and showing the defects which became evi- 

dent in the Act of 1903, and how these have 

been dealt with in the Act of last year. This 
chapter is valuable to the English reader, as it 
enables him to understand better the conditions in 

India and to realise how far these differ from the 

conditions at home, and he is thus enabled in study- 





ing the statute to appreciate more fully the pro- 
visions in which departures are made from the 
similar code of law for England. Perhaps the 
most prominent change in the law which the new 
Act has introduced is that provision is now made 
for supply in bulk to authorised distributors—this 
having ote held by the Advocate-General, Bengal, 
to be outside the scope of the Act of 1903. Other 
sections which are worthy of the attention of 
electrical engineers at home are those governing 
the grant of licenses, the amendment and revoca- 
tion of licenses, and the terms under which com- 
a, purchase of an undertaking may be made. 
n all these provisions there is greater elasticit 
than in the similar provisions in the English 
Acts, and as regards compulsory purchase the 
Act allows for an addition to the market value 
of the undertaking—determined almost exactly as 
under the English Acts—of ‘‘ such ntage, not 
exceeding 20 per cent. on that value as may be 
specified in the license, on account of compulsory 
me eel This ‘‘20 per cent.” may be inadequate, 
ut it is at least an approach to fairness which our 
legislators have not attempted. ; 

. Meares has obviously modelled his book on 
the lines of the well-known work of the late Mr. 
Shiress Will, and has been able to draw upon that 
work to add to the usefulness of his own, whilst 
frankly acknowledging his indebtedness. The 
result is that he has given in these & very 
aa and practical discussion of the law —_ 
to electricity in India, which must be most helpfu 
to engineers and to lawyers having to deal with 
electrical matters. 





Technische Messungen bet Maschi t h und 
im Betriebe. By Professor A. GRAMBERG, Dr.-Ing. 
Second Edition. Berlin: J. Springer. [Price 8 marks. 

Wuen Dr. A. Gramberg, professor at the Tech- 
nical High School of Danzig, brought out the first 
edition of his ‘‘ Technical Measurements in Testing 
Engines and in the Works, for Engineering Labo- 
ratories and for Practice,” about six years ago, 
there were hardly any comprehensive treatises on 
the subject extant, and the literature was widely 
dis d. Matters have decidedly improved since, 
in Germany in icular owing to the publication 
of the ‘‘ Mitteilungen iiber Forschungsarbeiten ” 
by the Verein Deutscher Ingenieure. In view of 
this progress the author has practically sat down to 
re-write his book, now an octavo volume of more than 
300 pages, illustrated by 223 text figures, mostly dia- 
grams. Re-writing is always more satisfactory than 
correcting and bringing uptodate. In —— out 
his plan the author might, perhaps, have cut down 
the general physics. It looks, however, as if he had 
adapted his book to his students, which would only be 
natural and not undesirable, and the general sections 
on units, instruments, on taking observations and 
evaluating them, and on metrology, are probably 
offered in the shape in which the subjects are taught 
in the engineering course at Danzig. 

The chief divisions deal with planimeters, the 
measurement of time and velocity, the measure- 
ment of volumes and masses in solids, liquids and 
gases, determinations of pressure, force, torque, 
work, indicators, measurement of temperature and 
heat, the calorific value of fuels, and flue-gas analy- 
ses. There is a detailed table of contents and an 
alphabetical index, which should be more complete ; 
references are very scarce, but the excellent litera- 
ture list at the end of the book does more than 
make up for this want. It is not merely a list of 
German and foreign books and papers ; the litera- 
ture is grouped in accordance with the divisions of 
the volume, and the author indicates the manner 
in which the subject is treated in a few words. 
Practical examples of conducting tests are given ; 
we miss, however, a reproduction of some complete 
series of engine tests. Indicators, and the elimina- 
tion of their own vibrations, are treated with great 
care and ability ; radiation pyrometers are merely 
mentioned. One of the suggestions of the author 
is that the water bulks in water-turbine plants 
might be determined by adding salt to the head 
water and by finding the salt proportion in the tail 
race. The volume bears everywhere evidence of 
conscientious work, and can safely be recommended. 











I ans cm Srations.—The Montenegrin Legis- 
ture 
hydro-electric station, with mp estimated at 120,000 
horse-power, which, amongst ot rj will have that 
of supplying the port of Antivari with electric current. 
The scheme is intended to be realised through the granting 
of @ concession. 


a measure for the building of a large | Zo 
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PILE-DRIVER WITH GARVIE’'S STEAM-MONKEY. 


CONSTRUCTED BY THE 
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OnE of three steam pile-drivers, which have recentiy 
been yaa to the Southern Dock Company of 
Buenos Aires, by the Southgate Pile- Driver Company, 


of 12, A penne London, E.C., is illustrated on 
the present and opposite pages. Other plant of similar 
type has also been supplied by the same makers to the 
India Office for Karachi Harbour Works. 

The most interesting feature in connection with 
these pile-drivers lies in the Garvie patent steam- 
monkey with which they are fitted, and reference may 


be made to it first. Its arrangement will be followed 
from the general views given in Figs. 1 and 2, 
It will be seen that the dolly, which rests on the 
head of the pile to be driven, is connected by two 
vertical rods to a steel crosshead which carries the 
een and piston on which the steam-cylinder 
orming the monkey works. The flexible steam-pipe 
supplying the cylinder is led to a valve mounted 
on this crosshead, this valve being connected up to 
a steam e made down the centre of the piston- 
rod. The monkey has a solii bottom formed into a 

uare hammer-head, suitable for giving a solid blow. 
The solid end formation of the monkey also prevents 
the leakage of condensed steam on to the dolly. 

The monkey is of the single-acting type, steam being 
used to lift it after each stroke. connection from 
the steam-pipe passes through the valve at the top of 
the piston-rod, and through the piston-rod to tne 
cylinder. The valve is automatic in so far as that by 
means of an internal spring it opens to exhaust at 
the right moment, so that the monkey falls freely. 
The back pressure is very small. It is claimed that 
about double the number of strokes per minute can 
be obtained with this arrangement as compared with 





that used on older types of drop-monkeys, while a 
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heavy “monkey with a short and rapid stroke is 
generally held to be most effective in driving con- 
crete piles, and least likely to damage them at the 
head. It will be clear that the flexible steam con- 
nection does not move up and down with the monkey, 
so that it is not subjected to continual strains. It 
has only a gradual downward motion along with the 
dolly and crosshead. Other advantages of the arrange- 
ment, which should be mentioned, are that the whole 
weight of the monkey is always on the pile during 
driving, and that there is no strain on the framework 
due to driving. This latter point is of special import- 
ance when working from a barge. 

Various details of the plant are given in Figs. 3 
to 14. Figs. 3 and 4 show the construction of the | 
frame, which is built of pitch pine, bolted | 
and plated. This frame may be canted to any suit- 
able angle, as it is hinged at its front side, and has a} 
screw and hand-wheel arrangement, which raises or | 
lowers the ladder-stay on the k side. Fig. 5 is a| 
= of the platform, and shows the position of the 

iler and winch, and Fig. 6 is the ning gee of | 
the pitch-pine timbers under the platform. The winch 
has double cylinders and double barrels, with inde- | 
oe ay foot-brakes. One of the barrels is used for | 
ifting the monkey to the top of the frame and holding | 
it in position, and the other is used for handling the | 

ile. Figs. 7 and 8 are views of the monkey, while | 

ig. 9 shows the piston with the steam openings to 
the hollow piston-rod. Figs. 10 and 11 are larger scale 
views of the top of the frame, and show the two rope- 
pulleys corresponding to the two drums, while Figs. 
12 and 13 are details of the swivelling wheels, with 
jacking-screws for adjusting the level of the frame. 

igs. 14 and 15 show the steel dolly. This has a 
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division across the centre, and when concrete piles are 
being driven, the lower part is filled with bran, saw- 
dust, or other similar material in order to soften the 
blows. Inthe upper part of the dolly an elm block 
is fitted, which receives the blow from the monkey. The 
monkey is capable of giving about 50 blows a minute. 
It should be mentioned that the consulting engineers 
for the Southern Dock Company of Buenos Aires, to 
whom these pile-drivers were supplied, are Messrs. 
Livesey, Son, and Henderson, of London. 








GeeMaNn Ratts.—The exports of rails from Germany in 
the first four months of this year compared as follows 
with the corresponding shipments in the first four months 
of 1910 :— 

1910. 
Tons. 
134,290 
115,683 
181,165 
117,469 


1911. 
Tons. 
161,056 
157,012 
244,154 
187,352 


Month. 

January 

February 

March .. 

April .. o = 
The aggregate shipments to April 30, this year, were, 
accordingly, 699,574 tons, as compared with 548,597 tons, 
showing the considerable increase of 150,977 tons. 


Frenon Rartway Encingerinc Works YEAR-Book, 
1911.—The title of this year-book is ‘‘ Annuaire de la 
Chambre Syndicale des Fabricants et des Constructeurs 
de Matériel pour Chemins de Fer et Tramways.” It is 
published at the price of 6 francs, at the offices of the 
association, 7, Rue de Madrid, Paris. It gives the name, 
address, specialities, and power of production of the 
French works who form part of the association, and who 
are able to supply the French railways with all their 
requirements. interesting portion deals with the 
——a and tests in force with the said railways for 
the supply of materials. 
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PILE-DRIVER WITH GARVIE’'S STEAM-MONKEY. 
CONSTRUCTED BY THE SOUTHGATE PILE-DRIVER COMPANY, ENGINEERS, LONDON. 









Fig. 8. Fig.4. 
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NOTES FROM THE UNITED STATES. 

PHILADELPHIA, May 31. 

THE iron and steel interests were taken by surprise 
last week when the announcement was made that the 
Republic Iron and Steel Company had broken away 
from the Gentlemen’s agreement with the United 
States Steel Corporation, and had determined to cut 
prices sufficiently to obtain what that company con- 
sidered its fair share of business. This action is 
followed by the Carnegie Steel Company, which 
followed the Republic Tone, reducing its prices 
on steel bars. Steel Corporation met on Monday, 
and practically followed suit. The question which now 
concerns the iron and steel interests is whether this be 
the end of the cutting, or will the independent interests 
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cut prices in other lines, such as plates and shapes. 
Bessemer and open-hearth sheet-bars have been further 
shaded, the lowest price per ton to-day being 22 dols., 
as against 23 dols. a week ago. This unexpected cut 
in bars has rather alarmed buyers, big and little, who 
are apprehensive that another sweeping cut is probable. 
In any event there will be some delay in placing 
the large volume of business ae expected in June 
until buyers are satisfied as to whether the present 
cutis to be the last. The Republic Company furnished 
the bulk of bars to the agricultural interests. These 
interests usually contract for something between one- 
half and three-quarter million tons in advance for 
the year beginning July 1. In view of possible weaken- 
ing of prices, the agricultural implement interests had 
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specified in their contracts which they have been 
placing during the past few weeks that the base price 
of 1.40 cents was to be shaded to the extent of any 
drop which might be made before the deliveries. 
The present price is 1.25 cents. Whether prices will 
go below remains to be seen. In other chann«!s 
very little change has taken place during the 
week. The United States Steel Corporation is 
now under investigation by a Committee of Con- 
gress, and the investigation will be prolonged into the 
autumn, The many interesting reports which were 
based upon rumour have already become established 
facts. It is already shown that the acquisition of the 
Tennessee Coal and Iron Company by the United 
States Steel Corporation was a stock-jobbing opera- 
tion, and that the allowance of this combination was 
speculative, and for the purpose of wiping out compe- 
tition rather than to avert a panic, as was then given 
out. Railroad construction is now being prosecuted 
in all sections of the country. 
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HIGH-CAPACITY RAILWAY SCREW- 
COUPLINGS. 


In a recent article on the central buffer coupling 
for railway stock,* we discussed some of the causes 
which have, of late. tended to make the coupler question 
one of considerable importance to railway engineers, 
especially in connection with the equipment of broad- 

auge stock. It was there poin out that the 
, ss of modern broad-gauge service had rendered 
some change from accepted practice absolutely neces- 
sary, as the limit of the screw-coupling had been 
reached. The strains of present-day traffic have 
resulted in sections being increased until a coupling 
has been evolved which is inconveniently heavy to 
handle, while it still remains deficient as regards 
capacity. Naturally the effect of this development 
has not made itself felt everywhere to the same 
degree, but it is a fact that sume change, either in 
the type of coupler or in material, is now im- 
perative on not a few railways. Whichever change be 
decided upon, the improved life and service conditions 
must be weighed against the question of cost. On the 
one hand, an improvement in screw-couplings, by the 
use of more expensive material, has the advantage of 
requiring no radical changeof established practice, while 
on the other hand, a change of type would undoubtedly 
prove advantageous in other ways, apart directly from 
the reduction in the number of coupling failures. 

In the article above referred to, we discussed the 
question rather from the point of view of oo of 
type. We wish now to give briefly an example of 
what may be done in the way of obtaining better 
service by the use of higher wale material. A typical 
coupling used by one of the Indian broad-gauge lines 
is shown in Fig. 1 accompanying Table I. herewith. 
The standard coupling is made of the best Yorkshire 
iron, and is a little over 77 lb. in weight, includ- 
ing the loose shackle and pin. This, with native 
labour, proves to be about the limiting weight 
which can be conveniently handled. The question 
of decrease in weight of such couplings is almost 
as important as the increase in capacity, and the 
employment of material capable of showing improve- 
ment in both directions has now been actually under 
trial on several lines in India for about eighteen 
months. The steel selected is of the class used with 
success in high-speed engine work, and should there- 
fore prove to be capable of withstanding the repeated 
shocks of railway service. Such a coupling, of nickel- 
chrome steel, is illustrated in Fig. 2 accompanying 
Table II, Whilst adhering to the stand screw 

attern, Messrs. Thomas Firth and Sons, Limited, of 
Sheffield, have been able with this steel, heat treated, to 
reduce the weight of the coupling roughly by some 
25 per cent., and at the same time to increase the 
capacity of the coupler about 100 per cent. It is 
evident that, with material of this quality, a coupling 
of weight equal to the present Yorkshire iron coupling, 
would be far ahead, as regards strength, of that of 
which the test is given in Table II. 

It may be mentioned that both the couplings of 
which the tests are annexed were selected for test- 
ing, at randomf*by the railway company’s engineer, 
from lots 4 age y Messrs. Thomas Firth and Sons, 
Limited. Fiom the tables it will be seen that the 
respective weights of the Yorkshire iron, and the 
nickel-chrome-steel, couplings are 77} lb. and 58 Ib., 
while the first failure occurred at 42.63 tons in the 
case of the Yorkshire iron coupling, and at 81.88 tons 
for the nickel-chrome steel. 

Before assembling and acceptance, parts of these 
nickel-chrome-steel couplings are tested for uniformity 
of material. Parts selected at random are required 
to give results under tensile test showing a yield- 
point of 65 to 70 tons per square inch, a breaking stress 
of 70 to 80 tons per square inch, with a minimum 
elongation of 15 per cent, on 2in. The correspond- 
ing tests for couplings of Yorkshire iron are :—Yield- 
point, 12 to 14 tons per —_ inch ; breaking stress, 
22 to 25 tons per square inch ; and minimum elongation 
of 24 per cent. on 2 in. Messrs. Thomas Firth and 
Sons are certainly to be congratulated on the results 
they have secured with their special steel and methods 
of treatment. 








PRRSONAL.— Messrs. Ekman and Co., Gothenburg, have 
appointed Mr. William McLean, Stirling Chambers, 
Campo-lane, Sheffield, their representative for their 
Swedish iron and steel business in the United Kingdom. 


Tue AusTRALIAN Navy.—The estimated cost of the 
proposed Australian Navy is 23,290,000/. Of this amount 
910,0002. has been expended, and it is proposed to 
out 2,590,000, in 1911-12. The balance of 19,790, 
to be absorbed by 1933. 


Tue Newport Yxrar-Book, 1911.—This is published, 
at the price of 3s. 6d., by the Williams Press, Limited, 
Newport ; it gives information on the town, on its trade 
and trading facilities, lists of colliery-owners and col- 
lieries in Monmouthshire, imports and exports, &c. 
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* See page 525 ante. 





COMPARATIVE TESTS OF RAILWAY SCREW-COUPLINGS. 


TABLE I.—Test or a STANDARD YORKSHIRE Iron Screw-CoupPLine. 


THE SHEFFIELD TESTING WoRKS. 
November 1, 1909. 


applied to one complete Yorkshire iron screw-coupling, with draw-bar 
Ootober 27, 1909, from Messrs. Thomas Firth and Sons, Limited, Norfolk 


Report No. 88,781. 


The following are the results of pulling tests 
shackle and pin attached, weighing 77h Ib., received 


Works, Sheffield. 2 
Method of Testing. 


1% 
































(2275 4) 


Gange-points were marked on the screw-coupling and shackle at A B, C D, EF, G H, 
JK, LM, NO, PQ, RS, and 8 T, and the movement of these points was noted as 
the load was gradually increased. After certain loads had been applied, the pres- 
sure was released, and any permanent set noted. After the first fracture had taken 
eieen, = remaining portions of the coupling were re-tested until al the parts 
were broken. 








| Position Loap, in Tons. MoveMENT AND Set, IN INCHES. 

| of Position of 

| Gauge- = eer oe Fractures. 
Points. 


Maxi- 


Appearance of 
mum ractures, 
Load 


35 | 37} 40 








tons 
0.40 
0.39 
0.02 
0.02 
0.46 
0.43 
0.51 | 
0.50 
0.30 
0.25 
0.17 
0.14 
0.04 
0.03 
0.12 


| » | { Closing-in .. 
AB= 4in.) 1 get . 0.07 | 0.13 
ar Eos (l) Through 42.63 Fibrous. 
trunnion pin 

at J 
(2) Through 


trunnion pin 


CD=11,, { Extension : : 
ers 4 {eet 
JK=15,, {sens out 
)\um=15,, | { pet 


0.09 | 0.15 
0.06 | 0.13 | 
0.09 | 0.15 | 
0.07 | 0.13 
0.05 | 0.05 
.. | None 
None | 0.02 
° | None 


45.10 Fibrous. 


at 
(8) Screw C D| 46.90 ‘Fibrous, with a 
slight trace crys- 
talline. Slightly 
laminated. 
60.20 Fibrous. 


ressssssessssssss—s—e= 
RSSSRERERSRSRSSNSELSS 


| { Extension .. (4) Link GH 
NO= 8,,/{ go 


0.02 | 0.02 
| None 0.10 
| None 0.07 
i x 0.07 
0.20 | 0.30 0.85 
0.16 | 0,20 0.73 


ls f Extension .. 
lr Q=10,, 1 Set. ; 





| { Extension ¥ 
ola... .. 
ST= 
.| 3 ft. Bin, | 





b 
itslellolaclol toe ttle 
SSSR oweSSSRSSSRuase 
rrssspscooosssoosessso= 
SSLLRSAUISGRSSSSSSESS 


{ Extension 
(Set .. > 





| 
| 


TABLE II.—Trst or a Nicke.-Curome-Sreet Screw-Coupiinu. 
THE SHEFFIELD TestiInc Works. 
Report No. 87,641. September 24, 1909. 
The following are the results of pulling tests applied to one complete nickel-chrome-steel pen ae with D shackle 
and pin attached, weighing 58} Ib., received September 20, 1909, from Messrs. Thomas Firth and Sons, Limited, Norfolk 


Works, Sheffield. : 
Method of Testing. 
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a hs were marked on the screw-coupling and shackle at A B, OC D, EF, GH, 

JK, LM, NO, PQ, RS, and 8T, and the movement of these points was noted 
as the load was gradually increased. After certain loads had applied, the 
pressure was released and any permanent set noted. After the first fracture had 
taken place, the remaining portions of the coupling were re-tested until all the 
parts were broken. 





Position Loab, tv Tons. MOVEMENT AND Set, in INCHES. 


Position of Maxi- 
Fractures. Leed. 


Appearan’ of 
ractures. 


| 
80 | 32) | 35 |87$ 40. 45. | 50. 


oO 
Gauge- 


Points. 18 20 25 





| Marks. 


tons 
0.13 (9.18 
0.08 


0.05 0.06 
None 0.02 0.04 


0.08 | 0.08 0 100.12 
0.04 (0. 04/0. 05 
None |0. 02/0. 03 


Closing-in ..| 0.02 
AB= Set oe 
CD=11,, 


EF = 


4 in. 
Extension .. 
— | 
Closing-in .. 0.02 0.08 
Set .. 0.02 > 
0.08 
0.02 


0.06 
None 
0.06 
None 


81.88 Very finely granu- 
lar, with a trace 
fibrous, and a 
silky edge. 

(2) Link AB 97.40'Very finely granu- 

lar, with a silky 


P 005 0.22 (9.30 (1) Link E F* 
- 0.15 


GH=4,, {Closing-in :. 0.02 0.05 0.17 \0.22 
ma So!) Set se eal a 0.08 
JE =15,, { wor 
iNet, peda 0.04 


NO= 8,, a: 


CON 103 BNR. 


0,06 
None 


A 


92. Sees. eee 
‘8S RRESN BSE 


0.04 | 0.05 12 le 

ee (3) Link G H 109.70 Very finely granu- 
(through the lar, with a trace 
stamp N 0) fibrous, and 4 


silky 
(4) Screw 111.00 — finely granu- 
ar. 


| None 
| 0.06 |9.08 
0.02 


0.02 | 0.02 | 6.03 | 0.08 


PQ =10 1 Extension .. 0.02 \0.04.0.04 0.04 
7 a ee ae mar * ew oe o Jeo] sp | em 
RS =10 ee. a ie +s os | oe [ee | oo | OB | GOB 0.03 
* | Set .. = ee a oy Ay FEF | one; || 
| 0.14 | 0.15 | 0.20 | 0.26 jo. 2810. 30) 0.34 | 0.41 (0.52 

0.02 | 0.04 | 0.06 | 0.00 10. 10/0. 14) 0.16 | 0.22 | 


(amp) 62s. 


ST = Extension ..| 0.12 
\ 3 ft. 6 in. | (Set .. .. None 





i 





* The trunnion-pin K also sheared off at the position where the pin is reduced for riveting purposes. 
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“SOME STUDIES OF WELDS.” 
To THE Epitor oF ENGINEERING. 

Srr,—My attention has been called to a paper bearing 
the above title, read before the Iron and Steel Institute, 
and published in your much-esteemed journal of May 12, 
1911, page 617, and, referring to the same, I should feel 
sincerely indebted to you for allowing the following facts 
to appear in your journal. ae 

Considering that electric arc welding is at present com- 
paratively little used in Great Britain, the knowledge of 
the correct process must be small, or entirely wanting. 
A reference to Mr. Scott Younger’s paper, to which the 
authors of the paper above mentioned have called atten- 
tion, shows that my process is very extensively used in 
Scandinavia and in Baltic ports, and that it has stood the 
test perfectly during many years of practical work. 

I may add that a defective weld, made . during 
this time, has not come to my knowledge. ferring to 
the only illustration shown, that of an arc-welded fi 
on a steel tube, I wish to point out that a not very satis- 
factory piece of work has been done, of which the real 
specialist would not be guilty. 

As regards Mr. Law’s mention that in are welding 
the steel becomes oxidised—which is really the case in 
other methods used in Great Britain and elsewhere—I 
dare to maintain that my patented method entirely 
obviates this fatal inconvenience. And with regard to 
such welds as are specially exposed to corrosion, I wish 
to state that I have had the opportunity to inspect a 
great many repairs done according to my method, and 
that after years of wear and exposure not a single case of 
excessive or undue corrosion has been detected, be it in 
the weld or in the surrounding material. 

The great safety of my method lies in the comparatively 
low temperature of the arc employed, which, for a certain 
piece of work is unchangeable, fixed and known, and 
cannot be altered by the workman, while in other methods 
this is quite possible. ) ’ 

The electric current, as is well known, is the purest 
source of heat, and, therefore, if properly employed, is a 
purifying, and not a destroying agency. 


I remain, yours truly, 
Gothenberg, June 3, 1911. O, KJELLBERG. 





“INDUSTRIAL BURSARIES.” 
To THE Epitor oF ENGINEERING. 

Sir,—Every practical engineer will, I am sure, concur 
in all that is stated in the leading article on ‘* Industrial 
Bursaries,” in your issue of the 26th ult. oa 

The Royal Commission responsible for the administra- 
tion of the funds at their dis , due to the profits of 
the 1851 Exhibition, must find it a matter of considerable 
difficulty to spend those funds to the best advantage ; 
realising, no doubt, that it is a matter of national import- 
ance in these days of international competition. 

here is, as you know, a conference on education and 
training of engineers to take place at the end of this 
month at the Institution of Civil Engineers. May I 
venture to suggest that the Royal Commissioners might, 
with advantage, take into earnest consideration the views 
that will be expressed at this conference by the leading 
engineers of the country. Such a course might ——_ 
prove helpful to them in arriving at the most desirable 
method of expending the funds at their disposal for insti- 
tuting industrial bursaries to assist those who possess 
natural ability for engineering. 
remain, Sir, yours faithfully, 
Scotstoun, Glasgow, June 2,1911. A. F. Yarrow. 


To THE EpiTor or ENGINEERING. 

Srr,—I have read with much interest the article on the 
above subject in your issue of May 26, and the letter on 
the same subject in last week’s number, and, feeling that 
the occasion is one of first importance in connection with 
the contemplated scheme for training boys to become ulti- 
mately fitted for being captains of industry, I desire to 
support, as far as Iam able, the views you express. In 
doing this may I be permitted to say that I have had a 
somewhat extensive experience in connection with the 
training of young engineers, firstly and for some years, in 
the London district under conditions where the stress of 
commercial competition did not apply, at all events 
directly, and later under conditions where capacity is 
n ily valued in its association with profit-earning. 

In the result I have been forced to ise, incommon, 
I believe, with all engineers who have studied the ques- 
tion, that although beset with difficulty, there is at least 
strong evidence that only the man who possesses vigour, 
pertinacity, and ability, can fit himself for the position 
aimed at, and any attempt to make the road easy is fore- 
doomed to failure. 

My own opinion is that the boy should attend day 
school until sixteen or seventeen years of age, and that 
during this period he should preferably pass a coll 
matriculation examination, and, further, during this 
period any attempt to teach handicraft represents so much 
wasted time, The whole of the time spent at the day- 
school is well occupied if spent in teaching ord 
school subjects. As the boy is to be trained and fit 
to become a captain of industry, it is an essential that he 
should become acquainted with habits of discipline, and 
I know of no better method than that he should himself 
learn to obey orders, with many of which he will not be 
in sympathy, but which, nevertheless, must be obeyed if 
a is to give evidence of capacity at a later date for giving 
orders. 

At this stage, therefore, Soe Sas be placed in 
the workshops on a level with, in no way differing in 
treatment from, the ordinary workman, obeying the same 
regulations, and keeping the same working hours. This 
latter condition, in particular, refers to the necessity for 











regular attendance at 6 a.m.; and the experience thus 
—* getting to know and appreciate the workman 
rom his own standpoint will later on prove invaluable. 

During the time thus spent in the workshops, which 
should continue for a period of not less than three years, 
there is every opportunity to-day for the boy to eoome 
technical subjects of study at ni hte, It will probably be 
argued that too heavy a call is then made on the physical 
powers of a growing lad, but training for the engineering 
profession calls for the strenuous life, and any weaken- 
ing means falling behind in the race. My object in 
writing is to bring prominently forward the necessity 
for the period of training in the workshops that I 
have referred to above, of not less than three years. The 
time so spent is all too short, and cannot be further 
curtailed; while it is important, in my opinion, that it 
should be spent in the shops at a time in life when the 
capacity for learning a handicraft, and for getting into 
close touch with workmen, isat its best. It is the general 
experience of works ma‘ rs that a young man who 
enters for workshop training subsequent to the college 
course is badly placed in comparison. 

After the workshop training, the young man would go 
to a technical college for two or t years, and the 
question is, What is then to become of him? I would urge 
tbat there be no bargain to give him an engagement in 
control of men. Too much depends on temperament to 
run the risks that would be involved in doing so, and 
compensation in no small degree for the work done is 
already provided in the wider and better outlook in life 

ssessed by the man so trained; while if such men 
ail to progress, the fault is probably their own. It. 
is, however, most undesirable that the young engineer, 
at the close of his college course, should be left 
stranded, ibly—nay, probably—with no employer 
desirous of giving him an engagement; and, to avoid 
Senay nent so bad a condition of affairs, I urge that it 
should be considered of any scheme of training that 
the employer under whom the period of workshop service 
is spent should agree, if called upon, to give the man so 
trained a period of service in the works he is familiar 
with, in some subordinate capacity, until either suitable 
employment is found in the works or the young engineer 
can obtain an engagement elsewhere. 


Yours truly, 
June 7, 1911. MANAGER. 





‘* FLEXURE OF FLAT PLATES.” 
To THE Eprror or ENGINEERING. 

Str,—In your issue of May 26 there appeared an 
account by Mr. P. T. Steinthal of some interesting ex- 
pase on the deflection of flat circular plates under 

ydraulic pressure. These experiments deal with freely 
supported and with more or less “‘ fixed ” plates, but only 
in the former are comparisons of the experimental results 
and Grashof’s formule possible, so I confine the follow- 
ing observations to these. Three plottings of deflection 
and load, and notably experiments (1) and (7), show 
marked curvature indicating a diminution in the rate of 
increase of deflection with increase of load. ‘ow, accord- 
ing to the theory to be tested, the intensity of both radial 
and circumferential stress at the centre of the plates 
(taking Poisson’s ratio as 4, or m = 3) is 

5 r 

st? 
and taking the given value of 18.7 tons per square inch 
as the elastic limit, this stress would be reached for a 


pressure of 33,500 g e or, say, 19 lb. per square inch 
r 


in experiment (1); but the plotted points range from 
10 lb. to 60 Ib. (¢.¢., up to about 60 tons per square inch), 
only two points out of eleven being within the calculated 
elastic limit. But Mr. Steinthal states that the experi- 
ments were confined to work within the elastic limit, and 
that the load was run off and the deflection reduced 
to zero after practically every reading; surely this 
requires some explanation. But if a deviation from 
proportionality of deflection to load occurs due to 
the material reaching the elastic limit, an increase 
instead of a decrease in the rate of deflection is to be 
expected in a freely supported plate. Without any 
elaborate calculation, a rough estimate is sufficient to 
show that, taking the extreme deflection of } in. on 12 in. 
diameter, want of perpendicularity of the pressure to the 
original plane of the plate is utterly inadequate to account 
for the curvature of the plottings or the deviation from the 
formule. Possibly frictional resistance to sliding at the 
perimeter may account for some diminution in the deflec- 
tion. As deflection proceeds sliding motion must go on 
at an increasing rate, and the flexural effect of this force 
will increase faster than the pressure. ‘ 

Did Mr. Steinthal succeed in o——s* water-tight joint 
onasharp metallic edge under 100 1b. pressure, or was 
some assistance required in the ‘‘free” experiments? In 
any case experiments (1), (7), and (11) must, I think, be 
excluded in considering elastic experiments, although 
their explanation would be interesting. — 

Turning now to the experiments which gave straight 
lines, I select plates of similar = rtions—viz., 12in. by 
din., 18in. by Zin., and 24 in. in., being experiments 
(2), (6), and (9) respectively. ere 1s evidently an error 
in plotting the line of calculated deflections for —_ 
ment (2), for, using Mr. Steinthal’s figures, A = 0.00163 p 

ives a deflection of 0.1467in. for p = 901b., while the 

e line (Fig. 6) shows about 0.16in. Allowing for this 
correction, and reading a) ximately from the printed 
curves, the experimen values are uniformly about 
16 cent. or 17 per cent. less than the calculated ones. 
If the remaining experiments (3), (4), and (*) are included, 


the result is not very much different, and the experiments 





appear to me when —_ to point to at least a com- 
parative confirmation of Grashof’s formule for deflection. 

Various explanations of the 16 or 17 per cent. dive: ce 
are possible. The value of E given (27,800,000) is decidedly 
lower than usual ; friction at the may account for 
some diminution, and any area of the plate overlapping 
the supporting edge will be acted upon by the pressure 
and will certainly diminish (at a constant rate) the defleo- 
tion of the plate. Without further particulars it is 
impossible to estimate the effects of these possible causes. 
On the other hand, increasing m to a more probable value 
increases the calculated deflection, and if m= 4 the 
deflection is over 10 per cent. greater than for m = 3. 

It may be to point out that in the thin plate under 
pressure the limit of elastic strength is substantially the 
same on the maximum shear-stress (or stress-difference) 
theory as upon the maximum principal stress theory 
assumed above; upon the maximum strain theory it is 

m 
m-1 
The equivalent stress on this last theory is only —_ 
times the maximum stress stated above, but is very 
frequently quoted in English text-books as the actual 
stress, although recent experiments and discussions on 
ductile materials tend to contradict the maximum strain 
theory. Such values in books which adopt the other 
theories in all other cases point to unintelligent quotation 
of Grashof’s results, ignoring the fact that much German 
work is built upon the a that elastic failure 
depends upon the magnitude of the maximum strain. 

Yours faithfully, 
ARTHUR Mor.ey. 

7, Eber’s-road, Nottingham, June 6, 1911. 


times greater—t.e., some 33 to 50 per cent. greater. 
1 





Tue CLEVELAND Bripck AND ENGINEERING Company, 
LimITED.—We have received a letter from the Cleveland 
Bridge and mepeneens Company, Limited, Engineers, 
Darlington, calling attention to the fact that we omitted to 
state, in our description of the Middlesbrough Transporter 
Bridge (which we illustrated on 626 and 627 ante), 
that they were the engineers for the design and consulta- 
tion purposes on behalf of the Borough of Middlesbrough, 
and that the actual direction and supervision of the work 
was carried out by the borough engineer. They also point 
out that the design of the roller-lift span for the new 
bridge over the River Suir at Waterford (which we illus- 
trated in our two-page plate accompanying our issue of 
May 5) originated with them, but that the drawi 
which we received from Messrs. Mouchel and Partners, an 
which we fe. have since undergone some modifi- 
cation and do not represent the final form. We regret 
that we seem to have done injustice to the Cleveland 
Bridge and Engineering Company, Limited, who have 
done so much original work in connection with bridge- 
building and with constructional steel work generally. 





Tue Copper Market.—In their monthly report dated 
the 1st inst., Messrs. James Lewis and Son state that the 
demand was very inactive until the announcement of the 
decision of the United States Supreme Court in the Stand- 
ard Oil Case. This, proving more satisfactory than was 
gooey, expected, exercised a favourable influence on the 

ew York Stock Exchangeand on American businessgener- 
ally, including the copper market. Considerable sales of 
electrolytic were made at 122 cents per pound, and standard 
advanced from 54l. 7s. 6d. for cash on the 16th ult. to 
551. 7s. 6d. on the 24th, three months prompt selling at 
56. After receding to 54/. lls. 3d. on the 26th, cash 
standard in rose to 55/. 3s. 9d. on the 3lst. On the 
lst inst. the closing values were 55/. 2s. 6d. cash and 
551. 13s. 9d. three months prompt. Sales had totalled 
about 24,000 tons. Speculators had been once more 
attracted to the copper market by the low level of prices 
and the p’ t of increased consumption in the United 
States, which, in conjunction with the existing large 
consumption of Europe, promised to exceed present pro- 
duction and bring about a material reduction in the stocks 
held on both sides of the Atlantic. 





Tae CommerctaL-Mortor ‘Users’ AssocraTion.—This 
association organised, in December, 1907, a competition 
for good driving, with the object of encouraging drivers 
of commercial motor vehicles and tractors to take a 
personal interest in the driving and the condition of 
their vehicles, and to run them without accident. The 
movement was followed in 1908, 190¥, and 1910 by similar © 
competitions, and it has always proved highly successful. 
This year’s parade was held on Monday last, the 5th inst. ; 
it comprised 392 vehicles of the various types, used 
ae pny | for the carriage of goods, which were distri- 
buted in the streets in the vicinity of Karl’s Court. The 
chairman of the judges’ committee was Colonel R. E. 
Crompton, C.B., M. Inst. C.E., M.I.M.E., chairman of 
the association, who, in the course of a speech at the 
lunch held at the Old Welcome Club, Earl’s Court, which 
followed the awards, explained the purpose of the asso- 
ciation, the work it had already carried out, and the 
future which lay before it. Among the prizes which 
were distributed, we may mention thut the first champion- 
ship prize, of 7/. 10s., was awarded to Driver Grover, of 
the Senet Post Office ; the second J ey of 5l., going to 
Driver Hughesden, of the Eastern Motor Company ; and 
the third, of 3/., to Driver Spurrier, of Messrs. James 
age anf Sen, P apm - ve —_ there were a 

ge number of other prizes —for the appearance of 
vehicles, freedom from idents, &. The proceedings 
lasted over twelve hours—from 4 a.m., when the com- 
mittee commenced marking out the stations, until = 
4 p.m., when the vehicles commenced to disperse. Not- 
withstanding the large number of the latter, everything 
passed off most satisfactorily. ’ 
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THE NEW DEEP-WATER DOCK AT 
SOUTHAMPTON. 


Tue energy and enterprise which have charac- 
terised the management of the Southampton Docks 
since they were taken over by the London and 
South - Western Railway Company in 1892 are 
being well maintained. It was as late as October, 
1905, that the most recent graving-dock at the 
port was opened, and yet at the present moment 
this dock is being reconstructed and enlarged, in 
answer to the great increases which have taken 

lace in the size of vessels in the last few years. 
. addition to the alterations to this graving-dock 
—the Trafalgar—however, a new deep-water dock 
is being constructed, and is so far advanced that 
the 45,090-ton liner Olympic was berthed in it at 
the end of last week. On the invitation of the 
chairman and directors of the London and South- 
Western Railway, and of Messrs. Ismay, Imrie, 
and Co, we had an opportunity yesterday of 
inspecting both the dock and the liner lying in it. 
The dock is as yet incomplete, but a brief descrip- 
tion of its main features should be of interest, and 
we publish on Plate XLII., this week, and on this 
and the opposite pages, some illustrations showing 
various stages in its construction and its present 
appearance. It is unnecessary in this article, how- 
ever, to refer further to the Olympic, beyond 
expressing our thanks for the courtesy extended to 
us during our visit, as we have already dealt with 
the ship in some detail,* and hope to describe and 
illustrate the passenger accommodation and arrange- 
ments in an early number. 

The situation of the new dock, in relation to the 
older ones, is shown in the map forming Fig. 1 an- 
nexed, The dock is the shape of a parallelogram, 
and has a length of 1700 ft., with a width of 400 ft. 
It has a depth of 40 ft. at low water of ordinary 
spring tides. At high water the depth is 53 ft., the 
tidal range being about 13 ft. As is well known, 
Southampton possesses the advantage of a double 
tide, owing to its situation in reference to the Isle 
of Wight, so that the dock will enjoy practically 
four hours of high water every tide. No entrance 
gates are provided, as the depth is sufficient to 
allow any existing ship to float at low water. The 
entrance channel from the sea to the dock is 32 ft. 
deep at low water of spring tides, and dredging 
operations are now in progress to deepen it to 365 ft. 
It is also intended to dredge out a basin at the 
entrance to the dock to a still greater depth, in 
order to allow ships of any size to manceuvre for 
position when entering. When completed, the 
dock will be pee by quay walls constructed 
of Portland cement concrete. These walls are now 
completed at the closed end of the dock, and for 
the northern halves of the side quays. The 
southern portions are now being dealt with. 
The present state of affairs is well shown in Fig. 2, 
on page 757, which has been = from a 
photograph taken on the 13th of last month. This 
view shows the end berth and the northern berth 
on the east side, at which the Olympic is now lying. 

The quays of the dock are to be equipped with 
electrically-driven cargo-cranes, of which two are 
shown in position in Fig. 2. There will ultimately 
be four of these cranes for the north-east berth— 
two of 5 tons and two of 35 cwt. The width of the 
quay between the coping and the shed is 35 ft., and 
two lines of rails are carried down it for railway 
trucks. The cranes are built to straddle the trucks, 
and travel on rails laid inside and outside the other 
lines. They are being supplied by Messrs. Stothert 
and Pitt. As shown on the map, the railway tracks 
are connected up to the marshalling-yard and 
general system of sidings of the docks. In addi- 
tion to the cranes two moving bridges, or stages, 
will be fitted, and arranged to travel along the 
quay. These will be used for the transfert o - 
sengers to or from the liners to the open len 
which runs along the front cf the sheds, as shown 
in Fig. 2. This gallery communicates with stair- 
cases inside the shed, from which passengers will 
have access to or from their trains which will be 
drawn up inside the shed and on the side remote 
from the quay. One of these staircases can be 
seen in the background at the right-hand side of 
Fig. 3, which illustrates the interior of the shed 
already constructed. The shed contains waiting- 
rooms, lavatories, baggage-rooms and other suc 
conveniences as are necessary for the handling of 
the passenger traffic. 


* Sve ENGINKERING, page 678 ante, and vol. xc., page 564. 





The shed already constructed, alongside the north- 
east berth, and illustrated in Figs. 2 and 3, is of 
the single-story type; but it is intended to build 
a double-story shed on the south-east quay. The 
shed illustrated is a steel-framed structure with 
corrugated-sheeting sides, and roof constructed of 
planking covered with Graves’ felt. It is 640 ft. 
long, and is built in two spans, each 60 ft. wide, 
the point of meeting of the spans being carried by 
a row of centre columns spaced 20 ft. apart. The 
details of the steel-work, which was supplied by 
Messrs. Heenan and Froude, will be clearly seen 
from Fig. 3. The foundations consist of concrete 
piles driven on the ‘‘Simplex” system. The 
flooring is of wood laid on cross-stringers, and is 
well shown in Fig. 3. In addition to the new 


sheds a block of offices for the White Star Line is 
being built alongside the dock by Messrs. Perry 
and Co., of Bow. Four outside quays are also 
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The greater part of the spoil was dumped out at sea, 
although a portion of it was used to raise the 
mudlands belonging to the Southampton Corpora- 
tion, on the western shore. The material which was 
carried out to sea had to be taken to the far end of 
the Isle of Wight, a distance of some 25 miles. It 
was loaded into steam-hoppers from a staging 375 ft. 
long and 40 ft. high, which was built out over the 
river, and up to which a rope railway was led from 
the bottom of the excavation. The ae pee 
were filled directly by the navvies, and were then 
drawn up the sloping railway to the stage. 

When the excavation had been taken to a depth 
of 30 ft., timbered trenches were sunk for the 
foundations of the quay walls, as shown in 
Figs. 5 and 7, on Plate XLII. The trenches were 
43 ft. wide and 45 ft. deep, so that their bottom 
was 75 ft. below quay-level Considerable diffi- 
culty was experienced with these trenches owing 
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being built, and are shown in Fig. 1. These range 
in length from 330 ft. to 610 ft., and will all prob- 
ably be completed this year. 

The new dock is being constructed by Messrs. 
Topham, Jones, and Railton, Limited, the contract 
having been let in October, 1907. Before the works 
were commenced the site consisted mainly of a bare 
mudland, facing the River Test, which had been 
largely used as a tipping - ground for steamers’ 
ashes. It was shut off rom the river by means of 
a more or less porous chalk bank, through which 
the water found ite way at every high tide. The 
bank, however, formed a good protection, and it 
was decided that, in order to work on the site, it 
would be more satisfactory to make the bank water- 
tight than to go to the expense of constructing an 
outer cofferdam. Accordingly, a sheeting of timber 

iles was driven along the toe of the bank, and its 
ace was covered with stone-pitching grouted with 
cement. Excavation was then carried down to a 
depth of 30 ft. below quay-level by means of steam- 
navvies, which removed about 5000 cubic yards a 
day. Electrically-driven centrifugal pumps drawing 
from a specially constructed sump were installed for 





dealing with any leakage. A view of the excavation 





work at this stage is given in Fig. 4, on Plate XLII. ! 


to the influx of water, and various special arrange- 
ments had to be resorted to in order to prevent 
interruption of the work. The foundation walls 
were built of Portland cement concrete, the 
gravel coming from Langston Harbour and the 
cement from the Thames district. The machine 
mixing-plant which was installed was capable 
of turning out 1000 cubic yards of concrete a day. 
After the completion of the walls to the quay-level, 
dry material from the excavation was filled in 
behind them, and a flat area formed for the erec- 
tion of the sheds and the laying out of the approach 
roads. In the construction of some portions of the 
walls, more icularly towards the outer end of 
the dock, and in the case of one of the outer walls, 
the preliminary excavation was omitted, and the 
timbered trenches were sunk from quay-level, the 
total depth of 75 ft. calling for considerable skill 
in the erection of the tialinieg. After the com- 
pletion of the walls to a sufficient length to allow 
the dock to be used, the earthwork blanket at the 
south end was cut through, and the water permitted 
to enter, the excavation of the bottom of the dock 
then being completed by means of bucket-ladder 
dredgers. The excavation of the entrance channel 
and the turning basin was also carried out at the 
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same time. Four dredgers and thirteen hoppers 
were employed on this work. 

Although the general method employed in the 
construction of the walls was as described above, a | 
different system was used, and is being used, in the | 
case of two of the outer walls and part of the) 
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western side of the entrance. In these cases, after 
preliminary dredging, the walls were built under 
water in a trench formed by two rows of sheet- 
piling. When the piles were driven the trench was 
finally excgvated with grab-dredgers, and cleaned 
up by divers, and the foundations were formed of 





View Insipe Stncte-Story SHep; May, 1911. 


mass concrete lowered through the water in tipping- 
boxes. Above dredging level the walls were 
formed with 8-ton concrete blocks at back and 
front, filled in with a hearting of mass concrete. 
This style of construction was continued to above 


|low-water level, after which mass concrete, laid 
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between shuttering in the usual way, was used. 
When the walls reached quay level they were 
banked up with ashes or selected material. A 
view showing the concrete-block work is given in 
~ 6, on Plate XLII. 

Jp to the present the work has been in hand 
for about 34 years, and the quantities dealt with 
have been as follow :— 

Open excavation ... ‘ ... 873,000 cub. yds. 

Trench excavation ow ... 818,000 ee 

ging ... ae 

Concrete laid ies 

Portland cement used 

The number of men employed has generally been 
from 800 to 1200. Twenty divers have been en- 
gaged in setting the concrete blocks, &c., while 
the plant employed has embraced 85 machines, 
including locomotives, steam -navvies, cranes, 
pumps, pile-drivers, winding-engines, air-com- 
pressors, &c. 

As already mentioned, in addition to the new 
deep-water dock at Southampton, alterations are 
being made to the Trafalgar graving dock, in order 
to render it suitable for taking the largest modern 
steamers. The dock, the position of which can be 
seen in Fig. 1, was opened in 1905, and it is — 
to have the alterations completed next year. The 
widening is being effected by cutting away the faces 
and setting back the altars, the loss of weight 
being compensated for by building counterfort 
walls at the back of the existing walls. To gain 
extra length a small triangular portion is being 
cut out at the north end, and the gates are 
being replaced by a sliding caisson. Up to the 
present it has been customary to dock ships at high 
tide only, and owing to the long period of high 
water it has always been possible to complete this 


operation before the tide ebbed. The gates were | Rese: 


accordingly only arranged for shutting water out 
from the dock. The new caisson, however, will be 
double faced, and so capable of holding up the 
water-level inside the dock, while the tide is falling 
away, should any extraordinary delay in the dock- 
ing operations arise. The existing pumps are 
arranged only for emptying the dock, but a new 
one is being provided to fill it, so that it will be 
possible to maintain or increase the depth of water 
in the dock even while the tide is falling outside. 
The dimensions of the dock before and after 
alteration are as follow : — 
Before After 

Alteration. Alteration. 

Ft. Ft. 

875 897 

90 100 


102 
125 
35 


Length over all 
Width at entrance ... 
Width 
altars “ti eee 4 
Width inside at co a 
Depth over sill H. W.0.8.T. 
bloc! 


” ks ” 


inside at lowest 


90 
125 
33 


(or more if 
required) 

The slight decrease in the depth over blocks is 
due to the fitting of a new range of blocks heavier 
than the old ones. 

The design for and the supervision of the whole 
of the works has been in the hands of the London 
and South-Western Railway Company’s Dock 
Department, of which Mr. T. M. Williams is the 
manager. Mr. W. R. Galbraith, M. Inst. C.E., 
has acted as consulting engmeer, and Mr. F. E. 
Wentworth-Sheilds, M. Inst. C.E., as engineer. 
The contractors have been represented by Mr. 
R. H. Taylor and Mr. J. Stevenson. We 
are indebted to Mr. Wentworth-Sheilds for the 
information on which this description is founded, 
and for the photographs from which our illustra- 
tions are taken. 





Licut Rat.ways.—The Board of Trade have recently 
confirned the under-mentioned Order made by the 
Light Railway Commissioners :—North Lindsey Light 
Railways (Amendment) Order, 1911, amending the North 
Lindse ht Railways Orders, ‘900 to 1906; the Great 
Central Railway Act, 1907, and the Great Oentral Railway 
(Various Powers) Act, 1909; and for other purposes. 


Larcr Powsr-Station in Norway. — The important 
installations at Saaheim are now approaching their com- 
pletion, and the testing of the turbines commenced in the 
middle of May. There are altogether 10 turbines at the 
Vemork power-station, each of 14,450 horse - power 
capacity. One-fifth of the entire installation will be 
started at work in the month of July, and by degrees the 
other four-fifths will come into operation, so that the 
whole of this imposing installation is expected to be in 
full ene at the end of the year. The water-power is 
pe sma y ee Se Se AX. annual production of 

cium nitrate is estimated at tons, representing a 
value of about 600,000Z. si 





WORKMEN’S COMPENSATION CASES. 
Houser or Lorps. 


Concurrent Contracts.—A point of some importance to 
workmen, and especially to men on the Royal Naval 
Reserve, was decided in a workman’s compensation case 
which came before the House of Lords on Junel. The 
appellants were the owners of the s.s. Raphael, of Liver- 
pool, and the respondent was a fireman named Brady, to 
whom the County Court Judge had awarded compensa- 
tion under the Workmen’s Compensation Act, for 
injuries received in the course of his employment, by 
which he was temporarily disabled for his work on the 
8.8. Raphael, and permanently disqualified for service on 
the Royal Naval Reserve. In estimating the man’s 
average weekly earnings as a basis of compensation, the 
Judge reckoned his earnings as fireman in the service 
of the owners of the s.s. Raphael, together with the sum 
of 6/. a year, which he had from the Royal Naval Reserve. 
Under concurrent contracts of service the fireman was 
entitled to add to his weekly earnings the retainer of the 
Royal Naval Reserve by which the Admiralty secured 
his services when called upon. 

The sole issue in dispute was as to whether or not 
the amount of the retainer should be added to the 
** average weekly earnings,” for the purpose of estimating 
com pensation. 

The shipowners contended that by Section 9 of the 
Workmen’s Compensation Act the Admiralty had no 
liability in respect of the workman’s compensation. 
The clause on which the shipowners relied excludes from 
the operation of the Act all sailors, firemen, soldiers, 
&c., in the employment of the Navy and Army. The 
contract bstween the fireman and Royal Naval rve 
was not @ concurrent contract, and it could not be coupled 
with the fireman’s contract with the steamship owners, 
for the service as naval reservist had no connection with 
the service on board the s.s. Raphael. This may seem 
not unfair, but the County Court Judge took the view 
that the terms of the contract of service depended on 
by the fireman were concurrent with his contract with 
the Royal Naval Reserve. The Court of Appeal upheld 
the decision of the County Court Judge that enrolment 
of the ship’s fireman as a member of the Royal Naval 
rve constituted a concurrent contract of service 
within the meaning of the Workmen’s Compensation Act. 

The House of Lords, in dismissing the shipowners’ 
appesl, held that the object and meaning of Section 9 of 
the Workmen’s Compensation Act was only to exempt 
the Crown in cases between the Crown and persons in 
the service of the Navy and Army—1.e., where Navy and 
Army men are claimants under the Workmen’s Compen- 
sation Act. The opinion of the House of Lords was that 
this was a typical case of concurrent contract, because the 
fireman was at the same time working on board the s.s. 
Raphael and engaging with the Admiralty that he would 
keep himself fit and ready for naval service. The accident 
for which he claimed compensation from the owners of the 
8.8. Raphael occurred while at work, and had permanently 
unfitted him for naval service, which was the equivalent 
for the 6/. a year retainer. 

The steamship-owners, had they upset the decision of 
the County Court Judge and the Court of Appeal, would 
have destroyed the privilege which the Admiralty allows 
to naval reservists. This case shows that, while Section 9 
applies to certain cases, it is intended in the schedule of the 
Act that the Crown may also be employers, and, as in the 
case of Naval Reserve men, be parties to concurrent con- 
tracts. It is now clear that the proportion of Naval 
Reserve pay is to be added to the weekly earnings of the 
workman at the time of the accident, and to be the basis 
of the workman’s earnings, to one-half of which he is 
entitled from his employers as compensation under the 
Act of 1906. 

Court oF APPEAL. 


Recording an Agreement.—In the Court of _ on 
the 1st inst., the case of McCarthy v. Stapleton Brether- 
ton came from the Judge of the County Court of St. 
Helens and Widnes, who had allowed the recording of 
an agreement between the employer and workman to the 
effect that the workman as casual labourer had been 
injured, and was to receive 9s. a week during total and 
partial incapacity. The master had been most generous 
and paid the man 9s. a week while he was in hospital, 
and had also paid the hospital expenses. The workman, 
in applying for registration of an agreement, claimed that 
the employer to pay 9s. a week during partial 
as well as total incapacity, which was denied. The 
Court of Appeal differed with the County Court, 
holding that the facts, as revealed by the correspon- 
dence, did not prove an agreement to pay during partial 
incapacity, and the applicant did not give sworn evidence 
in court, On the facts, the County Court Judge found for 
the workman. But the Master of the Rolls, in giving 
judgment, held there was not any evidence that it was 
that the master should pay — partial incapa- 
city. It was a most extraordinary case, for it would seem 
that on the facts the County Court Judge had misdirected 
himself. The case brought by the labourer was hopeless. 
There was only his own statement that the employer pro- 
mised to pay him 9s. a week as long as he was unfit for 
his work, but he Bn no rier to _ that Ay an 
ment to pay during tial, as well as total, incapa- 
ony. The Court of ye By their judgment, said there 
was no objection to record the memorandum of agreement 
limiting payment to total incapacity, with a note to the 
effect that the workman had returned to work. With 
this variatien the appeal was dismissed. 
Tur Court or SEssion. 
An appeal was made by the Aucherlea Colliery Com- 


wend against the award of the Sheriff Substitute, who 
ound in the case of Robert Kelly, a miner, that the de- 





ceased, with his brother, was at work in the seam, and 
had occasion to fire an explosive, and returning in a few 
minutes found the place bibles with the gas which the 
pete generated. As a result one of the brothers 

ied of pneumonia brought on by the accident in the 
mine, cal the dependants were awarded the sum of 2211. 
as compensation. The employers appealed on the ground 
that the workman’s death was not an accident, but by a 
natural disease—pneumonia. 

Medical evidence, however, proved that the poisonous 
gas created by the explosion was the immediate cause of 
the man’s death. But as this effect of using gunpowder 
in blasting is not unusual or unexpected, the question 
arose, Was it an accident? During the three months 
that the deceased and his brother worked in the pit, 
they both suffered headache and nausea as a result of 
inhaling noxious gas. The degree of deadliness varied 
in proportion to the degree of ventilation. The Court 

with the Sheriff Substitute in his inference that 
the man’s death by pneumonia was ‘“‘an unexpected or 
unusual occurrence” through following daily blastings 
of gunpowder. 

According to the appeal cases in the Courts, it appears 
that this icular case had all the elements of an acci- 
dent. It is true the definition of an ‘‘ accident” has often 

m disputed, as in the words of the Act it is vague. 
The Jud held the man’s injury was unforeseen and 
accidental, as the effect of the presence of monoxide 
was the result of gunpowder-blasting on this particular 
occasion. As this chemical combination in certain propor- 
tions brought about the workman’s disease, which ended 
fatally, his death was therefore caused by accident, and 
not by any natural a? of disease, apart from the 
injury. It was, as the President of the Court said in 
dismissing the coal company’s appeal, an accident, or the 
unexpected result, in this case, of a known cause, which 

reed with the legal definition of an “‘ accident” within 
the meaning of the Workmen’s Compensation Act. 





Messrs. Vickers, Limitep.—The new building which 
Messrs. Vickers, Limited, have had erected specially for 
their London offices will be opened on Monday next, and 
the address of the firm will then be Vickers House, 
Broadway, Westminster, 8S. W. 


IRRIGATION Works IN Trans-CaucasIA AND TURKE- 
sTAN.—The Russian Government authorities have pre- 
pared a comprehensive plan for the irrigation of vast 
areas of Crown lands in Turkestan and Trans-Caucasia, 
which are otherwise fertile, but sadly in need of water. 
It is proposed to farm out the land in question on ninety- 
nine years’ agreements, which provide for the supply by 
the authorities of necessary irrigation water in proportion 
to the area of the farm in question. State assistance for 
the building of railways in these districts is also included 
in the scheme, which altogether is very favourable for 
the farmers. 


DrarTH OF Pic Iron IN Russta.—Of late there has 
been an insufficiency of pig iron available in Russia so 
far as foundry pig was concerned, the iron works of 
Southern Russia going in for the manufacture of other 
products, which left a lack of coke for the manufacture 
of foundry pig. Various means have been proposed for 
the remedy of this state of affairs; as, for instance, to 
cover the deficiency with Ural pig iron, of which stocks 
appear to have been available and which is admittedly 
soll eulted for raged purposes. It has been objected 
that owing to its different nature the Ural pig iron re- 

uires a different treatment from that of South Russia. 
y meee iron works which had used Ural pig iron, and sub- 
sequently had gone in for South Russian pig on account 
of its lower price, have experienced considerable trouble 
in consequence. The reduction of the duty on foreign 
pig iron and on the railway tariff, has also been sug- 
gested, but the latter would hardly be acceptable to the 
railways. The authorities have recommended the South 
Russian concerns in question to exert themselves so as 
to alleviate this state of affairs, and in the meantime 
to try to make up for any deficiency by using Ural pig 
iron. 


CONSTANTINOPLE TELEPHONE SysteM.— Messrs. F. Gill 
and W. W. Cook, engineer-in-chief and assistant engineer- 
in-chief of the National Telephone Company, have been 
appointed consulting engineers to the Constantinople 
telephone scheme, the formal agreement for which was 
executed between Djavid Bey, then Minister of Finance, 
and Mr. Herbert Laws Webb, at Constantinople, on 
May 6 last. A staff of engineers left London this week 
to make a telephonic survey of Constantinople, and to 
prepare plans and specifications for the system, which is 
to am an original capacity of 10,000 lines, and to be 
ready to start service in July, 1913. Mr. John Scott is in 
Foe (4 of the engineering force, and the work he has in 
hand is one of many difficulties, as Constantinople is the 
most peculiarly situated of all European capitals. The 
city is divided by the Bosphorus, which is deep, and has 
swift and variable currents ; moreover, it is extensively 
used as an anchorage. The European section, again, is 
divided by the Golden Horn, an arm of the sea over which 
there is no permanent bridge. In all parts of the city 
the streets are extremely primitive, narrow, winding, and 
ill-paved, and many of them are precipitous hills. No 
telephone service yet exists in Turkey, all modern facili- 
ties havi ebarred by the ex-Sultan. Exact 
statiotion 40 not exist, but the population of the area is 
estimated at between 1,000,000 and 1,250,000 inhabitants. 
Means of communication are at present so primitive and 
expensive that a large demand for the telephone service | 
is anticipated. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

clasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was easier, and Cleveland warrants were 
done at 46s, 4d. cash, 46s. 54d. eight days, 46s. 5d. five days, 
46s. 6d. fourteen days, 47s. 1d. August 29, and 47s. 14d. 
three months. The turnover amounted to 4000 tons, and 
closing sellers quoted 46s. 44d. cash, 46s. 7d. one month, 
and 47s. 1d. three months. Buyers of hematite offered 
62s. cash and 62s. 44d. one month, and sellers quoted 
62s. 74d. one month. In the afternoon the market was 
weak and quiet, and the business consisted of 2500 tons 
of Cleveland warrants at 46s. 34d. cash and 46s. 6d. one 
month. At the close the quotations were 46s. 3d. 
cash, 46s. 6d. one month, and 47s. three months 
sellers. A slightly stronger tone — on Friday 
morning, when 4000 tons of Cleveland warrants were dealt 
in at 46s. 4d. cash, with sellers over at 46s. 4d. cash, 
46s. 7d. one month, and 47s. 1d. three months. No 
dealings of any kind were recorded in the afternoon, and 
Cleveland warrants were the turn firmer, with sellers 

uoting 46s. 5d. cash, 46s. 74d. one month, and 47s. 14d. 
three months. Hematite was quoted 62s. 3d. cash and 
62s. 6d. one month sellers, and buyers quoted 62s. 6d. 
three months. Whit Monday was observed as a 
holiday, and when business was resumed on Tuesday 
morning the tone was dull, and Cleveland warrants 
were easier. The business consisted of two lots at 46s. 34d. 
cash, and 47s. 04d. three months, with sellers over in each 
case, and at 46s. . one month. The afternoon session 
was also quiet, and the total turnover was one Cleveland 
warrant at 46s. 3d. cash, and closing sellers quoted 46s. 3d. 
cash, 46s. 6d. one month, and 47s. three months. When 
the market opened to-day (Wednesday) Cleveland war- 
rants were again easier, and 3500 tons were done at 46s. 3d. 
and 46s. 24d. cash, 46s. 54d: July 11, and 46s. 1 three 
months. At the close there were sellers at 46s. 24d. cash 
46s. 54d. one month, and 46s. 11d. three months. In the 
afternoon the market was weak in tone and almostidle. The 
turnover was limited to 500 tons of Cleveland warrants at 
46s. 24d. cash, with sellersover at that figure and at 46s. 54d. 
one month, and 46s. 11d. three months. The following are 
the market quotations for makers’ (No. 1) iron :—Clyde, 
60s. 6d.; Calder and Gartsherrie, 61s. ; Summerlee, 
63s. ; Langloan, 64s. ; and Coltness, 82s. 6d. (all “—ee 
at Glasgow) ; Glengarnock (at Ardrossan), 64s. ; Shotts 
(at Leith), 61s. 6d. ; and Carron (at Grangemouth), 63s. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia is not quite so active of late, and during the 
past week there To been little change in price. The 

uotation to-day is 13/. per ton for prompt delivery, 
Glaapenr or Leith. The total amount shipped from Leith 
Harbour last week was 2416 tons. 


Scotch Steel Trade.—The scarcity of specifications for 
heavy material continues, but at the various steel works 
in the West of Scotland a fair tonnage is being put 
through. Export orders are much about an average, but 
new business for the home market shows little sign of 
increasing. Angle makers are quiet, and no improve- 
ment is reported. Black sheet makers are being kept 
busy, while the demand for thin plates and light sheets, 
for India, Australia, and Japan, is exceedingly good. A 
healthy inquiry is reported for structural material for 
Colonial requirements, and there are prospects of a fair 
business resulting. 


Malleable-Iron Trade.—The Scotch malleable-iron trade 
has undergone no change since last week, and the current 
price is still based on 6/. per ton, less 5 per cent., for 
crown bars. Work is only being carried on in a hand-to- 
mouth way, and there is httle hfe about the business at 
present. Continental competition is still very keen. 


Scotch Pig-Iron Trade.—A fairly good demand still exists 
for the ordinary qualities of Scotch pig iron, and inquiries 
for considerable quantities for export are presently in the 
market. Consumers in the South are taking good 
deliveries, but local buyers continue to hold back. A 
lot of 1500 tons of No. 3 Eglinton pig iron has just been 
sold for shipment to Russia. With the exception of a 
small quantity of Shotts iron, which already been 
despatched, this is the first lot of Scotch pig iron sold for 
shipment to the above country since the alteration— 
temporary, of course—of the import duty. Hematite is 
dull and quiet, and the present price is named at 65s. 
per ton by sellers. 

Shipbuilding.—The Scotch shipbuilding returns for the 


past month were very due mainly to the great 
output on the Clyde. The figures for the month are :— 


Vessels. Tons. 

The Clyde .. << an 28 93,846 

The Forth .. é a a 4 1,124 

Them .. ss ay ‘ 2 2,400 
The Dee... ma ‘ og 7 

Total 41 98,250 


The Clyde output given above constitutes a record for 
the month of May in any year, as it is 31,600 tons above 
the previous best for the same month, which was May, 
1907, when the total was 62,246 tons. It is also larger by 
33,491 tons than the — best month of this year, and 
is, in fact, only second to the highest output for any single 
month on record. The latter is held by June, 1 when 
the total was 36 vessels, of 124,544 tons. Shonld nothing 
untoward during the remainder of this year, the 
prospects point to 1911 making a record which will 
a lot of beating. Order-books are fairly well filled at the 
present time, and during the past few weeks there have 
been not a few important contracts fixed up. For the 
year to date Clyde shipbuilders have launched 112 
vessels, with a total of 257,386 tons, against 154,6ul tons 





for the same period of last year, and 242,392 tons for the 
first five months of 1907, the last being the previous 
record for the period named. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Trend of Industry.—Some interesting particulars 
bearing upon the rapidly multiplying factors which 
influence large manufacturing concerns are to be found in 
the recently issued report of Messrs. William Cooke and 
Co., Limited. Although profits, after a fairly year, 
have slightly lnavenaadt ter the 74 per cent. dividend is 
maintained—it is stated that the increased and fluctuating 
price of pig iron, steel billets, and other raw material, 
compared with the price obtained for the manufactured 
article, has made it impossible to earn such a profit as the 
capital and largely increased output is entitled to. 
Amongst the other things quoted as adding to the firm’s 
difficulties are increased rates, workmen’s compensation, 
Imperial taxation, and keen competition. The various 
departments were fairly well pc pe during the year, 
with the exception of the bar-mills and forges. 


South Yorkshire Coal Trade.—The demand for steam 
coals went up towards the end of last week, largely owing 
to the increased ordering to meet holiday requirements, 
for shipments remained at about the same re, and 
are, in fact, hardly as large as was expected. Inc 
demands are, however, expected shortly. Prices are 
mostly firm, with the exception of slight reductions in 
steam nuts. There is a fair amount of gas con- 
tracting, but the totals are rather below the average. 
Slacks are better placed and there are fewer stocks. 
The price tendency inclines to be upwards. The hot 
weather has brought down the house-coal transac- 
tions to a very low re. Merchants have experi- 


,| enced a great scarcity of orders, and collieries are 


finding ordering very sluggish. Small quantities only 
are "being bought just as they an Sania, with 
the result that stocks at pits are rapidly increasing in 
spite of reduced working. A few house-coal contracts 
have been renewed without any alteration in price, but 
for the most part buyers are endeavouring to obtain easier 
terms. Quotations on ’Change at the week-end were :— 
Best branch hand-picked, 13s. to 14s.; Barnsley best 
Silkstone, 11s. to 12s. ; Silkstones, 9s. to 10s.; Derbyshire 
house, 8s. to 9s. ; large nuts, 7s. 3d. to 9s.; small nuts, 
5s. 6d. to 6s. 6d. ; Derbyshire ponte, 10s. to lls. ; York- 
shire hards, 8s. 3d. to 9s. 6d.; Derbyshire hards, 8s. to ‘s. ; 
washed nuts, 7s. 9d. to 8s. 9d.; rough slacks, 5s. 3d. to 7s.; 
smalls, 1s. to 28, 3d. 


Tron and Stecl.—The iron market shows signs of a slow 
improvement, and makers will not look at business where 
lower prices are offered. Buying has been a little brisker, 
but the holidays practically coimciding with the end of 
the half-year will check the growth of activity. The 
excess of production in hematites has been reduced by the 
shutting down of several furnaces, and the same cause 
has operated to steady prices. West Coast hematites are 
being quoted at a slight reduction—76s. to 78s. Common 
irons are very depressed, and buyers show no inclination 
to come into the market. Producers of scrap iron and 
steel have considerable stocks on hand, and in view 
of the big output of steel in the locality, they find the 
present stagnant state of trade pever nam oD difficult to 
account for. Sales of tungsten are still on the small side. 
In several branches of the steel trade, although manu- 
facturers are at present busy enough, there isa fear that 
work will be scarce in the immediate future, as orders are 
so slow in coming forward. The armament departments 
are practically the only ones which are still working at 
full pressure. The demand for rye 4 steel, particularly 
from foreign users, remains at a high level. The large 
firms are not adopting absolutely uniform methods in 
regard to the holidays. Some recommen work on 
Tuesday, in view of the Coronation sto) which in 
mamy cases will be for a whole week, whilst other firms 
remained closed down on the Tuesday, and intend only to 
make the one-day stoppage for the Coronation. Com- 
petition is increasing in the special steel trades, but there 
is a very big demand to be shared, and most of the firms 
have satisfactory order-books. Practically all the lighter 
trades are very well occupied. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The market was re-opened 
to-day after the holidays, but very few people attended 
*Change, and there was next to no business ing. 
Those who were t, however, were inclined to take 
a fairly cheerful view of the outlook, and predicted that 
the summer and autumn months would be characterised 
by a deal of ——, No. 3 g.1a.b. Cleveland pig 
was 46s. 6d. f.0.b.; whilst No. 1 was 50s.; No. 4 foundry 
and No. 4 forge, each 46s.; and mottled and white iron, 
each 45s. 9d.—all for early delivery. The hematite branch 
of the staple industry was very quiet, but makers reported 
that their stocks were steadily decreasing, and as they 
were not disposed to sell at market rates, business was 
left entirely with merchants. The general quotation for 
early delivery of Nos. 1, 2, and 3 East Coast brands was 
62s., but it was understood that purchases could be made 
from second hands at a little below that figure, and in 
fact as low as 61s. 6d. was named. Business in foreign 





take | ore was stil] idle, and nominally quotations were based 


on 20s. ex-ship Tees for Rubio of 50 per cent. quality. 

Coke was plentiful, and average blast-furnace qualities 

were on sale at 14s. 6d. delivered here. Throughout 

the day Middlesbrough warrants stood at 46s. 2d. cash 
yers. 





Stocks and Shtpments of Pig.—Addition of pig to the 
warrant stores has checked. To-night the stock 
there stands at 593,926 tons of Cleveland pig iron, or 
74 tons less than at the beginning of the month. Ship- 
ments of pig iron continue on an excellent scale. Up to 
to-night they total 21,557 tons, an average of 4311 tons per 
working day. 


Manufactured Iron and Steel.—Some improvement is 
noticeable in several branches of the manufactured iron 
and steel industries. A few orders have recently been 
placed for railway material, and bar producers hase a 
good deal of work on hand. More activity is ako 
promised among manufacturers of shi building material. 
At the Skinningrove Iron and Steel ceagenr 8 works an 
electric steel furnace on the Hérault system is being 
constructed. Values of finishid iron and steel tend 
upward, but are not quotably changed. Common iron 
bars are 7/.; best bars, 7/. 7s. 6d.; best best hars, 7/. 15s. ; 
packing iron, 5V. 15s. ; iron ship-plates, 6/. 12s. 6d. ; iron 
ship-angles, 7/.; iron ship-rivets, 7/. 5s.; iron gi:der- 

lates, 6/. 17s. 6d. ; iron boiler-plates, 7/. 7s. 6d. ; steel 

rs, 61. 5s. ; steel ship-plates, 6/. 15s. ; steel ship-angles, 
6l. 7s. 6d.; steel boiler-plates, 7/. 10s.; steel strip, 
62. 10s.; steel hoops, 62. 12s. 6d. ; cast-iron railway-chairs, 
32. 12s. 6d. ; light iron rails, 6/. 10s. ; heavy steel rails, 
5l. 12s, 6d.; steel railway sleepers, 6/. 10s.; and iron 
and steel galvanised corrugated sheets, 10/. 15s.—sheets 
less 4 per cent. f.o.b., railway material net, and al] other 
descriptions less 24 per cent. 





NOTES FROM THE SOUTH-WEST. 
Cardifi.—The steam-coal trade has been a good deal 
affected by the holidays. On Monday and Tuesday the 
coal exchange was notopened. The best large steam coal 
has been quoted at 18s. to 183. 6d. per ton, while secon- 
dary qualities have made 16s. to 17s. 3d. per ton; best 


bunker smalls, 10s. to 10s. 9d.; and smalls, 9s. to 
9s. 3d. per ton. The house-coal trade has shown little 
change ; the best ordinary household qualities have been 


quoted at 14s. 6d. to 16s. 6d.; No. 3 Rhondda large, 17s° 
to 17s. 6d.; and smalls, 10s. to 10s. $d. per ton. No. 2 
Rhondda large has brought 12s. 6d. to 12s. 9d.; and smalls, 
8s. to 8s. 6d. per ton. Ordinary foundry coke has been 
quoted at 18s. to 20s. 6d.; and furnace ditto at 16s. to 17s. 
per ton. As regards iron ore, Rubio has made 19s. 6d. 
to 20s. 6d. per ton, upon a basis of 50 per cent. of iron, 
and _ charges, including freight, insurance, &c., to Cardiff 
or Newport. 


The Ebbw Vale.—The Ebbw Vale Steel, Iron, and Coal 
Company, Limited, has had a very chequered experience, 
the profits for the last ten financial years having been as 
follows :—1902, 32,262/.; 190%, 162,443/.; 1904, 117,073/.; 
1905, 78,4967. ; 1906, 82,486/.; 1907, 161,717/.; 1908, 
161,067/.; 1909, 77,282/.; 1910, 90,0382.; and 1911, 59,222/. 
The dividends paid year by year were :—1902, nil ; 1903, 
10 per cent. per annum ; 1904, 1905, and 1906, 5 per cent. 
per annum ; 1907 and 1908, 10 per cent. per annum ; 1909, 
Pt cent. per annum; 1910, 5 per cent. per annum ; 
and 1911, 24 per cent. per annum. The expenditure 
upon new works last year was 29,819/.; of this sum, 
16,323/., in connection with the new Cwmcarn Colliery, 
was charged to colliery extensions account. 


Death of a Welsh Engineer.—The death has occurred at 
Retford, with painful suddenness, of Mr. W. J. Jenkins, 
head of the engineering firm of W. Jenkins and Co., 
Limited, and a native of Lianganten, Brecon, where: he 
was born fifty-two years ago. Mr. Jenkins, at the age 
of seventeen, went to the Midland Railway Locomotive 
and Carriage Works, at Derby, and later to Messrs! G. 
Fletcher and Oc., engineers. In 1880, he took a situation 
as chief draughtsman to Messrs. William Allchin and Co., 
Northampton, and a few years later joined the West’s 
Gas-Improvement Company, Manchester, where he was 
manager for eleven years. In September, 1895, Mr. 
Jenkins went to Retford, and commenced business as a 
gas engineer. Under his capable management the works 
which he started grew rapidly. He commenced with 
about forty men, and now the firm employs four hundred. 


The ‘* Amphion” and the ‘‘ Active.” —It is expected that 
the Amphion will be launched at Pembroke Dock before 
the departure of the Active for her steam trials in October. 
The four funnels of the Active have erected, and this 
will admit of the whole boiler installation being completed. 
a eae will ae a “9 = more 
rapi is then ex . e Amphion will 
puakally fe commissioned fee the close of the year. 


The Swansea Valley.—Employment in the steel trade 
has been fairly es, but production at the sheet and 
tinplate mills has been reduced by the heat. The collieries 
have been well employed, but work at some of them has 
been interrupted by labour difficulties. 





South Wa xs Coat anv Iron Companixs.—The Busi- 
ness Statistics Publishing Company, Limited, 12, James- 
street, Cardiff, have issued, at the price of 1s. net, a small 
os mee giving financial information— including the last 

sheet, capital, and so forth—on a number of coal 
and iron companies in the South Wales district. 


More Durnam CoaL.—Messrs. Stobart and Co. pro- 
pose to open out a new coal royalty at Fishburn, about 
two miles east of Sedgefield, in South-East Durham. 
The coal is said to extend over a wide area in the direction 
of Stockton. The new colli will be the nearest coal 
supply station on the Tees-side ports, and will develop 
the Sedgefield district. Boring operaticns have proved 
a.) and it is expected t two shafts will be 
sunk shortly. Some 400 miners’ houses are to be built. 
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ELECTRIC POWER ON THE NORTH-EAST COAST. 
(For Description, see Page 747.) 











Fic. 88. Fan Morors at Murton CoLuiery. 
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Fie. 89. Execrric Winper at Harton CoLligry. 
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Fic. 6. View sHowrne UnpER-WaTER CONSTRUCTION WITH Concrete Biocks; APRIL, 1909. 
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KQUTE-WESTERN RAILWAY COMPANY AT SOUTHAMPTON. 


see Page 75°.) 
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Fic. 5. Virw sHOWING TRENCH AND TIMBERING FOR Quay-WALLs; APRIL, 1909. 





PLATE XLII. 
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Fic. 7. VIEW sHOWING CoMPLETED (JUAY-WALL anD TRENCH-TIMBERING ; Marcu, 1910.} 
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NOTICES OF MEETINGS. 





Tue Norts oF ENGLAND INSTITUTE OF MINING AND MECHANICAL 
Enornerrs. — Saturday, June 10, in the Wood Memorial Hall, 
Newcastle-upon-Tyne, at 2 o'clock. The following papers will be 
open for discussion :—‘‘The Electrification of the Underground 

achinery at Trindon Grange Colliery,” by Mr. Simon Tate ; 
“The Occurrence of Diamonds in German South-West Africa,” 
by Mr. G. Percy Ashmore ; ‘‘ The Pench Valley Coal-Field,” by 

r. F. 1. Leslie Ditmas ; ‘‘ The Fire and Rescue-Station of the 
Durham and Northumberland Collieries Fire and Rescue 
Brigade,” by Mr. W. C. Blackett ; “‘ The Rescue-Station at the 
Kleophas Mine, Zalenze, Upper Silesia, Germany,” by Mr. Berent 
Conrad Gullachsen. The following paper will be read or taken 
as read :—‘* The Advan s of Freezing as a Method of Sinking 
Through Heavily Wate or Difficult Ground,” by Mr. William 
Brumwell Wilson. 

Tue Farapay Socirty.—Tuesday, June 13, at 8 p.m., at the 
Institution of Electrical Engineers, Victoria Embankment, W.C. 
Professor Ernst Cohen, of Utrecht, will deliver a lecture 
on “* Allotropic Forms of Metals.” Professor T. W. Richards, of 
Harvard College, will preside on this occasion, by invitation of 
the Council. 

Tue InstiTuTION OF Gas ENcrnerrs.—Tuesday, Wednesday, and 
Thursday, June 13 to 15, the annual general meeting of this 
Institution will be held at the Glasgow and West of Scotland 
Technical College, Montrose-street, Glasgow, under the presi- | 
dency of Mr. Alexander Wilson, Engineer and General Manager, | 
Glasgow Corporation Gas Department. The following communi- 
cations will be presented :—Address by the President ; Report of | 
the Carbonisation Committee; Third Report of Gas-Heating | 
Research Committee; Report of the Refractory Materials Re- | 
searchCommittee ; ‘‘ Medernising a Medium-Sized Undertaking,” 
by Mr. ©. F. Broadhead, of Middleton; ‘‘ Aspects of Gas Supply | 
in a South American City,” by Mr. Bernard F. Browne, of | 
London; ‘The Dessau Vertical Retorts at Sunderland,” by | 
Mr. Charles Dru Drury, of Sunderland; ‘The Choice of a| 
Carbonising System,” by Mr. P. C. Holmes Hunt, of Melbourne ; 
“Public Lighting,” by Mr. 8S. B. Langlands, of Glasgow ; ‘‘ The 
Woodall-Duckham System of Vertical Retorts,” by Mr. J. P. 
Leather. of Burnley ; ‘‘ Notes on the Corrosion of Service Pipes,” 
by Mr. James McLeod, of Greenock ; ‘‘ The Scientific Carbonisa- 
tion of Coal,” by Mr. J. G. Newbigging, of Manchester; ‘‘ The 
Uses of High-Pressure Gas for Industrial Heating Purposes,” by 
Mr. E. W. Smith, M.Sc., of Birmingham. On Tuesday evening, 
at 8 p.m., a lecture (with experiments) on “‘ Surface Combustion,” 
will be delivered by Professor W. A. Bone, D.Sc., Ph.D., F.R.S. 
On Friday, June 16, a steamer excursion on the Firth of Clyde 
has been arranged. 

Tur Roya MergorowoeicaL Sociery.—Wednesday, June 14, at 
4.30 p.m., at 70, Victoria-street, Westminster, S.W. Papers to be 
read :—‘* The Diurnal Inequality of B tric Pressure at Castle 
O’er, Dumfriesshire,” by Dr. Charles Chree, F.R.S. ; ‘‘ Rain-Drop 
Experiments,” by Mr. Spencer C. Russell, F.R. Met. Soc.; ‘‘ Inves- 
tigation of the Electrical State of the — Atmosphere, August, 
1910,” by Mr. A. J. Makower, Dr. . Makower, Mr. W. M. 
Gregory, and Mr. H. Robinson. 





CORONATION HOLIDAYS. 





In consequence of the Coronation Holidays, on 
June 22 and 23, it will be necessary that the issue of 
ENGINEERING for the week after next shall be 
published on Wednesday, June 21. All communica- 
tions relating to that number, whether for the 
Editorial or Publishing Departments, must be 
received, at latest, by the firat post on Tuesday, 
June 20. 
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THE NEW QUEBEC BRIDGE. 

As already announced in our columns, the official 
design for the new Quebec bridge has been super- 
seded by another, which, being designed to carry a 
railway unly, does not conform with the specifica- 
tions as issued to the original tenderers. The 
latter, it will be remembered, were invited either 
to tender on the basis of the official designs, or 
to submit alternative designs of their own for a 
structure to accommodate the same amount of 
traffic. The time allowed for the preparation 
of such alternative designs was, however, very 
inadequate, and the fact that a contract was let for 
the reconstruction of the piers, to suit the official 
design, naturally created the impression that no 
alternative proposal had much chance of acceptance. 
Hence some of the leading British builders, whose 
experience led them to believe that the official design 
was far from representing the last word in bridge 
practice, decided not to tender, and those firms that 
did enter for the contract based their bids on the 
official design, although the conditions of the tender 
embodied some very unreasonable requirements. 

Amongst these was one according to which the 
contractors were to guarantee that the design was 
safe and sufficient. Such a condition in large 
bridge practice is, we believe, unprecedented in this 


. country. One cannot, for instance, imagine the 


late Sir Benjamin Baker asking a contractor to 
guarantee the adequacy of a bridge built to his 
designs. The responsibility for the design rests by 
right on the engineer, and for the material and 
workmanship on the contractor. It is most unfair 
to make the latter answerable for the competence 
or incompetence of an engineer in whose selection 
he has not been consulted. Apparently the clause 


in question was copied from specifications intended 

|to apply where the contracting firm supplies the 
designs to merely general specifications; but in 
the actual conditions of this particular case such 
a clause was lamentably out of place, and inhe- 
rently unjustifiable. This was the more so in 
view of the fact that in the event of a difference 
of opinion as to the design of details arising between 
the engineer and the contractors, the latter had 
apparently no power to insist on what they might 
consider a more efticient system of construction. 

That such a condition should have been accepted 
| by British firms says much for their enterprise, 
'and it is quite natura! that they should have felt 
no little annoyance when, having complied in 
every detail with the conditions of tender, and 
having sent in the lowest bid, they found the whole 
official design abandoned, and the contract awarded, 
without further competition, to a Canadian firm, 
on a design which does not comply with many 
important provisions comprised in the original con- 
ditions of tender. This not unreasonable vexation 
found voice in Mr. F. D. Docker’s address on 
Thursday, the Ist inst., to the Metropolitan 
Amalgamated Railway Carriage and Wagon Com- 
pany, Limited, of Birmingham, who, in conjunc- 
tion with the Cleveland Bridge Company, of 
Darlington, submitted the lowest bid on the official 
design. Under the special conditions of the speci- 
fications the preparations of the tender must have 
been unusually costly, and the amount thus ex- 
pended must now, of course, be written off as a 
total loss. Mr. Docker, moreover, complained 
that they had to lodge 100,0001. with the Canadian 
Government as a guarantee, and that their cheque 
for this large sum, after being held for six months, 
had been returned to them without a penny of 
interest. As to this point, however, Sir Wilfrid 
Laurier’s reply to Mr. Docker, published in the 
Times of Monday last, goes far to mitigate the 
grievance, since it appears that the cheque was 
never cashed. Nevertheless, the money was locked 
up, and some loss must, no doubt, have been thus 
occasioned. 

On other points Sir Wilfrid’s reply is less satis- 
factory, since he has failed to grasp the gravamen 
of Mr. Docker’s complaint. Tt is doubtless quite 
true that the engineers consulted by the Govern- 
ment are strongly in favour of the new scheme, 
but the latter is not in accordance with the con- 
ditions laid down in the original specifications, 
tenderers to which had no reason for believ- 
ing that a design of the character now accepted 
would have stood any prospect of success. ad 
fresh tenders been called for to meet the condi- 
tions now accepted as satisfactory, Mr. Docker's 
firm would probably have had an excellent chance 
of securing the contract, and had this been done, 
his complaint, though not wholly invalidated, would 
have been mitigated. The most plausible excuse for 
the action of the Canadian authorities, though it is 
not one advanced by Sir Wilfrid Laurier, is that the 
calling for fresh tenders might have materially 
delayed the completion of a much-needed artery of 
communication, and from this standpoint there is 
possibly much to be said for the decision of the 
authorities to call for no new competitive tenders, 
though this course may well be considered not 
wholly fair by those who took part in the original 
competition. 

Since, as it has turned out, both the official 
designs and the official specifications have been 
abandoned, it is much to be regretted that the 
Canadian authorities did not, in the first instance, 
issue merely general specifications, so as to give a 
free hand to bridge-designers the world over. It is 
possible, for instance, had not the specifications 
fixed a low limit to the height of the towers, that a 
suspension design might have proved eminently 
satisfactory. On paper, at-any rate, a suspension 
bridge with a etiffening girder constructed on the 
cantilever system, with joints at about one-eighth 
the span, is very economical of material when the 
span is large. With ‘‘ plough” steel used for the 
main cables, very high working stresses can be 
safely adopted ; and as the live load is only a small 
fraction of the dead, distorting forces are relatively 
low. But the versed sine of the cables should be 
fully one-eighth the span, or otherwise the distor- 
tion from changes of temperature becomes serious. 
The principal objection to such a design lies in the 
circumstance that few precedents for such a struc- 
ture exist. A truss design, such as has been adopted, 
is a straightforward matter, for which ample 


precedents are available ; but practice as regards 
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suspension-bridge design is still in a state of flux. 
Methods of dealing with temperature distortions 
would have to be more or less improvised, and, 
moreover, none of the existing methods of connect- 
ing the suspenders to the main cables satisfactorily 
combine neatness with efficiency. Moreover, in 
view of the disastrous results of a departure from 
well-established precedents, which were exempli- 
fied in the collapse of the original bridge, the 
Canadian authorities might well hesitate to do 
other than revert to a type of structure which has 
been thoroughly tested, whatever might be the 
apparently theoretical advantages of other systems 
of bridgework. The new bridge, we understand, 
is to consist of riveted work throughout, pin joints, 
so long the established practice on the other side 
of the Atlantic, being abandoned in favour of the 
more mechanical system of riveting. The new 
bridge will undoubtedly be all the better for this 
departure from current trans-Atlantic practice, in 
spite of the advantages which pin connections offer 
in the matter of facilitating rapid erection, and in 
reducing to a minimum work on the site. 





LONDON MAIN DRAINAGE. 

Tue recent Census has shown that while the popu- 
lation of Central London is fairly stationary, that of 
the outer belt has increased. ‘l'aken asa whole this 
great city still continues to grow, in spite of all 
tluctuations in trade, and to exercise its marvellous 
attraction upon the youth and manhood of the 

rovinces. The authorities who are responsible for 
its health and well-being have not only to consider 
the requirements of the day, but have also to 
anticipate the demands which must follow from 
its certain expansion. The Water Board are 
now demanding from Parliament powers to create 
great reservoirs in the Thames Valley, in readi- 
ness for the next generation, while the London 
County Council, even more prescient of the 
future, are on the eve of completing several 
new and great arteries in the drainage system of 
the Metropolis. These are, or will be, demanded 
by the increase of population, and by the greater 
proportion of the rainfall which finds its way into 
the sewers as the ground is built over more closely. 
The latest work is the new low-level sewer No. 2, 
which is almost completed from Hammersmith to 
Abbey Mills, a distance of about 12 miles. As 
most people know, a very important feature of the 
drainage scheme of Sir Joseph Bazalgette was a 
sewer running more or less beside the Thames from 
Hammersmith to Limehouse, and intercepting all 
the sewers debouching into the Thames which were 
not caught by the high-level or the middle-level 
sewers. This sewer started at a level of —0.5 ft. 
below Ordnance datum, and fell steadily until it 
attained a level of —19 ft. at the point where the 
Brighton Railway out of Victoria Station crosses the 
Thames by the Grosvenor Bridge. At this place 
there is a large pumping-station by which the 
sewage is raised through some 18 ft. to a level 
of —1.2ft. The down gradient is then resumed, and 
finally ends at —18 ft. in a sump at Abbey Mills, 
where there is a second pumping-station. The new 
sewer, which is to supplement that just referred to, 
runs from Hammersmith to Abbey Mills at a 
uniform gradient of about 24 ft. to the mile without 
any intermediate pumping-station. It starts at a 
slightly higher level, + 7.53ft., and ends at a 
lower level of 23 ft., giving a!drop of 30.53 ft. in 
the 12 miles, against 35.5 ft. in the old sewer. The 
elimination of the pumping-station represents, of 
course, @ great gain in the cost of working. 

The new sewer has been built in tive sections. 
The first commences in Goldhawk-road, Hammer- 
smith, opposite the ‘‘ Queen of England ” public- 
house, and runs to the Counters Creek sewer, 
where it crosses Kensington-road near Warwick- 

ardens. This is now connected to the Counters 
k sewer, and at the junction of these two sewers 
there is a large chamber with a weir-penstock, and 
immediately below a weir-chamber. When the flow 
in the new sewer is more than half bore, the excess, 
due to a heavy rainfall, will overflow the weirs and 
run to Lot’s-road, as before. This first section of the 
new sewer was constructed by the Works Depart- 
ment of the London County Council in brickwork. 
It was partly driven in tunnel and partly in open 
-~ the total length being 11,440 ft., or nearly 
2 miles. 


The second section, leaving Kensington-road, 
proceeds into Cromwell-road, and passing in front 
of the South Kensington Museum, runs to Be ve- 





uare, its length being 14,770 ft., or 2 8 miles. 

nis section, and all those which follow up to the 
fourth, have been driven by a shield, and have 
been encased in cast-iron sections, like the tube 
railways. The inside diameter of the sewer in 
this section is 7 ft., and the outside diameter 8 ft. 
10 in. The iron tube is { in. thick, with internal 
flanges 54 in. deep. The whole tube is first lined 
with concrete up to the level of the flanges, and 
over this is laid in the lower half a 44-in. course of 
blue bricks. In the upper half a further course of 
concrete completes the circular section. The cast- 
iron rings are 21 in. in length, each made up of six 
sections and a key. The Westminster Construction 
Company were the contractors for this part of the 
work, some of which had to be carried out under 
compressed air where the tunnel crossed any of the 
numerous gulleys which have been cut ia the 
London clay by prehistoric streams. 

The third section of the sewer runs from 
Belgrave - square, through the Green Park and 
the Mall, to Trafalgar-square. It is 7015 ft in 
length, and the inside diameter of the tunnel is 
7 ft. 6 in., the outside diameter being 9 ft. 4 in. 
This section has been constructed by Messrs. 
Mowlem and Co., Limited, who have also nearly 
completed the fourth section from Trafalgar-square 
to Kastfield-street, Stepney, a length of 21,947 ft., 
of which the portion up to Queen-street, Cheapside, 
is 7 ft. 6 in. in diameter, and that from Queen- 
street to Aldgate is 8 ft. Beyond this point the 
diameter is 8 ft. 6 in. 

By the courtesy of the London County Council 
we recently had the opportunity of inspecting the 
sewer from Trafalgar-square to Queen-street, which 
is now practically complete. We descended by the 
shaft through which the material has been lowered, 
and walked the entire distance in perfect comfort, 
as, of course, the sewage has not yet been ad- 
mitted. We had therefore ample opportunity to 
observe the arrangements for connecting the north- 
to-south sewers at St. Martin’s-lane, at Savoy- 
street, and at the Fleet Sewer. In each case there 
is a tumbling bay, down which the sewage falls in 
steps which are curved upwards to take all the 
velocity out of it and to allow it to enter without 
undue disturbance. The entire work is a splendid 

iece of engineering, and promises to last as long as 
Saaien itself ; indeed, it is difficult to see how it 
can ever suffer decay, as for the greater part the 
tube runs through London clay, and is protected 
both inside and out by a layer of cement concrete, 
Under such circumstances metal seems to have a 
life of indefinite length. Such a sewer would be able 
to resist quite a heavy bursting stress, for not only 
has it considerable circumferential strength, due 
to the iron and concrete, but it is also under pres- 
sure from the 30 ft. to 40 ft. of clay and earth Peas 
it. At various points along the sewer there are 
shafts with ladders leading to the surface by 
which the sewermen can enter and leave. At the 
mouth of the passage leading to the shaft there are 
always two massive bars, which can be fixed across 
the channel as a safeguard to the men in case they 
should be swept along by a sudden flood. It 
sometimes happens that a thunderstorm some two 
or more miles away will suddenly fill a sewer and 
send forward a wall of water that sweeps all before 
it. In such a case the bars will enable the men to 
check their course and get away by the side pas- 
sage and the shaft. 

At Queen-street, Cheapside, the new sewer is 
within 30 ft. of the old low-level sewer which runs 
along the embankment, and is practically at the 
same level. Advantage is taken of this circum- 
stance to make a cross connection between the two, 
so that, if needed, both flows may from this point 
be directed along either course, and one channel 
be left empty for repairs Three large penstocks, 
controlling 8 ft. 6 in. in diameter, will be 
fixed here, and ~ worked by screws and worm 
gear from a gallery above. To enable these to be 
fixed, the old sewer has been blocked, and a tem- 
porary deviation built around the junction, so as 
to render dry that part of the old sewer in which the 
penstocks and their gear will be fitted. 

The last section runs from Eastfield-street to 
Abbey Mills, where all the North London sewers 
converge, and thence run forward side by side in 
five lines as outfall sewers to Barking. is last 
section is near the surface, and was executed 

ly by open cut. It is built in brickwork, and 
is 7762 ft. long, the contractors being Messrs. 
William Kennedy, Limited. All the sewage con- 


36 ft. to 40 ft. into the main outfall sewers, which 
have a capacity of 650 million gallons a day. 

The whole of this extension of the Metropolitan 
drainage system was designed by, and carried out 
under the supervision of, Mr. Maurice Fitzmaurice, 
C.M.G., LL.D., M. Inst. C.E., engineer-in-chief 
to the London County Council, the engineer in 
charge being Mr. J. E. Worth, M. Inst. C.E., while 
Mr. J. H. Hunter and Mr. D. Davis are respec- 
tively chairman and vice-chairman of the Main 
Drainage Committee of the Council, by whom the 
extension was authorised. 





THE MINING INDUSTRY OF NATAL. 

In many ways the Colony of Natal has shown a 
great advance during the last twenty or thirty 
years, but the mining industry, with the exception 
of coal-mining, has made less progress than was 
expected would be the case. The growth of coal- 
mining has, however, been such as to go beyond 
expectations. There have been several causes 
tending to hold back the mining industry in 
general. The great war that began in 1899 was, 
of course, the chief, for, though it closed the 
collieries for only six months, it made work in the 
prospecting parts of Zululand very uncertain, and 
interfered with progress. The native rebellion of 
1906 checked advance, and difficulties of transport, 
due to the destruction of draught cattle by disease, 
also tended to handicap the industry. Rinderpest 
was at work from 1897 to 1903, and since 1904 the 
East Coast fever has been a dreaded enemy, con- 
stantly taking its toll of life. It will be understood, 
therefore, that, had these drawbacks been absent, 
the industry would have something better to show 
than at present. 

According to a recently-issued report of the 
mining industry for the year 1909, drawn up by 
Mr. C. J. Gray, A.R.S.M., F.G.S., Commis- 
sioner of Mines in Natal, we gather that in 1898, 
eleven years after the Department of Mines was 
first organised in the colony, the output of coal 
was 387,811 tons, but it had grown to 1,786,583 tons 
in 1909, or over four and a half times as much, 
and, in the same time, the export and bunkering 
trade grew eleven fold, rising from 125,666 tons to 
1,391,836 tons. In December, 1898, there were 
118 Europeans, 1624 natives, and 916 Indians 
employed, or 2658 men in all; while in December, 
1909, the numbers had risen to 431 Europeans, 
4699 natives, and 3410 Indians, or a total of 8540. 
With regard to the equipment of the collieries 
great advances have been made. In 1898, although 
two collieries had sume mechanical haulage, and 
compressed-air drills had been used in shaft-sinking, 
it was rare to find any machinery, with the excep- 
tion of pumps, below ground, and very few safety- 
lamps were used. Things quickly changed, however, 
and in 1909 the main roads of almost all collieries 
were equipped with mechanical haulage, and intwelve 
mines the employees were supplied with safety- 
lamps throughout the workings. Mechanical coal- 
cutters were used in thirteen collieries, under- 
cutting 61.97 per cent. of the total output, in addi- 
tion to which many power-drills were also in use. 
In 1898 surface equipment for cleaning coal was 
being erected at new collieries, but there was no 
proper equipment at those collieries that were at 
work. At the present time every colliery that pro- 
duces as much as 100 tons a month has a picking- 
belt at least, and mechanical coal-washers have 
been erected at twelve collieries. Not only have 
great strides been made in mechanical equipment, 
but the welfare and comfort of the workers have also 
been attended to, and much better living accommo- 
dation has been provided for the native workers, as 
well as for the Europeans. In ore particular, how- 
ever, the mines have not improved so much as could 
be wished, the accident rates remaining (with little 
variation either up or down) practically stationary. 
Although sufficient advance does not appear to have 
been made in this direction, extra care has not 
been lacking. If this had not been the case, 
there is little doubt that, as the mines became 
deeper and as the underground traflic grew, the 
accident rate would have increased. With regard 
to minerals other than coal, Mr. Gray considers 
that, in spite of the drawbacks created by the war, 
&c., the advance might have been greater. There 
seem, however, to be signs of an improvement in the 
near future. z 

That the mineral output other than coal is 





verging at Abbey Mills has there to be lifted from! 


increasing will be gathered from the following 
eae: te 1898 the total value was about 601. only. 
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In 1903 it had risen to 2901., and in 1909 it stood at 
78731. One very hopeful aspect of the situation 
seems to be that several widely-separated small 
mines have contributed to the total output. It is 
hopeful because the idea of working for an output 
seems to be spreading, and gives greater promise 
for the future than the actual growth of output, 
for it is far better for the Colony than speculative 
buying and selling of mineral land, or attempts at 
floating companies on undeveloped ground. It is 
now required by the Government that an extra fee of 
1l. per month be paid if a claim, not held under a 
licence exempting from labour, or under a permit of 
absence, remains unoccupied for seven days or more. 
By this rule the man is penalised who holds ground 
unworked, and, through carelessness or lack of 
money, omits, or delays, to renew, an exemption 
licence. These fees were in the past often reduced 
or waived, but recently they have been rigidly en- 
forced. The system has caused a good deal of friction 
and discontent, but in other respects it appears to 
be fairly well recognised among men who are really 
trying their best to make the mineral deposits of 
the colony productive that, on the whole, the 
Natal mining laws are exceptionally easy. There 
appears, however, to be a great need for 
prospectors, and it is hoped that these will be 
encouraged. 

The average number of persons employed in 
prospecting and mining in 1908 was 8962, and it 
rose to 9117 in 1909. As the industry grows the 
number of Indians employed increases, but there 
does not appear any tendency towards a decrease in 
the number of natives employed in consequence. 
Although the total number of Indians employed 
has increased, the percentage in relation to the 
total labour employed has decreased in the three 
years asshown. As a matter of fact, the number 
of natives employed rose from 5088 in 1908 to 6154 
in 1909, and the Europeans in the same time from 
513 to 530. 

The output of gold in 1909 was 1595 oz. (fine), and 
324 tons of cement copper, concentrates, and picked 
ore were exported. Among other mineral products 
are phosphates and limestone. Further particulars, 
however, may be obtained from the report* itself. 





THE COST OF IMPURE WATER. 

THe Englishman travelling on the Continent 
generally looks with suspicion upon public water 
supplies, and confines himself to beverages which 
are sold in bottles. He has a fixed idea that he 
runs the risk of typhoid fever if he drinks from 
the tap, and as that source has few attractions 
in countries boasting excellent vineyards and abun- 
dant mineral springs, he generally avoids it. In 
this he does not act without reason. There 
have, undoubtedly, been great improvements 
effected in the water supply of the chief Con- 
tinental cities during recent years, and in some 
cases a greater measure of purity has been attained 
than we enjoy in London. Nevertheless, this 
security is far from universal, and in the towns of 
smaller importance is sometimes entirely wanting. 
‘‘See Naples and die” is an adage which may be 
applied, mutatis mutandis, to many other = Aw 
than the charming Italian city whose beauty and 
unhealthiness are alike proverbial. But, however 
risky water - drinking may be on the Continent, 
it would seem to be far more so in the United 
States. In that land of youth and hustle, dangers 
to health and life are accepted far more readily 
than they are in older countries. With a constant 
immigration and with an easy livelihood open to 
everyone who will work, small variations in the death- 
rate attract little attention, and the population 
mounts up steadily. Yet, according to Mr. fi de B. 
Parsons, who wrote for the January number of 
Stevens’ Indicator an article entitled ‘‘ Our Typhoid 
Streams,” there are cities in America in which the 
death-rate from typhoid attains the enormous 
figure of 130 per 100,000 of the population, as 
against four in London, two in nburgh, and 
one in Stockholm. The matter is shown graphi- 
cally in the annexed diagram, which is a serious 
indictment against the sanitary conditions in many 
of the great American cities. The cause of the 
mortality is well known. One city turns its 
sewage into the river at its doors, and the next 
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city down-stream i. it into the pipes. The 
Ohio River is said by the Sanitary Commission of 
Ohio to be polluted and unfit to drink, and yet it is 
the only source of supply for the territory lying 
along its banks in that State. Cincinnati drinks 
Ohio River water, and discharges its sewage into 
the same stream for the use of others on the 
watershed below. The Ohio flows down past 
Kentucky. Covington and other places in the State 
drink Ohio River water. A better arrangement 
for the production of a typhoid-immune popu- 
lation it would be difficult to conceive, for those 
whose constitutions cannot deal effectively with 
the bacillus enteritis die off, and make room for 
those of robuster build. Whether the result is 
worth the cost in human life is another matter. 
In Europe we have decided that it is not, and in 
America the same idea is gaining ground. Mr. 
Parsons enters a vigorous protest against munici- 
palities being allowed to misuse the streams in this 
manner. 

Many of the American rivers being inter-State in 
their flow, Mr. Parsons is of opinion that the ques- 
tion of sewage disposal and river pollution has 
become a national problem, and has ceased to be 
a merely local one for separate settlement by each 
community concerned. But, notwithstanding this, 
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communities, he says, should be encouraged towards 
preventing pollution rather than be forced to do 
so, and the laws regulating sewage disposal should 
not, according to him, too drastic. Drastic 
measures would of a certainty be taken were private 
companies to be entrusted with the problem, 
and were their methods so faulty as to lead 
to the high death-rates stated a ae ~ 

1 and water supply are two, probably the only 
ioe, kinds of weak vile can be A vee in the hands 
of municipalities or public bodies equally as well as 
in those of private companies, and if private com- 
panies are sued when they show any remissness in 


their activity, or when they. fail to take full advan- | i 


tage of any scientific progress, and to keep pace 
with the advances made in sanitary engineering, we 
fail to see why the communities, municipalities, or 
public bodies entrusted with the work should be 
encouraged, rather than forced, to prevent pollution 
by laws on sewage disposal which should not be 
made too drastic. Nolaisser-aller policy will improve 
matters. 

Polluted rivers are not peculiar to America. 
Although the typhoid death-rate is low in London, 
yet that is not because the Thames water is beyond 
suspicion. It receives the sewage of a dozen towns 
after more or less treatment, and no picnic party 
would fill its decanter from the stream. Really 
gross pollution—the wholesale reception of raw 
sewage—is prevented ; but so long as the ‘‘storm 
overflow ” is a necessity of every sewerage system, 
the risk of occasional quantities of untreated 
effluent can never be eliminated. It is not so 
much the purity of the river as the efficiency of the 
filtration which stands between London and recur- 
ring epidemics, and long years of immunity have 
enco' us to put complete trust in filtration. 
Nevertheless, the Metropolitan Board and its 
officers are always striving to increase the existing 
saf , and in the sixth report on research work 
by Dr. A. C. Houston, lately issued, the author de- 
scribes a series of experiments which he carried out 
by infecting raw Thames river water with typhoid 
bacilli. These, the report explains, proceeded 








from a well-known hospital case ; the experiments 
were bottle experiments, whereby it was possible 
to examine the water plus its sediment. It is 
further explained that ‘‘ cultivated” bacilli were 
also used, these being typhoid bacilli which had 
been transported from their parasitic mode of 
growth, and induced to adopt a saprophytic exist- 
ence in artificial cultures in the laboratory, as dis- 
tinct from ‘‘uncultivated” bacilli, these being 
typhoid bacilli which have never been grown out- 
ade the animal body, and whose bodies are built up 
of materials exclusively derived from a human 
source. The experiments are entered into in 
detail. They led Dr. Houston to the conclusion 
that the storage of raw river water for a compara- 
tively short time is an enormous protection, a 
longer storage giving an apparent absolute protec- 
tion against typhoid fever. These conclusions, 
arrived at by artificial methods, are applicable to 
actual conditions, since it has been found that 
there is not a wide difference between the death- 
rate of the bacilli in river-water when stored in 
bottles in the laboratory and their death-rate in 
the same water stored in reservoirs. Dr. Houston 
further repeats conclusions of a former report of 
his, arrived at as a result of earlier experiments, 
and says that an adequately-stored water is to be 
regarded as a safe water; the use of stored water 
enables a constant check to be maintained on the 
safety of London’s water, antecedent to, and irre- 
spective of, filtration ; the use of stored water goes 
far to wipe out the gravity of the charge that the 
chief sources of London’s water supply are from 
sewage-polluted rivers; and the habitual use of 
stored water would lighten the responsibilities of 
the Water Board as regards the safety of the 
London water supply, and would tend to create 
a sense of security among those who watch over 
the health of the Metropolis. 

Although pure water is the most important ele- 
ment in securing immunity from typhoid fever, it 
is by no means the only one. Glasgow has an ideal 
water supply, but its death-rate from fever is twice 
as great as that of London. Drainage, sewerage, 
pure milk supply, and personal cleanliness are all 
important, and the duties of a municipality are not 
completed when settling reservoirs and filters have 
been installed. Whenever infection exists in a 
town, it may spread, and every avenue needs to be 
watched, and, if possible, closed. The necessity 
of vigilance has been emphasised the last few years 
by the discovery of ‘‘typhoid carriers.” It has 
now been demonstrated that certain persons 
have the power of becoming the permanent hosts 
of the bacillus, and of affording it a hospitality 
that never grows cold. Ordinarily when the human 
organism becomes infected with typhoid it is a 
fight to a finish—either the one or the other dies. 
But in occasional instances the struggle ends in a 
truce or an alliance. The becifine lives and 
thrives in its host, but does him no further harm 
after the fever has spent itself. It is not that the 
bacillus has lost its power for evil, but that the 
man has attained immunity. While himself enjoy- 
ing fair health, all his discharges are capable of 
infecting others, and this condition may persist 
for years. When such a person is engaged in 
the preparation or distribution of food or drink, 
he is a continual menace to the community, and 
ought to be obliged not only to seek a less 
dangerous occupation, but also to adopt every 
precaution which science can suggest. Unfortu- 
nately, we are not yet able to recognise “carriers,” 
except by tests which cannot be carried out ona 
large scale. Possibly, in the future, there may be 
added to our existing system of notification the 
necessity of obtaining a certificate of health before 
the invalid can again take his place in the world. 
We are scarcely ready for that at present, and 
certainly they are not in America, where the 
pressing necessity is to secure a pure supply of 
water to all towns, first, by treating the sewage 
before it is discharged into the rivers, and, second, 
by adopting some system of filtration that re- 
moves pathogenic germs from the water supply. 
The climate in a large part of the States interferes 
with sand filtration in winter, but the resources of 
science do not end at the sand filter. 





RADIOTELEGRAPHY. 
In his Royal Institution discourse of last Friday 
on ‘* Radiotelegraphy,” Commendatore G. Marconi, 
LL.D., D. Se. for the first time—in that Institution, 





at any rate—adopted the official term ‘‘ Radiotele- 
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graphy,” which the International Radiotelegraphic 
Convention of 1906 recommended by preference to 
‘*wireless telegraphy,” ‘‘ — telegraphy,” and 
other terms then in use. r. Marconi refrained 
from giving a review of the development of radio- 
telegraphy, and he dealt less with recent improve- 
ments than with certain, so far imperfectly under- 
stood features of the propagation of electric waves of 
different lengths under different atmospheric condi- 
tions ; the influence of the earth was also discussed. 

His original system of 1896, Mr. Marconi stated, 
had consisted of an aerial connected to earth 
through a spark-gap at the transmitter and through 
a coherer at the receiver. That system had not 
permitted of the use of a large amount of energy 
or of sufficiently prolonged trains of waves to 
pentane selectivity. Two tuned circuits had hence 

een adopted in the transmitter and receiver, and 
the trans-Atlantic station at Clifden was based 
on this syntonic system. In his own experience, 
the train of waves should not be too continuous ; 
groups of waves should be emitted at regular inter- 
vals so as to produce by cumulation a clear musical 
note in the receiver which was thus doubly tuned, 
to the note and to the wave frequency. The energy 
decrement in each group should be 0.03 or 0.04, so 
that thirty or forty oscillations were radiated for 
each signal before their amplitude had decreased too 
much to affect the receiver. The condenser circuit 
at Clifden had a decrement ranging from 0.015 to 
0.03 for fairly long waves. The transmitting device 
which produced the musical note was known as the 
rotating-disc discharger (1907).* The rim of a 
metal disc (steel) was set with metal studs (copper 
or bronze), the studs projecting at right angles on 
both sides of the rim; the disc rotated between two 
small discs (of steel) so far apart that the large disc 
and studs could just pass. The small discs them- 
selves were slowly turned in a plane at right angles 
to the plane of the large disc, in order to reduce the 
corrosion by the sparks. At Clifden the big disc 
had a diameter of 4 ft. and was driven at 50 revolu 
tions per second by an electric motor (or a steam-tur- 
bine). The small apparatus which Mr. Marconi used 
in his discourse for demonstration was a complete 
3-kilowatt transmitter. In this case the two lateral 
dises were merely contacts, also of copper, and it 
was stated that they did not wear much, although 
the sparks used for producing Morse signals 
were very powerful, At Clifden, Mr. Marconi 
explained, the usual wave-frequency was 45,000 
and the condenser potential 15,000 volts; the 
we was practically short-circuited during 
the time which one complete oscillation occupied, 
the peripheral speed of the disc being about 600 ft. 
per.second. The primary circuit could thus con- 
tinue to oscillate without much energy loss being 
caused by the resistance in the gap. The number 
of oscillations which were effective depended also 
upon the thickness of the lateral discs, because the 
primary circuit was suddenly opened as soon as the 
studs left the lateral discs. This sudden opening 
quenched the oscillations in the condenser circuit, 
and when the coupling between condenser and aerial 
was suitable, the primary energy would practically 
all have passed to the aerial during the interval 
that the studs bridged the gap, while the opening of 
the gap reg ap the energy from returning from 
the aerial to the condenser. This was a material 
advantage of the disc-discharger. Photographic 
records of the signals received were, Mr. Marconi 
stated, now obtained at Clifden by the aid of 
silvered quartz-filament galvanometers. 

Another improvement adopted at Clifden was 
that the condenser consisted of metal plates 
suspended in air at ordinary pressure ; there was 
no trouble with the dielectric with this condenser. 
The condenser was charged by direct current from 
four generators, coupled in series, giving 20,000 
volts. The current entered a battery of 6000 cells, 
the largest of its kind, the cells being all coupled 
in series; each cell had a capacity of 40 ampere- 
hours. The battery alone gave about 12,000 volts 
(up to 15,000 volts when gassing), and for sixteen 
hours out of twenty-four the battery sufficed, and 
no running machinery was then required at Clifden 
except the motor turning the disc. When the 
battery or generators yielded 12,000 volts, the con- 
denser discharge took place at 18,000 volts. There 
had been no serious difficulty about the insulation 
of the battery; the stands for the small groups 


* We published a diagram of this instrument showing 
the connections, since modified, in our issue of March 20, 
1908, on page 377 of vol. Ixxxv. 





of cells were suspended on insulators attached to 
girders fixed in the ceiling of the battery-room. 

We now pass to uliar anomalies of electric 
waves to which Mr. Marconi referred at the begin- 
ning and in the second part of his lecture. Short 
waves, he said, would traverse enormously greater 
distances by night than by day, while longer waves 
would have the same or even a smaller range at 
night. At night, moreover, much greater distances 
could be traversed in a north-south direction than 
in an east-west direction. Mountains and land 
generally obstructed the propagation of short waves 
during sunlight, and not at all during the dark 
hours of the night. It was easy to construct and 
to operate radiotelegraph stations capable of work- 
ing over distances up to 2500 miles ; but they were 
far from possessing any exact knowledge concerning 
the conditions governing the transmission of electric 
waves through space. According to Fleming, the 
daylight should be more detrimental to long 
waves than to short waves; but the opposite had 
been observed in the Atlantic service, and waves 
8000 metres in length were more effective in day- 
light than at night. Observations of the intensity 
of the received waves, taken by Round at Clifden, 
with two wave-lengths, 7000 and 5000 metres, 
gave very similar curves, except that the maxima 
and minima were more marked on the 5000- 
metre curve than upon the 7000-metre curve. 
These curves had been obtained last April. They 
showed that during daytime the waves received 
from Glace Bay (Cape Breton, Canada) remained 
fairly steady. Shortly after sunset at Clifden 
the signals became gradually weaker ; two hours 
later they were at their minimum. Then the 
intensity rose again and reached its first maximum 
about sunset at Glace Bay. Gradually the signals 
returned to normal strength, but remained very 
variable (long waves were used, it will be under- 
stood) during night. Shortly before sunrise at 
Clifden another gradual rise took place, and shortly 
after sunrise the second high maximum was 
attained ; the energy then weakened once more, 
and a very marked minimum occurred before sun- 
rise at Glace Bay. 

Several causes had to be considered in studying 
these peculiarities. Sunlight ionised the air, which 
would then absorb electric waves; but it was not 
clear why short and long waves were differently 
affected ? The ship stations (working with waves of 
300 or 600 metres) had in day time as good a range as 
land stations ; at night time their range was greater. 
Ships off the coast of Spain and Italy could almost 
always communicate, during hours of darkness, 
with the English and Irish post-office stations, but 
they required much more powerful instruments 
to maintain the same range when out at sea. A 
night transmission over 1000 miles across the 
Atlantic was an exceptionally rare occurrence, 
while the just-mentioned ship signals (from 
Spain and Italy) had to cross the European Con- 
tinent and sometimes the Alps. 

There would, in many cases, be daylight over 
part of the ocean, but not over the whole ocean, 
and the waves might be refracted in passing from 
light into darkness. In September and October 
last year Mr. Marconi had experimented with Glace 
Bay and Clifden on the one side, and with a receiving 
station on the Principessa Mafalda on the other, 
while the steamer was on its way from Italy to the 
Argentine. Kites were flown from the steamer 
to a height of 3000 ft. 

Signals from Clifden had been heard at day and 
night at 4000 miles from Clifden—beyond that dis- 
tance only at night ; but at Buenos Aires, 6000 miles 
from Clifden, the signals from Ireland and from 
Glace Bay had generally been good. Between 
Coltano (near Genoa, Italy) and Massaua (in East 
Africa), 2600 miles. mainly across land, short-wave 
signals were well distinguished at night. 

Coming to the sometimes questioned utility of 
the earth connection, Mr. Marconi said that no 
practical system worked without earth connection 
(not a mere telegraphic earth, but capacity on the 
ground). Nor was this earth connection detri- 
mental to good tuning, as had again been asserted 
recently. e earth had to be , of course ; a 
bad earth would damp out oscillations and render 
tuning difficult. But the problems were not under- 
stood. Some scientists thought that the waves 
inclined forward, so to speak, in running along the 
earth, whose curvature had originally been supposed 
to stop the waves, so that the conductivity of the 
earth entered into the question, and it was note- 


worthy that transmission oversea-water—aconductor , 





—was in many instances easier than across the 
land. 

In conclusion, Mr. Marconi remarked that it 
was not too bold to say that wireless telegraphy 
was tending to revolutionise the means of com- 
munications from place to place. Interference 
between stations was rare, notwithstanding the 
multiplicity of stations. At a station only 8 miles 
distant from the powerful station at Clifden, 
messages had been received from Glace Bay during 
a recent demonstration arranged for the Admiralty, 
without interference from Clifden, which, at the 
same time, had been transmitting at full power on 
a wave-length differing only by 25 per cent. from 
the waves radiated from Glace Bay. Longer waves, 
Mr. Marconi thought, should in general be used 
for long-distance work. 

Mr. Marconi had intended to exchange some 
signals with Clifden, or with further stations, 
from the lecture hall, and he had attached an aerial 
to four kites ; the wind dropped during the course 
of the lecture, however, and the kites came down. 








NOTES. 

THe ELecTRIFICATION OF THE LAPLAND Ratiway, 

In spite of an unusually severe arctic winter, 
with a tremendous downfall of snow, the work 
on the Porjus Railway has been energetically 
proceeded with, and the work in connection with 
the hydro-electric station at Porjus has been com- 
menced. The construction of the power line 
from Porjus will be taken in hand this month, and 
part of the line is expected to be finished before 
the end of the year. The directors of the two 
electric companies who have secured the contract for 
this important railway—Siemens-Schuckert Werke, 
Berlin, and the General Swedish Electric Com- 
pany—with other engineers, have just paid a visit 
to Lapland to inspect the localities and undertake 
some trial ore transports on the Kiruna-Riksgriinsen 
section of the Lapland Railway—the portion which 
is to be electrified. The present large steam locomo- 
tives, of the so-called ‘‘ R” type, haul, as a rule, 
28 wagons, each witha load of 30tons. The electric 
trains will comprise forty wagons of the same size, 
propelled by two electric locomotives, one pulling 
and one pushing, with an aggregate capacity of some 
2000 horse-power, and the average speed will be 
about twice that of the present trains. The increased 
speed will make it possible to despatch twelve 
trains in the day instead of the present nine trains, 
without increasing the number of passing places. 
The experimental trains had the weight of the 
future electric trains—that is, forty wagons—but 
they were each hauled by two locomotives. Nego- 
tiations have also been entered into with the 
Norwegian railway authorities about a possible 
electrification of the Norwegian section of the line 
from Riksgriinsen to Narvik. 


DeEcomposITION oF CALCIUM CARBIDE. 


The much-contested problem of the stability of 
calcium carbide at higher temperatures has again 
been investigated in the Wernerwerk of Messrs. 
Siemens and Halske, near Berlin, by G. Erlwein, 
C. Warth, and R. Beutner. Calcium carbide turns 
black when heated ; there is liberation of carbon, 
and apparently formation of a subcarbide, but a 
reduction to metallic calcium does not appear to 
take place. Yet when the carbide is heated in 
an iron tube, the iron is much corroded and takes 
up some calcium ; porcelain is also attacked by the 
carbide. The decomposition is rapid at tempera- 
tures above 1000 deg. Cent.; a carbide contaming 
77.6 per cent. of CaC, contained only 29 per cent. of 
CaC, after being heated to 1250 deg. Cent. for three 
hours. But the decomposition is noticeable at 
500 deg. Cent. The decomposition is accelerated 
by the addition of compounds such as calcium 
fluoride (fluorspar), which is generally recommended 
when the calcium carbide is to be heated in a nitrogen 
atmosphere in order to produce the calcium cyan- 
amide, technically known as kalkstickstoff or nitro- 
lim. In fact, the just-stated figures concern 4 
carbide to which 5 per cent. of CaF, had been added. 
Calcium chloride and sodium chloride are less active 
in this respect than fluorspar, but they have an 
accelerating effect ; and as the commercial calcium 
carbide is never , but contains from 10 to 20 

r cent. of impurities (lime, also calcium sulphide, 
iron oxide, silica, &c.), it is not clear how the pure 
carbide would behave. The interesting point 1s, 
however, that the decomposed carb'de does not 
lose its eapability of absorbing nitrogen. In the 
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manufacture of nitrolim the carbide is not heated 
to a high temperature, and the heating is not main- 
tained for a long period. The reactions are not 
simple, and as it is difficult to exclude the air when 
dealing with considerable quantities in experiment 
and practice, the air probably plays an important 
part in the phenomena. Erlwein mentions, in the 
Zeitschrift fiir Elektrochemie of March 1, 1911, that 
the decomposition was very much retarded when 
the heating took place in a hydrogen atmosphere. 
The very complex character of the reactions in the 
formation of calcium cyanamide was pointed out by 
N. Caro in a paper read before the International 
Congress of Applied Chemistry, which met in 
London in 1909, and the problems do not appear 
to be fully understood yet. 


Tue ConcrReETE INSTITUTE. 


A general meeting of the Concrete Institute was 
held at Denison House, Vauxhall Bridge-road, on 
Wednesday and Thursday last, under the presi- 
dency of Sir Henry Tanner. On the former date 
Professor Bereford Pite, F.R.I.B.A., read a paper 
on ‘The Aesthetic Treatment of Concrete.” 
Generally speaking, engineers find little profit in 
listening to the views of architects on matters 
of taste, owing to the all but universal tendency of 
the latter to attach much more importance to a 
conformity with their inherited traditions than to 
questions of fitness and economy. In this respect 
Professor Pite’s paper inaugurated a welcome 
change. He frankly stated that if the public would 
consent to wait, the proper wsthetic treatment 
of concrete construction would be arrived at almost 
automatically by following for the present utilitarian 
lines. He instanced Egyptian and Greek archi- 
tecture as being really a development of ideas 
originally utilitarian, and this, he said, was still 
more the case with Gothic architecture, where the 
pioneers in their ignorance of classical precedents 
developed their systems of arching and vaulting 
entirely on utilitarian lines, without any conscious 
striving after the esthetic. This was of later 
growth, and developed naturally and automatically 
from forms which at the outset were of constructive 
import merely. The author declared that the Forth 
Bridge itself had considerable esthetic value, as had 
also the Assouan dam, though in neither case had 
there been a conscious striving after artistic effect. 
On the other hand, Roman art was, he said, essen- 
tially applied art, the Romans being really engi- 
neers rather than architects, and they applied to 
their utilitarian buildings ornamental forms derived 
from the Greeks, which as so applied had no 
structural significance. Since the community would 
not put up with the utilitarian treatment of concrete, 
and thus give it a chance to ang 2 naturally its own 
appropriate vesthetic treatment, he considered that 
the line of least resistance would be to follow the 
precedent of Rome, and apply to concrete buildings 
ornamental forms without structural significance. 
An interim report on the testing of concrete was 
also submitted. Amongst the recommendations 
made was one to the effect that dust should 
carefully be excluded from all the sand used 
in making cement mortar or concrete. ll the 
sand used should, in fact, be retained by a 
Ay-in. by =4-in. sieve. Thus a cement made with 
three parts of British standard sand to one of 
cement showed, in a crushing test made at the end 
of 28 days, a resistance of 2789 lb. per square inch, 
whilst when the sand was replaced with an equal 
bulk of crushed porphyritic granite and whinstone, 
including all dust, the corresponding figure was but 
606 lb. In tensile tests the dusty material proved 
less than one-third as strong at the end of seven 
days as the other, and at 28 days less than half as 
strong. For ferro-concrete the ‘‘coarse” material 
should all pass a }-in. by }-in. mesh, and be retained 
by a mesh of } in. by } in., whilst the sand should 
pass a mesh of } in. by } in., and be retained by 
one of A, in. by Jy in. 


Trutwwe’s New Perrou-E.ectric Omvyisus. 


A number of petrol-electric omnibuses, which 
are of much interest, are being put on the London 
streets by Messrs. Thomas Tilling, Limited, of Bull 
Yard, High-street, Peckham, S.E. The fact that 
a horse-omnibus firm are taking this step is 
very positive evidence of the advance the petrol- 
electric drive is making in favour and in practical 
application. The electrical of the gear is 
supplied by Messrs. W. A. Stevens, Limited, of 
Maidstone, and is of their patent system. We have 
already described the Stevens gear, but its adoption 





on a large scale by Messrs. Tilling is of such interest 
as to justify us in dealing with it again in a descrip- 
tion of the omnibuses. Each of the new vehicles 
is designed to carry thirty-four passengers, and the 
chassis weighs 3 tons 7 cwt. 2 qrs., which brings it 
well within the new police regulations as to weight. 
The frame is of pressed steel throughout, and the 
engine is of the four-cylinder type, of Messi. 
Tilling’s own make. The dynamo is driven off the 
engine fly-wheel by a spring coupling, and supplies 
current to a series motor coupled direct to the 
om ager shaft, which is some 7 ft. long, and is 
made of large diameter to prevent whirling at high 
speeds. The back axle is driven through worm- 
gearing, while the road-wheels, which are of cast 
steel, are driven from the differential bevel-wheels 
by shafts castellated at each end. Two brakes are 
fitted, both to the back wheels, the foot-brake being 
an internal expanding one, and the hand-brake of 
the band type. The drive is purely electrical, the 
dynamo driving the motor at a speed dependent on 
the speed of the engine and regulation of the dynamo 
field. Normally, and on the level, the control is 
carried out purely by means of the engine-throttle, 
which is actuated by means of a foot- 1, but on 
hills the dynamo-field has to be regulated, a small 
lever under the steering-wheel serving for this 
purpose. The dynamo is designed with a falling 
characteristic corresponding with the characteristic 
of the petrol-engine, and an increased demand 
for current is met by a reduction in voltage, so 
that the output in kilowatts at any speed is 

roportional to the power exerted by the engine. 
n addition to the field - control handle there 
is a lever operating the ahead and reverse con- 
troller. This has three positions — ahead, re- 
verse, and neutral, but the speed control is carried 
out quite independent of it, and the main current 
is never broken during driving. It is claimed that 
the control of the vehicle is the simplest yet 


devised, and that it shows great economy in petrol | ;,,.. 


owing to the engine speed averaging considerably 
less than that of the propeller-shaft. It is also 
claimed that owing to the vehicle’s great power of 
free-wheeling the engine is running with its throttle 
nearly closed a great part of the time. The control, 
of course, gives a very elastic start up, while the 
absence of shocks due to clutching and declutching 
should lead to a long life for the engine. On Friday, 
the 2nd inst., there was a public demonstration of 
the capabilities of this type of omnibus, and since 
that day the omnibus has d the necessary police 
tests, and is now Seonnell Tart public service. 


Tue Lower snp Upper Limits or Evasticity. 


Recent experiments of O. Faust and G. Tammann 
confirm the assumption of a lower and an upper limit 
of elasticity of metals, and suggest that a gradual 
hardening of the metal results from the repeated 
application of pressures such as occur in testing- 
machines. The term ‘‘ hardening ”’ is not a correct 
rendering of the experimenters’ expression ‘‘ Ver- 
festigung,” which might, perhaps, better be trans- 
lated by ‘‘strengthening.” Their mode of experi- 
menting is described in the Zeitschrift fiir Physika- 
lische Chemie, vol. 1xxv., page 108. Cubes of the 
metal are exposed to a crushing pressure between 
two flat surfaces; in some experiments tensile 
stress is applied. The one face of the c:'¢ is 
brightly polished, and this face is kept under 
microscopical observation. The pressure at w: ich 
the high polish begins to disa r is marked as the 
lower limit of elasticity. he disappearance of 
the polish is, according to Ewing and Rosenhain, 
the consequence of a formation of slip lines and 
surfaces, and of the protrusion of separate crystals 
from the plane. The lower limit is designated by 
the authors by the letter U (the initials for 
lower and upper are U and O in German). 
When this lower limit has been determined the 
pressure is released, the face is repolished, and a 
pressure greater than U is gradually applied ; it 
is then noticed that the specimen begins to give 
way only under a pressure P greater than U. 
Finally, an upper limit O is reached ; that is to 
say, the repetition of the experiment no longer 
raises the point P at which the flow begins to 
set in. The ratio between these two pressures 
O/U had the value 13.7 in the case of some copper ; 
smaller ratios resulted for zinc, nickel, magnesium, 
lead, cadmium, iron, aluminium, and tin; in the 
last-mentioned case, that of tin, the ratio was only 
1.64. In the tension tests the one face of the bar 


was polished ; the upper limit could not be deter- 





mined with this arrangement, however, because 





the appearance of cracks and fissures disturbed the 


phenomena. The test cubes had faces of an area 
of about 5sq. cm. The machine was built by the 
Diisseldorfer Maschinenbau A.-G., and the tests 
were made with the aid of hydraulic diaphragm 

uges and of magnifications of 70, sometimes of 200 

iameters ; the pressures applied reached 6500 kg. 
per sq. cm. The metals investigated were specially 
purified; the zinc was, for instance, melted in an atmo- 
sphere of hydrogen for the preliminary treatment, 
which, it was observed, had considerable influence 
on the observed lower limits. The zinc ‘ cried” like 
tin under a pressure of 100 kg. persq.cm. We repro- 
duce a few of the lower and upper limits observed, 
expressed in kilogrammes per square centimetre :— 
Lead, 25 and 102 kg. per sq. cm.; zinc, drawn, 
75 and 770 kg. per sq. cm.; copper, drawn, 1200 
and 2780 kg. per sq.cm. The gradual hardening 
of the metal under these tests is ascribed, not to a 
formation of a harder crystalline form, nor to a 
change from the crystalline into the amorphous 
condition, but to a reduction in the size of the 
constituent crystallites of the metal, called forth by 
the formation of various systems of slip surfaces. 
The hardening would thus be preparatory to the 
flowing, which would set in when the systems of 
slip surfaces have sufficiently developed, and we 
should therefore have to distinguish nin this 
hardening of metals, an outcome of the many 
remarkable researches of Tammann on crystals and 
their behaviour under mechanical and physical 
stress, and the hardening of metals of G. T. Beilby. 





Kewiy’s Customs Tarirrs oF THE WorLD, 1911.— 
This book, which measures 104 in. by 74 in, and contains 
over a thousand pages of closely-printed subject-matter, is 

ublished by say Directories, Limited, 182 to 184, 

igh Holborn, W.C. This isa most valuable publication, 
which appeals to the numerous British manufacturers and 
merchants doing an export trade, and to all statisticians 
who deal with commercial and industrial subjects. It has 
mn prepared with the utmost care. 





Tue New Cunarp Liner “ Aquirania.”— Messrs. 
John Brown and Co., Limited, of Clydebank, have just 
laid the first plate of the keel of the new Cunard liner, 
which is to be named the Aquitania. This vessel, as has 
before been pointed out, will excel in dimensions any 
vessel yet afloat, and although the Clydebank Works 
have been laid out for the undertaking of the construo- 
tion of ships of great magnitude, a special provision 
had to be made to accommodate this latest leviathan, 
in view of her exceptional length. While the buildin 
berth was thus ing lengthened, and additiona 
piles driven, the ordering of the material and the 
Ey of it for actual constructional work on the 

rth has been in progress, so that much preliminary 
work has already been done, and many of the constituent 
units have not only been machined, but have in part been 
riveted ready to be moved into position by the electric 
jiggers on the berth in anadvanced form. It is indicative 
in a high degree of the completeness of the equipment of 
the Clydebank Works, and of the size, capacity, and 

wer of the machine-tools in the various shops, that very 
‘ew additions have had to be made in order to undertake 
the building of this ship, but extensions have been made 
consequent upon the extent and variety of the work now 
in progress. 





CONFERENCE ON EpucATION AND TRAINING OF ENGI- 
NEERS.—The Institution of Civil Engineers has arranged 
fora conference to take placeon Wednesday and Thursday, 
the 28th and 29th inst., to deal with the education and 
training of engineers. The proceedings will open on the 
first day at 10 a.m., in the theatre of the Institution, 
under the chairmanship of Mr. Alexander Siemens, Presi- 
dent. Sectional meetings will be held both in the theatre 
and in the library. The sections will be presided over 
by Mr. Anthony G. Lyster, Mr. R. Elliott-Cooper, and 
Dr, W. C. Unwin, B.Sc., F.R.S. The various questions 
on the education and training of engineers, to be introduced 
by several professors and practical men, will be discussed 
at the sectional meetings. The conference will close at 
1 p.m. on Thursday, June 29, by a general meeting in the 
theatre of the Institution. The icflowing questions will 
be dealt with: ‘‘The extent to which mathematical and 
scientific subjects should share, with other subjects, the 
attention of schoolboys who intend to enter later the 
pee. profession,” Mm Dr. J. Gow and Professor 
Silvanus Thompson. “The question of specialised 
entrance examination,” by Professor A. K. Schwartz. 
‘*The requirements of practical training and of scientific 
ys by Mr. A. F. Yarrow and members of his staff, 


and Mr. W. H. Allen. ‘‘ Practical training in work- 
shops,” by Mr. W. B. Worthington and Mr. H. F. 
Donaldson. ‘‘The value of a university degree in engi- 


neering science,” by Professor 8S. M. Dixon and Pro- 
fessor ©. F. Jenkin. ‘‘Engineering laboratories in 
relation to education at college,” by Professor W. E. 
Dalby, Professor John Goodman, and Professor Bertram 
Hopkinson. ‘“‘ The relation of practical training to 
college study,” by Professor Archibald Barrand Professor 
Henry Louis. ‘‘ Workshop training as a prelimi to 

ractical training in other branches of engineering,” by 

ir. John A. Brodie, Mr. J. Mitchell Moncrieff, and 
Professor J. J. Welch. 
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THE LATE MR. DAVID J. DUNLOP, PORT 
GLASGOW. 


WIDbDESPREAD regret is experienced by the death of 
Mr. David J. Dunlop, who had a high reputation as a 
shipbuilder and engineer, with large leanings towards 
the scientific rather than the money-making side of the 
industry, and who was greatly respected for his up- 
rightness, benevolence, and sociability. Having reached 
his seventy-third year, he might, in respect of age, be 
regarded as belonging to the old school, but, as he was 
endowed with a keen intellect, his knowledge ad vanced 
with modern developments, and thus it was that he 
hac not only sympathetic interest, but a full acquain- 
tance, with the latest practice. Of this an out- 
standing example is found in the part which he took 
as assessor in the Board of Trade investigation into 
one of the more important questions which arose 
in connection with the application of the turbine 
to the propulsion of merchant ships. The Govern- 
ment department was inclined to take a somewhat 
conservative view, and it is an open secret that it was 
Mr. Dunlop who succeeded in obviating the imposition 
of a serious handicap on the application of the system 
in connection with the demands by the department 
regarding the extent of — in the eduction pipe 
and opening to the condenser. Indeed, in many cases 
he has proved a strong and capable arbiter in disputes 
on technical questions and also on the relations between 
employers and workmen. 

Mr. Dunlop was born in Mexico City in 1838, of 
Scottish parentage, his father being then a merchant 
in that city. He was educated and trained as an engi- 
neer in Glasgow. He served his areee in 
engineering at the original Hyde Park Works, when 
the late Mr. James Reid was manager, and there is no 
doubt that there he laid a foundation in practical work 
which, in association with his training in technical 
education, enabled him to take a useful position in 
scientific matters in later years. For a considerable 
time he was engaged in the Or and later 
worked also in the pattern-shop. The conditions pre- 
vailing were especially conducive to the acquisition of 
an intimate knowledge of practical rere 4 The 
patterns were made sometimes from full-sized drawings 
on the floor. The drawings were subsequently made to 
a smaller scale on paper. 

At that time the Hyde Park Works were em- 
ployed on a great variety of engineering, including 
marine engines, ~~ mill-engines, and the like, 
so that when Mr. unlop entered the drawing- 
ottice he became thoroughly conversant with general 
engineering practice. He had the good fortune to be 
in the drawing-office under the réyime of the late Mr. 
Dubs, who was largely responsible for the concentra- 
tion of the Hyde Park establishment upon locomotive 
work, general engineering being eliminated. Under 
Reid and Dubs the works advanced towards that high 
reputation which it has since maintained. A story used 
to be told by Mr. Dunlop of the methods adopted to 
correct errors in manufacture or cost and to build up 
the character of the peng A young draughts- 
man had inadvertently made a mistake, which 
involved the boring of a —— during erection, 
and, much against his will, was brought by Mr. 
Dubs to watch the whole process of taking the 
cylinder from the erecting-shop to the boring- 
mill, the ouly observation made by Mr. Dubs being 
the impressive repeating of the phrase at each 
successive step, ‘‘ This isnot the way to make money.” 
Mr. Dunlop had the further advantage of being sent 
to the Dutch Kast Indies with a consignment of sugar 
machinery, and there he supervi its erection. 
Thereafter he designed shallow-draught barges for the 
transport of the sugar-cane. 

Leaving the Hyde Park Works in 1860, Mr. Dunlo 
entered the service of Messrs. Randolph, Elder, an 
Co., whose engineering works were then in Centre- 
street, Glasgow. One of his first duties was the super- 
vision of the building of a floating-dock, the parts of 
which were made to template and sent to Sourabaya 
without having been erected in Glasgow. It was one 
of the earliest floating-docks made, and was designed 
so that it could be careened for repainting. It was 
built up by native workers without adequate super- 
vision ; unfortunately, paper was used for caulking, 
and the ballast-chamber was therefore not able to 
withstand the external pressure due to the weight of 
water when the dock was at ‘ts lowest draught ; as a 
consequence, it was not a success. Later, when the 
firm built a second dock, about 300 ft. long and 90 ft. 
broad over all, capable of taking a vessel of nearly 
70 ft. beam, Mr. Dunlop was sent to Saigong, Java, 
with ten Scotch workmen to put the dock together, with 
the assistance of native labour. The result was entirely 
satisfactory. On returning to this country Mr. Dunlop 
was employed by Mr. Elder in the design and erection of 
the engine, boiler, and other shops which now form the 
engineering department of the Fairfield Works. Time 
has proved not only the foresight of the designers, 
but the excellence of the work. Although extensions 


have had to be made to meet the demands of increasing | 


size of manufactured units and of greater aggregate out- 





put, the old shops still compare favourably with the 
parts of the factory since erected ; and, moreover, not- 
withstanding the additions which have maintained the 
Fairfield Works in the first rank, there is complete 
orderliness in the general disposition of the different 
departments. Mr. Dunlop’s association with John 
Elder continued until the death of the latter in 1869. 
Between them there was throughout a very close 
personal friendship, while the strong characteristics of 
the senior had a lifelong influence on the younger man. 

On leaving Fairfield, Mr. Dunlop and Mr. James L. 
“unliffe, also one of the Fairfield men, took over the 
shipbuilding and engineering works of Messrs. Law- 
rence, Hill, and Co., of Port Glasgow, where the new 
firm of Messrs. Cunliffe and Dunlop began operations 
in 1870. The partnership continued until 1881, when 
Mr. Cunliffe retired, and left Mr. Dunlop the sole 

rtner, the name of the firm becoming Messrs. David 
J. Dunlopand Co. Mr. Dunlop continued until the end 
the head of the firm, superintending the details of its 
operations, alike in the shipbuilding and engineerin 
departments. Apart from the good results of the vari 
work done, he succeeded in maintaining amicable 
relations with his workers, not entirely because 
of a natural readiness to see their point of view 
in any question that arose, but rather because of 
that firmness and integrity which he combined with a 
readiness and conscientiousness in placing before the 
men both points of view. Consequently, when the 
firm celebrated its semi-jubilee in 1895, Mr. Dunlop 
was presented by his employees with his portrait, and 
up to the end he showed his appreciation of his old 
etaff by continuing work when the claims of advancing 
pom suggested complete retirement. Un the other 

and, he was a strong supporter of the Employers’ Asso- 
ciation, being identified : with the late Mr. R. Sinclair 
Scott and the late Colonel Dyer in evolving the fede- 
rations. This assertion of the rights of employers 
was recognised by workmen as a normal condition, 
and mutual pots at was shown when Mr. Dunlop 
was accepted to arbitrate in a dispute regarding the 
demarcation of work between the engineers and boiler- 
makers in the making of the Belleville boilers, when 
these were first introduced into the Navy. 

The work done by Mr. Dunlop in the shipyard durin 
the forty-one years of his tenure was of a speciali 
nature. He was among the first to recognise the 
superior economy of transporting oil in bulk rather 
than in barrels. The Anglo-American Company had 
made experiments which established that while the 
principle was right, constructional details were un- 
satisfactory ; Mr. Dunlop tackled the problem, recog- 
nising the great care with which the work had to be 
done, as well as the special arrangements necessary 
to ensure success. The first vessel proved thoroughly 
satisfactory, and many other ships of the class were 
built by him. He was specially successful, too, in 
building light-draught steamers, and the vessels he 
sent to the River N iger were factors in the success 
of the Royal Niger Company in the development of 
that region. He built also a number of fruit-carrying 
steamers, and earlier volumes of ENGINEERING testify 
to the success of his electric cable-laying ships. In 
the construction of passenger steamers of medium size 
he attained high repute. 

Mr. Dunlop was President of the Institute of Marine 
Engineers in 1902, and was a vice-president of the 
Institution of Naval Architects, of which organisation 
he became a member in 1880; he was a Member of 
Council for along time. He was also a member of the 
Institution of Engineers and Shipbuilders in Scotland, 
and of the Technical Committee of Lloyd’s Register. 
In Port Glasgow, where he long resided, he took a 
prominent part in the affairs of the community, being 
a member of the Municipal Council, and for some time 
a magistrate of the burgh. He was an honoured 
Mason. He supported rowing and yachting, was a 
fine linguist, an entertaining racon/eur, and altogether 
a most attractive companion. He was unmarried, and 
lived with his sister in the house in Glasgow which 
their father had occupied during his lifetime, but he con- 
tinued to maintain up to the end that active interest in 
all the affairs of Port Glasgow which became a captain 
of industry. Although he had been ailing for some 
time, he was at the works up to May 22 last. Towards 
the end of the month, however, his illness took a 
serious form, and he died on the 3rd instant. His 
remains were interred on Wednesday, June 7, when 
many of his colleagues in the Clyde shipbuilding and 
engineering industry took the opportunity of showing 
respect for his memory and sympathy with his 
surviving sister. 





More Russian Rattways.—The Russian Minister of 
Ways and Communications has arranged a programme 
of surveys to be made for the construction of 8660 miles 
of new railway during 1911, 1912, and 1913. The new 
lines thus mapped out comprise 2230 miles in } 
European Russia, 1000 miles in South-Eastern Russia, 
1470 miles in Central Russia, 710 miles in South-Western 
Russia, 180 miles in South European Russia, 450 miles in 
Northern Russia, 230 miles in the Caucasus, and 2390 
miles in Asiatic Russia. 





INDUSTRIAL NOTES. 


Tue fifth monthly report of the Associated Iron- 
Moulders of Scotland, which has recentl appeared, 
embraces the four weeks from April 22 to a 20. It 
does not indicate any very great improvement in 
trade. The total membership at the time indicated 
was 7998, including senior and junior sections, which 
is a gain of 40, com with the membership 
on April 22. The list of idle members shows that the 
figures stand exactly as they did at the end of the 
previous month—namely, 346 on benefit and 296 not 
on benefit. There is not much improvement in the 
main source of income—dues, contributions—which 
appears as 1514/. 18s. 6d., being an increase of only 
some 4/. Levies brought in 639/. 4s. 54d.—an increase 
of 39/. on last month. There is a debt entry which 
shows 672/. 10s. 6d., but in this is included a sum 
of 524/. 7s. 6d. of interest on investments falling 
due at Whitsuntide. Taking these figures together, 
the net income amounted to 2826/. 13s. 54d., while the 
outlay was 6511. 10s. 10d., leaving the funds on May 20 
standing at 48,607/. 8s. l1ld. An arrangement was 
made during the month whereby sheeo-aetiets secured 
an increase of 24 per cent. in wages, and Ils. weekly 
was advanced to all workers drawing less than 36s. 
per week. 


The monthly report of the National Union of Boot 
and Shoe Operatives for May shows that employment 
in the trade continued fair on the whole, but suffered 
a slight decline compared with a year ago. Returns 
from firms employing 61,153 workpeople in the week 
ended April 2) showed a decrease of 0.4 per cent. in 
the number of operatives employed, and of 0.2 per cent. 
in the amount of wages paid compared with a month 
ago. Compared with a year ago, there was an in- 
crease of 0.3 per cent. in the number employed, 
and a decrease of 1.5 per cent. in the amount of 


wages paid. 


The Shettield moulders have taken a vote regarding 
the offer made by the Employers’ Federation, with 
the result that the offer has been declined. An increase 
of ls. per week was recently demanded by the men, 
which was intended to bring their wages up to 42s. per 
week, the latter being the standard before the reduc- 
tion made some three years ago. The employers con- 
tended that trade was not in a condition as to allow 
them to pay their moulders two guineas per week. 
In the dispute three years ago arbitration was resorted 
to, and 2s. per week were eventually taken off. 
When trade improved in September, last year, a 
demand came from the Founders’ Union for the 2s. to 
be replaced, and, as a result of negotiations, an advance 
to 4ls. per week was made. In six months’ time a 
demand came for the other shilling, but the masters 
could not see their way to give this unless a condition 
in regard to working was accepted by the men. This 
condition referred to day-work. The result of this 
proposal was the ballot referred to. The following 
were the offers made by the employers :—(1) That 
the question be referred to arbitration as to whether 
trade has sufficiently improved to warrant an advance 
of ls. a week to date from June 30. (2) That an 
advance be conceded, provided the moulders agree to 
be employed on piece-work as well as day work in 
Sheffield. By an almost unanimous vote the men 
have declared that the condition of trade is such as to 
justify their demand, and they have also declared 
against any condition being imposed with the increase. 
- is a that another conference will shortly 

held. 


We have been asked to state that the strike which 
prevailed in some departments of the works of the 
Simms Magnetic Company, Limited, Kilburn, London, 
has now happily come to an end, the men having 
returned to work unconditionally. 


As a result of an interview, last week, between 
the district delegate for the National Amalgamated 
Union of Labour and the managers of Messrs. Cammell 
Laird and Co., Limited, the firm decided to take back 
the labourers on strike at the old terms. The men will 
retain the 6d. per week conceded by the firm before 
the dispute began. 


About 100 firemen on board the White Star liner 
Olympic ceased work prior to the vessel sailing for 
Liverpool on Wednesday in last week, the reason 
given by the men being that they were dissatisfied 
with the terms of their engagement. They were 
conveyed in tugs to Belfast, where substitutes were 
seovihed. 


The Fresca among the locomotive men at the 


North-Eastern Railway Works at Shildon have been 
satisfactorily settled. This result was due to an 
interview between Mr. V. L. Raven and Mr. H. A. 
Watson. 
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A strike commenced last week at the Frodingham 
Iron and Steel Works. Ten men in the cold-sawing 
department gave a fortnight’s notice, and 24 men 
engaged as cutters and labourers declined to work. 
The cutters were, we understand, earning 3/. per 
week and the labourers 1/. 10s. The firm, it appears, 
had asked the men to accept a reduction of 5 per cent., 
which was declined. 





A memorandum on the effect of the Trade Unions 
(No. 2) Bill now before Parliament has been issued by 
the Employers’ Parliamentary Council, in which it is 
pointed out that there isa point in Clause 3 of the 
measure which is likely to be overluoked by persons 
not familiar with trade-union law, but on the inter- 
pretation of which much willdepend. Ordinary readers 
will probably regard the Bill as giving power to the 
unions (which power the House of Lords declared in 
the Osborne judgment does not now exist) to spend 
their funds on all kinds of political objects, and that 
in return for this new power they must allow every 
member, who objects to the levy for political purposes, 
to refuse to contribute to the political funds, and 
that a member so refusing is not to be excluded from 
benefit or placed under any disability. 

The memorandum points out that if this were 
really the effect of the Bill, the solution of the 
present situation would probably be satisfactory to all 
parties, but the legal effect is really quite different. By 
the Trade Union Act, 1871, and the numerous decisions 
thereon, there are no means by which a member of & 
trade union excluded from benefits can enforce pay- 
ment, unless such payment could have been enforced 
at common law before the passing of the Act ; and as 
there are practically no cases in which the common law 
would have enforced the payment, benefits may be 
withheld by the executive officers of a trade union 
absolutely at their discretion, and with no i- 
bility of redress being given to the member. If the 
Bill proposed by Government be passed, a member can 
secure that funds of the union shall not be used for the 
support of political opinions to which he may object, 
and it might be only in a few cases that the union 
would think it worth while to withhold benefits. The 
restriction as to political activity being entirely re- 
moved, however, as it would be by the proposed Bill, 
the unions would have the greatest possible interest 
in applying pressure to the members to subscribe to 
funds for that purpose. It is pointed out in the 
memorandum that it ought to be clearly known 
whether the rule referred to in Clause 3 of the Bill is 
intended to alter the existing law, which prevents a 
member of a trade union suing for benefits, and, if so, 
whether the Home Secretary will be willing to intro- 
duce words during the Committee eo making it clear 
that Section 4 of the Trade Union Act, 1871, cannot 
be pleaded against a member who is excluded from 
benefits on account of his refusal to contribute to the 
political fund of his union. 

On Friday last, at the resumed conference of the 
United Government Workers, resolutions were adopted 
asking for an increased minimum wage for dockyard 
smiths. The ship-riggers of Sheerness and Ports- 
mouth demanded the concession of a minimum wage 
of 30s. for established men and 3ls. 6d. for hired 
riggers. It was pointed out that the ship-riggers 
worked under very unsatisfactory conditions, and cases 
were given of increases of 2s. in twenty-two —.. In- 
creased agitation was advocated in order thatthe workers 
might obtain proper recognition. It was su 
that if the Liberal Party were friends of the workers, 
they ought at least to show it in their own workshops. 
In another resolution strong protests were made 
against the persistent refusal of the Government to 
improve the conditions of labour at Kew Gardens, 
and agitation in the matter was recommended. 





On Saturday last the members of the Miners’ Federa- 
tion of Great ‘Britain had issued to them by the secre- 
tary a circular dealing with the Cambrian Trust 
strike. According to the secretary there are a number 
of men in South Wales who do not want a settlement 
of the strike, and all along have been crying for Rule 20 
to be put into operation, whereas the terms of the 
agreement contain all that has been asked for. It is 
not intended that Rule 20 shall be put into operation 
until all other means have failed, otherwise it would 
not be successful. Its use was never intended to help 
a district to fix prices in a seam at a colliery, or, in 
any case, where less than eighty men were directly 
affected. There are many districts in the federation 
that could make a similar case to the one in mid- 
Rhondda, and then Rule 20 would be in very frequent 
operation. The secretary fears that the advocacy 
of such men will not help the matter in any way, but 
will hinder the federation in obtaining a national 
minimum wage in abnormal working places. 


With regard to a national strike in the coal trade, 
there does not at present ap 
such taki 
that the 


to be much chance of 
lace. Reports from the North state 
Ba Be Miners’ Association do not 








consider the matter to be grave in Northumberland 
and Durham, and a national stoppage is never pro- 
posed unless there is a common object in view through- 
out the whole industry. The colliery dispute in 
South Wales ig said by the miners’ representatives in 
Northumberland to principally one of tonnage 
prices, whereas in the northern counties it is a ques- 
tion of working arrangements under the Kight Hours 
Act and with reference to the three-shiit system. 
The trouble in Scotland is about the long hours worked; 
consequently there is no common ground on which to 
organise a national strike, and it is not thought likely 
that a stoppage will occur. 





The threatened great strike of seamen, which, it 
was rumoured, might take place on the 29th ult., did 
not come off on that date ; but it is now said that the 
time really fixed for it is the 10th inst. It is under- 
stood that a circular has been issued by the Bristol 
Channel branch of the Sailors’ Union asking for sub- 
scriptions to a fund being raised to promote ‘‘a four- 
teen days’ carnival, commencing on June 10.” It is 
said that this carnival is being organised by the seamen 
and firemen of Great Britain Ireland to establish a 
Conciliation Board, so that grievances shall be removed 
without cessation of work. It does not appear to be 
clear whether this date has reference also to the pro- 

international action. Anything of the nature 
of a carnival, however, must not be taken seriously ; 
it savours too much of beer and amusement, and is 
more likely injuriously to affect the morals of those 
who take part in it than anything else. 


According to the United States Bulletin of the 
Bureau of Labour, the conduct of employment offices 
in the Union is regulated by statute in many juris- 
dictions, the validity of such laws being generally 
sustained. A provision limiting the fee to be cha 
by the office for its services in procuring employ- 
ment was, however, contained in the lifornian 
statute, and was declared by the Court to be an 
unconstitutional infringement of the right of con- 
tract. Several States have this provision among their 
laws, however. Where the public undertakes the 
conduct of employment offices, the service rendered 
must be without discrimination, so that the provision 
of an Act of the Legislature of Illinois (1899) which 
forbade the furnishing by public employment offices of 
names of applicants for work to employers whose 
workmen were on strike was necessarily uncon- 
stitutional. A few of the Southern States em- 
body in their taxing laws a heavy tax on emigrant 

ents —i.¢., persons engaged in the hiring of 
labourers to go outside the State for service, an 
the Legislature of North Carolina (Acts of 1891) laid 
a tax of 200/. on the conduct of the business of an 
emigrant agent in that State, the law applying to a few 
designated counties. The Court declared that this law, 
prescribing no regulation as to conduct of the business 
nor any police supervision, was restrictive and pro- 
hibitory and void, as an attempted exercise of police 
power ; or if to be considered as a taxing law, it was 
void for want of uniformity. The Court construed a 
certain law of the State of Alabama in the same way. 





According to the Abstract of Labour Statistics of 
the Board of Trade (Labour Department), the number 
of profit-sharing schemes formed in the United Kingdom 

w from 1 in 1829 to 221 in June, 1910. Consider- 
ing the number of such schemes added to the list in 
each year, we find that the years from 1889 to 1892, 
both inclusive, constitute the period of greatestactivity. 
Between 1829 and 1865 very little seems to have been 
done, and advance was evidently not rapid. In the 
year 1865 six firms adopted the system,and this (with 
the exception of 1887), was the highest number added 
in any one year to that date. In 1887 it was seven. 
When we come to 1889, however, we find that twenty 
firms joined, while thirty-two were added to the list in 
1890, fifteen in 1891, and seventeen in 1892. After 
this the numbers declined again, as though the 
scheme had fallen into disrepute, and there were 
no higher additions than nine (in 1895), until the year 
1908, when fourteen firms started profit - sharin 
schemes. In the following year eight firms joined? 
while in the first six months of 1910 only one firm 
was added. Of the total of 221 firms who joined during 
the period from 1829 to 1910, as many as 149 have 
stopped their schemes, though one of them may possibly 
start again. This leaves a balance of seventy-two sup- 

to be working under a profit-sharing system, but 
as to two of these no particulars can be found ; there 
remained at the middle of 1910 seventy firms who were 
known as working on profit-sharing lines. The number 
of persons employed in June, 1910, in businesses of 
this class was 81,375, against 81,258 in June, 1909. 
The average bonus in the cases in which bonus was 
paid, taking into account the number of participants 
in each case, was 4.8 per cent. in 1908, and 5.2 per 
cent. in 1909, the percentage being on wages paid. 





The wine-growers of France are again giving trouble. 
On Tuesday night last they came into eollbion with 








the military in the neighbourhood of Bar-sur-Aube, 
where they offered stubborn resistance to the autho- 
rities. It is said that the attitude of the workers is 
so threatening that much trouble is expected. 





The conference of the friendly societies, held on 
Monday last in order to discuss the National Insurance 
Bill, showed the existence of different opinions, though 
on the whole the principles of the Bill were endorsed, 
most strongly perhaps by the Sons of Temperance 
at Sheffield, who appear to hold the view that, if the 
societies reject the Bill, they will make a ter 
mistake than when they declined to have anything to 
do with the Old Age Pensions Bill. The Manchester 
Unity of Oddfellows moved that, subject to amend- 
ments, to be approved by the conference or the board 
of directors, the Manchester Unity should, imme- 
diately on the ing of the Bill, take steps to become 
an ‘‘approved” society within the meaning of the 
Act. An amendment was — and seconded 
that the question of applying to me an approved 
society should not be considered until such amend- 
ments had been made in the Bill as would ade- 
quately safeguard the position and funds of exist- 
ing friendly societies, and that action to be taken 
by the society be deferred until the Bill had passed 
through the Commons, and that it be considered at a 
special conference to be held in London at a date to be 

xed by the board of directors. The amendment was, 
however, defeated, and the resolution was unanimously 
carried. The Nottingham Order of Oddfellows passed 
resolutions declaring that the control of doctors and 
the provision of medicine for approved societies must 
remain with the societies, and that medical pay should 
not exceed the amount calculated by the Government 
actuaries in their report, approving the separation of 
provision of chemists from doctors and objecting to 
the limit of incomes for medical benefits. 





THE LAUNCH ‘ELECTRIC ARC,” WITH 
ELECTRIC TRANSMISSION GEAR. 

Many minds are at work on the vroblem of driving 
a slow-speed screw-propeller either forwards or back- 
wards from a high-speed engine or motor which runs 
only in one direction. Our columns have contained 
accounts of many devices to be used with steam- 
turbines and with oil and gas-motors; some were 
merely for reversing the propeller, some for reducin 
the speed of the propeller in a definite ratio to that o 
the motor, some for introducing a variable-speed ratio 
between the motor and the propeller, and others for 


d| accomplishing both reversing and a variable-speed 


ratio. 

A considerable amount of success has attended the 
efforts of inventors, but it cannot yet be said that any 
of the devices which we have described has obtained 
the confidence of aa and shipowners for large 
powers, both from the mechanical and financial point 
of view. There is no reason, however, to doubt that 
before long the efforts of inventors will provide a gear 
that will satisfy the conditions. Probably there will 
be several gears, each having its own field of applica- 
tion, and fulfilling a certain class of conditions. It 
is well known to our readers what these conditions are, 
and we have only to refer to naval vessels, high-speed 
passenger vessels, cross-Channel vessels, cargo-boats, 
and racing boats to recall how wide is the field and 
how various the applications that are needed. 

The latest form of gear for insertion between a 
constant speed, constant-direction motor, and a screw- 
propeller which must run in either direction at 
various speeds, is that invented by Mr. H. A. Mavor, 
and constructed by Messrs. Mavor and Coulson, of 
Glasgow. As might be anticipated from its origin, 
this is an electric transmission gear, the mechanical 
power of the motor being first employed to generate 
a three-phase alternating current, and this current 
is used to drive an electric motor on the screw- 
shaft. If that were all, there would, of course, be no 
novelty in the apparatus. The motor, however, is 
provided with two or three circuits, and has conse- 
quently two or three sets of poles, giving two or three 
speeds to the propeller. Such a motor can, of course, 
be reversed, and as the rotor is of the squirrel-cage 
type, without slip-rings, it is of a most robust construc- 
tion, and is well fit for the hard conditions which 
obtain on board ship. eee pres ee! may be driven by 
a steam-engine, an inte -combustion engine, or a 
steam-turbine, and is designed to suit the conditions 
of most efficient speed of the prime mover. In a twin- 
screw or triple-screw ship there may be a co nding 
number of generators, each generator driving its own 
motor, or at light loads only one generator may be 
run, and its current divided between two or three 
motors. In these conditions the engine can always 
be run at nearly full load. 

With a motor operating under conditions of efficienoy, 
and with propellers desi to be suitable for the 
vessel, and running at their most efficient speed, the 
loss occasioned by the double conversion of energy 
becomes of small importance, and it is claimed that 
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the over-all efficiency of the arrangement is as good as, 
or better than, that of many direct-coupled plants. 

To demonstrate the value of the invention Messrs. 
Mavor and Coulson have had a vessel, the Electric 
Are, built by Messrs. Maclaren Brothers, of Dum- 
barton, and they have fitted it with a petrol engine 
and their own electric transmission. The dimensions 
of this vessel, named the Electric Arc, are :— 


Length between perpendiculars 
Depth, moulded ... 

Draught (maximum) 

Engine power __... 


The general arrangements of the vessel and the ma- 
chinery are shown in the annexed illustrations (Figs. 1 
to 3). The engine has six cylinders and drives a three- 
phase generator at 800 revolutions per minute in normal 
working, but the engine can have its speed altered by 
the throttle. Upon the generator is mounted the 
exciter, which is driven by a belt from the main shaft. 
By means of resistances the exciting current can be 
varied through a wide range, and consequently the 
current from the main generator can be similarly 
varied. 

The governor on the engine normally keeps the 
speed practically constant whether the load be large 
or pel The stator of the generator is provided with 
two circuits of different periodicities, and its field, or 
rotor, has windings which enable it to generate cur- 
rent alternately or simultaneously in either or both 
of the windings of the stator. The motor on the 
propeller-shaft has likewise two windings giving dif- 
ferent numbers of poles. The first combination of 
‘merenge7s and motor windings gives full speed of 7.25 

nots, or 8.3 statute miles, per hour, and the second 
combination two-thirds of full speed, about 5 knots. 
In a larger boat there would probably be two separate 
engines and generators. At full speed both engines 
would be used, but only one at low speed. The 
arrangements for two or more propellers are exactly 
on the same lines as for one. Each generator ma 
have its power divided between all the motors, but all 
the electric circuits of the generators are kept quite 
distinct. 

The general disposition of the generators and motors 
in a vessel having two generators and two motors is 
shown in Figs. 4 and 5, which are diagrams of the 
circuit connections. 

In Fig. 4, f represents a 20-period alternator, and g 
a 30-period alternator. The current is supplied from 
the 20-period alternator / through suitable switch 
mechanism / to the six-pole winding }, the winding a 
and alternator y being out of use. In this way the 
motor will run with a low speed of the rotore. In 
Fig. 5 the 20-period alternator / is connected to the 
four-pole winding a, and the 30-period alternator g to 
the six-pole wining b, thereby obtaining high speed 
of the motor. 

It will be obvious that by the arrangement described 
the generators supplying to the motors currents of 
differing periodicity may have their powers super- 
imposed in the application to a common work, and 
this without the necessity or the possibility of 
synchronising the alternations of the two systems. 

The switches governing the connection are operated 
directly by chain connection from the ship’s telegraph 
on deck, so that the navigator in operating the tele- 
graph, actually performs the switching operations, and 
| about the desired result. The s -control 
may, however, be put in the hands of the engineer, 
directed by signal from the bridge. 

A demonstration took place on May 31 before 
representatives of the daily Press. On this occasion 
the vessel ran a double course on the measured mile, 
the mean speed attained being 7} knots, equal to 
84 miles per seen Demonstrations in rapid manceuv- 
ring were carried out. ‘The time —- completely 
to stop the vessel from full speed ahead was 23 
seconds. The time required to change the direc- 
tion of rotation of the propeller from full re- 
volutions ahead to two-third revolutions astern was 
13 seconds. A demonstration also was given of in- 
stantaneous reversal of the controller from full speed 
ahead to full speed astern, thus producing conditions 
worse than short circuit on the plant. This was done 
rapidly, as a demonstration of the actual results of 
possible short-circuiting of the electric conductors, and 
it was quite evident that there is no risk to be appre- 
hended from this condition. As will be seen from the 
description given, the two electric circuits are entirely 
separate, so that each group of conductors is associated 
with a winding on the generator, and short-circuit 
currents are therefore localised to circuits which are 
able to carry them. This method of reversing the 
vessel would probably not be used even in an emer- 
gency, because there is no gain in time of reversal by 
going to full revolutions astern. The lower speed 
peerees the reversal rather more quickly than the 

igher, owing to the lower slip of the propeller. 

Attention is directed to the appended comparison 
of the actual results with the results of ordinary 


practice :— 
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Builder’s Estimate of Comparative Results on Lines 
of Ordinary Practice. 
Engine power required ... a 45 


Propeller revolutions... Sin 750 
S 8 miles per hour. 


Actual Result ‘with Electric ‘Transmission. 


35 


Engine power 
s 800 


Engine revolutions. 
Propeller revolutions 


Mean speed on measured mile... 84 miles per hour. 





It will thus be seen that, making due allowance for 
the uncertainty of power measurements in the first 
results, there is evidence that the losses in electric 
transmission are very fully compensated for by the 
improvement in propeller efficiency. The manceuvring 
is accomplished without a reversible propeller, which 
is inapplicable to large vessels. he actual shaft 
horse-power on the trials was 24.7. The efficiency of 
the electric transmission was determined by previous 
experiments to be 70 per cent., and this is t e basis 
on which the 35 brake horse-power of the engine is 
estimated. The maker’s assumption of the power of 
this engine is 45 horse-power at 1000 revolutions, which 
corresponds very closely with the record of the trial. 





Tue Unirep States Navy.—The United States tor- 
oe tg Patterson has just been launched at Phila- 
elphia. She has a displacement of 900 tons, and is 
to steam at the rate of 294 knots. She will carry five guns, 
two mitrailleuses, and three torpedo tubes. 


Nortu or Encianp Coat, Steet, anp Iron Inbuvs- 
TRIES.—Messrs. Wise, Speke, and Co., stock and share 
brokers, Newcastle-on-Tyne, have compiled a small 

hlet which gives financial information on twenty 
iS of land metallurgical and engineering works. 
The data include particulars of the capital, the names of 
the directors, the amount of the last dividends paid, the 
prices of the shares and bonds, &c. 
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NOTES ON A NEW DESIGN OF 
MERCHANT VESSEL.* 


By Maxweuui BaAtiarp. 


Tue steamship Edenor being a new departure in mer- 
chant-ship construction, it is hoped that a description of 
her, with particulars of the innovation in design and 
structure, may be of interest. The vessel has been built 
oo _ the fates gs aa ra gg 3 for = a 9g < 

ipping Company, Limited, Newcastle-upon-Tyne, by 
Mourn. ng Graham, and Co., Sunderland, and 
will be employed chiefly in the Baltic trade. . 

The order was secured in competition with other ship- 
builders, who submitted pro for vessels of the 
ordinary types ; but the saving in first cost, as well as 
the other advantages offered by the new design, influenced 
the decision of the owners in meg the contract. The 
vessel was to have been completed early in December of 
last year; but, owing to the unfortunate ey of 
work in the shipyards caused by the lock-out of the 


, The crew are berthed in a top- 





with a stroke of 33 in., steam being supplied by two | 


single-ended boilers, 11 ft. by 10 ft., working at a pressure 
of 180]b. This machinery will give the vessel a speed of 
94 knots at sea. 

A general arrangement of the vessel is shown in Fig. 1, 
on this page. Reference to this figure indicates that so far 
as the longitudinal disposition of cargo holds, hatchways, 
general deck arrangements, and engine s' are con- 
cerned, there is no departure from the cnlinaay design. 
lant forecastle of usual 
form ; the p erection provides additional] cargo capa- 
city. In the midship house immediately forw: of the 
boiler > is the saloon and sundry accommodation, 
while over this house is the captain’s room, chart-house, 
and flying-bridge. Accommodation for the engineers an 
officers is provided at the casing sides with galley and 
steering-engine platform at the after end. 


The construction elevation and deck plan of the vessel 
are given in Figs, 2 and 3, on this page, and a midship 
—— page. 

e normal moulded 


scantling section in Fig. 4, on the o 
Considered up to the level of 


S.S.'EDENOR" 





projection of fitting an ordinary beam-knee connection to 
the arch-side member, is taken. In the Edenor it will 
be observed that the beams have been extended for this 


purpose. 

The outside shell-plating has been carried round the 
arch, the top strake being flanged back in the manner 
indicated, and connected to the stringer-plate by a bar. 
This method is not essential, and, if dispensed with, no 
detriment to either the structure or the principle involved 
would result. In this bar connection special care has 
been taken. The rivets are spaced 3} in. apart, zig-zag, 
and are j in. in diameter fore and aft. The beams and 
half-beams have been fitted as usual. 

Many equally efficient modifications of the methods of 


d | constructing the arch present themselves. For example, 


the frames could be cut and scarphed, or bracketed at the 
lower abutment, while bracket plates could be substituted 
for the half beams. The course adopted in the Edenor 
commended itself in that it redu to a minimum the 
number of structural members. 

Webs of the form shown on the cross-section are intro- 


LENGTH B.P. 240:0° BREADTH M 34'0° DEPTH M 16:5°+ ARCH 5.9 


Shi SSS SINGLE 
ANGLE STIFFENERS 


Fig. 3. 


2190.4 


a of the Boilermakers’ Society, considerable delay 
occurred. 

The following are the dimensions and leadin - 
ticulars of the vessel :— ee 


Length between perpendiculars 
Length over all ... & ‘ad 
Breadth moulded ... 
Breadth extreme ... 
Depth moulded 


240 ft. 
249 ft. 9 in. 
34 ft. 


a 34 ft. 2 in. 
... 16 ft. Sin. +5 ft. 9 in. 
arch erection 
Poop... _ is ... 17 ft. 9in. x 7 ft. 
Forecastle ... a as all 23 ft x 7 ft. 
She carries 2141 tons ert on 16 ft. 02 in. draught 
with a block coefficient of 0. and has been classed at 
Lloyd’s 100 A 1, under special survey. The vessel is self- 
trimming, and has four hatchways of the following dimen- 
sions :—Nos. 1 and 4, 24 ft. 11 in. by 21 ft. 6in.; No. 2, 
29 ft. 9in. by 21 ft. 6in.; and No. 3, 28 ft. 9in. by 21 ft. 6 in. 
A smaller hatch is, in addition, fitted on the poop deck. 
_ The propelling machinery fitted consists of triple-expan- 
sion engines with cylinders of 18 in., 29 in., and 48 in., 


. Pa r read before the Institution of Naval Architects, 
April 7, 1911. 
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N°2 HOLD 


depth, as shown in the cross-section, the hull is of usual 
form. From this position, and in lieu of the ordinary 
upper deck with bridge or continudéus erection thereon, 
the upper structure takes the form of a composite trans- 
verse arch. The lower ‘corners ” of this arch form the 
abutments, and the termination of, and support to, the 
vertical span of the flat side. The upper “corners ” ter- 
minate the s of the deck platform, as will be seen by 
reference to Fig. 5, on the opposite In the Edenor, 
as referred to later, a modification of this upper corner has 
been adopted. Usual camber is given to this deck, while 
the abruptly inclined portions of the composite arch, 
between the upper and lower corners, are convex for the 
pape of practical construction. 

method of constructing this arch, as adopted in the 
Edenor, will be seen by reference to the cross-section. 
The frames are continued up from the moulded-depth 
line forming the arch ribs, and are cut at the beams, the 
latter forming elements of the horizontal component of 


the ——— arch. 

Consi tions of deck area govern the method of junc- 
tion at this ition, and a variety of satisfactory connec- 
tions is possible. In the Edenor the deck has been carried 
out beyond the limits of the upper corner, as shown by 





the cross-section, and the opportunity afforded by this 


3S 


Sho 


Sf 23235 SINGLE 
120 ANGLE STIFFENERS 


duced. Additional stiffening of the arch sides and extra 
support to the deck platform have in this way been pro- 
vided, andthe composite arch form has been reinforced 
at regular intervals. The spacing of these webs in the 
Edenor is shown on the e above. At the hatch ends 
the arched webs are combined with the hatch-end coaming 
plates, the whole constituting a complete arched web, 
extending from abutment to abutment. A reverse bar, 
extending from the tank side to the deck, is fitted to each 
of the webbed frames, and, in the case of the hatch ends, 
this reverse bar is carried from the tank side round the 
arch continuously to the opposite tank side. 

With the addition of a stringer fitted at the base of the 
arch—tying the frames and connecting the webs and bulk- 
heads—the construction of the composite transverse arch 
is complete. The structure and form described, in con- 
junction with girders and brackets under the beams on 
the centre a Cet the necessity of pillaring. The 
very clear holds thus afforded have greatly impressed 
those who have inspected the Edenor. 

Referring to the elevation, it is seen that, in combina- 
tion with this transverse arch, a longitudinal camber has 





op’ The moulded depth knuckle line has been 


, maintained at the midship level forward and aft until 


merging into the form of the vessel in the proximity of 
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the poop and forecastle. By this means the vertical frame 
span is not increased towards the ends, as is usual in ordi- 
nary vessels. It must be admitted, however, that for both 
cases the strength due to the form of the round sections 
forward is probably underrated, this being a virtual reduc- 
tion of the vertical span. At the upper ‘‘corner” the 
midship depth of knee is retained fore and aft, and in con- 
sequence the bevel of the deck projection towards the 
ends assumes practically the vertical. 

Longitudinal camber has been suggested previously, 





and the theoretical advantages and practical disadvantages 
being so well known, it is only mony | to here point out 
how the latter have been overcome in the present design. 
It should be stated, however, that camber is not essential | 
to the design, and the straight, or even usual, sheer may be 
adopted if preferred. 

Owing to the increased height of deck platform afforded | 
by the transverse arch, the camber does not bring the | 
weather-deck level below the ordinary deck sheer line. 






































and, though turned at both bilge and top, only one heat 
was required. Naturally, a slightly longer time was 
taken to turn the bars, and 3s. per pair extra cost 
was incurred. The absence of sheer enabled the shell 
plating to be utilised in connection with ribanding. 

The primary object of the Ayre-Ballard design is 
economy of structure. The obvious necessity of taking 
advantage to a greater extent of the strength due to form, 
if further economy in structure was to be obtained, gave 
impulse to the development of the arch form. Ship 
design is of necessity a compromise, the conflicting ele- 
ments of which render it most difficult to arrive at a satis- 
factory solution of the problem. Broadly speaking, in 
the successful cargo-carrier this compromise must be repre- 
sented by a combination of minimum initial cost and 
minimum cost of running and maintenance with maxi- 
_— carrying power and the requisite strength and 
stability. 

In the Ayre-Ballard design economy is obtained by the 


e , there being more scope to bring into operation 
the elements of the 4 ign. "7 7 = 

_ The foregoing comparison is based upon similar dimen- 
sions ; the more correct basis is upon the same dead- 
weight and the same draught and speed. In order to 
illustrate this, a further comparison is given in Table IT., 
on the next page, the vessels being again upon identically 
the same basis and specification. It should be added the 
estimates-are based upon No. 1 vessel of the comparison, 
and are therefore strictly comparative. 

The ultimate object of cargo-steamer design is savi 
in weight, which means diminished cost and ellen | 
carrying power. The comparison in Table II. shows a 
saving of some 19 per cent. of the invoiced material upon 
the basis of the same specification and carrying power, 
representing a considerably reduced initial cost, while the 
relation of the remaining elements of design will be 
pg be to include maintenance and coal consumption on 

is basis. 
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From Fig. 6 it is obvious that the lowest point of the ex- 
posed deck in the new design approximates to the highest 
point in the ordinary ‘‘ Three Island” type of vessel, the 
poop and the forecastle erections being practically iden- 
tical. If this reverse sheer were not applied, and the 
arch deck were carried straight to the ends of the vessel, 
the poop and forecastle would be higher above water than 
in the ordinary type of vessel by the difference between 
the arch depth and the sheer at any position. Sheer, as 
adopted in modern vessels, is contrary to the original 
function of sheer, and is mainly an unscientific method of 
ar toy | unpenalised draught. 

The Edenor, as already mentioned, has been constructed 
to Lloyd’s requirements, and her scantlings are given in 
Fig. 4. In obtaining the transverse numerals, the depth 
is taken to the normal moulded depth line as usual, an 
allowance being made for reverse sheer, the depth for 
proportions being the total depth to the arch deck. The 
scantlings, however, were specially discussed, and the 
author’s thanks are due to the authorities of Lloyd’s 
Register for the consideration and valuable assistance 
given. 

_The practical construction of the Edenor presented no 
difficulties, there being little departure from the ordinary 
methods of building. In the frame turning a clear 
knuckle line has been obtained at the moulded depth, 





redistribution of material. With less surface of material, 
on the same dimensions, an increase in reserve buoyancy, 
and Gay of draught, is obtained. Maintaining a given 
draught, the depth of vessel may be reduced. On the 
more correct basis of the same dead-weight on the same 
draught and speed, very considerable saving is obtained. 
Economy of construction must be qualified by a satisfac- 
tory compromise with what may be termed the commer- 
cal elements, these latter being controlled mainly by 
dimensions. Large capacity and low net to! e are 
opposing elements, but a good deal may be accomplished 
in the direction of combining the two. In the arch design 
the erection, while providing increased hold capacity, so 
increases the volume in the propelling space as to enable 
the 1# allowance to be readily obtained for moderate- 
sized steamers. : : 

A comparison of the Ayre-Ballard des as illustrated 
in the Edenor, with steamers built to the ordinary desig 
is given in Table I., annexed, all the vessels therein being 
on the same basis of specification exactly. 

This comparison shows advantageously for the Edenor 
in first cost, dead-weight carrying power, and capacity, 
although the ordinary vessels are popular types with 
owners of tramp tonnage of moderate dimensions. 

The material saved is about 12 per cent. in the above 
cases. This, however, increases as the dimensions are 


TaBLE I.—Comparison of Ayre-Ballard Design in 
the ‘* Edenor” with other Designs. 











| Ed Dec er pana od 
_—_ on enor. ” . * 
* |Three Island 
Type. Decker. 
Dimensions, moulded _. . |240ft. x 34 ft.|240ft. x 34 ft 240ft. x 34 ft. 
Displacement os 04 2957 2957 296 
Draught and block-co-| 16ft.Oin., | 16ft. O}in. 16ft. Of in., 
efficient .. os --| 0.785 0.785 0.785 
Machinery — weight, tons) 150 160 150 
Dead-weight oe ..| 2141 tons | 2055tons 2066 tons 
Net tonnage os 771 734.8 798.9 
Capacity in cubic feet ..| 111,000 103,860 105,240 
Tonn + dead-weight .. 2.777 2.796 2.586 
Capacity + dead-weight..| 51.84 50.52 60.93 
Total invoiced materials .. 5044 | 6704 
Excess of materials - oe 85 76 
Dead-weight + displace- 
ment oe én é 0.724 0.695 0.698 





Freeboard requirements may be summed as height of 
deck platform, the distribution and amount of surplus 
buoyancy, and the extent to which this is closed in. 

e arch-deck platform is raised to the height of the 
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usual midship erection, and the lowest exposed points of 
this deck at the poop and forecastle fronts are not less 
than 25 per cent. of the moulded depth above the normal 
depth line. In estimating the free’ of the Edenor, 
the arch erection has been treated in the manner provided 
for similar erections in the Freeboard Tables. 

There is in the Edenor a surplus buoyancy of 30.52 per 
cent., or 1430 tons. The standard requirement for a vessel 
of this same depth is 24.66 per cent., the difference being 
equal to 353 tons, or a provision in the Edenor of 30.50 
per cent. more than required. 

In Fig. 6, page 771, are given curves of total buoyancy 
for two vessels of identical underwater form and draught, 
one being of the Three Island type, and the other of 
the new a The dimensions are 318 ft. length, 
46 ft. 10}in. breadth, and 20ft. 6in. draught. e 
ordinary vessel has a bridge for 76 ft., and a mean shear 
of 6 ft. 14 in., while the other vessel has an arch of 
7 ft. 3in. depth. Under these circumstances there is an 
excess of reserve buoyancy of 84 per cent. in the new 
type. The diagram further illustrates the different dis- 
tribution and comparative value of the reserve buoyancy. 
TaBLE II.—Comparison of Ayre-Ballard Design with 

a of other Ships of same Dead-Weight, Draught, 

and Sp cd. 








— No. 1. No, 2. No. 3. 
. re i r wy ~ ry Ayre- 
‘ype os ort ng 
{ Bridge. | Bridge, Ballard. 
Dimensions : 
Length 348 ft. 845 ft. 338 ft. 
Breadth 48 ft. 3in. 49 ft. 47 ft. 3 in. 
Depth 27 ft. 4in. | 25 ft. 44in. 24 ft. Sin, 
Erections— 
oop 23 ft. 23 ft. 28 ft. 
Forecastle 25 ft. 25 ft. 25 ft. 
Bridge Se vs 118 ft 231 ft. arch, 7ft.6in. 
Displacement ae oO 8608 8657 8188 
Draught and block-co- 22ft.6in. | 22ft.6in. 22ft.6in. 
efficient .. a * at 0.80 at 0.80 at 0.80 
Machinery weight .. tons 366 tons 350 tons 
Bunkers y ‘6 455 tons 455 tons 430 tons 
Cargo dead-weight 5839 tons | 5849 tons 5807 tons 
Net tonnage.. os oe 2463.1 2228 2471 
Capacity, cub. ft. gross ..| 374,805 863,860 347,111 
a + dead-weight..| 2.32 2 56 2.31 
Capacity + dead-weight..; 64.81 62.83 60.74 
Dead-weight + displace- 
ment és ve es 731 0.728 0.762 
Strength modulus. . ve 9500 8775 8510 
Total invoiced materials .. 1878} 1912} 1517 
Excess of mate --| 361 tons | 395} tons 


The absence of wells is noteworthy, and is important 
in the bearing it has on stability. Cross-curves of the 
latter have been calculated for the Edenor, and Fig. 7, 
page 771, gives the stability curves for the two followi 
conditions :—1. Load, with 2140 tons of cargo an 
bunkers, the former being distributed homogeneously ; 
the vessel in steaming condition. 2. Coal-bunkers full, 
steam up, but no on . 

In the first condition the metacentric height is esti- 
mated to be 2.24 ft., and in the latter case 5.77 ft. In the 
loaded condition, and under the above assumptions, the 
maximum righting lever is 13 in., and the range 774 ~~ 

In order to compare relatively the stability of the 
design, curves have been calculated for the two vessels 
paneeey mentioned in connection with the reserve 

uoyancy. These are shown in me. 8, page 771. Assum- 
ing the bridge to be intact, it will be observed that, while 
the initial stability is décreased slightly, the range is 
extended. Scientific considerations and trade conditions 
are in agreement as to the desirability of the massing of 
structuralel tsupon the circumscribing walls. Further, 
if a ship girder can be deepened without unduly increasing 
the transverse stresses in the structure, economy results. 
The deepening of the ship-girder by the transverse arch, 
and the concentration of heavy material in this vicinity, 
in combination with the. decrease of vertical span of un- 
supported side (in a vessel of the same dimensions. and 
draught), is the prima facie case for the arch principle. 
The effects,of redistributing the material and the increase 
in y, consequent upon the arch form, are shown in 
Tables V. and VI. of the Appendix. Many cases were 
examined, and at the same time results for ordinary 
vessels were obtained. Im all cases the data given are 
based upon the requirements of Lloyd’s Register. Refer- 
ring to the moduli of the sections, and, as is justifiable, 
comparing these at the weakest sections, they will be 
seen to be, for the Three reemng AS 5877, for the shelter- 
decker 7670, and for the Ayre- rd type 7602. Within 
normal limits it was found that in the new design the 
modulus varied as the depth of arch. 

An investigation of the transverse strength, in the 
manner put before this Institution by Dr. Bruhn in his 
papers of 1901 and 1904, has been made. The tables of 
moments and the results of the calculation are shown in 
Tables IIT. and IV. (Appendix), and diagrammatically in 
Fig. 9, page 773. For purposes of the calculation, the 
vessel has assumed to be at a draught 3 ft. 6 in. 
deeper than the load-line, and to have a uniformly dis- 
tributed cargo, these corresponding to the S(H + V)C 
conditions assumed by Dr. Bruhn. The inertia was 
calculated for each position, over five frame spaces, and 
reduced to the proportion due to one foot length, thus 
eg Oe bracket web and reverse frame support. At 
the d centre-line pillar support was assumed, on 
account of the brackets and girder provided. This is in 
agreement with the assumption that, while pillar support 
is efficient for the purpose of assisting the beams, it is of 
— no assistance to the double bottom of a single- 
ecker. ifficulty was encoun in arriving at the 





similar construction to that of the Edenor. The bending 
moment and neutral axis must be continuous, however, 
and with this in mind the curves of these have been 
plotted as shown. The stresses are given in the table, 
and the curves are so plotted as to indicate the tendency 
of the structure to deform. 

The distribution of shearing force over the cross-section 
has been investigated for the vessels above mentioned, 
and of the same dimensions, the results being shown in 
Figs. 10 and 12. In the new design the stress at the 
neutral axis is 0.53 ton less than in the case of the ordi- 
nary vessel. Assuming an erection in way of the maximum 
shearing force as shown by Fig. 11, the stresses are 
practically identical. 

In the decision to utilise longitudinal camber, in con- 
nection with the transverse arch, considerations included 
the longitudinal bending-moment calculations, in order to 
ascertain the effect upon the new form. The results are 
given in Tables V. and VI. (Appendix), and the curves 











Dimensions :—318 ft. by 46 ft. 1 
erection, 7 ft. 3 in depth. 
from 
bunkers and fresh-water tanks empty. 
be filled. 





porrect neutral axis at the upper ‘‘ corner,” which is of 





APPENDIX. 


of shearing forces and bending moments for the cases 
examined are given in Figs. 13 to 15, opposite. The calcu- 
lations were made in the standard awed throughout, for 
pone Saves cnmenaenee, —) being of Se pane dimensions 
an ment as previo’ mentioned, an iculars 
of which are given under Tables V. and VI. _ 

The curves were worked out by integraph, the maximum 
——- pe in each om. ene mateusticnliy. 

istinct argument in favour of longitudinal camber 
resulted from these calculations. 

Selecting two cases, and again taking the weakest 
sections, the reduction in stress is noticeable. Through 
the hatchway, and in way of the well of the ‘‘Three 
Island” type, the stress is 10.23 tons per square inch ; in 
the new design, and with 3 ft. 6 in. longitudinal camber, 
the stress is 7.61 tons per square inch, or a reduction of 
34.4 per cent. In the shelter-decker, the corresponding 
stress is 8 39 tons, or 10.34 per cent. less in the Ayre- 
Ballard vessel. 




















Taste IIT.—Vessel, 318 ft. by 46 ft. 104 in. 7 22 ft. 1 in. plus arch 7 ft. Sin. Draught assumed, 24 ft. 
Uniformly distributed cargo in hold. Effect of webs and reverse frames included. 
Preliminary Table. Tasie IV. 
Moments . 
. x No. Bending : Modulus of 
No. —y Py. a - saul @ -y I | Moments.  mertia. yn. | Resistance Stress. 
| —_—_— —. 
0 +1 -0 0 +0 46.4 ft.-tons cub. in. oeager 
2 2. S| & = o | - 4n 46.4 5.98 77 #98 
3.1} 048) 1419! 1.17 3031 | } [| = = = 1.12 
p- | | 2 + 3 x x 7.7 5.36 
4 1; Gn, wee, LM i 8 + 7.81 308.1 5.98 51.t0 1.32 
4 +1  -0.70 |—18,92 | +1.24 a 771 4 + 11,66 1883 16.58 113.6 1.22 
5 1 4.20 20.46 1.74 ee 771 4 + 11.56 771 30.03 25.67 6.40 
6 1 8.20 23.08 2.76 | +0.03 606 5 + 7.30 771 30.03 25.67 3.41 
¥ ce me 6 + 3.66 606 26.83 22.58 1.94 
oie | ee ee tee ee (Si ¢ |-- oe 76 727104586 
s| i 16.81 23.2 2.82 5.14 ~ 76 || 8 - 6.04 76 7.27 10.45 6.92 
9| 11 aus! a3 ess | 16451 |. 7 || 2 - 2.83 7 7.27 10.45 8.24 
011) wel as oss! 3308 | 76 | 10 + 7.80 76 7.82 10.38 9.01 
1/1! eass | snes | o80 | sae |- ass 2150 | i + 17.64 2150 29.37 73.20 2.89 
12 1 28.80 | 17.90 | —1.98 66.70 - 6.77 4855 || 12 + 18.02 4855 22.36 217.11 0.99 
13 1| 2885 1285 | -624 9115 - 25.52 5017 | 38 eH 0.83 
14 1) 2890) 852 -11.08 | 128.01 - 56.22 5179 || 14 en 0.68 
15, 1| 2895 | 482 16.60 | 177.11 |- 99.30 ao) & +88 = | =e red 
16 1 29.00 0 | 22.58 | 239.86 | - 154.81 mo || © | + 1) 0 | ER | (88S 0.88 
Tani.k V.—Hoccine Conpirion. 
| | — Stress. Tons per Sq. In. 
} ulus : 
Sup. SrRENeTH TAKEN THROUGH ee | y. | of Resist- | Genting | 
ance. | Srasten Come. 
a Rede 2 ae = | on . sion on Keel. 
Ayre-Ballard { Complete deck (plain peer corner) 162,922 19.96 8152 57,871 7.11 3.71 
7-ft. 3-in. arch = »» (extended deck) ..  .. 170,766 | 19.68 8685 57,871 | 6.67 3.64 
3-ft. 6-in. camber } Through hatchway (plain upper corner) .. 151,516 | 20.48 7400 57,871 7.88 3.79 
(longitudinal) | ~ 90 (exten deck) ; 154,604 | 20.33 7602 57,871 7.61 3.77 
Avre-Dallard Complete deck (plain upper corner) 174,512 | 20.66 8450 56,678 6.71 3.49 
si Sie a { a »» (extended deck) e 184,184 | 20.27, 9098 56,678 6.24 3.43 
30k 6 dn comsier Through hatchway (plain upper corner) .. 162,394 | 20.15 £060 56,678 7.04 3 93 
. | o - (extended deck) 175,148 , 20.71 8460 56,678 6.70 3.46 
| In way of bridge and complete decks... 201,452 | 20.63 9751 60,134 6.17 3.66 
Ordinary Three ” *” through hatchways 188,832 | 21.21 60,134 6.96 8.82 
Island vessel with / | In way of well and complete decks. . oh 111,990 | 16.53 6770 60,134 8.89 4.84 
‘0 in the | Do., but including sheerstrake doubling . . 118,812 | 16.05 7400 60,134 8.14 481 
ridge | In way of well and through hatchway .. 00,836 | 17.13 5877 60,134 10.73 5.02 
Do., but including sheerstrake doubling. . 110,016 | 16.61 6615 60,134 9.09 4.88 
| In way of bridge and complete decks... 201,452 | 20.63/ 9751 64,320 6.60 3.91 
Ordinary Three ” ” through hatchways 183,832 21.21; 8660 64,320 7.45 4.08 
Island vessel not In way of well and complete decks ae 11,990 | 16.53 6770 64,320 9.50 6.17 
having cargo | Do., but including sheerstrake doubling 118,812 | 16.06 | 7400 64,320 8.70 5.15 
in the bridge In way of well and through hatchway .. 100,836 17.13} 5877 64,320 10.95 5.387 
| Do., but including sheerstrake doubling 110,016 | 16.61; 6615 64,320 9.63 5.22 
Shelter-deck {| In way of complete decks .. Re “ 166,564 | 18.93 | 64,320 7.81 4.30 
vessel | o hatchways .. ; 151,514 | 19.76 7670 64,320 8.39 4.37 
TaBLe VI.—Saceine Conpition. 
| 
Modul Stress, Tons per Sq. In. 
: ee Moment Us | Bendi 
SHIP. Strenetu TAKEN THROUGH of Inertia.| ¥% of Resist- F amen | ; 
cae, Compres- Tension 
sionon Deck. on Keel. 
Ayre-Ballard Complete deck (plain upper corner) . | 165,790 |17.426) 9,504 | 29,900 | 3.15 2.34 
7-ft. 8-in. arch | ‘“ »» (extended deck) ..  ..  ..| 172,926 [17.07 | 10,1290 | 29,900 | 295 2.31 
8-ft. 6-in. camber Through hatchway (plain he gd corner) .. ..| 155,412 {17.98 8,650 29,900 3.46 2.39 
(ongitudinal) | os aa (extended deck) | 158,274 |17.85 8,880 | 29,900 | 3.37 2.37 
Ayre-Ballard Complete deck (plain upper corner) | 177,588 /18.03 9,850 29,900 | 
oh bin Ze ied »» (extended deck) .. a | 186,360 |17.58 | 10,600 29,900 | 
i. Sin, Caeaber, | Through hatchway (plain upper corner) .. | 166,454 |17.59 9,478 29,900 | 
. 6-in. . ¥ extended deck) | 178,912 |1801 | 9925 | 99:90 | 
In way of bridge and complete decks | 199,798 |17.95 | 11,115 | 29,920 2.69 2.22 
Ordinary Three Pa - through hatchways 182,618 |18.95 9,645 29,920 3.11 2.28 
Island vessel with | In way of well and complete decks a | 113,448 |14.34 7,910 29,920 3.78 2.95 
cargo in the Do., but ee pm sheerstrake doubling. . 120,872 /|13.79 8,780 29,920 3.41 } 291 
bridge. | In way of well through hatchway .. | 108,380 |15.03 6,880 29,920 4.35 3.04 
Do., but including sheerstrake doubling. . | 111,654 /14.43 7,736 29,920 | 3.87 2.98 
In way of bridge and complete decks... 199,798 |17.95 | 11,115 23,950 2.15 1.79 
Ordinary Three ( Pe a through hatchways 182,618 /18.95 9,645 950 2.49 1.83 
Island Vessel not || In way of well and complete decks ™ | 118,448 [14.34 7,910 23,950 | 308 2.36 
having cargo Do., but including sheerstrake doubling. . | 120,872 /13.79 8,780 23,950 2.73 2.33 
in the bridge In way of well and through hatchway .. 108,350 /15.08 33,950 3.48 243 
Do., but including sheerstrake doubling. . 111,654 (14.43 7,736 23,950 | 3.10 2.39 
Shelter-deck { In way of complete decks .. x os 165,072 |16.41 | 10,060 23,950 2.38 1.98 
vessel 2” hatchways .. ee 151,954 /17.10 8,880 23,950 2.70 2.05 











Particulars Applying to Tables V. and VI. 
in. by 20 ft. 6in. draught. Ordinary vessel has a bridge 75 ft. in length. New design, arch 
e standard method of calculation has been followed throughout, the rivets being deducted 
in tension. For the hogging condition the holds are assumed to be filled with a homogeneous cargo, 
Displacement 6592 tons. For the 
Displacement 6992 tons. Sheer of the “‘ Three Island” type. and 
4 ft. 1 in. aft, while the reverse sheer on the new design is in one case 3 ft. 6 in., and in the other 6 ft. 6 in. 


condition the bunkers are assumed to 


e shelter-decker is 8 ft. 6 in. forward and 
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A NEW DESIGN OF MERCHANT VESSEL. 
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(For Description, see Page 770). 
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FOREIGN ENGINEERING PROJECTS. 
_ We give below a series of colonial and foreign engineer- 
ing projects. Further data concerning same can be obtained 
from the Commercial Intelligence Branch, Board of Trade, 
73, Basinghall-street, E.C. 

Australia: According to a newspaper extract for- 
warded from the office of His Majesty’s Trade Commis- 
sioner for Australia, the Victorian Government have 
decided on the establishment at Williamstown of a ship- 
pe a yard, — it is oan, Ca ey the 
construction of two steam hopper- oO} tons, 
required for use in the deepening of the harbour and the 
dredging of the site for the new pier at Port Melbourne. 
Later the yards will be enlarged and made capable of 
dealing with large shipbuilding contracts. It is also 
intended to improve the facilities for shipping at the 
various country ports east and west of Melbourne, with 
a view to some decentralisation of the shipping trade. 

Panama; With reference to the call for tenders for the 
construction of the Panama-David Railway, H.M. 
Minister at Panama reports that the time for the receipt 
of tenders has been extended to August 31. 

Brazil: The Diario Official contains a decree, No. 8701, 
approving the plans submitted by the Companhia Estrada 
de Ferro S. Paulo-Rio Grande for the carrying out of 
important alterations to the Parand line between Ser- 
rinha and the 124th kilometre, passing through the Porto 
Amazonas, The cost of the work, which will include the 
building of stations and the provision of two 10-wheel loco- 
motives, is estimated at 2,940,283 milreis (about 196,000/. ). 
The Diario also publishes three decrees opening credits 
in favour of the Ministry of Communication and Public 
Works as follows :—(1) 000 milreis (about 40,000/.) for 
extensions of the Bahia system of railways; Ame 
milreis (about 20,0007.) for ex ing the ook. beraba 
line to Villa Platina ; and (3) 300, milreis for the con- 
struction of a section of railway from Coroata (on the 
S. Luiz-Caxias Railway) toa place situated on the banks 
of the River Tocantins, in the State of Maranhio. 

Chili: The Diario Oficial contains a decree, issued by 
the Ministry of Industry and Public Works, approving 
the terms of a contract entered into with Messrs. Jose 
Rafael Echeverria and Enrique Brieba, whereby the 
latter un e to out surveying operations 


eee ese eo 


station (on the San Clemente line) to Molina station on 
the ee eee 
: The 


* Ralotd: 





Arg : Oficial contains two decrees, 
issued by the Ministry of Public Works, granting to the 
Buenos Aires Great Southern Railway, Limited, (1) 

wers to construct and work a section of railway, about 

miles long, from Barow, on the Tandil-Bahia Blanca 
line, to a point in the direction of Laprida station, and 
(2) powers to construct a section, 3 miles long, to connect 
Quequen station with Quequen harbour. 





Greater New York.—In 1860 the population of the 
area now comprised within the boundaries of Greater 
New York was 1,174,779, and the street locomotion 
was represented by 50,830,000 passengers. In 1870 
the A grog had grown to 1,478,100, and’ the street-car 
traffic to yw ge rs. In 1880 the totals 
were 1,911,700 and ,501, respectively ; in 1890, 
2,607,414 and 600,414,000 respectively ; and in 1900, 
3,437,200 and 846,353,000 respectively. Last year the 
— had reached the great te of 4,766,900, 
and 1,469,682,500 persons icipated in street locomo- 
tion. Of these, 767,915,000 were carried on surface lines, 
270,221,500 passed subways, and 431,546,000 
travelled on the Manhattan and Brooklyn elevated rail- 
ways. 





German TecunicaL Dirctomats.—The German 
Government is at present preparing an important re- 
form within the German diplomatic and consular service, 
consisting of the creation of new posts as technical 
attachés to the Empire’s legations. These new offices 
will be filled with engineers and technical experts, and it 
is proposed to place these technical attachés exactly on 
the same footing as the usual diplomatic attachés. eir 
work will be, as quickly and as thoroughly as possible, 
to keep themselves posted with all technical inventions 
and yo of any importance in the different countries, 
with reference to which it may be considered that they are 
of value in industry or commerce. The two first appoint- 
ments are likely to be in connection with the Goomen 
Embassies in London and Washi It is also under 





tive to the construction 


of a railway from El Alamo 


rela- | consideration to attach technical experts to some of the 


consulates. 


Tue Japanesk Navy.—The Settsu, an ironclad of the 
Kawachi type, has just been launched at Kure in the 

resence of the Prince Imperial. She was laid down in 
January, 1909. The vessels recently built at Kure are 
the cruisers Ikoma and Ibuki and the ironclad Aki. The 
Kure Arsenal was established in 1888, with some forei 
assistance. The Prince Imperial also assisted at the 
launch of the Chikuma, a cruiser with a displacethent of 
4967 tons. The Chikuma is to steam at the rate of 21 
knots, and her turbine-engines are to work up to 22,500 
horse-power. She will carry fourteen guns and three 
tol o-tubes. Ja proposes to lay down this year 
another ironclad of the Kawachi type, but somewhat 
larger; three armour-plated cruisers are also to be 
commenced. 





Moror-Liresoat. — The first motor-lifeboat of the 
German Society for Saving the Peuveas (Deutsche 
Gesellschaft zur Rettun hiffbriichiger) has been con- 
structed by Gebriider Kérting, A.-G., at Kiel. The 
dimensions are:—Length, 10m.; beam, 3 m.; height, 
1.23m. The keel and frames are built in oak, the double- 
bottom, bulkheads, &c., in teak, the planks in mahogany. 
The propeller-shaft has been p in a tunnel, The 
double-bottom consists of 20 cells, separately accessible 
through manholes; there are in addition air-chambers 
fore, aft, and at the sides. The boat displaces 7 tons at a 
mean draught of 650 mm. (26 in.), and the crew numbers 
ten men. The 15-horse-power two-cylinder motor is 
worked with petroleum and is started with benzine ; both 
electromagnetic and battery spark-ignition are provided ; 
the latter is cut out when the motor is running properly. 
One of the most important points is the water-tight 
mounting of the motor. It is placed in a box which 
rests on one of the cells of the double-bottom, and which 
has only one fixed wall ; the three other walls are remov- 
able, and the cover is Minged, the joints being rendered 
water-tight with rubber. box communicates through 
@ pipe with the aft air-chamber, from which a float-valve 
extends into the air; a second float-valve, further in front, 
is directly joined to the motor-box. If the boat should be 
swam the motor will temporarily draw its air from 
the air-chamber, until the water has found its outlet 
again ; the valves which had been closed by the water 
will then open again. This arrangement has given full 
satisfaction, according to the Zeitschrift des Vereines 
Deutscher Ingeniewre. The boat is stationed outside Kiel 
Bay at Laboe; in trial runs it has been driven at 6.6 
knots. It is equi with sails, and a drop-keel 
has been provided for sailing. 
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THE PATERSON RESERVOIR STEAM- 
TRAP. 


Tux distinguishing feature of this trap over ordinary 
expansion traps is that the discharge does not take 
place one the brass and iron tubes. The unequal 
expansion of these tubes simply results in opening and 
closing the valve when the reservoir below is full. By 
this means it is contended oe the — and tear — 
in other expansion traps where the valve is perpetually 
opening and shutting iocatindty avoided. By referring 
to the illustrations annexed, it will be seen that 
the mechanism is exceedingly simple. The working 
parts are all outside, and access to the valve is easily 
obtained. 

The mechanism of the trap may be clearly under- 
stood on reference to our illustrations, of which Fig. 1 
is a longitudinal section and Fig. 2 an end view. 
Over the top of the cast-iron casing of the trap A, 
which forms the reservoir, are two tubes B and C, the 
top one of iron and the bottom one of brass. These 
tubes are fixed in the part A, as shown, and when the 
trap is not at work the levers D and E are tight, and 
the valve F is off its geat. When work commences, so 
long as there is water flowing into the trap at G it 

ses away straight through the long pipe H at the 

ttom of the reservoir and out through the valve F 
which is open. When the yt however, is 
emptied of water as far as the little upright tube J, 
the steam rushes up this tube and jets into the two 
expansion tubes B and C, and heats them both. The 
lower or brass tube C expands more than the iron one, 
and thrusts the head K at the end upwards, slacks 
the levers D and KE, and allows the valve F to fall on 
its seat, where it is kept by the pressure of the steam. 
The condensed water flows away along the pipe L. 
This all takes place before the whole of the water is 
drained out of the bottom of the reservoir, and the 
valve is therefore not subjected to the alterations of 
temperature which tend to cause leakage. Until the 
reservoir and pipes are again filled with water the 
valve remains closed, but as soon as they are again 
full the action we have described is repeated. Any 
required adjustments can be made by the set-screw P. 
The working of the trap can be tested at any time 
by pulling over the lever D by hand. Fig. 3 isa 
sectional plan of the lever actuating the valve. The 
hole R is to allow for the escape of air. 

Great stress is laid by the inventor on the fact 
that, by using expansion tubes simply to open and 
close the valve from time to time when the reservoir 
fills, there is a high efficiency and much less wear and 
tear than when the expansion pipes themselves are 
used as reservoirs. All the parts are very accessible. 
The makers are Messrs. Charles Wicksteed and Co., 
Limited, Stamford Road Works, Kettering. 





CANADIAN RAILWAY PROGRESS. 

Tux directors of the Grand Trunk Railway Company 
of Canada claim to have somewhat improved the 
position of that undertaking during the second half 
of last year ; and judging from the comparative brevity 
and unanimity of the proceedings at the half-yearly 
meeting of the proprietors, the justice of the direc- 
torial claim appears to be tacitly admitted. At the 
same time, it must be acknowledged that there is still 
ample room for further improvement. One great diffi- 
culty with which the Grand Trunk has to contend 
is the severity of the ratio of the working expenses to 
the traffic receipts, which came out for the second 
half of 1910 at 75.43 per cent., as compared with 
75.78 per cent. in the corresponding period of 1909. 
To put the matter in, perhaps, a little more familiar 
English, ninepence out of every shilling earned by 
the company is swallowed up by maintenance, loco- 
motive, ae 4 general charges. Maintenance of way 
and works involved an outlay of 592,719/. in the 
second half of 1910, as compared with 628,698/. in 
the second half of 1909; maintenance of equipment, 
647,680/., as compared with 669,889/. ; tratlic expenses, 
116,768/., as compared with 97,935/. ; transportation, 
mainly made up of wages and fuel for locomotives 
(354,650/. ), 1,256,9110., as compared with 1,198,611/. ; 
general charges, 90,014/., as compared with 80,529/. ; 
and taxes, 86,594/., as compared with 77,481/. The 
aggregate distance run by trains in the second half of 
last year was 9,654,559 miles, as compared with 
9,951,487 miles in the second half of 1909. The gross 
receipts for the past half-year showed an increase of 
1.84 per cent. ; the working expenses, an increase of 
1.36 per cent. ; and the train mileage a decrease of 
2.98 per cent. The outlay made on capital account 
in the past half-year included 270,773/. for new works ; 
23,2731. for new rolling-stock ; 1119/. for double track- 
ing, and 10,0030. for land. Five i g os cage ad 
engines, 10 baggage-cars, and 660 steel under-frame 
box-cars were purc during the past half-year, and 
two dining and three parlour-buffet cars, and one snow 
plough were built in the company’s works during 
the six months. The Grand Trunk system, includ- 
ing the Detroit and Michigan Air Line, and the 
Cincinnati, Saginaw and Muskegon line is now steel- 
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railed throughout, sidings and all. The length of the 
system, and the two lines mentioned, is 3536 miles, 
of which 710 miles are second-tracked. Various im- 
provements were carried out during the past half-year 
at Ottawa ; a new power-house was built and a power 
service equipment is being installed. The Canada 
Atlantic bridge, across the St. Lawrence at Coteau, is 
practically completed. The bridge includes four fixed 
spans, each 219 ft. long ; ten fixed spans, each 213 ft. 
long ; two fixed spans, each 171 ft. long ; one fixed 
span, 135 ft. long ; one swing span over the Soulanges 
Canal, 183 ft. 6 in. long; and various other spans, 
making up 4085 ft. 3 in. of actual steel work. 

The total average outlay for maintenance of way 
and works last year was 264/. per mile. The outlay 
last year on track and permanent way, including 
ballast and ballasting, clearing snow, renewing rails 
and sleepers, superintendence, &c., was 648, 950., as 
compared with 637,294/. in 1909. The cost of renewing 
and repairing bridges, trestles, and culverts last year 
was 31,798/. more than in 1909, the totals being 
100,271/. and 68,473/. respectively. In the course of 
last year 33,305 tons of new steel rails were placed in 
the track, and 26,513 tons of partially-worn steel rails 
were laid in branches and sidings. 

In connection with the Grand Trunk Railway, in- 
terest centres very much upon the progress made in 
the development of the Grand Trunk Pacific Railway, 
which is virtually a Grand Trunk affair, although it 
has a se te financial existence. The prairie section 
of the Grand Trunk Pacific Railway has been further 
extended 63 miles from Wolfe Creek to Prairie Creek, 
which is 186 miles west of Edmonton, and within 60 
miles of the summit in the Rocky Mountains through 
the Yellow Head Pass. During the past winter con- 
struction camps were established from Prairie Creek 
westwards through the Yellow Head Pass to Téte Jaune 
Cache, a distance of 110 miles, and in the working 
year which is now commencing constructive operations 
will be carried on with vigour. Upon the western end 
of the mountain section from Prince Rupert on the 
Pacific coast, track has been laid easterly for 100 miles, 
and will be available during the coming season for the 
transport of materials and supplies for the contractors, 
as well as for prospectors and settlers proceeding into 
the interior. Upon the present end of the track, 
easterly to Aldermere, a distance of 145 miles, con- 
struction camps are established; on this section 
of the line a considerable amount of rock-cutting and 
tunneling will have to be accomplished, and a large 
bridge will have to be thrown over the Skeena near 
Hazelton. 

Altogether, construction operations will be prose- 
cuted during the working season of 1911 over 619 miles 
of Grand Trunk Pacific line and branches, and 140 
stations are to be built. The cost of these works and 
the necessary ballasting is estimated at 3,400,000/. 
The Grand Trunk Pacific Railway, as at present pro- 
jected, comprises 3732 miles of line, and 1217 miles of 
the main line, and nearly 500 miles of branches are now 
in operation. The western section of the Grand Trunk 
Pacific Railway embraces 50,000 square miles of terri- 
tory containing rich mineral deposits of high - grade 
bituminous and anthracite. The cost of construct- 
ing this section will average between 7000/. and 8200/. 

rmile. The ave cost of the prairie section will 

slightly below 7000/. per mile, exclusive of 400,000/. 
expended on bridges, which are n in order to 
maintain moderate ients. The outlay made to 
date by the Grand Trunk Pacific Railway upon its 
mountain section is estimated at 3,753,200/.; and upon 
the prairie section, 6,892,600/. The total sums 
advanced by the Canadian Government to the com- 
pany by — of tee or otherwise, are returned 
at 6,499, 200/. e expenditure made by the Grand 





Trunk Pacific Railway to date on rolling stock has 
been 2,948, 800/. 

Another important system which is in course of 
development in Canada is the Canadian Northern Rail- 
way ; and Mr. Hanna, the third vice-president of that 
company, anticipates that by the autumn of 1914 the 
Canadian Northern Railway will be linked up from 
ocean to ocean. A branch of the Canadian Northern 
Railway from Prince Albert to Battleford is to be 
pressed forward, and south-west from Saskatoon pro- 
gress will be made on a line from Delisle. In Alberta 
two lines are to be completed into Calgary—one from 
Saskatoon and the other from Vegreville. A large 
force is to be employed west of Edmonton on a line to 
Vancouver. 

Further south a considerable amount of grading 
is to be carried out on lines to the Brazeau coal- 
fields. Attention is to be devoted to a line between 
Regina and Prince Albert, upon which ballast-trains 
will be worked all through the summer ; heavy steel is 
to be laid down upon about half this branch, extending 
from Disley to Tramen, 145 miles. In South Saskat- 
chewan construction operations are to be carried out 
upon a line to Moose Jaw; and, further north, the 
Rossland branch is to be actively proceeded with. The 
contracts which have been awarded by the Canadian 
Northern Company for grading to be done this year 
upon its main line and branches foot up altogether to 
1,600,000/. 








INDIAN Bripge-BuitpiInc.—A good deal of bridge- 
work is still on hand upon the main and Doab lines of the 
Bengal and North-Western Railway. A bridge over the 
Ganges, at Allahabad, has forty spans of 150 ft. each, and 
it is hoped that the bridge will be completed during 
the course cf next year. Another bridge over the — 
at Manjhi Ghat has eighteen spans of 200ft. each, and it 
is expected that all the masonry piers will be prac- 
tically finished this month, although the girder-work will 
not be all completed by the same date. The bridge will 
be ready for traffic early in 1912. Some damage to a 
south-west up-stream protective spur is being repaired, 
and the work, it is hoped, will be rendered safe before 
the next rainy season. A bridge over the Gundak at 
Bagaha has fifteen spans of 150 ft. each ; and the masonry 
piers and three-fourths of the protective works are ex- 

to be completed before the next monsoon. The 
Bagmatti bridge at Dhang, upon the Tirbut State Rail- 
way, has fifteen spans of 100ft. each, and it is hoped 
that the masonry of the bridge will be completed and 
some of the girders erected before the next rains set in ; 
works for guiding and controlling the river will be com- 
menced in the next dry season. 





RUBEL Bronzxes.—The particular advantages claimed 
for the Riibel bronzes of the Allgemeine Deutsche 
Metallwerk, of Oberschineweide, near Berlin, are that 
all the constituent metals are present in quantities so as 
to form two definite crystals, that a definite composition 
can be guaranteed, and that the superior mechanical 
properties are retained at high temperatures. By thermal 
treatment, the two kinds of crystals can be made to 
dissolve in one another, and in this way the high strength 
is still increased by 20 per cent. In tests made by the 
Imperial German a Department, the strength de- 
creased from 38.5 to 20.4 kg./sq. mm., the elongation 
from 44.5 to 11.9 per cent., and the elastic limit from 
17 kg. to 13.7 kg. as the temperature was raised from 
190 deg. to 485 deg. Cent. The H bronze, which can be 
forged, has a strength of 76 kg./sq. mm., the Bw and D 
bronzes can be bent cold through 180 deg. The materials 
are recommended for steam-pipes, valve-boxes, propeller 
blades, torpedo - tubes, steam - turbines, water-turbines, 
guns, pumps, and ine construction in general ; pro- 
— and pumps le out of the D bronze are said to 

ave stood four years’ service in sea water. The admos 
metal of the same firm is a cheaper material which can 
be forged and pressed hot, and is not attacked by acid or 
alkaline pit waters. 
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CATALOGUES. 

Metallic Filament Lamps.—A six-page catalogue, illus- 
trating and stating prices of Philips’ metallic filament 
lamps, has reached us from Messrs. G. M. Boddy and 
Co., 15, Gray’s Inn-road, W.C. 

Self-Oiling Plummer-Blocks.—A circular giving prices 
and rave Bm of ring-lubricated plummer-blocks has 
been issued by Messrs. R. Hunt and Co., Limited, Atlas 
Works, Earls Colne, x. Particu are given of 
plummer-blocks for shafts ranging from 1 in. to 4 in. in 
diameter. They are made in two series, in which the 
length. of the brasses are, respectively, one-and-a- 
times and twice the shaft diameters. Prices are also 
stated for Whitfield shaft-couplings. 


Aluminium Cables.—The British Aluminium Company, 
Limited, 109, Queen Victoria-street, E.C., have issued 
reprints of an article by Messrs. F. C. Raphael and J. B. 
Sparks, published in Electrical Engineering, dealing with 


the use of aluminium cables for low-tension feeders and | P 


distributors on underground networks. The relative cost 
of aluminium and copper cables is dealt with, and methods 
by which the aluminium cables may be joined and tapped 
are illustrated and fully described. - 


Anthracite Stoves.—From Messrs. Smith and Well- 
stood, Limited, Bonnybridge, Scotland, we have received 
a pamphlet giving all particulars of ‘‘ Esse” anthracite 
stoves, and illustrating numerous d These stoves 
use anthracite, ke, coalite, and other smokeless 
fuels, and, once lighted, they will burn for periods vary- 
ing from 12 to 24 hours with little or no attention. e 
sizes illustrated are suitable for domestic use, and also 
for heating offices, large halls, hospital wards, ware- 
houses, &c. 


Water-Tube Boilers. — A catal 
Niclausse boiler has been published by the British 
“Niclausse” Boiler Company, Limited, of Caxton House, 
Westminster, S.W. This catalogue illustrates and fully 
describes the construction of the boiler, and also illus- 
trates and gives some particulars of several land and 
marine installations. The latter include some on British 
warships, and notes. The performances of these vessels 
are included. A few particulars are also given of 
Niclausse superheaters and automatic stokers, 


Electric Lifts.—Messrs. R. Waygood and Co., Limited, 
of Falmouth-road, S.E., have issued a pamphlet giving 
yarticulars, with illustrations, of some important instal- 
{ations of electrically-operated goods and mger-lifts 
they have recently completed. These include the lifts 
at the Royal Liver Building, Liverpool ; the new General 
Post Office, London; and also gantry lifts at the ship- 
building yards of Messrs. Harland and Wolff at Belfast. 
Messrs. Waygood also mention that they have received 
the Royal Warrant of appointment as lift-makers to His 
Majesty the King. 


Preservative Paints. — Messrs. N. C. Szerelmey and 
Co., of Rotherhithe New-road, S.E., have issued a pam- 
hlet dealing principally with their well-known paints 
or protecting all kinds of iron structures from rusting. 
They are also equally suitable for preventing the decay 
of woodwork. The = are supplied in a great variety 
of shades, either in liquid form ready for use, or in the 
form of a paste, to which it is only necessary to add boiled 
oil. The other preparations of the firm dealt with in this 

mphlet include zinc-white paint, paints and enamels 
or interior decorations, and Szerelmey stone liquid. 
The latter is used for the preservation of masonry, and 
also as a remedy for damp walls. 


Driving-Chains.—From the Coventry Chain Company 
(1907), Limited, of Coventry, we have received a set of 
ten cards which they have published, apparently with the 
double object of imparting good advice and calling atten- 
tion to their noiseless driving-chains. Each of the cards, 
which are a little larger than postcards, has an aphorism 
printed in bold type on one side, while the other side is 
utilised to illustrate the ‘‘ Coventry” chains and sprockets, 
with some of their numerous applications. The cards are 
perforated, so that the recipient can easily hang up any 
that appeal to him, and thus, while deriving constant 
inspiration from the lines, he will also be reminded of the 
particular method of power transmission in which the 
firm is interested. 


Metallic Packing.—The United Kingdom Metallic 
Packing Syndicate, Limited, 14, Cook-street, Liverpool, 
have sent us a copy of an illustrated pamphlet relating to 
their well-known metallic packing for piston-rods. The 
pa gives particulars of several types suitable for 
ocomotives, marine and stationary steam-engines, and 
also for ammonia and CO, compressors. A combined 
syphon and displacement type lubricator, specially suit- 
able for lubricating these packings, is also illustrated and 
described. Under steam pressure the lubricator works 
on the displacement principle, but when steam is cut off, 
as in the case of a locomotive running down an incline, 
the supply of oil is maintained by the syphon. The 
pamphlet gives instructions for fitting the white-metal 
packing-rings, and also gives a long list of British and 
foreign users. 


Rocking Fire-Bars.—From Mr. F. D. Brown, Bank of 
Ireland Chambers, Queen’s Bridge, Belfast, we have 
received a copy of a booklet illustrating and describing 
his patent rocking furnace-bars, These bars, which are 
roughly of T shape in section, have longitudinal air-slots 
in the central part and numerous teeth projecting laterally 
on both sides, The bars are made in one length, and are 
arranged longitudinally in the furnace, being pivoted to 
dead-plates at each end. They are rocked by means of a 
Key, which can be inserted into a square hole in the front 
end of one of the bars, the latter being connected so that 


e relating to the 


they all rock together. By this means the fires can be 
cleaned without Sy! the furnace-door. It is claimed 
that these bars, which are applicable to any ‘type of boiler 
or heating furnace, ensure good combustion, uce smoke, 
and enable cheaper fuel to be used than is possible with 
ordinary bars. 


Fi ulic Transmitters.—The Stettiner Maschinenbau 
A.-G. ‘*Vulcan,” of Stettin and Hamburg, have sent us 
a copy of a pamphlet devoted to the Féttinger hydraulic 
transmitter for steam-turbine installations. 
phlet, which is the tenth of a series of technical reports 
issued by the company, illustrates and describes the gear, 
which consists of a centrifugal pump and hydraulic tur- 
bine combined in a single casing ; it is principally 
in connection with turbine-driven ships for the purposes 
of s reduction and reversing. Its use allows both 
turbines and propellers to run at their most efficient 
speeds, and also renders separate reverse turbines unneces- 
sary. These transmitters can also serve many useful 

aay w on land, being used, for example, with rolling- 
mills driven by steam-turbines or internal-combustion 
engines, which are difficult to reverse. In fact, in all 
cases where | powers are required to be reversed 
easily, with or without a reduction in speed, these trans- 
mitters can be advantageously employed. Full iculars 
of them were given in our issue of November 5, 1909, on 
page 601 

Feed-Water Heaters.—Messrs. Holden and Brooke, 
Limited, Sirius Works, West Gorton, Manchester, have 
sent us a list illustrating and describing Brooke’s patent 
high-velocity feed-water heaters, one of which was dealt 
with in our issue of February 25, 1910, on 245. In 
these heaters plain straight tubes are employed, the 
water being made to pass rapidly through numerous 

ups of a few tubes, travelling in this way up and 
own the heater several times. A very high efficiency 
is claimed for these heaters, a temperature of 206 deg. 
Fahr, being guaranteed where a quantity of exhaust 
steam, at atmospheric pressure, equal to the weight of 


the feed is available, With a different type of heater 
on the same principle a feed temperature of deg. Fahr. 
is attained with a quantity of exhaust steam equal to one- 


fifth of the weight of the water, Equally high efficien- 
cies are obtained when os live steam in these heaters, 
the temperatures attained by the feed being only a few 
degrees less than that of the boiler. The list illustrates 
vertical and horizontal heaters for land and marine pur- 
poses, using live and exhaust steam. Full particulars are 
given of the exhaust-steam type. 


Automatic Battery Cut-Outs, &c.—A leaflet illustrating 
and describing the Walsall automatic battery switch has 
come to hand from the Walsall Electri Company, 
Limited, of 57, Bridge-street, Walsall. The switch has 
laminated contacts operated by two solenoids arranged 
one over the other, one being connected in series and the 
other in shunt. When the dynamo is started and run u 
to full speed, the main circuit is closed by the shunt coi 
and the current, which then passes through the series 
coil, assists the shunt coil to keep the switch closed. If, 
however, the voltage of the dynamo drops below that of 
the battery, the current will be reversed in the series coil, 
which then op the shunt-coil and allows the plunger 
to fall, thereby breaking the circuit and preventin 
damage. The switch is of very simple construction, an 
is therefore particularly suitable for private lighting 
installations in charge of unskilled attendants. ices 
are stated for switches having capacities of 30 and 60 
amperes, at pressures ranging from 25 to 160 volts. We 
have also received from the same firm an illustrated 
price-list of electrical apparatus, including automatic 
circuit-breakers, a master switch for operating circuit- 
breakers, leakage-indicators, and knife-switches. 


Friction-Clutch.—We have received from Messrs. R. 
Hunt and Co., Limited, Atlas Works, Earls Colne, 
Essex, an illustrated price-list of a new form of friction- 
clutch they have recently p on the market. The 
clutch, which is known as the ‘‘ Atlas,” consists of a cylin- 
drical cast-iron case keyed to the live shaft and enclosing 
two flat friction-plates attached by means of feathers to 
a hub which is keyed on the driven shaft. The friction- 
plates are forced into contact with the ends of the case by 
means of a toggle mechanism operated by the strikin; 
gear. The ends of the le levers, which are situa 
between the two friction-plates, are formed with slots, in 
which are placed three hardened-steel rollers, the two 
outer rollers bearing against steel plates let into the back 
of the friction-plates. When the clutch is dise the 
line joining the centres of the three rollers is inclined to 
the axis of the shaft, but, by the operation of the striking 
gear, they are ca to move until they become practi- 
cally parallel to the shaft or slightly inclined in the 
opposite direction. This movement forces’ the friction- 
plates against the ends of the’ ‘so that the former are 
made to revolve and thus drive the shaft. Adjustment 
to compensate for wear is effected by screwing in one end 
of the case, although, as the friction-plates work in oil, 
very little wear takes place. Among other advantages 
it is claimed that this clutch is positive in action, has no 
projecting parts, puts no thrust on the bearings, and also 
that its action is unaffected by centrifugal force. Prices 
and dimensions are given for clutch-couplings and pulley- 
clutches in seven sizes, to transmit from 1} to 35 horse- 


The pam- be 


vided with sets of bells and indicators, the latter havin 
the various orders written on glass windows illuminated 
by electric ry behind them. When men are to be 
raised from the level the onsetter turns a switch on his 


indicator to “‘men,” and, at the same time, gives the 
usual bell-signal to the pit bank and engine-room. If the 

nksman concurs, he replies by the bell and turns his 
switch to “men,” whereupon the signal ‘men ” is illumi- 
nated in the eagnon, and also at the pit bank and 
level. This order remains illuminated as long as men are 
ing raised, and when this operation is completed, it can 
be altered in a similar way to ‘‘coal,” &c. Each time the 
cage is loaded and ready to start the onsetter turns a 
separate switch on his indicator to ‘‘ ready,” and gives a 
bell-signal to the pit bank and engine-room, which opera- 
tion, when corroborated by the banksman, illuminates the 
signal ‘‘ready” in the engine-room, showing that the 
engine may be started. As soon as the engine commences 
to turn, a switch is automatically operated to extinguish 
the ‘‘ready” signals. Each indicator is also provided 
with an emergency “stop” signal, which can be 0} ted 
independently by either the onsetter or the banksman, 
to stop the cage at any point. The system is adapted for 
use in mines having several different levels, and also 
where the cages have more than one deck to be loaded 
from the same staging. It is claimed to be the only elec- 
trical system giving confirmatory om and at the 
a time complying fully with the Home-Office regu- 

ions. 


Engine-Indicators, Portable Dynamometer, dc. —We 
have received from Messrs. Dobbie-McInnes, Limited, 
57, Bothwell-street, G w, a batch of advertising 
literature, in which they illustrate and describe some of 
their specialities. One of the booklets deals with the well- 
known McInnes- Dobbie indicators for steam and inte: nal- 
combustion engines, , giving prices and particulars of the 
indicators, and of accessory apparatus. Continuous 
indicators and Mathot continuous-explosion and pressure- 
recorders for internal-combustion engines are also listed. 
The same booklet illustrates and states prices of an 
electro-magnetic device which enables two or more 
indicators to be operated simultaneously by one person. 
A separate booklet, devoted to the Hopkinson ** flash- 
light” indicator, illustrates and fully describes this instru- 
ment and the methods of observing and photographing 
the diagrams. Several.examples of photographic dia- 
grams from explosion-engines have Teen reproduced. 
Another useful little booklet published by this firm 
briefly explains the uses of indicator di ms, and gives 
instructions for taking them and calculating the horse- 
power of the engine ; it also contains some information 
on indicating locomotives. The remaining pamphlets 
deal respectively with the McInnes- Dobbie steam- 
peene uge for marine use, Messenger’s boiler- 
urnace deformation-indicator, the “ Clyde ” portable 
furnace-deflection gauge, and the Sellers’ portable dyna- 
mometer. The latter consists of a light casting in the form 
of a lever, the side elevation of which is a triangle of small 
altitude. On the short arm of the lever is a wooden 
brake-block supported on four small wheels and attached 
to a fixed point on the lever by a suitable spring-balance. 
The apparatus is placed on the floor under the engine 
fly-wheel so that the apex of the triangle forms a fulcrum, 
and a weight of any kind is — to the long arm of 
the lever to press the brake-block up against the rim of 
the fly-wheel. The pull on the brake-block, due to the 
friction of the fly-wheel, is measured on the spring- 
balance, and from this reading the brake horse-power can 
easily be calculated. The dynamometer is made in three 
sizes, for 20, 50, and 100 horse-power. The lever is 
hinged to fold into half its total length when not in use. 








Russian Commerce,—The value of the exports from 
Russia last year was 1,383,700,000 roubles, while the value 
of the imports was 953,100,000 roubles. There was, accord- 
ingly, a balance of trade of 430,600,000 roubles in favour of 
the Ozar’s empire last year. In 1909 the value of the 
exports was 1,367,200,000 roubles, while the imports were 
valued at 785,900,000 roubles. ile the balance of trade 
last year was in favour of Russia to the extent of 
430,600,000 roubles, it was still greater in 1909, when it 
amounted to 581,300,000 roubles. The exports to the 
principal countries last year were :—Germany, 390,000,000 
roubles ; Great Britain, 315,000,000 roubles ; Holland, 
196,000,000 roubles ; and France, 93,700,000 roubles. The 
ae to the principal countries were :—Germany, 
440,951,000 roubles; Great Britain, 153,547,000 roubles ; 
and the United States of America, 73,893,000 roubles. 


Tse Havre Harsour Works.—The contract for the 
harbour extensions to be carried out at Havre was 
awarded, for part of the work, in September last, to a 

oup of engineers formed of Messrs. Bchneider and Co., 
igner, and Michel-Schmidt. The same engineers were 
awarded, on May 19, the remainder of the work as planned 
by the French Corps of the Ponts et Chaussées. e 
work so far contracted for will cost about 3,000,000/., 
and will include :—1. The construction of a breakwater 
geen J 4000 m. (4400 yards) in length, to protect 
the new works. 2. The building of a tidal dock having 
4500 m. (5000 Prag y of wharves, the depth at the wharves 
being 12 m. (39 ft.) below low-water mark. 3. The con- 
struction of coaling berths for the rapid coaling of the 





power at 100 revolutions per minute. 
.—Messrs. Siemens 


Mine-Shaft Signalling A 
Brothers and Co., Limited, of Caxton House, West- | 
minster, S.W., who are now manufacturing Rutherford’s | 
patent luminous signalling system for controlling mine 
winding operations, have sent us a pamphlet illustrating 
and describing the apparatus. According to this system, 
which can be used in conjunction with any system of bell- 








signals, the engine-room, pit bank, and levels are all pro- 


‘ 





Atlantic liners. 4. The construction of a dry dock able to 
take ships 300 m. (984 ft.) in length, 38 m. (125 ft.) beam, 
and drawing 13 m. (42 ft. 8 in.), space being reserved for 
lengthening the dock ultimately to 350 m. (1148 ft.). 5. 
A number of installations to form a new outer port 
which, by separating the tidal dock from the present 
—- port, y 5 deaden the _— in the said tidal dock. 

es the above group of engineers, were four 
others who also tendered for the work in question. 
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ELECTRICAL APPARATUS. 


15,873/10. W. BR. Bullimore aud A. C. Cossor, 
London. Electrical Condensers. [4 Figs.) 





July 2, 1910.—It is well known that the city of a 

is very tly increased by reducing the thickness of the dielec- 
tric. It is also known that condensers constructed with a thin 
dielectric break down at moderately low pr near or at the 
edges of the conductor. The present invention relates to a 
method of construction whereby a thin dielectric is made to 
withstand several times the potential that would be required to 
break down such a dielectric when employed in condensers of 
ordinary congtruction. The improvement consists in employing a 
thin septum A (Fig. 1) having a suitable aperture at about its 
centre, such septum being preferably of the same material as the 
dielectric B. This is mounted or otherwise joined in the neck or 


2 
am 





Fig.1 
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some suitable part of a spherical vessel or near the end of a 
— or other shaped vessel, which preferably has one end 
closed, and at such a point that the inner coating of the con- 
denser terminates at, or very near, the edge of the central hole 
of the septum. The outer coating is carried some distance past 
the septum. It will be readily seen that the reverse arrangement 
may be employed when a flange E (Fig. 2) outside the vessel may 
be attached or joined at such a position that the outer coating 
shall terminate as near the outer edge of the flange as possible. 
When so constructed there would be no need for the septum as 
previously described, and the inner coating would extend some 
distance beyond the flange. By such an arrangement the edges 
of the inner and outer coatings are far removed from one 
another, and danger of sparking or piercing of the dielectric 
is obviated, (Accepted April 20, 1911.) 


3268/11. The British Thomson-Houston 
Teguise, London. (General Electric Company, Sch v 
U.S.4.). Vapour Electric Devices. [5 Figs.) Feb- 
ruary 8, 1911.—The present invention relates to the construction 
of ae are devices, such as mercury vapour lamps, rectifiers, 
and the like, of the type in which the arcing electrodes, as well as 
the arc itself, are entirely enclosed in an exha or 
envelope supported in a second exhausted which is not in 
communication with the arc . The object of the invention 
is to improve and cheapen the construction of such apparatus by 
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material more than 
quartz or silica. The sintered quartz, as prepared in the resist- 


ance furnace, is preferably heated in an arc or ox flame, 
thereby improving the transparency of the material. is form of 
quartz tube is not only considerably cheaper than the fused quartz 
tube, but the appearance of the light is better as the arc is not seen 
th translucent envelope, and therefore the effect of a solid 
ii t source is ob’ The lower end of the inner tube 
2 is closed p plug 3 either of glass or other suitable 
material. is plug, as clearly shown, makes a long tapered 
joint with the quartz envelope and is tightly fitted therein by 
— the surfaces which are in contact with each other. The 
eading-in wire 4 passes through the outer envelope 1 and enters 
the p ug 3, and may, if desired, project into the body of mercury 
5, which constitutes the cathode of the device. The anode end of 
the tube is closed by a tapered plug 6 consisting of metal having 
substantially the same coefficient 0: ——— as quartz. At one 
end of this plug 6 is attached the anode 7 consisting of graphite 
or other re’ conductive material, and at the other is 
attached a leading-in wire 8 through the outer envelope 1. 
As illustrated in Fig. 2, the plug 6 is held centred within the 
mouth of the tube 2, and not in contact with it before the 
lamp is completed. The initial clearance between the plug 6 and 
the tube 2 enables the inner tube to be evacuted simultaneously 
with the space between the tubes 1 and 2 when the lamp is 
attached to a suitable pump through the small tube 9. When the 
evacuation is complete the tube is sealed off in the usual manner, 
and the glass aeanen | the leading-in wire 8 is softened, and the 
plug 6 is drawn upward, thereby snugly ral it in position, 
as illustrated in Fig. 1. (Accepted April 20, 1911. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 
20,968/10. Firm Robert Stuttgart, Germany. 
peteomn Osan tion [4 Figs.) September 8, 


us’ 

1910.—In internal-combustion engines, in which ignition is effected 
by a direct-current source at starting, and is effected by an alter- 
nating-current machine during running, the direct-current source 
is, according to this invention, used in parallel with the primary 
circuit of the alternating-current machine when the interrupter 
is closed, and by means of a revolving commutator the currents 
in both circuits are op; when the interrupter is open. a is 
a winding on the armature of the magneto-electric machine, of 
which one end is connected to the body 6 of the machine and the 
other end to the insulated contact c of the interrupter d, which is 
operated mechanically. A condenser ¢ is connected in parallel 
with the interrupter contact for the age of suppressing spark- 
ae Fa securing a rapid break. In addition to the primary 
winding a, the armature has a secondary winding f in which is 
generated the high-tension current for producing the ignition 

rks at the plugs‘y. In lel with the foregoing circuit, 
there is a second circuit including a battery or dynamo’. In 
this circuit there is a commutator i having contact segments m 
and » whith serve to commutate the continuous current, so that 
it is possible to work at the same time both with continuous and 
alternating current. A switch k controls the battery circuit. For 
the pu of avoiding a short circuit of battery A when the 
mechanically-operated interrupter d and switch k are closed, 
and also to obtain a better effect, an inductance / is inserted 
in series with the battery. Ignition occurs as follows :—When 
the engine is to be started, the switch k is turned into 











the position A whereby the battery is connected up. As the engine 
rotates a current is generated in the primary winding a; when 
the interrupter is closed this current flows over the interrupter 
dand ly + of the machine back to the armature winding. 
Since the battery is also connected with the interrupter d, when 
the latter is closed the battery is also short-circuited through the 
inductance. When the interrupter is opened, the current from 
the battery A, momentarily inc yy the extra current 
generated in the inductance / due to the breaking of the short 
circuit, flows over the closed switch k, commutator segment m 
and through the primary winding a of the armature in the 
direction opposite to that of the current produced by the rotation 
of the armat A ing the two currents to equal they 
will neutralise each other—that is to say, the current in the 
armature winding falls very rapidly to zero. With these connec- 
tions, therefore, not only does the opening of the interrupter con- 
tacts cause a change of current in the armature winding, but 
the counter current of the continuous-current source assists the 
action of the interrupter, so that the current change in the 
armature winding is extremely sudden. This causes an induced 
current of much — voltage in the secondary winding / of the 
armature than in case in which the previously-cl primary 
circuit was only interrw . If the running of the motor has 
been started in this manner, the switch & is put into the tion 
M, so that now only the alternating-current machine is left in the 
circuit and effects the ignition continuously in the usual manner. 
If the running is to be stopped by cutting off the ignition, the 
switch k is put into the position O whereby both circuits are 
short circuited over the switch k and the interrupter d has no 
effect. (Accepted April 20, 1911.) 


GUNS AND EXPLOSIVES. 

8561/10. EB. J Bar, and Kynoch, 
Limited, Witton. Guns. (6 Figs.) April 8, 
1910.—In accordance with this invention, a - 
device for automatic guns has, in combination, cam means on a 





yal 


‘ WI 


with a projection on 
ad ener eae 





comprises a barrel a, held in the main structure of ry oo The 
breech mechanism com; a breech-block member ¢, into which 
is attached at its forward end a fixed -pin u. The breech. 
block element t is provided with two cams 9 and 10, which co-act 
with the means for feeding. The cartridge feeding means com- 
prise a horizontal.shaft.11, provided with a toothed operating 
wheel 14 and a feeding-drum composed of a central portion which 
may be of the shaft 11, and star-wheel elements. Anincline 
is formed upon the fixed part of the gun. A portion of the 
cartridge feeding belt is shown as 20. The method of operation is 
as follows :—Upon a round being fired, the breech-block ¢ recipro- 
cates, and during its forward and rearward travel the cam sur- 
faces 9 and 10 co-act.with the teeth on the wheel 14, to effect a 
two-step advance of the feeding-drum and of the cartridge-belt 
20. The result of this is that, in the first advance, the cartridge is 
brought os in the second advance is, by the action of the 
incline and of the teeth of the star wheels of the drum, forced from 
the clips, and placed in guch a position that when the breech-block 
advances it forces or pushes the cartridge forwardly into the 
conical mouth of the breech-chamber, and so brings the cartridge 
into its final position. It will be seen that the incline, in co-action 
with the teeth of the drum-wheel, acts positively to force the 
cartri transversely from the belt, and up the incline to present 
it at the breech without any axial releasing or withdrawing move- 
ment. This is brought about by the incline being introduced 
below the cartr' as the same advances, and the incline being 
fixed and the rotation of the drum continuing, the cartridge is 
gradually forced from the clip. The breech-block ¢ returning to 
its closed pos tion pushes the cartridges home in the breech, and 
is when the cartridge is firmly seated, and the round is 
fired when the operations recommence. (Accepted April 20, 1911.) 

4801/11. E. Schneider, Le Creusot, France. Per- 
cussion Fuses. (6 Figs.) February 25, 1911.—This invention 
relates to a percussion fuse of the kind that is provided with 
loose segments adapted to co-operate with the plunger or 

reussion pellet and to yield under the influence of centri- 
'ugal force, and, according thereto, the ents are driven 
and guided by tenons and grooves in such a manner that on the 
release of the segments by suitable safety devices, the tenons 
and ves become disengaged, and the segments assume a 
position in which the tenons and grooves lie out of coincidence 
with each other. 1 d ates the fuse-body, 2 the striker, and 
7 the plunger or percussion pellet carrying the priming 13. This 
plunger is guided in the plug 3 of the base of the fuse and ina 
socket 8 projecting inwardly from the forward end of the fuse- 
body. 5 designates the segments which, in the example shown, 
are four in nuinber ; these segments are prevented from moving 
in either direction lengthwise of the fuse, rearward movement 
being prevented by the plug 3 and forward movement by the 
socket 8 and its flange 11, which flange of form part of an adjust- 
able nut. Normally the segments are held together in the known 
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manner and e' in a groove 14 in the plunger by the influence 
of aspring 6 coiled in a peripheral groove 15 in the segments. Pro- 
jecting from the rear face of the socket 8 and the nut rigidly con- 
nec therewith, are tenons 12 corresponding in ber to that 
of the segments 5. Each of these tenons engages in a radial 
groove 16 in one of the segments. The size of these tenons is 
slightly less than the radial movements the segments are capable 
of performing, as represented by the distance between their outer 
edges and the inner wall of the fuse body. It follows from this 
arrangement that the segments 5 first of all participate in the 
movement of rotation of the fuse body under the influence of 
the tenons 12. The known safety -devices constituted, say, by the 
ring 4, for locking the parts in the normal position and by the spring 
ring 9—10 for locking the parts during the acceleration, release 
the segments 5 at the end of the acceleration. Centrifugal force 
then acts instantly upon the segments 5 guided by the tenons 12. 
On se ting, the said segments escape from the tenons, and 
immediately perform an angular displacement relatively to the 
latter. The grooves 16 being then no longer opposite the tenons 
12, the latter prevent the segments from coming together again, 
and also prevent them from impeding the displacement of the 

lunger 7 if a lateral shock should occur at the moment of impact, 
ba ecepted April 20, 1911.) 


SHIPS AND NAUTICAL APPLIANCES. 


8666/10. R. T. Blackburn, Gateshead. Ships’ Signal- 
Lamps. (3 Figs.) April 11, 1910.—In port and starboard ship 
lamps, according to this invention, the ly is constructed in the 
form of a full cylindrical frame, the radius of which corresponds 
to the radius of the dioptric lens. In carrying the invention into 
practice, lines b, c corresponding to the base line of the keel and 
the beam of the ship respectively are marked off on the circular 
frame a or segment of circular frame. The burner d is placed 

















centrally inside the lamp, and the centre of the burner is in the 
centre of a circle, the radius of which corresponds with the radius 
of the inner curvature of the lensd). The vertical line on the 
bracket e, the middle of which holds the screw-bolt / that secures 
the lamp in position on the ship, corresponds to a nt- 
ing the of the ship. The cylindrical me A | encircles 
the front and after of the vertical and horizon e, and 
is on a line with outside curvature of the dioptric lens, 
(Accepted April 20, 1911.) 
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PARIS A SEAPORT. 


Tue scheme for improving the waterway between 
Paris and the sea, or the Paris port-de-mer scheme, 
as it is styled, has of late come very much to the front. 
Its advocates, besides basing their arguments upon 
the increased facilities which it would afford for the 
carriage of goods to and from the metropolis, now 
urge that the cuts contemplated with a view to 
shorten the route would also have for effect to pre- 
vent a recurrence of disastrous floods. The enlarged 
section of the river would undoubtedly be an advan- 
tage, but much of the existing obstruction of the 
bed is in Paris, and would not be affected by the 
new works. 

The scheme in question is generally attributed 
to a well-known French physicist, the late Bouquet 
de la Grye, for he put it forward repeatedly and 
advocated it with marked energy. Long before his 
time, however, the construction of an artificial 
waterway utilising the Seine over part of its 
course and enabling sea-going ships to travel easily 
up to Paris had been considered. We find that 
plans were prepared for a similar work at the 
commencement of the nineteenth century, at the 
Restauration period. If the work had been carried 
out then—at a time when water traffic was vastly 
superior to road traffic and when there were no 
railways—the outlay involved would have been 
a comparatively very low one, and the waterway 
could gradually have been brought to meet present 





large figures. By the canals above mentioned, and 
other canals connected with tributary rivers of the 
Seine, Paris is in communication by water with 
almost all the French manufacturing and commer- 
cial centres, and also with Belgium and Germiany. 
Circulation on the French waterways being free 
from dues, large quantities of goods are transported 
by water. The total traffic in the port of Paris 
amounts annually to 50,000 barges, coming from all 
parts ; in 1887, 5,500,000 tons of goods were dealt 
with, while at the present time the quantity to and 
from all parts amounts to 11,000,000 tons, in which 
the imports enter for about 6,500,000 tons, the 
exports for about 2,500,000 tons, the remainder 
being the goods which pass through Paris in transit. 
The imports consist of wine, food-stuffs, sand, 
stone, lime, and other building material, and the 
various kinds of fuel. 

The advocates of an improved waterway between 
Paris and the sea base their contention upon the 
vast extent of the total water-borne traffic as illus- 
trated by the above brief figures. They pass over 
the fact that the goods in question are not all sea- 
borne goods, and could not be diverted to the Seine 
canal route, were this built. Their object is also to 
compete with the railway service in the case of goods 
which proceed from Havre and other French sea- 
ports. They ignore the comparative slowness at 
which Penn B - will travel on the 9 ape water- 
way, whatever be the section which will be given the 
latter ; and they also lose sight of the fact that 
even if larger boats than the present ones be used, 





latter a minimum radius of 1500 m. (1650 yards). 
Instead of the eight barrages which are now distri- 
buted in the river between Paris and Rouen, at 
which the fall varies between 2 m. and 3 m. (6 ft. 
and 10 ft.) there would be provided four barrages or 
weirs only, with a fall of from 6 m. to 7 m. (19 ft. to 
23 ft.). In this connection it should be remembered 
that the passage of a lock is much easier, and takes 
much less time, in the case of a barge than in that 
of a cargo steamer of the class which it is pro 

to use. The locks to be built for the latter would 
be 160 m. (525 ft.) in length and 30 m. (98 ft.) in 
width. The first would be at Sartrouville, 
and the second at Poissy, 17 kilom. (about 10 miles) 
further down-stream. e following level 43 kilom. 
(about 27 miles) in extent would end at the Méri- 
court Lock. The last level above Rouen would ter- 
minate on the down-stream end at the Poses Lock, 
and would havea length of about 80 kilom. (about 50 
miles). The port of Paris would be between Clichy 
and St. Denis—that is to say, quite outside the city 


limits. Secondary ports would be provided at 
Argenteuil, Poissy, Mantes, Vernon, and Les 
Andelys. 


The main railway line which connects Paris with 
Havre runs on the left bank of the Seine, except in 


_the vicinity of Pont de l’Arche, and the improved 


waterway would not interfere with it except at that 
same point, where it would have to be diverted as 
shown in the plan. Several other smaller lines, 
however, would have to be taken into account ; they 
would be relaid on viaducts erected at a higher level, 
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schemes followed, and among them we may men- 
tion one which was put forward in 1863 by the two 
engineers, Le Breton and Sabattié, for an open 
canal on the level, therefore without locks, between 
Paris and Die The depth was to be 10m. 
(33 ft.), the width 80 m. (262 ft.). The promoters 
went so far as to announce that the Paris terminus 
could also be fitted up to serve as a dockyard for 
the navy. It was stated at the time that the 
journey by this canal from Dieppe to Paris would 
take 12 hours. Two years were to be sufficient for 
the work ; the traffic was estimated to be such as 
to yield a revenue of 20 per cent. on the share 
capital. 

e more recent schemes are of an almost equally 
optimistic nature. In 1888, Mr. Bouquet de la 
Grye formed a company for taking up the matter, 
and since that date he has constantly advocated the 
Paris port-de-mer project. The cost of the work 
was first reckoned not to exceed 118 million francs 
(4,720,0001.), later it was estimated to reach 
135 millions (5,400,000/.); the last calculations 
showed a total of 150 million francs (6,000,000V.). 
The dues for ships drawing over 2.8 m. (9 ft. 2 a3 
were fixed at a maximum of 3.25 francs (2s. 7d. 
per ton register. At first the maximum draught 
considered was not to exceed 5.9 m. (19 ft. 4 in.). 
This scheme, needless to say, was never carried out. 

As matters now stand, there is an active goods 
service on the Seine between the open sea and 
Paris. A regular line of steamers runs between 
London and Paris; also between Bordeaux, Spanish 
ports, and Paris. These steamers have to lower 
their funnels for passing under the bridges, and 
their draught is limited by the 3.6 m. (11 ft. 10 in.) 
depth of water available in the river. Large sums 
have been spent at different times with a view to 
maintain a channel having this comparatively low 
depth. Notwithstanding all the difficulties which 
surround it, the goods traffic by the Seine to and 
from the various wharves on the Seine and on the 
St. Martin, St. Denis, and Ourcgq canals, in the city 
and in the immediate suburbs, and the traffic to 
and from La Villette basin, reach comparatively 








it will be impossible for them to deliver the goods 
direct in Paris : it will be necessary for them to 
break bulk at one point or another close to the city 
termini. A port cannot possibly be built within the 
city itself, but in a suburb, where the goods will 
have to be transhipped. At the present time, 
moreover, the Seine carries more goods than the 
railway line from Paris to Rouen and Havre ; and 
if the latter were set apart for nger traffic 
exclusively, it would mean a surplus of 1,500,000 
tons only of goods in addition to the quantity 
already carried by water. 

The scheme as it is now proposed is as follows : 
—The improved waterway would end, and very 
naturally so, at Rouen, d ing work being carried 
out between that town and the open sea, so as 
to facilitate traffic. The route, as can be seen 
from the plan herewith, follows generally the 
windings of the river, except for two cuts—one 
near the kilometre-post 20, between Bezons and 
Sartrouville, close to Paris ; this cut would have to 
be made through ground which is for the most part 
let out for market gardens, the remainder being 
covered by buildings, and in both cases expropria- 
tion would lead toa heavy outlay. The other short 
cut would be at the Rouen end, close to kilometre- 

t 170, between Pont de l’Arche and Oissel. The 
ength of the waterway would thus be 185 km. 
(109 miles), or 65 km. (about 40 miles) less than 
the actual length of the Seine. The promoters add 
with satisfaction that the waterway thus shortened 
would be 47 km. only (about 29 miles) longer than 
the railway line from Paris to Rouen; but the 
speed on the one compared with that on the other 
is, of course, very slow. 

The channel would be given a depth of 6.2 m. 
(20 ft. 4 in.) at low-water mark. e sill of the 
locks would be carried down to a depth of 8 m. 
(26 ft. 3 in.), the channel being dredged ultimately 
to this same depth should the trafic requirements 
render this necessary later on. The bottom would 
have 3 width of 35m. (115 ft.) in the straight 
lengths, and a width of 45m. (148 ft.) in the 





curves. Care would be taken to give to all the 





so as to leave underneath a clear height of 22.5 m. 
(73 ft. 10 in.) for the passage of steamers. 

There are to be a number of sliding bridges, but 
at the road-crossings only. Several of the roads, 
however, would also have to be rebuilt on viaducts 
at a higher level, so as to do away with the delay 
caused by the working of sliding bridges. It has 
been stated that these bridges could a made to 
open in 30 seconds—a point which is certainly open 
to some doubt. 

It has been affirmed also that the cargo-steamers 
would be able to travel up and down between 
Rouen and Clichy at a normal speed of 12 kilo- 
metres (about 7.5 statute miles) per hour, thus 
covering the distance in about 17 hours. It appears 
to us that in this estimation an insufficient margin 
has been taken into account for the time spent at 
the locks, and although the latter number four 
only, the locking operations may involve much 
delay. Besides, the periods of flood—and these are 
pretty frequent—are matters for serious considera- 
tion from the same point of view. 

In regard to the question of cost, the variations 
which have occurred in the estimations arrived at 
at different times show the optimism with which 
the work has been considered. At first the total 
sum of 118 million francs (4,720,000/.) above re- 
ferred to was deemed sufficient; later, Mr. 
Bouquet de la Grye estimated that his canal would 
cost 175 million francs (7,000,000/.). In 1909 Mr. 
Résal, General Inspector of the Ponts et Chaussées, 
put down the total cost at 257 million francs 
(10,000,000/.), whilst at the present time the most 
enthusiastic supporters of the Paris port-de-mer 
scheme say that the work would entail a total cost 
of 300 million francs (12,000,000/.). This latter 
sum is also based on an estimate only, and the 
actual works would probably entail an expenditure 
of close upon 400 million francs (16,000,0001.). The 
supporters of the scheme, however, continue to 
view it in the most favourable light, and fall in 
eagerly with the opinion expressed by a number of 
officers who consider a canal between Paris and 
the sea as forming the best means of defending 
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the metropolis against another siege ; they further 
take it for granted that the ships would not charge 
for delivery in Paris a higher freight than for 
delivery at Rouen. 

The object in view is, of course, to save on the 
cost of carriage, for the most sanguine advocates 
cannot expect that the goods will be carried 
quicker by the canal than by rail. The scheme 
provides dues amounting to 6.50 francs (5s.) per 
ton register for the double journey to and from 
Paris ; and this sum will, no doubt, be added by 
the shippers to the freight now paid for delivery 
at Rouen, plus a compensation covering the time 
taken by the journey through the canal, and a 
further extra to cover risks. At the present time, 
a total of 6 million tons is that on which the pro- 
moters base their estimation for ensuring the 
financial success of the scheme, and this would 
mean about eight times the present water-borne 
traffic on the river. The railway traffic is now just 
about equal to the river traffic to Paris by barges, 
this latter being now free. In order, therefore, 
that the canal should pay its way, a most consider- 
able increase in the sea-borne traffic to Paris would 
have to take place.* The works as now planned 
would be carried out by a private company, without 
financial aid from the State ; should the company 
fail, the State would have to continue the work or 
to intervene financially, an eventuality which would 
not tend to reduce the cost. 

The depth of water in the canal—6.20 m. 
(20 ft. 4 in.)—will be insufficient for. ships which 
draw 6 m. (19 ft.) in the sea ; such ships are not 
able as yet to go as far as Rouen, pending river 
regulation works, which are calculated to cost 
100,000,000 francs (4,000,0001.). 

The port at the eastern end is to be, as above 
stated, at a point situated between Clichy and St. 
Denis, therefore at a good distance from the Bercy 
warehouses ; wine, which forms a large part of the 
imports into Paris, is stored at the latter ware- 
houses. Corn would have to be transhipped to La 
Villette and Corbeil. Coal is distributed mostly on 
the up-stream quarter of Paris, as also are mineral 
oils, All these goods are now transhipped at 
Havre or Rouen, and would still have to & tran- 
shipped in Paris for further carriage within the 
metropolis by rail or barges. 

The General Committee of the Ponts et Chaussées, 
who are generally in favour of developments in the 
French inland navigation systems, appear to be 
adverse to the scheme, and it is doubtful whether 
this will be taken in hand, in the near future, at 
all events. In the meantime work is proceeding 
apace for improving the port of Havre, so as to 
afford accommodation for the largest ships and for 
their cargoes. When these works are completed, 
and should the railway facilities on the lines 
between Havre and Paris— now under State 
management —be improved also, an improved 
waterway working ata loss will, no doubt, be found 
a too expensive luxury. 





STABILITY OF THE 
WITH FORWARD 


NOTE ON THE 
AEROPLANE 
BALANCER. 
By Hersert Cnatiey, B.Sc., A.M.I.C.E.I. 


SEVERAL successful machines have been built with 
forward balancers, and it will probably be useful 
to inquire as to the conditions under which such 
an arrangement is possible. It will be found that 
if the forward surface is parallel to the main surface, 
or presents a less angle than the main surfaces to 
the wind, its action in producing righting moments 
is almost zero, being simply dependent on the shift 
of the centre of pressure, on itself ; but if it pre- 
sents a larger angle, a very efficient stabiliser can be 
produced. There are two noteworthy features 
which must, however, be nentioned :— 

1. The governor owes its action to the fact that 
it te some of the we:ght. (The large angle of 
attack necessitates this as a condition of initial 
equilibrium.) This will increase the longitudinal 
moment of inertia. 

2. The angle of gliding is decreased because the 
front surface is not running at the most favourable 
angle of attack. 





_ * The total trattic now reckoned upon for the Seine Canal 
is from 9 to 10 million tons. The total traffic, both 
to and from Paris, coming from and going to foreign 
countries and the French provin carried by all the 
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The loads on the surfaces must be in the ratio 


“1 = ‘2 a 
wm 4b 
for initial equilibrium (see illustration). 
The areas must be in the proportion 
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if the surfaces are of similar form and curvature. 

In equilibrium the pressures on the surfaces are 
equal (approximately) to the weights. If there is a 
deviation, the pressures vary as the algebraic sums 
of the original angles of incidence of the surfaces 
and the angle of deviation. 

The moments of the pressures, and the weights 
about the c.g., are initially zero, but when the 
angles alter they are not zero. 
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of inverse sign to 6, and the moment is always a 
righting one. 

he periodic time of oscillation is 





Longitudinal moment. of inertia 
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This oscillation must not occur through an ampli- 
tude of more than 8 + a, or there will be negative 
damping on the front surface. For this reason it 
seems very undesirable that this surface should be 
used as a rudder (it is so in the old Wright machines, 
but not in the Valkyrie or any of the new.“ tail- 
first’ machines). 


Note as to the Criteria of Stability of Aeroplanes, 

1. Stability is a maximum for conditions involv- 
ing minimum potential energy, so that moving 
bodies have maximum stability contemporaneously 
with maximum kinetic energy—i.e., maximum 
velocity. 

2. The maximum velocity of an aeroplane occurs 
during free descent in the attitude of least re- 
sistance. 

3. The attitude of least resistance, as far as 
longitudinal motion is concerned, occurs when the 
angle of attack gives the maximum lift-to-drift 
ratio—about 6 deg. for all kinds of surfaces (see 
Froude’s curves in the Government Committee 
report). 

4. In this position for equilibrium the centres 
of pressure and gravity must coincide. 

5. When slightly disturbed the centres of pres- 
sure must move forwards or backwards according 
as the disturbance is downwards in front or upwards 
in front. 

6. The moment of inertia about a transverse axis 
through the centre of gravity and the righting 
ts must be such that the maximum ampli- 
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railway lines having termini in 
8,500,000 tons only, 





tude of longitudinal oscillations is about 5 deg. 





(i.e., the surfaces must not present a negative angle 
of attack). 

7. Analogous conditions apply to lateral stability ; 
the amplitude of oscillation must not exceed 90 dey. 





ELECTRIC IRON-ORE SMELTING 
AT TROLLHATTAN. 

Unvsvat interest attaches to the electric iron- 
ore smelting furnace at Trollhittan, Sweden ; the 
importance of this installation is emphasised to a 
marked degree by the fact that the Jernkontoret, 
that old-established association of Swedish iron- 
masters, which otherwise never embarks upon 
industrial undertakings or ventures, has found the 
money for the plant. 

The experiments at Domnarfvet (Sweden’s largest 
iron and steel works) had given most remarkable 
results, both technically and financially, yet further 
installations by private concerns were delayed until 

roduction on A, vetoes scale had taken place. The 

ernkontoret, therefore, representing the Swedish 
iron industry, deemed it expedient to take up the 
matter in order to bring about a definite solution 
with as little loss of time as possible. 

The electric smelting furnace at Trollhattan is 
really an experimental furnace, built and worked 
to ascertain accurately both the financial and the 
metallurgical value of the process, and nothing has 
therefore been neglected which could help to throw 
light upon the many questions that may arise in this 
connection. The following are some of the most 
essential points which have been held in view. 

(a) The most suitable height and dimensions 
generally of the furnace under varying conditions 
and with different charges. 

(b) The most convenient type of furnace and the 
method of construction. 

(c) The question of the electrodes, their form 
and arrangement. 

(d) The amount of energy required per ton of iron 
of a given composition manufactured. 

(e) The quantity of charcoal per ton of iron of a 
given composition manufactured. 

(f) The gas circulation, its importance in 
relation to the economy of the system, and the 
possibilities of effecting it with different charges. 

(a) The possibility of manufacturing iron of vary- 
ing composition. 

(h) The relation between the richness of the 
charges, of concentrate or loose ores, and the metal- 
lurgical results of the process, and the financial 
issues resulting therefrom. 

(i) The value of the gases. 

(k) The efficiency of the furnace. 

(l) The maintenance cost. 

In order to solve these points the promoters had 
at their disposal registering electric pyrometers, 
thermometers, manometers, apparatus for measur- 
ing the speed of the gases, their composition and 
heating power, registering kilowatt-meters, ampere 
and volt-meters, kilowatt-hour meters, &c., in 
addition to a well-equipped mining laboratory and 
a fairly large extra staff for recording observations 
and carrying out analyses. 

Description of the Electric Furnace, d:c.—The 
necessary site was placed at the disposal of the 
Jernkontoret on some State property, at a short 
distance from the Trollhittan railway station and 
connected with it by a siding. The charcoal is 
conveyed from the railway trucks to the charcoal- 
shed by means of a belt-conveyor, and from the 
shed to the top of the furnace in baskets on an 
aerial ropeway. The ore is conveyed in ordinary 
carts from the different piles in the stores to the 
crushing-house, and from there to the furnace top 
on a belt-conveyor. Iron and slag are removed on 
narrow-gauge railways. The charcoal-shed has a 
capacity of 7000 cub. m. (247,000 cub. ft.), which 
represents about half a year’s requirements. The 
charcoal conveyors are operated by a 16-horse-power 
electric motor. 

The crushing-machine in the crushing-shed rests 
upon a concrete foundation, the working floor being 
2.75 m. (9 ft.) above the ground-level. The ore- 
trucks are emptied outside the crushing-shed, 
whence the ore is conveyed to the working floor, 
where it , down a shoot, into the crushing- 
machine. When crushed, the ore falls into a receiver, 
built of plates and angles, and located underneath 
the crushing-machine ; a suitable quantity for 
charge is each time let down. The gate at the 
bottom of the hopper is controlled by the man at 
the crushing-machine, who from his place also com- 
mands the winch for conveying the ore to the to} 
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of the furnace. This work is done by a 40-horse- 
power electric motor. The iron is cast into pigs 
and the slag is disposed of in the usual manner. 

We illustrate the plant in Figs. 1 to 5, on the 
next page ; these show a vertical section through 
the furnace and building, the position of the elec- 
trodes in the crucible, a plan of the furnace and 
building, with the electrical connections and leads, 
a plan of the upper floor (Fig. 5), and a horizontal 
section at the crucible level (Wig. 4). The furnace- 
house covers an area of 24 m. by 15.5 m. (78 ft. 8 in. 
by 50 ft. 10in.). The height to the floor at the 
furnace top is 13.7 m. (44 ft. 11 in.), and the total 
height 21 m. (69 ft. ). 

As regards the electric installations, the high- 
voltage apparatus and the transformers are p 
in a separate portion of the building. From both 
the furnace transformers the low-voltage leads 
proceed into the furnace-house proper through two 
openings in the wall. 

In the furnace there are two distinct parts, the 
shaft and the crucible. The shaft consists on the 
outside of a riveted plate casing, varying in thick- 
ness from 10 mm. to 12 mm. (0.39 in. to 0.47 in.). 
At the top is riveted an octangular supporting ring 
of U-beams, from which the shaft is suspended, 
the walls on both sides of the furnace forming four 
pillars. On these rest, at a height of 9 metres 
(29 ft. 6 in.) above the ground, two built-up girders 
1300 mm. (51 in.) high, with a span of 10.6 metres 
(34 ft. 9in.). Round the centre of the furnace, 
these are joined into an octagon, on which rests the 
U-girder ring already referred to. 

e furnace is lined with fire-brick (Héganis 
make), the thickness of the lining ranging from 
360 mm. to 450 mm. (14 in. to 17 in.). The top of 
the furnace is closed by a Tholander charging- 
bell, which can be raised or lowered by a winch, 
worked by a 2.5-horse-power three-phase motor. 
The crucible rests upon a foundation of concrete, 
and, like the shaft, it has a casing formed of riveted 
plates 15 mm. (0.59 in.) thick. At the top where 
the pressure of the arched top has to be supported, 
the casing is strengthened by a 200-mm. by 18-mm. 
(7.87 in. by 0.70 in.) iron band Immediately upon 
the concrete is a layer of Héganiis bricks, and on 
the top of this a layer of Stabbarp bricks (both of 
Swedish make). Next to the plate-casing is a wall 
of Héganias bricks 150 mm. (5.9 in.) thick, and inside 
this a 300-mm. (11.8 in.) lining of Stabbarp bricks, 
which latter is formed, at the top, to serve as a 
support forthearch. This support ott been brought 
low down with a view to increase its durability. 
Above this is a step-wise lining of Stabbarp bricks, 
up to a height of about 700 mm. (27.5 in.) above 
the brick bottom, when an inner wall of Spaeter’s 
magnesite bricks commences and is continued up to 
beneath thearch. Onthe bow]l-shaped bottom thus 
obtained is placed a layer of magnesite and pitch, 
which is continued some distance up the walls. The 
arch is bricked up of 300 mm. (11.8 in.) If6 special 
tiles (also of Swedish manufacture). A sand-seal 
makes the joint between the arch and the shaft. 

The four electrodes project through the arch in a 
sloping position, forming an angle of 65 deg. with 
the horizontal. Each electrode is made up of four 
quadrangular carbons, and has an aggregate section 
of 660 mm. by 660 mm. (26 in. by 26 in.). Level 
with the arch the electrodes are surrounded by: 
copper cooling-jackets, made tight at top with 
asbestos packing, so as to prevent any gas leakage. 
The contacts for the current supply are attached to 
the upper ends of the electrodes, wedged in between 
these and an annular frame of cast steel. This 
frame, in its turn, rests upon another frame, which 
is adjustable, up and down, along two guides on 
the sides of the electrode. 

The gas produced in the furnace is drawn, by 
means of a centrifugal fan, from the gas outlet, 
and is delivered into the smelting-chamber or 
crucible. The quantity of gas can, to some extent, 
be regulated by varying the speed of the fan. This 
Createaiam of the gas has the two following main 
objects :— 

(a) The gas delivered back into the smelting- 
chamber or crucible is there heated, and, on its 
upward passage, it gives up heat to the charge. 
lhe increase of temperature in the shaft facilitates 
reduction. 

(b) The second object is connected with the con- 
struction of the smelting-chamber, the gas having 
a cooling effect upon the arch, thus protecting it 
from destructive influences. This . cooling effect 
pactly resu’ts heth from the absorption of heat by 
the gas and from the di-sociation of the CO, and 





H,O contained in the gas by contact with the hot 


carbon in the smelting-chamber. The arrangement 
of the gas-pipes is shown in Fig. 2. 

The is made to flow through a large-capacity 
dust-collector, and from thence it is drawn by the 
_ which — it a. an annular pipe round the 

urnace, whence it y passes into the open s 
between the charge and the arch. fant cans 
first four inlet-pipes for gas from the annular pipe 
to the cooling-boxes of the electrodes, but fo 
pipes were soon removed, since the electrodes 
suffered far too much from the gas coming through 
these pipes. The object of introducing the gas was 
to cool both the electrodes and the brickwork in 
their vicinity. 

With a pas temperature of 200 deg. Cent. and a 
mixture of gas of equal volumes of CO and CO,, the 
fan yields 70 cub. metres (2470 cub. ft.) of gas per 
minute, against a 325 mm. (12.8 in.) water pressure. 
This means a speed of 2500 revolutions per minute, 
and a consumption of 8 horse-power. 

The Electric Equipment.—The requisite electric 
energy is obtained from the State hydro-electric 
power-station at Trollhattan in the form of three- 
phase alternate current at 10,000 volts. The 
ourrent through a three-pole main switch of 
20,000 kilowatts interrupting capacity, operated 
with a mechanical connecting-lever from the switch- 
board, and with automatic release in all three 

hases. The relays for this, as also for the trans- 
ormer interrupter, are of the Siemens Trollhattan 
ype, adjustable both as regards time and overload. 
en the current has the meter - trans- 
formers, it is led, after a branch-off to a three-phase 
transformer for motors and lighting, through another 
automatic oil-switch, of the same construction as the 
former, but of smaller dimensions, and from there 
to the furnace transformers. 
two switches are so adjusted that the smaller 
switch acts for ordinary over-load, the larger for 
short circuits. 

There are two furnace transformers, each of 
1000 kilovolt-amperes, with a guaranteed over-load 
capacity up to 1375 kilovolt-amperes for an hour. 
They are coupled in Scott’s connection on the 
10,000-volt three-phase system. They yield two- 
phase current with a voltage adjustable between 50 
and 80 volts in eight stages, and, by change of 
connection on the secondary side, also from 100 to 
180 volts. The voltage regulation during working 
is effected by special regulators, one for each trans- 
former, operated from the switchboard. When 
the furnace was planned, doubt was expressed as to 
whether such a regulation of the main transformers 
was feasible, for which reason a separate three- 
phase regulating transformer, supplying a variable 
voltage, was also put down. tn actual service 
the simpler regulation direct upon the furnace trans- 
formers has given no trouble whatever, so the other 
regulating transformer has never been used. It has 
since been exchanged for an 1100-kilovolt-ampere 
single-phase transformer, so constructed that it 
forms a reserve for both the main transformers. 

These transformers, which are oil-insulated and 
water-cooled, are placed each in its own brickwork 
compartment, entirely separated from the furnace- 
house. According to tests undertaken by Elek- 
triska Préfningsanstalten, Stockholm, the trans- 
formers have the following efficiency :— 


Full Half 
. Load. 
Efficiency at 50 volts and 


cos @ = 1.0 ... ee ... 97.1 to 97.5 p.c. 
Efficiency at 90 volts and 
cos ¢@ = 1.0... a .. 97.45 to 97.15 p.c. 


The losses of energy in the copper are calculated 
from short-circuit measurements without any reduc- 
tion for losses in the short-circuit connections used 
on the low-voltage side, so that the actual efficiency 
might have to be put somewhat higher. The con- 
sumption of cooling water amounts to about 36 litres 
per minute and per transformer. The increase in 
temperature is but small, and does not, with the 
most unfavourable load, exceed 40 deg. Cent. 

The low-voltage leads are taken from the low- 
voltage terminals of the transformers through an 
aperture in the wall to the furnace-chamber. These 
leads consist of six copper bars, 8 mm. by 200 mm. 
(0.3 in. by 7.8 in.) per electrode. The lines have 
been carried, as far as possible, interlaced, so as to 
reduce the inductive loss. The bars are epee 
by insulated brass clamps. The current is led from 
the bars to the four electrodes through 192 flexib'e 
bare copper cables, 48 to each electrode ; each cable 
has an area of 185 sq. mm. (0.28 sq. in.). 


The relays for the | & 





For power and lighting purposes there is, as 
already mentioned, a separate three-phase trans- 
former. This is of the oil-insulated type, without 
artificial cooling, and can continually yield 170 kilo- 
volt-amperes at 10,000 volts. The transformer is 
primarily 4, secondarily Y coupled, with the zero 
point insulated. 

In addition to current for lighting purposes this 
transformer yields current for— 

One 40-horse-power motor for the crushing plant, 
720 revolutions per minute; one 16-horse-power 
motor for the winch at the furnace top, 1430 revo- 
lutions per minute ; one 16-horse-power motor for 
the charcoal conveyor, 1430 revolutions per minute ; 
one 2.5-horse-power motor for handling the furnace 
charge, 1445 revolutions per minute ; one 5-horse- 
power motor for the fan, 1420 revolutions per 
minute ; one 22-horse-power motor for a small unit, 
1440 revolutions per minute. 

The last-mentioned unit, besides the motor, 
consists of a generator of the same capacity and a 
direct-coupled exciter. This unit works the motor 
for the circulation fan, which motor can be regu- 
lated from 600 to 2800 revolutions per minute. As 
a reserve for this motor there is an 8.5 horse-power 
three-phase motor, having a normal s of 1400 
revolutions per minute, fitted with serial regulation 
down to half that speed. 

Directly against the furnace, on the first floor, is 
a switchboard, on and in connection with which 
are mounted two ampere-meters measuring the 
current on the in-going 10,000-volt line ; two volt- 
meters for the low-voltage side ; one direct indica- 
ting kilowatt-meter ; four voltmeters, one between 
each of the electrodes and the furnace bottom. In 
addition there are various appliances for operating 
the regulators, alarm-bells, signal thermometers, 
In a s»parate room are one self-registering 
kilowatt-meter and two kilowatt-hour meters, with 
maximum istration, the one belonging to the 
works, the other to the State power-station. 

Design and Construction of the Furnsce.—The 
Trollhattan electrical iron-ore smelting-furnace is 
constructed in accordance with the patents of the 
Elektrometal, Limited. The principles are as 
follow :— 

1. Inasmuch as all known substances become 
good conductors of electric current at a high tem- 
perature, the construction of a furnace of this kind 
should be such that the current does not flow out 
through the brickwork lining, which naturally also 
becomes conductive during eg 

2. The construction should also be such that the 
charge itself protects the brickwork from any de- 
structive effect, and that no water cooling, which 
means a consumption of electric energy, neces- 


sary. 

3. The charge should not be pressed more com- 
pactly against the electrodes than is necessary for 
the formation of an arc. Where this condition 
is not complied with the working voltage is 
exceedingly low, the electrodes and current leads 
require to be of large proportions, and working is 
irregular. 

In order to obtain a product of an even quality, 
the furnace requires a smelting-chamber, or hearth, 
of sufficiently large dimensions to enable it to act 
at the same time asa mixer, otherwise any irregu- 
larities in the making up of the charges will re-act 
upon the elements, carbon, and so forth, contained 
in the finished product. 

With a view to comply with these conditions the 
smelting-chamber has been given the shape of a 
relatively large crucible with an arched roof. When 
the charge sinks from the shaft into the smelting- 
chamber, it spreads in such a way that space is 
always free between the charge and the brickwork 
of the arch. The electrodes are introduced into the 
smelting-chamber through the brickwork, at places 
which are not in contact with the charge, and dip 
in the bath at the free space referred to. Owing to 
this construction, the conditions under 1, 2, and 3 
above have been complied with and the sme!ting- 
chamber has been made comparatively large ; the 
condition under 4 has also been met. 

Another important question in connection with a 
furnace of this type has reference to the transmis- 
sion of the energy to the bath and its regulation. 
In electric furnaces for steel manufacture this is 
done by raising or lowering the electrides, but as 
an iron-ore smelting-furnice must work with a 
considerably high gas-pressure, this method could 
hardly be adopted. It would prove far too ditticult 
to keep the packing round the electrodes tight. 

The electrodes are, as a rule, only regulated to 
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make up for their decrease in length by combus- | has power-ramming o— to make the very decided 


tion, otherwise all regulation is carried out by 
altering the voltage when required. This is done 
by regulating the number of turns on the high- 
tension side of the transformers, and the arrange- 
ments are such that the different phases can work 
at the same time with different pressures ; for in- 
stance, 80 volts on one phase, with 70 volts on 
the other, &c. This method of regulation, which 
has for the first time been used at Trollhattan, has 
to a great extent facilitated the working. 


(To be continued.) 





FOUNDRY PLANT AND MACHINERY. 
No. XXVIII. 
By JoserpH Horner. 

Tue study of the moulding-machines, in their 
numbers and variety, is now almost bewildering. 
It can be approached best by a consideration of the 
reasons why such machines are employed in prefer- 
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advances it is now displaying 








So that in, perhaps, 
one moiety of the machine-moulding done now, 
and in a much larger proportion until recently, the 
economies sought and secured are those asso- 
ciated with the delivery of the patterns, a detail 
which occupies but a very wot y section of the 
total time consumed in moulding. The difticulty, 
of course, in power-ramming lies in the regulation 
of the force applied. The moulder performs this 
almost unconsciously, varying it in different parts 
of the same mould and in moulds made of 
different mixtures of sand. Some ramming has 
to be done in a lateral direction under pro- 
jecting portions. To imitate this properly in 
mechanical pat can only be effected by com- 
bining hand and power-ramming, or by fitting 
contour blocks to the presser-head. But power- 
ramming, though highly desirable, had to overcome 
these difficulties, and its progress has beem slow, 


while mechanical delivery has been most easy of 
attainment. 


The advantages, too, of the latter are 
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ence to all-hand-moulding, with or without the aids 
atforded thereto illustrated in the previous article. 
hat they save labour is not a point which needs 
arguing. But in what way or ways they do it will be 
better understood if we consider first the essentials 
that are involved in ramming moulds, and in the 
delivery of the patterns therefrom. 

Ramming is an immensely more tedious opera- 
tion than the removal of patterns from the moulds. 
Hours are often occupied in the first, while a few 
minutes suffice for the second. And yet the 
machines in which the moulds are still rammed by 
hand probably outnumber those in which power- 
ramming is ado . This may not be the case in 
Germany, in which country hydraulic power is very 
Seow ng 2 applied, but it is certainly true in Great 

ritain and in the United States. And only recently 
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much greater than a person unfamiliar with the 
conditions and incidentals of the work would 
expect to find. 

Vhen a pattern is being withdrawn from. its 
matrix of rammed sand, the sand is not sufficiently 
coherent to resist cracking and partial tearing and 
breaking up, unless the delivery is facilitated by the 
thinning down, the “‘taper” or “strip” of the 
lower parts, and by the practice of preliminary 
rapping or tome The amounts of these 
required, but especially of the repping, are variable, 
depending in some degree either on the delicacy of 
touch or the clumsiness of the individual moulder. 
But they must increase with increase in depth, and 
vary according to the outlines of the pattern and 
mould. And apart from these conditions the un- 
steadiness of the human hands, and of the devices 


‘adopted for rappin 





and for withdrawal, produce 
variations in moulds taken from the same pattern. 
Here, then, are a number of variables which are 
almost entirely eliminated when a mechanical lift 
is substituted for that of the hands. A mecha- 
nical lift, being perfectly vertical and steady, 
does not demand either so much of taper or of 
rapping as the most careful hand lift does. Moulds 
are more uniform in dimensions, risks of fracture 
of sand, and time and temper lost in mending up, 
with its inaccuracies, are greatly reduced, and skilled 
labour is of lessening value. ides the mechani- 
cal lift there are other advantages which the machine 
shares in common with plate-moulding. The plated 
pattern of the latter, with all its valuable features 
already enumerated, may be considered, as trans- 
ferred to the machine, which affords the added 
advantage of the mechanical lift. 

The central element in any machine is its mould- 
ing table, on which, directly or indirectly, the boxes 
or flasks are carried and rammed. In its simplest 
form it is essentially a bottom board, a plate of 
iron on which a single pattern as large as its capacity 
will take, or two or more smaller ones, are laid and 
enclosed by a box and rammed. In an advanced 
stage it is a plate to which the pattern is attached 
by screws, pins, rivets, solder, or by casting solidly 
with it. If a pattern is divided between top and 
bottom boxes, then the halves, or the two unequal 
parts, as may happen to be the case, are put on 
opposite sides of a single table, or, alternatively, 
each on a separate table, usually in the last case, 
though not invariably, each going on a separate 
machine, 

The essential table is therefore modified to 
render it adaptable to the requirements of the 
foundry. Ordinary patterns of wood or metal can 
be put on tables for a few moulds, for convenience 
of ramming the work at a suitable height, for the 
advantages of mechanical pressing of the sand, or 
of a mechanical lift. In that case the pattern parts 
are treated just as they would be for ordinary 
plate-moulding-—-that is, the ts are registered 
with screws through both parts, and similar 
holes are drilled in the table through which the 
screws will pass when the pattern parts or halves 
on opposite sides of the table are attached through 
the medium of the screws. If these holes become 
numerous, they can be plugged when the patterns 
are changed. Pattern-runners can also be screwed 
on the table. But in some cases it is convenient to 
fit special pattern-plates to the table instead of 
attaching the patterns directly to it. These plates 
then have pins which exactly correspond with the 
pins and holes in the moulding-boxes. The boxes 
rammed on these plates fit each other when removed 
from the plates, and the exact registration of the 
mould is thus provided for. 

As the sand is always rammed above the pattern 
(in certain cases it is pressed simultaneously below 
and above), it is necessary, when patterns or pattern- 
plates are mounted on opposite sides of one and 
the same table, to turn the table over after one 
side has been rammed, in order to bring the other 
side uppermost, which gives the name to the 
**turn-over ” or ‘‘ rock-over”’ design of machine. 

A turn-over table for general service is often a 
frame only, with a large opening, in which pattern- 
plates are placed, and secured to the face of the 
table. This is more convenient in many general 
shops than mounting patterns directly on the table, 
being equally suitable for large and small numbers 
of castings. But for absolutely repetitive work 
the permanent mounting of patterns on the table, 
or on separate pattern-plates attached to opposite 
sides of the table, is to be preferred. All turn- 
over tables do not have their trunnion centres in 
the centre plane of the plate. In such articles as 
pots, pans, and cone-pulleys, the mould joint occurs 
at the face of the largest diameter, so that the 
whole of the pattern, save for that part occupied by 
the thickness of the plate, has to be carried on one 
side. In order, therefore, to bring the trunnions 
approximately to the centre of gravity of the com- 
vats mould and its boxes, the plate is cranked 
downwards from the trunnion centres to the jviut 
face. Patterns of this kind are made solidly, and 
fit exactly through a hole bored in the table, the 
hole being shouldered to register the pattern and 
table with the faces of each flush. 

When a whole pattern is carried on one side of a 
table, or when pattern parts are mounted on separate 

lates, then turning-over is not essential. But this 
mod is often embodied in designs for the con- 
venience of lowering the mould from the pattern. 





782 


ENGINEERING. 


[June 16, rort. 





This is not, however, usually done in the heavy 
machines, in which patterns are often preferably 
lowered away from their moulds. There is another 
large group of tables which fulfil the double func- 
tion of ramming-tables and of stripping-plates, the 
entire patterns, or certain parts only, ing 
through a central opening in the table, having the 
same outlines as the patterns, through which the 
latter are withdrawn downwards, leaving the box 
and mould supported on the table, which is of the 
non-turn-over type. 

Inseparable from the utility and importance of 
the tables themselves are the various means by 
which they and their essential adjuncts are 
operated. In these are included the mechanism of 
turning over, of vertical movements, of pressing 
and delivery. The range of detail included in 
these is much wider than in the forms of the tables 
themselves. In a large degree they are governed 
by dimensions, but idiosyncracy of individual design 
is a great factor. In all moulding - machines, 
with only a very few exceptions, the sand in 
the single box, or two-box parts, is squeezed 
between the moulding-table and a presser-plate 
or presser-head. These movements are produced 
by simple levers in the lightest hand - machines, 
by combinations of levers or by gears in the 
heavier hand-machines, and by power agencies— 
steam, compressed air, or pressure water—in all 
others. In association with these cardinal move- 
ments are others for throwing the presser-head out 
of action, for regulating pressures, for bringing 
along and removing box parts, sometimes for rap- 
ping or jarring patterns ; secondary appliances fur 
supporting patterns or pattern parts which have to 
be drawn through stripping-plates, frames for 
regulating depth of sand to be pressed, devices for 
locking tables and for various adjustments, devices 
for blowing sand out of moulds, counterbalances, 
jibs for lifting, and soon. The moulding-machines, 
therefore, now form a very large group of high- 
class machine-tools, They are specialised in scores 
of designs to deal each with one class of moulds. 
Some machines are built specially to deal with 
snap-flask moulding, others with multiple moulds. 
They are being increased constantly in dimensions 
until lengths or diameters of 10 ft. or 12 ft. are 
now within the capacity of the largest machines at 
present built. 

It seems hardly necessary to say that there is no 
machine made for which the claim can be offered 
that it is the best. Nosingle group of machine- 
tools is specialised more than the moulding- 
machines are, and the multiplication of such types 
increases rapidly. In view of these facts, the best 
treatment to adopt will be to proceed from machines 
of general utility to those which are built for special 
duties. The methods of operation adop will 
therefore be regarded as of secondary importance. 
Machines of general utility are of simple and of 
complex designs, and they occur in the whole range 
from very light to very heavy structures. These 
hardly lend themselves to classification on any 
basis beyond their broad outlines of design. 

If we were to attempt a classification of machines 
on the basis of aspects which they possess in 
common, the task would be much more difficult 
than it was a few years ago. Sub-divisions in- 
crease, and exceptions are numerous. The dis- 
tinctions between hand-rammed and power-ramined 
machines is a cardinal one, but it is too broad to 
reveal anything of the utilities general or special of 
either group. The distinction between tixed and 
portable machines is also a cardinal one, but is too 
narrow to help to an understanding of methods of 
operation. hen a firm wants to lay down 
machines in its foundry, the tirst question and last 
question naturally is, What machines are best 
adapted to the work done in this individual 
foundry? Regarded in this way machines can be 
considered as of general or of special designs. The 
motive power selected has an important modifyin; 
influence. Greatest of all is that of the class o' 
work which a machine is intended to deal with. 
Dimensions and capacities vary in every broad 
design, We will therefore attempt to deal with the 
broad features of moulding-machines in this way. 

The most elementary design of moulding-machine 
is that in which no provision is made for the 
mechanical separation of the pattern and mould. 
The utilities of these machines are limited to the 
pressing of the eand in the boxes, hence they are 
simply ‘ mould .” The boxes are filled 
with sand, are closed, and pressure — against 
bottom boards between the table and the pressure- 





head. The usefulness of machines of this ‘kind is 
limited to small moulds of a simple character, and 
“2 are largely used for snap-flask work. 

he hand-mould Me gery vex by Messrs. Samuel- 
son and Co., Limited, of Banbury, Figs. 455 and 
456, is used for ordinary boxes, snap-flasks, and 
with odd sides. In this machine the pressure is 
exerted by pulling the head downwards by the 
action of the toggles exercised through the hand- 
lever, squeezing the mould between it and the 
work-table. The first movement of the lever A 
pulls the presser-head B over into the horizontal 
position, and a continuation of the movement 
effects the squeezing. The lever mechanism is 
shown nearly at its position of maximum pressure, 
the levers being then nearly vertical. Connection 
is made between the levers on opposite sides by 
the shaft C. The levers D maintain alignment. 
The height of the presser-plate B is adjusted by 
the nuts a, a on the rods K, E to suit boxes of 
difterent* depths. When odd side sare used, the 
odd side, with its pattern, is laid on the table, the 
bottom board is placed over it and filled with sand. 
A presser-board, which fits loosely within the box 
sides, is‘ laid on it and thrust down by the presser- 
head, so consolidating the sand within the box. A 
board is now placed on this and the box is turned 
over. The odd side is lifted off, leaving the patterns 
behind in the sand just pressed. The top box is 
now put on the bottom, filled with sand, a loose 
mould-board also placed on it and pressed. The 
top box is lifted off and then the patterns are taken 
vut. The boxes are now closed. If snap-flasks 
are used, the corners are loosened and opened, and 
the flasks taken away, leaving the complete mould 
standing on its board ready to be placed on the 
floor for pouring. If ordinary iron boxes are em- 
ployed, they with their moulds are removed bodily 
to the floor. 

Another machine for small work is that de- 
signed by Mr. G. M. Riches, of Beccles, Suffolk. 
One design is a mould-press only, the other a 
press combined with a mechanical lift, Figs. 
457 to 459. The machines are made both fixed 
and portable, the base castings being lengthened 
at back and front to receive axles and wheels if 
required. In these machines the moulding-table 
Ais a fixture. The presser-head B, after its ver- 
tical adjustment by means of the sliding brackets 
on the connecting-rods U, C, is pulled down by the 
lever D and crank-shaft E. on the moulding-box 
laid on the table. Its adjustment for various depths 
of boxes is provided for by means of bolts put into 
holes, Fig. 457, through the brackets which carry 
the head, and through any one of a series of holes 
in the connecting-rods C, C at the sides. The 
lever D at the right hand of the machine is 
counterweighted. In this, as in many other ma- 
chines, the lever lies approximately in the hori- 
zontal position at the time of the maximum 
pressure, where the greatest strength can be 
exerted upon it. The crank-shaft E has two pins 
which correspond with the centre of the crank, the 
other being the pin of the lever D. The normal 
horizontal position of the presser-head when in 
action is maintained by a spring a, which acting 
through a bar F pulls the connecting-rods C, CU 
against notches in the ends of the work-table A. 
The lever G lifts the moulding-box off the pattern 
lying on the table by operating the four stools b, b 
through the frame H. This device is common to 
many machines. The box part is carried on the 
four pins or stools which pass up through holes in 
the pattern-plate, and which, when lifted, lift with 
them the box part clear of the pattern. A mecha- 
nical rapper operated by a crank and wheels (not 
shown) enn the sand during delivery. This is 
a machine on which any patterns and any boxes 
within its capacity can be placed and rammed, and 
it has therefore its utilities in the general shops in 
which but a few castings of one kind are wanted at 
a time. These machines are moulding-presses 
simply. Any wooden pattern can be taken and 
moulded by turning over on a mould-press, or on a 
mould-press combined with a lift on pins or stools. 





Tue Jaranese Navy.—Tbree submarines, known at 
t as Nos. 10, 11, and 12, have been launched at 
ney for the Japanese navy. They have a displace- 
ment of 325 tons each; the displacement of previous 
Japanese su ines has not exceeded 200 tons. Three 
other submarines are still in course of construction at 
Kobe. They are all expected to be launched before the 
close of the year. A river gun-boat, with a displacement 
of 250 tons, just been commenced at Sasebo. She is 
expected to be launched in September. 
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Well-Boring for Water, Brine, and Oil: A Manual of 

Current Practice. By C. Is.er, Hydraulic Engineer. 

Second Edition, revised and enlarged. London: E. and 

F. N. Spon, Limited. [Price 10s. 6d. net.] 

Tue digging of wells is a decaying trade, for on 
sanitary as on economical grounds the use of dug 
wells is alike indefensible. To fill the place of the 
old brick-lined sunk well we have offered to us very 
many ingenious systems, whose merits it is the 
object of this book to explain. Since the treatise 
is now in its second edition, there is little necessity 
to enter into mechanica) details that have been 
before the public for some time. It will be suffi- 
cient to say that well-boring can be conveniently 
divided into two classes: boring by percussion and 
drilling by cores. If the former system be adopted, 
the object is to completely pulverise the rock and 
remove the materials in small fragments, or as 
mud; if the second, then a ring of rock is cut 
from the circumference of the hole, and the bulk of 
the material to be removed is extracted in the form 
of a solid core. The employment of one or the 
other plan will depend upon the character of the 
strata to be perforated, though when it is necessary 
to extract a solid specimen of the ground traversed, 
for prospecting purposes, the core-drill may be 
indispensable. As a rule, since the quantity of 
rock abraded is smaller with the core-drill than in 
percussion, the core-drill is the more economical 
tool. The greater the diameter of the core, or the 
larger the quantity of rock to be removed, the more 
marked is the superiority of the core-drill. But to 
be used with advantage, the rock should be hard 
and homogeneous. Clays and gravel are unsuited 
to drill-boring. It is certain that in deep boring a 
variety of strata will be encountered, and it may 
be effective or necessary to employ both methods. 
It may be said here that the author's firm has 
patented a device by which one plan can be readily 
— for the other with the least possible 
delay. 

Since boring takes place under very varying 
conditions, there is scope for the exercise of endless 
ingenuity in overcoming difficulties, and it is the 
aim of this book to explain the processes that 
experience has approved and the machinery that 
is most effective. The volume is, as the author 
says, a manual of current practice—at least in this 
country. Although there is a chapter on American 
‘*rope-boring ” system, the description of American 
methods generally might have been considerably 
enlarged. Such distinctive forms as the ‘ Stove- 
pipe” wells, which, from their cheapness, are much 
used in the States, are not specifically referred to. 
It is true their construction may be inferred, but 
the application of simple methods for cutting ver- 
tical slits in the casing opposite water-bearing strata 
is not mentioned. So far as the work is conducted 
in this country, the plant employed by various 
firms is well described ; the accidents that happen 
to machinery and the remedies that can be tried 
are fully explained; the inevitable natural diffi- 
culties arising from running sands, fissures, dislo- 
cations, &c., which, in the end, may spell disaster, 
all come under notice. The author’s experience 
has made him more familiar with the boring of 
holes of large diameter, and we are taught here 
clearly and succinctly how these may be carried to 
grow depths with rapidity and safety. Since, too, 

r. Isler is pecuniarily interested in this industry, 
the book partakes something of the nature of a 
trade catalogue. We learn not only how certain 
processes are conducted, but the cost of the work, 
tools, &c. There is no objection to this form of 
advertisement, the information conveyed is as use- 
ful to one set of readers as the proper method of 
setting diamonds on a ‘‘ bit” may to another 
class. We only call attention to it to express satis- 
faction at the way prices have been reduced by the 
introduction of improved machinery and methods. 
The author undertakes to show that in many 
instances the water charges made by municipal 
authorities or private companies are in excess of 
those which would result from the use of well 
water. The cost of pumping and upkeep can he 
reduced as low as 14d. a thousand gallons, in 
place of sixpence usually demanded by water- 
supplying authorities—a difference that will allow 
a very ample return on the capital expended in 
making the underground supply available. 

Beyond the simple point of expenditure, there 
are two questions which should be considered in 
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ereater detail than the author has bestowed upon 
them. One is the legal aspect. When water wells 
were few and the cost of construction well-nigh pro- 
hibitive, property in water was little considered. 
These conditions are rapidly altering. Mr. Isler 
has given a long list of wells in different counties of 
England—an interesting addendum to this edition. 
The date of construction is not given, but the 
number crowded in certain counties is very notice- 
able, and shows that this method of obtaining ‘a 
water supply is on the increase, from which it may 
be inferred that water-rights will soon acquire very 
great importance. Hitherto the courts of law, 
recognising the difficulty of determining how much 
underground water lies within the limits of a given 
area, how much passes from the surface to a given 
depth, or from one man’s land to that of his neigh- 
bour, have been loth to declare that a particular 
result has followed from an interference with what 
is practically an unknown quantity. Consequently, 
except in unusual cases or where special provision 
has been made for ‘‘compensation water,” everyone 
has been accustomed to take as much water as he 
pleased, even though by so doing he damaged his 
neighbour by removing or diminishing the water in 
adjacent wells or springs. But such a state of 
things will not continue indefinitely. Property in 
water will become as definite as property in mines, 
the more so as the measurement of underground 
water-currents is increasing in accuracy, and the 
passage and storage of water underground can be 
distinctly traced. 

The other point which we think the author has 
dismissed too brusquely is the ibility of con- 
taminating potable water by infiltration at depth. 
In the list of wells given many are of quite moderate 
depth, not exceeding 150 ft. We submit that 
water at such depths is liable to serious contamina- 
tion. Experiments, made by placing salt in wells 
and noting the amount of chlorine that appears in 
neighbouring wells, have shown that such depths 
are quite insufficient to secure immunity. It is 
generally admitted that sewage discharged into 
water-bearing strata is capable of contaminating 
all the wells in a locality whose depth is less than 
200 ft., and it is with great satisfaction that we 
note how frequently this depth is exceeded. In 
any case it is incumbent upon all who use wells to 
test the water from time to time, to ensure freedom 
from impurities, an inconvenience attending the 
use of well water. 





Kondensation. By the late F. J. Wxiss. Second, supple- 
mented edition, by E. Wir. Berlin: Julius Springer. 
[Price 12 marks, bound. ] 

Tue serious consideration which the problems of 

condensation are now receiving will secure atten- 

tion for this ‘‘ Text-Book and Manual on Condensa- 
tion and all Cognate Problems, including the Re- 
cooling of the Water, for Students, Engineers, 

Managers of Large Steam Plants, Chemists, and 

Sugar-Works Engineers.” The claim that all the 

cognate problems have been treated-can hardly be 

substantiated, for there is very little on jet con- 
densers, ‘*‘ because they cannot aw be sub- 
mitted to calculations.” What is given, however, 
is instructive and good, though one-sided. The 
late Mr. F. J. Weiss, of Basle, was somewhat 
egotistical in style in the first edition of this book, 
which appeared in 1901, and Mr. E. Wiki, of 

Luzern, in bringing out the second edition, has con- 

sidered it his first duty not to make any alterations, 

but to let Weiss personally address the reader, as 
before. The reader would probably have preferred 
occasionally to hear other experts. 

Mr. Weiss claimed to have been the first to 
enunciate the principles of parallel-tlow and contra- 
flow condensers in 1888. e admitted in a foot- 
note that contra-flow condensers existed on paper 
and in reality before that year, and he did not 
reject the parallel-flow altogether. But he main- 
tained—and credit is no doubt due to him—that he 
was the first to point out the real reasons of the 
superiority of the counter-fiow disposition : the effec- 
tive separation of the air and incondensable gases 
from the water vapour, and the consequent reduction 
in the volume to be dealt with, and economy in 
energy and in cooling water. If no air could enter 


the condenser, the difference between parallel and | 4 


contra-flow would vanish, he remarked. These 
problems are dealt with in the sections of the first 
division of the volume on mixed condensers, surface 
condensers, time-factor in evacuation, power con- 
sumption, utility of condensation, and calculations 
cf a central condensing plant. The same division 





further deals with the governing of condensing 
engines, the Weiss slide-valve gear, and the 
re cooling of the water. With the introduction of 
his slide-valve gear Weiss again claimed to have 
been a pioneer. Mr. Wiki evidently feels that 30 
pages on a slide-valve gear are out of place in a 
k on condensation, but he reproduces this section 
because the object of the gear is to improve the con- 
densation and to accelerate the discharge of the 
exhaust. Tne Weiss cooling-water accumulator, 
whose principles and mathematics, construction and 
application, are explained in the second division, 
is eulogised as another pioneer invention of Mr. 
Weiss. In this device, which is particularly recom- 
mended for intermittently working engines for 
haulage, rolling-mills, &c., the warm water flows 
from the condenser into an accumulator of large 
capacity, placed below the condenser, from which 
it re-enters the condenser at a level below that at 
which it was discharged, finally to be removed by 
a pump or a fall tube; the pipes form a system 
of communicating tubes, and the water once more 
wnixes with the steam in the sezond circulation. 
The bulk of water in the accumulator being inde- 
pendent of that in the condenser proper, such a 
condensing plant, the author maintains, can better 
accommodate itself to the ordinary fluctuations in 
the steam consumption than the simple condenser. 
The short third division describes some Weiss 
condensing plants constructed by various Swiss, 
German, & American (the Southwark Foundry 
and Machine Company, of Philadelphia) firms ; the 
ten plates of the volume illustrate these plants. 
There are, in addition, 141 text figures in the octavo 
volume of 429 pages. 
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ELECTRIC-POWER DISTRIBUTION PLANT 
IN YUKON. 

THE power plant of the Northern Light, Power, and 
Coal Company, Limited, of Dawson, Y.T., and Basildon 
House, London, E.C., is the most northerly situated 
steam-driven turbo-alternator plant in the world, 
besides possessing several other features of interest for 
all engaged in the British engineering and minin 
industries. The whole of the machinery was cnuiiel 
by British firms within two months from the formation 
of the company. The grave difficulties and hazards 
attending the transhipment and transportation of the 
heavy plant across about 7000 miles of sea and land 
were all overcome practically without hitch or delay, 
except such as arose from inevitable natural causes. A 
few details of the work accomplished under these heads 
will not be without interest. 

The engineer was not instructed, no designs or speci- 
fications had been got out, and no orders for plant had 
been placed before the end of May, 1909, and yet the 
complete pl«nt, including the steel building and trans- 
mission line, had left England by the end of July, that 
year. The material was first shipped to Puerto, Mexico, 
loaded there on the Tehuante: Railroad, and sent 
across the I-thmus to Salina Cruz. Thence it was 
transferred to the Northern Light Comp uny’s specially- 
chartered steamer for Vancouver. At Vancouver 
news was received that the Yukon River, by which 
the material was to perform the second stage of its 
journey, was too low for traffic, and the plant had, 
therefore, to be held up and houred in that city for 
the winter (1909-10). In April, 1910, the whole of it 
was loaded on the company’s 6000-ton chartered 
steamer, and began a new stage of its journey through 
1000 miles of the dangerous fiords and channels on the 
North-West Coast of British Columbia, ending at 
Skagway. At Skagway the White Pass and Yukon 
Route railway trucks took it in charge and conveyed 
it 104 miles to Whitehorse, on the Yukon River. Here 
the whole plant, weighing about 2500 tons, had to be 
loaded into barges, sent about 500 miles down the 
Yukon to Coal Creek (the first consignment arriving 
there in July), there delivered to the Werthees Light 
Company’s officers, unloaded by means of their own 
——. and, finally, conveyed by their railway to 
the site (about 40 miles north-west of Dawson, as 
measured by the straight transmission line), where it 
was erec in record time for supplying power 
during the open season of 1910. Steam was put on 
the turbines on August 20; energy first transmitted 
over the line on the 24th ; and power sold from Sept- 
ember 2 to December 17, when the season ended. 

Of the above journey, the part which presented the 
greatest difficulties was the safe navigation of the 
Yukon River, the season for which opens nominally on 
June 15 and closeson October 1. At the best of times, 
however, navigation of the snow-fed Yukon abounds 
in risks, owing to its shoals and the innumerable and 
constantly-changing bars thrown up by a current which 
runs at an average of about 6 miles per hour, but varies 
in speed and strength according as it is fed by the melt- 
ing snow from the surrounding watershed of mountains. 
Navigation can be carried on only by stern-wheel 
steamers, which push, in front, barges loading about 
400 tons each, the barge and steamer being rigidly con- 
nected by wire-lines. One of the heaviest items of the 
total cost of the journey was freight over the 104 miles 
of the White Pass Route, the rate being 50 dols. per 
ton, probably one of the highest railway freight rates in 
the world. The Railway Commission has since reduced 
the rate by 30 per cent. 

The Northern Light Power-Station was installed for 
the purpose of supplying electrical energy to the 
various large gold-mining companies engi in treat- 
ing the rich -gravels of the Klondike, of which the 
Guggenheimer group is perhaps the largest of its kind 
in the world. Fig. 1, page 784, shows one of the 15}-ft. 
bucket dredges deriving power from the station. This 
dredge is capable of treating 10,000 cubic feet of gravel 
per 24 hours. The Northern Light Company has its 
own collieries, which supply coal not only to the power- 
house, but to the district for domestic, railway, and 
thawing purposes, the latter being the most important, 
one mining group consuming annually about 15,000 tons 
in thawing its ground in the manner shown in Fig. 2, 
on page Fea, The coal consists of semi-bituminous 
lignite, unusually good for steam-raising. Thecollieries, 
and the power-station, distant a few hundred feet 
from it, are situated about 12 miles from the Yukon 
River, up Coal Creek, and are connected with it by the 
company’s own railroad at Coal Creek Landing, which, 
again, is brought into connection with Dawson, 52 miles 
away, by means of the company’s river steamers. 

The station is a steel structure (Fig. 3, e 784), 
supplied by Messrs. John Booth and Sons, Bolton, 
T-shaped in plan, the top of the T being the engine- 
room, 140 ft. by 56 ft.; the boiler-room, at right 
angles, being 127 ft. by 61 ft. 6in. The boiler-room 
is a — story, and the engine-room (Fig. 4) double ; 
the turbo-generators, motor-generators, and switch- 
gear being on the upper floor, the condensers, steam, 
exhaust, and circulating pipes on the lower. The 
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buildings are supported on concrete laid over solid 
gravel , Aone Bm made by hydraulicising 15 in. of 
top burden from the bedrock 
always frozen hard, had first to 
of steam points. 

The engine-room plant (Figs. 5 to 8) consists of three 
2000-kw., two 1000-kw., and two auxiliary 500-kw. | 
turbo-generator sets; also two 80-kw. motor-gene- | 
rators for the excitation of the 2000-kw. generators, | 
and one 200-kw. motor-generator for the supply of 
direct current to the coal-mine, all but the larger units | 
having been supplied by the British Westinghouse | 
Electric and Manufacturing Company, Limited. The | 
three 2000-kw. turbo-generator sets are of the Willans- | 
Siemens make ; they run at 1800 2 mien al minute, 
and give three-phase currents of 60 ex s and 6000 
volts. The 1000-kw. turbines are of the Westinghouse 
single-flow type, and have a guaranteed steam consump- 
tion of 17.5 1b. per kilowatt-hour at full load when 
exhausting into a 28-in. vacuum with the barometer at | 
30. Their speed is 3600 revolutions per minute, and 
they are self-lubricating. The 500-kw. turbines are of | 
the Westinghouse horizontal single-flow type, and have | 
a guaranteed full-load steam consumption of 32.5 Ib. per | 
iaeesbtenn, non-condensing, the exhaust being taken 
through a large Holden and Brooke high-velocity feed- 
water heater. Surface-condensers serve the larger, and 
multiple-jet condensers the 1000-kw. units. The two 
1000-kw. alternators are three-phase, 60-period, 6000- 
volts, with direct-coupled exciter, and the two 500-kw., 
three-phase, 50-period, 440-volts, with direct-coupled 
exciter, all by the British Westinghouse Company. 
The latter firm also supplied the ote mp switch- 
gear (sheet-iron cubical type) controlling the main sets, 
the transformer group switches at both ends of the 
line being by the same makers. The low-tension 
alternate-current boards control the two 500-kw. alter- 
nators, the motor side of the motor-generators, and 
all the various subsidiary motors in the power-station, 
and the direct-current rds control the excitation 
(controlled by Tyrell regulators) of the three 2000- 
kilowatt sets, and the supply to the coal-mine. A 
10-ton travelling crane has been installed in the 
engine-room. 

he transformers are of the Westinghouse oil- 
insulated, forced-draught, core-type construction, and 
consist. of four step-up transformers, 6000—33,000 
volts at the power-station end, and four step-down, 
33,000—2300 volts at the Dawson end. Each set of 
transformers, together with its switch-gear and extra 
high-tension bus-bars, is contained in a well laid-out 
sub-station, complete with air-ducts, fans, and motors. 
The whole of this work was supplied by the British 
Westinghouse Company. The cables (all supplied by 
Messrs: Siemens Brothers, of Woolwich) to the main 
generating sets are three-core paper-insulated, lead- 
covered, and those from the auxiliary 500-kw. sets, 
single-core, rubber-insulated and braided (two cables 
to each phase). 

The six boilers, by Messrs. Babcock and Wilcox, 
are of their water-tube marine type, of a design 
specially evolved to meet the needs of plant in these 
latitudes, and are fitted for induced draught, the fans 
being motor-driven. Each has a capacity. for evapo- 
rating 25,000 lb. of water per hour; they work at a 
pressure of 200 lb. per square inch, with heating sur- 
taces, four of 5520 sq. ft. and two of 6725 sq. ft. 
They are fitted with Babcock and Wilcox superheaters 
and chain-grate stokers. Each pair of boilers has a 
steel smoke-stack, with steel uptakes from each boiler, 


ravel, which, being 
thawed by means 





the top of the chimney being 85 ft. from the ground. 
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Fig. 3. 


Coal-bunkers with a capacity of 1000 tons are in- 
stalled, and the coal and ash is handled by Babcock 
and Wilcox gravity-type bucket conveyors. Circu- 
lating water for the condensers is supplied from Coal 
Creek. The whole of the steam, exhaust, and water- 

ipes, designed by the engineer, and supplied b 

eesrs. Aiton and Oo., of Derby, was shipped wit 
the rest of the plant, 


A very complete fitting and repair-shop has also 
been provided, equipped with motor-driven lathes, 
drills, shaping, punching, and shearing-machines, 
forges, and travelling-crane of ample size to handle 
any part of the generating plant and of the structural 


steel-work. 
enerated at 6000 volts, trans- 


Electrical energy is 
mitted over 44 miles of line ata voltage of 33,000, and 
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delivered to the motors of the mining machinery at 
2300 volts. The conductors are of aluminium, supplied 
by the British Aluminium Company, and the line 
losses are extremely low. Although the variation of 
temperature is from 70 deg. Fahr. below zero to 
100 deg. Fahr. above, only one minor breakage bas 
occurred due to a defective joint, which was repaired 
in an hour. No difficulty has been experienced in 
operating the plant at a temperature as low as 50 deg. 
below zero. 

The mining season in the Klondike is limited, for 
hydraulicing pur , to the period from May 1 to 


October 1, and for dredging purposes, from April 15) y 


to December 15. Previous to the installation of the 
present steam-driven station, dredging operations 
were confined to the shorter period when water-driven 
wer plants could be utilised. The present power- 
ouse, therefore, lengthens the season for mining 
operations by two months, and as the plant this year 
was started up as early as April 15, the whole work- 
ing season, thus extended in both directions, has been 
increased by75 days. Inasmuch as about 4,000,000 dols. 
worth of gold was extracted during the previous 
short seasons, it can be realised what an important 
event for mining in the district has been the starting 
up of the Northern Light power plant. Skilled 
isbour in the*Yukon, although commanding, for 
obvious reasons, an extremely high wage, is of remark- 
able excellence, and the existence of the midnight 
sun during a _ of the summer further facilitates 
operations. The only alternative to a water-driven 
power plant is a steam-driven one burning cordwood, 
which, in this country, is necessarily very costly, and 
tends to become more so as the area in which it can 
be obtained gradually recedes, and the already heavy 
expenses of labour and carriage increase in propor- 
tion to its remoteness. It may be mentioned here that 
the actual cost of installation and construction work 
was within 34 per cent. of the estimated cost, so that 
a 10 per cent. contingent allowance had not to be 


called upon. 

Altogether the Northern Light Power and Coal 
Company, Limited, may be said to possess in its 
electrical station the nucleus of a great business. It 
has already put new life into the fast-growing Klondike 
mining industry, and its existence is looked upon, both 
by the Government of Yukon and the whole district, 
with much favour, the benefits it confers not being 
obtainable by any other means. 

Great credit is due to Mr. E. H. Thruston, the 
managing director and general manager of the com- 
pany, under whose able control and personal direction 
every detail of the purchase, transportation, and erec- 
tion of the whole plant was carried out ; as also to 
Mr. C. J. Wharton, of Palace-chambers, Westminster, 
the company’s consulting engineer, a credit which is 
the greater as the power-station began its com- 
mercial career within four days of the estimated date 
for beginning. It is a remarkable feature of this side 
of the undertaking that, although the whole plant— 
—— in every part—was shipped 7000 miles to a 
locality so remote that no forgotten detail or wrong 
template casting could be Fae right in less than four 
months, yet, owing to the forethought of the engineer, 
and his complete and accurate drawings, thé whole 
thing went together like clockwork. Perhaps, how- 
ever, the most remarkable part was the transportation 
of a plant worth half a million dollars over such an 
immense distance, and under almost unique conditions, 
with less than 1000 dols. worth of loss and damage. 
The American engineering world was at first extremely 
sceptical, to say the least, about the possibility of 
carrying out the job in the short time allowed, havin 
ys ard to the innumerable chances of accident a 

elay. 





PersonaL.—The Sloan Electrical Company, Limited, 
have been compelled, owing to their increasing business, 
to remove from Prinses-chambers, 16, John Dalton-street, 
Manchester, to more commodious premises at 16 and 16a, 
Jackson’s-row, Manchester. 


THe LATE Masor-Generat H. D. Crozimr.—We regret 
to have to record the death, which occurred on the 11th 
inst., at his residence, 11, Shooter’s Hill-road, Blackheath, 
of Major-General 7 Darley Crozier, late of the Royal 
Engineers, and Chief Engineering Inspector, Local 
Government Board. Major-General Crozier was the son 
of the late Thomas Crozier, Seafield, Donnybrook, Dublin, 
and was 74 years of age. 


University Cotteer, Lonpon. —In connection with 
the eaten of the new Department of Heating and 


Ventilating Engineering at University Coll towards 
which the London County Council have mate a t 
in aid. Mr. Arthur Henry Barker, B.A., B.Sc., Vice- 
President of the Institution of Heating and Ventilating 
Engineers, has been appointed lecturer for the session 
1911-12, Mr. E. Kilburn Scott has been inted 
lecturer in electrical design for the session 1911-12, in 
succession to Mr. H. M. Hobars, who has resigned. 

BE. Kilburn Scott was formerly head of the Electrical 
Engineering Department at the Sydney University, New 
South Wales. 





INDUSTRIAL NOTES. 


THE monthly report of the Amalgamated Toolmakers 
for June shows an increase of 1021 in the number of 
members since May, 1910; the actual figures at the 
end of May, this year, being 5182, against 4161 at 
the end of May, 1910. The number of the unem- 
ployed at the same dates were 56 and 72 respectively, 
a > -en of sixteen during the year. There was an 
increase in the reserve funds of 6000/. during the same 
time, the respective amounts being 22,000/. in May, 
1911, and 16,000/. in the corresponding month of last 
ear. 

In an article on ‘‘ State Insurance,” the society’s 
journal points out that in ten years eight of the prin- 
cipal trade unions paid in unemployment benefit to 
their members over 4,000,000/., apart from the sum 
of nearly 2,000,000/. paid in superannuation benefits. 
It is proposed that the scheme should be amended so 
that: (a) the State should pay more to it than is re. 
posed ; (b) employers who pay low wages should be 
ask to pay a higher contribution; (c) low-paid 
workers should be asked for less than the scheme calls 
upon them to pay; (d) the maternity allowance 
should be in addition to, and not in place of, a sickness 
benefit ; (e€) men thrown idle through a dispute con- 
cerning which they have no ae geeres | or control 
should have unemployment benefit, and (/) that better 
provision be made for effective trade-union representa- 
tion in working the scheme as it affects their members, 
and that benefits be equalised. The journal contains an 
interesting article entitled ‘‘Social Experiments in 
New Zealand,” by the Hon. George Fowlds, Minister 
of Education, N.Z. It points out how, twenty-one 
years ago, the social experiments (as they are called by 
the author), began. Although the Constitution had pro- 
vided for manhood suff: , additional votes had been 
given on a property qualification, and large landowners 
under these conditions, owing to their numerous votes, 
had been able to exert great influence. This state of 
things was altered in 1890, when ‘‘one man one vote” was 
established. For the last twenty years a progressive 
government has been in power, and the writer of the 
article claims that New Zealand ‘‘is now one of the 
most prosperous countries on the face of the earth.” 
Farmers have been assisted financially. Some years 
before 1890 they had been in difficulties, and it was 
decided by the Government to give them help, by estab- 
lishing a department that should lend money to them at 
a rate of interest of 44 per cent., the rate previously 
charged by the banks or private money-lenders being 
from 7 to 8 per cent. Asa consequence of this decision, 
the farming industry has greatly improved, the State 
having lent out more than 12,000,000/. Votes were 
given to women in 1890, and this concession is generally 
acknowledged to have been beneficial to the country. 
Another important Act was in 1899. This was 
the Arbitration and Conciliation Bill, which instituted 
a Conciliation Board between employers and their 
workpeople concerning hours of work, wages, &c. This 
Act has, it is said, given general satisfaction. Other 
matters of interest are touched upon in the article. 


The monthly report of the Steam-Engine Makers’ 
Society for June shows a continued course of pros- 
perity, the percentage of unemployed being 0.86 per 
cent. compared with 1.6 per cent. a year ago, and 
the outlook is said to be good for some time to come. 
There is one disadvantage, however, attendant on 
the present trade, and that is the great 
amount of overtime that is worked, as in not a few 
cases it has become a regular system, and not excep- 
tional. This the report regrets. 


According to the monthl report of the Associated 
Blacksmiths’ and Ironworkers’ Society for the four 
weeks ending June 3, trade still continued good in all 
branches, only 23 members being returned as un- 
employed this month, or 0.72 per cent. of all the 
membership. The income for the past four weeks is 
returned at 884/. 12s. 74d., and the expenditure at 
499/. 3s. 1l}d. The details of this expenditure are as 
follow :—Unemployed benefit, 43/. 12s. 7d.; protec- 
tive benefit, 1/. 12s. 6d.; superannuation benefit, 
175/. 2s. 10d.; sick benefit, 141/. 8s. 74d.; funeral 
benefit, 16/.; and management expenses and grants, 
121/. 7s. 5d. The net gain to the funds during the 
month was 385/. 8s. 8d., of which amount 220/. 03. 8d. 
accrued from invested capital. 


The Bradford woolcombers’ dispute has reached an 
acute stage, as the men have decided to leave their 
work at once if their demand for a 5 per cent. advance 
in wages and a 25s. minimum for night work is not 
conceded. The employers stand firm, as trade does 
not justify the rise. 


Negotiations, which have been carried on for some 
time between Norwegian miners and their employers, 
having proved of no avail, the hands employed by nine 
different mining undertakings, and numbering about 
3000, have given notice from June 21. In Sweden, too, 
thesomewhat long-standing conflict between mastersand 





men in the building trades is likely to come to a crisis. 
The negotiations were interrupted in April, work in 
the meantime going on, but the men now appear to 
have lost patience, and to be insisting upon a settle- 
ment. The men left off working in the towns of Skifde, 
Orebro, and Ystad, on June 8, demanding higher wages. 


According to recent official statistics an aggregate 
of 2113 strikes, comprising 155,680 hands, wnentoes ht 
to an end in the course of last year in Germany. The 
strikes affected 8276 employers with an aggregate of 
374,038 hands. The number of strikes in 1910 was con- 
siderably greater than those of 1909 and 1908 ; but, on 
the other hand, smaller than those occurring durin 

the years of the boom 1905-1907. The number o 

aggressive strikes was 1977, with an aggregate of 
149,552 hands, and the number of defensive strikes 
was 136, with an aggregate of 6128 hands. About 
one-quarter of the strikes were in the building trades 
(506), next came the wood industries with 314 strikes, 
the machine industry with 214; the metal industries 
with 204 ; industries connected with articles of food, 
&c., with 137 ; industries connected with clothes, &c., 
with 134; stone industry, &c., with 119; the textile 
industries, with 107 ; commercial undertakings, with 
75; transport and communication, with 71; the mining 
industries with 28. According to the season of the 
year, there were most strikes in the summer (32 per 
cent.) ; next came the autumn, 30.4 per cent. ; the 
spring, 25.6 per cent.; and the winter, 12 per cent. 
In the preceding years spring had the largest number 
of strikes. Of the strikes of the year, barely 20 per 
cent. were attended with success; 43 per cent. were 
partly successful, and 37 per cent. failed. Of the 8276 
concerns affected by the strikes, 2209 were brought 
to a complete standstill. As regards lock-outs last year 
was a record year for Germany, even beating 1905 and 
1906, and being far in advance of 1907 and 1908. 
There were 1115 cases of lock-out, which affected 10,834 
concerns with 306,613 employees and 214,129 hands 
were locked-out. Thus, it appears, many more 
hands were locked-out than went out on strike. 
The lock-outs principally affected three industrial 
branches, first and foremost the building industries 
(91 ~~ cent. and 81 per cent. of all the hands), metal- 
workers and the machine industry. The great lock- 
out in the first-mentioned industry, which began in 
the spring and was terminated in the middle of June 
by arbitration, was the predominant feature of 1910 
labour conflicts in Germany ; 7 per cent. of the lock- 
outs attained their aim, ninety-one partly succeeded, 
and two failed. 


The long-talked-of strike of seamen has am the 
fact being first officially announced on Tuesday last. 
The public have so long been expecting this strike, 
and have heard certain dates so often named as those 
fixed for the general stoppage to take place, without 
anything unusual happening, that they may, perhaps, 
be forgiven if they are now sceptical as to the final 
result. Every now and then matters seemed ~~ to 
come to a head and then settled down again. The 
latest ripple on the surface of the subject seems to 
have been a communication from Mr. Havelock Wilson, 
general president of the National Sailors’ and Fire- 
men’s Union to the Shipowners’ Associations of the 
United Kingdom on the subject of the establish- 
ment of a conciliation board for the purpose of 
considering and discussing the claims of the seamen 
without resorting to a strike. The communication 
continues :—‘‘ The members of your association must 
admit that during the last twelve months the seamen 
have shown much forbearance, seeing the prosperous 
times that have been enjoyed by the shipowners, and 
even now we are reluctant to adopt a course which 
will cause grave inconvenience to the public and 
shipping generally. It is impossible, however, for the 
officers of the National Sailors’ and Firemen’s Union 
to restrain their men any longer, and it would be a 
grave misfortune if an international outbreak should 
take place, as, although it may only commence with 
the sailors and firemen, it may rapidly extend to other 
sections of workers, with the result that in a short 
time the whole of the shipping trade might be involved 
in a gigantic struggle. I am therefore instructed to 
make this final appeal to the members of your associa- 
tion that they aL belies it is too late, endeavour to 
avoid the disaster of an international strike.” These 
words certainly sound imposing ; whether their result 
will also be imposing time will show. 

It was announced last Saturday that the date would 
be made known at a mass meeting to be held on the fol- 
lowing Wednesdayevening. In Antwerp the feeling was 
that the strike would actually take place, but not before 
the Coronation. At Southampton docks there are over 
600 imported seamen under police protection. On the 
Clyde notice had been received by several of the coast- 
ing firms that the crews of some of their steamers would 
not sign on at the end of this week, but no reasons were 
given. It was, however, thought that the men wished 
to disorganise the passenger traffic round the coast 
during the Coronation week. Local owners, however. 
do not appear to take the matter very seriously. The 
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grievances which the men wish to have discussed by 
a conciliation board include the lack of a uniform 
rate of wages, inadequate manning, and low rates of 

y. The present scale is 3/. 10s. to 4/. 10s. per month 
S sailors and firemen on tramp steamers, and on mail 
steamers 5/. 10s. for firemen and 4/. 10s. for sailors. 
The union demand that these rates should be raised 
to 5/. 10s. per month for sailors and firemen on tramp 
steamers, and 6/. for firemen and 5/. for sailors on 
mail boats. If the object of the men is to disorganise 
traffic at the time of the Coronation, they will pro- 
bably find that they have made a great mistake, for 
they could have decided on no better way of alienating 
public sympathy. 





The South Wales Miners’ Federation held a meet- 
ing at Cardiff, on Thursday in last week, at which 
attention was called to the circular issued by Mr. 
Thomas Ashton, general secretary of the Miners’ 
Federation of Great Britain, dealing with the negotia- 
tions in connection with the mbrian Combine 
dispute. In addition to this, reference was made 
to the correspondence in the South Wales Press 
between some of the miners’ leaders. A consider- 
able amount of criticism was the result, which 
ended in the following resolution being passed :— 
‘* That we dissociate ourselves entirely from the mani- 
festoes that have been issued upon the Cambrian 
Combine dispute, both by representatives of the naval 
workmen and Mr. Ashton, secretary of the Federa- 
tion, which, we understand, Mr. Ashton has issued 
entirely on his own a We also deprecate 
the letters sent to the Press by the representatives of 
the workmen, believing that ail these practices tend to 
damage the cause of the Combine workmen. Further, 
we hope that each lodge or district will disregard these 
manifestoes and letters when instructing their dele- 
gates who will attend the Conference in London on 
June 13.” 

On Monday last an important conference was held 
at Cardiff by the South Wales Miners’ Federation to 
consider the advisability of advocating the putting 
into operation by the Miners’ Federation of Great 
Britain of the 20th rule, calling for a national stoppage 
in connection with the Cambrian dispute, or the alter- 
native of confining the strike to South Wales. Three 
hundred delegates were present, representing 142,396 
workmen, and the following resolution was adopted : 
‘‘That this conference, seeing the failure to secure 
satisfactory settlements of the dispute at the South 
Wales collieries, recommend to the lod that the 
sectional strike policy hitherto adop be recon- 
sidered, with a view of asking the Miners’ Federation 
of Great Britain Conference on June 13 to make 
common cause with these workmen by declaring a 
general stoppage throughout the Federation for the 
purpose of securing for all colliery workmen a definite 
guaranteed minimum wage.” In addition to this, 
another resolution was adopted, stating that in case 
the Conference refused to take national action on the 
question of a minimum wage, national action was sup- 
ported by the delegates on the question of abnormal 
places and also the lower-paid day-wage men. There 
was much discussion, and the opinion was expressed 
that all controversy as to the present or any other 
crisis should cease to be circulated through the Press. 
Mr. Ashton’s action with regard to his circular 
referring to the Cambrian Combine was also con- 
demned. 

A strong attitude was taken up by the Miners’ 
Federation of Great Britain on Tuesday, the 13th inst., 
with regard to the prolonged strike, at a conference held 
at the Westminster Palace Hotel, and the following 
resulution was adopted :—‘‘ That in the opinion of this 
conference the objects set forth at the special confer- 
ence held at Caxton Hall on April 26 are secured in the 
proposed terms of settlement of the Cambrian Combine 
dispute, signed on behalf of the Federation by Messrs. 
EK. Edwards, T. Ashton, W. Abraham, and T. 
Richardson, and that this conference now recommends 
that such terms be accepted, and a to accept no 
further responsibility in reference to the dispute.” 
There were 465,000 men for the resolution, according 
to the voting, and 137,000 against it. A resolution 
from South Wales, recommending a national stoppage 
and a campaign in favour of a guaranteed minimum 
wage met with a cold reception. The strong action of 
the Miners’ Federation of Great Britain will, it is 
hoped, put an end to this disastrous strike. 





At the annual conference of the National Federation 
of Blastfurnacemen, Ore-Miners, and Kindred Trades, 
which was held at Doncaster last week, great dis- 
aopointment at the state of the iron and steel trade 
was expressed, and it was pointed out that in 1905 
America produced 22,992,000 tons of pig iron ; Ger- 
many, 10,700,000 tons ; and Britain, 9,593,000 tons. 
After an interval of five years, however, Britain pro- 
duced only 600,000 tons more than in 1905. All the 
countries, the President said, had been compelled to 





spend their energies in supplying themselves instead | 
of allowing other people to do it for them, the result 


being that stocks had gone up all over the world, while 
rices had been cut to the lowest figure. If everybody 
to be kept constantly employed, a stock-ground 
would be required for the surplus make; but such 
a state of things could only last for a very limited 
time. In the open markets we were cut out by 
Germany. How was it that we lost our markets 
abroad and even in our own country? According to 
the President it was because mining royalties, rail- 
ways, canals, and organisation among the industries 
held the key of the situation. He did not, however, 
say why the industries organise in a way that is, 
according to him, so much against their interests. It 
a snamell to him that the only way to save the situation 
is to nationalise our railways, minerals, and canals, and 
organise our industries (was not reo ise meant ?). 
Then Britain could succeed where others failed, until 
such time as her natural resources gave out. 

With regard to the Trade-Union Bill, what the 
Labour Party wanted was, he said, that a trade union 
should have power to apply its funds, or any portion, 
for the pu of procuring or assisting the return of 
Members of Parliament, or of any public and local 
authority. In the discussion following the expression 
of these views the general opinion appeared to be that 
a stronger fund should be built up that would meet 
any emergency, and it was decided that in order to 
establish such a fund there should be an increase in 
the contributions to the federation. The opinion was 
exp! by some that the contribution should not 
be less than 3/. per member. 

The conference was resumed at Doncaster on 
Thursday in last week, and a vote was taken regard- 
ing joining the Federation of Trade Unions, and a 
large majority of the delegates being in favour of the 
step, it was decided to join on July 1. Another 
subject discussed was the Government scheme for 
insurance against sickness and unemployment, and a 
resolution was unanimously carried on the question 
of sickness and invalidity. This was ‘“‘ that the con- 
ference strongly disap rove of Section 59, Sub-section 7, 
where deposit sontalighers, receiving medical aid, the 
payment of such service having to be made through 
Boards of Guardians, as a pauperising proposal, and 
holds that medical services in such cases should be paid 
directly, and recovered by the Health Committees. 
The conference, while not agreeing with several clauses 
of the scheme, approves of the principle, and instructs 
the executive to consider the details.” A resolution 
was also adopted in favour of extra payment being 
made to blastfurnacemen and cokemen for week-ends 
and Sunday labour. An eight-hour day for blast- 
furnacemen was also ehventelt and the promotion of 
a Bill in Parliament with that object was viewed with 
favour. 





Speaking at the annual conference of the Federation 
of Master Printers and Allied Trades of the United 
Kingdom at Belfast on Monday last, Mr. R. H. H. Baird, 
who presided, referred to the action of the Board of 
Trade in disputes like that in the printing trade, and 
said that it had become manifest to many of them that 
employers must be represented on the Board of Trade. 
At present the officials were practically men who had 
been selected by reason of their trade-union pro- 
clivities. 





Tue Late Mr. W. H. Hersert.—We t to have to 
announce the sudden death of Mr. W. H. Herbert, which 
occurred at his residence, The Grange, Coventry, on 
June 10. Mr. W. H. Herbert was a director of Messrs. 
Alfred Herbert, Limited, from the time of its formation 
on June 27, 1894, until his decease. 





Tue Watton Pumpine Station.—Last yy! (the 
10th inst.) the Walton pumping station of the Metro- 
politan Water Board was formally opened by the President 
of the Local Government Board, the Right Hon. John 
Burns. This station isin connection with a new reservoir, 
which has been lately completed by Messrs. John Aird 
and Sons. It is connected with the River Thames by a 
culvert 1450 ft. long, capable of passing 200 million gallons 
of water per day. Thisculvert ends in a large sump below 
the engine-room. There are four ae engines, 
by the Thames Shipbuilding and pages | Company, 
having cylinders 14 in.. 23 in., and 38 in. in diameter by 
2-ft. 6-in. stroke. Each engine drives a centrifugal 

ump by Messrs. Gwynnes, Limited, of Hammersmith, 
coving 30-in. suction pipes and 27-in. delivery pipes. 
The pumps run at 120 revolutions per minute, and are 
capable of lifting 25 million gallons per day of 24 hours 

inst a head of 64 ft. There are in the engine-room also 
three turbines by Messrs. Gilbert Gilkes and Co., Limited, 
of Kendal, of 150 horse-power each, driving a centrifugal 
pump capable of dealing with 10 million gallons a day, 
and running at 350 revolutions. These pumps have 
18 suction and delivery-pi Steam is supplied at 
120 deg. superheat by ten Babcock and Wilcox boilers, 
having each 1800 sq. ft. of heating surface. The power 
plant also serves the Island Barn reservoir, 14 miles 
distant, and forms part of a series of extensions now 
being made by the Water Board for the purpose of con- 
solidating the plant and reducing expenses. The whole 
work was carried out to the designs of Mr. J. 
Restler, M. Inst. C.E. : 





NOTES FROM THE UNITED STATES. 
é DELPHIA, June 7. 

THE new prices on crude and finished steel, which 
went into effect last Thursday, have not had the effect 
of stimulating demand in the least. So far this carries 
out the theory of the Steel Trust—that unsteady prices 
restricted buying. The general feeling is that further 
disturbance of prices is probable. This, however, is 
not likely to take place, as the concessions made are 
believed to be the best that conditions will warrant. 
The low quotations for steel billets resulted in buying 
freely, and this fact constitutes the only exception. 
The stock of billets had run very low and consumers 
were obliged to cover. A deal of additional 
billet-making capacity has been completed, and the 
owners are anxious to secure business as far in 
advance as possible. The Republic Iron and Steel 
Company have started six open-hearth steel furnaces 
on billets and bars at Youngstown, Ohio. The 
American Rolling - Mill Company have commenced 
four 60-ton open-hearth furnaces at Middletown, Ohio. 
The Jones and Laughlin Steel Company have lighted up 
four 200-ton Talbot furnaces, and the Youngstown 
Sheet and Tube Company have started eight hot-mills 
for sheet-steel, with furnace capacity to supply these 
mills. A Cleveland concern has begun four open-hearth 
furnaces and a rolling-mill. A good deal of additional 
steel-making capacity will soon Be ready for operation. 
This will constitute the largest volume of additional 
capacity ever brought into use within a period of four 
or five months. Very little pig iron has been sold for 
a week, notwithstanding the accepted belief that 
prices are at their lowest level. Bessemer is still com- 
manding 15 dols., but consumers affect to believe that 
this is not the lowest price, This is the season of wages 
readjustment. Conferences have been opened, and em- 
ployees areasking forarenewalof last year’s sliding-scale 
on bar iron. The Republic Iron and Steel Company 
and the Steel Corporation will refuse to participate in 
these conferences, which naturally leaves very little to 
be done in the way of fixing sliding-scale wages. The 
coke output for the past week was 270,000 tons, the 
lowest weekly output in two years, and 101,000 tons 
below the weekly output two months ago. Production 
is now below consumption. A resumption of at least 
the idle capacity will shortly take place. Extensions 
are being made to some of the West Virginia coke 
plants, and the greatest future increase will probably 
come from that region. Tin-plate capacity has been 
es largely increased during the past year, but even 
with this increase the mills will be operated to 70 per 
cent. of maximum capacity. No sollestion is contem- 
plated in tin-plate, wire, or pipe. The immediate 
outlook is for the continuance of a moderate demand 
until more settled conditions prevail. The testimony 
of the Steel Trust, in favouring closer Government 
supervision over corporations, has been a surprise to 
the entire industry and to the country. 





THE LATE Mr. Scuorietp.—Mr. Charles Schofield, 
who passed away a few days ago at Forest Hall, New- 
castle, in his eighty-seventh year, was one of the pioneers 
in the construction of iron and steel ships to replace 
**wooden walls.” When quite a young man, he was 
apecietes inspector on the Stannage tunnels, London 
and North-Western Railways. Later on he undertook 
contract work on the Great Eastern, he built a caisson 
for the Government dockyard at Bermuda, and 
charge of a large floating dock for the Russian Govern- 
ment at Nicolaieff. He also received contracts for ship- 
building in the United States, and was well known in the 
leading shipbuilding centres. 





Tue Enoinegrinc Stranparps CommMitrser.— Report 
No. 54 of this Committee, recently issued, is devoted to 
British standard threads, nuts, and bo!t-heads for use in 
automobile construction. The drafting of the recom- 
mendations of this report was carried out by a very 
representative sub-committee, as it comprises represen- 
tatives from the leading technical institutions and socie- 
ties associated with the automobile industry. There has 
in the past been a great want of interchangeability in 
the smaller component parts of automobiles, and the 
adoption of standards will be beneficial. The Committee 
have decided to recommend the use of the British Stan- 
dard Fine (B.S.F.) threads, but the pitch of the }-in. 
size has been altered from 25 to 26 threads per inch, 
and a new standard size of in. with 26 threads per 
inch been introduced. e Committee anticipate, 
however, that there may be cases in which a special 
thread may be required, and here they have recommended 
the adoption of the Whitworth form with a uniform 

itch of 16 threads per inch, irrespective of diameters. 

he British standard widths across the flats have been 
adhered to for nuts, but in order to save weight and space 
these widths have been applied to a larger size of bolt; 
for example, the width across the flats of the nut fora 
#-in. bolt is now that of the nut for the ordinary }; in. 
size. The same set of spanners will fit all sizes of 
nuts with the exception of the 4 in., and the new #, in. 
sizes. -The report is published for the eres 
Messrs. Crosby Lockwood and Son, 7, Stationers’ Hall- 
court, Ludgate-hill, E.C., and 1214, Victoria-street, 
Westminster, S.W., and may be purchased from any 


W. | bookseller, or direct from the offices of the Committee, 


28, Victoria-street, Westminster, 8,W. Price 2s. 6d. net, 
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ELECTRICALLY-DRIVEN 


ARMOUR-PLATE MILL AT THE TERNI STEEL WORKS. 


CONSTRUCTED BY MESSRS. SCHNEIDER AND CO., ENGINEERS, CREUSOT, FRANCE. 
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In one of our recent issues (see 556 ante), when 
referring to the opening of the Turin International Exhi- 
bition, we mentioned the new armour-plate mill lately 
put down at Terni. We illustrate the mill in Figs. 1 
to 3 on our two- plate and in Figs. 4 and 5 above. 
Previous to describing this briefly—we hope to be able 
to return to the matter later on, when the installation 
is completed and in full working order—we may state 
that the Terni Steel Works are located in the valley 
of the Nera (Umbria), and that they have at their 
disposal a 180 m. (590 ft.) head of water obtained from 
a reservoir situated at a distance of 3.7 miles, and 
fed by the Velino. The overflow from the reservoir 
runs into the Nera, forming the Marmore cascade. 
These special circumstances led the owners of the works 
to adopt hydro-electrical machinery for driving the 
armour-plate mill which they ordered from Rhee 
Schneider’s Creusot works. 

This is a two-high reversing mill, with rolls 1.250 m. 
(over 4 ft. 1 in.) in diameter and 4.5 m. (over 14 ft. 9 in.) 
in length ; it can take ingots up to 1.1 m. (3 ft. 7 in.) 
in diameter, weighing up to 100 tons. The machine can 
roll plates having a trapezoidal section, by fitting in 
the housings a top roll having spherical bearings. It 
is shown in detail in Figs. 1 to 4. 

The bed-plates of the mill are of tough cast iron, 
fitted on an elastic bed built of oak beams (see 
Fig. 3). The pinions working the coupling-shafts 
are steel castings, having double helical teeth. They 
revolve in a casing containing black grease. The 
coupling-shafts (Fig. 1), for transmitting the action 
of the pinions to the rolls, are steel castings, and are 
supported in two housings connected to hydraulic 
baleashig-aiengemn. The general arrangement of the 
mill proper is very similar to that which Messrs. 
Schneider put down at their own works, and which we 
described at the time (see ENGINEERING, vol. lxxv., 
page 583). The housing frame is very strongly 
designed, the section being 4860 sq. om. (5.23 sq. ft.). 
The wiping ay bone pe are driven either by an electric 
a oe nd when - accurate oliuimend is 
required ; both serews can operated independentl 
one of theother. Two straight Eaeten, one for sate 4 
screw, enable a rapid adjustment of the rolls for rolling 
flat or trapezoidal plates. A large circular dial (Fig. 1) 
is also provided ; this is visible from all parts of the 
shop. e lower roll is so arranged that it can be 
rapidly removed by utilising for this the hydraulic 
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The live rollers (Figs. 2 and 4) have been designed 
extremely strong, with a view to the rolling of 100-ton 
ingots. All their driving gear is below the floor level, 
and is operated by an electric motor, a second similar 
motor acting as a stand-by. 

A system of movable wedges placed under the 
pillow-blocks of the lower roll, and under the bearings 
of the lower coupling-shaft, enable the making up of 
the wear in the rolls from the original diameter of 
1,250 m. (4 ft. 1 in.) down to about 1.1 m. (3 ft. 7 in.). 

A receiving head (Figs. 2 and 4), operated by 
hydraulic pressure, is provided at each side of the 
main rolls, and within the two sets of live rollers one 
on each side of the mill; the heads have been designed 
for dealing with loads of both 100 and 25 tons, in 
order to minimise the consumption of water under 
pressure, and to ensure the rapid handling of the 
smaller ingots and plates. The heads, when raised up 
under a plate, lift this and act as a pivot for turning 
it round in the process of rolling. Three traversing 
chains (Fig. 2), operated electrically, are fitted in the 
front set of live rollers; these allow the plates to be 
easily and rapidly placed on the centre line of the 
live-roller sets while rolling is in progress. The 
machine for turning over the plates in course of rolling 
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by the working of an endless chain suspended on a 
system of pulleys over the vertical axis of the mill, 


is driven by hydraulic pressure, and is designed, like 
the receiving Conte and for the same reasons, for 
dealing with loads of either 100 or 25 tons; it is 
supported on a framework, as shown in Figs. 1 and 
4, and is operated by hydraulic pressure. 

The gear which transmits the rotary motion to the 
rolls is mounted between the latter and the electric 
motors, and consists of two strong cast-iron housings 
stayed together and clamped on the main supports of 
the mill. The toothed-wheel gearing reduces the 
speed of the motors in the ratio of 3 to 1; it is con- 
nected to the electric motors by a semi-elastic coupling. 

The hydro-electric machinery for driving the mill, 
shown in Figs. 2 and 5, has been built partly by 
Messrs. Schneider at their electric works at Cham- 

e-sur-Seine, and partly by the Felten and 
uilleaume -Lahmeyer Company of Frankfort. It 
consists of the following :—(a) Two reversing electric 
motors, keyed side by side on the same shaft, and 
developing together about 5300 horse-power at 4 
speed of 90 revolutions per minute, at a pressure 
varying from 0 to 1200 volts at the terminals, but 
capable of developing momentarily a power of 15,000 
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THE WHITE STAR ATLANTIC LINER 


“OLYMPIC.” 


CONSTRUCTED BY MESSRS. HARLAND AND: WOLFF, LIMITED, BELFAST. 
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horse-power. The coupling is of the Leonard type. 
The motors are shunt wound, with separate and 
constant excitation; the number of revolutions is 
thus proportional to the terminal voltage, which can 
be regulated between the limits of 0 to 600 volts. The 
two motors are provided with compensating poles, 
which ensures their non-sparking at all loads and 
speeds. 

Besides these motors the plant comprises a high- 
pressure turbine set, formed of a double Pelton wheel, 
mounted on a horizontal shaft, of 2500 effective 
horse-power at a speed of from 450 to 360 revolutions 
per minute. The turbine is designed for a head of 
180 m. (590 ft.), and a discharge of 1350 litres (300 
gallons) per second, and it can develop under an over- 
load 3500 horse-power, which corresponds to a dis- 
charge of 2000 litres (440 gallons). 

A 50-ton fly-wheel, cast in steel and accurately 
machined and balanced, provided with a sheet-steel 
casing to reduce the ventilation effect, keyed on a shaft, 
the two bearings of which are lubricated under pressure 
and water-cooled, ensures the regular running of the set. 
The fly-wheel shaft is coupled direct to the turbine 
shaft. 

Three direct-current dynamos, coupled in series, 
deliver current to the reversing motors. The 
dynamos are provided with compensating poles 
which ensure non-sparking at all loads and speeds, 
and with differentially compounded winding, which 
opposes an increase in current above a fixed maximum 
should the large machines suddenly stop running. 
Kach of these dynamos is designed for driving the mill 
independently of the others, and they develop each, 
at a speed of from 450 down to 360 revolutions omg 
minute, a pressure varying between 0 and 400 volts. 
The dynamo shaft is connected to the fly-wheel 
shaft by a flexible coupling. 

This turbine set is provided with the necessa 
re eget including a tachometer and an electric 
rake, 

An electric generating set, shown in Fig. 2, serves 
for exciting ont for supplying current to the accessory 
machinery. It consists of a water-turbine of the impulse 
type, developing 600 horse-power in continuous run- 
ning and connected by a flexible coupling with a com- 
pound-wound dynamo separately excited, and supply- 
ing the magnetic field of the three dynamos in the 
converter set ; further, with a shunt-excited dynamo 
of sufficient power to ensure the excitation of the 
rolling-mill motors and of the above dynamo; and 
also with a dynamo for supplying current to the 
motors driving the live rollers, and to those working 
the traversing device and the roll-setting screws. 

A switchboard is fitted in the dynamo-room, iu 
Which og fitted all the connections and apparatus 
required. 

A working platform, placed on the axis of the mill 
alove the connecting-shafts, is provided with all the 
necessary levers for controlling the motors driving 
the mill and for those operating the live rollers, for 
operating the receiving-heads and the machine for 
turning over the plates in course of rolling. 





Tue First-Ciass Dinine-Sa.oon. 


THE PASSENGER ACCOMMODATION OF 
THE WHITE STAR LINER ‘*‘ OLYMPIC,” 


In order to complete our description of the 45,000- 
ton White Star ried Olympic, the machinery and 
hull of which we have already dealt with,* we now 
propose briefly to describe the main features of the pas- 
senger accommodation. The vessel is arranged to ca: ry 
750 first-class, 550 second-class, and 1100 third-class 

ngers ; and the general distribution and arrange- 
ment of the cabins and saloons will be clearly seen in 
Plates XX XIX. and XL., which were published with 
our issue of May 26 of this year. The first-class saloons 
and state-rooms are arranged on five decks, ranging 
from the promenade-deck downwards ; while the corre- 
sponding second-class accommodation is arranged on 
four decks, of which the boat-deck is the uppermost. 
The third-class rooms are arranged mainly at the 
stern and in the bows, although the dining-saloon 
is on the middle deck in the centre of the ship. 
Access is, of course, had between the various decks 
by means of companion-ways ; but, in addition, the 
first-class quarters are served by two passenger-lifts 
and the second-class by one. 

It is impossible to describe the fittings and features 
of the saloons within the limits of this article, but 
there need be no hesitation in saying that in all 
respects they are worthy of the boat of which they 
form a part. Various characteristic apartments are 
illustrated in Figs. 1 to 3, on this page and on page 792, 
which show respectively the first-class dining-saloon, 
the verandah café and the first-classsmoke-room. The 
first of these apartments is, in accordance with modern 
practice, arranged with small tables. It is large 
enough to allow 532 passengers to dine at the same 
time. The decorations are almost entirely in white, and 
the effect is excellent. The verandah café is situated 
at the aft end of the promenade-deck, and is open at 
one side. It should form an admirable bounge in fine 
weather. The smoking-room is also on the pro- 
menade-deck, just forward of the café. It is panelled in 
mahogany. Other general rooms which should be men- 
tioned as forming part of the first-class suite are the 
lounge, restaurant and reading-room. ‘The restaurant is 
a somewhat novel feature ; it is fitted with small tables 
and a bar, so that passengers may lunch or dine in 
small parties, and when they will. The reception- 
room, which forms an entrance-hall to the dining- 
saloon from the grand staircase, should also be men- 
tioned, as it isa novelty. It is decorated in white, to 
correspond with the saloon. The first-class state- 
rooms are decorated in various styles, and many are 
fitted with cot-beds in place of the usual bunks. A 
characteristic room is illustrated in Fig. 5, on page 
792. A feature of this ow of the accommodation is 
the arrangement by which many of the state-rooms are 
made to communicate one with another, so that they 
can be divided up into suites containing bath-rooms. 

The second-class accommodation throughout the 


* See ENGINEERING, page 678 antec, and vol. xc., pages 
564, 620, and 693. 








boat is of a very high class, and reminds one of the 
first-class arrangements of only a few years ago. The 
public rooms consist of dining-saloon, library, and smok- 
ing-room, which are panelled with oak or sycamore. 
They are arran one above the other, just astern 
of the aft funnel. The state-rooms are, in the majority 
of cases, on the tandem principle. The third-class 
accommodation comprises dining-saloon, smoking-room, 
and general room, while many of the state-rooms con- 
tain two berths only. A promenade is provided for 
the third-class passengers by the aft cargo-well, and 
an open space is provided forward. The second-class 
promenade is on the bridge-deck, while the first-class 
passengers have open areas on the bridge, promenade, 
and boat-decks. 

As is well known, various special attractions have 
been introduced into the boat, of which the swimmin 
and Turkish baths, the gymnasium, and the ouuach 
racquet court are the most striking. Most of these 
features find a place on the middle deck. The 
swimming-bath, in particular, is a novel feature, 
and should appeal particularly to passengers. It is 
arranged much on the lines of the ordinary swimming- 
bath on land, and is fitted with dressing-boxes and 
fresh-water sprays. The cooling-room, which forms 
part of the Turkish bath equipment, calls for special 
mention, being a singularly- beautiful apartment, 
finished in teak and blue tiling. The gymnasium is 
fitted with most of the usual appliances. It is illus- 
trated in Fig. 4, on page 729. 








Trans-ATLANtTic Sreamers Buitt in Swepen.— The 
regular Swedish steamship line, the Johnson Line 
(Sweden-Brazil-River Plate), has recently increased its 
tonnage by two new vessels, built by the Lindholmens 
Mekaniska Verkstad, in Gothenburg, and ay the 
names of Axel Johnson and Annie Johnson. These 
steamers are the largest yet constructed in Sweden, and 
are of the-shelter-deck type. The length is 375 ft. ; 
width, 50 ft..6 in. ; and the draught, 22 ft., fully loaded. 
These two steamers, which have a cargo-carrying capacity 
of 6600 tons, also take passengers. The machinery, whic 
has also been manufactured in Sweden, at Motala, indi- 
cates 2250 horse-power, and the speed is 11 knots. 





Tre Treipe. Smoxe-Compustor.—This apparatus, 
which consists of a special form of grate admitting air 
to boiler and other furnaces at certain points, with a view 
to the prevention of smoke, is being introduced into this 
country by the Treibel Smoke-Combustion Company, 
Limited, 65, Bishopsgate, London, E.C. It ia of German 
origin, and has, we understand, been fitted to about five 
hundred furnaces in that country. It consists of a 
special dead-plate perforated with holes for the admission 
of air, and a special system of air admission behind the 
bridge, and is dependent for its action on these extra air 
supplies both at the front and at the back of the grate 
by means of natural draught. The air which passes 
through the holes in the dead-plate is admitted with the 
object of effecting the combustion of the coal at the front 
of the fire, as it is here that large quantities of smoke are 
often produced. As is well known, there is frequently a 
large quantity of unburned carbon in the form of smoke 
that passes over the ordinary furnace bridge and ap) 
at the top ofthe chimney. The object of the Treibel fire- 
bridge is to prevent this waste, as the gases from the fire 
are thoroughly mixed with a further supply of air 
escaping at high temperature in a number of small 
streams from bent pipes arranged at the back of a hollow 
bridge. The aims of the designers of this furnace have 
been : freedom from smoke with any fuel, great dura- 
bility of all parts fitted, no motive power required, and 
a saving in coal of at least 5 per cent. ; 





TriaL Trip oF THE “ Kinkasan Marv.”—At the time 
of the launch of this steamer attention was drawn to the 
ey of the great Japanese firm of Messrs. Mitsui 
and Co., in adopting the latest and most improved type 
of patent cantilever construction with topside -ballast- 
tanks for the four colliers which they have ordered for 
the aarti of 7 — — Linge} prcmeag Son br be 
emplo: in the trade wit ts) ong, i, 
an the rivers of China. The first of them, of 8200 
tons ant built by Sir Raylton Dixon and ©o., 
Limited, of Middlesbrough, was taken out on trial trip 
on the 10th inst., and proved in every way satisfactory. 
The steamer is of the single-deck type, with poop, bridge, 
and forecastle. Her principal dimensions are: 393 ft. 
6 in. by 53 ft. 7 in. by 29 ft. 74 in. moulded, with a dead- 
weight carrying capacity of about 8200 tons on’a light 
draught. "The principal feature of her design is that‘she 
is self-trimming, with absolutely clear holds and six very 
large hatchways, each measuring 33 ft; 32 ft. ere 
are large wing tanks at the top of the holds at each side, 
ema on the cantilever principle, and‘ containing 
1350 tons of water-ballast in addition to an equal quantity 
in the double bottom. The officers’ and engineer:’ 
accommodation is provided in housed'on deck. The véssel 
has twelve derricks worked by eleven steam-winches. 
Electricity we throughout for lighting eae for work- 
ing cargo, and the steamer is in evéry respect the most u 
to-date collier yet built. Engines having cylinders 26 in, 
42 in., and 70 in. by 48-in. stroke, wi Bas boilers, 
have been fitted by Messrs. Blair and Oo., Limited, of 
Stockton-on-Tees, The hull and engines were constructed 
under the supervision of Mr. J. Cnet, of Oardiff, 
along with Captain Nagatsu. Messrs. K. Ohta and 3, 
Kurata were resident inspectors. 
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GERMAN FRIENDSHIP. 


To THe Epiror or ENGINEERING. 

Srr,—In connection with the annual conference of the 
Institution of Gas Engineers, now being held at Glasgow, 
an exceedingly pleasing incident at the luncheon in the 
City Chambers, over which the Lord Provost, the Hon. A. 
McInnes Shaw, presided, was the presentation of a 
beautifully-designed. and mounted president’s hammer 
and striking-board, sent by the German Association of 
Gas and Water Engineers with a letter, of which a trans- 
lation is appended. RNs: 

The gift was received with great appreciation, and was 
suitably acknowledged. 

The President and Council of the Institution would 
feel very giad if, by your courtesy, the letter could be 
inserted in your next issue. 

Yours faithfully, 
WALTER T. Duyy, 
Secretary. 
Glasgow and West of Scotland Technical College, 
Glasgow, June 14, 1911. 


Cory or Letrer. 
German Association of Gas and Water Engineers, 


Karlsruhe, June 7, 1911. 

Mr. Alexander Wilson, President, 

The Institution of Gas Engineers, a 2 

At the end of the Institution year, we, the German Association 
of Gas and Water Engineers, remember with pleasure and grati- 
tude the visit made by eighty of our members to the British Brother 
Association—the Institution of Gas Engineers—in October, 1910. 

We have acquired valuable knowledge in the department of our 
pee ge activity from the brilliantly conducted works of 

ndon, Edinburgh, and Glasgow, which take a high rank in 
technical efficiency. The days we were together showed us how 
strong were the feelings of friendly relationship between our two 
great technical societies, and they emphasised also the friendly 
relationship between the citizens of our two great nations. We 
separated with the firm resolve to contribute our part to the 
further exchange of technical knowledge and to the ever-growing 
good understanding between our nations. 

At festive gatherings we have hecome acquainted with the 
British custom of striking the table with a hammer to call for 
silence for the expression of serious, festive, friendly, or humorous 
ideas. So when we endeavour to give formal expression of our 
thanks for all the kindness offered us by the Institution of Gas 
Engineers by sending a president’s hammer with plate, made by 
the Karlsruhe artist, Professor Hoffacker, it is our wish that the 
hammer may always secure attention for words that will con- 
tribute to the peaceful greatness of the nation, to the advance of 
our great gas industry, which is a benefit to all, and will also 
awaken the recollection of friendly relations with our German 
Association of Gas and Water Engineers. We request you, Mr. 
Alexander Wilson, the esteemed President of the Institution, to 
accept this offering, and to hand it to the Institution of Gas 
Engineers at their meeting, along with our greetings and our 
sincere thanks. 

By Order of 


Tur German ASSOCIATION OF GAS AND WATER ENGINEERS. 
The Committee of Management:— 
(Signed) H. Prenoer, President. 
Hans Busts, Honorary Member 
of Committee. 
Karu Bunter, General Secretary. 











INTERNAL-COMBUSTION ENGINES 
VERSUS TURBINES. 
To THE Eprtor oF ENGINEERING. 

Sir,—I was greatly interested in yourreview of Brassey’s 
‘*Naval Annual,” and in Mr. Alexander Richardson’s 
instructive chapter on the above subject. 

In ves ep the internal-combustion engine with the 
steam-turbine (or, better, with the steam-turbine plus 
fuel-fed boiler) it is interesting to look back on the history 
of the last ten years. At the beginning of this century 
the marine steam-turbine had just arrived on the scene. 
It did not make rapid progress at first, but its promising 
infancy had one very noteworthy effect—the complete 
arrest of the development and growth in power of the 
marine steam reciprocating engine. The most powerful 
and largest reciprocating engines in the British Navy 
to-day are those of the cruisers of the Drake class of the 
year 1902, and though the power of these has been — 
since in the German Blucher and the French Edgard 
Quinét, the engines themselves are not larger, owing to 
distribution on three shafts. 

The reciprocating engine attained its zenith in the 
mercantile marine at about the same date, marked in this 
country by the building of the engines of the Campania 
and Lucania as long as 1893, and in Germany by those 
of the Kaiser Wilhelm-Ii. and Kronprinzessin Cecilie 
respectively in 1903 and 1907. These German engines, 
again, are not larger individually than those of the Cam- 
pania; because there are four distinct units driving the 
two shafts. 

The conclusion is therefore evident that at about 40,000 
to vet ee nit gh mney in a large naval * a, 
canth ip designers of steam rect ting ‘oun 
themselves at_ what they caanileret the onto leit of size 
in the individual parts of their engines, so that, in 
order to avoid further increases, they adopted a r 
number of units, either applied to three shafts, as in the 
high-powered French and German cruisers, or to two 
shafts, with two distinct engines per shaft, as in the large 
German liners, ‘ 

It therefore becomes an interesting speculation whether 
we should éver have had a Mauretania, or crossed the 
pect at 26 waste, med we had to wait for the suueuer 

evelopment o reciprocating steam-engine from 
40,000 to 70,000 horsé-power in a single ship. 
At this point we consider what were the features 
connected with gro which go palpably intimidated 
esigners. One loubtedly was reoognition of the fact 
that the power of such i does not increase as 
rapidly as the weight, other t being equal. This is, 
of course, due to fact that the piston speed of a big 
éngine cannot exceed that of a small one, thus failing to 





conform to the law of similitude which governs the other 
dimensions. 

From the point of view of forge and foundry and 
machine-shop there was evidently no cause to arrest 
ooerens, because, as a matter of fact, larger forgings, 

eavier castings, and bigger parts are fo » cast, and 
machined every day for steam-turbines than ever were 
for reciprocating engines. The truth is that the service, 
rather than the constructional conditions, set a limit to 
growth. Wesaw Atlantic liners come into port after a 
round voyage and be boarded immediately by a shore 
gang who worked feverishly on the main engines 
up to the hour of sailing again; we saw these shi 
periodically laid up for a considerable time while 
crank-shafts were lifted and large repairs and adjustments 
effected. We saw vessels return from longer vuyages 
with every journal and arg pare and “tape 6 piston 
and slide-valve passing steam. e read daily of broken 
propeller and intermediate shafting. It was a common- 
place that trial-trip results were never repeated in ser- 
vice, either use it was not prudent to run the engines 
up to full power after the slightest wear had taken place, 
or because the steam consumption had so > ham that 
the same booger ge 4 could not be attained. Coming to 
smaller craft, of the destroyer and torpedo-boat types, 
every man who went down in the engine-room for a 
full-power run knew he might never come up again alive, 
and a sad number of them never did, while the falling off 
in performance on service was notorious. A German 
professor has said with truth, ‘‘ Every revolution of a 
reciprocating engine requires more steatn than the one 
before it.” Again, tender nursing of reciprocating engines 
in a sea-way is required, if disaster due to racing is to be 
avoided. 

When the marine steam-turbine arrived at such a 
stage of development that it could be applied without 
hesitation, all of the above-mentioned drawbacks and 


inconveniences of the marine reciprocating engine | M 


vanished completely, and, most people thought, for ever. 
They were inherent to, and proceeded solely from, the 
fact that this engine w7s reciprocating. 

It was not that the turbine was more economical, 
lighter, cheaper, or occupied less space. Very often, in 
fact, it had none of these advantages. It was simply 
because the turbine was not reciprocating, but rotary, 
that the reciprocating engine disappeared off the face of 
the waters, with all its disadvantages, for large and fast 
vessels of all kinds. 

Readers will begin to wonder where the bearing of the 
foregoing on internal-combustion engines is. It is simply 
this: every word written above of the past history of the 
large marine reciprocating steam-engine may, mutatis 
mutandis, be written with equal truth of the large marine 
reciprocating internal-combustion engine which 1s looming 
in the future. Exactly the same difficulties will have to be 
faced plus some quite special to the internal-combustion 

rinciple, which are dealt with in the Brassey article. 

esigners of the largest marine reciprocating engines 
have had practically ten years’ rest ; they now have to 
take up afresh the problems the turbine enabled them to 
drop unsolved. 

I say this in no spirit of wishing to damp the ardour 
or restrain the zeal of the pioneer band who are creating 
the large marine internal-combustion engine. So many 
of them are, however, not marine engineers by training 
that they may easily underrate the importance and mis- 
take the real nature of the difficulties before them. 

The internal-combustion engine has on its side a sub- 
stantial reduction in fuel demands (accompanied by an 
incre: demand for lubricants), the abolition of the 
boilers, funnels, condensers,.and crew of firemen. These 
merits secure it a hearty welcome ; only let its advocates 
solve the problems connected with its. reciprocating 
characteristics, by finding acceptable palliatives for the 
maladies which were the death of the old steam-engine, 
and it will sweep the seas. 

The advent of the turbine was marked by its introduc- 
tion for tipedo craft, followed by its extension to larger 
vessels. he internal-combustion engine would fain 
attack the larger problem before solving the smaller. It 
is curious that we hear so little of internal-combustion 
destroyers. 

The Diesel engine was introduced for driving electric 
generators on warships about 1906, but has not yet 
occupied the field ; the Admiralty are still ordering steam 
turbines.for this duty. There have been troubles which 
have led to a parody running 


** Up and down the voltage goes, 
Pop goes the Diesel.” 


One has heard of an Admiral ordering none but steam 
electric-lighting sets to be run when he wason board. If 
such incidents occur when the duty is to drive a 200- 
kilowatt dynamo, we would seem to be some distance off 
an internal-combustion Lion or Princess Royal. 
I am, yours, &c., 
Curer ENGINEER. 





“THE FLEXURE OF FLAT CIRCULAR 
PLATES.” 
To THe Eprror or ENGINEERING. 

Srr,—With reference to the results of some tests on 
flat circular plates which appeared on page 677 in ‘ing 
issue of May 26, I should be glad if you could make it 
known: that Mr. A. W. Purc did a considerable 
amount of preliminary work on the subject, and that he 
deserves the credit of designing and constructing appa- 
ratus which was of material use to me in my experi- 
ments. 

I am, Sir, your obedient servant, 
P. T. STEINTHAL. 
23, Park-road, Richmond, Surrey, June 10, 1911. 





ROYAL METEOROLOGICAL SOCIETY. 


Tue second afternoon meeting of this Society for the 
present session was held on Wednesday, the 14th inst., 
at 70, Victoria-street, Westminster, Dr. H. N. Dickson, 
President, in the chair. 

Dr. C. Chree, F.R.S., read a paper giving the results 
of a discussion of the ba ph records kept by the late 
Mr. R. Bell at Castle O’er, Dumfriesshire, during the 
seven A pao 1902 to 1908. These results show a well- 
marked principal maximum and minimum at 10 p.m. and 
5 a.m. respectively. wp 4 single year agrees in this 
except 1908, which puts the maximum at 7am. The 
existence of a secondary maximum and minimum is un- 
mistakable, but while the hour of occurrence of the 
former is clearly 11 a.m., that of the Jatter is less distinct. 
It seems to be 4 p.m., but a longer series of observations 
would have been necessary to confirm this. ' 

Mr. Spencer C. Russell gave an account of a number of 
interesting experiments which he had carried: out at 
Epsom during the last two years, in order to obtain a 
permanent record of the variations in the size of rain- 
drops, as and when they occurred. The first method 
employed was the exposure of a number of ruled slates 
divided into }-in. sections, and gently brushed over with 
an even coating of oil. This was not altogether satis- 
factory, as during heavy rain the drops impinged upon 
the slate with such force as to become broken up into a 
series of drops composed of one large and a number of 
small ones. The most satisfactory results, however, have 
been given by the use of plaster-of-paris. Mr. Russell 
exhibited to the meeting a number of these raindrop 
models. He stated that the sizes of the drops which he 
had already collected were :—7 of 6 mm., 44 of 5 mm., 
73 of 4 mm., 222 of 3mm., 257 of 2 mm., 175. of 1 mm., 
and 107 of less than 1 mm. 

A joint paper by Mr. A. J. Makower, Dr. W. Makower, 

r. W. M. Gregor, and Mr. H. binson was read, 

describing the experiments which they carried out last 

August at Ditcham Park, near Petersfield, in Hamp- 

shire, to investigate the electrical state of the air at 

——_ heights above the ground, by means of kites and 
oons. 








Contracts. —The Maschinenfabrik Augsburg-Niirn- 
berg A.G. inform us that they have supplied Diesel 
engines for power and lighting purposts to the large 
Continental stores of Hermann Tietz ; the outputs of the 
various power-stations are 2200, 540, 3500, 800, and 1250 
—altogether 8300 brake horse-power. Augsburg-Niirnberg 
Diesel engines for similar purposes have been installed at 
the large stores of Rudolph Movtoue, Berlin, at the Bon 
Marche and Galeries Lafayette, Paris, and at a great 
number of smaller stores. 


INTERESTING REPAIR BY THE Oxy-ACETYLENE Metuop 
oF WELDING.—A rather interesting piece of repair work 
was executed in Sunderland last week on the s.s. J. W. 
Taylor, owned by Messrs. Taylor and Sanderson, Limited, 
of West Sunniside, Sunderland. The work in question 
was a weld made by the oxy-acetylene process, under ths 
survey and to the satisfaction of Lloyd’s local surveyor, 
and when it was completed, it was well hammered 
in his presence in order to test it. The steamer on 
which the repair was carried out had been in collision, 
and the stem was very badly bent, so much so that 
it was impossible to straighten it into position. It 
was therefore cut about 12 ft. below one of the scarf 
joints, removed, and straightened in the shop, replaced, 
and then welded into position. The section of the stem 
is 10 in. by 3 in., and the total time occupied in welding 
was nine hours, thus enabling the steamer to take her 
turn at the coal-tips. The repair was carried out at a 
total cost of about 601., and saved the steamer some 
eight or ten days’ detention, for if the stem had not been 
welded, it would have had to be lengthened and another 
scarf joint made. The method adopted enabled the work 
to be done with the removal of a minimum number of 
plates. The above work was carried out to the satisfac- 
tion of the owners and the local su: veyor by the British 
Autogenous Welding Company, Limited, of 268, South 
Lambeth-road, tania, 8. W. 


THE IMPORTANCE OF SweEDISH IRON ORE TO THE 
German Iron Works.—The new commercial treaty 
between Germany and Sweden has, in an unmistakable 
manner, demonstrated the great importance to the 
German iron works of an unimpeded continuous supply 
of Swedish iron ore. This fact strengthened Sweden's 
hand during the negotiations to a marked extent, and 
enabled her to obtain what many Germans consider 
almost unduly favourable terms. During 1909 Germany 
imported Swedish iron ore of an aggregate value 
of some 50,000,000 marks, and during 1910 Germany 
imported foreign iron ore of the large aggregate sum of 
148,000,000 marks. In Sweden a tendency has appeared 
in influential circles to reduce the export of iron ore, 
or, in any case, to subject it to conditions which would 
handicap it, for the purpose of increasing the hand- 
ling of the ore within the country. The manner in 
which the Swedish State has become interested in, and 
able to exercise an effective control over the large Lap- 
land iron-ore deposits, has been already fully dealt with 
in ENGINEERING. It was one of the chief aims of the 
new treaty to ensure an unhampered supply of Swedish 
iron ore, or, rather, to frustrate any possible endeavours 
on the part of Sweden in the opposite direction. For this 
purpose a clause that Sweden may not introduce any export 
duty on iron had been inserted in the last commercial 
treaty between the two countries. This clause has now 
been renewed, and the arrangements between the Swedish 
State and iron-ore mines must not undergo any changes 
which may prove detrimental to the export of irom ore. 
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NOTES FROM THE NORTH. 
Gascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was very weak, and the dealings in 
Cleveland warrants were confined to two lots at 46s. 04d. 
cash, with sellers over at that figure, and at 46s. 3d. one 
month, and 46s, 9d. three months. In the afternoon the 
market was again dull, and 1500 tons of Cleveland war- 
rants chi hands at 46s. cash and 46s. 2}d. one 
month, and closing sellers quoted 46s. cash, 46s. 3d. 
one month, and 46s. 9d. three months. On Friday 
morning the tone was inclined to be easier, and 
Cleveland warrants were dealt in at 46s. five daya, 
46s. 2d. and 463. 24d. one month. The turnover was 
limited to 3000 tons, and at the close.there were sellers 
at 46s. cash, 46s. 3d. one month, and 46s, 84d. three months. 
A slight improvement took place in the afternoon, when 
2000 tons of Cleveland warrants were done at 46s. 14d. 
cash and 46s. 94d. three months. 
were 46s. 14d. cash, 46s. 4d. one month, and 46s. 94d. three 
months. nm Monday morning the market was firmer, 
and 3500 tons of Cleveland warrants were dealt in at 
from 46s. O}d. to 46s. 1}d. cash, from 46s. 3d. to 
46s. 44d. one month, at 46s. 64d. two months, and 46s. 10d. 
three months. Closing sellers quoted 46s. 2d. , 468. 5d. 
one month, and 46s. 104d. three months. A further im- 
provement took-place in the afternoon when 2000 tons of 
Cleveland warrants changed hands at 46s. 24d. cash and 
46s. fd. one month, and the session closed with sellers 
quoting 46s. 3d. cash, 46s. 6d. one month, and 46s. 11d. 
three months. On Tuesday morning the upward ten- 
dency of Cleveland warrants continued, and dealings took 
place at 46s, 3d. and 46s. 4d. cash, 46s. 6d. thirteen days, 
and 46s. 7d. one month. The turnover was limited 
to 3000 tons and closing quotations were 46s. 44d. 
cash, 46s. 74d. one month, and 47s. 14d. three mont 
sellers. Hematite was quoted at 62s. 9d. one month 
sellers. The afternoon session was quite idle, and 
buyers’ quotations were the turn easier, with sellers 
quoting 463. 44d. cash, 46s. itd. one month, and 47s. 1d. 
thres months. When the market opened to-day (Wednes- 
day) an easier tone prevailed, and 3000 tons of Cleveland 
warrants were dealt in at from 46s. 4d. to 46s. 3d. cash, 
and closing sellers quoted 46s. 3$d. cash, 46s. 6d. one 
month, and 47s. three months. In theafternoon the market 
was nominally steady, but no dealings of any kind were 
recorded. At the close the quotations for Cleveland 
warrants were 46s. 3d. cash, 46s. 6d. one month, and 47s. 
three months sellers. The following are the market 

uotations for makers’ (No. 1) iron :—Clyde, 60s. 
Jalder and Gartsherrie, 61s. ; Summerlee, 63s.; Lang- 
loan, 64s. ; and Coltness, 82s. 6d. (all shipped at Glasgow) ; 
Glengarnock (at Ardrossan), 64s. ; Shotts (at Leith), 62s. ; 
and Carron (at Grangemouth), 63s. 


Sulphate of Ammonta.—The tone of the sulphate of 
ammonia market is just a shade firmer to-day, but the 
current price is no better than 12/. 17s. 6d. per ton for 
prompt lots, Glasgow or Leith. For forward parcels 
there is a little business passing at 13/7. 2s. 6d. per ton, 
July to September, and 13/. 5s. per ton, July to December. 
The amount shipped from Leith Harbour last week 
totalled 2416 tons. 


Malleable-Iron Trade.—The West of Scotland malle- 
able-iron trade is practically without change this week, 
and the basis price for crown bars is still 6/. per ton— 
less 5 percent. A fairly large tonn has been booked 
at that figure, for prompt delivery, and the various works 
are being kept well employed. There is little doing in 
forward business, the price for which is much higher than 
the above quotation. 


Scotch Pig-Iron Trade.—The demand for Scotch pig 
iron has not been quite so good during the past week, 
but there is an indication that buyers’ stocks are low, and 
that points to an early improvement in buying. The 
export trade is steady, and orders from the South are 
reported to be better. The hematite position has not 
changed, and the price is still round 65s. per ton. 


Pr 








BorLer AssociaTIons IN Russfa.—The Boiler Assovia- 
tions in Russia, which first came into existence some ten 
years ago, have lately gained considerably in importance 
and influence, through a law last year, doubtless 
as a result of their efforts. According to this new Act, 
the inspectors of the boiler associations have the right to 
carry out boiler surveys and tests at the plants of the 
members of the associations, and to issue certificates, and 
the Ministry for Commerce and Industry has undertaken 
to forego one-half of the boiler tax in such cases for the 
benefit of the-boiler associations. The above law resulted 
immediately in materially swelling the number of members 
of the existing. associations and in the formation of a 
number of new ones. 





CoaL IN THE Urat.—Since the year 1908, when the 
coal production of the Ural reached its highest figure— 
17,825,000 poods—the output has materially declined, the 
figures for 1909 and 1910 being respectively 42,728,000 and 
34,814,000 poods. This decrease in the uction is not 
owing to any signs of exhaustion on the part of tlie mines, 
the igorsckinsk its alone containing milliards of 
poods of coal, but the reason is rather to be found ina 
reckless cutting down of the forests. Southern Ural,which, 
only twenty-five years boasted magnificent forests, is 


now almost completely denuded. The remaining forests 
of the Ural are apparently also doomed, being attacked 
both by large industrial concerns and by the populati 
and a more active working of the Ural coal deposits woul 
therefore be a great boon to the country. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—The pig-iron market is 
steady, and traders show more disposition to operate. 
The transactions recorded, however, are not large, and 
the Coronation holidays will stop business al r. 
Most of the blast-furnaces will be laid off twenty-four 
hours for the Coronation festivities. The most gratifying 
feature of the market, as indicating confidence in the 
future, is the fact that more has to be paid for forward 
than will be accepted for early delivery. A general 
opinion prevails that brisk trade and improved prices will 
be experienced in the autumn, but buyers are not as 
= inclined to do much in the way of contracting for 
elivery ahead. The general market quotation for early 
f.o.b. delivery of No. 3 g.m.b. Cleveland pig iron is 46s. 6d., 
and a few sales have boon recorded at that figure. In 
odd cases 46s. 444. has also been accepted for the rulin 
quay. but, on the other hand, some sellers ask 46s. 74d. 
0. 1 is firm at 50s.; No. 4 foundry and No. 4 forge are 
steady at 46s.; and mottled and white iron each stand at 
45s. 9d.—all for early delivery. ~Notwithstanding im- 
provement in the consuming industrié@s;valuesof hematite 
pig iron have not been advanced. As a rule, producers 
ask 62s. for early delivery of Nos 1, 2; and 3, but some 
of them are prepared to accept 61s. 6d., and merchants 
are ready enough to sell at the latter figure. Higher 
rates, however, are confidently anticipated: to rule in the 
near future. Business in foreign ore is still at a stand- 
still. Dealers continue to base quotations neminally-on 
20s. ex-ship Tees for Rubio of 50 per cent. 
nobody will pay that price, and consumers, all of whom! 
have large stocks, declare that substantial reduction in 
rice will have to be made before any business can be 
lone. Coke is in good request for local use, but there is 
avery plentiful supply, and ave blast-furnace quali- 
ties are on sale at 14s. 6d. delivered here. 


Stocks and Shipments of Pig Iron.—The market has 
been favourably influenced this week by reductions in 
stocks, and now there is a fall on the month, the decrease 
since the Ist inst. in public warrant stores being 1175 
tons of Cleveland pig iron. The stock in the stores to- 
night (Wednesday) stands at 592,825 tons. apni of 
pig iron are on only a moderate scale. To date this month 
they are officially returned at 41,111 tons, as compared 
with 57,029 tons to the same date last month, and 54,416 
tons for the corresponding part of June last year. 


Manufactured Iron and Steel.—There is not a great 
deal new to report concerning the various branches of the 
manufactured iron and steel trades, but the changes 
occurring are for the better. Inquiries are more numerous, 
and in nearly every department a few orders have recently 
been sonal One or two contracts for steel rails have 
been made ; producers of shipbuilding material are busily 
employed, and are being pressed for deliveries. Bar- 
manufacturers have a good deal of work on hand, as have 
also sheet-makers. Prospects altogether are encouraging. 
Values of several descriptions show a decided upward 
tendency, but up to the present prices have not been 
quotably advanced. Common iron are 7/.; best bars, 
7l. 7s. 6d.; best best bars, 7/. 15s.; packing iron, 5/. 15s.; 
iron ship-plates, 6/. 12s. 6d.; iron ship-angles, 7/. ; iron ship- 
rivets, 7/. 5s.; iron boiler-plates, 7/. 7s. 6d.; steel bars, 61. 5s. ; 
steel ship-plates, 6/. 15s. ; steel ship-angles, 6/. 7s. 6d.; 
steel boiler-plates, 7/. 10s.; steel strip, 6/. 10s.; steel hoops, 
61. 12s. 6d.; and steel joists, 6/. 7s. 6d.—all less the 
customary 24 per cent. discount. Cast-iron columns are 
61. 10s.; cast-iron railway-chairs, 3/. 12s. 6d.; light iron 
rails, 6/. 10s. ; heavy steel rails, 5/. 12s. 6d.; and_steel 
railway sleepers, 6/. 10s.—all net at works. Iron and 
steel galvanised corrugated sheets, 24 gauge, in buntilles, 
stand at 10/. 15s. f.0.b.—less the usual 4 per cent. distount. 


~ty 





Tue Unrrep States Navy.—The United States ironclad 
Wyoming has just been launched at Philadelphia. She 
has a displacement of 26,000 tons, and she is 562 ft. 5in. long 
by 94 ft. 6in. beam. She is fitted with Parsons turbines 
and steam is supplied from twelve boilers. She is to 
steam at the rate of 204 knots, and will pares, hx guns and 
two lance torpedo-tubes. The vessel was laid down in 
February, 1910, and will not be finally completed until June 
14,1912. Her hull and engines will cost about 890,000/. 





Ovr Ratt Exrorts.—The outlook in our export rail 
trade this year cannot be regarded as satisfactory, the 
shipments in May only amoun to 25,299 tons, as com- 

with 38,858 tons in May, 1910, and 40,056 tons in 
y, 1909; and in the first five months of this year to 
169,303 tons, as compared with 185,979 tons and 234,507 
tons in the corresponding periods of 1910 and 1909 respec- 
tively. An explanation of the decline observable in this 
youre exports is found in the diminished shipments to 
Argentina, which country only took 29,303 tons of British 
rails to May 31, this year, as compared with 47,761 tons 
and 68,138 tons in the corresponding periods of 1910 and 
1909 respectively. The colonial demand for our rails is 
ssuedell ab follows for the first five months of the last 
three years :— 


y 1911. 0. ‘ 

Colonial Group Tons. Tons = 
British South Africa 7,409 - 46,876 1,425 
British India .. : 48,017 56,378 71,958 
Australia... 28,083 15,939 26,212 
New Zealand 6,487 5,123 6,561 
Canada .. 878 2,663 2,147 


The most cheerful feature in this year’s business is the 
improvement observable in the Australasian demand for 
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NOTES FROM THE SOUTH-WEST. 


Set — ie co uence of threatened labour diffi- © 
culties buyers and sellers in the steam-coal trade have 
shown a disposition to leave matters to take their course 
for a few days until they know more definitely the policy 
which the workmen’s leaders propose to follow. The best 
large steam coal has made 18s. 3d. to 183. 9d. per ton, 
while secondary qualities have ranged between 16s. and 
17s. per ton; best bunker smalls, between 10s. 6d. and 
1ls.; and cargo smalls, between 9s. and 9s. 3d. per ton. 
House-coal has shown little change; the best ordinary 
qualities have made 14s. 6d. to 16s. 6d.; No. 3 Rhondda 
large, 17s. to 17s. 6d.; and smalls, 10s. 6d. to 10s. 9d. per 
ton. No. 2 Rhondda large has brought 12s. to 12s. i 
and smalls, 8s. to 8s. 6d. per ton. » Foundry coke has been 
quoted at-18s. to 20s. ; and furnace ditto at 16s. to 17s. per 
ton. As iron ore, Rubio has made 19s. to 20s. per 
ton, upon a basis of 50 per cent. of iron, and charges, 
including freight, insurance, &c., to Cardiff or Newport. 


Pembroke Dock.—A contract for winding-machinery for 
a new are slip for destroyers at Pembroke Dock has 
been placed by the Lords of the Admiralty. Winding 
gear ft. long is to be provided. The estimated outlay 
18 11,7082. * 


Brecon and Merthyr Railway.—A vacancy, caused by 
the death of Mr. C. H. Thomas, permanent-way engineer 
to the Brecon and Merthyr Railway, has been filled up 
by the appointment of Mr. J. Dunbar, locomotive engi- 
neet, the directors having decided to combine the two 
{ positions. 
|. Phe “ Coquette.” —The torpedo-boat destroyer Coquette 
‘has left Pembroke Dock for Devonport to have her crew 
brought up to her naval strength before she joins the fifth 
destroyer flotilla. The Coquette is stated to be of too 
light construction to be an efficient destroyer. At a 
speed of 21 knots it is no easy matter to stand upon her 
deck in consequence of the great vibration. She us also 
been in service for eleven years, and she is regarded as 
being past her best days. 


Great Western Railway. — Difficulties have been ex- 
perienced in obtaining foundations for the Tawe Bridge, 
upon a new section of the Great Western Railway. These 
difficulties are stated, however, to have been now over- 
come. 


South Wales Coal.—The exports of coal from the six 

rincipal Welsh ports—Cardiff, Newport, Swansea, Port 

albot, Neath, and Llanelly—in May were 2,763,980 tons, 
as compared with 2,350,045 tone in May, 1910, showing 
an increase of 413,935 tons. The aggregate shipments 
from the six ports in the first five months of this year 
were :— Cardiff — foreign, 6,819,039 tons; coastwise, 
1,081,153 tons ; total, 7,900,192 tons. Newport—foreign, 
1,958,860 tons ; coastwise, 283,910 tons; total, 2,242,770 
tons. Swansea—foreign, 1,195,180 tons; coastwise, 
119,624 tons ; total, 1,314,804tons. Port ‘Talbot—foreign, 
668,179 tons ; coastwise, 58,645 tons; total, 726,824 tons. 
Neath—foreign, 61,930 tons; coastwise, 79,108 tons; 
total, 141,038 tons. Llanelly—foreign, 65,695 tons ; coast- 
wise, 20,184 tons; total, 85,879 tons. The aggregate 
shipments for the five months were, accordingly, 
12,411,507 tons. 


Re- Modelling Swansea.—The Swansea borough surveyor 
has prepared a report on the general planning of the 
borough, and he makes several sweeping suggestions for 
the or Sa marge and re-modelling of the town. He 
estimates that at its ame rate of progress the borough 
will, in thirty years, have a population of 213,000, and in 
sixty years 400,000. He thinks a new civic centre should 
be found, and he suggests that it should be removed from 
the docks to the area between St. Helens-road and 
Maneel-street, about Christina-street. 





THE LATE..Proressor Micuakuis. — Dr. Wilhelm 
Michaélis, o died, near Hamburg, on May 14, was 
widely known as an authority in all matters connected 
with thé cethent industry, and by his advocacy of the use 
of blastfurnace slag for the manufacture of cements he 
conferred material benefits on German iron-masters. This 
advocacy inyolved him in a bitter controversy with the 
manufacturers ‘of. Portland cement. For many years he 
was practically tabooed by the Verein Deutscher Portland- 
zement Fabrikanten, although individual members of the 
association continued to consult him, and although he had 
a most important share in drawing up the German rules 
for the uniform testing of cement. Michaélis was born 
at Magdeburg in 1840, and studied chiefly in chemistry. 
At the university he took up the subject of cements. Hi 
degree dissertation at Leipzig dealt with this subject, and 
he established a technical laboratory for cement testing 
in 1873. When consulting chemist to the Portland cement 
works at Vorwohle, in the years 1876 to 1882, Michaélis 
conducted experiments which induced him to propose 
addition of certain products, blast-furnace slag in the first 
instance, to Portland cement. As he recommended this 
addition as an improvement, the violent o ition of the 
Portland cement manufacturers was not to fe wondered at. 
They denounced any addition as an adulteration, and the 
were not unjustified, though Michaélis never pro § 
what he was sometimes charged with, te add the at 
the time of using. He recognised frbni the first that the 
addition had to be made in the with all due care. 
Until 1897 Michaélis remained ially at- war with the 
association. Peace was thén made, afid might have been 
made sooner, if Michaélis had not so long insisted u 
calling his artificial cements Portland cements. ‘I'he 
associations finally— in 1906 — made him an honorary, 
member in recognition also of the fact that a large number 
of cement works in Germany and abroad had 





British rails. The value of the rails exported to May 31, 
this year, was 1,001,539/., as com with 1,064,589/. 
and i347, 6602. 


been designed by him. 
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AGENTS FOR “ENGINEERING.” 


AvsrraLia: Gordon and Gotch, Melbourne ; Sydney ; Brisbane ; 


Turner and Henderson, Sydney, N.S. W. 
T. Willmett and Go., Townsvill 


Melville and Mullen, Melbourne, Victoria. 
Avsraia-Honeary, Vienna: n & Wentzel, Karntnerstrasse. 
Sole Agents for Advertisements: The Dean-Mayer 
Company, Linkstrasse 39, Berlin, W.- 9, Germany. 

Brussels. 


Subscriptions and Advertisements, Librarie B. ol, 
58bis Quai des Grands-A) ins, Paris. Also for Adver- 
tisements, Agence Havas, 8, Place de la Bourse. 

Germany, Berlin: A. Asher and Co., 13, Unter den Linden. 


Sole Agents for Advertisemen 
Company, Linkstrasse 39, Berlin, 
Lei : F. A. Brockhaus. 
Mulhouse : H. Stuckelberger. 
Guaseow : William Love. 
Invi4, Calcutta : Thacker, Spink, and Co. 
Bombay : Thacker and Co., Limited. 


+. The Dean-Mayer 


IraLy: U. Hoepli, Milan, and any eeeere 
LiveRPooL: Mra. Ta lor, Landing tages. 
MANCHESTER : John Heywood, 143, te 


New » : Gordon and Gotch Proprietary, Limited, Welling- 
ton, Auckland, and Christchurch. 

Norway, Christiana : Cammermeyer’s Boghandel, Carl Johans 
Gade, 41 and 43. 

RorrerpaM : H. A. Kramer and Son. 

South Arrica: Central Newe Agency, Limited, Head Office— 
Johannesburg ; and Pretoria, Town, Port Elizabeth, 
Bloemfontein, Durban, and their various branches and 
bookstalls throughout South Africa. Also Cape Town : 
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CONCRETE AND STEEL. 


THERE are not a few indications that in bridge-! 
work, so far, at any rate, as the smaller class is 
concerned, an age of concrete may succeed to one 
in which steel has so long held pride of place as 
a structural material. The latter has undoubtedly 
rendered excellent service. Steel bridges have been 
reasonably low in first cost, and the material could 
with ease be obtained of excellent quality, whilst 
its characteristics are such that the risk of having 
it materially damaged by careless workmen in 
the course of manufacture and erection has been, 
with reasonably careful supervision, practically 
negligible. Moreover, whilst there is even yet no 
absolute consensus of opinion as to what are the 
best systems of steel construction, hard facts of. 
experience are forcing engineers of all countries 
more and more into agreement as to essentials. 
Further, for long there has been a complete 
agreement as to methods of calculation, such’ 
differences of opinion as still persist being mainly 
attributable to the different degrees of importance 
attached by different engineers to such considera- 
tions as are intractable to mathematical analysis, 
and are, consequently, omitted from the data 
necessarily assumed as a preliminary to the com- 

utations. Factors of safety. are sometimes called 
Race of ignorance ; but it is, perhaps, question- 
able whether they are not often actually factors of 
knowledge. The engineer knows more than his 
formule, or than the investigators who laboriously 
push to their ultimate mathematical conclusions 
Hooke’s:law and the principle of ‘‘ superposition 
of small quantities,” which together form the 
basis of the mathematical theory of elasticity. No 
one wishes, of course, to deny the desirability of such 
researches, but in practice it is essential to consider 


793| factors which the elastician necessarily neglects. 


In other words, the engineer has to take account of 
the complete theory of construction, and not merely 
of that part of it which is reducible to mathematical 
foru.. It is in the region where mathematical 
uy cthodsare inipplicable that differences of opinion 
and of practice mainly arise. 

The accuracy, or the reverse, of a formula is 
easily settled, but in engineering relatively little 
will ever be efi_cted by pen action being 


commonly based v1 much more eontroversial con- 
1 


siderations. So far as steel construction is concerned 


303 | the debatable ficld has, as already stated, been |. 


substantially reduc..l by experience, like causes 
producing like effec’s in different countries. Prob- 
ably, however, national differences of practice will 


806 | long persist, since such consensus of opinion as 
alvealy 


exists has been approached from opposite 

sides. 
If, as seems probable, a considerable portion 
of the work now done in steel is, in future, to be 


H.| be secured. The difficulty 





executed in reinforced concrete, some of the 
dearly-bought experience in metallic bridge-work 
wili no doubt lose its value, though part may be 
as applicable to the new construction as to the 
old. .It will naturally be the smaller classes of 
bridge in which the competition of the new material 
will be most felt, at all events at first. In such 
cases the first cost.of ferro-concrete seems to be 
often substantially less than that of steel, whilst the 
outlay on maintenance should be reduced in every 
case, provided only that sound workmanship can 
of. absolutely ensuring 
this is, in fact, the principal objection remaining 
against the innovation. .The most well-inten- 
tioned contractor is of necessity dependent upon the 
conscientic of his foremen and workmen. 
The latter, even if employed on time at excellent 
wages, cannot be depended upon to put in good 
work unless carefully a This was very con- 
clusively shown in the case of the brick piers tested 
bya committee appointed by the Royal Institute of 





| British Architects. Here the workmen were put on 


time wages, and instructed to make: the best job 
possible, but, nevertheless, they indulged in every 
variety of scamping trick.. Even reasonably good 
supervision: may fail, as in the case of a reinforced- 
concrete building constructed not long since in the 
City. Here a building had been completely erected, 
and the carpenters were engaged, in putting up a 
wooden skirting-board in the ment. In the course 
of this operation one was obstructed in his work by 
a piece of woven stuff projecting from the surface of a 
column. . He proceeded to cut it away to geta level. 
bed for his board, when fortunately the engineer saw 
him, and made him pull out the material instead. It 


| turned out to be a complete sack, and its removal 


left a large gap, in which the reinforcement 
rods were completely onpeees. Fortunately, the 
height. of the gap was low, and the steel proved 
capable of transferring the load across this without 
buckling, and the work was therefore made good 
by grouting up the cavity with neat cement. With 
steelwork it would have been impossible for any 
corresponding defect to have escaped observation, 
though, no doubt, in times past, when cast iron 
was a popular structural material, serious defects 
in column and stanchion castings were far from 
uncommon. 

Such an example illustrates well the one serioug 
objection felt by many engineers to the adoption of 
reinforced concrete. lf such defects can occur 
when the work is still in the hands of a few large 
contractors, who have every reason to maintain a 
high standard of workmanship, what, it is asked, 
is to be expected when, as must ultimately be the 
case, the new system of construction falls into 
the hands of the class of speculative builders, often 
ignorant and occasionally dishonest, taking work at 
keenly competitive prices. Since engineers and 
architects have commenced designing their own 
works in reinforced concrete there have been 
some notable cases of reckless conduct on the part 
of such contractors.. We may instance a case iti 
which a public building was being built of re- 
inforced concrete, local talent being responsible 
both for the design and the erection. _ After remov- 
ing the shuttering from one beam the engineer's 
suspicions were aroused, and a thorough examina- 
tion made. It then turned out that the cement 
had. been practically entirely omitted from the 
body of the beam, the only sound. portions being 
the exterior surfaces. The contractor’s explanation 
was that he had ‘‘forgotten” the cement. Prob- 
ably in his ignorance he had failed to realise his 
narrow escape from a trial for manslaughter. 
Many of these local contractors have long been in the 
habit of omitting most of the cement specified for 
engine foundation-blocks and the like. Fortunately 
for those concerned; this piece of dishonesty does 
not in all such cases necessarily involve serious 
consequences, since the demands made on the 
tensile strength of such blocks is small, their 
efficiency for their work, being a matter of inertia 
rather than strength. Similar practices introduced 
into the manufacture of reinforced concrete are, 
however, nearly certain to lead to fatal catastrophes. 

Sometimes, moreover, the metal reinforcement 
itself is of extremely bad quality, although it is 
usual to compute reinforced-concrete structures 
with somewhat high working stresses on the steel. 
In one case we remember the metal bars were appa- 
rently the very commonest quality of iron, although 
good mild steel had been specified. On test the bars 

oved to be laminated from end to end, and deficient 
both in tensile strength and ductility. It seems 
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probable, therefore, that clients must be prepared 
in the future to spend much higher sums for super- 
vision than is now usual. At its best there seems 
little question but that ferro-concrete is a remark- 
ably satisfactory material, but at its worst probably 
no-more dangerous system of construction has ever 
been devised. 

Difficulties of the kind above referred to are, no 
doubt, serious, but we have daily evidence that they 
do not suffice to prevent the erection of ferro-con- 
crete structures in places where, ten or fifteen years 
ago, steel would undoubtedly have been selected. 
In bridges of very large spans, the latter material 
will probably always be used. The limiting span 
practicable with steel is certainly over 2000 ft., and 
in the case of Mp Sr gen bridges very much more. 
It is impossible that concrete structures can ever 
be built to anything like corresponding dimension, 
the material being distinctly heavy in comparison 
with its strength. Nevertheless its capabilities as 
a material for bridges of considerable span 
are not always realised. In a paper recently 
read before the Canadian Society of Civil En- 
gineers, Mr. F. Barber enumerates tifteen bridges, 
either built or building, in which the span exceeds 
175 ft. The longest is under construction at Rome 
over the Kiver Tiber. This will have a span of 
328 ft. At Auckland, N.Z., Mr. B. F. Moore has 
already erect 4d one of 320 ft., and plans for one 
of 703 ft. across the Hudson, at New York, have 
been prepared by Mr. Moisseff, but its erection is 
said to be uncertain. 

Mr. Barber remarks that in the case of arch 
bridges constructed of concrete the necessity for 
reinforcement is less the greater the span, since it 
is easy to construct an arch so that under its dead- 
load it is free from bending stresses. The greater 
the ratio of dead-load to live-load the less, 
accordingly, is the liability for tensional stresses 
to be develo in the arch-ring; and if the 
reinforcement is used solely to take tensional 
stresses, it becomes unnecessary in the case of 
large spans. It would seem, however, that even 
with these reinforcement may have advantages, 
just as it has in the case of ferro-concrete columns. 
Steel, if it can be prevented from buckling, is 
stronger than concrete against compression as well 
as against tension. In long-span bridges the saving 
of dead-weight is highly important, so that the use 
of reinforced concrete seems reasonable, in spite of 
the fact that the stec] may nct he required to resist 
tensional stresses. 

Mr. Barber remarks that in such bridges it is 
well to depart from the precedent of masonry 
arches. In the latter the arch-ring extends com- 
msag from fuce to face of the bridge, and is there- 
ore always relatively thin, and accordingly not 
well adapted to carry loads tending to distort it in 
a vertical plane. If, instead of arched sheeting, 
the concrete, reinforced or not, is built up into 
regular ribs, these can be made deep and stiff, 
and there is a considerable saving in the weight 
receesary to carry a given load. On the other 
hend, the importance of temperature stresses may 
he aggravated by this increase of depth, unless 
hinges, or the equivalent thereoi, are provided at 
the springings and the crown. The practical 
importance of such temperature stresses is, how- 
ever, quite an unknown quantity. It is, of course, 
easy to show by calculation that, on the usual 
assumptiors, such s:resses must arise through 
changes of temperature, and the figured stresses 
may well be such as to give rise to serious appre- 
hensions were they due to the effects of the load 
carried. So far as we are aware, however, there never 
has been an actual failure of a bridge from the effect 
of temperature stresses. The nearest approach to 
jee of the kind we can recall is the case of an 
old cast-iron bridge in Wales, in which two arched 
ribs of different proportions) of rise to span were 
counted up by riveted connections. These were 
continually breaking, but their failure in no way 
compromised the safety of the structure, which, 
after a useful life of a contury, or thereabouts, was 
~~ recently replaced. 

e are, in fact, in possession of fairly adequate 
methods of calculating stresses, but the connec- 
tion between these ana the actual strength of 
a structure is, in many cases, very obscure. Of 
course, changes of temperature may cause distor- 
tions, enabling the weight on the structure to 
wreck it ; but the tailure, though occasioned by the 
variation of temperature, is not due to the actual 
ese peer stresses. Many arched bridges firmly 
fixed at the abutments and crown have been erected, 





and in some cases the calculated temperature stresses 
have been very serious, but signs of consequent weak- 
ness have been wanting. Itis, perhaps, questionable, 
therefore, whether the introduction of hinges into 
masonry and concrete bridges, which appears to have 
originated in Germany, is y @ move in advance. 
It no doubt simplifies the calculations, but quite 
possibly results in a weaker structure. 








EFFECTS OF RADIATION IN PHOTO- 
GRAPHY AND TELEGRAPHY. 

THe two lectures on ‘‘Changes Effected by 
Light” and on “Practical Progress in Wireless 
Telegraphy,” which Mr. T. Thorne Baker delivered 
at the Royal Institution on June 1 and 8, were 
independent of one another, though they both 
dealt with radiation effects. It is rather striking 
that almost all the Royal Institution lectures of 
this season which we have been able to notice— 
those of Sir James Dewar, Sir J. J. Thomson, Pro- 
fessor R. W. Wood, and Mr. Marconi—have con- 
cerned the properties of radiant matter. Radio- 
activity in its restricted sense has not been dis- 
cussed. But it was certainly appropriate to review 
the aspect of the general phenomena of radiation, 
and many lines of modern research may: profitably 
be considered from this standpoint: In his first 
lecture Mr. Thorne Baker dwelt on some photo- 
graphic problems and on colour sensitising, and 
descri scme recent experiments carried out in 
his laboratory on the effects of selected pure 
colours on ferments and bacteria. 

Referring to the lectures delivered this spring, 
in the same place, by the Astronomer Royal, Dr. 
Dyson, Mr. Thorne Baker stated that a good deal 
of the recent progress in astronomical work had 
been due to the success attained in the efforts to 
make the photographic plate sensitive to the whole 
visible spectrum. Photographs were now taken in 
C and A light from the extreme red of the spec- 
trum. The ordinary bromide film, he said, was chiefly 
sensitive to the so-called chemical, ultra-violet rays ; 
a film of bromide and iodide had a slightly different 
colour sensitiveness. On the other hand, the 
lecturer proved, with the aid of slides, that yellow or 
apple-green illumination was as suitable for the 
dark-room as the customary ruby light ; yet colour 
sensitising in the red end of the spectrum had made 
remarkable progress during the past five years. It 
might be argued that the decomposition by light of 
silver salts and other substances was dependent upon 
the rays the substance absorbed. But while both the 
white silver bromide and the green ferri-ammonium 
citrate were stable in red light, the bromide became 
extraordinarily sensitive to red when itself stained 
green (with the aid of chlorophyll, benzo-green, 
&c.), while the green citrate could, so far, not be 
made sensitive to red. Silver bromide could also 
be rendered sensitive to yellow-green by mixing it 
with a very minute quantity of a dye that would 
absorb these rays, such as erythrosin or eosin 
(derivatives of fluorescein). The power of render- 
ing bromide sensitive to the less refrangible rays 
the lecturer had shown, in 1907, was possessed by 
all true dyes, provided they were treated in the 
right way. It had been extremely difficult, how- 
ever, to make the bromide plate really satisfactorily 
sensitive to red, and Koenig, Kieser, and others 
had only attained this with the aid of isocyanin. 
The essential feature in the sensitising seemed to 
be, not that the grains of the bromide should be 
dyed the proper colour to absorb the respective 
rays, but that a quantity (extremely minute) of a 
product should be formed by the action of the dye 
on the silver salt, which was thrown out of molecular 
equilibrium by the energy of the absorbed light, 
and which could serve asa nucleus for the developed 
image. The absorbed rays were probably those of 
the complementary colour. 

Physical treatment, the lecturer continued, could 
= the same effects as the addition of dyes, 

ut to a smaller extent. A dye (pinacyanol, e.g.) 
might itself show three absorption bands, but only 
sensitise the plate for two shades. Even well- 
coloured sensitised plates were very unevenly sensi- 
tive, however, and the consequences, unless guarded 
against, might be serious in astronomical investiga- 
tions. Comparatively even sensitiveness could be 
obtained when the dry plate was bathed in the 
several dyes, whilst there might be marked gaps of 
insensitiveness when the dyes were added to the 
emulsion before the plates were coated. In order 
to produce a perfectly uniform action throughout 
the spectrum, compensating filters were employed ; 





Wallace, of the Yerkes Observatory, had worked 
out very full details of these filters. 

When an emulsion of bromide and gelatine was 
heated for some time before being applied to the 
plate, the plate turned out to be very rapid, and it 
might become foggy—that is, the bromide would 
be reduced by the developer without previous ex- 
posure ; prolonged heating altered the colour of the 
emulsion. 

The question, how the light ene absorbed 
by matter was converted into chemical or physical 
work, had received, Mr. Baker said, little atten- 
tion.” Selenium lost part of its electrical resistance 
when illuminated, though this occurred only with 
the crystatlme (not the amorphous) selenium. 
Giltay, of Delft, had recently increased the sensi- 
tiveness of selenium to light by a thermal treat- 
ment. The selenium returned to its original 
normal condition after the illumination had ceased, 
while the silver bromide did not; the silver salt 
had undergone a permanent molecular change, 
or an actual reduction, and the process was no 
more reversible than most other chemical light 
effects were reversible ; yet the two cases offered 
analogies. Ruhmer (of Berlin) and the lecturer 
had found that selenium was most sensitive to 
yellow-orange illumination,* while silver bromide 
was most readily affected by ultra-violet rays, and 
it seemed that each substance was chiefly affected 
by light of a certuin wave-length (which was 
readily absorbed and transformed), rather than 
that certain rays of the spectrum were in general 
of highly chemical activity. The final solution of 
photography in natural colours, Mr. Baker thought, 
would be found in the changes effected by light in 
certain coloured organic compounds. Many complex 
dyes were bleached by light, and this bleaching was 
increased by certam sensitisers. By mixing eosin 
(red), uranin (yellow), and methylene blue, and coat- 
ing paper with a gelatine solution of these dyes, a 
black film was cbtained which would bleach out 
white under sunlight. Exposed under a coloured 
transparency, each dye absorbed the light filtering 
through the colours in proportion as they were com- 
plementary to the dye, and the film would bleach out, 
colour for colour, until it assumed the colours of 
the transparency from which it was printed. The 
colours finally obtained were fixed by an agent like 
copper sulphate, and a natural colour photograph 
was thus obtained on paper. In this bleaching-out 
process difficulty was experienced because the ultra- 
violet rays were so much more powerful than the 
others. Hence filters had to be used to cut out the 
invisible colours. 

Turning to fluorescence, Mr. Baker remarked 
that barium platino-cyanide had to be crystalline 
to answer as a screen for radiographs, and this 
applied also to calcium tungstate, which made very 
effective screens, while emulsions of the tungstate 
with gelatine did not answer. When ‘“‘sunic” 
screens of tungstate (particulars of which were not 
given) were placed in direct contact with the film 
of the plate, the exposure required was very short, 
one-twentieth: of the ordinary exposure, and 
remarkable radiographs obtained in this way were 
exhibited by the lecturer. 

Mr. Thorne Baker then discussed the physiological 
action of different rays and the characteristically 
different behaviours of natural ferments and of 
non-organised enzymes in these respects. Brown- 
sugar solution mixed with ordinary yeast fermented 
much more rapidly in red light than under ultra- 
violet illumination, whilst starch and water mixed 
with diastase (an enzyme) hydrolised more rapidiy 
under ultra-violet rays. It was also interesting, 5 
Engelmann had found, that certain aerobic bacteria, 
when suspended in water illuminated by the 
spectrum, moved towards those portions of the 
spectrum in which a (the substance 
upon which the growth of plants in light so much 


depends) had absorption-bands, and that some 
other bacteria cultures would change their colour 
when exposed to monochromatic radiations. These 


researches had so far no practical interest. But 
brewing could certainly be hastened by being 
carried out in flat vats under red light, and the 
production of alcohol and the maturing of wines 
could be improved in this way. All fermentative 
rocesses and enzyme actions could probably be 
otuned or retarded by suitable light treatment. 

In his second lecture Mr. Thorne Baker spoke of 


* It is interesting that the photo-electric couples of 
Pélabon, consisting of antimony and an_ antimony- 
selenium alloy in antimony chloride, are excited by red 
rays, not by ultra-violet rays. 
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various modern applications of radiotelegraphy and 
referred, in his introduction, to the type-setting 
machine of Hans Knudsen, which was actuated by 
electric waves, and to the adaptation of the Duddell 
oscillograph to the production of records of radiotele- 
graphic signals. A silvered quartz fibre was stretched 
across the field of a powerful electromagnet, and its 
image cast upon a screen ; the arriving oscillations 
passed first through a Fleming valve detector, in 
which they were rectified, and then through the fibre 
which they displaced, thus opening the shutter of 
a slit, in front of which a lamp was placed, while a 
photographic film was moved behind it. The slit 
could also illuminate a selenium cell, and thus 
actuate a receiving marker. At Clifden, Mr. 
Marconi had mentioned, in his lecture of the 
previous week, an Einthoven galvanometer with 
silvered quartz thread was used for the purpose of 
photographing the-waves received from Glace Bay, 
2,200 miles distant. 

The first apparatus which Mr. Baker described 
in detail was the cavalry field wireless telegraphy 
set of the Marconi Company, which was divided 
into four lots, each carried by one horse; it 
weighed, he said, with 2 gallons of petrol and 
lubricating oil, 600 1b. or 700 lb., and would work 
well over distances of 30 miles. The spark was 
produced: by a transformer fed by an enclosed 
water-tight four-pole dynamo for 8 amperes at 50 
volts, driven by a petrol motor through a telescopic 
shaft, consisting of two square tubcs sliding in one 
another. Motor and generator were attached to 
different sides of the saddle, the shaft being under 
the body of the horse. The motor was made in 
aluminium, and the horizontally-opposed cylinders 
and cranks at 180 deg. minimised the vibrations. 
The motor was cooled by a fan, and started easily 
by a turn of the handle ; this was essential, because 
the motor had to be stopped when receiving. The 
spark-gap was provided with a shunt comprising 
capacity, in the form of a vibration-proof battery 
of jars, and the primary coil of an oscillation trans- 
former. Three selective amounts of winding were 
available, both on the primary and secondary, and 
switched in to alter the wave-length. One end of 
the secondary was joined through an earth spark- 
gap to an earth-net of phosphor-bronze gauze, 2 ft. 
wide and 25 ft. long, which formed a counter — 
city to the aerial, and could be quickly rolled 
out. The receiving apparatus was fitted with a 
reciprocating three-way tuner ; the receiver could 
at once, during a conversation, be adapted to the 
changed wave-length transmitted, so as to render 
‘‘tapping” very difficult. The transmitter required 
only a fairly sharp tuning, provided the receiver 
were capable of very sharp tuning. The three- 
tune gear might, of course, be developed into 
a multiple tuner, and he (Mr. Baker) had recently 
seen, at Paris, such an automatic tune-changer, for 
both transmitter and receiver, the invention of a 
German engineer ; synchronous tune-changing was 
too complicated for tield telegraphy, however. 

The set mentioned included a stand and a canvas 
cover for it, as well as a lamp and an accumulator ; 
it was desirable that the operators should be pro- 
tected against the weather. The two masts, 30 ft. 
high, were made up of six hexagonal telescopic 
tubes; they were fixed 375 ft. apart to support 
the aerial. Fleming’s valve receivers were used 
(as also at Clifden and Glace Bay, we may 
— Diagrams of a hand-drawn set were also 
snown, 

Passing to communication with airships and 
aeroplanes, Mr. Thorne Baker pointed out that a 
long trailing aerial was almost out of the question on 
aeroplanes, and a network of electric wires on 
the aeroplane was exceedingly dangerous to the 
pilot, whom an electric shock might momentarily 
disconcert. Farman had used two trailing wires, 
each 100 metres in length. He (Mr. Baker) himself 
had not used loose wires, but attached 50 ft. of wire 
to the machine itself, a Bristol biplane, by coupling 
the balanced aerials to each end of an inductance 
coil ; the 50 ft. of wire were fixed round the frame 
of the biplane, but carefully insulated from the net- 
work of steel wire, of course. In his recent experi- 
ments he had been using a 6-in. induction-coil with 
@ 4-in, spark-gap, as far removed from the petrol- 
tank as possible. In a new arrangement which he 
and Mr. R. Lorraine were trying, a long light brass 
tube was attached to the one side of the tail of the 
aeroplane (insulated from it) to serve-as~ counter 
capacity or earth for the aerial on the other side, 
which ended in 60 ft. of wire trailing behind. 

As regards the very important possibility of re- 








ceiving messages on aeroplanes, telephone receivers 
could not be used on account of the noise of the 
motor, on whose working the pilot had to concen- 
trate his attention, as it meant life or death to him. 
Visible signals had to be resorted to. With the 
help of a coherer, a local battery and relay, and, 
further, of a decoherer (worked by clockwork and 
a magnet), which ta the coherer every two 
coastal, a lamp ar Re lighted by the arriving 
waves, and the lighting was maintained for one 
second when a dot was to be signalled, and for two 
seconds when a dash was to be transmitted. This 
lighting of a lamp by electric waves from a dis- 
tance was demonstrated. The decohering could 
not be left to the unavoidable vibrations of the 
aeroplane, but had to be an independent. Unfortu- 
nately, the vibrations produ by a “Gnome” 
seven-cylinder engine, travelling at 30 miles per 
hour, were so rapid that the coherer would not act 
—i.e., the lamp would not light up. In such cases 
anti-vibration holders would have to be employed, 
or some coherer like that of Brown, which was 
insensitive to shocks. 

On airships matters were less difficult. The appa- 
ratus carried by the Beta military airship weighed 
about 100 lb., and signals had been conveyed on 
favourable occasions to a distance of 50 miles. The 
apparatus consisted of an ordinary induction-coil, 
an accumulator, one trailing wire, and a counter- 
capacity. The latter would best be made of 
phosphor-bronze, copper, or brass ; but a good deal 
had been done with 4 flexible material obtained by 
oxidising linseed-oil to a film on both sides of a 
piece of muslin, and by incorporating powdered 
aluminium in the film. The equilibrator of the 
Wellman airship would offer the advantage that it 
maintained metallic connection with the sea-water, 
whilst in ordinary balloon work the wave-length of 
the oscillations varied greatly with the height above 
the earth, owing to the difference in the capacity 
of the aerials 1elative to the earth. Mr. Baker’s 
own suggestion:. for ballocn outfit were :—A two- 
cylinder petrol motor ; a 2-kilowatt alternator ; an 
aerial 350 ft. long; a counter-capacity of Mr. Baker’s 
thin brass sl evting; further, a transformer and 
zinc spark-gep, or a Lepel transmitter (presently to 
be menticued), which gave an extraordinarily large 
renge for the weight involved. 

. Thorne Baker next showed 2 small receivin 
set, to be carried in the knapsack, which he had 
recently submitted to the Army wireless depart- 
ment at Aldershot. Everything necessary for 
detecting oscillations and for tuning was contained 
in a box slightly bigger than a cigar-box. The 
aerial (a wire suspended from a tree or a portable 
mast) and the earth connection were joined to the 
ends of the primary of a small oscillation trans- 
former, fine wire wound on an ebouite tube, 
over which the secondary could slide. The chief 
limiting factor in this apparatus was the detector. 
Valve detectors and electrolytic detectors, other- 
wise good, were heavy or delicate, and crystal de- 
tectors (silicon, borite, and carborundum) mounted 
in a suitable holder appeared preferable. The 
crystal was placed between two brass drums, one of 
which was fixed in the bottom of a glass tube of the 
same diameter as the drum; the top drum came 
down upon the crystal, and the pressure was regu- 
lated by means of a micrometer screw. 

The direction from which a message came could 
be determined by means of a ‘‘ wireless compass,” 
of which various types had been devised. In the 
complex antenna, which required ample space, 
wires were suspended radially and joined, one after 
the other, «r cne pair after the other, to the re- 
ceiver. De Forrest used a grid which was turned 
until it gave the loudest — when broadside 
on. Mr. Thorne Baker himself had been obliged, 
owing to the strungly directive effect of aeroplane 
transmitters, to use two sets of aerials at right 
angles to one another, and now made use of a triple 
aerial, 150 ft. long, suspended from a mast 36 ft. 
high. Bellini and Tosi (their apparatus were 
described in the Physical Society last year) used 
as a receiver their radiogoniometer, consisting 
of two closed oscillating circuits connected with the 
aerials, these being triangular in shape, vertically 
placed and mutually perpendicular; the emis- 
sion from these aerials was compounded with the 
circular emission from a plain aerial. A movable 
coil was so arranged that the action of the directive 
aerial would either add itself to that of the vertical 
antenna or subtract itself from it. More power 
would, however, be wanted for these directive 
devices, and it might be possible to deflect the path 
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of the oscillations from two aerials by means of a 


magnetic field. 

A new arrangement of Mr. Baker's for giving a 
rapid train of damped oscillations consisted, he said, 
of a geared wheel set with radial spark-rods ; each 
time a radial rod came in contact with a fixed rod, a 
Leyden jar was shunted through the induction coil 
across the spark-gap; there were as many jars as 
radial rods, and a commutator and a high-frequency 
brush closed the circuits. 

One of the primary functions of directive systems 
was to prevent the interception or tapping of mes- 
sages. Captain Hovland, of the Norwegian navy, 
had devised a very ingenious instrument for secret 
military work. He replaced the Morse key by a 
typewriter ; each depressed letter made contact for 
a corresponding cipher, and the actual cipher could 
be —— = will, ~— being as many as 720 
possible combinations ; the messages were printed. 

Baron Lepel’s musical bugle-calls wane aneliee 
noteworthy novelty which had been tested between 
Brussels and Slough. When a spark-gap was 
shunted wit’: hee, y capacity, groups of disturb- 
ances were pr’ ducsd, giving rise to a musical note 
which was more easy to pick up than unmusical 
signals. Lepel produced the eight notes of an 
octave with the aid of a keyboard switch for the 
transmission of bugle-cal': or musical code tunes. 

Mr. Baker then referred to one of the most use- 
ful advances in wireless work—the telephone of Mr. 
A. W. Sharman, which had given excellent results 
in the coal-mines of Newcastle. The small appa- 
ratus, weighing 7 lb., was fixed on 4 tripod like a 
camera. It contained a low-resistance impulse 
coil, a key, and battery ; two wires ran-from the 
coil to steel pegs (rods with handles) stuck into the 
ground, about 50 ft. apart. The coil embraced 
a filamentary iron core, and the circuit was 
interrupted when the core was magnetised to 
saturation, so that the lines of force collapsed 
suddenly. The impulses travelled outward as 
elliptical waves, not superficially only, but like 
spherical pulsations. On land two miles could be 
covered with a primary energy of 4 watts, and 
better results still—a range of six miles with 16 
watts—had been obtained in water between ships 
and submarines. The distance to which systems 
could be worked, Mr. Thorne Baker remarked, 
would depend upon the primary energy, and still 
more upon the proportion of the energy which 
could effectively be controlled by the microphone 
or other variable element in the receiver ; currents 
of more than 1.5 amperes would cause heating and 
arcing in the microphone, and thus limit the range 
practically to about five miles. The high efficiency 
of the Sharman system was due to the fact that 
earth conduction was utilised in addition to induc- 
tion. 

Concluding, the lecturer explained, by the aid of 
diagrams, the remarkable possibilities of the system 
of Mr. Habibia, an Indian telegraph overseer. He 
utilised the surface of water (rivers), instead of the 
ether, and earth connections, and was able to send 
messages over distances of 50 miles with the energy 
of a small medical coil ; the one wire antenna lay 
on the surface of the river. 

Mr. Thorne Baker did not comment upon the 
absurdity of the use of the adjective ‘‘ wireless” 
for qualifying instruments practically consisting of 
wires, such as the wireless com . The term 
‘* wireless” telegraphy might surely be abandoned 
now. 





MINERALS AND MINING IN NEW 
ZEALAND. 


From a blue-book containing reports to the 
New Zealand Government on the condition of 
the mining industry in the Dominion, we gather 
from particulars given by the Hon. Roderick 
McKenzie, Minister of Mines, that the forecast 
of improvement made by him for the year 1909 
in his previous report was fully reali in 1910, 
the value of the mineral products for the year 
having exceeded that of the previous year by 
255,4561. The country has, like many other parts 
of the world, suffered some industrial depression, but 
the mining branch of its industries seems to have 
been in a very healthy condition, and has conse- 
quently greatly helped to prevent congestion in the ' 
labour market. According to the report, there have, 
during the last forty years, been two distinct periods 
in the remge J of the mining industry, the first of 
these being the twenty years from 1870 to 1890— 
during the early part of this time the industry may 
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be said to have been at the height of its prosperity 
—and from 1890 to 1910. About the year 1890 
the industry had, through continued neglect and 
administrative indifference, nearly ceased to exist, 
with the result that, during the concluding year of 
the first period, the value of the produce of the 
mines was reduced to 1,240,9031., representing a 
decrease, between the first and last years of the 
first period, of 1,104,764/., or nearly 50 per cent. 
From the lowest depths of depression in 1890 up 
to the present time, the industry has, owing to 
more enlightened legislation and a more generous 
assistance towards the development of mineral 
resources, gradually but steadily improved, until in 
the year 1909 the mineral productions amounted in 
value to 3,791,1331., being an increase of 2,550,2301. 
between the last year of the twenty-years’ period of 
neglect and the last year of the twenty-years’ period 
of care and encouragement. It will be understood, 
therefore, that the future may be expected to show 
a very considerable advance in the many forms of 
mining that are carried on in the country. One 
feature of the new order of things is that there is 
evidence that the sources of water power belong- 
ing to the country are to be made use of, and, 
as a matter of fact, during the year particularly 
referred to in the report (1909), a license was granted 
to the Waihi Gold-Mining Company to develop at 
the Horahora Falls 10,000 horse-power for generat- 
ing electric current for mining and other purposes. 

As an indication of the improvement now going on 
it may be mentioned that hese was an increase of 
255,456/. in the output of minerals during 1909. This 
may not appear to be a very large amount, but it will 
be understood that, after a long time of depression, 
it is regarded in the State as very encouraging. 
Although the Dominion is rich in minerals, the 
variety of which is also very great, and is repre- 
sented by copper, iron, mineral oils, shale, scheelite, 
and antimony, as well as many others, these have 
all had very little attention given to them in com- 

rison with gold, coal. and Kauri gum, and, 
Sten recent years, silver, which is receiving 
growing attention. Iron and copper, as well as 
the mineral oil resources, have apparently as yet 
attracted little notice, although they are said to 
offer great inducements for energetic operations. 

With regard to gold, the total value of the 
bullion export from 1853 to 1909 was 79,987,763/., 
while the total value of the whole mineral pro- 
duction of the Dominion up to December, 1909, 
was 107,849,8961., showing that the value of the 
bullion exported was about 74 per cent. of the 
total mineral output. During the year ended 
December 31, 1909, 506,371 0z. of gold were ex- 

yorted, the value of which was about 2,006,900/. 

his was an increase of 19751. over the production of 
the previous year. The output of silver also im- 
proved during 1909, and showed an increase of 55351. 
as compared with 1908. A feature of the gold- 
mining is that during the last few years there has 
been increasing activity and prosperity shown in 
alluvial gold-mining. It is not many years ago that 
this branch of the industry was regarded as a declin- 
ing one, but there have been signs of a marked 
improvement during the last two years, for, although 
gold-dredging declined during 1909, other methods 
of alluvial mining, such as hydraulic sluicing, ele- 
vating, and driving, have gone ahead. Itis thought 
that this may be, to some extent, due to the moderate 
assistance that this class of mining has received 
from the State. There are in active operation at 
the present time 111 alluvial gold-dredgers, which 
employ 893 men, and the gold produced during the 
year by these dredgers was valued at 327,6791., 
which was, however, a decrease of 46,142/. on the 
yield of the previous year. There has been a 
decrease in the number of men employed on the 
alluvial gold-fields, but the amoun of gold pro- 
duced by various processes other t':an dredging 
has improved, and there appears to be a very 
hopeful feeling with regard to the alluvial gold- 
fields. There was an increase of 49,8491. in the 
amount of bullion produced by quartz-mining durin 
1909, the quantity of ore treated being 63,006 
tons, as against 654,307 tons during 1908. The 
bullion value of the ore produced was 1,526,8611., 
as against 1,477,012/. for the previous year. 

As far as coal-mining is concerned, the year 1909 
was prosperous, a feature of this industry being 
the large increase in the production of bituminous, 
semi-bituminous, and brown coal, and a decrease in 
the production of pitch-coal and lignite. The ab- 
normal export.of coal for the year 1909 may, it is 
thought, have been due to the prolonged strike in 





the coal trade in New South Wales. The output 
of bituminous and semi-bituminous coal increased 
by 52,021 tons, and of brown coal by 20,368 tons, 
whereas the output of pitch-coal and lignite de- 
creased by 22,117 tons. ‘The coal production of the 
Dominion has doubled during the last ten years, 
and stood at 1,911,247 tons.at the end of 1909. 

Next to coal in importance must be reckoned 
Kauri gum, which is the fossilised gum found at 
the roots of the Kauri pine. There was a great 
falling off in the value of this product during 1908, 
the fall being equal to 207,0901.. but there was a 
marked recovery during the following year, the 
quantity exported having increased from 5530 tons 
in 1908 to 8250 tons in 1909, and the value rose 
from 372,7981. to 552,6981. during the same period. 

Mineral oils are now attracting considerable 
attention, and in the Taranaki, Gisborne, Grey, and 
Southland districts energetic operations were carried 
on in 1909, and at least one of the companies in 
the first of these districts appears to have met with 
success ; so much so, in fact, that it is thought 
probable that they will, before long, be in a 
position to claim the bonus of 3d. per gallon which 
the Government has for some years offered. There 
seems to be an important point, however, in 
connection with the industry, and that is the need 
for the establishment of a mineral oil refinery. The 
legislative control of the flow of oil is also a point 
that should be considered at.an early date. The 
industry, like many others in the Dominion, is, 
however, only in its infancy, and cannot, of course, 
all at once make the rapid progress that some 
people would like. It is probably better to move 
slowly and with caution than risk large sums of 
money before being reasonably sure as to the 
successful future of the industry. 

The prospects of mining in the D~ninion are 
considered by the Hon. Roderick McKenzie to be 
more promising at the present time than they 
have ever been before, but he considers that 
generous assistance should be offered by the State, 
and fostering care should be exercised over the 
mineral resources. The inlustry has, he says, 
contributed, since 1853, approximately 108,000, 0001. 
to the national wealth of the Dominion, and, as an 
investment, should be encouraged. 








THE ROYAL SOCIETY SOIREE. 
Laptes’ NieHt. 

THE second soirée of the Royal Society for the 
current year was held at Burlington House, on 
Wednesday last, June 14. It was the first ladies’ 
night since June, 1909, as both the soirées of last 
year were cancelled, owing to the death of King 
Edward. In order to avoid overcrowding, and to 
utilise all the available space, the customary two 
discourses, which would have claimed the lecture 
hall, were given up this year. The number of 
exhibits was not large on the whole, and the few 
which would more directly iriterest the engineer 
had already been shown in the first soirée, which 
we noticed in our issue of May 12. Biological ex- 
hibits generally predominate on ladies’ nights ; that 
was again the case on Wednesday last. Many of 
the members and guests, whom the Prer dent of the 
Society, Sir Archibald Geikie, K.C.B., D.C.L., re- 
ceived, were delayed by the delivery of the Faraday 
lecture of the Chemical Society, which had been given 
in the Royal Institution that evening. In dealing 
with the Soirée we shall adhere to our practice of 
grouping the varied exhibits. 

An exhibit of historical intercst, the Charter 
Book of the Royal Society, containing the signature 
of the founder, King Charles [I., and of the suc- 
ceeding sovereigns who were | atrons of the Society, 
as well as the signatures of a}: the Fellows admitted 
since 1663, should be esp: ially mentioned. The 
mace presented by King Charles II., some relics of 
Sir Isaac Newton, including his telescope of 1671, 
were also shown in the reception-room. In the 
entrance-hall, Mr. Albert Bruce-Joy exhibited his 
bronze statue of Lord Kolvin, which is to be placed 
on a granite pedestal in Belfast. On the walls of the 
reception-room, Dr. Tempest Anderson, of York, 
displayed some fine photographs of volcanic pheno- 
mena from New Zealand (Lake Roto hana, 
Mount Tarawera, with the crater and rifts of the 
eruption of 1886, which destroyed the famous white 
and pink terraces, and the hot springs of Wairoa), of 
the crater and cracks in the lava crust of Mata Vanu 
on Savaii (German Samoa), and of the famous crater 
of Kilauea (on Hawaii) ; the lava was photegraphed 
by its own light. 





The experiments with polarised light, shown by 
Professor Silvanus P. Thompson, F.R.S., and Pro- 
fessor E. G. Coker, were of special interest in con- 
nection with Professor Coker’s article on ‘‘ Photo- 
Elasticity,” which we published in our first issue of 
this year. Most of the experiments again con- 
cerned optical stress in materials ; but there were 
some new instruments. The large reflecting polari- 
scope shown is a camera, which is illuminated 
from above ; the field is 12 in. square, and the 
specimen is held between two vertical plates, which 
are themselves novel. They are 12-in. quarter- 
wave plates of mica, cut from clear sheets of mica 
supplied by Messrs. Wiggins, of the Minories, E.C. 
Each mica sheet is placed between two glass plates 
and held by a wooden frame. The two mica plates 
— an approximately circular polarisation of 
ight, so that the stress-lines in the specimen 
(xylonite, as in other experiments of Professor 
Coker) could be examined either by a nicol which 
was turned in the ordinary way, or with the aid of a 
very simple stereoscopic analyser, also a novelty. 
This analyser is merely a wedge of black wood, 
having two cylindrical perforations to fit the eyes ; 
the wedge surface facing the camera is covered 
with a sheet of blackened glass, which ‘is fixed to 
the wood by rubber cords. The. simple device 
showed many stress-lines as well almost as the 
nicol, though it could not be turned, of course. 
The specimens used were U-pieces of xylonite, 
squeezed between the fingers, a flat xylonite 
spiral, which could be tightened by means of a 
simple contrivance, and wheels of xylonite with 
straight or curved spokes, which were rested on a 
rail of xylonite and put under pressure from 
above, while the rail was moved to and fro. 
Five black lines could be distinguished in the 
rail, the portion of the rim in contact with the 
rail was badly strained, and the two spokes next to 
the contact between the wheel and rail also showed 
signs of considerable strain. Objects built up of 
pieces of mica or selenite, or of unannealed glass of 
different thicknesses, appeared coloured when held 
between the two quarter-wave plates and examined 
by either of the two analysers. 

Another interesting exhibit—the gyrostat mari- 
ner’s compass, of Messrs. Elliott Brothers—will be 
illustrated in an early issue of this journal. The 
other physical exhibits were already mentioned in 
May. These were the beautiful collection of radio- 
meters and otheoscopes of Sir William Crookes, 
which should carefully be studied by all interested 
in such researches, as they might find anticipations, 
dating from 1875 to 1878, of their own recent 
inventions ; the demonstration by Sir James Dewar 
of the stopping of the radiometer motion by a very 
high vacuum ; the remarkable photo-micrographs in 
natural colours of rock sections, chemical prepara- 
tions and crystal interference figures, taken by Pro- 
fessor W. J. Pope, F.R.S., of Cambridge, by means 
of the Dufay process ; and the charming examples 
of osmotic growths, due to Professor S. Leduc, and 
shown by Dr. Deane Butcher. With care and 
patience everybody can imitate these growths in 
their delicate beauty; it only means preparing 
some mother-liquor like a solution of sodium 
silicate, silver salt, &c., and putting some mineral 
seed, i.¢., some crystal or particle of calcium 
chloride, manganese chloride, or other salt, into the 
solution, when crystalline growths of wonderful 
texture will form. The mother-liquor should be 
concentrated, the seed of relatively very small bulk. 
Reference to the spectrum of the nitrogen after- 
glow, observed in discharge-tubes filled with air or 
nitrogen, exhibited by Mr. A. Fowler, F.R.S., and 
the Hon. R. J. Strutt, F.R.S., has been made in 
these columns on prcvious occasions. 

The astronomical exhibits, due to Mr. A. Fowler, 
the Solar Physics Observatory, South Kensing- 
ton, the Astronomer Royal, the Director of the 
Khedival Observatory at Helwan, near Cairo, and 
the Lowell Observatory in Arizona, were noticed 
in May. The photographs of the planet Mars, 
taken by Professor E. E. Barnard, and exhibited 
by the Royal Astronomical Society, were new for the 
Royal Society. These photographs were obtained 
on September 24 and 28, 1909, with the 40-in. 
telescope of the Yerkes Observatory, on isochromatic 
plates — a yellow colourscreen. The diameter 
of Mars on the positives is about 1 cm. 

The footprints from the Permian red sandstones 
at Poltimore, Devon, which Mr. A. W. Clayden 
again exhibited, were this time shown on the actual 
sandstones, not, as before, on photo hs. The 
small animals (about 1 ft. in length) hoofs on 
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the hind legs and claws on the front legs, and the 
footprints cannot be matched in any other country, 
though similar prints have been obtained at Corn- 
cockle Moor and Penrith. Among the other 
geological exhibits we notice the fossil remains of 
a peculiar goat-like animal which was once common 
in Majorca, and which had two lower front teeth 
like a rabbit ; these were shown by Miss Dorothy 
Bate. Dr. C. W. Andrews, F.R.S., exhibited 
tertiary animals from Victoria Nyanza, the first 
remains of tertiary mammals from Central Africa ; 
and Mr. C. Forster-Cooper had a collection of 
fossil mammals from the miocene of Baluchistan. 

The objects found in the area which is to be sub- 
merged on the raising of the Aswan Dam, exhibited 
by Captain H. G. Lyons, F.R.S , and Mr. E. M. 
Dowson, the late and the present Director-General 
of the Egyptian Survey, may claim some sympathy 
from the engineer. The P aregge tn Nubian pottery 
shown is sup to date from 3000 B.c., at 
which time Nubia was under Egyptian sway. The 
pottery is very plainly, but not prettily, deco- 
rated in characteristic straight-line patterns ; stone 
vessels are rare in that country. An Egyptian bowl 
of more recent date, exhibited for comparison, is 
rather remarkable ; it is a regular cup, made of 
granite, and not much more than 2 mm. in thickness 
throughout. A Nubian mirror, of the ancient 
period mentioned, is merely a slab of mica provided 
with a hole for suspension. The portraits of Egyp- 
tians or Romans of the first century a.p., shown by 
Professor Flinders Petrie, F.R.S., were found in the 
Hawara cemetery, on mummies, over the faces of 
which they had been placed ; the portraits were 
painted with coloured wax on thin panels of cedar. 

Passing to biological exhibits, we should mention 
the fine collection of sponges and other repre- 
sentatives of the Plymouth marine fauna, shown 
by the Marine Biological Association of the United 
Kingdom, which has its headquarters at Plymouth. 
Dr. Francis Ward, of Ipswich, explained by 
photographs how fish really appear when seen 
from below. The photographs are taken in a 
specially constructed pond ; the observer is in an 
observation chamber under the water, from which 
a sheet cf glass and solid walls separate him ; the 
chamber is dark, and the glass acts as a mirror, so that 
the observer is not seen by the fish, but can watch 
the animals and study their movements. If some 
of the biologists who are bent on finding mimicry 
examined the changes in the ——- brought 
about by the observation from below, they might 
be less ready in suggesting mimicry. The micro- 
photographs by Dr. Ward, illustrating the growth 
of plaice nm the period from the forty-eighth to the 
sixtieth hour of its larval existence, show the 
development of the bladder, so far little studied, 
very clearly. Mr. Tate Regan’s sketches illustrated 
the peculiar instantaneous colour changes in sea 
perches. from the Bermudas, as observed in the 
New York aquarium ; the changes are effected by 
the contraction or expansion of pigment cells dis- 
tributed over independent areas. The production 
of the oxygen used by many fishes for inflating the 
gas-bladder (so-called swim-bladder) was explained 
by models and microscopic slides of Dr. W. N. F. 
Woodland, of University College. The oxygen is 
dissociated from the red-blood corpuscles by the 
action of a gas-gland consisting of hundreds of 
capillary vessels, and of the rete mirabile duplex. 

Mimicry in butterflies was shown on coloured 
drawings, almost natural in appearance, by Mr. H. 
Eltringham, and by actual specimens shown by 
Lord Avebury, and in the group exhibit of Pro- 
fessor Poulton, Mr. C. A. Wiggins (from Entebbe, 
Victoria Nyanza), Mr. W. A. Lamborn, and Mr. 
EK. G. Joseph. Mr. Lamborn isa mining engineer, 
living not far from Lagos, in West Africa, who has 
taken up this instructive work. 

The mimetic resemblances in plants between 
various euphorbias and plants like pelargonium, 
willows, vitis, &c., exhibited by the Director of the 
Royal Botanic Gardens at Kew, would console the 
non-botanist whom the labelling of many euphor- 
bias puzzles. The stick insect, whose life history 
Dr. Rodman. illustrated, is also said to afford an 
excellent example of mimicry. The parasitic 
flowering scybalium from Jamaica, shown by Mr. 
W. Fawcett, does not develop any chlorophyll: at 
all. The Rothamsted experimental station exem- 
plited by its exhibits the attempts made to settle 
the question whether there is in the soil come biolo- 
gical factor which limits the development of bacteria 
and keeps down the fertility of the soil. There 
is evidently something, as is demonstrated by treat- 


ing the soil previous to inserting the seed with 
antiseptics (toluene, carbon bisulphide, chloroform, 
&c.), or by heating it up to 55 deg. and 100 deg. 
Cent., but the problem is not yet solved. Mr. 
P. 8. V. Pickering, F.R.S., had a similar exhibit ; 
he heats the soil up to 250 deg. Cent. When the 
soil is heated, something toxic is produced in it 
which is injurious to germination ; but the effect is 
temporary, and disappears after exposure to air, 
and — soil afterwards actually promotes plant 
growth. 

The bacteriological researches of Mr. Henry 
Crookes were mentioned last time, but he had 
some additional exhibits, demonstrating that the 
effects of pieces of metals (in contact with the 
bacteria culture) are not confined to the bacillus 
phosphorescens, which displays them ina very strik- 
ing way. It is curious that, while copper salts 
are poisons to bacteria (like most heavy metal 
salts), the metal copper (gold too) in itself does not 
kill (not bacillus coli, e.qg.), while the metals silver, 
mercury, antimony, and arsenic are decided poisons, 
Moulds like penicillium glaucus, and the strepto- 
coccus found in abscesses, however, are not killed 
by antimony any more than by copper, while silver 
and mercury are fatal to them. Boron, closely 
related to carbon and silicon, is also a poison for 
many bacteria. 

The exhibits of Professor H. E. Armstrong and 
Dr. E. F. Armstrong illustrating the action of 
stimulants in promoting enzymic aetivity and 
digestion were noticed in connection with the May 
soirée, but deserve another mention. 








OPTICS AND ENGINEERING. 
By W. Rosrennaty, D.Sc. 


THE proposal of the Education Committee of the 
London County Council to establish an ‘‘ Institute 
of Technical Optics” has raised in some minds the 
question how far the optical industry is of vital 
importance to this country. Without entering on 
a Seuien of this wide question, the direct bear- 
ings of optical matters on engineering are worthy 
of consideration. Such consideration will at once 
show that the scope of optical instruments and 
methods is a very wide one in all branches of engi- 
neering, and only a few of the more striking 
examples can be mentioned here. 

Probably the surveyor and the engineer working 
upon his data are most directly dependent upon 
optical instruments. The level, the theodolite, and 
the sextant are all products of the optical-instru- 
ment maker. It is true that the telescopes of these 
instruments do not make any very great demands 
upon optical skill, since they are neither very 
powerful nor are they required to be of any excep- 
tional degree of excellence—yet such matters as the 
correct centring of the lenses and of the optical axis 
of the telescope with the mechanical axes of the 
instrument are of vital importance, and for these 
adjustments purely optical methods are required. 
Further, the division of the reading-circles of these 
instruments is a work of great precision, in which the 
aid of optical means is again called into requisition. 

Passing on to more specialised instruments, the 
class of apparatus employed for to phical 
surveying by photography, especially by the aid of 
the stereoscopic principle, are examples of some of 
the finest achievements of the optician. The photo- 
graphic objectives employed for such work are re- 
quired to meet the highest demands in every respect, 
and although they may not be required to possess 
the large aperture of the pressman’s snapshot 
camera, they must give a picture which is an accu- 
rate representation to scale of the landscape, and 
this image must be sufficiently well-defined to 
allow of accurate measurement. A further series 
of demands are made upon the achievements of the 
designers and makers of lenses when these are em- 
ployed for the purpose of copying maps and plans 

or photo-mechanical reproduction and accurate 
‘** process ” work in general, which is’ now widely 
employed for technical purposes, particularly in 
connection with ordnance maps. ere the photo- 
graphic objective is required to reproduce the lines 
oe § marks of the original with the highest accuracy 
as regards total freedom from distortion, the image 
being often of a size equal to or not much smaller 
than that of the original. Lenses capable of pro- 
ducing such results are the product of the combina- 
tion of the highest mathematical skill in design and 
calculation with the greatest ible mechanical 





recision in the production of the actual lenses. 
The degree of precision which can be attained, and, 


indeed, is being daily obtained in the best class of 
optical work, may appeal to those accustomed to 
deal with the ‘‘ accuracy”’ of engineering products 
even when these are measured in ten-thousandths. 
Glass plates are regularly produced which, over an 
area comparable with that of a moderate size of 
engineer's surface-plate, are optically ‘‘ flat "— 
their departure from an ideal plane surface is 
not greater than one-half the wave-length of 


sodium light, or about —" ; the degree of 


flatness of such work is, of course, measured by 
the test of forming ‘‘ Newton’s rings” between 
three or more such g surfaces ; and it is claimed 
that if a more delicate mode of measurement were 
available, the degree of flatness just described could 
be exceeded. Itis possible that a somewhat similar 
degree of accuracy is obtained in certain specially- 
made steel gauges, but for most engineers such an 
achievement must remain an object of envy. 

Another class of instruments, somewhat allied to 
the photo-theodolites, and particularly to those 
working on the stereoscopic principle, are the range- 
finders which now form so important an item, espe- 
cially of naval equipment. These instruments are 
probably among the most delicate and perfect of 
the optician’s products, since the necessary accuracy 
in the determination of the range depends upon the 
measurement of very minute angular differences. 
This will appeal at once to any engineer who con- 
siders the problem of determining the length of the 
long sides of a triangle whose base is a few feet, 
while the length may be as much as 10 miles. Yet 
these range-finders are of vital importance for the 
proper utilisation of the great guns which are now 
used as the armament of our battleships. The best 
efforts of the engineer and the metallurgist in pro- 
ducing a powerful and accurate gun, and the train- 
ing of the gunner, would alike useless without 
the aid of the optical adjuncts—viz., the range- 
finder and the telescopic gun-sight. For our national 
defence, and forall the engineering industries con- 
nected with it, therefore, the fostering of optical 
science and industry is of direct importance. 

Turning to a totally different branch of engi- 
neering, we may point to the lighthouses which dot 
our coasts and make our shipping safe and regular, 
as being in large part the products of optical science 
and industry. It would lead us too far to enter 
into the history of lighthouse optical appliances, 
but the importance of possessing adequate means 
of optical warning for our shipping will be realised 
at once when it is considered that a modern ocean 
liner, approaching land at full speed, will only 
receive a quarter-of-an-hour’s warning of the near- 
ness of land if a sufficiently powerful beam is avail- 
able to reach her at a distance of 6 or 7 miles. In 
clear weather this is a comparatively easy task, but 
our trans-Atlantic liners and our cross-Channel 
steamers are required to run regularly every day, 
with the exception of a few days of dense fog, and 
this implies a degree of fog and mist-penetrating 
power in our lighthouses which taxes the resources 
of our optical appliances, and it must be remem- 
bered that the demands in this direction are steadily 
increasing with the increasing size and speed of our 
ships. In this particular branch of optics we are 
surely entitled to hope that British science and 
industry will keep us abreast of these demands. 

Somewhat akin to lighthouse apparatus are those 
appliances for the illumination of sea or land— 
usually for purposes of warfare—known as search- 
lights, and whet has been said of lighthouse appa- 
ratus applies with still greater force to this class of 
appliance. With the increasing speed of torpedo- 
boats and submarines, and of the means of land 
transit, means for detecting an approaching foe 
require to be constantly improved and refined if 
they are not to be found wanting, and for this 
steady advance the optical workers must be held 
responsible. 

Turning to an entirely different aspect of en- 
gineering, the uses of the microscope may be 
touched upon. For many accurate measurements, 
whether of our gauges of length, or our screw- 
threads, we are largely dependent upon the micro- 
scope, while for the determination of such important 
data as the elastic modulus and the elastic limit 
of metals the microscope, or some other optical 
appliance, is used in the great majority of our ex- 
tensometers. In another direction again lies the 
use of the microscope for the examination of the 
internal structure of metals and of alloys. This 
| subject has, within the last twenty years, grown 
into an independent science, which has already 
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thrown fresh light upon the nature and properties 
of all the materials of engineering. The ‘‘mysteries” 
of steel, although not yet entirely revealed, are far 
less deep and far less numerous than they were, 
and our knowledge of alloys has grown with 
amazing rapidity. We are reaping the fruit in the 
shape of new materials of construction which allow 
of feats of engineering which would never have 
been contemplated a decade ago. Much of this 
progress must undoubtedly be ascribed to the 
weapons of research into the inner nature and 
mechanism of metals which the optician has placed 
at our disposal. 

This brief review cannot claim to have exhausted 
the manifold bearings of optics on engineering and 
the allied industries, but enough has been said, 

erhaps, to recall to the minds of engineers the 
importance of optics for their own special purposes, 
even when they themselves may not often be called 
upon to employ an optical instrument. If the estab- 
lishment of a new institute for the development of 
optical science and industry is realised, there can 
be no doubt that the great engineering industries 
will obtain very material benefits from its activities. 








THE FUNDAMENTAL PROPERTIES OF 
THE ELEMENTS. 

Proressor THeopore W. Ricuarps, of Harvard 
College, Cambridge, Massachusetts, delivered the 
Faraday Lecture of the Chemical Society on 
Wednesday, June 14, at the Royal Institution, 
and was presented with the Faraday Medal by 
Dr. Percy Frankland, President of the Chemical 
Society. The interest of the address centred in the 
boldness of some of Professor Richards’ theses. 
But Dr. Richards has for years been engaged in 
redeterminations of atomic weights, thirty of which 
he has completed, and the Society would have been 
disappointed if he had not referred to the special 
precautions he has adopted inthis work. In his intro- 
duction he quoted Plato’s dictum, ‘‘ If arithmetic, 
mensuration, and weighing be taken away from 
any art, that which remains will not be much,” and 
what we n:izit perhaps call Lord Kelvin’s modern 
rendering of it :—‘‘ Accurate and minute measure- 
ment seems to the non-scientific imagination a less 
lofty and dignified work than looking for some- 
thing new. But nearly all the grandest discoveries 
of science have been the rewards of accurate 
measurement and patient, long-continued labour in 
the minute sifting of numerical results.” 

Weight was the first significant 9 amet of the 
elements with which Professor Richards dealt, 
and he explainel how those who exclaimed what 
wonderfully fine scales the chemist must have to 
weigh atoms, in ticated ignorance ; for the real difli- 
culties prc *eded the introduction of the substance 
into the balance-case. In order to dry, enclose, 
and weigh an anhydrous substance in such a manner 
as to preclude the admission of a trace of water 
from the atmosphere, he employed a quartz ignition- 
tube fitted end to end to a soft-glass tube which 
had a projection or pocket in one side. A weighing- 
bottle was placed in the end of the glass tube, and 
its stopper loosely in the ket near. The boat 
containing the substance to be dried was placedin the 

uartz tube, and was heated in special atmospheres. 

he boat was finally pushed into the weighing-bottle, 
and the stopper shaken into its mouth. The nephe- 
lometex was another device which had much facili- 
tated his work. The nephelometer served for esti- 
mating minute traces of suspended precipitated 
vontidien by means of the brightness of the light they 
reflected; it was generally a faint opalescence, 
which was matched by precipitating a known 
amount of the same substance in a comparison- 
tube. Thus losses of precipitated material and the 
presence of residual water were obviated, errors 
which had ruined many previous investigations. 

The lecturer then passed to theoretical considera- 
tions, and referred to the well-known equation of 
state of Van der Waals in the first instance. The 
product of the pressure and the volume of a gas is 
approximately constant, p v = RT, where T is the 
absolute temperature and R the gas constant. A 
closer agreement with exact observations is ob- 
tained by the formula of Van der Waals (p+ a/v’) 
(v-b) = RT, where a concerns the molecular 
attraction and b the correction to be made in the 
total volume of a fluid because the presence of the 
molecules themselves diminishes the s available 
for the molecules ; a and b are both small fractions 
and were regarded as constant for each But 
Professor Richards concluded (as Van der Waals 





had himself done) that b was subject to change 
under the influence of both pressure and tempera- 
ture. He went further by suggesting that the 
molecules might themselves be compressible, and, 
he asked, if changes in the bulk of molecules were 
to be inferred for gases, might not the expansion 
and contraction of solids and liquids afford a much 
better clue to the relative expansion and contraction 
of these molecules ? Most physicists referred all 
changes in volume to changes in the extent of 
the empty space between the molecules. Professor 
Richards questioned the existence of these empty 
spaces. Solids did not behave as if they were 
porous. In his experiments on the conservation of 
weight, Landolt had found glass highly permeable 
to oxygen, nitrogen, and water for long periods. 
But such porosity as existed in compound solids 
usually permitted the passage only of substances 
which entered into the chemical structure of the 
solids themselves. In occluding hydrogen, palla- 
dium was obliged to expand its bulk to make room 
for even this small resulting addition to its volume. 
Fused quartz, impermeable when cold, allowed 
hydrogen and helium to pass at high temperatures, 
but refused admission to most other gases, and so 
did many other substances. Why not regard the 
so-called ‘‘ sphere of influence” of the atom as its 
actual bulk ? 

The ordinary conception of a solid, Professor 
Richards proceeded, had always appeared to him 
little short of an absurdity. A gas might properly 
be imagined with moving particles far apart, but 
what could give the rigidity of stecl to such an 
unstable structure? He thought that the inter- 
stices between the atoms of solids and liquids must 
be very small, in comparison to the size of the 
atoms, if existent at all. Griineisen’s experiments 
of last year concerning the small effect of low tem- 
perature on the compressibility of metals (a diminu- 
tion of 7 per cent. in the case of iron, copper, 
platinum, silver, aluminium, between the ordinary 
temperature of the room and that of liquid air) 
seemed to prove that the hard metals were, at 
absolute zero, almost as compressible as at ordinary 
temperature. At absolute zero all heat-vibration 
was supposed to stop ; hence any remaining com- 
pressibility had to be ascribed to the atoms them- 
selves. 

If the atoms were compressible, all mathematical 
reasoning based upon their incompressibility became 
fallacious; but the kinetic theory of gases remained 
unmolested, apart from the suggested changeability 
of b. If, then, atoms were really closely packed, 
the volumes of solids and liquids should afford 
valuable information concerning the relative spaces 
occupied by the atoms under varying conditions. 
But it might be objected that the close packing 
would prevent thermal vibrations of the atoms. 
His answer was that the compressible atoms would 
be able to contract and expand, and thus be able 
to vibrate, even if contiguous, provided they were 
elastic. Professor Richards extended this argu- 
ment by pointing out that the actual volumes of 
liquids and solids might be a guide to the unknown 
internal pressures within the molecules. Chemical 
affinity might exert pressure in its action. He 
had in this connection determined the changes in 
volume occurring when oxides, chlorides, &c., were 
formed, and he had found that great contrac- 
tions went parallel with great evolutions of heat. 
From this they might infer that greater affinity 
was associated with greater contraction; and, 
further, that change in volume was caused by the 
pressure of affinity. If chemical affinity held two 
elements together, why should not the volume of 
the system be diminished by this pressure? That 
interpretation was not wholly new. Davy, and 
long afterwards V. Braun, Mueller-Erzbach, Hage- 
mann, and Traube had, independently of one 
another, made such suggestions, and he (the lec- 
turer) had himself at first been unaware of their 
speculations. 

In experimenting upon the compressibility of 
thirty-five elements and their compounds, Professor 
Richards continued, he had compressed mercury 
in suitable tubes, and then replaced most of the 
mercury by the substance under investigation, and 
he had thus been able to eliminate the compressi- 
bility of the apparatus. It had at once become 
manifest that the formation of a compound of a com- 
pressible element was attended with greater decrease 
of volume than the formation of a similar compound 
of a less compressible element, which was inexplic- 
able by any other hypothesis. Another essential 
aspect of the theory of compressible atoms concerned 








cohesion. Theaftinity which prevented evaporation 
was generally admitted to produce great internal 
pressures ; should it not also compress the mole- 
cules into smaller space? Molecules with high 
cohesive aftinity (i.e., substances hard to volatilise) 
should be much compressed and small 
volumes, and molecules possessing slight cohesive 
affinity should be more bulky. Experiments on 
the three isomeric xylenes supported this view. 

The space occupied by solids and liquids thus 
became a very complex question, and the accept- 
ance of compressible atoms gave one quite a new 
conception of the molecular mechanics of the 
universe. The satisfying of each valency of an atom 
would cause a depression on the atomic surface, 
owing to a exerted by the affinity on that 
spot. According to this view the symmetric carbon 
combined with four other identical atoms need not 
originally be a tetrahedron (which would become 
asymmetrical and twisted, when the four other 
atoms were not equal); the carbon atom might 
assume the tetrahedron shape when combining 
with the other atoms. Many phenomena, 
such as surface tension, ductility, malleability, 
critical _phenomena, assumed new aspects when 
viewed from this standpoint. The peculiar rela- 
tions of material and light, such as magnetic rota- 
tion, fluorescence, selective absorption, &c., might 
be referred to distorted vibration of the atoms, 
and the deviation from many older generalisations, 
such as the volumes of electrolytically dissociated 
solutions, would appear as foregone conclusions. 

Having explained how, in his thermodynamical 
work, he had been able to nihilate the pernicious 
cooling correction for the calorimeter, the lecturer 
passed to the general correlations of the various 
properties of the elements, which are at the bottom 
of the many attempts made, after Mendelejeff, 
Newlands, and Lothar Meyer, to group the ele- 
ments in periodic tables according to their atomic 
weights. Each property, Professor Richards em- 
phasised, had to receive both qualitative and quanti- 
tative treatment. Referring to the atomic-volume 
curves of Lothar Meyer [the atomic volume is the 
quotient of atomic weight by the density of the sub- 
stance in its solid state], and to the compressibilities 
of the same substances, he pointed out that the two 
curves were parallel. He would expect that bodies 
with large atomic volume were highly compres- 
sible, because their bulks were not under the great 
pressures to which small volumes were exposed. 
The bulky, easily compressible volumes were, in 
most cases, more joer melted and volatilised, 
moreover ; and as regards compounds, the heats 
of formations of compounds with oxygen or chlorine 
again gave similar ‘‘curves,” if that term might 
be used; for in reality the lines joining the 
atomic volumes of different elements were zig- 
zag lines, more or less resembling waves. But 
these waves displayed characteristic lags. The 
property of electro-positiveness, e.g., exhibited by 
the alkali metals, should be repeated in copper ; 
but it reappeared with diminished intensity further 
on in the table in zinc. One might say that the 
rate of progression which determined electro- 
positiveness had a longer ‘‘ wave-length ” than most 
of the other periods. In the first complete period, 
nitrogen, oxygen, fluorine, and neon, all had very 
low melting-points. At each recurrence of these 
groups with higher atomic weights the melting- 
points rose, while with each recurrence of the imme- 
diately following group of the alkali metals the 
melting-point changed. Thus, as regards melting- 
points, the curves shifted to the right, to the region 
of higher atomic weights, and the various properties 
of the elements seemed to oscillate with varying 
rhythms as the atomic weights increased. These 
rhythms might, indeed, be represented by different 
types of mathematical functions, and these facts 
suggested a possible reason for the great irregu- 
larity of the last part of the periodic table. 

The nature of the elements might be determined 
by several fundamental tendencies comparable to 
the Mendelian character of the modern theory of 
heredity. All the varieties of materials might be 
functions of some few fundamental characteristics 
which progressed at different rates as the atomic 
weight increased. Science was, so far, however, 
blocked at each step by ignorance. The imme- 
diate problem was, therefore, to discover and to 
test each step as carefully as possible. Patient 
study of the fundamental laws of the physical 
universe alone could help to unravel the inter- 
woven threads. Though Professor Richards did 
not, in the many references given in his address, 
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llude to the researches on close packing of Barlow 
and Pope, we are inclined to consider continued 
investigations on the lines of Barlow, Pope, and 
Richards as very promising. 








NOTES. 
Ratway Provects iv TurKey. 

ALTHOUGH many railway projects in Asia Minor 
are attracting attention, those in Europcan Turkey 
are, perhaps, of the greatest importance. Foremost 
amongst these is the projected line from Tirnovo to 
Karaferia, which will connect the Turkish railway 
system with that of Greece, and to which the 
Turkish Government has hitherto had a strong 
objection, although it is likely to prove a great boon 
to both countries. Tirnovo is the terminus of the 
Pireeus-Larissa railway, and from there the new 
line will proceed via Elassona and Serfidsche to 
Karaferia, a station on the Salonica-Monastir rail- 
way. The new railway will be of ordinary gauge, 
but from the Ibili station a narrow-gauge railway 
is projected to Janissa, the capital of Epirus. 
These new lines will materially improve the system 
of communication on the Balkan Posteri. The 
Danube-Adria, or the Drintal railway, at last appears 
likely to become a reality, although not in con- 
formity with the wishes of Servia. The Turkish 
authorities desire that, instead of proceeding from 
the Turkish frontier station of Merdara, the railway 
should start from Uskiib, so that the Drintal railway 
may prove a connection between the Bulgarian 
portion of the Danube and the Adriatic, where the 
Kumanovo-Kiistendil line, between the Turkish 
and the Bulgarian railway systems, is constructed. 
In addition to these two important railway projects, 
some additional smaller lines have been decided 
upon, or are under consideration. Amongst these 
are a branch line on the Oriental railway from 
Burbaski to Kioklise, and a Kawalla-Drama line, 
through the tobacco-growing district. Other 
schemes appear to have been shelved for the 
present, including the important Sandschak railway. 


Sr. Pavut’s Brivee. 


The recommittal to the House of Commons’ Com- 
mittee of the City Corporation’s proposals fora new 
main artery for traffic from North to South of the 
Metropolis is a distinct victory for the architects. 
It would seem that expert opinion was all one way 
and artistic opinion the other, but it is at least 
possible that the unanimity of the architectural 
profession is more apparent than real. The engi- 
neering and financial features of the scheme are 
settled by facts and figures, but questions of taste are 
ever matters of individuality. Thus, to quote a 
notorious example, John Ruskin was unable to 
appreciate Whistler. We are encouraged to search 
for ulterior motives, since otherwise it would be 
natural to expect that some member or other of the 
architectural profession would have come forward to 
support a street lay-out, which there is documen- 
tary evidence to show was that which commended 
itself to Sir Christopher Wren. Such a motive is, 
indeed, not far to seek. For long, architects have 
demanded that they should, in schemes of town 
planning, be associated with the engineer, and 
should indeed take precedence of the latter. From 
a theoretical standpoint there is much to be said 
for this view, but as the failure, from an artistic 
standpoint, of the Hampstead Garden suburb shows, 
the architects have yet much to learn. Without 
sufficient knowledge, they may, as in this instance, 
achieve the fantastic whilst aiming at the pictu- 
resque. Up to fifteen years ago, architects, in this 
country at least, were as a class too ignorant of con- 
structive principles to be safely associated on equal 
terms with the engineer. They were erudite rather 
than creative, and necessary innovations, such as 
the steel-framed building, excited their keenest 
animosity, since no precedents from a somewhat 
mouldy past were at hand to save them the trouble 
of original thought. In this respect there has since 
been a great improvement, and the demand now 
made by the House of Commons that an architect 
shall be associated with great public works carried 
out in the City is now less liable to lead to a dead- 
lock than it would have done fifteen years ago. As 
regards the scheme immediately in question, how- 
ever, the architect’s demand is esscntially that the 
Corporation shall spend 3} millions on a bridge 
primarily laid out to give a view of St. Paul’s, whilst 
the intention was to construct a main thorough- 
fare at a cost of 2} millions. No “‘ thoroughfare” 
would be provided on the plan favoured by the 





architects and artists, and in view of the present 
enormous and constantly-growing congestion of ‘the 
City streets, the demand made seems wholly un- 
reasonable. If several millions are to be spent 
mainly to show off St. Paul’s, it would be worth 
while inquiring whether this could not better be 
done by clearing away the present railway bridge 
across Ludgate-hill, which is admittedly a dis- 
figurement, whilst the architects have never con- 
tended that the official lay-out for the proposed new 
street past St. Paul’s is worse than missing an 
opportunity. 


Tue Pos!TIon OF THE JAPANESE [RON INDUSTRY. 


It is often stated in the Press, says an Imperial 
German Consular report from Kobe, that the 
Japanese iron industry as regards its supply of iron 
ore will have to fall back upon foreign countries. 
This, however, is no longer the case. The only 
place in Japan where iron is produced on an 
important scale is at the Government steel works 
at Yawata. These works handle at present 250,000 
tons of iron ore per annum, of which, according to 
the latest information, about 30 per cent. hail from 
the Taiya mine at Yanatze, whilst 60 per cent. 
come from two Korean, and 10 per cent. from 
different Japanese mines. The two Korean mines 
are situa somewhat to the south of Chin- 
nampho—the one in the neighbourhood of two 
small places, Eullyul and Chyangnyon (in the 
Japanese Inritsu and Choren), some 45m. to 
60 m. above the level of the sea, and the other 
at Chairyéng (in the Japanese Sainei), 60m. to 
100 m. above the level of the sea. The former 
mine has, since 1910,been exploited by a Japanese, 
and passed, in the year 1906, under the manage- 
ment of the Korean Court Ministry, and in 1910 
under that of the Japanese Steel Works, to which 
these mines had already supplied 20,000 tons of ore 
the previous year. The Chairyéng mine has been 
known for a number of years; like the former, it 
came, in the year 1906, under the control of the 
Korean Court Ministry, and in 1910 it passed 
on to the Japanese Steel Works, which, in 1909, 
had obtained 40,000 tons of ore from the said mine. 
The analyses of the ores, made by the steel works, 
have given the following results :— 
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From this analysis it will be seen that the Korean 
iron ore only contains from 53 to 57 per cent. of 
iron, whilst the Chinese Taiya ore, which the steel 
works have hitherto principally used, boasts an 
iron percentage of from 60 to 64 percent. The 
latter comes out at 14.50 marks per ton, whilst the 
Korean ores only cost 12.50 marks per ton, and 
the latter rate will, no doubt, be further reduced 
when the working arrangements with the steel works 
have been perfected. The ores which are found 
in various places in Old Japan are, as a rule, only 
used to a.limited extent, owing to their high price 
and other unfavourable circumstances. times 
of war, when the sea route to Korea and China 
might be interfered with, they may, however, 
prove a valuable reserve. Reports state that coal 
deposits have been discovered at Hongkeiko, near 
Mukden, which coal yields an excellent coke. 
Should this prove to be correct, and if the trans- 
port to Japan does not prove too expensive, a great 
drawback for the development of the Japanese iron 
industry will have been removed, inasmuch as the 
Japanese coke leaves much to be desired for blast- 
furnace purposes, as it contains too much sulphur 
and phosphor, and is not hard enough. 





Tue AIRSHIP OF THE SIEMENS-SCHUCKERT WERKE. 


The airship built by the Siemens-Schuckert Werke 
is of the non-rigid type, and intended for military 
purposes In order to enable the ship to operate 
at considerable altitudes, a capacity of 13,000 
cub. m. (460,000 cub. ft.) was deemed necessary. 
The ship has a length of 118 m, (388 ft.) and a 
diameter of 13.2 m. (43 ft.), the ratio of length 
to width thus being 9:1. The nose is blunt, the 
stern pointed in cigar fashion. The cross-section 
was to be circular. When the balloon was filled 
for the first time, however, the cross-section slowly 
assumed a pear-shape, a circumstance which is fortu- 








nate for the rigidity of the structure. The body of the 
ship is subdivided by three transverse bulkheads, and 
the first three of the four divisions contain ballonets. 
Below the ship runs a V-shaped keel, built up of 
two long strips of fabric which lic tangentially against 
the sides of the ~~ This keel tomate the 
ship considerably, while decrcasing the resistance 
to be overcome in cutting through the air, and 
the additional space rendered available by this 
arrangement is utilised for mounting the fans for 
the ballonets, their motors, ropes, foot-bridges, 
and various machinery. The ship is further pro- 
vided with three gondolas. ‘The largest of nl 
is in the middle of the ship, and is directly sus- 
nded from the keel; the two other gondolas, 
‘ore and aft, are suspenled from special steel 
tubes. The three fans for t..e ballonets are driven 
by two petrol-motors, each of 24 horse-power, 
mounted in the middle gondola. The motors 
also work an air-compressor, which supplies air at a 
= of 5 atmospheres, for operating the valves. 
he middle gondola contains also other machinery, 
and accommodates tho crew. The gondolas also 
support the propelling machinery. Twenty dif- 
ferent types of screw propellers were tried before a 
decision was made. ‘There are two four-cylinder 
125-horse-power Daimler motors in each gondola. 
Each front motor drives, through bevel-gearing, two 
lateral shafts, each titted with a two-blade pro- 
peller of 10 ft. diameter ; the speed is 700 revolutions 
per minute. The other motor further aft drives, 
at 750 revolutions per minute, the four-blade main 
propellers, mounted in the longitudinal axis of 
the ship, through toothed gearing and a detach- 
able helical band - coupling. The blades com- 
prise round nickel-steel rods, which are forged out 
at both ends into frames to which aluminium 
sheets are riveted. The rudder for lateral guidance 
is fixed to a girder projecting from the third 
gondola aft ; the helm consists of five sheets, each 
4 m. (13 ft.) in height and 1.4 m. (55 in.) in width; 
struts and wires transfer the pressure to the body 
of theship. The shell consists of three layers of 
cotton of exceptional strength, with intermediate 
layers of rubber; the materials were supplied by 
the Continental Caoutchouc and Gutta-Percha 
Company, of Hanover, and by the A.-G. Metzeler 
and Co., of Munich, and the balloon was made by the 
Ballonfabrik A. Riedinger, of Augsburg. In front 
the shell is strengthened to hold a ring of steel 
wire by which the balloon is moored, so as to be 
able to swing with the wind. The ring is em- 
bedded in ten layers of balloon fabric of increasing 
diameters. Twenty steel ropes are attached to 
the ring, and they are twisted to form first six 
ropes, and finally one rope of 50 metres length. 
It will be understood that there is no rigid fram- 
ing, and about 4 tons have been gained in buoy- 
ancy by the adoption of the non-rigid principle. 


Tue Concrete INstiTuTs. 


The meeting of the Concrete Institute was con- 
tinued on Thursday, June 8, at Denison House, 
Vauxhall Bridge-road, the chair being occupied, as 
before, by Sir Henry Tanner. The only r taken 
had as its author Mr. A. E. Corbett, FRLIBA, 
and described the Y.M.C.A. building recently 
erected at Manchester. The building comprises a 
large and a small hall, a large gymnasium, with 
a running track of 24 laps to the mile, two fives- 
courts, a swimming-bath, café and kitchen, lounge 
and smoking-rooms, 11 class-rooms, four shops, 
offices, lavatories, and other accommodation. It 
was intended at the outset to erect it as a steel 
frame structure, but it was finally decided to 
build it in reinfcrced concrete on the Kahn 
trussed-bar system. The Corporation, in sanc- 
tioning the use of reinforced concrete, prescribed 
that the live load on the floors should be taken 
at 2 cwt. per sq. ft. The cement, steel, and con- 
crete were specified to-be in accord with the recom- 
mendations given in the R.I.B,A. report. Prelimi- 
nary tests were made to determine what aggregate 
should be used. These showed that the strength 
of the resulting concrete was mainly a matter of 
the proportion of cement to sand, rather than the 

roportion of the cement to the tutal aggregate. 

t was finally decided to use a mixture consisting 
of one part, by volume, of Earle’s ‘* Pelican” cement 
to two of a half-and-half mixture of Runcorn 
River sand and Openshaw grit sand, with four of a 
coarse sandstone (Runcorn ‘‘ granite”’), broken to 
pass a j-in. mesh. Tests on 6-in. cubes made in 
working conditions, and left exposed to the weather, 
averaged 105 tons per sq. ft. at 28 days, whilst at 
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CONSTRUCTED BY PALMERS’ SHIPBUILDING AND IRON COMPANY, LIMITED, JARROW-ON-TYNE. 











\ A ve iz - " \f The 


ma 


w 
ce 


a Nb 














four months the average was 168 tons per sq. ft., 
with a minimum of 108 tons and a maximum of 
234 tons per sq. ft. This wide variation was attri- 
buted, at least partially, to the soft character of the 
broken stone used, which, by attrition, increased the 
reentage of sand above the intended proportion. 
he construction of the centering, it was stated, 
gave evidence of the need of a new class of labourer, 
since the work hardly requires the services of a 
skilled carpenter, whilst an ordinary labourer is 
not good enough. A large cantilever, supporting 
part of the gallery in the main hall, was tested 
eight months after construction. The projection 
was 11 ft. 3 in., and under an applied load of 
28 tons the deflection was 5}; in., one-half of which 
disappeared on removing the load. The permanent 
set was attributed, in the main, to the cantilever 
taking its bearing on its supports. The specified 
deflection for beams was 34, of the span. Re- 
quirements of this character, we may note, are 
common with architects, and probably arose in 
the first instance from the necessity of avoiding 
cracks in the plastering of ceilings. There is, how- 
ever, no direct connection whatever between the 
deflection of a beam of given span and its strength. 
In the discussion objection was raised to the method 
of testing employed, since it was pointed out that 
the most doubtful elements of a ferro-concrete con- 
struction are in the connections between girders and 
columns, and that tests should be applied to detect 
weaknesses here rather than to beams, the proper 
calculation of which is easy and certain. Another 
important point raised in the discussion was the 
advisability of cross-reinfureements in floor slabs. 
These were not employed in the building described, 
and in consequence the slabs showed temperature, 
or hardening, cracks parallel to the reinforcing- 
bars. These do not, perhaps, detract from the 
strength of the slab, but are disfiguring. The 
addition of a cross-reinforcement gets rid of them, 
but enhances the cost of the work, though it is 
possible they also strengthen it by more efficiently 
distributing the load on to the main reinforcing- 
bars. The cost of the building was 35,000/., whic 
is equivalent to 9.2d. per cub. ft. Of this, the con- 
crete cost 3.0d. per cub. ft. ; the terra-cotta facing, 
1.ld. per cub. ft. ; and all other trades, 5.1ld. per 
cub. ft. Commenting. on this, Sir Henry Tanner 





said that the price for the concrete appeared low as 
compared with his own experience. A report on 
‘“*The Standardisation of Drawings for Reinforced 
Concrete” was down for discussion, but its con- 
sideration was postponed to the next session 
of the Institute. 


H.M. Barttiesnip ‘ Hercures.” 

Palmers’ Shipbuilding and Iron Company, 
Limited, Jarrow-on-Tyne, are to be congratulated 
on the successful completion of the Hercules, which 
has pen through her final acceptance trial, and was 
handed over to the Admiralty yesterday, June 15, a 
fortnight before the contract date of completion, 
July 1 of this year. This performance is the more 
remarkable as the vessel is the largest yet added to 
the British Fleet, and as operations were consider- 
ably hindered during the progress of the work, 
owing to labour troubles extending over three 
months; it is also indicative also of the satisfac- 
tory character of the facilities at the builders’ 
works, and of the organisation of the staff under 
Mr. A. B. Gowan. Another feature of note 
is that the ship has heen twice in the dry 
dock at Hebburn-on-Tyne, now controlled by 
the Palmers’ Company, a fact- which shows that 
its dimensions suffice for the modern battle- 
ship under normal conditions of loading. The 
Hercules has a length of 510 ft., with a beam of 
85 ft.,.and on a draught of 27 ft. the displacement 
is almost exactly 20,000 tons. Yarrow boilers 
have been fitted, and the Parsons turbine installa- 
tion has the usual arrangement of four shafts and 
four propellers. On her final steaming trials, as 
reported (see ENGINEERING, page 390 ante), the 
vessel developed 28,700 shaft horse-power, and the 
speed was over 214 knots. The view on this page, 
of the ship lying along the works at Jarrow-on- 
Tyne, gives a good idea of the arrangement of the 
armament and the superstructure. It will be seen 
that there are ten 12-in. guns mounted in pairs in five 
barbettes, and so disposed that all may fire on 
either broadside ; because, although the two bar- 
bettes in the centre of the ship are placed on the 
beam, they are in échelon, and the deck erections 
have been dis to enable them to fire on either 
broadside with very satisfactory are of training 
forward and abaft each beam. The disposition of 





the sixteen 4-in. guns is also clearly indicated, and it 
will be seen that many of them are fairly well pro- 
tected. The vessel has a main water-line belt of 
11 in., and over this a further strake of 8 in , while 
the barbettes are of 1l-in. armour, and the gun- 
hoods are also 11 in. in thickness. Forward there 
is additional protection above the main strakes. 
The thickness, however, is reduced forward and 
aft, first to 4 in., then to 3 in., and ultimately to 
23 in. It may be added that the Hercules is the 
eleventh battleship constructed by the Palmers 
Company, the immediately preceding ship being 
the Lord Nelson, completed in 1908. At present 
the firm have on hand the armoured cruiser Queen 
Mary. 








MacHINE-TooL AND ENGINEERING ASSOCIATION, 
Liwitep. — This association has been formed for the 
protection at exhibitions of the machine-tool and engi- 
neering exhibitors’ interests. It was felt ed the ex- 
hibitors at.Olympia in 1910 that, although similar exhibi- 
tions were fairly successful, a greater measure of success 
might easily be secured if the traders immediately con- 
cerned had a more distinct voice in the arrangement, 
especially as to the dates at which the exhibitions were 
held. The list of promoters, directors, and members of 
the advisory council contains the names of prominent 
British engineering firms. The present offices of the 
association are at 104, High Holborn, W.C. 


Tue Aarnus-RANDERS Exectric Rarway, DENMARK. 
—This railway project, with which an English concern— 
the National Company—is closely connected, has had a 

eat many preliminary difficulties to’ contend with. 

me little time ago it looked as if the plan had been 
altogether frustrated, but now the undertaking appears 
to be assured. At a meeting of the Randers County 
Council a decision was arrived at, and the council ag 
to accept in principle both the statutes of the company 
and the rental contract, subject to further discussion 
about some details. The council took it for granted that 
the. co-operative company—the railway company 18 & 
co-operative concern—is guaranteed the necessary electric 
current at a price not exceeding 7 dre (74 dre = 1d.) per 
kilowatt-hour. The Aarhus Town Council has also sanc- 
tioned both the statutes of the railway company and 
this company’s contract with the English National Com- 
pany, which rents the railway for twenty years, the 
Reokes municipal electric station offering to supply 
electric current at the above-mentioned price of 7 Ore per 
kilowatt-hour. The cost of the railway is calculated at 
upwards of 200,0002., for which the municipalities and 
parishes interested are responsible, 
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CENTRIFUGAL BLOWERS FOR FOUNDRY WORK. 


CONSTRUCTED BY MESSRS. JAMES KEITH AND BLACKMAN COMPANY, LIMITED, ENGINEERS, 
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For many years a positive type of blower was 
almost exclusively used with cupolas, the general prac- | 
tice having been to employ somewhat small tuyeres | 
and work with an air pressure of about 1 lb. per | 
square inch. The growing improvement of centrifugal 
blowers, however, and their increasing use in forges | 
gradually led to their employment with cupolas, until, | 
at the present time, they are very extensively used 
for foundry purposes. The increasingly general use 
of electric power has probably assisted in this —o 
ment, since centrifugal blowers are so uliarly 
suited: for driving by electric motors. hen first 
used centrifugal ene were fitted to the type of 
cupola designed for blowers of the positive type, and 
it was found that an air pressure as high as | lb. to 
the square inch was not necessary, as, owing to the 
oven oe of air given by the centrifugal type, equally 
good results were obtained with lower pressures. In 
modern practice, which tends towards the use of larger 
tuyeres and cupolas, it is found that with centrifugal 
blowers a pressure as low as 4 lb. to the square inch 
is frequently all that is required, and that it is seldom 
or never necessary to exceed ? Ib. 

A centrifugal blower, when in in, gives what 
is practically a constant-pressure blast, while a posi- 
tive blower gives a practically constant-volume one. 
The result of this is that when a cupola is rather full 
the former will send through a reduced quantity of air, 
so that, although the metal falls through a somewhat 
greater depth of fire, it will not be raised to too high a 
temperature owing to the slower rate of combustion 
following on the reduced draught. Conversely, with 
a smaller quantity of fuel in the cupola, the amount 
of air passing will be greater and the combustion more 
rapid, so that the temperature of the metal will be 
kept up even with a much shallower fire. With a 
positive blower this differential action will not take 
place, and approximately the same quantity of air 
_ be fo through, regardless of the depth of the 

re. 

One advantage of centrifugal blowers lies in the 
small amount of floor s they take up, which, 
combined with the fact that their adaptability for 
electric driving enables their driving motor to be 
combined directly with them, results in compact and 
convenient arrangements capable of being fitted into 
awkward situations, or, if necessary, being carried 
from walls. Examples illustrating this combination 
of a blower with its driving-motor are illustrated in 
Figs. 1 to 3, on this page. Figs. 1 and 2 show a 
blower capable of giving a pressure up to 20-in. water- 
gauge. As shown, the blower is combined with a direct- 
current motor, but the makers, Messrs. James Keith 
and Blackman Company, Limited, of 27, Farringdon- 
avenue, E.C., also supply it arranged for belt-drivin 
or combined with an induction-motor. The gen 
construction of the blower will be clear from the 


figures. It will be noticed that ball-bearings are 
fitted, while the method of ing the motor on the 
casing, and the ment of the commutator-case, 





will be evident. Fig. 3 shows another blower by the 


same makers, in this case arranged for high-pressure 
working, or for moderate-pressure working at a slow 
speed. It can be used for pressures up to 40-in. water- 

uge. These blowers take up from 6 aq. ft. to 


sq. ft. of floor space. 








MECHANICALISING ANALYSIS. 
Mechanicalising Analysis as an Aid to Accuracy and 
Speed for Commercial Purposes.* 

By C. H. Rinspaue, F.1.C., F.C.S. (Middlesbrough), 
and N. D. Rivspa.e (Middlesbrough). 
Section I.—PRELIMINARY. 


The Desideratum, its Importance, and that it is Evident it 
has not been Attained on the Lines followed up till now. 
THE importance of ay chemistry to the iron and 

steel industries needs no laboured argument, seeing how 

greatly both manufacture and sale depend on it, and it 
would, no doubt, receive more recognition if it were better 

adapted to commercial n 
It is surprising how little seems to have been done to 

make it more valuable both in works and public laboratory 

use, particularly in two directions :— 

1. Accuracy of methods in general (whether quick or 
slow) of the kind that ensures obtaining the same invari- 
able result from the same sample. 

2. Greater combined speed and accuracy in quick routine 
tests done in t numbers. 

As Mr. E. Windsor Richards once said,+ ‘‘ Very con- 
siderable trouble and expense have been experienced by 
manufacturers through differences in analysis by different 
chemists.” 

It is astonishing that where sales are made to specified 
limits of analysis this state of things has been tolerated so 
long. Buyers and sellers have the right to demand that 
figures specified should not have uncertain values, and 
that no methods should be used which could give such 
uncertain values. 

No doubt such a requirement will become imperative 
when accurate alternative methods exist. Meanwhile a 
figure, such as, say, 0.07 per cent. phosphorus, has no 
fixed meaning—it depends entirely on the personality of 
the reference chemist ; if he finds a high result, this may 
limit the steel-maker to 0.055 per cent., or, on the other 
hand, allow him up to 0.08 per cent. 

A pound avoirdupois, or a metre, always has the same 
value, which does not vary with any individual’s pro- 
nouncement. Steel-makers and users have agreed upon 
many standards, including percentages of composition 
allowed, but chemists have not agreed upon how these 
ee pa a are to be determined so that they may have a 

xed meaning. 

The only means put forward seems tobe the use of 
oe gerne ae subject from —_ Fd 
thirty years ago—but there appears as yet very lit 

tical outcome, for, although the chemical reactions 

ve been carefully investigated and fresh precautions 

devised (some methods bristle with them), close agree- 

ment with different chemists is by no means the rule even 
when using the same method. 

* Abstract of a pe read before the Iron and Steel 
Institute, May 12, 1911. 

+ Presidential Address, Journal of the Iron and Steel 
Institute, 1894, No. I., page 21. 
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Thus it is at present useless for an engineer to specify a 
standard method, for whether this or limits alone are 

ified, results still largely depend on the particular 
emist. 
Why do we hear so little on the subject lately’? Its 
importance is as great as ever, especially near specifica- 
tion limits. Are we resigned to getting no better state 
of things ? 

Baron Jiiptner von Jonstorff’s excellent paper, read 
before this Institute in the spring of 1896—practically the 
latest on this subject—is really an admission of the 
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frequent ae pt of analytical methods, showing how 
many sources of error there are, and thus suggesting its 
probability. 


Next to accuracy, speed is important, especially for con- 
trolling manufacture ; and, given equal accuracy, extra 
speed is of t commercial value in many ways, 
examples of which will be given later. Indeed, the im- 
portance attached to speed can be seen from the number 
of quick methods adopted. 

Great speed, however, has hitherto rarely been attained 
without some sacrifice of accuracy, ——_ the need is 
for still greater speed with greater reliability also. But 

t from works tests, in many cases it would be invalu- 
able if results could be obtained much more quickly from 
public analysts ; for what is more wearisome than waiting 
two or three days for a decision on a test which in a works 
labousory is done in a few hours? Indeed, often a test 

e would like checked, losing, for this reason, its value, 
is not asked for: Yet it is mainly on the plea that long, 
complicated methods must used to ensure accuracy 


| that the public analyst demands so much time, 


Ifa standard method giving concordant tests with any 
operator were available and specified, results could be 
given out almost as quickly by the reference chemist. 
Provided better agreement resulted, and tests (though 
having aslight constant error that could be gauged) were 
strictly comparative, the advantage in many cases would 
outweigh absolute accuracy. 

The object of this paper is:— 

First, to call attention to certain fundamental! prin- 
ciples which underlie all ordinary methods of analysis, 
and 30 of necessity frustrate the attainment of both of 
the above main commercial needs. 

Secondly, to describe— 

(a) A new system of analysis in whieh these adverse 
principles are avoided, and commercial as well as scientific 
needs are kept in view. 

(6) The authors’ experiences with several methods to 
which this system has been applied, the commercial and 
technical value of which has been well proved. 

Thirdly, to refer to some of the conditions needed to 
secure successful standard methods. 


PrincipLes ApvERSE TO Goo AGREEMENT IN 
Orprnarky Meruops. 


Consider for a moment the history of a method. 
4 A chemist A hi gee ak el 
a me well-nigh ¢ 1 ‘ect, 

farly gets reliable results from it. <f 

ere 1s only one best way, and once this is found, to 
deviate from it in the most ing manner cannot im- 
prove, and may spoil it. The good chemist adheres strictly 
to it in every detail, because he i the import- 
ance of precision in even the t point, and—this 
should be emphasised—it is the absolute adherence to 
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that way that makes him a superior analyst ; so the nearer 
any operator reproduces it with mechanical precison, the 
better analyst he is. This alone in analytical work can 
ensure uniform results. 

But in practice many chemists do not adhere abso- 


lutely to the details of a method, and so do not do as good | 
| cluded that in many respects it was necessary to reverse 


| the conditions usually followed, and in taking for each 


work. This may be with intent to improve on the origi- 
nator’s way, but, apart from any right to, it is not 
expedient ; or, simply because their personality is dif- 
ferent, they do not see, as he did, the relative importance 
of the details, so interpret and carry them out differently; 
hence the disagreements. 

Therefore to ensure exact adherence with different 
operators—and hence accuracy—the reduction of analysis 
to a mechanical process seems,a necessity. This is no 
degradation, nor is it analogous to the mechanicalisation 
of, for instance, Art, such as high-class music, for the soul 
of Art is distinctive individualism, whereas the keynote 
of Science is invariable repetition of the same effect from 
the same cause. 

In complicated methods the extra operations give more 
opportunities for error both in the personal and the 
purely chemical part, so whether introduced as precau- 
tions or to make the methods cover a wider range, they 
generally defeat their own ends. It is futile to expect 
methods perfected (theoretically) by elaboration to be 


| check), 





Although it is not yet Fay come to put a sample in the 
slot of a machine, turn the handle, and read the results 
on # dial (occasionally running a standard through as a 
ready certain steps have been taken in this 
direction. 

In considering the whole problem, the authors con- 


purpose the chemically soundest methods—in order to 
make them efficient as in all specialisation— 

1. To narrow the range of limits, and thus be able— 

2. To dispense with all possible complications and 
modify them for their specific work by reducing opera- 
tions te the simplest and most impersonal. It is a very 
strong point strictly to limit the range, and, for it gene 
mechanical methods, much better definitely to claim only 
what they cover well; the operator then knows their 
limitations, and the extent to which they may be relied 


upon. 

The methods are designed and intended primarily for 
the analysis of types of material of which the general 
composition and usual range of variation are known, and 
it is simply required quickly to find the exact percentage 
of a single component. No one who has not conducted 
works laboratory practice on a large scale can properly 
design methods to fit works requirements, and so far only 


rea ments, with greater precision, and how they 
are shortened. ) 

Reducing the opportunities of going wrong of necessity 
gives both greater accuracy and aren 

These are some of the first steps towards mechanical 
testing. It is, of course, not possible to make absolutely 
‘*fool-proof” methods, but in those referred to no one 
using reasonable care can go wrong. 

The methods worked out up to date are in regular use 
for the analysis of the products given below. 

There are many points the full details of which would 
take up too much space and time to discuss in this paper, 
and the authors propose at present only to discuss Criefly 
and in general terms the manner of procedure and the 
results obtained. (Two examples are given in full in 
Tables XII. and XIII, Appendix, showing in each case 
respectively the successive individual operations, and how 
the opportunities for error are cut out.) 


Section II. 


How the Amended Principles are Carried into Effect 
in the New System. 


The line followed is briefly this :— 


There are a few operations (in ordinary methods) which 
cannot yet be mechanicalised :— 
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really quick and yet accurate in tice, especially as the 
directions are rarely explicit, leaving too much to in- 
dividual judgment. 

At any rate, this is the authors’ experience. (See Tables 
I. and II.,* and Diagrams I. to IV., above.) 

If this be true even where plenty of time is allowed, as 
with public analysts, how much more so when there is 
constant pressure to hurry out results, as with works 
chemists, who do the bulk of the work for sales and 
manufacture? 

Further, as the more able men soon rise, the thousands 
of routine tests (vital to the bo gps | are perforce chiefly 
made by less efficient assistants, and the monotony tends 
to produce less sustained interest, and hence degeneration 
of ——— to —_ . in é 

C ese unds the authors during many years, 
although rad ate u t neea of quicker seated: dared 
not risk inaccuracy hype the staff employ them, as 
they were not up to the standard required. Many were 

in idea, but failed’ in some detail. Others of the 
type which depend on hustling and the use of inappro- 
priately small quantities, unless they received extra— 
Pateed of less—care, were liable to extreme error. Still, 
om by va using ooyenne — meth: oe -— — 
sari urried, the sense of responsibility for the 
ron, Be of results sent out night and day which could not 
be watched personally was most trying. 

This drove the authors to seek for a mechanical system 
for rer > and to remodel — so that the 
total number of operations— cularly those requiring 
judgment—were reduced, aA pote by simpler means. 

* Owing to requirements of space we are unable to 
reproduce these tables. 


one test. 
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one test. 





ARRANGED IN THEIR ASCENDING ORDER. 
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Difiérences trom Standard. 


wel 


a a 
Each 


THE SAME CHEMIST (with ONE EXCEPTION). 


AS STANDARD. 


9 17 0 12 


durusuon shows one test. 


DIAGRAM IV. (FIRST SET) 


MECHANICALISED METHOD TAKEN AS STANDARD. 


TWOWORKS CHE M- 
OWN DIFFERENT PORTIONS 
DIFFERENT METHOD OF 
SAMPLING. AVERAGE 
z 


678 S$ HN RBH KH 6% 17 B 19 


adwiston shows one test. 


Propucts FOR THE ANALYSIS OF WHICH THE METHODS ARE IN REGULAR USE. 


1P Group L 


Steel, blown metal 
‘Mn ” 


Bath samples, wrought iron 

Pig or cast iron, phosphoric 
Ditto Ditto 

Pig or cast iron, all kinds .. 

Phosphide of iron 

Tap cinders 

Ores, various .. 


} pacteanpt slags = 

omas converter slags... we 

Phosphoric chalk and _ phosphate: 
various 


.} Mn 
s,) Mn 
Mn 

Mn 
Mn 


trace to 0.3 per cent. 
) 


phosphorus is 
“ manganese ' 
* phosphorus 


manganese 
phosphorus 
phosphoric acid 


. 
esssoc 


pe SE Sa. 
S8335 


5 


Respectively as shown 

for phosphorus or 

\ phosphoric acid 

pe (total or citric solu- 
o ble) or manganese. 


| 
° 


, 
manganese 


iS 
8 


— ” 
» 50.00, 





For details as to time and number of operations see Tables XII., XIII., and XIV., Appendix.t 
* As approximate indications or ‘‘feeler” tests only. 
+ Owing to requirements of space we are unable to reproduce the Appendix. 


some of the methods for which there has been the most 
pressing need in the authors’ practice have been dealt 
with. far as steel is concerned, they are designed to 
cover the limits specified by the various Standards 
Associations, and for other materials those of standard 
working. ese have been ‘‘coded,” and by studying 
them from the new standpoint it has been possible to 
adhere to the essential chemical gory and yet to 
shorten them in many ways which did not occur when 
the main idea was to increase precautions. (Two 
examples are E ag: in full in the paper, showing in 
each respectively the chemicals the action they 
have, and how the same effects are obtained by the 


Preliminary Operations— 
1. Weighing off a suitable quantity of the sample. 
2. Adding a suitable quantity of solvent. 
Final Opcrations— 
3. Precipitation of the compound from which the 
determination is made. 
. 4. ae se Maange « 
urning off, weighing, &c. ). . = 
Still, wherever practicable, the operations are modified 
so as to ensure i ing carried out under exactly 
uniform conditions, and the details clearly defined. 
But the chief innovation is in between these, 


and finishing (by titration, or 


where 
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occur from eight to twenty operations, many of which 
afford great latitude to the personal element, and hence 
risk of error. These are all done away with, there bein 
substituted for them the simple mechanical uperation o} 
adding one or more tablets. 

Thus, although the same chemical principles are ob- 
served, and the identical final results obtained, these 
critical operations (which demand absence of hurry and 
drive) are omitted in the laboratory whilst making the 
test—having been more surely achieved in effect, and 
materialised once and for all during manufacture, with 
absolute precision by machinery under expert super- 
vision. 

Further, methods as generally given at most only tell 
what conditions to observe, leaving the carrying out in 
eich test to the analyst; but these as arranged ensure it. 
Thus, for example, instead of merely having the direction 
to “‘ precipitate at a temperature of 65 deg. to 68 deg. 
Cent.,” the method itself eo this about. 

It must also be remembered that as the improvements 
consist essentially in the removal of parts where error 
could take place, and the personal element now comes 
into play only in parts which could not be removed— 
error can only arise through imperfect working or defect 
in those residual parts. 

Though singly considered, each modification may seem 
slight, collectively, and in conjunction they have a very 
material effect. 

The means employed, speaking generaily, are :— 

(a) Special Standard Preparations— 

Solvents, of which one measured quantity is added 
at first.* 

Tablets, of which one or more are added at the 
right stage.* 

(b) Selected Apparatus — 

Marked beakers, &c., to gauge quickly accurate 
quantities of solution —special measuresor measur- 
ing arrangements. 

(c) Means of quickly and with certainty ensuring the 
right temperature of precipitation, &c., all bein 
arranged (as integral parts of the whole) wit 
special reference to each other and to the quantity 
of sample taken. 





Sxcrion III. 
The Results in Practice. 


The authors can speak best as to their own observation 
in ordinary running work (which is a truer gauge than 
special tests) — nearly five years’ r use of these 
methods for many hundreds of thousands of analyses. 

The results to the firm generally have been :— 

First, there has m greater accuracy, which is what 
chiefly appeals to the authors. No one who not 
followed the methods closely in practice can fully realise 
the improvement which, in every instance, results from 
mechanicalising. 

Secondly, a great reduction in the amount of work per 
determination, which has not only increased the poate er 
which analyses can be turned out, and the number that 
can be done by the same staff in a given time, but allowed 
more leisure for assistants to give increased care to other 
work for which at present these methods are not 
adapted. 

To the chief chemist, as an aid to systematising labo- 
ratory work (and thus affording a great relief from worry), 
the facility with which regular (apart from incidental) 
checks are — and easily made isa great —y= 
as it is now possible to have an all-round effective an 
thorough system of checks carried out between 7 and 
9a.m. on all the routine work, of which results have 
been sent out during the previous 24 hours, and there is 
the satisfaction of not merely believing, but knowing, 
that the shift work is being done satisfactorily. 

The assistants doing the tests are less driven in their 
work, and hence are largely relieved from fear of it being 
sometimes found wrong when checked, as with reasonable 
care it is bound to be accurate. The sense of self-respect 
arising from good work and the knowledge that the 
results sent out are reliable is no slight comfort. Also, 
there is more time to learn other methods. 

Apart from the much increased reliance on the accuracy 
of tests and many advantages of getting them quickly, 
the increased volume of work dealt with is surprising. 
In the main and steel works laboratories, in which these 
methods were first adopted, the staff was, with great 
difficulty, making 83,000 determinations per year, the 
limit seemingly being reached. 

But improvements in plant and system rapidly in- 
creased the demand, till it amounts now to over 200,000, 
yet, owing to the concurrent introduction of these 
methods, the work is efficiently carried out by a staff 
10 per cent. smaller. Without these methods, it would 
be imperative either to greatly increase the staff, or to 
reduce the number of analyses, or to be content with only 
very rough indications. 


ComMMERCIAL VALUE. 


_ From the foregoing alone it must be obvious that this 
18 very great, and has a real money value, although it 
cannot be entirely expressed in these terms. There are, 
owever, still greater advan 
_ The cost per determination is only a minor point, as it 
's not usual for chemists to balance the cost of reagents, 
Xc , against accuracy or They go to the expense 
in time and money of using very long methods just to 
achieve a little  arveangd acc’ ith these methods 
they secure the latter without sacrifice of time, and 


* See. i eis ——-—-—-- — —----—— 
and XTi? *he original paper, supplements to Tables XII. 


at less cost, especially if compared, as they should be, not 
with the cost of the less accurate quick methods rep! , 
but with that of methods- whose accuracy they equal. 
Indeed, in view of the commercial value, even an 
increased cost would be fully justified, just as a telegram 
or telephone conversation, costing far more than a letter, 
is for many pur much more economical. 

Yet, althou 
course, rather dearer than t uantity of mere chemicals 
theoretically required, owing to the much smaller amount 
of apparatus handled, fewer operations performed, and less 
breakage and waste generally, costs have steadily gone 
down, and are 40 per cent. less per determination than 
before the introduction of these methods. 

The Effect on Commercial Results of the Uniform Con- 
ditions in these Methods.—One striking example relates 
to the ae precipitate, which plays an 
essential part in practically all rapid phosphorus deter- 
minations. Every chemist knows that often, without 
any apparent reason, these precipitates come down in the 
wrong molecular condition, and if then proceeded with 
the results would be unreliable. This is especially so with 
large precipitates, which are so often unfitted for titration 
from the effect of comparatively slight variation that, 
even when they appear good, most chemists prefer drying 
for several hours, and weighing, to the risk of error from 
titration. The authors can substantiate from their own 
experience that, as ordinarily precipitated, phospho- 
molybdate cannot be relied on as safe to titrate. 

ence, as in the case of citric soluble or total phosphoric 
acid in phosphatic recourse is to second pre- 
cipitation (generally with magnesia), which is very tedious, 
and introduces considerable further risk of error. 

Precipitates by these new methods are, however, so 
uniform that now, for the first time, they can with perfect 
safety be titrated, and thus finished within three or four 
minutes of completion of washing. 

So successful is this that phosphoric metals can be 
treated for phosphorus, and fms or phosphoric acid, in 
less than an hour, and slags for citric soluble phosphoric 
acid in 14 hours, operations which formerly took from 
4 to 6 hours. 

As dem pyr citric solubility, the new method has entirely 
rep! a tedious official method formerly necessary, and 
the results as borne out, both by another works chemist 
and the reference chemist, are even more accurate than 
formerly. 

The commercial value of obtaining accurate results so 
quickly is far greater than might be imagined, simply 
from the saving of time in analysis. For instance, in— 

Mixer Working the results of the ingoing iron are 
known, any sudden Aone being detected, and the 
necessary adjustments e, not after, but before, the 
iron is drawn from the mixer and whilst it can be 
quickly seen whether the iron is being dephosphorised 
here (phosphorus thus passing into slag, which is thrown 
away) instead of waiting till it reaches the converters, 
where the phosphorus is required both to satisfy the needs 
for heat Po ee in blowing and for the slag, which 
is kept and sold. 

Thomas Phosphate Powler.— Each shift’s grinding 
(which is, of course, sold by grade at a price per unit) can 
be regulated to a nicety, as tests of the first quarter 
shifts are made and in the grinding-mill manager’s hands 
within 14 hours, the remainder of the shift being adjusted 
to suit. This alone means a saving of many pounds sterling 
per week. 

Bessemer Shop Working.—Besides the benefit in gaug- 
ing the iron from the mixers to the converters, the blower 
is better guided by getting results quickly. 

In the Renamer laboratory, where the phosphorus and 
carbon of every blow is tested, formerly, when the make 
was twenty-four to thirty casts per shift, the assistant 
was only just able at highest poo and with no pause for 
meals, to test the steel samples for carbon and phosphorus, 
and every fifth of the blown metals for phosphorus. 

We can now even when making forty to forty-five casts 
per shift comfortably cope with them, and also with the 
blown metals of every alternate cast, and give greater 
attention to the carbon determinations and to other 
matters. 

But for these methods the extra make would have neces- 
sitated an extra assistant for each shift. Further, he can 
now, when desirable, quickly make repeat tests, which 
were formerly impracticable. 

Rolling-Mill Working and Traffic.—Similarly, whereas 
the tests could seldom be got out before the cast was 
rolled, it is now the rule to do so. Also, in the main 
laboratory check-tests of the rolled material are now made 
and the loaded trucks passed (or otherwise) in a few hours, 
where formerly they would be kept —" perhaps, 
twenty-four hours, thus expediting despatch. 

In check-tests it is usual for two assistants to make forty 
gravimetric phosphorus determinations in two hours 
without any rush. 

Of eral interest (apart from works practice) is the 
fact t with these methods standards of comparison 
(materials of exactly ascertained composition in respect 
to one or more elements) are now of use. These were 
formerly of little value, because the test might fail 
through the personal equation, but the more mechanical 
the methods are the greater their value. 

As regards the conditions needed for standard methods 
to be successful it has already been seen that to avoid 
variation the personal element must as far as possible 
excluded, and hone the metinods should be mechanical, 

Authorisation of the methods approved should be issued 
b be geen and , and, once i , no deviation 


permitted whilst they remain in force. This 
k improvement, for, as know- 
authorisation of improved 

issued in turn after 

mittee, and those of older date 


Saree = 








the Lag sagen employed are, of not yet able to present anything 
eq 


methods | neigh 


The preparations themselves would, of course, have to 
be uniform, so would be useless if prepared by individual 
chemists, or Y a numberof makers, and exploited merel 
for fit. They should be made by one maker ap a { 
by the committee, and issued only from one cent 
run primarily in scientific interests. 

In conclusion, the authors freely admit that they are 
q like a compre ive 
series of methags. Still they believe that the system can 
be applied a great deal further; in fact, that it is only at 
its beginning. Important developmentsare in hand, and 
if the subject be considered of sufficient interest, the 
authors hope to be able to present a further and more 
detailed paper at a later date. It has been slow work, as 
every method dealt with has involved a very great deal 
of research and experiment. The authors are indebted to 


office 


their firm for encouragement in their investigations. 
Nore —In saaae the Diagrams I. and II. with the 
Diagrams ITI. and IV., on the opposite it will Le 


seven that the agreement between two different chemists, 
when one was using the quick mechanicalised method, 
Was in every case as as, or better than, that obtained 
by the sam+ chemist from two different long ‘‘accurate ” 
methods. The results by the quick mechanicalised method 
were all obtained and reported some days before the 
checks by the elaborate methods or by the reference 
chemist were received ; in fact,’it was only some months 
after they were completed that the figures were tabulated, 
and their showings deduced. 





FOREIGN ENGINEERING PROJECTS. 

WE give below a list of several works to be carried out 
in the colonies and foreign countries. Further data con- 
cerning same can be obtained from the Commercial Intelli- 
gence Branch, Board of Trade, 73, Basinghall-street, E.C. 

Stratts Settiements: With reference to the proposed 
sewerage improvement works at Singapore, the Regnier 
of Imports and Exports at that port states that the scheme 
submitted by the municipal engineer, which is a modifica- 
tion of that previously suggested by the expert, has been 
adopted by the Municipal Commissioners. e cost of 
‘its execution is estimated at 2,000,000 dols. (about 
233,000/.), and it is intended to apply for permission to 
borrow this sum. The cost of the sewers and disposal 
works is — at 153,000/., and that of specially constructed 
vans and pails for the system of collection of night soil, 
to work concurrently with the sewer system, at 21,200/. 
The rest of the expenditure will be on constructing back 
lanes in certain parts. 

France: The British Vice-Consul at Nantes reports 
that a special credit of 14,000,000 fr. (560,000/.) has — 
voted by the Conseil Général of the Department of Loire. 
Inférieure and by the Chamber of Commerce and the 
Munici Authorities of Nantes towards the carrying 
out of the following works :—(1) Improvement works to 
the river above Nantes for a distance of about 12 miles ; 
(2) dredging operations and clearing away of rocks in two 
arms of the river; (3) construction of about 14 miles of 
quays and ferro-concrete wharves ; (4) reconstruction of 
two bridges; (5) construction of a dry dock. The cost 
of these works is estimated at 28,000,000 fr. (1,120,000/.), 
half of which amount will be provided by the Government. 

Denmark: The Moniteur des Intéréts Matériels 
(Brussels) states that the port authorities of Nakskov will 
shortly invite tenders for the improvement of the harbour. 
treet of the work is estimated at 200,000 kr. (about 
11,000/.). 

China: According to the Monsteur Offictel du Com- 
merce (Paris), port improvement works are shortly to be 
undertaken at Chefoo at a cost of 3,000,000 taels (about 
360,000/.). The Monitewr also states that the construc- 
tion is now ones of a metal bridge across the Yangtse- 
kiang, in order to join the Peking-Hankow and Hankow- 
Canton Railways. The bridge is to carry a double 
railway line, a carriage-way, and a footway, The cost 
of the work is estimated at 10 million taels (about 
1,200, 0002. ). 

Argentina: With reference to the concession to the 
Buenos Aires Western Railway Company, Limited, for 
the construction and working of an underground electric 
railway in Buenos Aires, the Boletin Oficial publishes a 
decree approving a new contract with the company by 
which the former concession is cancelled. By the present 
contract the company e' to construct and work an 
underground electric railway from the neighbourhood of 
Calle i Carnot under Calle Bartolomé Mitre, Plaza 
Once de Setiembre, Avenidas Rivadavia, Entre Rios and 
de Mayo, to the lines of the port of the capital. The line 
is to be of 1.676-metre (5-ft. 6-in.) gauge. The electric 
traction is to be extended from Sadi Carnot along the Plaza 
Once de Setiembre line of the company to Moreno station, 
and the company is authorised to down two addi- 
tional lines between Caballito and Moreno. The plans 
for the underground railway are to be submitted within 
twelve months from the signing of the contract, and the 
work is to completed within 34 years from the approval 
of the plans. © Boletin also contains the text of a 
contract between the Argentine Director of 
Irrigation and the Government of the Province of Salta, 
by which the National Government engage to establish 
irrigation works in that province ; hectares (4940 


acres) are to be put under t irrigation, and 
sano teotaree (14, acres) et temporary irrigation in 


be | San Carlos, Rumihuasi, and San.Rafael, and Bar- 


rancas and Pefias Blancas. The Boletin further publishes 
a decree approving the contract entered into between the 
Argentine Ministry of Public Works and the Central 
Argentine Railway, Limited, empowering the latter to 
out an extensive system of land irrigation in the 
bourhood Rio Tercero, Province of Cordoba. 
The cost of the undertaking must not exceed 2,860,000 
pesos gold (572,0007.), 
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COMMUNICATIONS FROM THE GOTTINGEN 
MODEL-TESTING INSTITUTE.* 


UNDER this title the results of the measurements made 
at the Gottingen Institute will be briefly communicated 
in future from time to time. Fuller accounts as to the 
methods of measuring, and more complete investigations 
into the conclusions to be drawn from the results of the 
measurements, must be reserved for later publications. 


(1) THe Wind Pressure ON Fiat PLates or DIFFERENT 
Aspect Ratio PLaceD OBLIQUE TO THE CURRENT.t 


The plates tested were plane and rectangular, with the 
following ratios of depth to breadth :—1 : 3, 1 : 2, 1: 1.5, 
1:1.25, 1:1, and 1:0,.5. The depth of all six plates 
was the same—namely, 35 cm., whilst the sides pn 
dicular to the current were 105 cm., 70 cm., 52.5 cm., 
43.7 cm., 35 cm., and 17.5 cm. respectively. The thick- 
ness of the plates was 0.4 cm. The fore and aft edges 
were bevelled off to a width of 2.5 cm., so that all the 
plates had the cross-section shown in Fig. 1. 

Froin the measurements it was found that the resultant 
wind pressure was or é nearly perpendicular to the plate, 
except, of course, in the case of small angles of inclina- 
tien. The abscisse in Fig. 2 are the angles of inclination 


oe 


between the direction of the wind and the plate, and the 
ordinates give the corresponding resultant wind pressure 
in kilogrammes per square metre for rae 1, or, in 


other words, the coefficient {in the een 4 


R=;¢7" 3, 
g 

The marks on the curves give the measured values. For 
the plates with ratios of depth to breadth 1: 1.25, 1:1, 
and 1: 0.5 the resistance curves consist of two branches. 
In order to show more clearly the parts which belong to 
the same plate broken lines, have been drawn connecting 
them. It must, however, be noted that the conditions 
corresponding to these lines could not be obtained in the 
measurements. 


(2) Winp Pressurg ON CuRVED PLATES OF 
DirFERENT CAMBER. +t 

The curved plates examined were circular in section, 
with a constant ratio of sides 20 cm. by 80 cm., the longer 
side being perpendicular to the direction of the wind. 
The edges of the plates were rounded off to a radius of 
2.5m. (see section, Fig. 3). The distance apart of the 
two balances for determining the vertical forces is 30 cm., 
and an arm a had to be fixed to the plates to which the 
suspending wire from the rear balance was fastened. 
The measurements were made on eight plates, for which 
the sagittz f of the circular arcs were respectively :— 


f=0 0.83 0.81 1.00 1.42 1.65 2.04 2.49 cm. 


The lift L, perpendicular to the direction of the wind, 
and the resistance R, are plotted against the angle of 
inclination of the plate. e actual ordinates in the 
figures 4, 5 are the magnitudes of zero dimensions ¢;, and 


tx, which, multiplied by the surface and 7, give re- 


spectively-the lift and resistance. Thus, lift = v= x 


surface x ¢.. The resistance of the arm a is included 
in the values of R given. The error thereby introduced 
is, however, very small, on account of the fineness of the 
arm. 

Fig. 6 shows the change in position of the resultant 
wind-pressure for change of inclination of the plate. The 
ordinates give the distance from the leading edge of the 
point of intersection of the chord and the resultant wind- 


pressure. 

The ratio L/R was calculated, and the results are given 
for some of the plates in ox 7. 

From the values here published the magnitude and line 
of action of the wind-pressure on cylindrical plates may 
be very simply calculated for any angle of inclination 
deen The numbers, however, only hold for a ratio 
1:4 of depth to breadth. Im the previous publication 
of the ey m a it was 8 —_ that ag wind- 
pressures for flat plates depend greatly on the aspect 
ratio. It may be safely inferred that, in the case of 
curved plates also, the wind-pressure will be much affected 
by the end conditions, which give rise to vortices. To 
obtain information on this point measurements will be 
made shortly on plates of the same camber, but different 
aspect ratios. 


(3) MEASUREMENTS OF RESISTANCE AND PRESSURE 
on BaLitoon Mopets.§ 


The three models tested were made of copper electri- 


* Translated by permission from the Zeitschrift fiir 

Flugtechnik (Munich and Berlin : R, Oldenbourg). 
t Zeitschrift fi ik, April 30, 1910. 
Zeitschrift fiir Flugtechnik, June 11, 1910. 
Zeitschrift far Flugtechnsk, June 11, 1910. 
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cally deposited. The forms are shown in Figs. 8 to 10. 
They belong to a larger series of models, so designed that 
the stream-lines for a perfect fluid can be calculated for 
them. Their form was thus chosen rather on theoretical 
jy a practical grounds. The principal dimensions are 
as follow :— 





1145 

188 
0.0278 
0.0182 

0.479 





1125 

194 
0.0296 
0.0182 

0.479 


0 ys . mm 1300 
Maximum diamets r “ 2 
Area of maximum section 

Volume (V) ; 
Surface (S)) .. 


‘ > 0 

. 8g. m. 0.0314 
cub. m. 0.0339 
.. 8q m. * 0.745 


The models were hollow, and a series of fine holes was 
bored in them. During the measurements, which were 
made with an air s of 9.75 m.-sec., all the holes were 
ordinarily closed. If one only were left open, the pressure 
in the interior of the model acquired a value equal to that 
at the corresponding part of the surface. he excess 
of pressure p could be measured with the aid of a micro- 
manometer connected by a rubber tube to the interior of 





the model. By opening the various holes in succession the 
distribution of pressure along a meridian was obtained. 


ance of thesuspension, which was somewhat considerable, 
was separately determined, and deducted to obtain the 
total resistance of the model. This total resistance is 
plotted in Fig: 11 for the three models as a function of 
the velocity. 

If the total resistance is again referred to the area of 


: : 2 
maximum section S, so that R = y.S."—%, where R is 


g 

the total resistance, it is found that y is not constant, but 
decreases with increasing velocity. Its relation to the 
velocity may be seen from. Fig. 12. (N.B.—In view of 
the uncertainty of the individual measured values, the 
values of were obtained from the smooth curves «f 
Fig. 11.) The.smallness of the resistance is to be noted. 
For Model Hf,, at the higher. velocities it is only about 
one-eighteenth of the value for a eircular plate. 

If from the measured total resistance R the form resist- 
ance R,, as determined from the distribution of pressure, 
be subtracted, we obtain the frictional resistance R,. If 


this be written in the form R, = ¥..8."" 7; then, if 
g 
v = 10 m.-sec, the following are the values for ¥.:— 
I. II. ITT. 
Y2 = 0.0289 0.0136 0.0112 


THE ANGLE OF INCLINATION 





Fig.2. wWinO PRESSURE IN TERMS OF 
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In Figs. 8 to 10 (page 806) the curve of distribution of | 
ressure so obtained is given for the different models. 
n these the axis of the model is taken as the zero line, 


so that points lying above the axis represent excess, and 
points below the axis defect of pressure. The greatest 
pressure is attained at the nose, where the value is that 
due to the velocity eee From the measured values of 
g 
p, the ‘‘form resistance” R is obtained by integration 
over the surface. For this purpose the value of p is plotted | 
inst +2 giving the Giecmeene 8a, 94, and 10a. By 
P imetering these the following values were obtained 
or the form resistance (in kilogrammes) : 
Model I. Model II. Model III. 
R, = 0.000968", 0.00059" 7, 0.000472 * 7. 
g 9g g 

If the form resistance is expressed in terms of the area 

of maximum section 8S, putting R, = 4.8. "7, the 
g 
following values are obtained for ¥, :— 
E IL. III. 
¥1 = 0.0308 0.0199 0.0171 

The total resistance, which is made up of form resist- 
ance and frictional resistance, was also determined for 
the three models. For this purpose the models were 
suspended on fine wires in the channel, and the resistance 
in the wind measured by means of a balance. The resist- 





If the frictional resistance be referred to the total sur- 
face S! (R, = x. S!. 3 ), the values of x obtained are 
ad g 


as follow :— 
x = 0.00122 0.00084 0.00065 

These are appreciably less than the value obtained by 
Frank—+.e., 0.00224. ‘ , ; 

The frictional resistance does not increase in proportion 
to v?, but more slowly, as is evident from the decrease 
of the coefficient ¥ with increasing v (Fig. 12). If the 
frictional resistence be written in the form R, = a. +” 
the following values of 3 are obtained for the three 
models— ’ 

8 = 1.81 1.71 1,55 

These values are naturally somewhat uncertain, 4» 4 
small c! in the total resistance will produce a con- 
siderable change in f. 

(To be continued.) 





Coat AND GRaPHITE IN Siperta.—A Siberian company 
has for the last few years, with very satisfactory results, 
been working the graphite deposits in the Turuchansk 
district, near the An s of the River Kureika. The pro- 
duction is on a somewhat extensive scale, and the com- 
pany has been fortunate enough to discover large deposits 
of coal many hy ws river banks ; the coal in question 18 said 
to surpass the best English coal in quality. 
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RESISTANCE AND PRESSURE ON BALLOON 


Fig.8. 


PRESSURE 


MODEL I 


BALLOON MODELS 


DISTRIBUTION 


(For Description, see Page 804.) 
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FORM 
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MODEL I 


WORKMEN’S COMPENSATION CASES. 
Court OF APPEAL. 

Is Frost-Bite an Accident’—This question has more 
than once already been before the Courts when work- 
men’s compensation for injuries was under consideration. 
It will be recollected that an award was made when a work- 
man on a lofty scaffolding was exposed in the course of 
his work to abnormal cold, and in another case when the 
same degree of cold as the whole population of Glasgow 
suffered in the streets in a winter morning caused a 
dairyman, delivering milk from house to house, to suffer 
frost-bite, when the conditions of his employment were 
not peculiar, and frost-bite was a natural risk to which 
others were exposed. It is not, generally speaking, an 
accident within the meaning of the Workmen’s Com- 
pensation Act, but it is conceivable that it may be in 
certain cases. Frost-bite may be an accident, against the 
dangers of which employers of workmen unduly and 
exceptionally exposed ought to have taken insurance or 

reventive measures in the workmen’s interest. In this 
atest appeal the workman was a sailor on a voyage to 
Halifax on the ship Corsican, whero, at the time of the 
frost-bite, the temperature was 15deg. Fahr., while on the 
quay, where the seaman’s duty required him to handle 
ropes, the temperature was 4 deg. below zero. The 
conditions made for frost-bite, but they were not 
pa to this particular applicant on the occasion, for 
andling yx incidental toa sailor’s work, and the cold 
of frost at ifax is not peculiar to a seaman signing on 
for a voyage to that latitude. Acting according to the 
precedents established, the County Court Judge found for 
the steamship owners, and the seaman’s appeal was, for 
the same reason, dismissed. It is, perhaps, desirable that 
there should be a definition of ‘‘frost-bite as an acci- 
dent” in such circumstances. But no doubt an unfore- 
seen and unexpected frost-bite in northern seas in winter 
is not conceivable, so that the County Court Judge is 
most likely to take a correct view in the circumstances. 
The frost-bitten seaman at Halifax was unfortunate in 
having to handle ropes at the harbour, but he was not 
exposed to an unforeseen danger, and suffered no “‘acci- 
dent” when he suffered the inevitable frost-bite. 

Delay in Notice of Accident.—An appeal case came up 
from the Epsom County Court. The applicant, Johnson, 
was injured when exercising a horse while in the employ- 
ment of Wootton, the trainer. The accident disabled him 
in June, 1908, and in August, 1908, the applicant com- 
men an action on the grounds of neg’ igence, and 
claimed damages in the King’s Bench Division. The 
action was dismissed for want of prosecution in January, 
1909, and in October, 1910, an ication was le for 
arbitration under the Act of 1906. The applicant did not 

t that he had made application for arbitration, as 
he did not understand that his case was being transferred 





— 














from the High Court to the County Court. The appli- 
cant’s wife had got his wages when she sent for them to 
Mr. Wootton. The employer paid wages for five weeks 
after the accident and then stopped. 

The County-Court Judge held this was evidence of a 
claim having been made, but there was no notice of a claim 
for compensation, and the injured man’s appeal failed. 

According to the Act, within six months notice of the 
accident must be made, although in certain circumstances 
it need not be made in formal mode. But the Court of 
Appeal held that Johnson’s failure to prosecute his High 
Court action did not amount to sufficient notice to the 
employer of his claim to arbitration, and on this ground 
the appeal failed. This is another oy | to workmen 
— rushing into actions for damages for —enese 
when the proper proceedings should be under the Work- 
men’s Compensation Act, when it is unnecessary to prove 
negligence against the employer. 





Be.ietan Coat Exports.—The exports of coal from 
Belgium in April were 394,409 tons, as compared with 
426,926 tons in April, 1910. The aggregate exports in the 
first four months of this year were 1,726,644 tons, as com- 
pared with 1,518,947 tons in the corresponding period of 
1910. The French are the principal external consumers 
of Belgian coal, the exports to France to April 30, this 
year, having been 1,471,825 tons, as compared with 
1,211,892 tons. 


Tur German Navy.—It is expected that ten new ships 
for the German navy will be launched in the course of 
1911—viz., five ironclads, one armoured cruiser, and 
four smaller cruisers. The five ironclads are the Hilde- 
brand, the Heimdall, the Hagen, the Aegir, and the Odin. 
The armoured cruiser is named the ben, and the 
smaller cruisers are the Bussard, the Falke, the Cormoran, 
and the Condor. The German submarine U 3 has 
seriously damaged, and her repair will occupy some time. 


MINING Macuinery.—The value of the mining machi- 
nery exported in May was 79,843/., as compared with 
113,3082. in May, 1910, and 83,312 in May, 1 In the 
five months ended May 31, this year, the aggregate exports 
were ted by a value of 421,020/., as com 
with Bay, 4371. in the first five months of 1910, and 
332, 1072. in the first five months of 1909. British South 
Africa is the main support of our mining machinery 
export trade, the value of the shipments made in that 
direction in the first five months having been 205,736/., as 
compared with 284,022/. and 161,226/. 


THE Late Orro Knaupt.—We regret to announce the 
death of Mr. Otto Knaudt, for many years technical 
chief of the well-known firm of tubular boiler-makers 


| 


| 
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MODELS. 


TOTAL RESISTANCE IN 


11, TERMS OF VELOCITY 


3 4 


§ > mn 
RESISTANCE COEFFICIENTS IN 
° TERMS OF VELOCITY 


(2153.6) —_—> Vv Moe. 
Schulz, Knaudt and Co., of Essen. Otto Knaudt was 
born in 1855, at Duisburg, where his father had then a 
chemical manufactory. The father moved to Essen, how- 
ever, in the same year, starting with Carl Julius Schulz 
the puddling and rolling-mills of the just-mentioned 
firm. Young Knaudt studied engineering and metallurgy 
at the Technical High School of Stuttgart, worked in 
boiler-shops, and spent several years in England and 
France. In 1881 he returned to Germany and joined his 
father’s ‘irm, where he introduced the British invention of 
making corrugated furnaces and also the Swedish water- 
gas welding process. When the firm was converted into a 
company he me r, and remained as such till 
the end of last year, when he accepted a seat on the board. 
He was a very active man, whom straightforwardness 
and kindliness rendered universally popular; he took 
also great interest in the affairs of the town of Essen, 
where he died in the middle of May. 


New Bripvck oven THE Rio GRANDE AT LAREDO, 
Trxas.—A short time the National Railways of 
Mexico, who send us this information, commenced to use 
the new bridge just completed for them over the Rio 
Grande between Laredo, Texas, and Nuevo Laredo, 
Mexico. The old bridge was constructed in 1888, when 
what is now the trunk line of the National Railways from 


been | the border to Mexico City was a narrow-gauge line. This 


bridge was built by Captain Merriam, formerly chief 
=a of the National Railroad, and had the distinction 
of being one of the first concrete-pier bridges built in 
America. It had, however, become too light for the new 
engines and cars of the National Railways, hence the 
construction of the new one. This consists of six 175-ft. 
spans. The five piers and two abutments are all concrete, 
and are embedded 10 ft. deep into the sandstone rock. 
The concrete for this bridge was built under contract by 
the Cia de Obras y Bienes Raices, Mexico City, the steel 
designs were le by Messrs. Boller and Hodge, ate 
York, the steel supplied by the United States wel 
Products Export Company, and the steel-work —* 
by the Missouri Valley Bridge and Iron Company. T - 
work of all the contractors proved —- satisfactory, 81‘ 
no train was delayed in making change from the old tv 
the new structure. 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


ABSTRAOTS OF RECENT PUBLISHED SPEOLIFI. 
OATIONS UNDER THE AOT OF 1907. 

umber of views given the Specification Drawings is stated 

"in ach cage where none * is mentioned, the Specification is not 

Where inventions are communicated from abroad, the Namss, éc., 


of the Communicators are age te in italvwe. 

Ci of may be obtained at ‘the Patent O oe 
4 5, Southam Buildings, Chancery-lane, » at 
the uniform 

“= N. of the of @ Complete 


peciication is, im each cae, gen afer the abetract, unless the 
has been sealed, when the date of sealing is given. 
iy veron may, a any time within a two months the date of 
vertisement of the a Complete Speeification, 
“thadvetiemont ‘atent O, 


opposit to the nt of a 
Patent on any of the ef panton th saad 
ELECTRICAL APPARATUS. 


28,940/10. Siemens Brothers’ Dynamo Works, 
Limi London (Siemens. Sehuckertwerke G.m.b.H., Bertin, 
Germany. tro- is! Fig.) 
December 13, 1910.—In an electro-d Peel coupling having an 
armature wound so that the conductors are cut by the mag- 
netic flux of two field systems, one of which is a direct-current 
field system, and the other a rotating field produced by a sta- 
tionary — the stationary winding is, according to this 
invention, supplied from a separate source of electromotive force. 
The current supplied to the stationary winding is adjusted in 
magnitude and Chase, causing a back tectromesive force to be 
induced in the armature , the magnitude of this electro- 
motive force determining the speed of thearmature. The rotating 
magnetic field system a, having a winding excited with direct 
current, is mechanically coupled to the driving-shaft, and an 
armature 5, having two distinct and concentric iron cores, is 
mechanically coupled to the driven shaft. Common to both iron 
cores of the armature b are a series of short-circuited w ¢, 


of the trays and the wall of the tank, with its bottom and top 
edges separated both from the trays and the wall of = tank to 
form open-ended passages for the oil. In the arrange- 
ment shown, the insulating barrier is mounted on obete 18, and 
at its bd end is spaced from the wall of the tank by insulating 
space-blocks 19. The barrier 17 prevents the electrolyte striking 
the wall of the tank, and also permits oil to ascend between the 
edges of the trays and the inside wall of the barrier, and to 
descend in the passage between the outer wall of the barrier and 
the wall of the tank. (Accepted April 26, 1911.) 


on-iyne, and 3 A. ey = 5c. = Eguitee, a - 


ead-on- 

(6 Pie a 15, 1910, — eating thle 
Se a oe an electric circuit is protected against lightning by 
constraining the discharge to take place in a totally enclosed space 
between a pair, or between each or some of a number of pairs, of 
metal dises se on by annular washers, the several discs being 
clamped together upon a central core of insulating material. The 
arrester shown in section comprises a number of copper discs a 
formed with annular grooves b, which, when the discs are 
assembled, are in juxtaposition, the separation of the discs being 
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effected by washers c, which are, preferably, of paper or mica. 
These ers extend inward to the centre of the grooves, and 








the conductors of which are cut, on the one hand, hy the mag- 
netic flux of the field system a when the speeds of a and b differ, 
and, on the other hand, by a magnetic flux, which rotates around 
the stationary iron ring d, due to the currents in a polyp! 
winding e on the ring. The current in the winding ¢ is, as already 
stated, supplied from an outside source, and is of such a m 
tude and phase that a motoring action is set up between d an 

The currents induced in c by a, when the speed of the tatter 
differs from that of c, give rise to a torque between a and b which 
tends to bring them both to the same speed. This is the direct 
part of the power transmission. The indirect transmission is 
effected by the motoring action between d and 6, and the inner 
conductors of ¢ generate current to the outer motoring con- 
ductors. When the speeds of a and) are equal and in the same 
direction, no torque is transmitted between the two shafts; but 
when the speed of } is less than the speed of a, a torque is trans- 
IL) partly directly and partly indirectly. (Accepted April 26, 
911 


Figg The British Thomson-Houston Company, 
London. (General Electric Company, Schenectady, 

“ m rk tning-Arresters. [1 Fig.) June 15, 1910.— 
This invention relates more particularly to electrolytic cells which 
have electrodes of aluminium and are used to relieve electrical 
apparatus and transmission lines of lightning and other abnormal 
potential strains. The electrolytic cell comprises a metal tank 1, 
provided with a terminal 2, which is connected to one lead of the 
circuit in which the electrolytic cell is included. The tank 1 is 


nearly filled with oil, is open at the top, and is provided with a | P' 


removable cover 8, on which is mounted an insulator 4 for sup- 
porting a terminal 5 connected to the other lead of the circuit. 





tside the discs. Two of the discs—viz., al, a2—are grooved on 
one side only, and constitute end-plates that may be screwed on 
to studs d, T at the extremities of a carrying core ¢ of ebonite, 
adapted to be rough the remaining aoe clamp them 
tightly in relation thereto, the inner edge of each disc a, at the 

orifice therein, being chamfered in order to prevent the discharge 
injuring the core e. The stud d serves to connect the end plate a! 
of the assembled discs, that represent an arrester unit, to the line 
to be protected, the other stud d! being connected to an earthed 
device. (Accepted April 26, 1911.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


9138/10. H. C. Berridge, Handsworth. Chucks. 
(3 Figs.) April 15, 1910.—In a chuck for feeding metal or other 
hars at intermittent intervals, the bars are, according to this 
invention, gripped entirely between a plurality of ball-bearings 
on inclined paths or races. According to an embodiment em- 
ployed for feeding forward a round metal bar A, the chuck B 
allows the bar to pass through the central aperture therein, and 
interposed between the bar and chuck are a plurality of balls O, 
each ball bearing upon inclined longitudinal surfaces b! of the 











(9138) 


chuck. When the chuck B is moved longitudinally in relation to 
the bar A, the balls C run along the surfaces b! and wi them- 
selves between such surfaces and the bar A, and thereby prevent 
further relative movement, and consequently any further move- 
ment of the chuck feeds the bar forward. When the chuck is 
moved in the reverse direction, the balls C move out of frictional 
engagement with the two surfaces and allow the rod and chuck to 
have relative movement in such reverse direction preparatory 
to the chuck again feeding the bar forward. (Accepted April 26, 


1911.) 

/10. H. C. Handsworth. Lathes. 
(4 Figs.) April 19, 1910.—In a lathe-carrier in ursuance of the 
resent invention, ‘the carrier body has formed therein a plurality 
of relatively immovable inclined planes wherewith a correspond- 
ing plurality of rollers engage, the outer parts of the peripheries of 
the rollers contacting directly with the body of the carrier, while 
the inner parts contact with the driven article. The carrier body 
is advantageously in the form of an annulus A, with two radial 
outstanding arms » for y yo" by the driving-arm projecting 
from the face-plate of the e, the bore c being of a diameter 

















The lower end of the terminal 5 is beneath the surface of the oil 
in the tank 1, and carries a ey ager yoke 6, which engages the 
topmost tray of a stack of trays 7, which act as os electrode and 


Contain the electrolyte. The trays are positioned on vertical 
rod ~ 12 by means of holes near their edger and are se; from 
each other by insulating Ln oval = LW. surround the rods 12 
an’ hold the trays at the proper d from each other. In an 
electrolytic cell a 


; very heavy He vated will cause some of the 
e _ trolyte to be driven out of “the trays and beyond the washers 13 
into contact with the wall of the tank 1, thereby partially short- 
circuiting the cell momentarily. In order to prevent this action, 





ad 'n order to facilitate the circulation of the oil, an pores od 
arrier, such as the 


fibre ring 17, is mounted between the edges 
‘ 





— to the maximum size of the article the carrier is required 
modate. 


orticks e to be gri 
slots f, clearl, 
— such slots being open-ended on the side J) next the central 


a tance from the a, the other. 

rollers in correct lateral relation with the carrier body, and ensure 
their plates g, perforated 

slots g! of a shape similar to thove f in the carrier, and of a size 





a. OP an aa ak pag np tn 
-rollers ing their axes parallel to that o 

+ In the euler aan tens transverse 
shown in Fig. 2, accommodate the 


rture of the og and havi 
centre 


one , extremity J? at a greater 
To retain the 


retrogressive movement, with curved 


to fit the extremities of the rollers d, which are reduced in 
diameter, are provided. Upon the carrier being placed in position 
on the article = be driven, and the driving pressure applied to 
one of the arms, the body moves circumferentially relative to 4 
rollers until th the nd heries of the latter are engaged by th 
backs of the > e body, which engagement is adapted to 
exert an in ure by virtue of the slots inclining 
towards the rao eng thus effect a positive drive suitable - 
heavy and general lathe work. 

reverse the driving 


To release it is only necessary to 
ressure when the rollers are retracted and 
the gripping effect relieved. (Accepted April 26, 1911.) 
MOTOR ROAD VEHICLES. 
Albion Motor-Car Com ited, 
and T. B. ‘urray, un. (2 Figs.) 
May 7, 1910.—In detachable driving-wheels of side ae ee 


motor-driven vehicles, and of the type having counterpart 
and faucet connecting parts connected to the road-wheel a 


sprocket-wheel tively, the sprocket-wheel A has formed on 
outer end of the spigot part B an inwardly-turned flange O. 
Formed on a D on the hub of the road-wheel E is a faucet 


flange 
part F, within which the spigot part B engages. The faucet F and 








ral 
= ' 
or ‘i 


aril 
KK. ‘lat 


; — 
> = rt pears —e oe teh gS bya te of screw- 
ng through the hub- d engaging 
screwed apertures in the inturned flange O. Pith the construc- 
tion described, the chain-case K may 3 ~ ee vertically, and 
be connected along its abutting ona iy janges and set-screws. 
The outer surface about the faucet F is termed’ ia into a cylindrical 















flange M embracing that part, an annular strip of felt secured to 
it and bearing upon the faucet part very tely luding 
dust. (Accepted April 20, 1911.) 

3341/11. F. H. Royce and Rolls- Limited, 
Derby. Transmission Gear. (2 8.) November 2, 1910. 


Fig 
—In transmission gear for motor-road vehicles, in which the road- 
wheels are mounted on a fixed tubular axle within which the 


driving-axles run, and in which the drive from the ller-shaft 
to the driving-axles is through bevel-gearing, and icularly to 
that type in which provision is made for adjusting the position . 


the bevel-wheel in relation to the bevel-pinion for the +> 
correctly setting the meshing of the teeth thereof, 

ment in either direction is obtained by a —_ operation, by 
combining with the bearing adapted to take rust of the 
bevel-wheel a second bearing adapted to retain the bevel-wheel 
in an axial direction opposite to the thrust, and by mounting the 
combined bearings in a wong which is capable of a ae agg “ 
either direction axially in relation to the fixed axle or casing. Th 





n carrying the differential gear is mounted over the inner 
one of the two-part Conger v, and is eupeerees in bearings 
carried by the case z, within which the bev driving gear and 
differential - ior are located. The one part tp of the thrust-bearing 
is mounted in a sleeve g, which is adjusta y mounted in a sleeve- 
like extension r formed on the interior of the case z, said sleeve ¢ 
ney capable of being locked to the part r. The other # of 
rust-bearing is mounted on the boss n! of the differential 
cage, so that it revolves with it, said cage being \~ 4 in tion 
thereon by a ring n®? threaded on the boss n! and locked thereto. 
Abutting against the dp # of the thrust-bearing is a collar ¢ 
adjustably mounted in interior of the sleeve q. It will beseen 
that this construction enables the position of the axial bevel-wheel 
in relation to the wo -pinion to be varied in either direction by a 


single ope’ April 26, 1911.) 
MINING, METALLURGY, AND METAL- 
WORKING. 
17,515/10. KR. RS wey 
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into this recess is accurately fitted a tapered pin c, the outer end 
of which, when driven in position, projects a short distance beyond 
the end of the drill-bar, and a small hole d is drilled down its 
centre. The cutter ¢ has a slightly undercut recess f formed in 
its back. When it is desired to fix and secure the cutter to the 
drill-bar the projecting end of the pin ¢ is inserted into the recess 
J, 90 that a tapered projection /! provided therein comes in line 


ZZ 


YE 
ZZ. 


al 8 | 


with the small hole d in the centre of the pin, and when forced in 
position deep into the recess, the end of the pin ¢ is forced or 
splayed out by the action of the projection /! until it partly or 
completely fills up the recees /, as shown in Fig. 2, and by reason 
of the same being undercut it forms an internal head, by which 
the cutter is firmly secured, and it therefore becomes im ible 
for the cutter to work loose or fall off. (Accepted April 26, 1911.) 


PUMPS. 
9201/10. Aktieng Boveri, et Cie., 
Switzerlan 


(1 Fig.) July 26, 1909.—The invention consists in a method for 
the regulation of pump and compressor systems and a pumping 
and compressing arrangement in which a rotary and a piston 
com r operate in parallel, and in which regulation is effected 
on the piston compressor in any suitable way, thus enabling the 
rotary compressor always to operate at full delivery or load. In 
carrying the invention into effect in one form, which is diagram- 
matically illustrated, a main d is fed from a rotary compressor a, 
which can be driven by a turbine, and by a piston compressor b, 
which may be operated by a steam-enginec. The ro com- 
pressor is arranged to work with a constant, or substantially con- 
stant, yay wee of air. In order that the pressure in the main 
d may be kept substantially constant with a constantly working 








lation is effected on the piston com- 
pressor side, the control being obtained in the form illustrated by 
means of a valve ¢ throttling the supply to the enginec. The 
valve e is controlled and operated by the pressure in the main d 
acting —- a pipe m on one side of the piston in a cylinder k, 
the piston being connected through the piston-rod and link 
mechanism to the rod of the valve e. The re on the top of 
the piston is op by a spring. It will be seen that if less 
compressed air be drawn from the main d, the pressure therein 
will rise, the piston in cylinder & will be forced down, and the 
valve ¢ partly or entirely closed, thus throttling the steam 
supply, and causing the piston compressor to deliver less air, and 
therefore the pressure in the main to be reduced as red, the 
rotary compressor delivering a substantially constant volume of 
air throughout the operation. (Accepted April 20, 1911.) 


SHIPS AND NAUTICAL APPLIANCES. 


13,148/10. J. D. Andrew, J. A. Duthie, and R. K. 
2, ow. Construction. [5 Figs.) 

May 31, 1910.—This invention consists in building the shell 
decks, and tank-tops of plates provided with inwardly-turned 
angled portions, the plates being so arranged that the edges are 
— to form all the framework necessary, in conjunction with 
he usual deep, wide-spaced transverse web-frames and beams. 


rotary compressor a, re; 
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. 1 is a half-midship section of a single-deck vessel, with 
vention. I an enlarged detail of angle portion of 
plates, showing attachment when turned inwards in accordance 
with this invention. Fig. 3 isan enlarged detail of 
Foes, Downe attachment when turned outwards 
with invention. (Accepted April 20, 1911.) 
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STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


8750/10. R. L. K. Hazell and W. Paxman, Col- 
8 (2 Figs.) April 11, 1910.—A 


chester. Superhea: 

superheater for boilers of the locomotive type is formed of a 
plurality of headers A, B coupled together by a series of suitably- 
shaped tubes O between which baffie-plates are a: 
the products of combustion to flow in a zigzag f 
direction generally opposed to the flow of steam through the 


to cause 
on and ina 


(8759 


rheater is located in the upper part of the 
smoke-box, which is divided off from the lower part by a partition 
D, and is so arranged that the flue-tubes E are not masked. Two 
ge ae are provided in the partition D, the one adapted to put 
the flue-tubes in direct communication with the chimney, the 
apertures being fitted with doors or dampers which are so coupled 
ther that when one is open the other is closed. (Accepted 
Com) 
pany 


toge 
April 20, 1911.) 
13,693/10. The Warwick 1908 
Limited, (General Electric Company, tady, #92 
Steam-Flow Meters. (4 Figs.) June 6, 1910.—A steam- 
flow meter, according to this invention, com a U-shaped 
tube having one limb arranged within, and allel to, the axis of 
the pipe in which the steam to be measured is flowing, the other 
limb being arranged outside the pipe, but in communication with 
the interior thereof, and a constricted throat in the pipe between 
the ends of the limbs of the tube. The steam-pipe 1 is shown 
as rtp. es | leakage steam from a chamber 2 in a bearing 3 for a 
vertical shaft 4 at a point where it passes through a casing 5 con- 
taining steam under pressure. The pipe 1 runs downward, and 
at some point where it is vertical the meter is inserted. This 
comprises a section of pipe 6, of about the same diameter as the 
steam-pipe 1, and — ed at each end with a coupling 7, 8 
to connect it with the adjacent ends of the steam-pipe. A globe 
valve 9 is screwed into lower g 7 and ted with its 
inner end by a short nipple is an elbow coupling 11 from which 
rises a tube 12, preferably in the centre of the section 6 and 
terminating near the top of the section. The upper end of this 
tube is closed by a plug, but immediately below the plug 
are openings in the walls of the tube. This tube forms the 
low-pressure leg of the meter tube. A pressure gauge 19 


tubes. The su 
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is connected with an upper globe valve by a pipe 20. The 
interior of the coupling 8 forms a somewhat contracted throat 
22 surrounded by an annular upwardly extending lip 23, which 
produces an annular trough 24. A duct 25 connects the 
with the upper globe valve. This constricted throat is thus 
located between the ends of the outer and inner legs of the tube 
and produces a difference in pressure on capealte sides of it 
when the steam is flowing, in a manner well-known. Concentric 
with the pipe 6 is a cylinder 26 secured to spacing rings 27, which 
can rotate on the ee section, the lower ring having a 
of the coupling 7. The outer surface 
uations, lines, and numbers consti- 
adjacent to and parallel 
gauge-tube 16, being prefe carried by flanges on the 
peeve. e sue mn pny —— long as the oom 
n pipe 1 is not exerts an equal static pressure 
both of the meter tube. The water of condensation is col- 
ually th the tube 


due to the excess in pressure of the steam above the constriction. 

the water level lowers in the glass gauge-tube 16 the excess 
water in the tube 12 runs out through the openings therein. The 
scale cylinder is then rotated until the wire 28 cides with the 
number indicating the steam pressure as given by the gauge 19. 
The intersection of the top of the water column in the gauge-tube 
16 with one of the curved lines on the scale gives a reading of the 
flow of steam in pounds weight per hour. The meter will give 
accurate readinge so long as the water column in the gauge-tube 
16 is stationary or f: , but when it rises time must be given 
for the tube 12 to fill with water up to the openings therein, which 
is the datum level from which the height of the unbalanced 
portion of the water column in that tube is measured. (Accepted 


April 20, 1911.) 
PR ta A. F. Yarrow, Blanefield. Water-Tube 
{1 Fig.) April 26, 1911.—According to the present 
invention, water-tube boilers are fitted with a superheater which 
placed on one side only of the boiler in the path of the furnace 
gases and with means for varying the flow of the gases through 
the superheater, the arrangement being such that the superheater 
may be at once put entirely out of action. The invention is 
illustrated as applied to a water-tube boiler of the Yartow type, 
in which 1 is a steam-drum, 2 and 2a the water drums, 3 and 3a 
the banks of generator tubes, 4 the superheater tubes, 5 and 5a 
steam chambers into which the tubes are expanded, 6 a hollow 
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Gure ant in the uptake on one side of the funnel 7, which is 

divided a partition 8, The air is shown as supplied from the 

stokehold. 9 by ‘pipe 10, which is in connection with the hollow 
indle of the 

their 


6. The distribution of the hot gases on 

from the combustion-chamber 12 to the uptake is 

controlled by any suitable arrangement of baffles applied either 

to the generator tubes 3, or to the superheater 4, or to both. The 

bank of generator tubes on that side of the boiler which is fitted 

with the superheater, has fewer rows, and the water-drum asso- 

ciated therewith is of less capacity than the tubes and drum on 

the other side of the boiler, so as to secure substantially equal 
resistance to the flow of the gases. (Accepted April 26, 1910.) 


TEXTILE MACHINERY. 


13,458/10. Platt Brothers and Com Limited, 
G. Oldham. Winding Machines. 

(3 Figs.) June 3, 1910,—In order to produce og weed wound 
cheeses or bobbins which may be taken out of the frame when a 
broken end requires piecing and replaced again after piecing with- 
out the risk of forming what are called ‘‘cobweb ends,” it is 
necessary to provide means by which the tube or bobbin on which 
the yarn is age He ag shall at all times during the formation of 
the cheese or bobbin be held in the same position in relation to 
the mpperting, bracket, and according to this invention an arbor, 
roller, or mandril for holding the tube or bobbin is provided at 
one end with a pivot capable of being moved endwise and subject 
to the force of a spring odier always to push the movable pivot 
to one extremity of the movement permitted to it, and 4 80 eXx- 
panding the arbor lengthwise to force the fixed pivot at the other 
end of the arbor against the bracket which —— the fixed end 
of the arbor, so as to secure that the arbor with its tube or bobbin 
shall always be in the correct tion for the proper —— on 
of the yarn or thread. According to this invention in the form 
illustrated, the arbor g is provided at one end with a movable 








pivot A, the pivot ¢ at the other end forming a of the arbor g 
and formed simply by the end of the arbor g being made of smaller 
diameter and rounded at the e: In:order to be provided with 
the movable pivot A, the at is formed with a hole to receive 
the movable pivot A shown as formed with two cylindrical parts 
k, slide in the hole and a connecting of smaller 
diameter between them, so that a groove or is formed to be 
entered by a screw provided to be screwed into the arbor g in 
order to hold the pivot A therein. The projecting part k is rounded 
at the end like the fixed pivot i. Aspiral spring p is placed in the 
bole to abut at one end nst the end of the hole, and to bear 
at the other end inst the pivot h when such pivot h is shed 
into position for screw to be made to enter the ve therein. 
When mounted in position in the arbor g the pivot h can easily be 
pushed inward in the hole in order to allow the arbor g to be 
placed in tion for use between the brackets d and the spring » 
pressing 

steadily 


vot h outwards causes the pivots’ and i to bear 
the brack 
e w ie wae, 00 that the arbor ¢ 
le wise movement while capable o 


ets d in which they are respectivels 
weer ¢ is held steadily against 
(Accepted April 26, 1911.) 


being revolved easily. 
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THE COALING OF WARSHIPS. 
(From a Naval CORRESPONDENT.) 


THE success which has attended the development 
of wireless telegraphy in the Navy, the growth of 
speeds of all types of warships, increased rates of 
tire combined with greater accuracy of guns, and 
increases both of ranges and speeds of torpedoes, 
have all contributed to increase to an extraordinary 
extent what, in order to be brief, we shall call the 
‘‘ Rate of making war.” 
evolutions directly affecting this ‘‘ Rate” in which 
the J pee if any progress can be recorded, is so 
small 


as to nullify to a certain extent the advan- | 


tages of the improvements made by all branches of 


the Naval Service. The most important of these is | 


the coaling of the Fleet. 

There have been isolated examples of very rapid 
coaling by individual ships, but the published 
accounts give no information as to the circumstances 
of these particular cases, while anyone who has 
observed the coaling of ships knows that all these 
attendant circumstances must be appreciated before 
any statements can be made of the best methods to 
adopt for the attainment of the best results. 

It comes hardly within our province to discuss 
the advantages, both strategical and _ tactical, 







Fig./. 
COALING HOOK, 
STROP, & BAG. 


afforded by quick coaling. There are some points, 
however, on which, from our knowledge as engineers 
or our aptitude with figures, we feel entitled to 
speak. At the same time, we would like to encroach 
for a moment on the field of the strategist and 
tactician, not to lay down any law, but rather to 
point out the advantages to be obtained from one 
of the developments alluded to above. 

The fleet with the general superiority of speed 
has these advantages :— 

1. Increased opportunities of effective scouting. 

2. The choice of seeking or refusing an action, 
of choosing the time and place for an action, so that 
it may benefit from all the circumstances helping to 
give victory. 

3. Ability to fix rapidity with which the different 
phases of an action are developed, affording greater 
powers of concentration. 

4. The power of correcting mistakes. 

Many of these increases of speed, either of the 
ships themselves or of their appliances, are due to 
the application of increased power. In spite of the 
economies effected by improvements in design of 
boilers and engines, the total consumption of coal— 
thetaain source of power—has increased enormously. 
Although it is possible to design a ship to carry an 
enormous quantity of coal in proportion to the 
power required for her propulsion, or to her guns 
or armour, it certainly would not be right to do so ; 
no design should have features exaggerated at the 
expense of those which give a war vessel the power 
of fighting. A ship with a large fuel capacity, of 
which it is making use, is carrying about a dead- 
weight of one-half of this stowage. This gives a 
second reason why the stowage of a ship should be 

imited. The limit may ie Lonsoed if a ship can 
coal anywhere and rapidly, and, for the same dis- 
placement, better powers of attack or defence may 
be introduced. 

There is one more view—the physiological one. 
The men in a ship, numerous as they seem to be, 
are not really in great enough numbers to make 
the best of the ship in time of war. The writer has 
had experience of manceuvres in which ships were 


There are, however, some | 


allowed to use their full speeds—an approximation 
to war conditions, but free from the stress of 
actual war, and lasting, perhaps, a fortnight. The 
work is very tiring even on these occasions. 

If the enemy is within a few hundred miles, 
there must be a constant readiness for action, day 
or night. While the range of vision has not 
increased, the high speeds have so shortened the 
time of approach of ships closing on one another that 
even in clear weather effective fire might be opened 
within a minute or two of sighting the enemy. 

As regards the renewal of the fuel supply, 
the point is this : 





minimum amount of work on the men whose 
ordinary duties would be quite sutflicient to put 
their powers of endurance to a severe test. 
The work of coaling commences before the collier 
arrives alongside. Cval-dust is extremely pene- 
trating, and gear must be rigged to prevent its 
entry to all spaces, except those intended to take 
the coal. Bugs, shovels, and barrows must be got 
up, shoots rigged if required (many ships have 
portable shoots), scuttles or doors opened or shut, 
as requisite for trimming and stowing the coal. If 
the collier is insufficiently provided with appli- 
ances, the ship’s gear must be rigged. Much of 








|the heavy part of this work must fall on the 








Coaling should throw the 


rofile. The transporters are worked electrically. 
e towers can move forward or aft. There are seven 
compartments in the dépdt ; the one at the after end 
contains the boilers and electric generating machi- 
nery, the one forward the accommodation for the 
crew and stores, and the five amidships are sub- 
divided into ten holds. There are twenty hatches, 
each 26 ft. long and 12 ft. wide. The transporter- 
derricks are 46ft. long. The maximum output of coal 
is stated to be 600 tons per hour. Two ships could 
thus be coaled at 300 tons per hour—a good figure. 
Coal-lighters are provided at all the principal 
naval ports. A Temperley lighter is brought into 
position on each side of the ship to be coaled, and 
outside of the Temperley lighter there is placed a 
dumb lighter. The arrangement is diagrammatically 
shown in Fig. 3. With two Temperley lighters 
and two dumb lighters on each side of a ship, and 
.the dumb lighters replaced by others when emptied, 
a ship should take in 1100 tons of coal at about 160 
tons per hour. 
Coaling from Colliers.—As the stowage of coal in 
a warship is limited, she should be able to coal 
anywhere. It should be possible to coal from a 
self-propelled craft, as these have better means of 
getting about than towed lighters. The collier can 





be despatched to any harbour, or can be kept at a 


12000 TON FLOATING DEPOT. 


PROFILE . 


Approx: Scale 2%. 

















PLAN. 





C2 Co CJ 6.) 6G 6 6d be Ld 





20448, 


| Fig.3. COALING BY TEMPERLEY LIGHTER. 
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stokers, whose ordinary duties in war time will be 
continuously arduous. 

The first essential for a collier is that she should 
carry all appliances essential for rapid coaling, and 
that these appliances should be kept rigged. While 
this article will treat mainly of colliers and their 
appliances, it would not be complete without men- 
tion being made of all the various methods of 
mechanical coaling. For this reason particular 
local kinds, such as coaling from dépéts, lighters, 
&c., will be briefly dealt with. Coaling methods at 
foreign ports, where manual labour is used, will be 
omitted. The squadrons abroad are not large, 
and the present dispositions of the Fleet indicate 
that possible enemies are in home waters. 

In almost every case coal is transferred to war- 
ships in bags, each bag being capable of holding 
about 2 cwt. The bag has two ‘‘ beckets,” or hand- 
holds, at its closed end. The bags are transferred 
in groups (hoists) of from six to ten, each bag having 
the strop threaded through its two beckets. Fig. 1 
shows a strop on acoaling-hook and a bag stropped 
on one leg. Each leg of the strop takes half the 





bags in the hoist. 

Coaling from Dépéts, Lighters, d-c.—At Ports- | 
mouth there is a large floating dépét capable of | 
carrying 12,000 tons of coal. Its length is 422 ft., | 


protected base ready to be convoyed to a convenient 
place for coaling. There is another point—time is 
not wasted transferring the collier’s coal to a dépét 
or lighter. The three principal methods will now be 
described. 

1. Ooaling with Ship’s Appliances Only.—This 
can be done either by using swing-derricks, or by a 
combination of swing-derricks, whip and outhaul, 
or yard and stay. 

The difficulties attendant on coaling with ships’ 
appliances only will be realised when the number 
of derricks and bollards or winches is stated. A 
recently-built ship has four derricks, including the 
main boat-hoisting derrick, and can work five of 
her eight electric ‘bollards on one side. The older 
ships were fitted with coaling-derricks on the 
athwartship bulkheads at the fore and after ends 
of the superstructure. These had alternative 
positions which enabled the derricks to plumb 
the hold of collier or lighter. Later ships ote a 
coaling-stay fitted, carried by three coaling-derricks 
and the main derrick. This stay runs fore and aft, 
and has from twelve to fifteen points on it where 
blocks for whips can be attached. 

This process of coaling must be slow, and involves 
much extra work being put on the ship’s com- 
pany ; the maximum rate of coaling to be expected 
is less than 100 tons per hour. As ships’ appli- 
ances vary so much, particular types need different 
methods, and a lengthy account in detail is not 
considered necessary in view of the comparatively 
slow coaling performed. 

2. Whip and Outhaul.—This arrangement is gene- 
rally used when the collier is insufficiently provided 
with winches. Fig. 4, on the next page, shows the 
arrangement. The whip, a flexible steel wire rope, 
the end of which is taken through a hole in the 
collier’s bulwarks into the sea to avoid turns, is led 
from the winch through a block which plumbs the 
dumping place on the upper deck of the warship, 
and on the continuation rides a block made fast to 


beam 66 ft., and at 25 ft. draught the displacement one end of the outhaul. On the free end of the whip 
is 19,350 tons. It has a flat bottom and vertical) is the coaling-hook. The outhaul, being a man- 
sides, and is of the same section throughout, except | handled rope, is of hemp about 2 in. in circum- 


right at the ends, which are suddenly ‘fined ” off. | 
The profile and plan in Fig. 2 give an idea of this | 


craft. This dépét carries twelve Temperley trans- | of the collier. 
porters in four towers; one of these is shown in the block, is fixed a leather disc to prevent the outhaul 


. | ference. 


This is led through a wood block on the 
collier’s derrick, which is fixed to pluinb the hold 
On the outhaul, just above the iron 
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from being jambed in the swallow of B. The out- 
haul is led to a bollard or cleat on the upper deck 
of the collier, and is controlled by three or four 
men. To work with this arrangement the hoist is 
whipped up until at a sufficient height, so that 
when the outhaul is eased the hoist will swing over 
the dumping place on the warship. When this is 
so, the whip is let go and overhauls, the hoist thus 
falling in the appointed place. The turns are thrown 
off the drum of the winch, the strop is unhooked, 
and the outhaul and whip hauled back to their 
first. positions, when another hoist is raised. The 
warping-drums of winches are used, and two whi 
are worked at each hold, there being, as a rule, 
two warping-drums to each winch. Generally, owing 
to the fact that the collier is only fitted with one 
bollard at a hatch, a cleat has to be rigged up for 
the second outhaul. These cleats are of wood and 
wear very rapidly. Renewal is necessary after about 
14 hours’ work ; this makes coaling slower. Each 
whip takes about six bags at a hoist. The strops 
have to be removed from the bags by hand, and bags 
and strops returned to the collier’s hold by hand. 
More men are required on the hoisting appliances, 
the stations being :—One man working winch, two 
on the two whips, and six on the two outhauls, for 
each hold. Weather tends to reduce the speed of 
coaling ; more care has to be exercised to control 
whips and outhauls in rain, owing to the reduction 
of friction when gear is wet. e rate of coaling 
by this method seldom exceeds 150 tons an hour, 
and the average for the fleet is probably about 120 
tons on good days. 

3. Yard and Stay.—This takesits name from the 
methods used in the sailing-ship days for hoisting 
out boats which were stowed on the booms near the 
middle line of the ship. The boat was lifted by 
means of two whips, one passing through a block 
on the yard-arm, which plumbed the water, the 
other whip through a block on a stay, this block 
plumbing the stowing position of the boat. The 
method is illustrated in Fig. 5. 

Given a collier with a sufficient number of long 
derricks, this method does not require ship’s appli- 
ances to be rigged. One derrick of the collier 
plumbs the dumping spot on the warship, the other 
derrick plumbing the collier’s hold. It will be 
seen that two winches are necessary to work this 
method in a satisfactory manner for one hoist. If 
the collier has only one winch to each hold, the 
ship’s electric or steam-winches can be used, The 
disadvantages of this, however, are: (a) that the 
ship’s winch is not always in a convenient position 
for so working, necessitating an awkward lead for 
the whip to the ship’s winch, and often a hand to 
signal to the winch ; and (b) that the control over 
the hoist is not so good as when the winches for the 
two whips are side by side on the collier’s deck. 

In working with this method the bags can be 
removed from the strops by power after they are 
dumped. To do this, all that is necessary is to cast 
off the two legs of the strop; heaving in on the 
winch then pulls the strop clear. This saves time. 
Again, for the same reason—viz., that it is not 
necessary to remove whips from the drums of 
winches, so that power from the ship to the collier 
is available—the bags can be stacked, stropped, 
and returned by power. This does away with the 
necessity in the ‘‘outhaul” method of returning 
the to the collier’s hold singly and by hand. 
The result is that fewer bags wre lost overboard. 
The whips can be tixed to drums of winches, con- 
sequently this method makes no use of friction. 
It is therefore practically unaffected by weather. 
As coaling in war time must often be carried out in 
rain (in peace, coaling is often carried out in rain 
so long as the coal is not likely to get wet enough 
to cause bunker trouble by spontaneous combus- 
tion), the chance of overheating of bunkers and 
the risk of spontaneous combustion must be taken ; 
but the faster the methoc: of coaling in rain, the 
less will the coal be wetted, and the risks will 
consequently be decreased. 

This method of coaling, therefore, being gene- 
rally quicker in fair weather, is certainly much more 
soin bad weather. There is more control over hoist- 
ing, and, due to the two whips, hoists of ten bags 
can be taken ; there is thus less ‘‘ standing clear ” 
on the warship’s deck owing to a smaller number 
of hoists being necessary for the same amount of 
coal than by the ‘‘outhaul” method. In fact, from 
every point of view, the method of coaling by the 


*‘yard and stay” from a well-furnished collier is 
oe for general fleet-coaling—it is a time-saving 
me’ 


, and requires a smaller number of men to 


work the appliances, leaving more men for work in 
the holds of the collier, or for barrow work on the 
upper deck of the warship. 


Summing up the advantages and disadvantages of 


the three principal methods of coaling, we get :— 


Coaling by 
Temperleys, 

1, Fairly suitable for 
rapidcoaling. Col- 
lier with four Tem- 
perleys should do 
200 tons an hour, 
under suitable con- 
ditions. 


2. Needs more or less 
skilled men to 
work Temperley. 


3. Expensive. 

4. In case of break- 
down, takes some 
time to refit. 

5. Unaffected by 
weather. 

6. Strops, bags, &c., 


Coaling by 

Whip and Outhaul. 
1, Fairly suitable 
under certain con- 
ditions, This me- 
thod is fast for 
eneral coaling, 
jowever ; 150 tons 
an hour is a good 


figure. 

2. Can be performed 
with fewer skilled 
men. 


3. Cheap. 
4. Easily refitted. 


5. Affected 
weather. 
6. Cannot. 


by 


Coaling bg 
Yard and Stay. 


1. Very suitable for 
rapid coaling from 
colliers ; 225 tons 
an hour is an aver- 
age figure for well- 
equipped collier. 


2. Same as for whip 
and outhaul. Also 
requires fewer un- 
skilled men. 


Cheap. 
. Easily refitted. 


ne 


5. Unaffected by 
weather. 
. Can, This saves 


--) 


bags, and requires 
fewer men passing 
Bags can be 
freed from strop 
by power; this 
sives time. 
Due to the two 
whips, there is a 
better control over 
hoist, and less 
steadying neces- 


can be returned to 
collier by power. 


7. As in 
column. 


7. Often necessary to 
steady hoist before 


raneg bcc. 


8. Whip has not to 
be removed from 
drum of winch. 


9. Requires only one 
winch to each 


previous 7. 


sary. 
8. Whips need not be 


8. Whip must be re- 
removed. 


moved ; warping- 
drums must be 


used. 
9. As in previous 9. Requires two 
column. winches, but can 


hold. take a_ greater 
number of bags at 
a hoist. 


Fig. 4. COALING LY “VisilP AND OUTHAUL" 
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the forecastle deck, which would be about 25 ft. 
above the water. One hatch should also have two 
extra derricks, for reasons to be stated later. 
Derricks with a length of 45 ft. should satisfy most 
requirements. 

he two extra derricks are required for one of 
the hatches, because it is not always possible 
to ‘‘ fit” the collier to the ship in such a way as to 
secure good dumping-spots for all the hoists. Even 
ships of the Dreadnought type, with comparatively 
clear upper decks, find difficulty in placing good 
colliers in the best positions. This would be 
lessened if the collier could be shifted and another 
pair of derricks used for one hold. 

The heels of the derricks should be as high as 
possible—a height of 10 ft. above the level of the top 
of the hatch would be a good figure. The arrange- 
ment is indicated in Fig. 5. Steam-winches—one for 
each derrick—are the most suitable. These should 
not be worked from a donkey-boiler, but from one 
of the main boilers of the ship. The capacity of the 
collier is a difficult question. It is well known to 
shipbuilders and marine engineers that as the size 
of ships is increased the cost of carriage per ton at a 
certain speed is decreased. This, taken alone, 
would point to large colliers being the best. A 
large collier, however, would have to attend more 
ships before she was emptied, and thus at any given 
instant more ships would be waiting to be coaled. 
The coaling of the whole fleet would be more 
expeditiously carried out by the provision of a 
large number of small colliers. 

The best size of collier is considered to be one 
which takes a cargo of 4000 tons. This size will 
permit of fairly economical propulsion at a speed of 
12 knots, and will enable her to keep the sea com- 
fortably in most weathers. To coal a fleet consist- 
ing of one squadron of battleships and one of 
armoured cruisers, a total of twelve ships, six 


Fig.5. COALING BY 
“YARD & STAY” 
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Fig.6. GENERAL ARRANGEMENT (NOT TO SCALE) 
COLLIER FOR FLEET COALING. 
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Boer, 

The conclusion hence is that the yard-and-stay 
method is the best for general fleet-coaling in any 
weather. 

It will only be necessary to consider now what 
suould be the essentials for a well-found collier in 
order to derive the maximum benefits of this 
method. Generally speaking, the seamen part of 
the crew of a warship (who fill bags in the collier’s 
hold) is in four divisions, each of equal strength, 
and named respectively forecastle men, foreto 
men, maintop men, and quarter-deck men. Eac 
division is under the command of a lieutenant. 

On account of the division of the men, and owing 
to the fact that a healthy rivalry exists between 
divisions, a collier should have four holds, as 
nearly as possible identical in size, with hatches of 
equal size. The hatches should be large, to facili- 
tate ‘‘breaking bulk ”—that is to say, starting 
coaling from a fully-loaded collier. Very good 
- ae for the dimensions of hatches are: length, 

ft.; breadth, 25 ft. There should be two 
derricks to each hatch, of sufficient length easily to 





colliers would be sufficient. The fleet could be 


coaled in about twenty hours. 

Summarising, the essential features of a good 
collier are :—Capacity, about 4000 tons in four equal 
holds ; number of holds, four ; number of hatches, 
four ; sizes, 40 ft. by 25 ft. ; number of derricks, 
ten ; lengths, 45 ft.; number of winches, ten; speed 
of ship, 12 knots. The cost of such a ship would 
be approximately 30,000/. 








Beuetan Biast-FurNaces.—The number of furnaces 
in operation in Belgium at the commencement of June 
was 41, as compa with 40 at the commencement of 
June, 1910. Six furnaces were then out of blast, as com- 
pared with four in the previous year. The above num! od 
of 41 was made up as follows :—Hainaut and Brabant, ~ vs 
Liége group, 17; Luxembourg, 4. The production of pig 
iron in Belgium in May was 175,830 tons, as compared wi ~ 
160,040 tons in May, 1910. The aggregate output for t “1 
first five months of this year was 853,600 tons, as compares 
with 753,220 tons in the corresponding period of 191 . 
The total of 853,600 tons was made up as follows :— 
Puddling pig iron, 37,380 tons ; casting pig ron, 19,82 





plumb a warship’s uppermost deck —if possible, 





tons ; and steel pig iron, 796,400 tons. 
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THE BICENTENARY OF BOSCOVICH.— 
1711-1787. 
By Epear C. Sarra. 


On May 18 of this year occurred the bicentenary 
of the birth of the once renowned Jesuit Father, 
Boscovich, who in his day occupied a prominent 
position among learned men, and was as celebrated 
tor his contributions to the mathematical sciences 
as for his literary productions. He was a mathe- 
matician, a physicist, a philosopher, and a poet 
of no mean order. 

Ruggiero Guiseppe Boscovich was born on May 18, 
1711, at the seaport town of Ragusa, the capital of 
the small republic of Ragusa, in the South of 
Dalmatia. He was the youngest child of a family 
of nine, the mother of which lived to the great age 
of 103. For his education, Boscovich, like many 
other learned men of the time, was indebted to the 
Jesuits, whose numerous colleges and schools were 
then the principal centres of education. In his 
fifteenth year he joined the society, and proceeded 
to the Jesuit College at Rome, where, after com- 
pleting his noviciate, he applied himself to the 
study of mathematics and physics, being fortunate 
enough to obtain possession of a copy of Newton’s 
‘* Principia,” which he devoured with avidity. His 
earliest writings were some notes on the rainbow 
and the aurora borealis, which brought him into 
notice, and through the French physicist, Mairan, 
he was made a correspondent of the Academy of 
Sciences of Paris. He also obtained the appoint- 
ment of Professor of Mathematics in the College at 
Rome, which post he appears to have held till the 
year 1764. 

Possessed of a versatile and powerful mind, 
Boscovich made during this time many inquiries 
into astronomical and physical subjects, such as 
the transit of Mercury, the figure of the earth, 
telescopes and lenses, light, the tides, the properties 
of curves, and the theory of gravitation. e was 
one of the first in Italy to appreciate the importance 
of Newton’s great discoveries. He was consulted 
by the popes in matters of public importance, and 
was one of the commission through whose decision 
a circle of iron was used for strengthening the 
cupola of St. Peter’s. John V., of Portugal, 
endeavoured to secure his services in connection 
with the survey of the boundaries of Brazil, but his 
superiors did not wish to lose him, and he was 
therefore given the task—which he performed in 
1750-52, with the English Jesuit, Maire —of 
measuring an arc of the meridian through the Papal 
States. The survey of this started from the 
neighbourhood of Rome, crossed the Apennines, 
and was continued as far north as Rimini. The 
figure of the earth was perhaps the most discussed 
scientific problem at that time, and it will be 
recalled that two famous expeditions, the one to 
Lapland within the Arctic Circle, and the other to 
Peru, near the Equator, had been sent out by France 
to measure accurately the length of a degree, and 
thus decide the question as to the shape of our globe. 
In 1757, Boscovich spent some time at Vienna on 
business connected with the republic of Lucca, and 
a little later he was sent on a mission to England, 
where he was received with many marks of respect. 
He was elected a member of the Royal Society, and 
invited to join an expedition setting out for the 
ag of observing the long-looked for transit of 
Yenus. His obligations to the Society he acknow- 
ledged by dedicating to them his long Latin poem 
on eclipses—‘‘ De Solis et Lunz Defectibus ”— 
a metrical epitome of the facts of science. It con- 
tained some 5000 lines, and much of it was written 
by Boscovich when travelling on horse-back over 
the hills of Italy. This poem—a specimen of many 
similar productions—was characterised by Delambre 
as ‘‘uninstructive to an astronomer and unintelligible 
to anyone else.” While in London, Boscovich met 
the great Johnson, and it is recorded that they con- 
versed for some considerable time, in Latin, upon 
the discoveries of Newton. He returned to Italy in 
1764, after travelling through Holland, Germany, 
and Turkey, and was appointed by the Austrian 
Government professor of mathematics at the 
University of Pavia, from whence he was transferred 
six years later to Milan. 

The abolition of the Jesuits, decreed in 1773, 
came as a severe blow to many men and institutions, 
and Boscovich suffered with the rest. At the age of 
sixty he found himself without home or employment. 
Fortune, however, proved kind, and through the 


was invited to Paris, where he received a pension of 
about 300]. per annum, and was made director of 
optics to the Marine. The naval and military 
educational establishments of France had recent! 

m reorganised and improved, and Beasevich 
numbered among his colleagues some of the ablest 
scientific men of France. His stay in Paris 
extended over ten years, after which he returned to 
Italy, spent two years at Bassano editing his works, 
and then removed to Milan, where he died. His 
later days were passed in isolation and misery ; the 
want of appreciation preyed upon his sensitive 
mind, and after suffering the worst effects of 
melancholia, he became hopelessly insane. He 
died on February 13, 1787, and was buried in 
the parish church of St. Maria Pedone. ‘*Such 
was the exit,” said Sabroni, the Italian biographer, 
‘‘of this sublime genius, whom Rome honoured 
as her master, whom all Italy regarded as her 
ornament, and to whom Greece would have erected 
a statue had she for want of space been obliged even 
to throw down some of her heroes.” 

Boscovich was a voluminous writer, and though 
he made no important discovery, his labours were 
eminently valuable in character, and many related 
to practical engineering, such as the navigation of 
rivers and the construction of harbours. Besides 
his labours previously referred to, it is necessary to 
recall his great work, ‘‘Theoria Philosophice 
Naturalis,” published in 1758, in which he sets forth 
his theory of the ultimate constitution of matter. 
[t was essentially an atomic theory, and as such 
had much influence on the views of many scientific 
thinkers. 

In person he was tall and robust, with a large 

pale face. His temper was open and friendly, 
but he was egotistical. Vanity was, perhaps, his 
great fault. With the possession of an ambitious 
temperament he, unfortunately, combined extreme 
sensitiveness to opinion. In Paris, the fact of his 
being a Jesuit was not likely to be overlooked, and 
there were those who derided his theology and under- 
rated his scientific attainments. He was, however, 
a great and popular man of his day, courted in 
society and welcomed by the rich and learned, 
while the many honours he received from the great 
societies were an index to his reputation. 
Among his scientific contemporaries he may be 
placed beside Lambert and Aepinus. He was not 
a mathematician of the rank of Euler or Clairaut, or 
an astronomer equal to Bradley or Lacaille. Neither 
was he an experimentalist like Franklin or Black. 
He belongs rather to the ranks of the men of talent 
than to the ranks of the men of genius. The great 
work of the eighteenth century was to assimilate 
and extend the work of Newton and Leibnitz, the 
physical discoveries and mathematical inventions of 
whom had laid anew the foundations of scientific 
progress. It was in this task that the greatest 
minds were employed. It took roughly fifty years 
before the theory of gravitation overthrew the last 
stronghold of the Cartesians, and it is difficult now- 
adays to appreciate the slow process by which new 
discoveries were then disseminated. There were 
no international gatherings or widespread postal 
systems, no cheap printing or scientific periodicals, 
and scientific men seldom met any others than their 
immediate fellow-workers. Progress was largely 
due to individual effort. At home the propagation 
of Newton’s ideas was due largely to Halley, 
MacLaurin, the Gregories, and others. In France 
a similar service was performed by Voltaire, 
Maupertuis, and Louville ; while in Italy there is 
no name more deserving honour in this important 
work than that of the subject of our memoir, Pére 
Boscovich. 








ELECTRIC IRON-ORE SMELTING AT 
TROLLHATTAN., 
(Continued from page 781.) 

WE give in Fig. 6, overleaf, an outside view of 
the plant, and in Fig. 7 a view showing the furnace 
top. Figs. 8 and 9 are vertical and horizontal 
sections through the furnace 
Section and Dimensions of the Furnace.—These 
were calculated on the basis of a production of 
7500 tons of pig iron per working year of eleven 
months, which meant about 23 tons per twenty- 
four hours, on the following assumptions :— 

(1) 1 cub. m. of cha weighs 150 kg. (9.3 Ib. 

r cubic foot). (2) 3kg. of iron are obtained per 
ilogramme of charcoal. (3) For 1 ton of iron 
1.725 tons of iron ore are required—that is, 5.175 


quantity of ore finds room amongst the charcoal 
pieces ; the other half requires extra space. (5) The 
specific gravity of the iron ore is 2.5. (6) The ratio 
_ ene of charge per day to volume of shaft = 
From the above it will be seen that the produc- 
tion of 23 tons of pig iron requires a volume of 
charcoal of 51.1 oak m. (1800 cub. ft.); the inter- 
stices in this quantity will contain half the ore, or 
7.9cub. m. By adding to it the other half of the 
roportion of ore as under (4), or 7.9 cub. m. 
F380 cub. ft.), we obtain an aggregate of 59 cub. m. 
(2080 cub. ft.), which, divided by the ratio 1.55, 
gives the volume of the furnace as 


£9 — 38 cub. m. (1342 cab. ft.). 

1.55 
Of this total, 
* The volume of the smelt- 
ing-chamber or crucible 


accounts for 


i ... 12.45 cub. m. (440 cub. ft.) 
The neck, between the 


crucible and boshes ... 0.45 eae oe 
The boshes es pi) Ae ale 
The body ... ie aes 
The throat ae te, Ce o 





$8.00 cub. m. (1342 cub. ft.) 


The diameter of the neck was the dimension 
which was first decided upon, and this was fixed at 
1.2 m. (47.25 in.). Had it been made larger, the 
smelting-chamber would also have been large and 
less handy to work, inasmuch as its inside diameter 
would have had to be increased, this leading to diffi- 
culty in the location of the electrodes. The depth 
of the smelting-chamber was arrived at on the basis 
of the experience gained at Domnarfvet, and its 
bottom and sides were given a suitable shape. 

When the diameter of the neck had been arrived 
at, the dimensions of body were made to correspond. 
The shaft was given a sufficient height to obtain the 
best ible effect from the ascending gases in 
regard to the heating and partial reduction of the 
charge. In fixing the height of the shaft, the height 
of the charge inside it, and the resistance this latter 
affords to the rising of the hot gases, were duly 
considered ; the first cost of the plant and the 
working cost were also borne in mind. The shaft 
required a cubical capacity of 25.55 cub. m. 
(903 cub. ft.), according to the above figures, and 
it was built to the section shown in Fig. 8. The 
shaft, it will be seen, was given a height of 12.7 m. 
(41 ft. 8 in.), reckoned from the bottom of the 
smelting-chamber to the floor at the furnace mouth. 
Charcoal.—Apart from a small quantity of coke 
with which the furnace was started, charcoal has 
been exclusively used in the reduction. The 
charcoal has been obtained partly from North 
Sweden and partly in the province of Smaland. 
The charcoal charges are made according to volume, 
6.5 hectolitres (22 cub. ft.) at a time, but the 
charcoal is always weighed as well, and an analysis 
is effected every day. The average analysis is the 
following :— 





Per Cent. 
Moisture 14.58 
me iw 10.26 
Ash ... 3.06 
Carbon 72.10 
100.00 


The average weight of the charcoal is 16.86 kg. per 
hectolitre (10.5 tb. per cubic foot) = 14.49 kg. per 
hectolitre (9 lb. per cubic foot) of dry charcoal. 
Iron Ore and Limestone.—The ore and the lime- 
stone are crushed in a Blake crusher of unusually 
large dimensions and strength, ore in fairly large 
pieces being principally used. To begin with, the 
crusher reduced the ore to the size of a hen’s egg, 
but, some alterations having been made, it now 
crushes the ore to the size of filberts and walnuts. 
The Electrodes.—The electrical connections lead- 
ing up to the four electrodes are shown in the 
diagram, Fig. 10. Electrodes, both of German and 
Swedish make, have been used for comparison’s 
sake, and the latter, on the whole, have proved 
equal to the former. Analyses of German and 
Swedish electrodes gave the following results :— 








action of La Bord, Chancellor to Louis XV., he 





tons of iron ore per ton of charcoal. (4) Half the 





German. Swedish. 

per cent. per cent. 
Ash... , 2.80 3.96 
S (total) 0.79 1.06 

The ash contained :— 

80. 0.44 0.97 
POs 0.627 0.37 
Si0, 37.80 42.00 
K,0+N,0 1.21 0.45 
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Swedish. 
Per cent. 
10.20 
2.16 
21.70 
0.38 
19.80 
98.03 
Phosphorus ~ ‘ang 0.16 
The electrode contained 
phosphorus 5s 0.0077 0.0063 

The missing quantity in the ash analyses is attri- 
buted to the difficulty in eliminating the last remnant | 
of carbon by ignition The Swedish electrodes | 
contained, as will be seen, rather more sulphur ; | 
supposing all the sulphur to combine with the iron, 
the 1 per cent. sulphur in the electrode would mean 
0.005 to 0.006 per cent. sulphur in the iron. 

There are, as already mentioned, four electrodes 
in the Trollhattan furnace, each consisting of four | 
square carbons, placed against each other, measur- | 
ing 2000 mm. by 330 mm. by 330 mm. (78.74 in. | 
by 13 in. by 13 in.), the dimensions of the elec- 
trode being therefore 2000 mm. by 660 mm. by 
660 mm. (78.74 in. by 26 in. by 26in.). Before 
fitting them together to form the electrodes, the | 
carbons are cut plane and rectangular on the two 
adjoining sides, which are then smeared over with 
a thick mixture of molasses and graphite, so as to 
make the connection between the adjoining carbons | 
as close as possible. For protection against the 
effect of the air the upper portion of the electrodes 
is wrapped round with asbestos-board and sheet- 
iron, the top surface being covered with a thick 
layer of asbestos and wat»r-glass (sodium-silicate). 
The sides of the electrodes are made accurately 
plane for a distance of 250 mm. (10 in.) for the 
aaa ager of obtaining a good contact with the cable 

, thin fine-mesh copper-wire netting being 
used as an intermediate layer. 

In order to test the qualities of the different 
electrodes, two carbons from each of the two makes 
mentioned above were fitted to each other, the 
different carbons being so placed that those radially 
oO ite each other in the furnace were of the same 

e. No difference in durability in the different | 
makes was noticeable. The accompanying illustra- | 
tions, Figs. 11 to 22, show a new electrode and the | 
way in which the electrodes wear in service. 
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PER CHARGE 
A.390 Kil ORES FLUX 
GSHECTOLT CHARCOAL 


BS48K ORE & FLUX. 
C100 KILOG* COKE 
REMNANTS 


580 ” 

OF ELECTRODES. 
D.JO CHARGES OF 1/00 
KILOG” COKE 
is LIMESTONE 
250 » ORES FLUX 


E 2000 KILOGRAMMES| 
COKE. 

















The Different Charges in the Furnace.—During 
the time under review twenty-nine different charges 
were used, but they can be classified into four 
groups :—Unroasted Tuolluvaara (Lapland iron ore), 
roasted Tuolluvaara ore, Borgvik, and Uddeholm 
ores. The variations in the first group had mostly 
reference to the amount of silica in the slag, 
and also to the larger or smaller quantities of 
Tuolluvaara ore in the charges. 
third group a radical change was made in the mixing 


In regard to the | ,,, 
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. Resistance. P 
. Automatic oil-switch. 


Ammeter. 

Electrode. 
Disconnecting-switch. 
Horn lightning-arrester. 
Choking-coil. 
Wattmeter. 

Watthour meter. 

MR. Maximum relay. 

OK. Reversing-switch. 


. Time-controller. 
. Safety-fuses. 
. Voltage-transformer. 
$T. Current-transformer. 
. Transformer. 
y. Voltmeter. 


A. 
E. 
8. 
A. 
J8. 
cw. 
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K 


of the ore, and the quantity of lime had to be 
repeatedly increased on account of the sulphur con- 
tained in the iron. The fourth group comprised a 
series of charges in which the proportion of Persberg 
concentrate was steadily increased. The figures 
below, which give the totals for each of the four 
groups, show the proportion of ore, the consump- 
tion of charcoal, power, and electrodes, the quantity 
of iron and slag obtained, and complete working 
results. 


Particulars Showing the Working of the Furnace frou 
November 16, 1910, to April 9, 1911. 
First Group, Charges 1 to 255. 
kg. 
1,423,668 
183,954 
153, 262 


Tuolluvaara, not roasted 
Karrgrufvan (Striberg) 
Stallberg a ae 


kg. 
Total ore .. de = 1,700,884 
Limestone .. 4 is bs 431 . 
si 1,859,315 


52 


Total ore and flux 
am as f 
Electrode carbons 
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Fig. 15. 
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Charcoal 


| 
I 
! 
| 
i 
f 
| 


Total fuel .. - es 481,575 
Iron output (charges 1 to 255 

inclusive) .. - bya - - 1,164,543 
Slag * = : - 236,576 











.C. 
Iron output : ore charge .. oe - 57 
Iron output : ore plus lime- 
stone c be os ee oe oe 62.10 
Fuel consumption per ton kg. 
of 1000 kg. of iron produced - én 415 
Total current consumption, 
kilowatt-hours i 2,651,029 
Current consumption per 
ton of iron, kilowatt-hours - 2,296 
Electrode consumption, total c 
13,012 


6,748 

















Electrode consumption, total 
net... oe es a 
Electrode consumption per 
ton of iron, gross .. “ 11.% 


Electrode consumption per 
ton of iron, net ‘ - 6,83 
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Second Groun, Charges 256 to 282, 


6,163 
194,677 
14,029 
9,757 


Tuolluvaara, not roasted .. 
| nen seten 
— an (Striberg 
Stillberg ws ws 


Total ore .. 
Limestone 


Total ore and flux 
Electrode carbons .. 
Charcoal “e 


kg. 
282,557 


Total fuel .. - es 

Iron out (charges 266 to 282 

inclusive) .. te Be 
Slag pie 


54,854 
145,495 
32,645 
per cent. 
Iron output: ore charge .. 
Iron output : ore plus lime- 
stone c ee oe ‘“ 
Fuel consumption per ton of 
1000 kg. of iron 
Total current consumption, 
kilowatt-hours... 312,601 
Current consumption per ton 
of iron, kilowatt-hours .. < és 2149 
Electrode consumption, total on 


763 


62.56 
kr. 
376 


Electrode consumption, total 
net... oe ee ee 
Electrode consumption per 
ton of iron, gross .. oe 
Electrode consumption per 
ton of iron, net os ee ee 
Third Group, Charges 283 to 336, 


| et i 
aagrufvan .. 
Grindgrufvan .. 
Persberg ore .. 


Total ore .. 
Limestone 


Total ore and flux 
Electrode carbons 
Charcoal es 


Total fuel .. in os 
Iron output (charges 283 to 
836 inclusive) Re a 


Iron output: ore charge .. 
90 ore plus lime- 
stone charge 
Fuel consumption per ton of 
1000 kg. of iron produced 
Total current consumption, 
kilowatt-hours ; ae 
Current consumption per ton 
of iron, kilowatt-hours .. 
Electrode consumption, total 


Electrode consumption, total 
net... ee es oe 

Electrode consumption per 
ton of iron, gross .. 


Electrode consumption per 
ton of iron, net... = 


Fourth Group, Charges 337 to 406. 
Tuolluvaara, not roasted .. 1155485 
Persberg concentrate 
Taberg .. ee be 
Nordmarken .. 
Finnmossen 
Langban 


Total ore .. 
Limestone 


Total ore and flux 
Electrode carbons .. 
Charcoal ° 


' Total fuel mo wn os 
ron output (charges 337 to 
406 te aor Ba * ee 
Slag ee wa 
Iron output : ore ch a 
” » + ore plus lime- 
stone charge ne i. 
Fuel consumption per ton of 
1000 kg. of iron produced. . 
Total current consumption, 
kilowatt-hours od 
Current consumption per ton 
of iron, kilowatt-hours .. 
Electrode consumption, total 


Electrode consumption, total 
net... oe - i 
Electrode consumption per 
ton of iron, gross .. = 
Electrode consumption per 
ton ofiron, net... ¥ oe 
(To be ombinued.) 





Nortu-Eastern Raitway Directory oF Manurac- 
TuRERS. — The North-Eastern Railway have issued a 
directory of manufacturers, importers, and exporters in 
the district served by their system. The book, which 
measures 6} in. by 4in., and contains close upon 900 
pages of addresses, lists of towns, and specialities, shows 
the North-Eastern District to be a most busy one in all 
classes of manufacture. A small pamphlet forms an 
addition to the directory, and gives the names and the 
specialities of the establishments which have recently 
settled in the district in question, and a bird’s-eye map 
showing the sites which are available for new industries. 
Particulars as to these, and a copy of the directory, 


which is supplied is, can be obtained f t 
Commercial Teens, North-Eastern Railway, York. 
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Life and Scientific Work of Peter Guthrie Tait ; Supple- 
menting the Volumes of Scientefic Papers Published 
in 1898 and 1900. By Carcitt Giiston Knorr, D.Sc. 

Cambridge University Press. [Price 10s. 6d. net] 

In writing an article upon the relations between 
religion and science, when the controversy was 
keener than it is now, Professor Tait described 
Clerk-Maxwell as a genuine scientific man, and was 
at some considerable pains to give full force to the 
term ‘‘ genuine.” With the same deep apprecia- 
tion of what this word is meant to convey we may 
apply it to Tait himself. He used it to imply that 
a deep abyss yawned between the groups of so- 
called scientific men on the one, but hopelessly 
wrong, side of the gulf, and the few leaders 
capable of original work, who occupied isolated 
eminences, on the other. It has been the aim of 
Professor Knott to demonstrate on which side of 
the abyss stood the subject of his biography, 
and in what relation he stood to his fellow- 
workers on the same side. Right well has he 
acquitted himself of his task. He has made us 
appreciate Tait in the several capacities of citizen, 
professor, and promoter of science. He has re- 
vealed the true proportions of the eminent Edin- 
burgh professor, and made us see how large a space 
he filled in the history of science. There was the 
more reason for such a comprehensive survey, as 
Tait in some measure led the life of a recluse. For 
many years he never quitted Scotland, and for a 
long time not even Edinburgh. He allowed him- 
self to be overshadowed by his equals, who took a 
more strenuous part in the drama of life, and by 
the force of circumstances, perhaps, lived more in 
the public eye. From a worldly point of view, 
Tait failed to do himself justice. It is, therefore, 
the more fortunate that his life has been written 
by a sympathetic colleague, one well acquainted 
with the history of the time, and the men of whom 
he writes, enabling him to put Tait’s life and 
character in bold relief. In so doing he has given 
us a most interesting book. If anyone should think 
that the life of a physicist must of necessity make 
a dull tale, because deficient in stirring episode, he 
would make a great mistake. Life in the study 
and lecture-room, life spent in combating error and 
ignorance, in spreading enlightenment and accuracy, 
can be made as entertaining and instructing as when 
passed on a busier or more crowded stage. It is 
true that some mathematical training is necessary 
to enable the reader to follow some portion of 
Tait’s work, and, perhaps, that in which he won his 
greatest reputation. e was a great advocate for 
the use of quaternions in physical investigations, 
and it is required of the biographer to insist upon 
the advantages that have followed the more general 
adoption of the notation. Consequently those who 
have not appreciated the mysteries conveyed by 
such symbols asij = — ji, may find it necessary 
to pass over some sections, But others who have 
profited by Tait’s enrichment and development of 
the vector symbolism of Hamilton, especially in 
the application to electro-magnetic theories, should 
realise the debt they owe to him, who first taught 
Maxwell the practical advantage of the quaternion 
operator. Professor Knott is well qualified to 
do his old master justice in this matter, and there 
we leave it, merely thanking him for the insight 
we are allowed into the extensive correspondence 
that passed between Hamilton and Tait, which led 
the latter to appreciate and defend the merits of 
vector analysis. 

But let it be said with equal prominence that 
Tait was as successful in presenting, and as deter- 
mined in insisting on, the elementary or funda- 
mental truths of science as he was eager in 
advancing its scope and opening new ground. 
To examine the grounds on which physical 
science is built may not be so exhilarating an 
exercise as to exhibit the imposing structure that 
a succession of philosophers has reared, but such a 
task is sometimes necessary. Methods become 
stereotyped; phrases and, indeed, physical concepts 
acquire an illogical significance, so that, however 
fair to look upon and soundly constructed the 
edifice may be, we are apt to mistake the character 
of the foundation on which it rests. When Tait 
began his work at Belfast and Edinburgh such an 
examination was imperative. The Universe, or 
such portion of it as can be submitted to experi- 
mental treatment, had been greatly extended by 
the work of the physicists in the middle of the last 





century. The fineness of our powers of discrimi- 
nation had been developed, and observations had 
been improved, but while this new material 
was being collected and absorbed, a school of 
intuitive physicists, impatient of the old methods 
of inquiry and experiment, had arisen, and occa- 
sioned some confusion by an assumption of an 
authority to which they were not entitled. Physics, 
the outcome of diligent experiment, had been 
derided, facts and sequences were little accounted 
of in the brilliant generalities delivered by the 
school whose philosophy was “‘spider-wove from 
their own braia.” Even such terms as ‘‘ force ” and 
‘** matter” required close attention, lest they proved 
stumbling-blocks to the unwary, and no one was more 
incisive on the necessity of accurate definition and 
clear conception than was Tait. Without preci- 
sion he knew that clear thinking was im ible, 
blundering frequent, and definite knowledge of a 
truth unattainable. Animated by these just prin- 
ciples, at an early stage of his professoriate, he 
lectured to the British Association on ‘‘ Force,” 
and arranged to “ty a series of lectures to pro- 
fessional men, who wished to keep themselves 
abreast of contemporary science, though the de- 
mands of business had prevented them following 
the subject. It was his desire then, as ever after- 
wards, to assist the sincere inquirer and to help 
the intelligent and liberal-minded to keep up a 
scientific habit of thought and expression, to enable 
them to take an intelligent survey of the world of 
science, ‘‘to point out a few of the principal peaks 
which we have to ascend and the more formidable 
abysses which we have to avoid.” A few years 
later, when the outspokenness of his assertions 
had raised the ire of the non-experimenta! philo- 
sophers, he was engaged in a hopeless controversy 
with Herbert Spencer, who championed the a priori 
physicists. The correspondence is amusing reading 
now on account of the tactical skill displayed by 
the doughty antagonists, but there could not pos- 
sibly be an agreement, since Spencer believed 
‘* that the greatest physical generalisation of modern 
times could be established as an 4 priori intuition. 
Owing to the prominence of the adversaries, Pro- 
fessor Knott has reproduced much of the corre- 
x sage wen and it is referred to here only as one of 
the features which make the volume of intense 
interest. Many letters from those of whom the world 
is glad to hear are printed in this volume, and make 
a valuable collection. Those men who have guided 
thought and whom one knows only from hearsay, 
or from their platform utterances, are seen as they 
were known by their associates. More than once 
the author regrets that Tait’s letters to Maxwell 
have not been preserved. His readers will sym- 
pathise with him. Had this correspondence been 
‘Wem yon in its entirety, it would undoubtedly 

ave proved one of the most interesting scientific 
documents of the nineteenth century. Specimens 
of one side are before us. We can see Maxwell’s 
cheerful style, his rhyming couplets, his humour, 
but we know nothing of the sallies that stirred him 
to these efforts. We could have wished to have 
heard more of Kelvin in his moments of relaxation, 
but it is possible, when letters had so much to do 
with business, there was little desire or opportunity 
to write for amusement. The correspondence with 
Andrews is instructive, that with Cayley remarkable 
for the number of occasions on which Cayley cannot 
supply the information required, and to that with 
Hamilton we have already referred. These letters 
= would have warranted the appearance of the 

We have not to do with the life of Tait, but 
with the manner in which Professor Knott has 
performed his task. Otherwise it would be 
necesary to refer to Tait’s collaboration with Steele 
in the treatise on dynamics, and with Thomson in 
the epoch-making book best known as ‘‘ T and T’.” 
Also as presenting him in another light—his joint 
work with Balfour Stewart on the ‘‘ Unseen Uni- 
verse,” a book that called forth praise and censure 
equally, but was one that fulfilled the authors’ pur- 
pose, since it proved the baselessness of the common 
statement that ‘‘science is incompatible with 
religion.” ‘‘It calls attention,” wrote Tait, ‘‘ to 
the simple fact, ignored by too many professed in- 
structors, that human science has its limits, and 
that there are realities with which it is altogether 
incompatible to deal.” Asa professor, we are made 
to understand that Tait was distinguished by his 
earnest attention to the duties of his chair, by his 
capability for inspiring his pupils with enthusiasm 
and affection, occupying the position of a great and 
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notable teacher. Mr. Knott, by anecdote, illustra- 
tion, and reminiscence makes his hero live again, 
as he appeared before that long succession of pupils, 
who have profited by his example and his know- 
ledge. But any life of Tait would be sadly defec- 
tive that did not depict him as a golfer. No man 
is a hypocrite in his pleasures, and we may be sure 
that Tait enjoyed his golf, whose scientific aspect 
he did so much to elucidate. So keenly has the 
biographer felt the necessity of presenting an 
adequate picture of the stalwart figure striding 
five times daily round the St. Andrew’s links, 
that he has invited the assistance of Mr. Low to du 
justice to the portrait. Here, too, we are per- 
mitted to see the man in another and amiable 
light, enjoying a placid and happy family life, 
broken only by that sad catastrophe in which a 
nation proffered its respectful sympathy. The 
South African War bereft him of his son Freddy, 
the hero of many golfing fields and the popular 
guest at all golfing clubs. It was said that 
Freddy’s fame on the green was dearer to him than 
his own scientific renown. We can well believe 
it, and can understand how his last days were 
embittered by sorrowful remembrance. 





Machine Design, Construction, and Drawing. By HENRY 
J. Spoongr. Second Edition, revised. London: Long- 
mans, Green, and Co. [Price 10s. 6d. net. ] 

Tuts book, which is primarily intended for the use 

of engineering students, shows evidence of care in 

dealing with his subject on the part of the author, 
who is to be congratulated on an excellent produc- 
tion. The text is clearly written, and the numerous 
illustrations, which are clear and accurate, appear, 
in most instances, to have been specially wn. 

For the assistance of those who wish for further 

information, the author gives ample references to 

sources from whence further details can be obtained 
on different subjects. 

The earlier chapters are devoted to the subject of 
drawing, and contain practical information relating 
to the choice and use of instruments, &c. Sub- 
sequent chapters deal with the design of various 
machine and engine parts, separate ones being 
allotted to pipework, tanks, &c. The trans- 
mission of power by gearing is very fully dealt 
with, belt, rope, chain, and toothed gearing each 
having separate chapters devoted to them. To the 
subject of the design of machine handles, which is 
one that is generally left much to chance, the author 
gives a chapter containing particulars which should 
be of assistance to draughtsmen. 

A chapter on materials used in machine construc- 
tion, containing some 60 pages, is devoted to the 
consideration of the properties of the various metals 
used together with information of a general nature 
concerning their manufacture and defects. In this 
chapter data are also included concerning the special 
steel alloys now in general use, and also a general 
description of timbers employed. 

An appendix has been added to this edition 
giving further information of an up-to-date nature 
concerning the various matters dealt with in the 
text, including particulars as to the dimensions, 
&c., recommended by the British Standards Com- 
mittee for pipework, keys and keyways, boiler- 
tubes and plates, constructional steelwork, bolts 
and nuts, &. 

This book may be recommended for the use of 
the engineering student, whilst for others of 
wider experience it will be found to contain much 
information of interest. 





Physical Measurements. By A. Witmer Dorr, Professor 
of Physics in the Worcester Polytechnic Institute, and 
ArTHuR W. Ewes tl, Professor of Physics in the Wor- 
cester Polytechnic Institute. Second Edition, revised 
and enlarged. With seventy-eight illustrations. 
don: J. and A. Churchill. [Price 7s. 6d.] 

This volume is intended for the use of those who, 

having obtained some knowledge of the principles 

of physics from text - books, desire to become 
acquainted with the use of instruments, and to 
practise the methods by which accurate measure- 
ment can be made. The authors have, no doubt, had 
considerable practice in the training of students : 
they know the kind of error into which the un- 
trained are -_ to fall, and try to guide them easily 
and effectively towards scientific accuracy and the 
exercise of intelligent judgment. There is not 
much scope for original treatment ; the ground has 
been so thoroughly covered by teachers of excep- 
tional ability that deviation from recognised lines is 
hardly possible, even if it were wise. We do not 
by this mean to imply that the work is a mere 








compilation. Selection can be exercised, if origin- 
ality is impossible. No doubt special experience 
has guided the choice of experiments recommended 
for practice, and, what is equally important, deter- 
mined the omission of others, which to those who 
have not had similar trainingin teaching seemequally 
important. For instance, in the first section, 
devoted to the description of measurements more 
immediately connected with mechanics properly so 
called, we should have liked to have seen some- 
thing said of the calibration of a spirit-level, which 
is an instrument of such pe poe application that 
its description and sources of errors could not but 
prove of benefit to the beginner. The authors 
think differently. Similarly on the balance, 
although the writers have devoted more space to 
this indispensable instrument than is frequently 
done in elementary text-books, we think they 
might have treated with more fullness the precau- 
tions necessary in weighing with a delicate balance. 
Messrs. Duff and Ewell insist on the necessity of 
acquiring a scientific habit of accuracy, and, at the 
outset of a career, no instrument is more likely to 
prove effective in cultivating care and accuracy than 
the balance intelligently used. In scientific teach- 
ing method is everything, and the result expressed 
in facts of small consequence. The other sections 
are arranged to give the student a comprehensive 
insight into the methods of laboratory work. The 
experiments in heat are quite sufficiently described, 
but among those on sound we could have wished 
space had been found for some reference to Lissa- 
jous figures, for the study of vibrations of tuning- 
forks can be made very attractive by these means, 
and in the training of a young student attractiveness 
is a feature one cannot afford to neglect. In the 
section on light, the experiments seem rather too 
unequally divided between the lens and the mirror. 
Some thirty well-selected measurements of elec- 
tric and magnetic phenomena are included in 
the next section, and here selection must have 
been difficult, especially in the tempting regions 
opened up by recent advances in electrical research. 
The authors have added a number of small tables, 
giving useful constants to assist students. These 
might well be extended, or it seems so; but it is 
safer to leave such matters in the hands of the 
expert. 





Die Verwaltung der Offentlichen Arbeiten in Preussen, 
1900 bis 1910. Bericht an Seine Majestiit den Kaiser 
und K6nig erstattet von dem Minister der éffentlichen 
Arbeiten. Berlin: Julius Springer. 

Tue book before us, a small quarto volume of 370 

pages, with 23 illustrations and four — is styled 

a ‘‘ Report, Presented by the Prussian Minister of 

Public Works to the Emperor and King, on the 

Administration of Public Works in Prussia in the 

years 1900 to 1910.” We should rather speak of it 

as a concise summary of the work done and progress 
made in the Prussian Public Works Department 
during the last decade. The official character of 
the report does not obtrude itself in any way. 

There is no dedication to the sovereign ; the only 

mention of royalty we have noticed is the state- 

ment that the Berlin Museum for Traffic and Build- 
ing was opened in December, 1900, in the pre- 
sence of ‘‘your Majesties” (not their Majesties). 

There is no preface either, nor is any author named. 

The use of the German type, now very rare in 

German technical and scientific publications, which 

are almost always printed in Roman type, may be 

an indication of the official character. 

The reader of the necessarily somewhat dry, 
largely statistical report, will be impressed with the 
remarkable progress achieved. The State Railway 
network of Prussia and the Grand Duchy of 


Lon. | Hessen (the railway administration of these two 


countries is common) has increased by 6815 km. to 
37,162 km. ; the excess of receipts over working 
expenses has “4 almost stationary ; the traffic has 
grown very much, but the revenue per passenger- 
kilometre has slightly decreased, while the revenue 
per ton-kilometre has hardly undergone any 
change. As regards accidents to mgers, the 
statistics of Prussia, Germany, and England, which 
are also given, are in fair agreement; as to acci- 
dents to railway officials, the statistics again 
with respect to the percentage of killed; that the 

reentage of injured officials is very much greater 
in England than in Prussia is due, it is pointed out, 
to the different classification. It is interesting to 
learn that the Prussian Railway Department helps 
its officials to fight tuberculosis on duty as well as at 
home. More striking still than the development of 





the railways is, of course, the advance in shipping, 
canal construction, regularisation of rivers, in 
coastal protection, and in the coastal signal service. 
In the latter respect, Prussia, which ten years ago 
was undoubtedly very much behind, need no longer 
fear comparison with other nations. Some 300,000. 
have been spent upon lighthouses, lightships, buoys, 
fog-signal stations, &c.; direct current will no 
lo be adopted for new lighthouse lamps, and 
the electric light is altogether giving way to in- 
candescence oil and gas lamps. The lenses, for- 
merly French, are now oa in Germany, and 
a new triple mirror of the Zeiss Works has success- 
fully been introduced into beacons ; the lightships 
have been made seaworthy, but their moorings are 
not yet considered satisfactory. The Landes- 
pee fiir Gewiisserkunde, charged with hydro- 
graphic work, was created in 1902. Four coloured 
maps give an excellent idea of the development 
of railways and navigation and hydraulic engi- 
neering ; these maps are contained in a pocket 
inside the cover. The volume also contains informa- 
tion on the expenditure made for the stately public 
buildings, including churches, on wages, invalida- 
tion, and many other points. 
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THE GYRO-COMPASS. 


THE practical applications of the gyroscope which 
recent years have seen are of singular interest. Apart 
from the features which distinguish them from other 
mechanical appliances, the employment to practical 
ends of a device which, for more than a hundred years, 
was little more than a scientific toy cannot but appeal 
to the mechanical instincts of engineers. Among other 
uses, the gyroscope has now been applied to the steer- 
ing of torpedoes, the steadying of ships at sea, and the 
maintenance in an upright = of a mono-rail car. 
The application with which this article is concerned 
has, however, probably already surpassed these in the 
extent of its practical use, as it transcends them in its 
imaginative appeal, for there is something uliarly 
fascinating in the idea that what is neither more 
nor less than a spinning top should be capable of 
being used as a compass to direct navigators across 
the seas of the world. 

In approaching a description of the gyro-compass it 
will be well to deal, in a brief and elementary way, 
with the action of the gyroscope. Probably many will 
be interested in the appliance who have but little 
acquaintance with the general principles of gyroscopic 
motion, and, in any case, it will be convenient to lead 


rotating, as shown in Fig. 1, on this page. 





up to various features of the compass by a preliminary 


consideration of the general problem. A quite 
elementary and purely qualitative treatment will be) 
sufficient for our purpose. The matter may be ap- | 
proached by a reference to the well-known experi- | 
ment by which Foucault, in 1851, showed that a 
freely-swinging pendulum will maintain its direction 
of swing in space irrespective of the rotation of the 
earth, so that if the pendulum is large enough to} 
swing for a considerable time, it will be found to alter 
its apparent plane of swing in the room or building in 
which it is suspended, the actual state of affairs being, 
however, that the pendulum maintains its plane, and 
the room or a alters its ition consequent 
on the rotation of the earth. There is no need to 
enlarge upon this experiment, a knowledge of which 
is part of the heritage of every school-boy, but a con- 
sideration of it leads up to the rather more compli- 
cated case of the gyroscope. The maintenance of the 
pendulum in its original plane of swing is, of course, 
a simple matter, and, indeed, obviously follows from 
the consideration that the forceof gravity acting on 
it has no component action at sight angles to its Shoe 
of swing, and consequently has no power of moving it 
from that plane in which it necessarily remains in accord- 
ance with the first law of motion. Although Foucault’s 
pendulum experiment is common baselel , it is not 
so well known that he enunciated the foot that a 
rotati roscope, free to move in any direction, will 
also maintain its plane of rotation independent of the 
rotation of the earth, and may be used like a pendulum 
to render that rotation visible. The behaviour of such 
& gyroscope is, of course, to be explained in exactly 
the same way as that of the pendulum. 

It is clear from the above that a gyroscope having 





three degrees of freedom—that is, free to move in any 


direction—could be used to mark a certain fixed direc- 
tion in space, and so could, in a way, be used as a com- 
pass. Such an application fat however, not be 
very practical, and in the gyro-compass matters are 
carried very much further. ‘The principle of its action 
was also pointed out by Foucault, who laid it down 
that a gyroscope, free to move in two planes only, 
would at any shose on the earth’s surface, other than 
at the Poles, tend to set itself with its axis of rotation 
parallel to the axis of rotation of the earth itself. It 
is clear that this statement carried in it the whole 
principle of the use of a gyroscope as a compass, 
although Foucault’s experimental methods did not 
enable him to reduce his deduction to a practical 
shape. 

In considering the actual mode of operation of the 
gyro-compass, it will make matters simpler if they are 
first looked at from the point of view of the well- 
known properties of a gyroscope, rather than if an 
attempt is made to establish them from the point of 
view of Foucault’s principle. We may begin by con- 
sidering a simple gyroscope suspended by a cord and 
If a force, 
as indicated by the arrow a, be applied at right angles 
to the axis of such a gyroscope, it will be found 
that the arrangement wi P not tip over, so that the 


wheel moves out of a vertical plane, as might be 


Fig.t. 
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expected, but that the whole system will move 
round in the plane of the axis, as shown by the 
arrow on the horizontal ring. This motion is known 
as precession, and its rate will depend on the in- 
tensity of the force a. The phenomenon of pre- 
cession, which at first sight appears anomalous, is, 
in reality, a simple one, and a very elementary con- 
sideration of the kinetics of the problem will show 
the result which follows from the application of 
the force to be an obvious one. A common way 
of looking at the question is from the point of 
view of a reductio ad absurdum. If it be supposed 
that the application of the force a does not cause 
precession, but actually causes the rotating wheel 
to tip out of a vertical plane, it will at once be 
seen that after this tipping the wheel has a certain 
angular momentum in the original plane of the axis, 
which we may call the horizontal plane. In order, 
however, that any angular momentum shall be created 


in the -horizontal plane, it is necessary that a force 
should act in that plane. In the system we are con- 
sidering, however, there is no such force, since the force 
a is acting at right angles to the horizontal plane. This 
being so, it is impossible that any such angular velocity 
should appear in that plane ; hence it is impossible that 
the wheel should tip out of a vertical plane. 

The whole of this question is a matter of the compo- 
sition of angular momenta, and is difficult to illustrate 
in plain figures, as the problem is one in three dimen- 
sions ; but it may be made clear by considering pro- 
jections in various directions, as shown in Fig. 2, 
subjoined. In this figure the upper circle represents the 
gyroscope wheel looked at from one side. If now any 
particle x forming a portion of the rim of the wheel be 
considered, it will be clear that while the force a is 
acting it has angular momenta, one represented by the 
arrow R, due to the rotation of the wheel, and acting 
in the plane of the paper, and the other due to the 
force applied at the end of the axis, and acting at 
right angles to the plane of the paper. The motion 
of the particle x must be determined by the composi- 
tion of its angular momenta, and it is obvious that 
instead of continuing to move in the plane of the 
paper, as it would if the force a were absent, it 
will move in some plane twisted round through an 
angle as compared with the plane of the paper. The 
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} direction of its motion is clearly shown in the lower 
centre projection in Fig. 2, where R is the angular 
momentum due to the rotation of the wheel, F the 
— momentum due to the action of the force a, 
and P the resulting angular momentum. A con- 
sideration of this figure will show the precession 
, Of the wheel, as a result of the application of the 
force a, to be quite an obvious matter. The projections 
to the right and left of Fig. 2 show the angular 
|momenta acting on two other particles x, and x», 
| forming parts of the rim of the wheel, and it will be 
| seen that in each case the effect of the application of 
| force a is to cause the wheel to precess in the manner 
described above. 

The essential parts of the gyro-com are, to all 
intents and purposes, illustrated in Fig.1. It con- 
sists of a rotating wheel carried by a frame, which, 
however, instead of being suspended by a cord, as 
| in Fig. 1, is floating in a bath of mercury. The 
| force a, which causes precession, is, in the case 
|of the compass, ser A by the force of gravity. 
|The method of operation of the compass is illus- 
trated diagrammatically in Fig. 3, annexed. The 
large circle represents the earth, and the gyro- 
scope wheel is sup to be rotating in a plane 
passing through the axis of the earth in the position 
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shown at A. After the lapse of a certain time the 
gyroscope would be carried to a new position A,, owing 
to the rotation of the earth, and if the gyroscope were 
free to move in any direction it would maintain its 
plane of rotation in the same way that a Foucault 
pendulum would maintain its plane of swing, and would 
consequently remain in the position shown at A,. Since, 
however, the gyroscope is acted on by a force or couple 
due to gravity, it does not maintain its plane of rota- 
tion, but tends to swing round so that its axis comes 
into the meridian ; it, in fact, precesses in exactly the 
same way as the gyroscope shown in Fig. 1. In Fig. 3 
the couple due to gravity and the direction of preces- 
sion are shown by arrows. The effect of precession 
is to cause the black end of the axis of the gyro- 
scope to point to the North Pole. Although in Fig. 3 





knife-edges from the binnacle case exactly as in an 
ordinary magnetic compass. The upper side of the 
compass is covered in by a glass G, through which the 
card can be seen, and to the centre of the glass a steel 
stem § T is fixed, which serves to keep the whole 
floating system in a central position. The compass- 
card is fitted with a spirit-level, which, however, is 
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Fig. 10. 
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the gyroscope in its first position is shown with its 
axis at right angles, it will be quite obvious that no 
matter in what direction it is lying the effect of the 
couple due to gravity will be to cause a precession of 
the axis into the meridian. 

A section showing the actual details forming the 
essential parts of the compass is given in Fig. 4 on 
page 816. The gyroscope wheel is carried in the 
casing B shown in the lower part of the figure, which 
is attached by a sleeve to the float S. The upper part 
of the sleeve carries the compass-card R. The mercury 
Q is contained in the outer bath K, which forms the 
frame of the whole arrangement, and is carried by 
knife-edges on a ring which is in turn carried by 
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not shown in Fig. 4. Perspective views of the various 
parts of which the apparatus shown in Fig. 4 is built 
up are shown in Figs. 5 and 6 on the same page. 

The gyro-wheel of the compass, which can be seen 
in the foreground of Figs. 5 and 6, is turned, spindle 
and all, from a solid piece of nickel steel. It runs at 
about 20,000 revolutions per minute, and is provided 
with a flexible spindle of the De Laval type, so that 
the centre of gravity of the whole rotating mass 
coincides with the geometrical axis of rotation as soon 
as the critical = ispassed. The wheel is driven by 
a small three-phase motor furnished with current at 
120 volts pressure and 333 periods a second. The 
wheel itself forms the rotor of the motor, being fitted 


with squirrel-cage bars inside its rim. The bars are 
driven into holes punched in a series of laminated 
rings inside the rim of the wheel, and no insula- 
tion is used. The stator is carried by the outer 
casing B, and has two poles. One of the elec- 
trical connections is made to the stator through the 
mercury bath, the other two coming down the centre 
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spindle 8 T, which is made in two parts, insulated from 
each other and sliding one inside the other. Each of 
the two parts dips into an independent mercury bath, 
as will be seen from the figure, so that the necessary 
electrical connections are made to the motor without 
the intervention of flexible connections or other devices 
which might restrict the free movement of the float- 
ing part of the compass. 

i addition to the various details of the compass so 
far dealt with, it contains an additional device, which 
is of much importance, and which has much to do with 
its practical success. There is the damping appliance, 
which has to be introduced to prevent the gyroscope 
simply oscillating from side to side of the meridian as 
it would do were it quite free to swing. After start- 
ing up it would, if undamped, swing to and fro like a 
pepe the amplitude of its a being determined 

y its original position on either side of the meridian 
when started up. The cause of this swinging may 
fairly be compared to that which determines the swing 
of a pendulum. The force of gravity, acting on the 
gyroscope, causes it to precess towards the meridian, 
and if the axle of the wheel has not assumed a hori- 
zontal position, precession will continue, thus causing 
the axle to swing past the meridian and possibly to 
come to rest almost as far from the meridian on the 
other side. There is, of course, a certain amount of 
damping due to the mercury bath in which the 
gyroscope is floating ; but this is far from sufficient 
to bring it to rest in a reasonable time, and the curve 
in Fig. 7, on page 816, shows the swing of the gyro- 
scope when the extra damping device is disconnected. 
The curve in Fig. 8, on the same page, shows the 
swing when the damping device is in operation, and 
it will be seen that starting with an initial displace- 
ment of over 40 deg., the compass assumes a steady 
position in the meridian in about an hour and a half. 

The damping arrangement can be best seen in Fig. 9, 
annexed, which is a ee view of the gyro- 
scope looked at from below. It will be understood 
that, although cyeees f cylindrical, the rotating wheel, 
owing to its high speed, acts as a blower, and generates 
a considerable current of air. This current is useful 
in helping to keep the motor cool, but, in addition, it is 
used to damp the oscillations about the meridian. The 
casing containing the wheel is formed with two openings 
in its sides for the entry of air; these are shown at g in 
Fig. 9. It also has an opening on its lower side shown 
atc. In the front of this latter opening a plate u hangs, 
which is carried by the pendulum arm d. This 
arm is connected to swing very freely on its bear- 








ings, and is arranged so that when the axis of the 
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wheel is horizontal it divides the opening c equally | none the less the compass had advantages even for 
and leaves passages a and b on either side of it, from | these. This is clear from the curves given in Fig. 14, 
which the air issues in equal streams. If, however, the | and the considerations mentioned in the previous para- 
axis of the gyro-wheel is not horizontal, as is the| graph. In the case, particularly, of very large liners, 
case during precession, the openings a and } will be | it is obvious that considerable power saving will result 
unequal, so that there is an unequal reaction due to/from the closer approximation to a straight course 
the air issuing from them. This unequal reaction | which the gyro-compass allows. In this connection it 


forms a oe couple round the vertical axis of | is interesting to note that the new 70,000-horse-power 
e 


the system, under the influence of which a motion 
is set up opposing the precession in such a direction 
as to bring the axis of the wheel once more horizontal. 
The fact that the axis of the wheel is not horizontal 
during precession follows at once from a consideration 
of Fig. 3, as it is there clearly shown that the action 
of the couple due to gravity, which is the cause of 
pan, can only begin when the axis of the wheel 

as departed from the horizontal due to the rotation 
of the earth. 

One of the most valuable features in connection with 
the gyro-compass is that it lends itself very readily to 
the operating of a series of indicating dials situated 
away from the compass proper and controlled electric- 
ally. The fact that the moving part of the compass 
has fifteen times the directive power of the corre- 
sponding moving part of a magnetic com assists 
greatly in this connection. This control of indicating 





liner Imperator, which is being built by the Stettiner 
Machinenbau A.-G. Vulean for the Hamburg-Amerika 
Line, will be fitted with gyro-compasses. 

There are a number of other detail features in con- 
nection with the compass with which our space will 
not allow us to deal. It may be said, however, that 
the compass is driven by a small motor generator, 
which is arranged to be supplied with power from the 
ship’s lighting mains, and that the power required for 
a@ compass with its distance-controlled dials, is about 
700 watts. It should also be said that small correc- 
tions are necessary in the compass to allow for lati- 
tude, ship’s direction, and ship’s speed. These, how- 
ever, are small, and it is usual to adjust a compass to 
the conditions under which it has to work. If, in the 
case of a ship making a long voyage, it is necessary to 
alter the latitude connection after leaving port, it can 
be done without difficulty, and in a moment or two. 
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dials from a distance is of especial importance in war- | 
ship work, as it enables the compass proper to be 
placed in a safe position below the armoured deck, | 
while the indicating dials to any number may be placed | 
on the navigating bridge or in conning towers. Such | 
navigating dials can be operated from the ship’s light- | 
ing system, and are controlled by a pair of contacts 
on to which a finger on the master com -card makes 
connection. Examples of the various types of binnacle 
which are used are ifustrated in Figs. 10 to 12, on page 
817. Fig. 10 is a gyro-compass complete without trans- 
mitting gear, while Fig. 11 is the type used when it is | 
not to be employed as a compass in itself, but only as 
a master for the control of a number of dials at a 
distance. Fig. 12 is a characteristic pattern of dis- 
tance-controlled dial, but it will be understood that 
the card can be arranged in a vertical plane equally 
well as in a horizontal one. 

There is a further feature in connection with these 
distance-controlled dials which is of much importance, 
and which adds greatly to the value of the gyro- 
compass as compared with the ordinary magnetic type. 
This feature is embodied in the instrument illustrated 
in Fig. 13, on page 817, and consists of a centre dial 
mounted inside the ordinary one. This centre dial is 
geared so that it makes one complete revolution for 
every 10 deg. of movement of the outer dial. The 
result of this is to enormously increase the sensitive- 
ness of the reading, so that, to anyone steering a ship, 
any departure from the correct course is seen much 
more quickly, and can be more readily corrected 
than is possible without the use of the centre dial. 
This point is hy no means a merely academic one, 
and many records which have been taken under 
similar conditions with gyro-compasses and magnetic 
ones show that a much straighter course is steered 
in the former case. A sample of a record taken 
during trials of this sort is given in Fig. 14, annexed. 
The upper curve in this figure shows the course 
actually steamed, and the lower, the movements 
of the tiller, while the first half of the two curves 
relates to steering with a magnetic compass, and the 
latter to steering with a gyro-compass. The records, 
which were taken on a large steamer, show that with | 
the gyro-com there is much less yaw, owing to the 
greater rapidity with which deflections from a straight 
course can be seen and corrected by the steersman. 
This is further illustrated in the lower curves, where | 
the appreciable time which elapses before the tiller is | 
moved over, when steering with a magnetic compass, 
is indicated by the flat tops to the waves of the curve. | 

It is chiefly in connection with battleships that the | 
gyro-compass has up to the present fo @ field of | 
work, since it not only possesses the t advantage | 
that the master compass can be pl below the pro- | 
tective deck as before mentioned, but it at the same 
time eliminates magnetic troubles which in recent 
large battleships have become very difficult to deal 
with. This applies especially to ships with very large | 
guns, the magnetic perturbations due to the moving | 
of which have necessitated the compasses being placed 
in a very high and exposed position above the decks. 
Arguments founded on the above advan of the | 
gyro-compass do not apply to merchant ships, but | 
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The compass, which has been designed by Dr. 
Anschiitz, is constructed in this country by Messrs. 
Elliott Brothers, of 36, Leicester-square, London, 
W.C., at whose premises we have had an opportunity 
of inspecting. it. The whole of the compass and its 

rts are beautifully made, and are in every way 
worthy of the high degree of scientific and practical 
attainment which its design represents. 





Tue Roya, Society or Arts: Prizes ror Lirkr- 
Savinc ApPpaRATUS.—At their meeting on Monday, the 
12th inst., the Council had before them the report of 
the committee appointed to consider the applications for 
the prize for tie-eaving apparatus for use in noxious 
atmospheres. They decided to approve the recommenda- 
tions of the committee, and awarded the following 
medals:—A gold medal to Mr. H. A. Fleuss, for the 
apparatus submitted by Messrs. Siebe, Gorman, and Co. ; 
a gold medal to Mr. W. E. Garforth, in recognition of his 
efforts to perfect and to secure the adoption of rescue 
apparatus in mines; a silver medal for the ‘‘ Dreger” 
apparatus submitted by Mr. Richard Jacobsen; and a 
ie medal for the ‘‘ Meco” apparatus submitted by the 
Mining Engineering Company. 


Tue CHemico-PuysicaL TesTinc-StaTION oF MEssrs. 
Krupp AT Essen.—The chemical and physical testing 
laboratories of Messrs. Krupp at Essen, which were built 
in 1909, are regarded as both the largest and most 
perfectly-equipped testing laboratories connected with 
any metallurgical works. The five-story building covers 
an area of 3635 sq. m. (39,100 sq. ft.), and there are very 
complete arrangements for mechanical testing with the 
aid of Werder, Martens, Amsler, and Charpy machines, 
Brinell apparatus, &c., some of which are driven by oil- 
engines ; and for suas and testing ores, pig, slag, 
refractory materials, oils, fuels, gas, water, explosives, &c. 
The chemical laboratory examines experimental steels and 
defective materials; a 22-horse-power three-phase motor 
drives the machines in which the specimens are yee 
by a great variety of tools, for mechanical testing. 

ectric and magnetic tests are also made, of course as 
described in Stahl wnd Eisen, June 1, 1911. Many of 
the machines and apparatus, it need hardly be mentioned, 
were built in the works. 


Tue Late Mr. Aveust Doiirus. — August Dollfus, 
who died last month in his native town of Miilhausen, 
Alsace, was for nearly fifty years President of the Société 
Industrielle de Mulhouse. That honour was conferred 
upon him in 1864, when the famous society celebrated its 
centenary. Dollfus was only a young man, 32 years of 

then, and a cotton-spinner, and the esteem in which 
he was held by his fellow industrials is sufficiently shown 
by thiselection. He was educated in Milhausen and at 
the Ecole Py ta ue of Paris, and having worked in 
the works of Nicolas Schlumberger and Co., of Gebweiler, 
he established, when only 24 years old, the new, soon- 
renowned firm of Dollfus and Mantz, together with his 
friend Mantz. It was at his instigation that the Société 
de Mulhouse started industrial schools of its own, and 
both in his capacity as president of this society and as 
member of the Chamber of Commerce of his town he did 
a greet deal to help Miilhausen over the industrial crisis 
which threatened Alsace after the Franco-German war. 
As chairman of the committee for the care of the wounded 
he was decorated with the ion of Honour, and the 
Governments of both his old and his new country honoured 
the energetic friend of the people in various ways. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, June 14. 

DurinG the past week orders for over 100,000 tons 
of steel rails have been plaved by western railroad 
companies, of which the Missouri - Pacific represents 
one-half. An order for 8000 tons was booked from the 
National Railways of Hayti, and one for 23,000 tons from 
the Baltimore and Ohio Railroad. Orders for 16,000 tons 
came from different c »untries in the West Indies. Large 
orders for export are now pending, and will be placed 
in a few days. The 36,000-ton order for structural 
steel for the Hell-Gate Bridge has not yet been placed, 
and four bids are under consideration. This is the 
first upward rush of orders for rails, and it is 
believed that many more will be secured as the result 
of recent conferences over prices. The unfilled orders 
on the books of the United States Steel Corporation on 
June 1, amounted to 3,113,187 tons. The pig-iron 
people have had much trouble in selling pig iron, and 
prices are showing a oes tendency, which prob- 
ably accounts for the backwardness of orders. On the 
other hand, there are quite a number of inquiries 
on hand, which is evidence of good pre ctive 
selling. Buyers are bringing all their possible force to 
bear in order to obtain better terms, and they are 
likely to succeed. Forge iron in the Pittsburgh district 
has fallen to 13 dols. rge transactions in pipe iron 
are now in sight,-in which southern furnaces will 
mag ed secure the bulk of the business. Basic iron 

dropped a trifle, and heavy transactions are looked 
for. Furnace coke has dropped from 1.50 dols. per 
ton to 1.40 dols., which is the lowest price of the 
season. The occasion for this is that a number of 
furnace companies which make their own coke are 
idle, and the product is thrown upon the market. 
The Jones and Laughlin Steel Company have arranged 
to expend 3,000,000 dols. in building the most modern 
coke plant in the world, with a capacity of coke per 
day sutticient to supply its new furnaces at Aliquippa, 
below Pittsburgh. 

The company will mine its coal above Pittsburgh 
and transport it by water to its new plant. Thecom- 
pany will also extend its coke-producing capacity in 
the vicinity of that city. The manufacturers of 
electrical equipment are very busy, an indication 
of which is seen in the annual report of the Westing- 
house concern, whose gross earnings for the purst 
year are 38,319,312 dols., or 8,800,630 dols. more 
than for the previous year. The company is discuss- 
ing the fines oct in Russian Courts in which 
1,800,000 dols. are involved. A combination has just 
been effected of five shipping companies on the Great 
Lakes, controlling twenty-one of the finest bulk-steel 
freighters. The company will be known as the Great 
Lake Steamship Company. Financial conditions are 
improving, and large cos issues are being taken up 
in the open market, to the satisfaction of the railway 
companies issuing them. Crop prospects continue 
unusually favourable, and the speculative markets are 
adjusting themselves to these anticipations. 








Tue TECHNICAL Museum FoR INDUSTRY AND TRADE AT 
Vienna.—A Museum fiir Industrie und Gewerbe was 
established at Vienna in 1908 in connection with the 
sixty years’ jubilee of the Emp-ror Francis Joseph I. by 
Austrian industrials in co-operation with the Govern- 
ment and the Metropolis of Vienna. The foundations 
were laid opposite the Castle of Schénbrunn in June, 
1909, and the building has now so far advanced that a 
call is made for exhibits especia'ly concerning technical 
development. Objects oubenieaed will temporarily be 
stored by the Government. The museum is to exem- 
plify the connection between pure and applied science, 
and machines, models, oe, tools, manuscripts, 
drawings, books, will equally be welcome. The address 
is Technischer Museum, Wien I., Ebendorfer-str. 6. 


INTERFERENCE Banpvs FOR CABLE ReEcEIveRS.—The 
Kelvin syphon recorder is practically a moving coil galva- 
nometer of the D’Arsonval type, suspended in the field 
of a permanent magnet. The deflection depends upon 
the strength of the field, and for long cables very 
powerful fields would be used, if it were not that the 
damping increases at the same time as the sensitive- 
ness. According to G. O. Squier and A. C. Crehore 
(‘Notes on Oscillatory Interference Bands and 
some Practical 5 rR” published in one of the 
Bulletins of the Bureau of Standards), it is useless to 
increase the field strength beyond 2800 Gauss, because 
the sluggishness of the movement of the coil then 
neutralises the advantage gained in sensitiveness. 
the beginning of the movement could be observed, the 
increase in field strength would be profitable. Bs ga 
and Crehore for this purpose modify a Muirh re- 
corder in the following way: The coil and poles are 
mounted horizontally (instead of vertically), and the 
syphon and rocking system are replaced by a small piece 
of metal which ee to ey frame ; it supports two 
superposed opti lasses, the upper one projecting a 
little over Schoen. A thread from the euifte stretched 
over the glass plates and produces by its pressure and by 
its deflection interference bands, which can easily be 
seen to shift when the movement of the galvanometer is 
still invisible. Thus strong fields can be utilised. The 


illumination is by a quartz-mercury lamp, 
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INDUSTRIAL NOTES. 


AccorpING to the Board of Trade Labour Gazette, 
issued on June 16, the state of the labour market in 
May was as follows :— 

Employment in the month continued good. It 
showed some improvement on the whole as compared 
with April, and was considerably better than a year 
ago. 

The engineering and shipbuilding, furnishing, wood- 
working, woollen, worsted, hosiery, dyeing, bleaching, 
and pottery trades were all wellemployed. There was 
a further slight recovery in the iron and steel industry, 
and a seasonal improvement in the clothing, building, 
and brick industries. On the other hand, the number 
of pig-iron furnaces in blast continued to decline, and 
there was some falling off in employment in the cotton, 
lace, and jute es. 

As compared with a year ago, nearly all the prin- 
cipal industries showed an improvement. Employ- 
ment at coal-mining, however, was, on the whole, not 
quite so good, and there was a considerable decline at 
blast-furnaces and in the lace and jute trades. In the 
395 trade unions, with a net membership of 766,990, 
making returns, 19,431, or 2.5 per cent., were returned 
as unemployed at the end of May, 1911, compared 
with 2.8 per cent. at the end of April, 1911, and 4.2 
per cent. at the end of May, 1910. 

Returns from firms employing 452,326 workpeople 
in the week ending May 27, 1911, showed an increase 
of 1 per cent. in the amount of wages paid compared 
with a month ago, and of 5.7 per cent. compared with 
a year ago. 

The c —- in rates of wages taking effect in 
May affected nearly 51,000 workpeople, who received 
a net increase of 1250]. per week. The principal 
increases affected 2200 ironstone quarrymen and blast- 
furnacemen in North Lincolnshire, 3700 steel melters, 
pitmen, &c., in various parts of England and Scot- 
land, 12,000 ironmoulders in Scotland, and 33,000 
workpeople in engine and boiler shops on the Clyde. 
Amongst those whose wages were reduced were 5500 
coal-miners in the Forest of Dean and 3500 blastfur- 
nacemen in Scotland. 

The most important disputes in a during the 
month were those involving 800 builders’ labourers 
and bricklayers in Nottingham, 12,000 coal-miners in 
the Rhondda Valley, 1400 coal-miners at Wigan, 600 
shipwrights at Southampton, 800 platers’ helpers and 
labourers at Birkenhead, and 600 cotton operatives at 
Manchester. Fifty-one new disputes began in May, 
1911, and the total number of workpeople involved 
in all disputes during the month was 36,868, or 3422 
fewer than in the previous month, and 17,644 more 
than in May, 1910. The time lost during the month 
by these workpeople amounted to 523,800 workin 
days, or 11,400 more than in April, 1911, and 318, 
more than in May, 1910. 

Five fresh cases were reported under the Con- 
ciliation Act, involving boot and shoe ae at 
Kettering and Wigston, steel melters at West Hartle- 
pool, painters at Leek, and coach-builders in the North 
of England. Awards were issued relating to the cases 
of the beot and shoe operatives at Kettering and 
Wigston and painters at Leek. 

he following table is a summary based on 3026 
returns from trade unions, covering about 766,990 work- 


people :— 
Trade-Union Employment Returns for May. 














Trade-union percentages of ployed. 
| | . om | Increase (+) or 
| Percentage | Decrease (-—) in 
| oe oy o | Percentage Unem- 
| a Unem- | ployed as Compared 
Trade. | Unions | Ployed at with a 
| Report- . of | 
ay a 
ing. - j 
| | 1911. Month Year 
} | | ago. ago. 
Building .. | 87,715 ss. | =a = % 
Coal-mining* | 153,409 0.8 - 0.1 +01 
Engineering 177,781 2.8 - 0.4 - 2.6 
Shipbuildin 63,964 | 2.7 - 0.8 -%.1 
Other meta! ‘ 45,073 | 3.0 + 0.4 - 13 
Textiles* .. -., 121,603 | 2.3 +01 - 0.2 
Peper, pointing, en | 
bookbinding ; 61,011 | 4.9 + 0.1 - 0.2 
Furnishing andi 
woodworking ..| 34,777 2.2 ; - 01 - 19 
Miscellaneous 51,650 3.2 - 0.4 . 
As er 
Total .. | 766,983 | 2.5 - 0.8 - 1.7 


* In addition to the ordinary short time which occurs in all 
trades, it should be noted that in the mining and textile industries 
a contraction in the demand for ur is more |, senceage met by 
4 reduction in the time worked per week by a number of 
workpeople than by the discharge of a smaller number. 








As a result of the seamen’s strike, which began 
pone on Wednesday last week, some concessions 

ve been granted by a number of the chief companies 
that do not belong to the Shipping Federation. Among 
these are the White Star Line, the Canadian Pacific, 
Messrs, Alfred Holt and Co., and Messrs. Lamport and 
Holt, who agreed to pay their seamen and firemen an 


extra 10s. a month, which was accepted by the Sea- 
men’s and Firemen’s Union. The White Star Line 
Australian steamers are not, however, affected by the 
advance, but their case will, it is said, be considered. 
It was stated in Southampton on Thursday night last 
week that the White Star Company would lay up the 
Majestic, which arrived that day at Southampton. The 
American Line will do the seme with the New York. 
It is rather difficult to ascertain the exact position 
of affairs, because reports from both sides are conflict- 
ing. The officials of the men’s union state that 
they are confident of success, whereas, on the other 
hand, officials of the Shipping Federation maintain 
that the trouble will soon end. Crews were obtained 
at Cardiff on Thursday in last week by nine vessels, 
but they were com mostly of coloured men. At 
Leith the crews of four vessels handed in their notices, 
but it is stated that other crews were found for two 
of the ships. 

So far as London is concerned there did not appear 
as yet to be much dislocation at the end of last week. 
Trade-union pickets were placed at some of the 
shipping offices in order to persuade the men to refuse 
the old rate of wages, but perfectly peaceful methods 
appear to have been followed. The crew of the 
Diseovery, belonging to the Hudson’s Bay Company, 
were conveded an extra 1/. per month increase on 
their former wages. All crews who signed on before 
the declaration of the strike have been advised not 
to break their agreements, and no delays were there- 
fore caused in the sailings from London on Thursday 
in last week. 

At the end of last week, although the strike appeared 
to be spreading in certain quarters, the affairs were 
yet far from indicating what the full strength of the 
struggle may be. Although some concessions had been 
gained by the men these were mainly coufined to liners 
carrying mails and to coasting vessels, and in the case 
of liners the concessions made were qualified, in that 
the increases in wages were given as bonuses, or 
only for one voyage. There has been s»me gene 
in the effects of the strike, more particularly wit 
regard to Leith and the North-East Coast. At South- 
ampton the Union-Castle men have joined the strike. 
So far as we know, no company belonging to the 
Federation has made concessions to the men. It 
is stated that in one case a crew which had signed 
articles did not turn up at the appointed time, and its 
members were arrested. Some men, too, have, by 
joining the strike, risked pensions to which they would 
have been entitled. Chinamen have in some cases been 
signed on, and the Seamen’s Union has lodged a protest 
with the Board of Trade and has asked that the lan- 
guage test may be enforced. 

At the beginning of this week the seamen remained 
firm in their attitude, and, indeed, their position looked 
as though it was gaining strength. This aspect is 
probably only temporary, however, if the Federated 
owners are firm, for the movement can then only have 
one ending—the men’s defeat. The shipowners know 
that the men are without any large accumulated funds 
wherewith to provide strike-pay, but the men are at 
present elated with their initial success. 

It may be interesting here to give some ~ 
relating to the men’s pay. The monthly rate hitherto 
paid on cargo-boats varies from about 3/. 10s. to 5i., 
according to the port from which the vessel sails ; and 
in place of this the men are demanding a uniform rate 
of 5/. 103. Anextra 10s. is asked on ordinary passenger 
boats, and on mail boats the firemen demand 6/. where 
they now receive 5/. 10s. On the large number of coast- 
ing vessels the advance is, proportionally, about the 
same. The crews of these are paid weekly wages, and 
a moderate estimate of the average amount of the 
increase all round is 1/. a month. In 1907, when the 
last complete census of the seamen was published by 
the Board of Trade, the number of men on trading 
vessels was about 192,000, but this did not include lascars 
aud Asiatics. If officers, apprentices, and cattlemen 
are deducted, the total is 137,000 men. As seamen 
are usually inactive for about two months in every 
year, a complete victory would give them an all round 
average advance of about 10/. a year. British shipping 
would then have to bear an increased burden of at 
least 1,375,000/. per annum. 


In the monthly report of the United Society of Boiler- 
Makers and Iron and Steel Shipbuilders for June, 
attention is called to the fact that May was a record 





the shipyards of the United Kingdom, but it is stated 
that in spite of this the wages of most of the piece- 
workers in Federated shipyards is still 10 per cent. 
below the normal good-trade standard. Since the 
beginning of the year the membership of the societ; 
has increased and now totals 53,685, and if to this is 
added 895 widows of deceased members who are insured 
for funeral benefit, the total reaches 54,580 members. 
The members signing the book at the end of M M 
totalled 1486, against 1817 at the end of Apri 
and there were 1210 and 1243 members on the sick 

in the same two months, while those on superannuation 





at the end of May numbered 2400, and at the end of 


month as regards the amount of tonnage launched from | 7; 


April, 2393. The expenses for May amounted to 
6054i. ls. compared with 5604/. 11s. 10d. at the end 
of the previous month, or an increase of 450/. 3s. 2d. 
on the month. The number of members admitted 
during the month amounted to 772, while 126 failed 
to continue their subscriptions or died. The increase 
was, therefore, 646. 





_ On Friday morning last the strike of the woolcombers 
in Bradford commenced, and only one large firm in the 
city could keep its machinery running. The employers 
are endeavouring to avoid anything that may provoke 
the strikers, but they are resolved that when peace 
returns they will not renew the agreement which has 
tied their hands this year in dealing with night workers. 
It was stated on Saturday that three firms had agreed 
to the men’s demands. Nevertheless, on that day the 
wovulcombers on strike entered several mills where 
workpeople were at work and ordered them out and 
stopped the machinery. Their order was obeyed. An 
attempt had been made on Friday to enter another mill 
(Whitehead’s), but this was prevented by the police. 
The firm are determined to resist, and have assured 
their workpeople of full protection in case they remain 
loyal. Its stated that, at any rate, four firms have 
granted the demand of the union for a 5 per cent. rise, 
with a minimum wage of 25s. per week. 





On Thursday in last week two companies of the 
Devonshire Regiment, numbering 250 men, arrived at 
Newport from Tidworth Barracks, and are quartered 
at Newport in readiness should they be required in 
the Rhondda Valley in case fresh disturbances break 
out there. The Royal Warwickshire Regiment may 
also be ordered to proceed to South Wales. 





At the adjourned annual meeting of the South Wales 
Tinplate Conciliation Board, held at Swansea on Friday 
last, the w rates were agreed to for the following 
year. Until June 1912, therefore, there should be no 
disputes on this score. An advance of 10 per cent. 
throughout the trade was the most important demand, 
but the men withdrew this for the time being. The 
wage rates of 25,000 people engaged in the trade are 
affected by this settlement. 


At the present time the coal trade in Scotland is not 
brisk, and the colliery owners are said to be preparing 
a scheme to reduce the output as a remedy for the 
depression. 





In Edinburgh last week the difficult question of the 
employment of non-unionists in federated shipyards 
came before a conference of the shipbuilding employers 
and the men, but no settlement was arrived at. 
Although the subject was discussed for the greater 
es of the time from ten o’clock in the morning till 

If past six at night, with an interval of half an hour for 
lunch, no common basis of agreement could be found, 
and the only conclusion was that, as the maehinery of the 
national agreements had all been utilised with respect 
to this particular question, and as no settlement had 
been reached by the conference, nor had grounds on 
which negotiations could be profitably continued been 
found, each side was free to act as they pleased when 
it came to a dispute on this subject, without incurring 
any charge of breaking national agreements. So far, 
therefore, as this one question is concerned, it appears, 
in effect to mean, that the national agreements have 
become inoperative. With regard to other questions 
affecting the working relations of the federated em- 
ployers with the members of the unions, they, of 
course, remain fully effective. Other matters before 
the conference were of minor importance. 





At Huddersfield, on Saturday last, a conference of 
nineteen textile societies in the county was held, at 
which a scheme was drawn up to secure a working 

ment amongst the various textile workers’ unions 
roughout Yorkshire, the main feature of the scheme 
being that each union shall help the other unions in 
times of trade troubles, and it is suggested that all 
members of the various societies shall not only act 
together, but that they shall make a special effort to 
strengthen their organisation. The various unions are 
to be asked for their approval. 





Tue Roya Socrrty or Arts’ Atbert Mepau.—The 
Council of the Society, with the approval of His Royal 
ighness the Duke of Connaught, the President, have 
awarded the Albert Medal of the Society for the current 

ear to the Hon. Sir Charles A. Parsons, K.C.B., LL.D., 

.Sc., F.R.S., for his experimental researches into the 
laws governing the efficient action of steam in engines of 
the turbine type, and for his invention of the reaction ty 
of steam-turbine, and its poe applications to the 
generation of electricity, the ventilation of mines and 
other large spaces, blast-furnace work, ship propulsion, 
and other important purposes. The beneficial results 
which have followed upon these inventions include a 
cheapening of the production of mechanical 

and speed for steamships, and first 





Siocseatal eclution of "the blem of rotary engines, 
which had long baffled mony other inventors, 
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46-0 TYPE PASSENGER COMPOUND LOCO- 
MOTIVE ; PORTUGUESE RAILWAY. 


THE most important railway of Portugal, having 
a system of 728 miles in the centre of the country, is 
that which, prior to the recent revolution, was known 
as the Companhia Real dos Caminhos de Ferro Portu- 
— This railway, whose main line extends between 

4isbon and Oporto, is 213 miles in length, with many 
rades of 1 in 250, 1 in 100, 1 in 66, and 1 in 55, the 
atter being in some cases on curves of 300 to 320 
yards radius. Until 1906 the passenger expresses on 
this line were worked with a class of six-coupled four- 
cylinder de Glehn compounds, with driving-wheels 
1.75 m. (5 ft. 83 in.) in diameter. When bogie coaches 
were introduced, however, these engines were not 
powerful enough to handle the trains to schedule, 
especially when the timing was shortened, one engine 
having to work through, while the two longest stops 
allowed were of five and three minutes oti ter water. 

Since the engines already in use had proved satisfac- 
tory in every way, after four years’ experience of them, 
during which time they had each averaged more than 
62, miles per annum, five similar locomotives 
of rather greater wer were ordered from the 
Société Alsacienne de Constructions Mécaniques, of 
Grafenstaden. These engines had two high-pressure 
cylinders, 137 in., and two low-pressure cylinders, 
222 in. in diameter, with a stroke of 25-in. The 
driving-wheels were 6 ft. 2/4 in. in diameter, and the 
boiler pressure 227 lb. per sq. in. The total heating 
surface was 2225 sq. ft., and the weight on the driving- 
wheels 48.6 tons. 

As the weight of the expresses continued to increase, 
especially during the summer traffic, when they were 
up to 320 tons, still more powerful engines became 
necessary. Owing to the limits imposed by turntables, 
running-sheds, &c., the 4-6-2 type was found to be 
unsuitable, and the 4-6-0 compound type was finally 
adopted, with four cylinders and bar frames, the 
weight per coupled axle being kept below 18 tons. 
These engines were built by Messrs. J. A. Maffei, of 
Munich, and are illustrated in Figs. 1 to 6, on Plate 
XLIV., published with this week’s issue. 

Of the illustrations, Fig. 1 gives a longitudinal sec- 
tion of the engine, and Figs. 2 and 3 half cross-sections 
taken respectively through the fire-box and through 
the cylinders pes | smoke-box, both looking forward. 
Fig. 4 is a half-plan on a section line running through 
the driving-axle and cylinder centre lines. Fig. 6 is 
a general view, showing the engine to be of the style 
which has become so characteristic of this firm of 
builders. The chief. particulars of the engine and 
tender are given below :— 
Locomotive : 

Gauge pi pre sai 
Cylinders, diameter, high 
ID ins, cis, 5s 
Cylinders, diameter, low 


1.665 m. (5 ft. 6 in.) 
0.390 m. (1 ft. 3% in.) 


0.630 m. (2 ft. O}§ in.) 
0.640 m. (2 ft. 1,4; in.) 
travel... ee sie 175 mm. (6g in.) 
High - pressure steam- 

ports, dimensions 
(2 ft. 2,% in. by 12 in.) 


High - pressure exhaust 
ports, dimensions 


675 mm. by 35 mm. 


675 mm. by 80 mm. 
(2 ft. 2,%; in, by 38 in.) 


1272 mm. by 35 

(4 ft. 2Y,in. by 

Low - pressure exhaust 
ports, dimensions 


Low - pressure _steam- 
ports, dimensions mm. 
12 in.) 
1272 mm. by 60mm. 
(4ft. 24 in. by 28 in.) 


1.900 m. (6 ft. 2}2 in.) 
0.900 m. (2 ft. 11,% in.) 
4.500 m. (14 ft. 9 in.) 
8.850 m. (29 ft. 7, in.) 


1.644 ,, (5ft. 49 in.) 
304 


Diameter of 
wheels... ‘s “a 
Diameter of truck wheels 
Wheel-base, coupled 
Wheel-base total ... aa 
Boiler, inside diameter of 
smallest ring... 
Tubes: number ... am 
diameter (outside) 
a lengt : as 
Fire-box heating surface 
Tubes 
Total os 
Grate area ... wr 
Working pressure 
Blast-pipe area... 
Weight, ~~ ae 
Adhesive weight ... 


driving 


52 mm. (2,4; in.) 


” ” 


=) eee Sen de 

.. 16 kg. (227 lb. per sq. in.) 

36,500 sq. mm. (56 sq. in.) 
66,500 kg. (65.4 tons) 
51,000 ,, (50.19 ,, ) 


75,000 ,, (73.8 ,, ) 
12.080 m. (39 ft. 78 in.) 


Total weight in working 
order ame oe dv 
Total Iength of engine 
Tender : 
Uapacity of tank ... 
Fuel space... i 
Diameter of wheels 


22 cub. m. (4845 gals.) 
8000 kg. (282 cub. ft.) 
1.230 m. (4 ft. 07; in.) 
The boiler is of the straight-to type, placed 
sufficiently high to allowof teeing Den casingy eee has 
a cylindrical top, being above the frames and between 
the wheels in accordance with American practice. Pre- 
ference was given to this type over the Belpaire form, as 
with it construction and _repaire were considered easier, 





and the weight on the last two axles is reduced. The 
boiler barrel is of two rings, the internal diameter of the 
smallest being 1.644 m. (5 ft. 43 in.), while the length 
inside is 4. m. (15 ft.9 in.). The barrel-plates are 
19 mm. (? in.) thick. The smoke-box tube-plate is 
26 mm. (1 in.) thick. The fire-box shell has a length 
of 3.340 m. (10 ft. 114in.), and a width of 1.750 m. 
(5 ft. 8Zin.). The depth of the box at the front, 
below the boiler centre line, is 356 mm. (1 ft. 2 in.). 
The thickness of the shell is 16 mm. (8 in.), of the 
back-plate 17 mm. (}4 in.), and of the throat-plate 
18 mm. (#$ in.). The fire-box is of copper; the 
tube-plate is 28 mm. (1} in.) thick over the tube 
area; the other fire-box plates are 16 mm. (8 in.) 
in thickness. The crown-plates are stayed by steel 
screwed stay-bolts. At the sides the stay-bolts 
are of copper in the lower part of the box, and of 
manganese-copper in the upper ranges. The grate is 


HIGH PRESSURE. Fig.7. 


gear, outside the frames, is provided for each piir of 
compound cylinders, driving, by means of a rocking- 
shaft, a piston-valve placed above and between the 
high and low-pressure cylinders. 

A section of one of the steam-valves is shown in 
Fig. 5. Each consists of the three piston-valves 
mounted on one spindle. The course of the steam is 
marked by arrows. The high-pressure cylinder valve 
is the small central one. This has inside admission. 
At exhaust steam passes from this valve into the 
interior of the larger piston-valves which belong to the 
low-pressure cylinder. These control the admission to 
this cylinder by the outer édge, as shown to the left 
hand (Fig. 5), while the inside edge controls the 
exhaust, as shown at the valve to the right in this 
figure. Three small valves, located above—one on the 
steam port and one on each of the low-pressure cylin- 
der steam ports—permit the live steam to enter 





LOW PRESSURE. 


311 tons 


Weight of train .. 
ee .. 15 per cent. 


Gradient .. 
Speed 7 “ 23 miles 
Boiler pressure .. . 213 1b. 
Cut-off .. * .. 48 per cent. 
Indicated horse-power .. 835.1 














311 tons 
0 

me - 40 miles 

Boiler pressure .. 213 Ib. 


Weight of train .. 
Gradient .. ; 
Speed 








Cut-off .. ..  .. 40 percent. 
Indicated horse-power . . 842 








Weight of train .. 311 tons 
Gradient .. ; 0 

Speed ee = 
Boiler pressure .. 
Cut-off ea - 
Indicated horse-power .. 


55 miles 
‘ 213 Ib. 
.. 38 per cent. 
1252 








Weight of train .. 
Gradient .. 
Speed 


285 tons 
0 


> ia 67 miles 
Boiler pressure .. -- 2271b. 
Cut-off .. os .. 40 per cer 
Indicated horse-power . . 182° 











Weight of train .. 
Gradient . ‘ 
8 


. 323 tons 
0 


és oi 62 miles 
Boiler pressure .. .. 2061b. 
Cut-off .. en .. 35 per cent. 
Indicated horse-power . . 2082 





Fig. 12 





Weight of train .. 352 tons 
Gradient .. én 
8 = a . 63 miles 
Boiler pressure .. .~ 
Cut-off .. oe .. 50 per cent. 
Indicated horse-power . . 2246 
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composed of sections horizontal at the back, with an 
inclination of 19 deg. in front. Two Lethuilier-Pinel 
safety - valves are provided, each being 55 mm. 
(2,5 in.) in diameter. Two Friedmann No. SZ 10 
injectors are provided, the water-feed being forced 
into an iron chamber, of the Gilsdorf type, shown in 
Fig. 1, placed in the barrel between the shell and the 
cabin, here is a combination ejector for the vacuum- 
brake. The blast-pipe orifice may be varied in size 
by the adjustment of an internal cone, from an area 
of 27,720 sq. mm. (41.4 sq. in.) to 1068 sq. mm. 
(16.5 sq. in.). 

The bar frame is of wrought iron 100 mm. (3}§ in.) 
thick, stayed at the back by two steel trans- 
verse castings, on which the fire-box rests. In the 
middle there are two plate-stays, and at the leading 
end the frames are stayed by the 5 apn casting 
to which they, of course, are bolted. The four cylin- 
ders are placed horizontally, all in line across the 
engine, the high-pressure cylinders inside the frame 
driving on to the leading coupled axle. The low- 
pressure cylinders are outside the frames, and drive 
on to outside cranks on the same axle. The inside 
cranks are set at 90 deg. with each other, and at 
180 deg. with the corresponding outside cranks. The 
pistons of high and low-pressure cylinders therefore 
travel in opposite directions, and the reciprocating 
parts balance each other as far as their respective 
weights allow. The pistons are of cast steel, and 
fitted with three rings. One set of Walschaert valve- 


directly into the low-pressure cylinder. These valves 
are worked automatically by a rod actuated by the 
reversing shaft, and are opened when the cut-off is 
late, such as 65 or 70 per cent. of the stroke. = 
The piston-valves are simple, and, not being inde- 
ndent, can be set to give the smallest loss of area 
Cotween the theoretical and real diagrams under 
average conditions, the relation of high to low-pressure 
cqiader being then unalterable by the driver. On the 
other hand, there is the disadvantage that the admis- 
sions cannot be made exactly equal on both sides ; but 
this difference has been remedied to some extent by the 
employment of suitable laps, so that the greatest com- 
pressions are made to correspond with the greatest 
cut-off, in order to equalise the power developed. We 
give in Figs. 7 to 12, annexed, some indicator diagrams 
obtained on these engines running ordinary trains. 
The engines, which have already run more than 
120,000 miles, have given very good results on the 
service for which they were designed. They were 
intended for working express trains with a -ton 
load at a _— of 100 kilometres (62.5 miles) per hour 
on the level, and capable of taking easily the gradients 
of 15 mm. and 18 mm. (1 in 66 and 1 in 55) and bad 
curves. The service on this line makes it impossible 
to change engines during the 213 miles, so that the 
type used has to be capable of working over all sections 
of the road, including level and gradients. It was 
for this reason that the cylinders 390 mm. and 
| 630 mm. (1 ft. 3§ in. and 2 ft. ,% in.) in diameter were 
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chosen, and their volumetric proportion taken as 
1:2.6. It will be seen by the diagrams (Figs. 7 to 12) 
that the result is a good distribution of work. Start- 
ing is even and easy and the engines run smoothly. 
The coal consumption is less that that of the other 
compound engines.. It has not, as a matter of fact, 
been possible to make special trials and relative com- 
parisons, as the last type was built for the heaviest 
trains, which cannot be worked properly by the other 
engines. Also, on account of the small number of 
engines available, it would not be possible to keep 
them on any special turn ; the average mil per 
engine is 52,000 km. (32,318 miles) a year. It may 
be stated, however, that the mean consumption 
for these engines last year was 62 grammes per ton- 
kilometre (including the engine-load), while it was 68 
grammes for the compounds with 1.9-m. driving-wheels, 
and 70 grammes for those with 1.75-m. driving-wheels. 
It should be added, also, that no great advan 
has been noticeable as regards maintenance by the 
substitution of the straight-topped fire-box and of the 
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ordinary tubes for the Belpaire box and Serve tube. 
The wear on the piston-valve rings has not been 
found to be very severe; they are renewed after 
50,000 to 75,000 miles. The steam-chest bushings are 
bored out after 140,000 km. ‘to 200,000 km. (87, to 
120,000 miles). The piston-rings have run for more 
than 75,000 miles without being changed. It may be 
noted that on this engine the head-light and the cab- 
light are on the incandescent coal-gas system, as are 
also the lights in the train. The durability of the 
mantles is found to run from ten to fifteen days. 

The above particulars and our illustrations of this 
class of engines are given by the courtesy of Mr. H. 
Lavialle d’Anglards, of Lisbon, the locomotive superin- 
tendent of the Portuguese Railway. 





Erratom: Ti..1ne’s New Perroi-E.ecrric OMNIBUS. 
—We regret that in our description of Messrs, Tilling’s 
new omnibus, on page 765 ante, we gave the weight as 
——o 2 qrs. The correct figure is 2 tons 7 cwt. 

qrs. 








THE “ABC” CENTRAL-BUFFER 
COUPLER. 


In a recent article on central-buffer couplings, 
we made reference to the coupler of the ABC 
Coupler, Limited, Queen Anne’s Chambers, West- 
minster, S.W. This coupler is in use, for instance, in 
India and the Soudan, e., and is competing in the 
coupler trials now being held in the Argentine. In 
Figs. 1 to 4 herewith, we give illustrations of the 
pattern suitable for 5-ft. 6-in. gauge stock, these being 
drawings of the sets furnished for the Argentine trials. 
Of our illustrations, Figs. 1 and 2 show couplers fitted 
to 70-ft. bogie coaches, while Figs. 3 and 4 show the 
coupler head to a larger scale. : 

he coupler is of the hook-and-shackle type, and is 
of very simple construction. It is automatic in action, 
forms a close coupling, and can be released from either 
side of the vehicle, in addition to which it will couple 
equally well at either high or low speeds. The main 
part of the coupler consists of a solid head and shank 
of cast steel, which can be arranged with continuous 
or independent draw-bars and gear. In our illustra- 
tions we show the non-continuous pattern. The head 
has a large flat buffing face 11 in. deep by 18 in. wide. 
Each head carries a shackle with a tapering end, and 
inside the buffer-head is a disc-hook. The latter is 
pivoted, and on two vehicles closing a the 
shackle of one coupler slides up an inclined guide in 
the head of the other, and strikes the disc-hook, causing 
it to revolve. It thus brings the hook up into position 
inside the loop of the shackle. When the disc has 
revolved into this position a locking-bar is sprung and 
prevents it from reversing. This bar, which is made 
of high tensile steel, is of lj in. by lin. section, and 
is carried in the lower part of the head casting. It 
is well supported, and is easily able to stand the shear- 
ing force which comes on to it. 

he coupler may be released by pushing or pulling 
the locking-bar over to one side or the other, when a 
length of reduced section is brought opposite the 
periphery of the disc, allowing the latter to revolve 
as the shackle of the other vehicle is drawn away. 
When free, the disc is kept in the open position y 
for coupling again automatically, by the pressure 
exerted sideways on it by the end of the notch in 
the locking-bar. The dise-hook, of mild steel, is 
fitted with a case - hardened wrought - iron catch a. 
This catch is pivoted, and when the diso-hook is 
revolved the locking-bar enters a slot in the disc 
beneath this catch. hen the locking-bar is pushed 
or pulled over for uncoupling, this catch falls into 
the notch in the locking-bar and holds it in the un- 
coupling position until the vehicles are drawn apart. 
Without this catch it would be segues | to hold the 
locking-bar out by hand until the vehicles separated. 
The catch is solely provided for additional conveni- 
ence in uncoupling. The locking-bar is provided with 
springs which accelerate its action. In the pattern 
iNustrated, the locking-bar is fitted with a spring on 
each side of the buffer, and uncoupling may be per- 
formed by pulling or pushing the bar from either side. 
A single-ended ‘ype of bar is also made, employing 
only one spring. This is just as effective, but for un- 
coupling has to be pulled from one side or pushed from 
the other. When uncoupled, one locking-bar spring is 
in compression. When coupled, the springs are free 
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from compression, and to withdraw the locking-bar 
thus requires a pull of about 30 lb. in order to com- 
ress one of the springs. It is thus impossible for the 
ocking-bar to slip out while running. 

The disc-hook is pivoted out of balance, so that 
when the locking is released it returns of its own 
accord to the open position, ready to couple again. It 
has been pointed out that when two ‘‘A BC” couplers 
are uncoupled, the shackle of one in drawing away 
returns the disc-hook of the other to its open position 
If a coupler has been used in conjunction with one of 
another type, it may be that, when wanting to couple 
again, the disc-hook will be found in the closed posi- 
tion. The unbalanced arrangement of the disc then 
comes into play, and, on releasing the lock, the disc 
swings round. TE on the other hand, the hook is open, 
and it is desired to couple with an ordinary link 
shackle, a handle depending from the disc below the 
head enables it to be swung round, so that the hook 
comes into the closed position. 

The shackle is pivoted in a slot at the back of the 
disc hook. When two couplers come together one 
shackle rides under the other and engages the opposite 
disc. Only one shackle is thus in use, the other lying 
above it. With this arrangement a spare shackle is 
always ready for service in case of accident. One 
pattern of coupler does, in fact, for both ends of a 
vehicle. In both these points this coupler is superior 
to several other types of central buffer couplers. 

The form of the head and body is well adapted to 
securing great strength to withstand severe buffing. All 
buffing shocks are taken through solid metal direct 
to the spring gear. Hauling strains are transmitted 
through the hook to the head through the pivot-pin ; but 
should this pin fail under exceptional circumstances, the 
disc is pulled up against the solid of the head. If 
@ pivot-pin should fracture, or fall out—an almost im- 

sible contingency—the disc-hook would still remain 

eld by the surrounding head. In this connection the 
results of a test on one of these couplers by Messrs. 
David ncagg | and Son, Southwark-street, 8.E., are 
interesting. These were progressive tests to destruc- 
tion on a coupler selected at random from among an 
order completed for the Great Indian Peninsular 
Railway. After being subjected to 100,000 lb. and 
120,000 lb. loads, the coupler remained in working 
order. In the first test to destruction the shackle 


failed near the front end under a load of 56.6 tons. 
With a new shackle fitted in the second test failure 
did not occur until a load of 68.3 tons was reached, 
when the shackle broke through the distance pin-hole. 
With a special link-plate the coupler was then subjected 


toa third test, when at 81 tons load the casting frac- 
tured through the shackle-pivot pin-hole. The highest 
load reached in this last test was 82.59 tons, and the 
locking-bar was distorted under this last load, but in 
neither test did the locking-bar fail by shearing. All 
these figures show a large margin of strength, while 
the part which failed first—the shackle—is just that 
which can be most easily strengthened if need arise 
without any inconvenience to operation. It may be 
mentioned that the Master Car-Builders’ tests require 
a tensile strength for a coupler of 66.96 tons. 

One of the chief features of the ‘‘A BC” type of 
draw-gear is its great flexibility. The general arrange- 
ment of the springs, &c., will be seen in Figs. 1 and 2, 
which show two 70-ft. bogie vehicles coming together 
and coupled on a 7-chain curve of 5-ft. 6-in. gauge. 
This has been chosen as an extreme case. The angle 
made by two headstocks under such conditions would 
be 9 deg., and the coupler heads, on meeting, are 7 in. 
outside the centre line of the track, as shown in Fig. 1. 
The couplers, however, are able to set themselves even 
under these conditions, so that the shackles enter fair, 
an operation which several other patterns of couplers 
are absolutely unable to perform. Fig. 2 shows the 
two heads coupled, and it will be seen that they have 
brought themselves in, unaided, from the 73 in. over- 
hang to only 4? in. beyond the centre line of the 
gauge. When drawn apart the coupler returns to its 
central ition, so that it is ready to couple again 
should the operation take place either on the straight, 
or on a curve, in either direction. 

We pointed out in our recent article that this 
coupler can be conveniently coupled to other types, 
such as the Jones or Norwegian hook, M.C.B., or hook- 
and-loose-shackle, during conversion, and it is not 
now necessary, therefore, to revert to this point: in 
detail. As the subject of telescoping has been raised so 
prominently recently, it may, in conclusion, be pointed 
out that with this coupler the buffing surfaces are 
always normal to the line of thrust, while the relative 
vertical movement of the faces is limited, as they are 
practically locked together by the shackle and hook. 





STEEL SERVICE RESERVOIR AT 
ALEXANDRIA. 
Tre Alexandria Water Company, Limited, has 


recently completed one of the largest, if not the/ 4) 


largest, single-compartment steel reservoirs in the 
world. The internal dimensions of this reservoir, of 
which we publish illustrations on page 824, this week, 





are 160 ft. in diameter by 25 ft. or 24 ft. 6 in. up to 
the overflow, giving a useful capacity of 14,000 cub. m. 
(or 3,080,000 gallons). The following are the thick- 
nesses of plates employed :—Bottom plates, { in. 
thick ; first course, +4 in.; second course, }} in.; third 
course, § in.; fourth course, 4 in.; fifth course,  in.; 
and sixth course, ; in. The total weight of the tank 
with rivets is about 388 tons. The details of riveting 
are given in Fig. 2. 

The reservoir stands on a series of smal] brick walls 
2 ft. thick each, and standing 2 ft. apart, so as to 
leave all the rivets in the bottom plates exposed 
to view. The whole of the riveting was done by 
means of Arrol hydraulic riveting-machines, a pres- 
sure of 60 tons being employed for the 1-in. rivets 
and j-in. rivets, the smaller rivets being pressed by 
smaller machines. The caulking was done entirely 
by hand and by native labour ; and on the completion 
of the work, when the reservoir was filled, there was 
scarcely any further caulking required, the joints and 
rivets being practically perfectly tight. 

The work of erection was Seam on December 6, 
1910, and the water was put in and the reservoir filled 
on April 11, 1911. The whole of the inside of the 
reservoir is painted with three coats of Wailes Doves 
bitumastic solution. This new reservoir was made to 
replace an existing iron reservoir of half the capacity 
150 ft. in diameter by 15 ft. deep, and in order to 
maintain the town’s supply — the four or five 
months’ interval, a stand-pipe was fixed 10 ft. in dia- 
meter by 25 ft. high, and this can always be used in 
case of repairs or painting being required to be done 
to the new reservoir. A light parapet wall has been 
built all around the reservoir, and the latter has been 
covered over with galvanised-iron sheeting to keep the 
rays of the sun off the water, as shown in Fig. 2. 

The cost of the work, including taking down old 
reservoir, supply and erection of new reservoir, also 
alterations to pipe-connections and new parapet wall, 
is about 7500/. The designs for the work were pre- 
pared under the supervision of Mr. H. R. C. Blagden, 
M.I. Mech. E., manager of the Alexandria Water 
Company, Limited, and the contractors were the 
Barrowfield Iron Works, Limited, Glasgow. 








INTERNAL-COMBUSTION ENGINES 
VERSUS TURBINES. 
To THE Eprror or ENGINEERING. 

Srtr,—Your correspondent, ‘‘ Chief Engineer,” in your 
issue of last week, draws attention to the fact that the 
steam-turbine has satisfactorily solved the problem of 
obtaining the enormous power required by our latest 
armoured cruisers—some 70,000 shaft horse-power. 

He points out that it would have been impossible to 
produce these powers by reciprocating-engines, and con- 
cludes that internal-combustion engines will never be 
able to compete with the steam-turbine for these large 

wers. There is no doubt that it will be a long time 
Seteso we see 17,000 or 18,000 horse-power on a single shaft. 

In comparing, however, the steam reciprocating-engine 
with the internal-combustion engine, there is one point 
which ‘‘Chief Engineer” has apparently overlooked— 
viz., the internal-combustion engine has no low-pressure 
cylinders. In the steam-engine it is the unwieldy low- 
pressure cylinder and its valve, ther with the impos- 
sibility of adequately cushioning the reciprocating parts, 
which determines the limit of size. 

The mean effective pressure in the low-pressure cylinder 
rarely exceeds 12 1b., and the steam at exhaust pressure 
requires an impracticable amount of compression to give 
a pressure sufficient to balance the inertia of the recipro- 
cating parts. The gas or oil-engine, on the other hand, 
has a mean effective pressure of 80 lb. per sq. in. and 
upwards, and a compression pressure of 130 lb., or 
thereabouts, to balance the inertia effect. 

Now, although the steam-turbine will undoubtedly hold 
the field for naval work and ocean greyhounds, the pioneers 
of the internal-combustion engine need not fear the com- 
petition of the turbine for moderately-powered liners, 
and the ordinary tramp steamer, which, after all, con- 
stitute the bulk of the tonnage afloat. 

It is unfortunate for marine work that the turbine 
cannot hit it off with the = when they are direct 
coupled, but that is only to expected from the dif- 
ference in density of the water tall ee by the propeller 

lades at one end of the shaft, and the steam acting on 
the turbine blades at the other end of the shaft. 

The reciprocating engine and its propeller, on the other 
hand, have tastes in common as regards revolutions. 
Your correspondent evidently has a poor opinion of the 
Diesel engine, and thinks, with many others, that it will 
not be the marine engine of the future. Our German 
rivals are, however, showing their faith in the system by 
several experiments on a fairly scale, and it is to be 
hoped that our British marine engineers and shi 
will not oat off the evil day of change in the 
profiting by their rivals’ experience. 


ours faithfully, 
oe & CuMmMINS. 
6, Westland Drive, Whiteinch, Glasgow. 
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PERSONAL.—We are informed that the name of the 
Patent Indented Steel Bar Com , Limited, has been 
tered to the Indented Bar “1 crete Engineering 
Company, Limited. The business of the firm will not 
be altered, but will be carried on under the new name at 
the same address, Queen Anne’s Chambers, Westminster, 





NOTES FROM THE NORTH. 
Guiascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
iP pe market opened with a firm tone, and Cleve- 
nd warrants were dealt in at 46s. 6d. cash, 46s. 54d. 
and 46s. 6d. eight days, 46s. 9d. and 46s. 84d. one month, 
47s. two months, and 47s. 3d. three mont: The busi- 
ness amounted to 4500 tons, and closing sellers quoted 
46s. q , 46s. 94d. one month, and 47s. 34d. three 
months. In the afternoon a strong tone in prevailed, 
but dealings were limited to 1000 tons of Cleveland war- 
rants at 46s. 64d. cash, and 46s. 7d. eight days. There were 
buyers over at the former price, and sellers at 46s. 7d. 
. 46s. 10d. one month, and 47s. 4d. three months. 
On Friday morning the market was just the turn easier, 
and 2000 tons of Cleveland warrants were done at 46s. 6d. 
cash and 46s, 9d. one month. At the close of the session 
sellers quoted 46s. 64d. cash, 46s. 94d. one month, and 
47s. . three months. In the afternoon the market 
was again inclined to be easier, and the turnover in 
Cleveland warrants amounted to 4500 tons at 47s. 
two days and 46s. 84d. one month. The closing quo- 
tations were 46s. 6d. cash, 46s. 9d. one month, and 
47s. 3d. three months sellers. On Monday morning 
business was very quiet, and dealing was confined to a 
couple of Cleveland warrants at 46s. 5d. cash. At the 
close sellers’ quotations were a fraction down at 46s. 54d. 
cash, 46s. 8d. one month, and 47s. 2d. three mont 
Hematite was quoted 62s. cash sellers. In theafternoon 
there was very little doing, and the only business con- 
sisted of one Chovdinnd warrant at 47s. 14d. three months. 
Prices were almost unchanged, and sellers quoted 
46s. 5d. cash, 46s. 84d. one month, and 47s. 2d. 
three months. The following are the market nage a 
for makers’ (No. 1) iron :—Clyde, 60s. 6d. ; Calder, 61s. ; 
Gartsherrie, 61s. ; Summerlee, 63s. ; Langloan, 63s. ; and 
Coltness, 82s. (all shipped at Glasgow) ; Glengarnock (at 
Ardrossan), 64s. ; Shotts (at Leith), 62s. ; and Carron (at 
Grangemouth), 63s. 


Sulphate of Ammonia.—There has been little change in 
the sulphate-of-ammonia market since last report, and 
the price is practically unchanged. Inquiries are fairly 
good for forward delivery round 13/. 2s. 6d. per ton, and 
the quotation for prompt lots, Glasgow or Leith, is 
12/. 17s. 6d. per ton. The total amount shipped from 
Leith Harbour last week was 851 tons. 


Scotch Steel Trade.—The conditions which have ruled 
in the Scotch steel trade for some time back show prac- 
tically no sign of change this week, and while there 
continues to be a dearth of new business, producers 
generally are being kept fairly well employed on old 
contracts. Makers of angles are still quiet, and report 
a scarcity of orders. In structural-steel sections the 
demand has improved, and makers of black sheets 
have lately booked orders for fairly large quantities of 
both the thick and thin gauges, and are ensured of 
Galy eres for some weeks to come. No change 
has mn made in the official prices, which are as 
follow :—Ship-plates, 6/. 17s. 6d. per ton; boiler-plates, 
7l. 12s. 6d. per ton ; angles, 67. 10s. per ton ; bars, 7/. 10s. 
Eee ton—all less 5 per cent. delivered Clyde, or equal. 

heets are quoted 7 to 11 b.g.) 7/. 7s. 6d. per ton—less 
5 per cent., Glasgow—and (galvanised corrugated, 24 b.g.) 
11/. per ton—less 24 per cent. delivered Clyde, or equal. 


Malleable-Iron Trade.—Makers of malleable iron in 
the West of Scotland report that specifications for 
prompt delivery are rather more numerous of late, and 
that employment is better. The booking of orders has 
mostly been for early delivery, and little business has been 
secured for the future, which looks like a continuance of 
the present hand-to-mouth conditions. Prices are still 
unchanged at 6/. per ton for crown 


Scotch Pig-Iron Trade.—In the Scotch pig-iron trade 
there has been only a moderate amount of business pass- 
ing on home account, and dealing has lately been mostly 
for immediate requirements. Buyersin the south are not 
greatly in evidence at present, but a fairly good shipment 
inquiry is reported. e demand for Scotch hematite 
continues to be very poor, and the current price is in the 
region of 65s. per ton. The number of furnaces in blast 
during the past week was 83, against the same number for 
the previous week, and 86 at this date last year. 


Shipbuilding Amalgamation.—The arrangements have 
now a. ay completed for the amalgamation of 
Messrs. Hawthorns and Co., Limited, Leith, and Messrs. 
S. and H. Morton and Co., Leith. Both of these firms 
have carried on business at the above port for over a 
century, and it is stated that the former will take over 
the business of the latter, although each of the yards will 
continue to work as at present. 


The Scotch Steel Trade and the Coronation.—Although 
Thursday is the day set aside for a general holiday in 
celebration of the Coronation of King George, an excep- 
tion is to be made in the case of the Scotch steel trade. 
Work will be carried on as usual on that day, but Friday 
and Saturday will be observed as holidays, operations 
ceasing when the night shift comes off at 6 o'clock on 
Friday morning. arrangement was arrived at as a 
result of the correspondence between Lord Pentland, 
Secretary for Scotland, and the Board of Conciliation 
and Arbitration, representing the employers and opera- 
tives in the West of Scotland. His Majesty signified 
his approval of the Board’s proposal, and the concession 
has given much satisfaction. 





Tue Coronation Nava Review. — Bell’s United 
Asbestos Company, Limited, of Southwark-street, S.E., 
have issued a ‘‘souvenir” giving particulars of the battle- 
oo cruisers, &c,, taking part in the Naval Review 

une 24, 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Messrs. John Brown and Co.—Perhaps the most interest- 
ing feature about the recently issued report of Messrs. 
John Brown and Co., Limited, is that a comparison with 
recent years shows how consistently the firm has main- 
tained its position and given its shareholders a fair return 
even during the recent period of depression. The gross 
profits this year—256,820/.—are about 17,0002. larger than 
last year, and, with the exception of 1907, are much 
larger than in any year since 1901. The dividend of 
74 per cent. remains the same. Within the last few 
years, however, the capital has been considerably in- 
c to deal with important extensions, and the 
benefit of this will be felt later. The report states that 
the Atlas Works have been well employed during the 
year with satisfactory results, except as regards the blast- 
furnaces, and it has nm decided to discontinue the 
manufacture of pig iron at Sheffield. There is good work 
at the shipyards, but profits have been reduced to narrow 
margins by excessive competition. 


South Yorkshire Coal Trade.—The miners’ demonstra- 
tion at Barnsley on Monday, and the Coronation holidays, 
mean a blank week at the pits. Consequently, during 
the past week the demand for steam coal, particularly for 
industrial consumption, m much more active, the 
manufacturers being obliged to do a little stocking. The 
tonnages sent for shipment have also increased. e 
general colliery position is satisfactory. It is understood 
that some railway contracts expiring at the end of the 
present month are being renewed at list prices, although 
the anticipated effect of the Insurance Bill upon 
employers is believed to be having an_ influence 
upon the attitude of buyers and causing them to wait 
a little longer. Larger tonnages of gas-coal are being 
dealt with though contracts are not fixed up very 
rapidly. _Not much business is passing in slacks, 
There is little change to record in the house-coal market. 
A few more orders have been received, but not suffi- 
cient to make an appreciable improvement in the 
position at the pits, some of which are working even less 
than three days a week. London inquiries are very 
small, It is not expected there will be any improvement 
until well on into next month. The following are the 
week-end quotations on ’Change:—Best branch hand- 
picked, 13s. to 14s.; Barnsley best silkstone, 11s. to 12s.; 
silkstone, 9s. to 10s.; Derbyshire house, 8s. to 9s.; large 
nuts, 7s. 3d. to 9s.; small nuts, 5s. 6d. to 6s. 6d.; Derbyshire 
brights, 10s. to 11s.; Yorkshire hards, 8s. 3d. to 9s. 6d.; 
~~ hards, 8s. to 9s.; washed nuts, 7s. 9d. to 
8s. 9d.; rough slacks, 5s. 3d. to 7s.; smalls, 1s. to 2s. 3d. 


Tron and Steel.—The downward trend of the iron market 
seems to have been arrested, and for over a week now 
there have been no further decreases in price. The steadi- 
ness is expected to continue over the holidays, and to 
develop into activity later on. The lowest official quota- 
tion for East Coast hematites delivered in the district is 
70s., but quantities have changed hands, it is stated, at 
— below this. Common irons have been in slightly 

tter demand, but the general position is practically un- 
changed. Further undercutting of English billet makers 
by their Continental rivalshas resulted in easier prices being 
accepted, although the high carbon kinds have kept 4 to 
their former figure. Belgian billets have been sold in Shef- 
field at more than 10s. below the local quotations. pa 
sent week will be a quiet one in the iron and steel trades. 
A good many firms will, as it were, take the “ bull by the 
horns,” and close down for the week, ry yen J the time 
in stocktaking and ~~ Most of the manufacturers 
will make at least a three days’ holiday. There has been 
further depression in the tungsten market. In the steel 
trades the holiday has the dual effect of reducing the 
volume of fresh inquiries and of increasing the pressure 
at those works with contracts on hand of which the date 
of completion is near. The rolling- mills are not quite so 
active, but in other branches order-books are well filled. 
Home railway inquiries are Exports continue to 
grow, and a very big trade is done in steel specialities 
and tools, not only with our own Dominions overseas, but 
in Continental markets. Twist-drills, machine-knives, 
edge-tools, files, and agricultural implements figure most 
prominently in the returns. The trade with America in 
files has improved, and the export of agricultural imple- 
ments to Russia and Australia is of very big proportions. 
+ pe War Office contracts have recently placed in 
the city. 








Hottpays ABroaD. — This is the title of an illustrated 
booklet which is issued free by the continental manager, 
Great Eastern Railway, Liverpool-Street Station, E.C., 
and contains particulars of tours through Holland, Bel- 
gium, Germany, the Tyrol, &c. of important 
towns and maps of holiday districts are given. 





Surpprnc Property For Sate.—We have received 
from Messrs. C. W. Kellock and Co., of 27, St. Mary 
Axe, E.C., a copy of a list giving brief general particulars 
of steamers, sailing-vessels, dredgers, motor-boats, and 
other craft for sale by public auction or by private 
treaty ; several of the vessels are illustrated by reproduc- 
tions from photographs. The list is issued periodically, 
and will be sent to anyone desirous of receiving it. 


British Motor-Boat Cius.—The British Motor-Boat 
Club will hold their Ramsgate tta on July 14, 15, 
and 17. entry and very ing are expected. 





A racing 
It is heel does six of the 21-ft.-class boats will be 
present. The Royal Temple Yacht Club are again gi 
& day’s racing for the motor craft on the first 
> 


Fane 
ay of their 
+ 25 Entries will close for all the races at noon 


on Ju 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Business is slack, as was 
generally expected, but most traders take a cheerful view 
of the general situation and predict business in the near 
future. The statistical situation is rather better, and the 
output of pig iron is expected to be well taken up over 
the summer and autumn months. Production is reduced 
this week by the whole of the blast-furnaces standing for 
twenty-four hours for Coronation holiday. No. 3 g.m b. 
teement vig is said to be obtainable from some second 
hands at 46s. 6d. f.o.b., but most merchants put the price 
at 46s. 74d, and makers as a rule name 46s. 9d. No. 1 
is in the neighbourhood of 50s. 3d.; No. 4 foundry 
and No. 4 forge each stand at 46s. 3d.; mottled and 
white iron are each put at 46s.; and mixed numbers 
of East Coast hematite range from 61s. 6d. to 62s. All 
the foregoing quotations are for early delivery, any 
inquiry on forward account eliciting rather higher rates, 
There is nothing doing in foreign ore, and market quota- 
tions are still nominally on 20s. ex-ship Tees for 
best Rubio. Coke is steady. Average blast-furnace kinds 
are selling at 14s. 6d. delivered here. 


Stocks and Shipments of Pig Iron.—Stocks of Cleveland 
ig iron in the public warrant stores are this month 

reasing at the rate of 300 tons per working day. 
eens of pig for June to date average 4300 tons per 
working day, as compared with 4590 tons to the same 
date last month, and a daily average of 4810 tons for the 
corresponding part of June last year. 


Manufactured Iron and Steel.—Very little new can be 
repor of the various branches of the manufactured 
iron and steel industries. Producers generally are well 
off for orders, but holidays this week check business. 
Nearly all the works are closing for the last three days 
of the week. Common iron bars are 7/.; best bars, 
7l. 7s. 6d.; best best bars, 7/. 15s. ; packing iron, 5/. 15s. ; 
iron ship-plates, 6/. 12s. 6d.; iron ship-angles, 7/. ; iron ship- 
rivets, 7/. 5s.; iron girder-plates, 6/. 17s. 6d.; iron boiler- 
s 7l. 7s. 6d.; steel bars, 6/. 5s. ; steel ship-plates, 

. 15s. ; steel ship-angles, 6/. 7s. 6d.; steel strip, 6/. 10s. ; 
steel hoops, 6/. 12s. 6d.; and steel joists, 6/. 7s. 6d.— 
all less the customary 24 per cent. discount. Cast- 
iron columns are 6/. 10s.; cast-iron railway chairs, 
31. 12s. 6d. ; light iron rails, 6/. 10s. ; heavy steel rails, 
51. 12s. 6d.; and steel railway sleepers, 6/. 10s.—all net cash 
at works. Iron and s vanised corrugated sheets, 
24 gauge, in bundles, are on sale at 10/. 15s. f.o.b.—less 
the usual 4 per cent. 











Tue Copper Market.—In their report, dated the 16th 
inst., Messrs. James Lewis and Son state that the pros- 
pect of increased consumption in the United States, 
combined with a steady diminution of European Stocks, 
has led to steady improvement in the price of standard 
copper, which advanced from 55v. 2s. 6d. for cash on the 
lst inst. to 56/. 11s. 3d. on the 15th, 57/. 5s. being paid 
for three months prompt. The closing values on the 16th 
were 56/. 10s. cash and 57/. 2s. 6d. three months. The 
demand for refined copper on the part of manufacturers 
had been active and the price of American electrolytic 
had been raised to 58/. 10s. per ton c.i.f. and to 12? cents. 
per pound to home consumers. The demand for sulphate 
of copper continued very keen, up to 22/. 10s. being paid 
for June delivery and 20!. for the first half of July. A 
good business had been done for the later months of this 
year at 19/. to 19/. 7s. 6d. American shipments for the 
past fortnight were advised as 14,980 tons. 





THE AUSTRALIAN ASSOCIATION OF BRITISH MANUFAC- 
TURERS AND THEIR REPRESENTATIVES.—An Association 
has been formed in Australia under the above name with 
the object of ‘furthering the interests of British Trade 
throughout the Commonwealth,” the subscriptions to 
which have been fixed as follows:—British manufacturers, 
2l. 2s. per annum; representatives of British manufac- 
turers, 1/. ls. per annum. The Association was formed 
at the instance of a number of British manufacturers 
having branches in Australia and representatives of 
British manufacturers who were conscious of the long-felt 
want of an organisation to assist them in their trade in 
many ways. The object of the Association is to promote 
British export trade; look after the interests cf manu- 
facturers and wholesale distributors in the United King- 
dom having branches or representatives in Australia ; 
correspond with the Imperial Government through the 
Colonial Office of the Board of Trade on behalf of the 
members of the Association, and perform the same 
office with the Commonwealth Government, Dominion 
(N.Z.) Government, States Government, the authori- 
ties in the Pacific Islands, and the municipalities in 
Australasia ; collect information from official and other 
channels pertinent to British trade, and distribute it 
amongst members of the Association ; receive applications 
for agents from firms at home and put them befure 
members ; receive and sift complaints, of whatever nature, 
the circulation of which is calculated to be harmful to 
British trade interests as a whole; induce residents of 
British possessions to purchase goods made in the United 
ingdom in preference to foreign-made ; and 
generally to take in hand any matters which are con- 
sidered likely to benefit the trade of British manufac- 
turers and their re’ mtatives. So far, the o isation 
has been conducted from Melbourne, but members have 
been enrolled in all the other States of the Common- 
wealth, in each of which it is proposed to arrange for 
representation and separate committees as soon as pos- 
sible. The address of the Association is Equitable 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—Business in steam coal has been affected by 
the coronation holidays, but tonnage has been offering a 
little more freely, and colliery-owners have been stiffening 


uotations rather than otherwise. It has been somewhat 
ifficult to secure the best Admiralty descriptions. The 


best steam coal has made 18s. 3d. to 18s. 9d. per 
ton, while secon —- have from 16s. to 
17s. 6d. per ton. e best ordinary bunker smalls have 


been quoted at 10s. 3d. to 10s. 6d., and cargo smalls at 
9s. to 9s. 3d. per ton. Household coal has shown little 
change ; the best ordinary qualities have made 14s. 6d. to 
16s. 6d.; No. 3 Rhondda large, 17s. to 17s. 6d., and smalls, 
10s. 6d. to 10s. 9d. ead ton. No. 2 Rhondda large has 
brought 12s, to 12s. 3d., and smalls, &s. to 8s. 6d. per ton. 
Foundry coke has realised 18s. to 20s., and furnace ditto, 
16s. to 17s. per ton. As regards iron ore, Rubio has been 
quoted at 19s. to 20s. per ton, upon a basis of 50 per cent. 
of iron, and charges, including freight, insurance, &c., to 
Cardiff or Newport. 


Bristol Wagon, &c., Company.—The accounts of the 
Bristol Wagon and Carriage Works Company, Limited, 
for the year ending March 31 show a balance of 11,762U., 
from which must deducted the interim dividend of 
2 per cent., amounting to 2200/., paid in December, leav- 
ing 95621. The directors recommend a dividend, free of 
income tax, of 3 per cent., making, with the interim divi- 
dend, 5 per cent. for the year on the called up preference 
and ordinary share capital for the half year to March 31, 
leaving 62621. to be carried forward. 


T 7 Coal and Iron Company.—The total produc- 
tion of coal effected by this company in its t financial 
year was 1,822,933 tons, as compared with 1,701,053 tons 
in the preceding twelve months. Work is progressing 
satisfactorily and expeditiously at the Oakdale collieries, 
and the steam coal from the main seams has proved of 
excellent quality. so that Tredegar and Oakdale coal will 
in future shipped together. By taking the whole of 
the capital of the newly-formed Markham Steam-Coal 
Company, Limited, the Tredegar Company has obtained 
a continuous mineral area 10 miles in length. Sinkin 
operations were commenced in August, last year, al 
good sy ad is being made. The new Markham colliery 
will caneuse and worked entirely by electricity, 
including the winding of coal. 


Submarines at Devonport.—Of nine submarines of the 
B class at Devonport, six have either been fitted, or are 
in course of being fitted, with new surface navigating 
platforms and observation towers. The increased area of 
the new platforms and the improved towers will not | 
afford superior accommodation for the navigating sta’ 
when on the surface of the sea, but the steadiness of the 
vessels is also expected to be increased when they are 
submerged. 

Welsh Railway Trafic.—The ene now closing 
exhibits rather chequered traffic results on the Welsh 
systems. The revenue of the Barry has from 
335,1981. to 308,985/.; and that of the Taff Vale from 
434,833/. to 427,6471. On the other hand, the Brecon and 
Merthyr has inc its receipts from 48,406/. to 
51,076/.; the Rhondda and Swansea Bay, from 54,540/. 
to 55,983/.; and the Rhymney, from 161,093/. to 166,7900. 





Krupr’s 15,000Ta Gun.—The firm of Friedrich Krupp, 
Essen, has just delivered to the German Government a 


n, which bears the ~ ~y ° number of N : 15,000. 
he first gun made by the firm was a small 3 lb. 
muzzle-loading rifled gun in the year 1847, and was in 


July of that year sent to Berlin. 


Furness Rattway.—The Lake Land of England is so 
rich in historical and literary associations, and in the 
unsurpassed beauty and variety of its scenery, that a 
cheap discursive guide, such as 1s issued by railway com- 
panies about other districts, must prove most unsatisfac- 
tory. Mr. Alfred Aslett, the general manager of the 
Furness Railway, who has done so much for the opening 
up of this ‘‘loveliest spot that man hath ever found,” has 
therefore acted wisely in issuing instead an album of some 
forty views of the scenery, well selected, artistically 
photographed, and admirably reproduced. Twenty-two 

ize medals have been awarded for the artistic excel- 
ence of the photographs selected. 


Sream Triats or H.M.S. ‘* Fatmouru.”—H.M.S. 
Falmouth, second-class protected cruiser, built and 
engined by Messrs. Willian Beardmore and Co. at their 
Naval Construction Works, Dalmuir, has completed her 
official , construction, guns, torpedoes, and manceu- 
vring trials with marked success. The Falmouth is an 
improved Gloucester (which was constructed recently by 
Messrs. Beardmore), but somewhat larger, and with more 
displacement, as has y been described in ENGINRER- 
Inc (vol. xc., page 441). The machinery consists of 
Parsons turbines, on four shafts, with four screws, and 
boilers of the Yarrow water-tube type, adapted for coal 
and oil consumption. All have been constructed by the 
builders at their Dalmuir works. The first speed trial 
consisted of a series of progressive runs on the measured 
mile, to determine the respective speeds and power. The 
second was a continuous run of thirty hours, sub-divided 
into eight hours at 18,000 and twenty-two hours at 13,500 
shaft horse-power. The 5 attained on the full power 
trial was 27.01 knots. The results of the trials, which 
extended over a week, were most satisfactory alike as 
speed and machinery efficiency, the horse-power 
being considerably in excess of what was specified. 
sister-ship, the blin, is well advanced at Messrs, 
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NOTICES OF MEETINGS. 


Tue InstiToTIon oF Civ Enornsers.— Wednesday and Thursday, 

June 28 and 29:—Conference on Education and Training of 
Engineers. On Wednesday, June 28, at 10 a.m., opening of the 
conference in the theatre of the Institution, Mr. Alexander 
Siemens, President, in the chair. At 10.30 a.m. sectional ee 
Sections I. and II. (joint meeting) in the library ; chairman, Mr. 
Anthony G. Lyster, Vice-President Inst. C.E. Opening remarks 
by the chairman. Discussions: ‘The extent to which mathe- 
matical and scientific subjects should share with other subjects of 
literate education the attention of schoolboys who intend to enter 
later the ——— profession,” introduced by Dr. J. Gow and 
Professor Silvanus Thompson. ‘“‘The question of i 
entrance examinations for university or college courses of study 
in engineering science with a view to the curricula to be followed, 
and also of the inclusion in the latter of courses in modern lan- 
fuages, introduced by Professor A. K. Schwartz. Section III., 
n the theatre; chairman, Mr. R. Elliott-Cooper, Vice-President 
Inst. C.E. Opening remarks by the chairman. Discussions : 
“The requirements of practical training and of scientific study, 
and the apportionment of time to them,” introduced by Mr. A. F. 
Yarrow and members of his staff, and Mr. W. H. Allen. “‘ Prac- 
tical training in workshops or on works of construction, with 
special reference to training in the engineer's office,” introduced 
by Mr. W. B. Worthington and Mr. H. F. Donaldson. On 
Thursday, June 29, sectional meetings resumed at 10 a.m. 
Sections II. and III. (joint meeting) in the theatre ; chairman, 
Dr, W. C. Unwin, B.Sc., F.R.S., Vice-President Inst. C.E. O ning 
remarks by the chairman. Discussion: “‘The Relation o — 
neering Employers and Colleges from the Point of View of the 
Practical Training of College Students,” introduced by Professor 
J. E. Petavel, and Mr. J. W. Horne. At 11.30 a.m., Section IL, 
in the library. Discussions: ‘‘The Value of a University Degree 
in Engineering Science in Relation to Professional Competence,” 
introduced by Professor S. M. Dixon and Professor C. F. Jenkin ; 
“The Position and Uses of Engineering Laboratories in Relation 
to Education at College,” introduced by Professor W. E. Dalby, 
Professor John Goodman, and Professor Bertram Hopkinson. 
Section IIL, in the theatre. Discussions: ‘‘The Relation of 
Practical Training to College Study ; whether, or to what extent, 
before, sandwiched, or after its conclusion,” introduced by Pro- 
fessor Archibald Barr and Professor Henry Louis. ‘* Workshop 
Training as a Preliminary to Practical Training in other Branches 
of Engineering,” introduced by Mr. John A. Brodie, Mr. J. 
Mitchell Moncrieff, and Professor J. J. Welch. 1 p.m., closing of 
the Conference in the theatre of the Institution, Mr. Alexander 
Siemens, President, in the Chair, On Wedn y, June 28, at 
9 p.m., at the Institution, James Forrest lecture: ‘‘ Past, Present, 
and Future of the Gold-Mining Industry of the Witwatersrand, 
Transvaal,” by Mr. Frederick Henry Hatch, D.Ph., M. Inst. C.F. 
On Thursday, June 29, at 8.30, at the Royal Albert Hall, Con- 
versazione of the Institution, on the invitation of Mr. Alexander 
Siemens, President, and the Council. 

Tue Junior InstiruTion or EnGinmers.—Tuesday, June 27, at 
7.30 p.m., at the Institution rooms, 39, Victoria-street, West- 
minster. Special general meeting of contributors to the benevolent 
fund. Saturday afternoon, July 1, visits to Messrs. George Kent’s 
Hydraulic Engineering Works, Biscot-road, Luton, and the straw- 
hat factories of Messrs. Dillingham and Son, or of Mr. F. E. 
Shoosmith, both in Upper George-street, Luton. 

Tas PuysicaL Soomry or .—Friday, June 30, at the 
Imperial College of Science, at 5p.m., and not on June 23, as pre- 
viously announced. Agenda :—1. “‘ On the Effect of a Narrow 
Saw-Cut in the Edge of a Conducting Strip on the Stream-Lines in 
the Strip and on the Resistance of the Strip,” by Professor C. H. 
Lees, F.R.S. 2. ‘The Capacity Coefficients of Spherical Elec- 
trodes,” by Dr. A. Russell. 3. ‘‘ Exhibition of the Benké Primary 
Battery,” by Mr. W. R. Cooper. 
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FEDERAL VERSUS STATE CONTROL 
OF AUSTRALIAN RAILWAYS. 


WE had occasion some months ago to give expres- 
sion to our views on certain broad questions relat- 
ing to Australian railway policy. The reception 
accorded to our remarks was curious, for while they 
were criticised in this country in such a manner 
that we felt it incumbent upon us to show proof of 
the correctness of our premises, in Australia itself, 
as mails have since shown, the articles have not 
been disputed, their facts having been assented to. 
Only in regard to two points are some of our 
Australian commentators not in agreement with us. 
Both these are points on which it can be shown 
that our view is at least logical. It is proverbial 
that the onlooker may often be in a position to see 
more of what is going on than the parties actually 
concerned in a contest, and no apology is needed, 
therefore, for advancing opinions on this matter. 
A third party—as, for instance, an umpire or 
referee—is constantly appealed to for decision, as 
Australian sportsmen will readily acknowledge. 
Such decisions are of value according to the 
umpire’s knowledge of the game and to his ability 
correctly to balance the facts under his notice. 
The general correctness of all the facts vital to the 
arguments of our previous articles on this subject 
is encouragement to us in the thought that the 
matter may fitly be carried a stage further, and that 
a reasonable presentation of the case will receive due 
attention from those qualified to pass judgment. 

In the first place, the contention that the develop- 
ment of the railways of Australia had been too 


839 | largely governed by political rather than economic 
839/ motives has been demurred to in some quarters. 


It cannot, however, be that anyone really conver- 
sant with Australian history can seriously contend 
things to have been otherwise; and though in 





some directions improvement is now promised, it 
remains the fact that, to-day, considerations having 
rightly no place in railway matters are still accorded 
an improper amount of attention. One example will 
suffice, and this, in order to secure the additional 
credence which a verbatim statement carries, we 
take from the report given in the Melbourne Argus 
of January 20. A Public Works Committee inquiry 
was recently held at Sydney into the question of 
the need of a railway from Wagga Wagga to 
Tumbarumba. At this inquiry evidence was given 
by Mr. W. J. Hanna, Under-Secretary of the New 
South Wales Public Works Department. On being 
asked, by the chairman of the Committee, whether 
he was of opinion that New South Wales ‘‘ would 
be justified in spending practically half a million of 
money on & sien that would divert trade from 
our own State to Melbourne,” Mr. Hanna replied : 
‘*Tt is a question of policy, and whether the people 
should be given the best market for their produce. 
In my opinion, for many miles back from the 
border a large amount of traftic must go to 
Melbourne.” 

It is manifest that if railway development were 
conducted, as a matter of course, on broad economic 
principles, the above question would have been 
supererogatory. Mr. + sees reply, which is in 
exact agreement with our contentions, is the guarded 
statement of an official who has no need to commit 
himself to one policy or another. Something more 
definite might be expected, of course, from an 
official concerned directly with the railways, and we 
find it in the evidence given before the New South 
Wales Decentralisation Commission on March 1 by 
Mr. J. R. Johnson, Chief Commissioner for Rail- 
ways. Mr. Johnson is, of course, interested in 
making the ton-mileage returns as large as ible, 
and is influenced by the very natural desire to 
retain as much traftic as possible for the particular 
State system for which he is responsible. It is not 
surprising, therefore, that the Chief Commissioner 
should lay weight upon the fact that, if the connec- 
tions we advocated with the Victorian system were 
made, the result would be for the New South 
Wales system ‘‘ that the revenue at present de- 
rived, so far as the existing main lines are concerned, 
would be subjected to very serious reduction.” 
Testimony of this kind advanced as a valid 
reason of the non-construction of these links is 
undisputable proof that the narrower view of the 
State is allowed to take the place of the broader 
commonwealth view, in the minds of persons whose 
general knowledge of economics must, we think, 
at times, convict them of inconsistency. 

In further support of his argument that these 
lines to the Victorian system were largely un- 
necessary, the Chief Commissioner produced evi- 
dence to show that the districts concerned already 
benefited by low rates. But, though the fact that 
at present shippers have the benetit of moderate 
charges may appear a plausible reason for retaining 

resent conditions, no economist will argue that loss 
is not sustained by the carriage of this freight over 
the unnecessarily long distance to Sydney, when its 
natural outlet is via Melbourne. If present rates to 
Sydney are justified solely by reason of the volume 
of the traffic from these districts, it would mean that 
this traffic must be on a paying basis. If this be 
so, it is clear that a proportionate rate for the Mel- 
bourne route would also be justified, for there i¢no 
logical reason why the effect of reduced distance 
should be altogether wiped out by other unfavour- 
able factors, in a country such as Victoria. 

Argument along these lines, however, cannot be 
pursued, for the rates at present enjoyed by the 
shippers to Sydney, whatever they may be based 
on, are not calculated on a fair profit over the cost of 
services rendered, for very few of these particular 
lines pay. While the principal industries of these 
back blocks have been fostered to some extent, it has 
only been at the expense of the railways. It follows 
that the rates have been reduced to what the traftic 
will bear by the Sydney route, and from this it 
also follows that the traftic would bear the same 
rate if it went by a shorter route to Melbourne. 
The matter is simplified by ee what would 
happen if Victoria and New South Wales were one 
territory. There would then be no hesitancy in utilis- 
ing a short route instead of a long one for the same 
revenue. Thus the loss to the community would 
be curtailed, and, had the railways of these two 
States been developed as one system, there is no 
doubt that these economic considerations would 
have occupied their proper place of influence, and 
not have Gaon relegated to the back-ground and 
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supplanted by the more subtle arguments of State 


isans. 
This iy 2 us to the second point on which dis- 
agreement has been expressed in some quarters 
with our views—namely, the question of the 
federalisation of the me s. This is, of course, 
one of those points on which it is improbable that 
everybody will agree. It is to such diversity of 
opinion that the formation of political parties is 
primarily due. In a land of rather kaleidoscopic 
political character such as Australia, it is absurd to 
insist that such a development is impossible be- 
cause it is not yetin sight. Whatever be the present 
attitude thereon, and however distant may be the 
day of reform, it can be easily shown that federali- 
sation would lead to simplified railway working, and 
to other advantages, and therefore it appears a 
logical solution of the present miserable makeshifts, 
among which are all the temporary commissions, &c. 

At the inquiry above referred to, at which Mr. 
Hanna gave evidence, the chairman followed os 
the question which we have already quoted, wit 
another, also addressed to the Under-Secretary of 
the Public Works Department, which was as 
follows :—‘‘ Do you not think that Victoria should 
be asked to contribute towards the construction of 
a line which would have the effect of diverting trade 
to Melbourne?” To which Mr. Hanna replied, 
‘*Tt would in one sense be a fair proposition to 
ask Victoria to bear part of the cost of the 
line, but I am afraid it is not likely that such 
a proposal would be entertained.” It would cer- 
tainly be an index of nothing less than a radical 
change of policy if such a proposal were entertained 
by Victoria. is difficulty is the natural outcome 
of the present system, for, with it, there is, at once, 
great reluctance to spend money which will benefit 
some other party, and the States will not spend 
money outside their territory. It is too often for- 
gotten, however, that whether railway profits, and 
perhaps some of the trading profits, go to one State 
or another, the State benefits by development, and 
that the latter advantage is better than none at all. 
Apropos of this subject, Mr. Griffiths (Minister of 
Works, N.S.W.) recently stated that ‘‘the Labour 
Government held the view that the people of a 
district were entitled to a railway even if it did 
allow trade to go to the nearest market in another 
State.” This is more the kind of treatment of this 
subject which should be in evidence, and for which we 
have pleaded, and it will be interesting to see how 
far these avowals are to be made working precepts. 
Putting principles of this kind into practice would, 
of course, be far less difficult and less affected locally 
by the influence of the ballot, if the systems were 
unified and controlled by the federal body. There 
would then be no questioning at allastothe propriety 
of allowing traffic to flow whither it wish » nor 
would there be trouble about the cost, since all 
expenditures would be on behalf of one administra- 
tion, and the receipts would all go into one treasury. 
So far as the railways were concerned Sydney and 
Melbourne could be treated indifferently, and traftic 
requirements alone be considered. 

Again, there is the gauge question, on which 
some decisions have now been come to. All con- 
versant with such matters know how the work of 
conversion could be facilitated by starting from 
one centre and gradually extending the uniform 

e therefrom, pushing the transhipment points 
fart er and further away. Conversion in this 
manner would be an easy matter indeed to arrange 
for, compared with the intricate negotiations now 
necessary with several different bodies, and the 
temporarily greatly increased confusion. 

Finally, we are prompted to put forward a few 
embryonic suggestions in the hope that they may 
be considered broadly. It is impossible at such a 
stage to argue with the man who pins one down to 
words—reading into them his own limited view. 
If the ideas underlying the words be considered, 
good may come. It is too easly for a criticism of 
exact expressions; this can lead only to absurd 
interpretations. From such action little can 
result. We have shown how federalisation would 
assist constructional development of the railways, 
as it would solve questions of financial expediency. 
This would similarly assist in the development 
of the country. Unification would, moreover, 
facilitate working, simplify rate - making, and 
reduce rates to rational ae It is quite possible 
to conceive of a single railway organisation suited 
to the needs of the country. Under the control 
of a suitable body the continent might be divided 
into its economic areas, and each area managed by a 





board. If the economic area were taken, much 
of the development would be only partly depen- 
dent on what was being done in neighbouring 
sections. Where neighbouring sections were in- 
volved, matters would be simplified by the fact that 
all were working to one end and for a single 
administration, so that it would not be a matter of 
considering loss to another State, but of transfer to 
another department of the one body. 

To render the sectional management effective, 
the executive might have the advice of boards such 
as those already existing, for instance, in Germany, 
composed of representatives of commerce, industry, 
agr culture and forestry, &c. The members of these 
councils are elected by the Chambers of Commerce, 
Merchant Associations, Agricultural Provincial 
Unions and other bodies, and serve for three years. 
In this reference to German practice we do not 
necessarily hold the Prussian State organisation up 
as a model. Like patentees, we do not limit 
ourselves to this special form. The German organ- 
isation, with the German character behind it, 
has resulted in cumbersome working, which, with 
this warning before it, could be avoided by the 
Australian people. Such advisory councils, with 
suitable powers, cannot but appeal, however, to 
a democratic people. They would give the people 
interested a direct concern in the railways, and 
would supersede the innumerable deputations and 
local railway leagues, progress societies, &c., which 
are now constantly being formed, for the purpose 
of urging the construction of new lines, or the 
revision of rates and fares, and would abolish 
much of the fuss and agitation incident to the 
proceedings of such bodies. As regards allocating 
finance for construction, little difficulty need be 
anticipated in finding a few broad working prin- 
ciples which would form a suitable basis, and the 
apportionment might, with reasonable and respon- 
sible administrators, be so arranged as to encourage 
development of the country on a systematic scale, 
in advance of anything hitherto done. 





COAL-DUST EXPERIMENTS. 

THe dangers of coal-dust in mines and their 
prevention are receiving serious attention in all 
countries. Practical men and scientists are every- 
where carrying out experiments. They proceed on 
different lines, but there is agreement about the 
main facts. It is recognised that prevention is 
possible, and that water and stone-dust will render 
coal-dust more or less harmless. Neither remedy is 
pleasant, however. Coal-dust seems to be an 
unavoidable evil, and the collier still considers the 
coal-dust danger as exaggerated. Experimenting 
must therefore go on. e have dealt with the 
coal-dust experiments conducted in this country 
and in France in previous issues,* in which refer- 
ence was also made to investigations conducted in 
other countries. We will to-day review the work 
done in the United States and in Austria. 

In America the United States Geological Survey 
was, in July, 1908, charged by Congress with an 
investigation of mine explosions. The end of the 
year 1907 had seen a series of disasters, in all 
of which coal-dust hud played a part. The three 
explosions of December 6, 19, and 26 in the 
Monangah Mine, W. Va., the Yolanda Mine, Ala., 
and the Darr Mine, Pa., had killed 648 men, and 
the total number of victims of mine explosions in 
the United States amounted to 1148 in that year 
(1907). An experimental station was therefore 
built at Pittsburg, and opened late in 1908. The 
work so far done was described in Bulletin No. 425 
of the United States Geological Survey, which is 
entitled ‘‘ Explosibility of Coal-Dust ;” the authors 
are Messrs. George S. Rice, J. C. W. Frazer, Axel 
Larsen, Frank Haas, Carl Scholz, and H. M. 
Wilson ; the last mentioned is the chief engineer 
of the Technological Branch of the Survey. The 
work has not proceeded very far yet, and the 
investigators are largely engaged in testing safety 
explosives. The report reviews what has been done 
in Europe. and gives information on preventives 
applied in American mines. We will confine our- 
selves to a few points. 

The gallery is a steel tube of a total Jength of 
100 ft., consisting of fifteen sections, each 6 ft. 8 in. 
in length, 6 ft. 4 in. in diameter, built up of 4-in. 
and j-in. plates. Each section is provided at the 





top with a pressure-release door, which may be 
fastened down, and a }-in. plate-glass window, 
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6in. by 6in., at the side, and, further, with an 
exterior circulating system for mixing natural gas 
(from the mains at Pittsburg) and air. This system 
is stationary for the first section, and mounted on 
a truck for the other sections. The head of the 
tube is closed by a block of concrete, 8 ft. thick 
and 12 ft. high ; the ignited cannon is sunk flush 
into this concrete, so that ignition may be said to 
be effected by a blown-out shot from the working 
face. The whole steel tube rests on a concrete 
bed, and part of it is lagged to maintain an even 
temperature. Certain sections are separated from 
the rest by paper screens. 

As regards the explosibility of coal-dust, the 
American investigators agree with Taffanel and 
others in ascribing importance to the percentage of 
volatile matter in the coal. Certain dusts would 
not explode. But that depends upon circum- 
stances, of course, and the collier is interested, not 
only in the direct inflammability of a dust, but also 
in its capacity of propagating an already started 
explosion. The coal-dust was, at Pittsburg, partly 
distributed on shelves and partly suspended in the 
air ; but it does not appear that the suspension 
was effectively maintained. In some tests pre- 
heated moist air was drawn through the gallery by 
a Koerting exhauster ; exhaust steam was also tried 
for keeping the air damp. Until a considerable 
amount of moisture had condensed on the coal-dust 
the explosibility was not checked in these experi- 
ments, nor was the flame extinguished before travel- 
ling through the whole gallery. The other point, 
we should like to mention, is the tamping of shots 
with coal-dust. The practice is reprehensible, but 
not uncommon, the popular belief being that black 
powder may be tamped with coal dust, provided the 
dust be wet. The American experiments certainly 
do not justify this belief. The observations were 
not concordant, however; but the wet tamping 
sometimes gave flames as long as the dry tamping, up 
to 50 ft. in length, with powder charges of 2.5 |b. 

A further satisfactory outcome of these researches 
is that the United States Bureau of Mines has 
been laying out an underground mine near Pitts- 
burg for experimental purposes. The locality is at 
Bruceton, 12 miles from Pittsburg, in a coal-seam 
in which explosions have been frequent; natural 
gas, methane with 15 per cent. of ethane, is close at 
hand, and part of the mine is being fitted out like 
the steel gallery, and part is being concreted. Ex- 
periments were to commence in May. 

We pass to the experiments conducted in Austria 
at the Rossitz Experimental Station, by Dr. 
Czaplinski and Mr. Jicinsky ; the former is a 
Government official, the latter the manager of a col- 
liery. Rossitz is situated near Briinn, in Moravia, 
and the gallery lies not far from the well-known 
Segen Gottes colliery. Experiments with coal- 
dust from Rossitz and Ostrau had been made 
before, and the Schlagwetter (fire-damp) Commis- 
sion of Vienna resolved, in 1908, to resume the 
work. Two members of the Commission, Messrs. 
Schulz and Panek, take part in the investigations. 
Reports on the results ad been published in a 
series of articles appearing since 1909 in the 
Oesterreichische Zeitschrift fiir Berg- wnd Hiitten- 
wesen. 

The construction of the gallery and the mode of 
experimenting differ considerably from those so far 
discussed. The gallery is a straight conduit, buried 
under earth, 294 metres in length, bricked up at the 
mouth, and ending in a closed combustion-chamber. 
It is built in brick and masonry; the ceiling is arched, 
and the cross-section diminishes from 36 sy. ft. 
(height 13 ft. 9 in.) at the mouth to 24 sq. ft. (height 
5 ft. 8 in., width 4 ft. 7 in.) in the explosion- 
chamber. The dimensions of the chamber are :— 
Width, 4 ft. 3in.; length, 5 ft. 7 in. ; height, 
5 ft. 10 in. The earth covering has a thickness of 
6 ft. 6 in. near the mouth and of 71 ft. near the 
end, and access to the gallery is gained through 
three shafts—a vertical shaft a, 14 ft. deep, near 
the mouth, serving also as an exhaust shaft, and 
rovided with ladders, and two inclined shafts 
74 ft. long), the one, b, about two-thirds down 
the gallery (where a blind gallery, 26 ft. in 
length, branches off), the other, c, at the ex- 
plosion - chamber. These shafts are lined with 
timber and provided with stairs ; they are closed 
below by iron doors, and above by wooden doors. 
Pipes 65 cm. and 35cm. (26 in. and 14 in.) in 
diameter run down the last shaft for the supply 
of coal-dust and gas, and there are also cables 
for the electric motor driving the distributing 
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fan for the dust and for the electric lamps, which 

















am 








JuNE 23, 1911.) 


ENGINEERING. 





827 





are fixed all along the gallery in niches, behind 
glass shields. Other pairs of pipes for the dust and 
the fan enter the gallery at two more points. The 
explosion-chamber is cut off from the gallery by 
per screens, stretched over a wooden frame ; the 
electric-motor stands behind a wall ; the fan reaches 
into the chamber. Some of the other fans are 
operated by hand. The dust is fed into the gallery 
upon fans with horizontal vanes ; it is also poured 
on to shelves, arranged as in book-cases and sus- 
pended with their wooden frames from hooks 5 m. 
(16 ft.) apart, or distributed on ledges. The coal- 
dust experimented with is not especially ground 
coal, but natural dust from the screening plant at 
Rossitz. It is mostly very fine, and contains up 
to 4 per cent. of moisture, up to 9 per cent of ash, 
and from 19 to 23 per cent. of volatile matter. 
The gallery is ventilated by a fan in summer ; in 
winter the natural draught is sufficiently strong. 

Pressure records, taken with the aid of an 
indicator on a drum, turned by an electric motor, 
were not quite satisfactory. e instrument was 
placed just outside the chamber, while pressures 
should, of course, be determined at various dis- 
tances, and the curves obtained were evidently 
influenced by the natural vibration of the spring, 
other instruments have lately been added. The 
length of flame is determined in a very simple way 
by means of sulphur matches, which, before each ex- 
periment, are fixed in wooden blocks spaced 1 metre 
apart along the walls of the gallery ; the matches 
are taken out after each experiment and entered 
serially on a numbered table, so that the number of 
the match-block gives the length of the flame. The 
methods applied to collect after-damp were, or are, 
also very simple. Bottles are suspended in the 
niches next to the chamber, necks downward ; they 
are filled with water, and the cork is attached to 
the frame and is pulled out when the frame is blown 
out; the gases in the gallery then replace the 
water as it flows out. 

The mode of applying water and of creating wet 
zones is interesting. Conical nozzles are arranged 
along the walls and along the top and bottom, or a 
perforated pipe is fixed all round a vertical section 
in such a way thata conical curtain of water or a flat 
sheet of water is produced. These nozzles are not 
damaged by the explosions, nor were, in most cases, 
the glow-lamps. In later experiments protective 
sheet-iron covers were provided for the niches. 
The doors and frames often suffered badly. 

The phenomena of an explosion comprise a 
detonation or shock, and a return shock, which 
follows after an interval of not more than two 
seconds. The former expels air from the terminal 
shaft, opens the door on the tup of the shaft a, and 
sends smoke and flames through this door. The 
return shock opens the iron door of the explosion- 
chamber, closes the shaft-door 6, and allows air to 
rush in through a and ¢; equilibrium is soon 
restored, however, as a rule, and the ventilating- 
fan clears the air again in the gallery. The experi- 
ments were made with dynamite and with black 
powder in the presence or absence of fire-damp. 
The dynamite was either discharged from a mortar, 
or cartridges were freely suspended in the chamber, 
and detonated. The coal-dust was not always fired. 
Merely strewn dust was, in the absence of ventila- 
tion, never fired by dynamite (half a pound), and 
even suspended dust did not always catch fire. 
In the presence of coal-dust, but not of fire-damp, 
both in the chamber and in the gallery, the flames 
reached a length of 406 ft., and when the doors 
were differently arranged, even of 656 ft. ; 
latter case a fourth dust-atomiser had been added, 
393 ft. from the chamber. The flame never pene- 
trated into the blind gallery, near the shaft b, 
however, to more than 13 ft., so that this blind 
shaft acted as a buffer. These experiments concern 
dynamite cha: of up to 300 grammes (about 
11 oz.), With black powder, discharged from the 
mortar without stemming, somewhat different pres- 
sure diagrams were obtained. 

With respect to the density of the dust-cloud, 
the experimenters at Rossitz and at Liévin are not 
in agreement. Liévin experienced the most violent 
explosion with 124 grammes of coal-dust per cubic 
metre of air; Rossitz with 500 grammes 1 Ib.) of 
dust—all suspended. But there is always consider- 
able doubt as to how much of the dust, especially of 
the coarser grains, really remains in suspension, and 
the dryness and percentage of volatile matter are 
more important factors when suspended dust is con- 
cerned than when the dust lies on the roads. The 
Liévin dust contained 30 per cent, of volatile matter ; 
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the Rossitz dust, oof a cent. The influence of mois- 
ture on the dust is less controversial. At Rossitz 
4 or 5 per cent. of moisture in the coal-dust dimi- 
nished the violence of the explosion perceptibly. 
When the whole gallery had become wet in spring, 
through the melting of percolating snow, all the 
explosions were less violent than before. The 
natural ash content had a similar effect. 

We come to the remedies. Wet zones were 
found effective, as elsewhere, but they must have 
a length of 197 ft. entirely to extinguish an explo- 
sion. Wet curtains had a similar effect. ey 
were arranged at a distance of 33 ft. or 49 ft. from 
the explosion, which they reduced in ene ; weak 
explosions were stopped, and flames of 443 ft. 
length were shortened to 344 ft. The stone-dust 
experiments were not extended very far. Roman 
cement was used as stone-dust, and of this 57 per 
cent. would apparently be required to prevent 
danger. This cement was strewn or kept in 
suspension by the atomiser; in the latter case, 
the question arises again whether the stone-dust 
would not sink and settle more rapidly than the 
fine coal-dust. It is for such reasons that we attach 
importance to the Liévin experiments with stone- 
dust or water, kept on shelves or in troughs in such 
a way that the explosion would upset the obstacles 
and create concentrated local watering or schisti- 
fying. The water curtains also look promising. 








THE CORONATION HONOURS. 

As the coronation of His Majesty King George V. 
afforded a particularly appropriate opportunity for 
recognising those influences which advance the 
interest of the nation and the welfare of the people, 
there was good ground for expecting that science 
and industry would be largely represented in the 
honours bestowed on the occasion on the recom- 
mendation of his Majesty’s Ministers. There is no 
need whatever to justify the importance of science 
and industry, as without them little progress can be 
made by any nation. And yet the list almost entirely 


ignores these subjects, if we except the barony so| H 


well merited by Sir William Thomas Lewis, Bart., 
K.C.V.O., Vice-President of the Iron and Steel 
Institute, who has done great service in many 
ways, and notably as a member of the Royal Com- 
missions on Mining and Shipping, and industrial 
questions generally, and also the promotion of 
the Hon. Charles Algernon Parsons, LL.D., D.Sc., 
from Commander to Knight Commander of the 
Bath, a distinction long since earned by his great 
services in one department of work alone—that 
connected with the turbine; and the knighthood 
conferred upon Mr. Arthur J. Evans, F.R.S., 
the well-known archeologist. A _baronetc 
has also been conferred on Sir Boverton - 
wood, D.Sc., who is closely identified with 
research work in connection with petroleum and 
its products; but there is here a Governmental 
connection, as he is an adviser on petroleum to 
several departments. It will thus be ised 
that what might be termed the ‘‘ non-official ” 
honours are entirely inadequate in view of the 
importance of science and industry. 
ere are several notable honours to gentlemen 

associated with industry, although recognition is 
due to other causes or to Governmental appoint- 
ments. All will be pleased at the conferment of an 
earldom upon Lord Brassey, G.C.B., who has done 
good service for the Navy and the shipping in- 
dustry generally. The barony conferred on the 
ht Hon. Sir Charles B. B. Laren is largely 
due to political reasons, but it will, nevertheless, 
be appreciated in industrial circles, as he is the 
chairman of Messrs. John Brown and Co., Limited, 
Sheffield and Clydebank. Another notable peer is 
Sir James Lyle Mackay, G.C.M.G., who is a past- 
president of the Institute of Marine Engineers, and 
has long been chairman of the British India Steam 
Navigation Company. ; 

Amongst the knights not connected with the 
Government mention may be made of Mr. William 
M. Aitken, M.P., who controls the cast-iron trade 
of Canada; Mr. Raymond Beck, chairman of 
Lloyd’s ; Mr. W. G. Granet, general manager of the 
Midland Railway ; Mr. John P. Griffith, engineer 
to the Dublin Port and Docks Board, who has also 
been on Royal Commissions on Canals ; and Mr. G. 
Croydon Marks, M.P., partner of the firm of Marks 
and Clerk, consulting engineers and patent agents. 

Coming now to the list of promotions to the 
Orders of the Bath and of St. Michael and St. George, 





the advancement of Sir Charles Inigo Thomas 


from K.C.B. to G.C.B. is probably a forecast of his 
retirement from the position of Secretary to the 
Board of Admiralty. In this connection, also, we 
are glad to note the promotion of Mr. W. 
Graham Greene, the Assistant Secretary, from 
C.B. to K.C.B. The Dockyard branch of the 
Admiralty is, to the satisfaction of almost every- 
one, recognised by the advancement of Mr. James 
B. Marshall from C.B. to K.C.B. For very 
many years he was Assistant Director of Dock- 
yards, under both Dr. Elgar and Sir James 
Williamsom, and since the retirement of the latter 
he has held the post of Director of Dockyards. The 
Royal Corps of Naval Constructors, however, has 
been very inadequately rewarded for the great 
work done lately in the improvement in the designs 
of ships and in the strengthening of the Navy, 
for, with the exception of the well-won knight- 
hood of Mr. W. E. Smith, C.B., the Superin- 
tendent of Construction, Accounts and Contract 
Work at the Admiralty, no honour has been paid 
to the constructive branch. The engineering de- 
—— of the Service has on this occasion 
ad fuller recognition, although it is a case only 
of making up for past deficiencies. The honour of 
K.C.B. has been conferred on the Chief-Inspectors 
of Machinery, James Roffey, C.B., and John 
Harold Heffernan, C.B., and a Commandership upon 
ae emo: - Rear - Admirals John Stoker Saunders, 
Robert Mayston, and Charles Lane; but all of 
these officers are now on the retired list. Their 
promotion, however, will be greatly appreciated by 
many friends. Amongst the other new Knight 
Commanders of the Bath, note may be made of Mr. 
H. F. Donaldson, C.B., a member of the Council 
of the Institution of Mechanical Engineers, who has 
done admirable service since his appointment as 
Chief Superintendent of the Royal Ordnance Fac- 
tories ; Mr. J. A. Ewing, C.B., F.R.S., Director 
of Naval Education ; and Mr. B. A. Whitelegge, 
C.B., Chief Inspector of Factories. C.B.’s have 
been conferred on Mr. R. E. Froude, F.R.S., 
Chief of the Government Experimental Tank at 
aslar; on Colonel H. C. L. Holden, F.R.S., 
Superintendent of the Royal Gun and Carriage 
Factory at Woolwich; on Mr. G. W. Willcocks, 
M. Inst. C.E., Chief Engineering Inspector of the 
Local Government Board ; on Colonel S. H. Exham, 
R.E., who is responsible for the carrying out of 
the work at Rosyth Naval Base ; on Commander 
E. W. Lloyd, R.N., Chief of the Ordnance Depart- 
ment at Elswick ; on Colonel C. E. Haynes, Chief 
Engineer of the Eastern Coast Defences ; and on 
Colonel R. 8. Maclagan, Superintendent Engineer in 
the Public Works De ent of India. Amongst 
the Knight Commanders of St. Michael and St. 
George is the name of Rear-Admiral W. R. Cres- 
well, the Director of Naval Forces of the Common- 
wealth of Australia, who has done much to awaken 
interest in the Navy in the Commonwealth. 





THE LEGAL POSITION OF THE 
ENGINEER. 

Cases which throw light on the legal position of 
an engineer are not often to be found in the law 
reports. For some reason which is hard to explain, 
those who are responsible for these publications 
seem to fear anything which is in the nature of an 
engineering case. In the result the decisions which 
closely affect. the professional position of the engi- 
neer frequently escape notice. 

A few cases, however, have recently appeared 
which serve to explain the legal position of the 
engineer in relation to the law of negligence, and 
of the engineer who is stated in an engineering 
contract to be sole arbitrator in disputes arisirg 
between the parties. These cases will be better 
understood if it is made clear at the outset that, in 
relation to a contract, the engineer occupies a dual 
position. On the one hand, he is the servant of the 
employer, to design the work and to supervise its 
construction ; on the other, he is arbitrator or quasi- 
arbitrator as between the employer and the contrac- 
tor, and as such cannot be held liable for negligence. 

Dealing first with the matter of negligence, the 
question whether an engineer has been guilty of 
negligence can only be answered when one has 
ascertained the standard up to which he must work. 
His duty is, not merely to make plans and draw- 
ings, but to see that the work is properly carried 
out ; nor may he, apparently, entrust the super- 
vision of large parts of the erection to the clerk of 
the works or any other subordinate. In illustra- 





tion of this, mention may be made of a case in which 
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an architect was sued for negligence. He had 
been employed as architect in and about the erec- 
tion of a workhouse for a corporation, it being a 
term of agreement that a clerk of the works should 
be employed. Four years after the work was 
completed, dry rot broke out in floors laid over 
concrete, a large area of which was on the ground 
floor of the new buildings. It was alleged that 
this defect arose owing to the negligence of the 
defendant in not seeing that the concrete was 
properly laid in accordance with the contract. It 
was also alleged that, in correspondence which 
passed between the parties afterthe dispute arose, 
the defendant, in consideration of the corporation 
refraining from suing, undertook to put the work 
right at his own expense. The defendant denied 
that it was his duty to supervise the laying of the 
concrete, and alleged that it was the duty of the 
clerk of the works. He counter-claimed for damages, 
alleged to have been occasioned by the plaintiffs 
having, in breach of an implied contract, appointed 
an incompetent clerk of the works. It was held 
that, while the duty of a clerk of the works under 
an ordinary building contract is to supervise the 
details of the work, the laying of a floor such as 
this could not be regarded as a detail, and that the 
architect was liable. 

With regard to the power of an engineer to alter 
the contract in matters of detail, it must not be 
taken for granted that he can make any alteration 
unless the contract gives him power. For instance, 
in Scotland it was held that where a builder con- 
tracted to use cement mortar, the architect had no 
authority to sanction the use of milled lime. 

It has, however, been held that an agreement to 
do work to the satisfaction of an architect impliedly 
gives him authority to order extras (Robertson v. 
Jarvie (1910), 45S, L.R. 260) ; and it is also im- 
portant to note that the powers of the architect 
with regard to extras are very much wider if the 
contract enables him to vary the work which is to 
be done by the contractor. In Stevens v. Mewes 
and Davis (Court of Appeal, June 7, 1910), the 
plaintiff, a well-sinker, had contracted with a firm of 
builders, who were erecting a building, to sink for 
them an artesian well to supply this building with 
water. Under his contract, the plaintiff was to sink 
the well to a depth of 550 ft., but when the work 
was being carried out the boring-tube broke at a 
considerable depth below the surface. It was then 
found impossible, but, fortunately, it proved to be 
unnecessary, to continue the boring, for by means 
of an air-lift pump suflicient water could be raised. 

The use of an air-lift pump being decided upon 
by the building owners, an order was given to the 
plaintiff by the defendants, who were architects to 
the builders, to put in the air-lift pump. Having so 
put it in, the plaintiff sought to make the architects 

ersonally liable on the contract, but it was held that 
“ could not do so. Lord Justice Moulton said :— 
‘* Now I quite agree that ‘vary’ means not to alter 
so as to destroy the scheme of the whole thing ; 
but, in my opinion, to substitute for one well-known 
piece of machinery an equivalent, equally well 
known, doing exactly the same work—certainly a 
different one—just in the same way as if you had 
ordered a Deane pump, and then made up your mind 
subsequently to use another pump, is permissible. 
In my opinion, I am satisfied that this is within the 
language of the word ‘ vary ;’ and I am still further 
satisfied that the case of Rex v. Peto has nothing 
whatever to do with this case, and I think I may 
say has nothing to do with any modern contract of 
this kind in which a power to vary is almost always 
expressly given.” 

Vexed questions sometimes arise as to who is 
‘*the engineer under the contract.” Again, assum- 
ing the engineer is clearly specified, has he power 
under the contract to delegate to another the duty 
of granting certificates ’ 

In Freeman and Sons v. Middleton Electric Trac- 
tion Company (coram Hamilton, J., July 15, 1910; 
Court of Appeal, January, 1911), the plaintiffs had 
agreed to z certain tramway work for the defen- 
dant company. The work was to be done to the 
approval of, and certificates were to be granted by, 
the engineer, ‘‘ Stephen Sellon, Esq., C.E., or other 
appointed by him.” Disputes having arisen, the 
plaintiffs sued for certain moneys alleged to be due 
under the contract, in respect of which they relied 
upon the certificates signed by an engineer appointed 
by Sellon. They alleged that, in the first instance, 


Stephen Sellon, the engineer under the contract, 
appointed J. Angus as permanent resident engineer 
on the works, ‘‘to act as engineer under the con- 


tract, to give orders for additional works in writing, 
or in the alternative (that he) was held out by the 
defendants as so appointed.” Hamilton, J., in deal- 
ing with this point, said :—‘‘There is no evidence 
to satisfy me that Mr. Angus was in fact the engi- 
neer to give orders in writing. It is perfectly clear 
that both parties were entitled to the opinion, the 
certificate, the judgment, and the decision of 
Mr. Sellon ; either party would have been entitled 
to object—and I have no doubt, if the matter had 
arisen, would have objected—to having put upon 
them, instead of Mr. Sellon, whom they did know, 
Mr. Angus, whom Mr. Sellon knew and they very 
likely did not know. . . Under the terms of the 
contract, Mr. Sellon had no authority or power to 
appoint or depute his functions to Mr. Angus. Mr. 
Angus clearly derived his authority only from the 
appointment of Mr. Sellon, which the company had 
notice of, and did not object to... Mr. Angus 
was, in fact, never anything but what it is ad- 
mitted he was, and what he is called—namely, 
the permanent resident who acted for Mr. Sellon, 
and was closely supervised by him.” Eventually it 
was held that, upon the facts above stated, Angus 
had no authority to grant certificates. 

An important point as to the position of an 
engineer or surveyor as arbitrator was decided in 
Blackwell v. Derby Corporation, which, though 
decided in 1909, was not reported until this year 
(see the Justice of the Peace, March 25, 1911, 
page 129). It was in that case decided that when 
works are constructed for a local authority under a 
contract which provides for the reference of disputes 
thereunder to an officer of the local authority and 
the contractor sues the local authority on the con- 
tract, the Court will not order the action to be 
stayed on the submission to arbitration, if the 
contractor charges the arbitrator with unreasonable 
conduct in relation to the works, and it appears 
that there is a substantial dispute between the 
parties as to the conduct of the arbitrator. 

In giving judgment, Fletcher Moulton, L.J., 
said :—‘‘ Corporations are, in my opinion, often too 
fond of putting their officers in the position of 
engineers under a contract, and these officers forget 
that, as they are performing other duties to the 
corporation, there may arise a conflict between 
their duties in these other offices and their duties 
as engineers under the contract, which may give 
rise to unfair treatment to the contractor by reason 
of the zeal with which they perform their other 
duties. Of course, if you have exalted an officer 
of that kind as the arbitrator under the contract, 
you cannot say merely because he is an officer that 
therefore he is an unfit judge; but if facts sub- 
sequent to the contract have given rise to a sub- 
stantial dispute, in which there are allegations of 
continued unreasonableness on his part, and that is 
the real dispute between the parties, I think we 
should not be acting in the spirit of the law if we 
shut the doors of the Court to such a dispute, and 
forced it to be referred to arbitration.” 

Another case also bears on the position of the 
engineer who, it is alleged, has a bias in favour of 
the employer. This is found in Freeman v. 
Chester Rural District Council (75 J.P. 132). In 
that case a contractor brought an action to re- 
cover the price of certain works constructed for a 
local authority under a contract which provided for 
the reference of disputes thereunder to the engineer 
of the local authority, and, in answer to a summons 
to stay proceedings under section 4 of the Arbitra- 
tion Act, 1889, challenged the conduct of the 
engineer in regard to the works, the question in 
dispute being whether the engineer had not pre- 
cluded himself by his own admissions from assert- 
ing that the works had not been completed to his 
satisfaction, and that the period of maintenance 
had not expired. 

The Court of Appeal (affirming the opinion of 
Lush, J.), in the exercise of the jurisdiction con- 
ferred upon it by the Arbitration Act, 1889, refused 
to order the action to be stayed. The Master of 
the Rolls based his decision on the ground that the 
cross-examination of the engineer was essential to 
the proper determination of the dispute; Lord 
Justice Buckley, on the ground that though, in his 
opinion, the evidence failed to show that the 
engineer had unfitted himself to act as arbitrator, 
yet the fact that one Judge of the Court of Appeal 
was not ‘‘satisfied that there was no sufficient 
reason why the matter should not be referred” was 
a ground upon which another Judge of co-ordinate 
jurisdiction could concur in the view that an 
absence of a sufficient reason was not shown. 








THE EROSION OF CANAL BOTTOMS 
BY TUG PROPELLERS. 


Wits the improvements of modern canals, which 
aim at an accelerated service for large, heavily-laden 
craft, the protection of the canal banks and bottoms 
has become more and more difficult. Traction by 
electric locomotives running along the banks would 
be least objectionable from this point of view. 
But these means of canal-boat propulsion have 
not been gaining much ground in recent years, 
although their applicability has been established, 
and towage by screw-propeller tugs still predomi- 
nates. That the tugs tend to erode the canal 
bottom in the middle of the canal, and to pile the 
loosened material up near the banks, has long been 
recognised, and has also been accepted as a more or 
less unavoidable evil. Recent. experiments would, 
however, show that the damage done, though, of 
course, primarily due to the churning of the water 
by the propeller, must be ascribed to the position 
which the helm occupies with regard to the screw, 
and that it can be cured by fixing two rudders aft, 
one on each side of the propeller. The conclu- 
sion is so far based only on experiments made 
with ship models in an experimental tank. But 
the problem is of sufficient importance to deserve 
attention. 

The experiments have been conducted in the 
Prussian Versuchsanstalt fiir Wasserbau und 
Schiffbau at Charlottenburg, on behalf of the 
Department of Public Works, by the late Mr. 
Thiele, Mr. Beyerhaus, and Mr. F. Gebers, of 
Siidende-Berlin. Gebers presented an account of 
the research to the November meeting of the 
Schiffbautechnische Gesellschaft. Attention was 
drawn to the state of affairs chiefly by observa- 
tions made on the Dartmund-Ems Canal, on which 
a good deal of useful research work has been 
carried out. The canal has a depth of 2.5 m. 
(8.2 ft.), a bottom width of 18 m. (60 ft.), and 
widens with successive slopes of 1 in 2, 1 in 5, and 
lin 1.25, out to a water-level width of 31.5 m. 
(103 ft.). Five years after the construction of the 
canal, on which traffic was at first by no means 
heavy, it was noticed that the bottom had been 
hollowed out, and that enough spoil had been heaped 
up on the sides to reduce the width, over which the 
full depth was available, by nearly one-half. Two 
barges could no longer pass one another. That 
evil was cured by means of dredging. The other 
trouble, the lowering of the bottom, threatened to 
become serious in some parts where the canal bed 
was at relatively high level. In the three years 1905 
to 1908 the erosion increased by 20 cm. (8 in.), and 
dredging had once more to be resorted to. In 
order to avoid the erosion the recently-built 
German canals are provided with bottoms which 
slope from both sides gently down to the middle, 
and experiments have been undertaken with a view 
of finding a suitable type of screw tug. 

The first series of experiments, conducted on 
a scale one-tenth full size, established the fact 
that an artificial canal, one-tenth the dimensions 
of the Dortmund-Ems Canal and of the same 
section, would suffer in the same way as the real 
canal. This tank has a length of 100 m. (330 ft.); 
two boats are run on it in series, the first serving 
as tug, the second, aft of it, as barge. The boats 
have 31.5 cm. (124 in.) beam, and 17.5 cm. (7 in.) 
draught, and they were driven at a speed of 
0.44 m. (17.3 in.) per second by propellers and 
electric motors, sometimes along the middle of the 
canal, sometimes near the banks. In the later 
experiments a model of the Rhine-Weser Canal 
has been used, and in general a train of two boats 
as described has to make 2000 double journeys 
before a study is made of the effect which has 
been produced on the canal bottom and sides. The 
diameters of the propellers are 125 mm. or 
140 mm. (4.9 in. and 5.5 in.); the twin-screw boats 
are fitted with two propellers, each of 95 mm. 
(33? in.) diameter, and the propellers have been 
fixed at different levels. 

It soon became apparent that single-screw boats 
are much more destructive than twin-screw tugs, 
and this observation was entirely in accordance with 
the results of actual experience on canals. The 
sania conga required higher speed—15 per cent. 
more—when revolving inwardly than when revolving 
outwardly, in order to maintain the normal speed. 
Provisional tenders for twin-propeller tugs were 
then invited, while it was pointed out that single- 





ropeller tugs might be used on deep canals. It 
had been observed that little or no damage was 
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done when the propeller-shaft was placed very high 

up, as in Thornycroft tunnel-boats, but that erosion 
generally set in as soon as the tips of the blades 
just touched the water level. This and the further 
observation that the size of the propeller-blade had 
less influence than had been expected, suggested to 
Gebers to study the influence of the rudder. He 
recognised that the usual rudder transformed the 
circular helix path of the water particle into an 
elliptical path, the longitudinal axis of the ellipse 
being vertical. The water particles are deflected 
upward and downward, and cause the well-known 
surface wave, as well as a bottom wave, which pro- 
duces erosion. Gebers, therefore, took off the one 
central helm, and substituted for it two rudders, 
symmetrically fixed 190 mm. (7.5 in.) apart. The 
rudders were smaller than the usual helm, and were 
also cut obliquely below, so as not to foul the banks 
when turning near them. These two rudders gave 
satisfaction. Combined with two rudders, the one 
screw-propeller no Jorger produced any erosion of 
the bottom, and this was confirmed by trial runs 
with other models more closely resembling the 
actual steam-tug types in the hull sections and 
shape of the stern than the other boat models, 
which had been like the barges they were towing. 
The trains in these trials consisted of four vessels 
—two barges, with one tug in front and another 
aft. No erosion was observed after 4000 runs, 
but it became noticeable again after refixing the 
one rudder. 

It is expected that the double rudder will in- 
crease rather than reduce the efficiency of the tug. 
This problem is not settled yet; but enough 
appears to have been established to justify putting 
the double-rudder tug to the practical test. 








NOTES. 
ELECTRIFICATION OF GERMAN RatLways. 
Tue Minister for the Railway Department has 
recently made the following statement in connec- 
tion with the electrification of the German rail- 
ways :—The electrification of the railways is to be 
ate + with. At present electric traction has 
en adopted on the Dessau-Bitterfeld section, and 








it is to be extended from Magdeburg to Halle. | 
Further, some mountain railways will be electrified, 
in the first instance the sections Lauban-Hirsch- 


berg and Gorlitz-Konigszelt. 
of the Berlin Stadtbahn will be continued, but it | 
will only be carried through when this can be done 
to the advantage of the State. Next on the list 
come the concessions of electric fast railways—viz., 
the Cologne-Diisseldorf and the Wiesbaden-Frank- 
fort-on-the-Main railways. The railway between 
Diisseldorf and Dortmund, planned by the respec- 
tive municipalities, which would run close to the 
State railway, would become a competitor with 
it. It was originally planned as a fast line, with 
six stations; but this project had been nega- 
tived. The revised plan, which provides for thirty- 
three stations, and which cannot be looked upon as 
interfering with the through traffic of the State rail- 
ways, is under the consideration of the Ministry. 
Other fast lines have also been planned, including the 
Cologne-Elberfeld line via Solingen, and one from 
Cologne to Cassel, but these two schemes, after a 
very careful investigation, had been negatived by 
the authorities in question. The Government, how- 
ever, did not view such concessions from a mean 
or narrow-minded standpoint; on the contrary, 
they looked with favour upon a connection between 
two busy towns. When the Government nega- 
tives projects of this nature, it is fully aware that 
it must itself take the initiative to a further deve- 
lopment of the means of communication, and steps 
have already been taken in this direction in the 
Ruhr district. 


THe Court or APPEAL OF THE StaTE oF NEw 
YORK AND THE WAINWRIGHT ACT. 

What is commonly known in America as the 
Wainwright Act, or Chapter 674 of the laws of New 
York, was passed in 1910. The Legislature passed 
a law in 1909 providing for a commission of fourteen 
cae. six of whom were appointed by the 

overnor, three by the President of the Senate 
from the Senate, and five by the Speaker of the 
Assembly from the Assembly, ‘‘ to make inquiry, 
examination, and investigation into the work- 
ing of the law in the State of New York 


The electrification | 


relative to the liability of employers to em- 
ployees for industrial accidents, and into the 
| comparative efficiency, cost, justice, merits, and 
defects of the laws of other industrial states and 
countries, relative to the same subject, and as to 
the causes of the accidents to employees.” A com- 
mission was appointed and agg x organised, 
lthe chairman being Senator ainwright, by 
whose name the Act referred to is popularly 
known. The result of the labours of this Com- 
mission was the recommendation for adoption of 
the Bill which, with slight changes, was enacted 
into law by the Legislature of 1910. It was 
modelled upon the English Workmen’s Compensa- 
tion Act of 1897, which has since been extended. 
The reason for the Bill was, first, that before it 
was passed, the system of compensation rested on a 
basis that was thought to be economically unwise 
and unfair, and that in operation it was wasteful, 
uncertain, and productive of antagonism between 
workmen and employers. Second, that it was 
satisfactory to none, and tolerable only to those 
employers and workmen who practically disregard 
their legal rights and obligations, and fairly share 
the burden of accidents in industries. Third, that 
the evils of the system were most marked in 
hazardous employments, where the trade risk is 
high and serious accidents frequent ; and, fourth, 
that, as a matter of fact, workmen in dangerous 
trades do not, and practically cannot, provide for 
themselves adequate accident insurance, and there- 
fore the burden of serious accidents falls on the 
workmen least able to bear it, and brings many 
of them and their families to want. By a recent 
decision of the Court of Appeal of the State of New 
York the Wainwright Act has, however been 
declared unconstitutional. This decision has created 
widespread interest, and has been received with 
much adverse criticism. It is said that workmen’s 
compensation is so widely desired by employers, 
employees, and the sympathetic public, that it is 
believed a solution of the problem will ultimately 
be found, and will be forced upon the statutes in 
some form. Com ulsory compensation Acts have 
been enacted in t the State of Nevada and the State 
of Washington, the latter of which carries with it 
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State insurance, and the constitutional character of 
those laws will in all probability be considered by 
the Supreme Courts of the respective States, with 
the result that a test case may be taken to the 
United States Supreme Court. The matter is of such 
great importance that the result will be awaited 
with much interest, for we cannot believe that 
the subject will be allowed to rest where it now is. 


RADIOTELEGRAPHIC EXPLORATION OF THE 
Eartu’s INTERIOR. 


Various methods have been proposed from time 
to time for the purpose of exploring the interior of 
the earth with the aid of electric conductivity tests. 
Dr. H. Lowy, of Gottingen, goes a step further by 
suggesting radiotelegraphic experiments, and he 
has esuch experiments in conjunction with Dr. 
G. Leimbach in the alkali mines of Vienenburg, 
Ronnenberg, and Weetzen, not far from Gottingen, 
and in the lead-ore mines of Scharley, in Eastern 
Silesia. He has described his experiments and 
researches in the Physikalische Zeitschrift of last 
winter, on pages 697 to 705 of vol. ii. of this 
ne under the title ‘‘ An Electrodynamic 
Method for Exploring the Interior of the Earth,” 
and further communications are to follow. The 

rinciple of his researches may be reviewed. 

t is customary to regard the earth as a good 
conductor, and to speak of ‘‘ earthing” a ter- 
minal ; everybody knows, however, that the ‘‘earth” 
is a bad conductor, unless the ground is damp. 
Dry earth and rocks are not good conductors of 
electricity, and they should therefore not absorb 
much of the energy of electric waves. The experi- 
ments of Lowy ew that at depths of 100 metres 
and more the ground is mostly dry, and that the 
conductivity of this earth is not greater than that of 
the atmosphere, unless the earth contains metallic 
ores. The explorations are conducted either b 
the reflection method or by the absorption atthed. 
In the former case an antenna T is mounted on the 
earth, not vertically, but at an angle, and another 
antenna R is mounted some distance away ; the 
inclination of R to the ground can be varied. 
Directed waves are sent from T, and received at R. 
The intensity of these received waves is deter- 
mined while the inclination of R is varied. If there 
is between T and R a layer of minerals in the 
ground, which acts as a reflector for the electric 
waves, then two maxima will be observed in R, the 
one due to the direct transmission of the waves 
through the air, and the other due to the waves 
reflected in the ground. From the inclination of 
R corresponding to the second maximum the posi- 
tion of the reflecting layer can be estimated. The 
absorption method requires holes to be bored into 
the ground, 100 m. or more in depth, deep enough 
to receive an antenna of 80 m. height, such that the 
equatorial plane of the waves—i.e., the plane in 
which the main transmission would take place—would 


be in dry und. Three —— holes are required ; 
the central one contains the transmitter T, the other 
and R,. If there is no metal 


two receivers R 
between R, and R,, the intensities of the waves 
received will be equal if the distance R, T = TR. ; 
if there is metal between T and R,, the waves will 
appear distinctly weakened. Léwy believes that 
with holes bored at the corners of a square of 50 km. 
side, any ore treasures present should be dis- 
covered. His experiments, at any rate, seemed to 
prove that an ore content of 12 per cent. rendered 
the dolomite, in which the lead ore is embedded, 
impermeable to the electric waves. He also settled 
an objection which will have occurred to the reader. 
The petrographic character of the earth is so com- 
plex that considerable reflection of the waves at 
the surfaces of the various strata, and consequent 
absorption loss, 1g oe be expected. But he found 
that petrographic heterogeneity had no noticeable 
influence. ing identical arrangements above 
and below ground, moreover, he observed little 
more absorption of the waves by the dry ground 
than bythe air. This is in aecord with the theory, 
yet interesting to record. The reflection method 
would only answer in dry territories, in deserts. 
Whether the absorption method will help the miner 
much remains to be seen. But the geologist and 
scientist may benefit from these researches. 





BELGIAN Mecuanicat Inpustry.—The profits realised 
by the St. Leonard Tools and Engine oe oy in 1910-11 
were 171,278/., as compared with 179,475. in 1909-10, 
and 182,117/. in 1908-9. The dividend for 1910-11 is to be 
atthe rate of 1/. 12s. per share, as compared with 2/. per 


share distributed for 1909-10, and 2/. per share distributed 


AVAILABLE HEAT IN STEAM- 
BOILERS. 


By T. B. Morey, B.Sc., A.M.I. Mech. E., 
Glasgow University. 


AccorpinG to the generally-accepted methods of 
determining the thermal efficiency of steam-boilers, 
methods supported by the approval and recom- 
mendation i such an influential body as the 
Institution of Civil Engineers, the efficiency is 
subject to the condition of the fuel and air supplied 
as re moisture ; that is to say, such an acci- 
dental extraneous circumstance as a few days of 
wet weather previous to the boiler trial is allowed 
to influence the apparent heat economy of the boiler. 
Surely this is a very undesirable state of affairs, 
and indicates some need for reconsideration of the 
manner in which efficiencies are calculated. 

In the method of carrying out boiler trials, as 
recommended by the Institution of Civil Engineers 
(Proceedings, vol. cl., e 218, et seq.), measure- 
ment of the humidity of the air supply is omitted ; 
but, apart from that, the arrangement of the heat 
balance-sheet for the boiler, and the effect of that 
arrangement on the value obtained for the thermal 
efficiency, is, in the opinion of the writer, at fault. 

In the form of heat account employed, the heat 
value of the dried fuel is placed to the credit side, 
and on the debit side are the heat transferred to 
the water in the boiler and the various heat 
losses, comprising heat carried away by products 
of combustion, heat carried away by excess air, 
heat lost by incomplete combustion, heat lost by 
unburnt carbon in ash, heat lost in evaporating 
and in superheating moisture mixed with the fuel, 
and the balance of the account due to radiation, 
unmeasured losses, and errors. 

It is the contention of the writer that the item 
heat lost in evaporating and superheating mois- 
ture mixed with the fuel is placed on the wrong 
side of the account. It should really be deducted 
from the heat value of the dried fuel in order to 
find the heat actually available for utilisation by 
the boiler, and, of course, it is only the available 
heat that should be credited to the boiler. 

The true thermal efficiency, based upon the 
available heat, will be somewhat higher than the 
value as usually calculated, the amount of the differ- 
ence depending upon the amount of the heat items 
due to moisture mixed with the fuel, and also, as 
will be seen later, to moisture in the air supplied 
to the furnace. 

Leaving out of consideration in the meantime 
the effect of moist air, there are only two cases in 
which the efficiency as usually calculated will agree 
with the true efficiency—viz., when there is no 
moisture mixed with the fuel, and when the flue 

ases are cooled down to atmospheric nicer goo 

fore leaving the boiler—in which case the mois- 
ture is in effect an inert substance, passing idly 
through the furnace and tubes or flues, first absorb- 
ing heat in the furnace, but ages it all up again 
before escaping. In all other cases—i.e., in all 
cases in practice—the usual calculation gives less 
than the true efficiency. 

The true heat supplied to the furnace is that due 
to all the processes to which the material (fuel and 
moisture) placed on the grate could be subjected, 
so as to achieve complete combustion. Then the 
combustion would produce the entire calorific value 
of the combustible constituents—i.e., the ‘‘ heat 
value of the dried fuel.” But it is impossible to 
avoid also heating the associated moisture, first as 
liquid, then evaporating it, and then superheating 
it ; and the requisite heat can only come from the 
burning fuel, so that even under ideal grate con- 
ditions the heat available for steam-raising is less 
than that of the dried fuel. 

If t, is the temperature of the boiler-room, ¢, that 
of the furnace, and ¢, that of the flue gases, then 
the superheated steam in the flue gases yields up, 
before leaving the boiler, the heat due to its tem- 
perature drop from ¢, to t,;; so that the heat 
absorbed in the stage from ¢t, to ¢, of the initial 
heating from t, to ¢, is returned. 

During the time in which its temperature is above 
t, the moisture is thus an idle accompaniment of 
the flue gases, and the net heat absorbed by it is 
that corresponding to its conversion into super- 
heated steam at ¢,, even though the furnace tem- 
perature is ¢,. 

The actually available heat is thus the heat of 
the proportion of dry fuel contained in the ‘‘ fuel 


during its heating, evaporation, and superheating 
to flue gas temperature. 

An item of heat loss sometimes included in the 
heat account (not in that recommended by the 
Institution of Civil Engineers) is that due to 
moisture derived from the combustion of hydrogen 
in the fuel, which moisture also passes away as 
steam in the flue gases. This heat is, however, ona 
different footing from that previously discussed, 
and need not be deducted from the heat value of 
the dried fuel. It is due to hydrogen inherent in 
the fuel used, whereas that due to wet fuel is the 
result of a quite arbitrary and accidental circum- 
stance. 

The following figures will show the difference in 
the two mate of calculation, and in their results 
in a typical case :— 

Suppose the fuel to be coal containing 12 per 
cent. of moisture (which is frequently the case), 
and that the calorific value of the dried coal is 
13,000 B.Th.U. per pound, and the heat usefully 
employed in steam-raising 8600 B.Th.U. per pound 
of fuel as fired, or 9800 B.Th.U. per pound of dried 
fuel. Taking the boiler-room temperature as 
70 deg. Fahr., and the flue temperature as 600 deg. 
Fahr., the heat in 1 lb. of superheated steam in 
the any 1300 B.Th.U.; hence 
the heat used in heating, evaporating, and super- 
heating the moisture mixed with the fuel is 0.12 
x 1300 B.Th.U. = 156 B.Th.U. per pound of fuel 
as fired, or 156+0.88 = 177 B.Th.U. per pound of 
dried fuel. 

According to the recommendations of the Insti- 
tution of Civil Engineers, the heat account (dealing 
only with the items in question) would be as 
follows :— 


B.Th.U. Per Cent. 
Heat value of 1 lb. of dried fuel 13,000 100 
Heat transferred to water (per 
pound of dried fuel) ... a 9,800 75.3 
Heat lost in evaporating and 
superheating moisture mixed 
with fuel... cag 177 1.36 


The true efficiency, taking the actually available 
heat as the basis of calculation, is 

75.3 
100—1.36 
and the true heat account (again only for the items 
in question) will be 
Heat value of 1 Ib. of fuel as 

fired (= heat value of dry 

coal in 1 lb. of coal as fired 

— heat absorbed by mois- 

ture) = 0.88 x 13,000 - 156 = 
Heat transferred to water 

(per pound of fuel as fired)... 8,600 76.5 
It will be noticed that in the latter case the heat 
quantities are all stated per pound of fuel as fired, 
instead of per pound of dried fuel. 

The efficiency obtained in the usual way is thus 
rather more than 1 per cent. below the true value. 
The difference is small, especially when compared 
with the probable errors ina boiler trial ; but there 
may easily be cases in which it would be greater, 
and, even though the error be small, that is no valid 
reason for adhering to a wrong principle. 

Turning now to the question of moisture in the 
air supply, any moisture entering the furnace with 
the air should, for exactly similar reasons, be 
treated in the same way as moisture mixed with the 
fuel. 

The effect of a moist air supply is not usually 
taken into account at all, but it may have a sur- 
prisingly great influence. 

In certain boiler experiments recently reported 
to the Institution of Engineers and Shipbuilders in 
Scotland (‘‘ Experiments on the Efficiency of a Live 
Steam Feed Heater,” by Professor A. H. Gibson, 
D.Sc.), the moisture carried into the furnace in the 
air supply amounted to no less than 0.34 lb. per 
pound of dried coal ; the heat required to convert 
it inte the condition in which it reached the 
chimney would be about 3.4 per cent. of the heat 
of the dried fuel. Hence by regarding it as a loss 
instead of a necessary deduction from the otherwise 
available heat, the thermal efficiency of the boiler 
is stated as 3.5 per cent. less than it really is. 

Such a conclusion evidently — to the 
necessity for measuring the humidity of the air 
supplied to a boiler whenever accurate results are 
desired. 

It is strange that for so long engineers have 
tested boilers, given figures for their thermal 
economy, and even based ments as to the 
relative merits of different boilers on small differ- 


x 100 per cent. = 76.5 per cent., 


B.Th.U. Per Cent. 


11,240 100 





as fired,” less the heat absorbed by the moisture 
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ences of efficiency, when at the same time they have 
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relied on efficiency values subject to influences so 
uncertain, so entirely unrelated to the design of the 
boilers themselves as the effects of wetness in the 
fuel and air supply, which means, in many cases, 
the effects of our variable weather conditions. 








INDIAN RAILWAY WORKING. 

ALTHOUGH the Bombay, Baroda, and Central India 
Railway was acquired by the Government for a speci- 
fied sum, it has not been practicable to close the 
capital account; it is, indeed, wing with some 
rapidity. An issue of 1,000,000/. 34 per cent. deben- 
ture stock has been sanctioned by the Secretary of 
State for India in Council, to be applied towards 
covering advances made by him for capital purposes 
since January 1, 1906, when the system was taken 
over. The interest payable on this debenture stock, 
and also that accruing on further advances made b 
the Secretary of State for capital outlays, form addi- 
tional charges against the net earnings of the combined 
Bombay, roda, and Central India and Rajputana 
and Malwa systems before any division of surplus 
earnings takes place between the Anglo-Indian Govern- 
ment and the company. This is a formidable stumb- 
ling-block in the way of the undertaking. It had to 
accept a meagre guaranteed interest, but hopes were 
held out of some division of surplus profits. Now more 
capital is found necessary, and all charges attending it 
must be covered before original investors in the compan 
have any prospect of benefiting from the surplus profit 
distributions which were dangled before them five 
years ago. 

The additions made to the capital expenditure 
of the Bombay, Baroda, and Central India Rail- 
way, properly so-called, from January 1, 1906, to 
December 31, 1910, were 1,144,065/., while similar 
additions made to the capital of the Rajputana and 
Malwa Railway footed up to 1,268,192/., making an 
aggregate of 2,412,257/. The additional expenditure 
has been applied to the improvement of permanent- 
way, bridges, stations, buildings, rolling-stock, plant, 
&c. The capital expenditure made during the past 
half-year upon the Bombay, Baroda, and Central India 
Railway proper was wholly incurred on engineering 
works, there being a refund in respect of rolling-stock 
and plant. The principal items of expenditure were 
quadrupling the line between Bandra and Bhayndar, 
renewal of 69-lb. rails with 90-lb. rails upon the Broach 
division, rebuilding the Mahi bridge at Vasad, erection 
of a goods shed at Kankaria, and interlocking additions 
and alterations at twelve stations between Virar and 
Bulsar. Upon the Rajputana and Malwa line the 
expenditure made was fur additional rolling-stock and 
plant, strengthening the line between Godhra and 
Nagda by the addition of extra sleepers, introducing 
Tyer’s tablet-block instruments upon certain sections, 
and electrifying carriage and ~— works at Ajmer. 
The construction of a connecting link between Bayana, 
on the Nagda and Muttra line, and Agra, has been 
sanctioned by the Secretary of State for India in 
Council, and the works have been commenced by the 
Bombay, Baroda, and Central India Railway Company. 
The Secretary of State has also sanctioned, as an 
integral portion of the Bombay, Baroda, and Central 
India Railway undertaking, a 2-ft. 6-in. gauge feeder 
line, about 30 miles in length, from Broach, 204 miles 
north of Bombay, to Jambusar, which was formerly 
the centre of a considerable trade, but which, from the 
want of railway communication, has declined in im- 
portance. The construction of this branch has been 
also commenced. 

The Bengal and North-Western Railway Company 
has deemed it advisable to dispense with a Govern- 
ment guarantee and preserve its independc ce ; and 
thus, while the Bombay, Baroda, and Cent al India 
Railway has to content itself with a poor 3 per cent. 
per annum, the Bengal and North-Western Rail- 
way, owing to less cost ‘of Government interterence, 
is able to give its proprietors as much as 74 per 
cent. per annum. the Bengal and North-Western 
Railway is, at the same time, no_ insignificant 
affair, as at the close of 1910 it had 1893 miles 
of line in operation, of which 1117 miles belong to 
it, while 776 miles of State lines were also worked. 

The Bengal and North Western Railway had to report 
a large increase in its working charges during the past 
half year in its way and works, its locomotives, and its 
carriage and wagon departments ; under other heads 
there weredecreases. During thelastmonsoon thesystem 
suffered considerably from floods, and a heavy expendi- 
ture has still to be made for repairs to damaged works. 
In the locomotive and carriage and wagon departments 
repairs to the rolling-stock in consequence of urgent 
traffic requirements could not be fully carried out in 
the first half of 1910, and this necessitated an additional 
outlay in the second half of the year. The Bengal and 
North-Western Railway is still worked with decided 
economy, the ratio of the working expenses to the traffic 
ad in 1910 having been 47.86 per cent., as com- 
pared with 46.02 per cent. in 1909; 44.98 per cent. 
r cent. 
estern 


in 1908 ; 43.94 per cent. in 1907; and 44.09 
in 1906. 


Since 1904 the Bengal and North- 





Railway has extended its lines and connections by 
487 miles, and 169 miles more are at present under 
construction. The capital expenditure made on the 
main lines of the Bengal and North-Western Railway 
during the past half-year amounted to 50,737/.; this 
outlay related mainly to bridges and extensions now 
under construction, and also to new rolling-stock 
placed upon the system, and the improvement of 
stations and buildings. The total outlay stood at the 
close of last year at 4,420,286/. The expenditure 
during the past half-year on the Ganges, Gogra, and 
Doab lines, the Benares and Allahabad extension, 
including the great Allahabad Bridge, and a brid 
over the Gogra at a amounted to 27,8350, 
bringing up the total outlay to 1,779,730/. The monsoon 
of 1910 was attended with exceptional floods, the 
highest, indeed, recorded since the Tirhut State Rail- 
way was commenced, thirty-eight years ago. 





300-KW. CONTINUOUS-CURRENT TURBO- 
GENERATOR. 

As is well known, the construction of a direct- 
current generator suitable for coupling direct to a 
steam-turbine has proved a problem of very consider- 
able intricacy, as in addition to the mechanical diffi- 
culties arising from the very heavy centrifugal forces 
developed there have been electrical troubles mainly 
connected with the commutator. 

As the load on the machine alters, the current 
through the armature is increased or diminished in 
proportion, and the armature, being itself an electro- 
magnet adding its lines of force to those of the 
stationary poles, the distribution of the resultant 
field alters as load is added to or taken off 
the machine. Hence the neutral point, at which 
alone sparkless commutation is possible, varies. 
At one time the attempt was made to compensate 
for this change in the position of the neutral points by 
rocking the brushes, but in modern machines supple- 
mentary windings on the stator, in series with the 
armature, are provided, which in effect cancel the 
armature-field, and thus keep constant the position of 
the neutral points at all loads. From an electrical 
standpoint the use of narrow brushes has advantages, 
but from mechanical considerations it is better to use 
wider brushes, as the rate of wear is less. This, 
however, implies that the magnetic field shall have 
neutral areas rather than neutral points, or the field 
will tend to reverse the current in some of the coils whilst 
passing under the wide brushes. The latter, moreover, 
temporarily may take an accidental tip, bearing on the 
end rather than on the whole of their faces, and it is 
essential that such a chance shift shall not be likely to 
give rise to violent sparking ur flashing over. A coil, 
as it passes the brush, is carrying a heavy current, 
but immediately after the pe practically none. 
Owing to self-induction, this sudden change of con- 
dition tends to be retarded, and in high-speed machines 
it is necessary to make provision for this condition. 

The general character of the problem to be solved 
has, of course, long been known to electrical designers ; 
but it is commonly a somewhat far cry from a clear 
comprehension of the theoretical requirements of a solu- 
tion to its practical realisation in actual copper and 
iron, and the direct-current turbo-generator which we 
illustrate on page 829 is the outcome of some two years’ 
study and experiment at the works of the British 
Thomson-Houston Company, Limited, Rugby. Pend- 
ing the completion of patents, the builders reserve 
the publication of details, but the experience gained 
in running the plant on the shop-load for some 
weeks has been most satisfactory. The generator is 
rated to deliver 300 kw. when running at 3200 revo- 
lutions per minute, but during the period in question 
the —- output was 750 amperes at 525 volts. 

On Friday last we had an opportunity of observing 
the behaviour of the machine when being run on a 
water resistance. In these tests the load was raised 
to between 1100 and 1200 amperes, and the circuit- 
breaker was then tripped, but the commutator continued 
to run sparklessly. The load was next thrown on and 
off several times in rapid succession, but the com- 
mutation remained perfect throughout, no flashing 
whatever being observed at the brushes. 

In general ap nce the generator, as will be seen 
from the illustration, closely resembles the alternator 
sets made by the same company. It is totally enclosed, 
air for ventilation purposes being drawn in docu the 
hollow commutator, and expelled through an opening 
at the top of the frame of the machine. The general 
system of winding differs considerably from methods 
hitherto employed. The field structure consists 
of slotted punchings, and has a distributed type 
of winding so a that not only is a very 
wide neutral s provided, but a very exact 
neutralisation of the armature reaction is effected. 
In the armature a winding has been adopted which 
enables the inductance of the individual coils to be 
kept at a very low value. This is a valuable feature, 
as it enables the commutation to remain sparkless even 
under difficult operating conditions, such as imperfect 
bedding of the brushes, slight roughness of the commu- 








tator, or slight vibration. This feature will be readily 
appreciated by engineers who have had to operate 
direct-current turbo-generators requiring constant care 
and attention to ensure satisfactory operation. 

The machine is two-polar and is fitted with graphite 
brushes which s @ very considerable arc of the 
commutator. The use of wide brushes increases the 
time of current reversal, and also allows a comparatively 
large amount of current to be collected for a given 
length of commutator. 

As already stated, the rated speed is 3200 revolu- 
tions per minute, which is rather more than double 
the critical speed of the shaft. Even at double full 
load there was an entire absence of vibration. The 
shaft is carried in spherical-seated bearings, of which 
the outer one is arranged to permit of a slight but 
strongly damped movement about its normal position. 
This facilitates the of the shaft through its 
critical speed in starting up or stopping the machine, 
any tendency to violent vibration at the time of passage 
being damped out by friction. The bearings are fitted 
both with forced and with ring lubrication. The latter 
renders it unnecessary to ‘‘ prime” the bearings before 
starting up, and also makes it possible to run the 
machine for a considerable time without danger, in 
case of a temporary stoppage of the supply of oil from 
the pump. 

The turbine driving the machine is of the Curtis 
‘*mixed ” pressure type, having the governor-gear so 
arranged as automatically to adjust the supply of high- 
pressure steam in accord with the greater or less ade- 
quacy of thelow-pressuresupply. The governor-valveon 
the latter is of the throttle type, but each of the nozzles 
for the high-pressure steam has a separately controlled 
valve. All four valves are opened or closed by cams 
on a shaft actuated by an oil relay. These cams open 
the nozzle-valves in succession, each valve being 
always yg A= before that next in succession 
begins to ifted. Hence in actual running the 
supply is throttled to one nozzle only out of the four. 
Thus, in the neighbourhood of the highest output, 
three of the four nozzle-valves would be fully open, 
and thus working at their highest efficiency, whilst the 
governing would be attended to by the fourth, where 
alone wire-drawing losses would arise. 





10-BRAKE-HORSE-POWER PARAFFIN - OIL 
ENGINE. 

Ar the Royal Agricultural Show, which opens at 
Norwich on Monday next, Messrs. J. W. Brooke and 
Co., Limited, of the Adrian Works, Lowestoft, will 
exhibit a series of paraffin motors made to new designs 
which they claim embody the results of much experience 
and careful study. The general appearance of the 
engine is well shown in Fig. 1, whilst an enlarged 
view of the cylinder head is given in Fig. 2, and in 
Figs. 3 to 10, page 832, we illustrate in detail some 
of the more characteristic features of the motor. The 
engine operates on the ordinary Otto cycle, and is of 
the type in which a blow-lamp is used in starting up 
the engine, but discarded once the latter is fairly 
under way, the ignition being then automatic. The 
special points to which the makers have devoted atten- 
tion in designing this engine have been to secure 
reliability in operation, by making it easy for all 
parts liable to collect soot or grit to be readily 
cleaned. Deposit of one kind or another is the bug- 
bear of oil-engines, and if it is difficult to get access to 
those elements of the motor which are liable to suffer 
in this way, the operation of cleaning is likely to be 
postponed till an involuntary stoppage renders it 
essential. In the engine illustrated all excuse for 
such neglect is removed, as those parts most likely to 
suffer from the presence of dirt can easily be removed, 
cleaned, and replaced during the time the blow-lamp 
is at work heating up the vaporiser. 

As will be seen from Figs. 3 and 4, both the inlet and 
the exhaust-valves of the engine are mechanically 
operated. The cam-shaft is driven from the crank- 
shaft by means of spur-gearing, and, at its right-hand 
end, this shaft is fitted with an eccentric, which operates 
&@ pump to maintain a continuous flow of lubricatin 
oil through the a This oil is used again an 
again, being passed gh a strainer every time it 
passes the pump. 

At the outer end of the cam-shaft the governor is 
arranged, as shown in Fig. 4. This is of the centrifugal 
pattern, and operates by by-passing more or less of 
the fuel on its way from the rok nae to the vapo- 
riser. The oil thus by-passed flows through a sight. 
feed ‘‘ lubricator,” shown to the left of the engine in 
Fig. 1. This, of course, is not really a lubricator, since 
the oil which passes it merely returns to the fuel-tank, 
but is fixed to show whether the govérnor is working 
properly, and whether the by-pass valve is tight or 
requires cleaning. This valve, which is located at 
a, Fig. 3, can be removed for cleaning on slacking a 
single nut. The setting of the governor so as to adjust 
the of the engine to what it may be desired, can 
be altered by means of the auxiliary spring and wing- 
nuts, visible at 5, + + 

The fuel-pump is driven by an additional cam, and 
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10-BRAKE-HORSE-POWER PARAFFIN-OIL ENGINE. 
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is represented in position at c, Fig. 3. Its stroke 
can be adjusted by means of the screw and wing-nut 
shown at d, Fig. 3. The whole of this pump and 
its adjuncts can be removed bodily from its position 
on the casing of the engine by dation three nuts, so 
that it can be rage j cleaned ; and since all the pumps 
for a given size of engine are interchangeable, it 
can, if desired, be replaced by a new one with a mini- 
mum of trouble. In Figs. 5, 6, and 7, this pump 
is shown separately. The cam which actuates it is 
represented at e, Fig. 5. This raises the lever / 
against the pressure of the spring indicated at g, and 
depresses the plunger of the pump at A. The return 
stroke is made under the action of the spring at y, 
its length being limited by the screwed stop d, as 
already explained. 

The arrangement of the oil-injector and of the 
by-pass valve is illustrated in Figs. 8 to 10. The 
oil supply enters at i and normally passes through 
the non-return valve j to the two fine holes shown in 
the jet-piece k. The by-pass valve is represented at 

and is opened against the pressure of its spring by 
the tail of the lever m, which, as alread pe | is 
actuated by the governor. The jet * and non-return 
valve j can be removed by simply slacking back the set- 
screw shown at. In starting up, after the vaporiser 
has been heated, the induction-valve is lifted by thelever 
shown at z, Fig. 3. The by-pass valve on the oil supply 
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is next opened, and a few strokes given by hand to the 
fuel-pump, which then discharges through the sight-feed 
‘*lubricator.” In this way all air is removed ben the 
fuel-pipes. This done, the by-pass valve is closed, a 
few strokes given to the pump, and the fly-wheel of 
the engine spun round ina direction opposite to that 
in which it is intended to run. The induction-valve is 
then allowed to close, and the engine will then start 
in its proper direction. 





German Coat Exports.—The exports of coal from 
roe | in the first four months of this year were 
8,383, tons, as compared with 7,112,641 tons in the 
corresponding period of 1910. The principal exports 
were :—Belgium, 1,429,332 tons, as compared with 
1,315,622 tons; France, 870,864 tons, as compared with 
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584,324 tons; Holland, 1,851,542 tons, as compared with 
1,479,293 tons; and the Austro-Hungarian Empire 
2,958,687 tons, as compared with 2,671,519 tons, 
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thrust is taken up by two roller-races. The nut 
which propels the saddle is of hard bronze, 30 in. long, 
and is provided with special lubricating arrangements. 
The saddle has a bearing surface of 48 in., and is 
made of cast iron. It is fitted with a tool-box havin 
a vertical travel of 9 in. and a horizontal travel o 
6 in. ; a canting arrangement for planing bevel edges is 
also fitted. 

The motive power is provided by a 35-brake-horse- 
power electric motor of the enclosed ventilated type, 
the motor being complete, with starter, switch, and 
all necessary fittings. It is coupled direct to the 
gearing by a raw-hide pinion working into a cast-iron 
wheel ph nee machine-cut teeth, and the power is 
transmitted to the main screw through ordinary gear- 
ing combined with a reversing magnetic clutch. A 
platform for the operator is attached to the sliding 
saddle, and from this position the machine, the motor, 
the clutch, and the saddle can be operated, every 
motion being under absolute control without the 
operator having to leave his platform. The machine 
has, we understand, been at work for some time, and 
is doing excellent work. 





MALLEABLE IRON FROM ORE. 

In a paper entitled ‘‘ Notes on the Direct Reduction 
of Iron Ore in the Electric Furnace,” published in the 
Revue de Métallurgie, Mr. G. Arnou, of Paris, states 
that the French company, La Néo-Métallurgie, has for 
several years made a study of this direct process, and 
has patented a method which it is believed will solve 
the problem. The tests made do not resolve themselves 
into purely laboratory experiments, but refer to over 
15 tons of metal manufactured in a Chaplet-Néo- 
Métallurgie electric furnace. This is an are furnace 
in which the current enters by one or more vertical 
electrodes, and leaves by one or more current col- 
lectors projecting from the furnace, with connection 
above the level of the bath. The elements for the for- 
mation of a suitable slag are first put into the furnace, 
then there is added to these the mixture of iron ore 
and coke in given proportions, and of the required 
amount for producing the metal for a charge. Reduc- 
tion first takes place, the metal melts on nearing the 
are, filters through the slag and collects on the hearth. 
The apparatus works as it were as a small blast- 
furnace, and has two distinct zones, one for reduction, 
and one for smelting or for fining, the latter zone being 
at a very high temperature. When the metal is com- 
pletely melted down, the bath is purely and simply 
an iron bath of the usual class, which can be dealt with 
on the well-known methods. By suitably regulating the 
charge it is practically possible to obtain iron contain- 
ing only very low proportions of foreign elements, the 
corresponding content of oxide of iron in the slag being 
also low. This laiter in normal running has always 
been found to be below 8 per cent.; frequently, with 
the aid of reducing additions, a white slag has very 
rapidly been arrived at, st to complete 
efficiency. The “a ~ have hitherto been made up 
in different ways. riquettes made of pulverised 
mixtures of hematite and charcoal, carefully dried, 
were first used. These, however, being costly to 
prepare, the hematite alone was briquetted, the 
charge ois of dried briquettes of hematite 

lus charcoal, then of a mixture of charcoal and 
ematite dust shovelled in the furnace. The results 
obtained were the same both as regards the composi- 
tion of the final product and working. The output, 
however, varied, as shown by the reed figures 
which apply to equal working conditions :— 

Using briquettes made of hema- 

tite and cha ee ... 35 kg. (77 Ib. p.-hr.) 

Using hematite briquettes and 

charcoal in pieces ... 82 kg. (70.5 1b. p. hr.) 

Using hematite and - 

- ... 31 kg. (68.5 Ib. p. hr.) 


dust é 

The consumption of charcoal per ton of iron also 
differed—it amounted to 300 kg. (661 lb.) in the first 
instance, to 330 kg. (728 lb.) in the second, and to 
360 kg. (792 lb.) in the third. The further experi- 
ments showed that smaller differences occurred when 
using other fuels—for example, anthracite and coke. 
The above affords a proof that it is possible to work 
pulverulent ore in the electric furnace without first 


-60| 0.40 0.08 0.10 
-75) 0.04 0.02 2.98 














briquetting it. The material used was of the com- 
position given in the table above. 

The experiments showed that any class of ore used 
could easily be reduced by any of the fuels. With 
charcoal the current pressure had a tendency to remain 
higher than when either of the two other classes of 
fuel was used ; but since the working of the furnace 
is intermittent, and no high incandescent columns are 
resorted to, as in the blast-furnace, the pressure dif- 
ferences have no importance, and the electric require- 
ments can easily be regulated at will by varying the 
height of the austeel. Anthracite gave the best 
results from the point of view of thermal efficiency. 
For an equal power spent in smelting crushed hematite 
in the furnace the output was 31 &- (68.5 lb.) per 
hour using charcoal, and 38 kg. (83.7 lb.) using anthra- 
cite, the fuel consumption per ton of iron being 360 kg. 
(792 lb.) in the former case, and 271 kg. (597 lb.) in 
the latter. With anthracite the mixture is more 
thorough, and the mass more compact, hence the 
descent of the charges and the ascent of the gases are 
both delayed, leading to a more complete reduction 

revious to melting, and a better utilisation of the 

eat in the gases, this favouring the reaction 2 CO= 
CO, +C, there resulting an addition of heat and energy. 

Magnetite and charcoal gave a better output than 
hematite and charcoal, the reduction of magnetite 
briquettes having yielded 41 kg. (90.5 lb.) per hour ; 
using anthracite, there was not much difference 
in the yield of either. Sparry ore is easily reduced, 
but requires a greater expenditure of power, owing to 
its comparatively low percentage of iron and its 
greater percentage of gangue. 

a in the output forms an important factor, 
and the paper gave the following seven analyses to 
show that this int was fully met, the product thus 
directly obtained being malleable iron :— 

Iron Obtained. 


C. . Si. 8. 


° 
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| per cent. per cent. per cent, 
0.10 | 0.02 
0.09 
0.46 
0.15 
0,12 
0.10 
0.14 


per cent. 
0.08 

0.02 

0.02 


0.09 
0.11 
0.09 
0.10 
0.13 
0.10 
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* Heavy addition of fer o-manganese for comparison. 

These results were arrived at without any refinin 
addition and without acting upon the slag (whic 
would have permitted the Tsodsing of the sulphur 
contents). 

The experiments were made using both direct and 
alternating current ; the form of current did not lead 
to any marked difference either in the quality or in 
the quantity of the output. The reversing of the 
current when using direct current led to no effect, 
this showing that no electrolytic action whatever 
intervened in the process. 

The furnace was one of 120 kilowatts, and the 
experiments showed that in such a furnace the current 
consumption to produce 1 ton of mild steel would 
amount to 

3150 kilowatt-hours using magnetite and charcoal. 
3050 using magnetite and anthracite. 
using hematite and charcoal. 
3100 pe using hematite and anthracite. 
4000 i using sparry ore and anthracite. 
The current consumption, when using larger furnaces, 
of 200 kilowatts, for example, would be much less, 
and would probably not reach 2500 kilowatt-hours as 
against the 3430 for refining hematite, using charcoal. 

The cost of repairs to and maintenance of the fur- 
nace is practical y negligible. We have given above 
the proportion of fuel required in the reduction of 
hematite. Magnetite required only 310 kg. (685 lb.) 
of charcoal, or 260 kg. (573 lb.) of anthracite. The 
consumption of electrodes varies, as is well known, 
with the working of the furnace and the nature of the 
slag. In normal working for the production of mild 
steel, it lies between 25 kg. and 35 kg. (55 lb. and 
78 lb.) per ton. 

The author then gave the following examples :— 
That of a plant, containing a 200-kilowatt furnace, 
situated close to a mine yielding magnetite ore con- 
taining 66 to 68 per cent. of iron, costing 15 francs 
(12s.), in a country where waterfalls are available, 
where the kilowatt-hour would cost 6 centimes (0.23 
farthing), and where charcoal only would be available, 
this costing 60 francs (2/. 8s.) per ton., These condi- 
tions would give approximately for the cost of produc- 
ing one ton of iron :— 


3430 mn 


1600 kg. (3525 1b.) of iron ore 
eet Je 





In the case of a locality where pure anthracite is 
available, at the price of 25 francs (1/.) per ton, and 
which could easily be supplied with rich ore (hematite, 
Krivoi-Rog, for example) costing also 25 francs per 
ton, the cost for one ton of iron, in places where the 
current could be produced cheaply by using blast- 
furnace or producer-gas derived from cheap fuel, 
would work out approximately as follows :— 


Working Cost of the Process. 
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If larger furnaces than the 200-kilowatt one con- 
sidered in the above examples were used, several of 
the items of expenditure would be much lower. 
Further, the electric furnace is most easily adapted 
to the production of cast iron for the manufacture of 
castings ; the figures for current consumption, above 
stated, spply to the production of steel; they would 
be much lower for the production of cast iron. The 
process makes it possible to obtain direct from the 
ore, and by charging suitable oxides in the furnace 
before the commencement of a heat, or by additions 
during a heat, all the various grades of cast iron 
required for any special purpose. 








STATIONARY TESTS OF LOCOMOTIVE 
BOILERS. 

IN a recent series of articles dealing with experi- 
mental work carried out on the Egyptian State Rail- 
ways, under Mr. F. H. Trevithick, in connection with 
the use of feed-water heating on locomotives, we made 
reference to the fact that stationary evaporative trials 
had been made on the boilers of the locomotives con- 
cerned.* A large number of such tests were made 
under a variety of conditions as regards feeding, some 
of which, however, while affording data which was 
required for the development of the system, are of no 
general interest, as they are concerned with matters 
of secondary importance. Certain of these tests 
which dealt with broader issues are, on the other hand, 
worthy of rather greater notice, more especially since 
they furnished figures introduced into part of the 
analysis contained in the articles above referred to. 

For the purpose of one series of tests two sister- 
engines were taken, one, No. 694, described in our 
issue of February 17+, being fitted with feed-water 
heating ap tus, the other, engine No. 683, being 
without. The apparatus fitted to engine No. 694 con- 
sisted, it will be remembered, of tubular feed-water 
heaters supplied with exhaust steam from the cylinders, 
working in conjunction with a large heater, through 
which the waste gases leaving the boiler-tubes were 
drawn, in the smoke-box. This heater was arranged 
so that the smoke-box interior was divided into two 

, an inner and an outer, the blast being emitted 
into the latter, and drawing the waste gases through 
the heater-tubes from the inner, or central, space, into 
which they were discharged from the boiler-tubes. 

Since, in the trials, the engines were not working, 
substitutes had to be provided in both for the blast, 
and in No. 694 for the exhaust steam, which would 
usually go to the exhaust-steam heaters. The effect 
of the blower was made to serve for the blast, that on 
engine No. 694 being kept full on, while, in the case 
of engine No. 683, with the ordinary smoke-box, the 
jet was lated to give a similar draught. The 
smoke-box vacuum of engine No. 683 was regulated, 
in fact, by means of the blower to the same amount 
as that obtained in the central chamber of the smoke- 
box of engine No. 694. To take the place of the 
exhaust steam from the cylinders, live steam from 
the shop boilers, to the necessary amount, was sup- 
plied to the exhaust-steam heaters. This independent 
supply could be controlled so that any desired final 
temperature for the feed could be obtained within 
certain range, the object being, of course, so to regulate 
it that the temperature of the feed leaving the smoke- 
box heater, was about equivalent to that reached under 
running conditions on the road. In addition to these 


* See page 342 ante. 
+ See page 211 ante. 
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special arrangements, it may be added that every care 
was taken to secure comparative conditions for the 
two boilers. Before the tests each was thorough] 
cleaned, re-tubed with new tubes, and provided wit 
new fire-bars, brick arch and deflector, all of which 
were alike in the two engines. 

As part of the steam produced was used by the 
blowers, it was only possible to gauge the evaporation 
by measuring the feed, for which purpose the tender 
tanks were therefore carefully calibrated. In some of 
the tests each engine was supplied by a feed-pump, in 
others engine No. 694 was supplied by a pump, and 
engine No. 683 by aninjector In all cases each engine 
supplied the steam for its own feeding appliance, and 
the balance of the steam not utilised, either in this way 
or by the blower, was discharged into the shop exhaust 
main, the regulator being adjusted to keep the pressure 
constant. Todis of the steam generated in this way, 
the steam-pipes in the smoke-boxes were removed and 
replaced by others connecting the boilers with the 
exhaust main. The coal used was hand-picked Welsh, 
weighed into sacks, and sealed. The sacks were appor- 
tioned to the engines indiscriminately and were opened 
as the trial proceeded. The bmg | fired in nearly 
every test was restricted to 1 kg. (2204 Ib.), or ten 
sacks. In this way absolute impartiality was secured as 
regards the coal fired, as the sacks were only opened 
as needed, and it was not open to the fireman to pick, 
or to reject, any coal in the case of either engine. 

For one series of tests the routine followed con- 
sisted in raising steam in the boiler and bringing the 
water to half on, when the fires were dropped, and 
immediately relighted with 4 lb. of oily waste and 
22 lb. of wood, at which stage readings actually com- 
menced. The pumps were wolbel throughout at a speed 
which kept the water-level constant. The fires were 
allowed to burn completely down at the end of the trial. 
As typical of the trials, and as bearing on the compari- 
sons made in our previous articles, figures may be given 
for one in which engine No. 683 was fed by injectors in 
the yaya A way, and engine No. 694 by a pump, the 
feed in the latter case entering the boiler at 261 deg. 
Fahr., which, it will be remembered, is well within the 
range of temperatures reached in actual work on the 
“a Under these conditions the steam produced in 
engine No. 694 was found to be equiva!ent to 11.11 lb. 
of water per 1 lb. of coal fired, while in the ordinary 
engine it was 9.07 lb. of water per 1 lb. of coal. This 
is an advantage in favour of the feed-heater engine of 
about 22.5 per cent. In the ordinary engine, No. 683, 
the smoke-box temperature averaged 665 deg. Fahr. 
In the feed-heater engine it was 638 deg. Fahr. for the 
central chamber of the smoke-box—i.e., this was the 
temperature of the gases leaving the boiler-tubes, while 
the final temperature of the gases escaping to the 
atmosphere after leaving the smoke-box heater was only 
450 deg. Fahr. The smoke-box heater thus improves 
the over-all efficiency to a very considerable extent. 

Such figures, as has been pointed out in the 

revious articles, are not advanced, and should not 
taken as an absolute index of what occurs on the 
road. The vibration while running is always con- 
sidered to assist materially in steam production by 
freeing the steam bubbles from the generating sur- 
face, while any adjustment of the damper on the road, 
has probably a greater effect than it would in stationary 
tests. Again, there is the question of the intermittent 
action of the blast, which, if pronounced, is, of course, 
deleterious to low coal consumption. In an ordinary 
engine, like No 683, this would be more felt than in 
the case of engine No. 694, where the smoke-box 
arrangement had the effect of damping the pulsations 
and distributing the draught evenly over all the 
boiler-tube area. The substitution of the blower for 
the blast, in the tests, naturally did away with ail 
pulsations of draught in both cases. Although not 
adequately representative, in these matters, of actual 
working conditions, the results obtained are neverthe- 
less of sufficient value, comparatively, to serve as 
useful indicators; the error, if any, vitiates the com- 
parison only by omitting to take into account influences 
specially favourable to engine No. 694. 

Similar remarks apply to another series of tests 
which was mat weed conducted, in order to show 
the effect, on the maximum evaporative capacity of the 
same boiler, of feeding under different conditions. These 
tests were conducted rather differently. Onlyone engine 
was used, No. 683, fitted with the smoke-box heater 
of engine No. 694, and supplemented by a large inde- 
pendent heater fed from the shop boilers. The latter 
took the place of the exhaust-heaters. The tempera- 
ture of the feed could thus be regulated as before. In 
order to secure identity of conditions, preliminary 
runs were made to familiarise the staff with their 
duties and to secure as great regularity as possible in 
operation. Consequently the trials proceeded with 
almost clock-like precision ; the re-lighting and sub- 
sequent events followed each other almost mechanic- 
ally. The trials lasted in each case for two hours, 
during which ten sacks (2204 Ib.) of coal were burnt, 
at a rate, after the boiler had settled down to its 
work, of five shovels every two minutes, this bein 
found to be the maximum the grate area coul 





accommodate under the conditions of the test. 
Records were taken for the whole time, but as the 
purpose of the test was to secure data, which would 
act as some sort of guide as to the maximum evapora- 
tive capacity of the boiler, the figures were in each 
case abstracted for the one hour of maximum output. 
It was found that this period began in all cases at so 
uniform a time after re-lighting the fire that it was 
taken for all tests as commencing 25 minutes after the 
start. The figures for this hour are given for several 
of the tests in the table herewith :— 


Evaporation of a Locomotive Boiler Supplied with Feed- 
Water at Various Tempcratures. 
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These figures, showing evaporation per square foot 
of heating surface, are within the range of locomotive 
boiler output in train working, and, reduced to equiva- 
lent evaporation, compare also with many well-known 
test records. The figures given above for Test IX. 2 
would, therefore, appear to correspond with a reason- 
able output in actual service, though probably not the 
maximum, and the Tests IX. 6 and 7, in consequence 
show the actual improvement which may be relied upon 
in service, due to hot feed. Test IX.7 was conducted 
with feed at 260 deg. Fahr. It was shown in our 
previous articles that feed temperatures obtained in 
practice with the Trevithick system are rather above 
this figure, so that there is here evident justification 
for using the figure of 22 per cent. as the improvement 


in evaporative capacity for the hot-feed boiler, as was | P 


done on page 342 ante. Test IX. 19, under conditions 
of feed, more nearly approaching those obtaining in 
actual train-working, shows @ much greater evapora- 
tion, but the actual improvement per cent. has not 
been filled in in the same column of the table as in the 
other tests, because for this the boiler conditions 
differed slightly from those obtaining during Tests IX. 1, 
2, 6, and 7, new tubes having been put in before 
Tests IX. 15, 16, and 19. It should also be stated that 
the draught was rather greater in Test IX. 19 than 
in the others. No test was made using the injector 
in the latter series after re-tubing, but tests with 
pump feed at 76 deg. Fahr. were madé both before 
and after. For this reason the results of three such 
tests are included in the table, and a column included 
showing the improvement per cent. shown over feeding 
at 76 deg. Fahr. added, so as to give figures of some 
comparative value for all the trials. Test IX. 6 has 
been included because, in this, the boiler was fed with 
water at 215 deg. Fahr., ey perver pd the tempera- 
ture to which the feed may be raised by using only the 
heaters supplied with part of the exhaust steam from 
the cylinders. This test is of interest in connection 
with subsequent developments. 








Tue WestincHouse-Morse Rocker-Joint CHAINns.— 
The Metropolitan Steam Omnibus Company, Limited, 
have abandoned, on a number of their buses, ie. sees 
wheel drives from the crank-shaft to the coun ft in 
the engine-cases in favour of Westinghouse chain-drives. 
The Westinghouse chain (Morse patents) has a joint con- 
sisting of two pieces of hardened steel, so adapted to the 
work as entirely to eliminate the friction due to sliding 
surfaces and consequent wear at the joint. Hence the 
title of “ rocker-joint chain.” 

Tours 1n Norway.—We have received from F. Beyer’s 
Tourist Bureau, whose offices are at Christiania, 
Trondhjem, Stavanger, and Molde, a copy of an illus- 
trated guide in Norway, which they issue gratis. This 
contains a large amount of information concerning the 
various routes to Scandinavia and the travelling in the 
country. Detailed particulars with — are given on 120 
different tours. Messrs. Beyerstate that they have a cou 
system, and that unused coupons are redeemed atfull value. 
Intending visitors will find this guide most useful. 





GAS CAVITIES, SHOT, AND CHILLED IRON 
IN IRON CASTINGS.* 


By Tuomas D. West, Cleveland, O. 


AsouT eight months ago, at the request of the writer, 

the foundry journals and iron trade papers of this country 
and Europe kindly published an article soliciting samples 
of iron castings crag ee globules in gas cavities, solidly 
encased shot iron, streaks or spots in castings, and 
white areas inside of grey or soft iron. Those good enough 
to forward such samples were requested to give t 
following information :— 
_ 1. The character of pig, scrap, fuel, and any flux used 
in melting the mixtures. A if anything unusual 
occurred or was observed during the heat. Grade of the 
iron produced, whether soft, medium, or hard, or, better 
still, an analysis of the casting and the defects, whether 
shot or white iron. 

2. A rough sketch of the casting, nary | its shape, and 
the thickness of the different sections as far as possible, 
marking the location of the defects on samples forwarded. 

3. Whether the mould was of green sand, skin-dried, 
dry sand, or loam, and a description of gating and 


pare. 
4. Whether the metal at the time of being tapped, as 
well as bei ured into the mould, was “ hot,” 
medium, or “‘ dull,” and any other information that might 
be thought of value in assisting an intelligent research of 
the subject. 

Shot Iron in Castings, and Experiments to Produce It.— 
Losses by defects as stated in the subject title above have 
caused many firms much worry and trouble before they 
could be made to disappear. The greatest annoyance, 
however, would arise from the fact that the trouble would 
be abated, but its origin could not be traced, and hence 
intelligently guarded against thereafter. As one of the 
letters received by the writer from a prominent Massa- 
chusetts firm is very pertinent, an extract from it is 
given herewith :— 

_‘*We note that you are accepting samples and su 
tions ge formation of hard shot in cast iron, 
and think, per some of our experiments will be of 
interest to you. From time to time we have had trouble 
with this shot forming in casti which we have made. 
A great deal of this work is finished, and as shot in it is 
always sure to knock out the forming tool, so that they 
have to be reground, we have tried almost everything to 
stop this, and even when it does stop we do not know 
what we have done to do it. 

“* We conceived the idea of trying to make this shot in 
the iron, thinking that, perhaps, if we found out how to 
make it, we could then see how to stop the trouble. Our 
chemist informed us that the ‘shot’ was caused by the 
foundry ‘mesh bugs’ or small particles of chilled iron 
that drop in the meshes in the foundry. These, he stated, 
trickled down through the charges, and were not properly 
melted and run into the molten metal, in this way form- 
ing the shot. 

** We took some of these bugs and put them into the 
ladle, and poured castings from them, but were unable to 
make any shot. We also tried hard rattling stars, small 
set-screws, and small pieces of steel, and were unable to 
roduce any shot. e tried putting these hard materials 
in the mould, and pouring the iron in the mould on top 
of them, but with the same result—no shot. We then 
wet a gate in the mould in anattempt to make the mould 
blow, without results. Damp, wet sand, while it caused 
blow-holes, did not produce the hard shot. In fact, we 
have tried everything that has been su ted that might 
cause this trouble, trying to make the hard shot, making 
the test as favourable to the formation of them as = 
sible, and have been unable to produce anything. We 
are therefore coming to the conclusion that there must 
be something in the mixtures of iron, and are going in 
on that basis to try to cure it, although at the present 
time we have not had any trouble. e have no samples 
to send you, but, should any come along that show this 
formation, we will forward them to you. 

Another experience along the line of the above firm is 
given by a large concern in New Jersey, in the following 
extract, taken from a lengthy letter giving experiences, 
mixtures, &c. :— 

** The castings were nice and soft, and the only trouble, 
which, however, was serious, was with the small hard 
shot. At one time we were using hard iron stars for 
cleaning, and some of these stars got mixed up with the 
sprues and scrap, and we thought the hard spots were 
caused in this way. However, when we eliminated all 

ibility of a mixture having iron stars we still 
the trouble with the hard spots in the castings.” 

The above two experiences, with others that might be 
given in addition, would suffice to counteract the theory 
often advanced—that small chilled or hard bodies going 
into the cupola may cause hard shot, streaks, or spots in 
the iron castin; 

Shot Causing Hard Spots and Blow-Holes in Iron 
Castings.—A few weeks after receiving the Massachusetts 
letter, this firm sent a sample of defective casting show- 
ing a small, hard button or **shot ” loosely embedded 
within the nowel or down-cast face of its surface. The 
sample (illustrated in Fig. 1) shows a crease made when 
the tool swerved off to one side in striking the hard spot. 
Alsothe chiselled indentations caused by removing the 
shot or button from the planed face of the casting. This 
defective sample is about as interesting a one as any re- 
ceived by the writer. The peculiarity of this —“y lies 
in there being a vertical small blow-hole leading directly 
from the top of the hard shot seen at A to the cope sur- 
face, so that upon removing the shot one could see clear 


* Paper read before the American Foundrymen’s 
Association. 
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through the body of the i this being about 4 in. 
thick. It gives evidence of hard shot or foreign 
material while lying near the bottom surface of the casting 
emitting a gas, which went upward through the molten 
metal to the sand surface of the cope, but not sufficiently 
fast to prevent the creation of the small vertical blow-hole 
shown. In order to clearly observe the full surface 
character of this blow-hole the sample was fractured, and 
the hole is sketched closely, as seen in Fig. 1, annexed. 
It is rather unfortunate that samples showing hard shot, 
&c. (like A, Fig. 1), are so small that they do not afford 
sufficient material for making a complete analysis, as this 
would, no doubt, assist in the solving of such problems, 

Several samples of soft-iron castings have been received 
containing solidly encased or cemented small bodies of 
strictly white iron. The term “cemented” is used here, 
as the spots, or white bodies, are in no wise loose in the 
casting. They form a part of it, showing differences in 
colour of white and grey, but are as solidly united as this 
is possible for any two plastic materials, each of a diffe- 
rent grade and colour, to Not only is this defect 
obtained in a shot or spot form by founders, but also in 
streaks and bodies of considerable area. Defects of these 
characteristics are most generally found at the upper cast 
body, face, or edge of castings. 

Experiments with Shot Iron Placed in Mouwlds,—Some 
shot iron was received by the writer which had been 
taken from a cupola spout after the bottom was dro 
on the supposition that it could cause blow-holes. me 
of this shot he placed in the bottom of an ‘‘open sand” 
mould giving small castings, about gin. thick. In pouring 
these, no disturbance of the metal through any escape of 
gases was noticeable, and when the castings were broken 
through sections containing the shot they were perfectly 
sound. The writer also used some of the shot by placing 
it on the bottom of closed moulds, and pouring some of 
the moulds with “hot” and aiso with ‘‘dull” iron. In 
one case of “dul!” iron a very small gas cavity, or blow- 
hole, was barely noticeable above the top of theshot. The 
party forwarding the shot stated none was observable at 
the frat of the heat when nearly all pig iron was being 
melted, but noticed them at the latter part of the heat 
when the charges were com largely of srap iron. 

The above shots were sufficiently soft to be squeezed or 
flattened slightly before cracking by placing them between 
the jaws of a vice, and applying pressure. The experi- 
ments conducted by the writer showed, apart from the 
‘“*blow” question, that unless shot iron was up to a very 
high red-heat, or near the or (as is possible in 
many cases when they are formed in pouring a mould), 
that casting metal under § in. in. thickness would have 
little effect in melting them, unless they might rise to be 
embodied in nearly the middle body of the casting, a 
cially if the shot are roughly over fi. in diameter. e 
shot which the writer used in the above experiments were 

laced on the bottom face of the mould at the end 
arthest from the i 
metal would not iable to disturb them. An 
examination of the castings when cold showed the shot in 
their original position, and not united to the body of the 
castings, when fractured along a line in their position. 

Causes for the Creation of Shot Iron in Castings.—The 
logical reasoning regarding the creation of the small, hard 
 nevinangy or metal shot found ‘in some castings, is that they 

me suddenly separated from the general mass of 
metal during the pouring of a mould. When thus 
separated they solidify so quickly that not sufficient 
time is given for the carbon to separa out as 
graphite. Hence the shot does not have the softness of 
the rest of the casting which had more time to cool. 

The longer the distance s shot is sent through the 
air before it lodges, and the cooler the air it 
through, the harder the shot. Affecting this also is the 
degree of dampness of the spot upon which the shot 
may lodge. ere shot is caught and covered by incom- 
ing metal before it has time to become cooled below a 
red heat, the chances for their being hard and discover- 
able in a casting is not, of course, nearly as great as when 
they can become of a dark colour before being encased by 
the liquid metal. 

Particles of iron or shot may be formed during .the 
ae the metal from the ladle’s pouring-lip ¥! striking 
the sides of a pouring basin or gate. Again, %, falling 
upon a flat bottom inlet gate, as at E, Fig. 2. Or when 
the metal reaching the mould strikes some obstruction 
fronting the gates to splatter the metal. In ordinary 
plain work there is probably no feature so harmful in 
causing a splattering as having flat gate bottoms, as at E. 
The bottom of all pouring gates should have more or less 
of a well, as at H, Trig. 2, as by this formation, if there is 
hesitation for a moment or so when starting to pour, the 
first droppings from the ladle fall into the well shown, to 
ow there in a liquid bulk and not be spattered to create 
shot. 

In starting to pour the majority of moulds, especially 
those of a light work and stove-plate character, there 
should be no momentary stop; after starting, but 
from the instant the falling meta: t: strikes the bottom 
of a gate, as at H, there should be asteady and unbroken 
stream to fill rapidly the pouring gate and have it kept 
so until the mould is filled. This applies to the flat to 
pouring gates generally used for stove-plate, &c., as well 
as those of the joint character, shown in Fig. 2. Follow- 
ing of the above practice closely in all admissible cases 
should help agen to end some of the trouble experienced 
with shot iron and hard spots in castings, and is one illus- 
tration of where the master’s skill in handling a ladle can 
be displayed, 

Dampness and Sudden Cooling Causing Chilled or White 
Iron Bodies and Shot.—The too free use of a swab or 
sponge in wetting the joint of a mould, before drawing a 
pattern, or after this is done in finishing a , can 
easily harden or chill the metal parts of a casting formed 


pouring este, so that the wash of the 
so 





where this excessive dampness existed. Again, also, b 

too dampa mixture of sand, hard ramming, = insufficient 
venting. Metal striking these damp sections will often 
bubble and splatter to a greater or less degree. This 
action can in some cases create suddenly chilled shot that 
will be carried to other sections of a mould to become 


and | encased in liquid metal, and thereby give the white iron 


or chilled shot found in some 
_ The above is not intended to account for all the white 
iron, chilled shot, streaks, &c., found in castings, espe- 
cially those of a light work and stove-plate character. 
However, a solution of the phenomenon seen in Figs. 5 
and 6 relating to ‘“‘inside chill” should greatly Telp 
founders to prevent some of these annoying and costly 
experiences. 
white iron or hard spots can be produced at will in 

gray iron castings, especially those of a light character, 
by the immoderate use of the swab or sponge, damp sand, 
hard ramming, and insufficient venting, this would indi- 
cate that the skilful, broadly-experienced overseer and 
moulder can master many troubles along these lines. 

Where Much Responsibility Rests.—While we have both 
the melting and moulding end of a foundry to watch in 
order to discover many of the troubles ci herein, it is 
to be said that the lack of a capable overseer, as well as 
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saa9sa) AS THE SECTION SHOULD HAVE BEEN. 

of well-trained moulders is often responsible for their 
creation. Again, there should be no division of responsi- 
bility. The head foreman or superintendent should be 
a master of mixing and melting, as well as of moulding. 
The opportunity for shifting this from one to the other 
may easily cause the overcoming of these evils as well as 
others to be a very difficult task, the proprietors or stock- 
holders paying the losses while contention lasts. 

Creation of Globu'es in Gas Cavities and Blow-Holes.— 
The next defect to be taken up is that of globules in gas 
cavities and blow-holes, an illustration of which is seen 
in Fig. 3. These defects can be due to two conditions, 
but emanating from one cause, and that is the creation 
of excessive gases or steam that cannot find its liberation 
from imprisonment within a body of solidifying metal. 
They are found chiefly in the upper body or cast end of 
castings. 

_Excessive gas, causing blow-holes or cavities, may come 
directly from the metal or wholly from defects in mould- 
ing or pouring. Those due to the iron may be caused by 
oxides of iron or manganese reacting on the iron’s carbon, 
the former producing carbon monoxide or on liberated 
graphite creating kish (although of the latter there is 
very little in re-mel iron, it being chiefly found in 
direct metal at blast-furnaces) ; also indirectly through 
sulphur, by reason of the formation of sulphide of man- 
ganese. And, 
created by the mixture of iron oxide 
may contain some kish in connection with the dirt 
generally coming from clays of the cupola tap-hole and 
spout, and other sources), forming a on the top of a 
ladle’s metal that could pass in small bodies into a mould 
at the starting of pouring, or later before a mould is 
filled, through defective skimming. ereby often large 
as well as small blow-holes or gas cavities are formed. 


again, by a foreign body like that possibly 
and dross (the latter | 


As a side issue, it can be said that a ladle’s™surface 
dross can easily cause dirt-holes, pin-holes, and a dirty 
surface to the finished parts as wales the rough surface of 
castings when skimming is at fault in pouring a casting. 
cavities and blow-holes, due directly to defects in 
moulding and pouring, are often due to not having pro- 
perly tem d sand, regulated degrees of hardness in 
ramming, efficient means of venting, and c :rrect methods 
of finishing cores and moulds, combined with needed 
experience in gating and pouring. These are all factors 
demanding the experience of a decade or more in the 
actual work of general moulding, in order one may be 
fairly qualified to best prevent the occurrence of the 
difficulties treated herein, or to stop them quickly when 
in evidence. The truth of all thisis demonstrated by the 
difference in the soundness or perfection produced in 
castings by the master moulder and the one that is not. 
Moulding-Machines v. Defective Castings.—It may he 
asked whether moulding-machines would not assist in 
preventing some of the above defects. Moulding-ma- 
chines, owing to the following of an exact routine, adopted 
after much experimenting as the best to ensure desired 
results, cannot but be helpful to a large degree in re- 
moving the liability of steam and gas cavities, or blow- 
holes, chargeable to moulding. This is not saying that 

















SOFTIRON. BLACK, WHITE OR CHILLED IRON. 


| they will remove the liability for all the defects treated 
herein, or that there is no demand for the master moulder 
or the research and knowledge such a paper as this 
imparts, as these can and will be greatly utilised as long 
as there is a demand for castings, or the need for melting 
iron. 

Defining Whether Globules are Due to Defects in Metal 
or Moulding.—Globules, when suspended from the roof 
of a cavity, as at B, Fig. 3, are evidence that the cavity 
| is probably due to something being wrong in the method 
| or manner of making, gating, or pouring the mould then 
| directly with the metal. The mould’s or steam creat- 

ing these cavities may be originated during the filling of 
| the mould, and again may not be formed until some time 
| after the mould been filled, or before the main bulk 
|of its metal has solidified. Imprisoned gases or steam, 
due to defects in moulding, form a cavity into which the 
outer body of liquid metal may, with favourable condi- 
tions, ooze to form loose shot or suspended globules, as 
seen at B, Fig. 3. The actions of globules, or any liquid, 
also any special elements, finding access to such cavities, 
may continue at intervals for a short time after a gas- 
cavity has been formed, or as long as the body of metal 
surrounding the cavity remains in a fairly liquid state. 
|The larger the cavity the greater the chances for this 
‘action. Globules finding access to a gas cavity at its 
upper end, as displayed in Fig. 3, may be credited to the 
| law of specific gravity, and also to the condition that heat 
| rises, and that the upper body of metal is, as a rule, more 
| fluid than the lower, as is evidenced by the “ hot-spot,” 
or shrink-hole, being the greatest in the uppermost cast 
| end of castings. b 

| Cavities created solely through conditions of the metal, 
lor its constituents, or, again, strictly by splashes of 
| oxidised bodies of metal, or foreign solid matter, should 
by logical reasoning more —— y present an unbroken 
smooth bright surface. The metal or confined oxidised 
shot conditions that start these cavities are such as can in 
some cases continue the creation ot pave to make a higher 
internal pressure to prevent globules, liquid metal, &c., 
entering their space than exist where ecome im- 
prisoned from a source that cannot add to their volume, 
or increase their pressure, as would more generally be the 
case if created wholly by defective ey aw, 

A casting may possess gas cavities that wi ue | 

causes Gieeet te both the mould and the metal. This, 

| for one case as an example, ceuld occur through a mould 
bubbling or boiling its metal sufficiently to throw up 
small bodies or buttons of metal that would fall bac 
| oxidised into rising metal in the mould ; and these bodies, 
buttons, or shot a by reason of their oxidation ss 
| probable gathering of dross, create a gas to cause cavities 
that would be companions to those created solely by the 
mould’s steam or confined gases endeavouring to escape, 
but was imprisoned in the metal. (See Fig. 4.) 

Sulphur and Phosphorus Causing Blow-Holes, a Weak 
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Excuse for such Defects.—It is possible that sulphur or 
phosphorus may create blow-holes, or the globuled roof- 
perforated gas cavity, but with my experience of forty- 
eight years as an active moulder and shop manager, 
making all kinds of castings in green sand, dry sand, and 
loam-work, knowing something thereby how castings can 
and should be made, I have little faith in the common 
‘‘chestnut” excuses of sulphur or phosphorus forming 
blow-holes in grey-iron castings. In thinking back over 
my long years of experience I cannot remember ever 
having seen a blow-hole or cavity in a strictly grey- 
iron casting that I could ieve came from any other 
cause than defect in moulding. With castings that have 
come under my own making or supervision having blow- 
holes or gas cavities, I always proved this faith by the 
discovery of defects in their ——- &c., and making 
changes in the work that would stop them. 

Where mixtures are of a hard or —s iron I stand 
ready more seriously to consider the sulphur and phos- 
phorus excuses for blow-holes or cavities, &c., in 
castings, but for soft or grey irons I desire to maintain 
the above position until it is positively proven I may be 
in errof. 

Among the letters that have come to my hands for 
consideration of this subject is one from Mr. P. Munnoch, 
of the British Foundrymen’s Association; and as it 
presents some excellent information obtained by hard 
research work, I take much pleasure in presenting the 
same in the following twelve paragraphs and three tables 
of analysis :— 

‘* Mctal Shots and Buttons in Gas Cavities of Iron Cast- 
ings.—The chief peculiarity noticed in connection with 
shot is that they usually occur in the upper portion or 
near the upper surface of a casting. Generally they are 
small in size and almost round. In some cases they 
entirely fill the cavity in which they are formed, in 
others they only partially fill the cavity. 

“‘ When fractured the appearance varies from grey to 
white ; when machining castings the tool will usually 
mae, over the white variety, as this is extremely hard. 

“‘ The analysis given in Table I., in the next column, 
shows the composition of shot and buttons, and also com- 
position of castings from which these were taken. They 
are arranged according to phosphorus content. Several 
of these —- were mentioned in a paper entitled 
‘The Practical Application of Chemistry to the Foundry,’ 
read before the British Foundrymen’s Association, 
August, 1908, by the writer. They were also mentioned 
in a paper on ‘Iron, Sulphur, and Phosphorus,’ by Mr. 
J. E. Stead, at the same meeting (see the Foundry for 
September and October, 1908). 

“* Most of these analyses are from specimens obtained 
from large castings. In some cases seve ounces in 
weight were obtained, the holes from which they were 
taken being very much larger than the buttons of metal 
found in them. 

** Shots Liquated from Solidifying Meta!.—My first 
experience was with gray shot enclosed in small castings. 
The small sizes of these shot yielded metal for partial 
analysis only and did not reveal anything to any great 
extent different to the analysis of the casting from which 
they were obtained. In some cases these were apparently 
shot of metal splashed into the mould at the commence- 
ment of pouring, and then, after oxidising on the surface, 
became encl; in the liquid metal. Afterwards, I came 
across some peculiar castings, from which I obtained large 
buttons and plow sufficient to make complete analysis 
from. The analysis showed that these could not be merely 
splashes of the original metal, but must have been liqui- 
dated from the interior of the casting after the greater 
part of the metal had solidified. The analysis of the 
buttons appeared very similar to that of the metal drops 
squeezed out of phosphoric pig iron after the metal had 
solidified, by submitting it to hydraulic pressure, in some 
early experiments by J. E. Stead, F.R.S. I therefore 
submitted some of the specimens and analysis to Mr. 
Stead, and his opinion was that blow-holes were first 
formed, and these afterwards became filled with the 
highly phosphoric liquate. I examined castings from 
various sources and found all more or less troubled with 
this defect. I obtained many specimens, in some cases 
sufficient for complete analysis, in others hardly sufficient 
for a single determination. 

“Obtaining Large Shot or Buttons from Gas Cavities.— 
Some large cylinder heads for blowing-engines supplied 
many interesting specimens, pieces several ounces in 
—— being obtained. In some cases pieces or buttons 
of different compositions were obtained from different 
parts of the same casting and pieces of different composi- 
tions were found in the same cavity. The casti 
weighed about 10 tons, the thickness varied cumidendiy 
and the moulds were largely built up of cores, some of 
which were difficult to vent satisfactorily. The castings 
were square, with a circular web and fia: running 
around the top, and the holes were formed in the top 
flange. The holes were only revealed after machining 
and after removing a good thickness of metal. The holes 
were large and the interior in most cases was bright, but 
in one or two cases small masses of oxide were found. 
fhe upper surface was smooth and rounded projecting 
crystals a the rising of gases after a considerable 
thickness of metal at the top of the mould had set. The 
lower part of the cavities showed signs of shrin| in 
places, but the bottom was usually covered by the liqui- 
dated masses. 

“The Form and Character of Buttons and Shot.—The 
buttons themselves were smooth, with a bright mirror- 
like surface, which they retained after several years’ 
exposure to the acid fumes of the laboratory. The 
battons were rounded at the edges, and therefore could 
not have been very fluid when run. In some cases small 
shot were partly enclosed by larger masses, and this, 
together with the difference in composition, showed that 





the liquidated metal had not all entered the cavity at the 
same time, but at different periods of solidification. In 


some cases the small shot present appeared to have been 
squeezed into the cavity. The gray shot were similar to 
the casting im fracture, the muttled shot not unlike 
ordinary mottled iron, the white was much like white 
iron, but the outside part showed a crystalline appearance 
in the form of long crystals interlaced, and partly covered 
with a thin layer of graphite in some cases. 

** There was evidently a contraction of the outer shell 
or expansion in the interior set up after the metal was 
almost solidified, and the pressure set up caused the still 
liquid portion to be squeezed from between interstices 
of the B -gaad formed crystals into the cavity formed 
previously. 

“High Ph Shot.—For comparison, analysis of 
liquid which is squeezed out of low phosphorus forge 
pig iron is given in Table III. In this case the exterior 
is solid, and the contraction of the shell or expansion in 
the interior forces out some of the still liquid metal from 
the interior. In the case of the castings it is not the still 
liquid metal which is forced into the cavities, but the 

hosphorus - enriched liquid remaini in the s 

tween the crystals at the time when the pressure 1s set 
up. The liquid is ually enriched in phosphorus until 
the — eutectic, containing 6.7 per cent. phos- 
phorus, 2 per cent. carbon, and 91.3 per cent. iron, is 
reached, and the amount of phosphorus in these buttons 
is an indication of the period during solidification at which 
they were formed. e shot in which the phosphorus is 
very little different to that of the a may in some 
cases be due to splashes of metal entering the mould at the 
commencement of pouring, becoming coated with oxide, 
and ming simply encased in the following molten 
metal. Or shot may be formed by a compressive action 
similar to that illustrated in the case of forged pig iron, 
in which a portion of the still liquid metal in the interior 
of the casting is squeezed into a previously formed hole. In 
this case the composition would be much the same as that 
of the casting in which it was found. This is an example 
of shot that might be formed in the outer solidified part 
of a casting, the interior of which is still liquid. In the 
case of hig! one pte shot the liquate enters the hole 
after the casting has practically assumed the solid state. 
The last portion of —— to me solid—the interior, 
for example—is not found to contain more phosphorus 
than the outside parts of the same castings; in fact, in 
spongy parts of a casting the opposite is sometimes the 
case, as the phosphorus enriched liquid between the 
crystals has to some extent been drained away. 

** Effect of Oxidising Condition on Metal and Shot.— 
Generally the formation of shot-holes and shot are 
most noted in iron which has been subjected to oxidising 
conditions during melting. Instances of this may be 
seen when the first me from the cupola runs cold, 
particularly when the softer varieties of iron are being 
melted. If thisis caught in # ladle and allowed to solidify, 
it often presents the appearance of a spongy mass full of 
shot, the holes and shot being coa with oxide and 
graphite. Should some of this be left in the bottom of 
the ladle, and some hot fluid poured over it, a boiling 
action follows, and if poured into moulds, the castings 
ae agen contain many holes of the shot-hole type. 

oles of this kind may be bright or tinted inside ; they 
usually contain specks or flakes of graphite, and often 
contain particles of oxide in the lower part. 


TaBLe I.—Analysis of ‘‘ Metal, Shot, and Buttons” 2 
from Castings. 
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Graphite carbon ..| .. |0.83, 1.16, .. | .. |1.68/2,022.44) .. |2.45 
Combined carbon | 2.20} 2.00) 1.25/1.00 .. | 1.05/0.75)0.76) .. |0.85 
Silicon .. 0.70] 0.84 0.98/0.60| 0.86 0.98 0.98) 1.26) 1.14) 1.32 
Manganese 0.63) 0.59) 0.48) 0.63) .. | 0.36 0.50/0.45) .. 0.43 
Phosphorus 5.68| 5.45 4.88 4.84 4.64) 3.80|3.20 1.92/ 1.80 1.71 
Sulphur .. ... .. |.016/.081) .. | .. |.021/.087 .046| .. |.031 
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Tasie I1l.—Analysis of Castings from which Shots were 
Taken. 





— EUs Sa SE. BK | FP 
Ree fear nee (Soden nee Ci sh Penee! 
Graphite carbon. . ..|2.74 | 2.80 | 2.90 | 3.25 | 2.80 | 2.85 
Combined carbon .| 0.62. 0.50 | 0.40 | 0.05 | 0.60 0.60 
Silicon... os 1,63 | 1.72 | 1.70 | 1.77 | 195 | 1.65 
Manganese 0.561 0.49 | 0.45 | 0.44 | 0.48 | 0.49 
Phosphorus 0.88 0.83 0.89 | 1.23 (0.95 0.84 
Sulphur 0.091 0.118 | 0.114 | 0.107 | 0.105 | 0,119 








All the above analyses were cylinder-heads except E, which was 
a pedestal. 
TasLe IIIl.—Forged Pig Iron (Low in Phosphorus) with 
Portion Squeezed Out. 


Pig Iron. Liquate. 

Per cent. Per cent. 
Graphite carbon... és oe 3.06 3.30 
Combined carbon ‘ és 0.78 0.58 
Silicon .. 1,23 1.30 
Manganese .. 0.78 0.82 
Phosphorus .. 0.043 0.046 
Sulphur 0.091 0.084 


“* Effect of Contraction in Compressing Metal.—At blast- 
furnaces w low phosphorus pig iron is produced it is 
noticed that after the iron is run into the pig-moulds 
and the metal appears to be solidified on the outside, the 
still liquid portion in the centre squirts out and forms 








small mounds near the suw end of the pig. This is no 
doubt due to compression of the liquid in the interior 
due to contraction of the outer solidified portion. This 

henomenon is only noticed in the fo variety of pig. 

t is also often noticed that the holes in the upper part 
of the pig often contain shot and buttons of metal and 
in low phosphorus pig iron these are usually similar in 
analysis to the pig iron itself.” 

A Review of P. Munnoch’s Research Work.—The above 
description, analysis, &c., of Mr. Munnoch’s es 
are exceedingly valuable. The writer offers the following 
comments on causes and remedies for the defects cited. 
The first item he would call attention to is Mr. Munnoch’s 
statement of ‘‘some castings weighing about ten tons, 
with thicknesses varying considerably, and the moulds 
were largely built up of cores, some of which were diffi- 
cult’ to vent satisfactorily.” If I were asked what was 
the cause of the buttons, shot, gas cavities or blow-holes 
in the castings cited by Mr. Munnock, I would, to make 
a brief reply, say, “the moulds.” The character of the 
metal u practically nothing to do with their crea- 
tion. in other words, could the moulds forming these 
castings have poured with right temperature metal, 
through well-constructed skimming-ga without the 
occurrence of a flurry, bubble, or boil, as the mould was 
filling up, or afterwards in the metal solidifying and being 
brought to a solid state by proper feeding, I venture to 
say that all the castings he cites could have been cut up 
into 1-in. cu and not a single gas cavity or button of 
metal would have been found in any one of the thousands 
of cubes that would have thus been formed. 

rape Bayer Lye an Ne ge and Buttons.—Mr. Mun- 
noch shows that obtaL some very large specimens 
of shot or buttons, such as a bubbling A blowing mould 
could easily create. To obtain some practical ideas on 
this point requires one to watch the action of buta few 
blowing-moulds. A bad blowing-mould can often throw 
much of its metal three or more feet high, if risers and 
feeding-heads were blown or left open to allow the 
boiling metal free play to kick and jump as the explosive 
force of encased steam and gases fang compel it to do. 
In metal being blown up it must come down. In doing 
the latter it is easy to discern how very large globules 
= sees ae _ formed by = bodies of metal 

on flat planes, projecti ies, flamges, &c., of 
a mould. Or again to fall back directly into thick or 
thin baths of dull rising metal. These buttons or shot 
having been oxidised or covered more or less with a 
dross collectible in their upward and downward flight, 
would naturally create some gas cavities when liquid 
metal surrounds them. 

Another point that should not be lost sight of is the 
great chances there are for the creation of blow-holes 
entirely free of either buttons or shot in castings in 
which the metal had bubbled or ‘‘ blowed” when they 
were being poured and cooled to a solid state. 

Two Causes for Creating Gas Cavities Possessing Shot.— 
A close study of the gas cavities cited by Mr. Munnoch 
shows that there were two kinds. Some of these were 
formed by the gas created from an embedded button or 
shot. Others by the sole effect of gases or steam created 
by a mould or its cores endeavouring to escape from 
imprisonment, but, being caught, formed cavities into 
which were forced particles of the surrounding metal to 
form buttons, or shot that might hang to their roofs, or 
be loose in the cavities. A perplexing part of Mr. Mun- 
noch’s discovery lies in the difference of the chemical 
constituents of two buttons that he cites as having been 
found in the same cavity. There is much embodied in 
Mr. Munnoch’s commendable researches that will no 
doubt incite further study and investigation contingent 
to this subject, aside from what can be charged to the 
direct responsibility of the moulder and his overseer. 

Buttons, Shot, and Gas Cavities Created by Methods of 
Gating.—The writer's — of letters and samples 
brought some replies that, while not strictly in the line 
sought for, bordered upon them so closel th at they are 
valuable enough to be considered trae 4 One special 
case having a very close bearing on others of a similar 
character is that of a foundry foreman in California 
having a large retort casting rejected on account of the 
existence of many cavities and large buttons of metal 
mixed with masses of dross in a certain location of the 
cope section of this casting. The sample torwarded is 
seen at Fig. 4. Upon corresponding for particulars I 
came to the conclusion that the defects were wholly due 
to the method of gating used. The mould was of green 
sand, and the metal rushing intoit cut against some green 
sand fronting the gate for fully 30 seconds or more before 
it reached a level of the gate, so as to have metal in front 
of it to retard its cutting action. The inflow of the metal 
at the gate would, on directly striking the bare face of 
the mould, splatter in all four directions. The separated 
particles would fall back in partly solidified small bodies, 
often to lodge on the top of dross created by the cutting 
action of the mould’s inlet gate. As the metal rose slowly 
in the mould it lifted the accumulated bodies of mixed 
dross and solidified buttons of metal, carrying it all upward 
until striking a horizontal plane that imprisoned. it to 
await a complete filling of the mould and solidification 
of the metal in it. 

Blow-Holes Produced by the Use of ** Dull” Metal.—An 
experienced moulder and foundry superintendent in 
writing from New York State says :—‘‘ The writer cannot 
furnish any specimens just at t, but I had a little 
experience at one time that always comes in mind very 
vividly and causes me to sit a take notice when any 
one ‘shot iron’ or ‘ blow-holes.’ 


‘* A few days after taking charge of a new foundry in 
this State I was introduced by a mutual friend to a 
machine-shop proprietor as a man who would cause all 
with castings as soon as I commenced 
I at once received an order for 


his troubles to 
to make them for him. 
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ten sets of milling-machines, the Y-slides of which 
required to be perfectly free of blow-holes, and clean 
when finished. The castings were e, and were 
cleaned up to look A No.1. In about ten days after 
their delivery a drayman hunted me up to say he had a 
big load of defective castings. I found the same to 
the ten nice milling-machine beds I had made for the 
man to whom I had been introduced as a person who 
would put an end to his receiving bad castings. Eve 
one of the castings had been on the = and a) 
showed ‘shot iron’ in the top and cope V’s. It was the 
biggest bunch of bad castings I ever got back at one time 
or since. I had been hand ing this particular job quite 
a distance from the cupola, and had to change the ladle 
from one crane to another in order to pour the moulds. 
Before starting to lace the bad castings I figured out 
that the ‘ shot’ was formed by the air in the mould, and 
while the metal was travelling over the body of the cores, 
also that the shots were carried up into the top V’s, and 
the metal was not ‘hot’ enough to re-melt the shot. I 
put the job where I could swing a ladle right from the 
cupola to pour the castings quickly, and never lost 
another because of ‘shot iron’ in them.” 

Creation and Effects of Oxides and Gases in Iron.—The 
_ contention of the writer herein for moulds being more 
responsible as a general thing than the iron for the crea- 
tion of blow-holes, &c., is not to be taken as meaning 
that there is nothing to be feared a that may 
emanate directly from some irons. e have, of course, 
as is shown by Mr. Munnoch’s recital of oxidising condi- 
tions during melting, an evil that is to be combated ; but 
the writer age ne that this - a ——" for which tag 
overseer or shop manager is often largely responsible, 
and can as cently be guarded against as can evils in 
moulding. A metal that is dangerously loaded with an 
oxide of iron is readily observable to the practised eye of 
an experienced foreman or shop manager, and only the 
roughest of castings should be poured with it, if such 
metal had to be used. 

Light work suffers, as a rule, from the oxidising condi- 
tions of melting and handling metal more than heavy work, 
causing light-work founders to often have much trouble 
with hard spots, hard streaks, and pin-holes in their cast- 
ing, shot iron and gas cavities being little in evidence 
with them. : 

The action of oxides of iron in liquid metal is a ag 
deal like that of excessive sulphur—it reduces fluidity, 
causing metal to be sluggish and scummy. Melting iron 
**dull” oxidises it more than melting it ‘‘hot.” The 
higher temperature protects the metal better from being 
oxidised by reason of its dropping more quickly from the 
cupola’s melting-point through the fuel to its bottom 
bath, and also by reason of the manganese and silicon in 
a mixture being brought to a higher fluidity to thereby 
the better assist the creation of a fluid slag for floating 
over a metal surface in a cupola’s bottom to the more 
annul the direct oxidising effect of the blast. 

Any one giving much ry | to the various defects 
treated by this paper cannot but be greatly impressed 
with the importance of melting iron so it will come down 
as “‘hot” and fluid as eaenyec as an agent to help 
prevent many of the defects cited herein. It is to be 
remembered that if metal is too “hot” to pour a mould, 
it is much easier to cool it than to make any endeavour 
to increase its fluidity by reason of adding alloys or com- 
pounds to metal when in its ladle. 

Alloys Used for Deoxidising and Purifying Iron.—Quite 
a large number of alloys are now manufactured for the 
purpose of eliminating the natural and uired im- 
purities in iron, some of which may cause the defects 
treated in this paper, especially for light work. A large 
portion of these alloys are composed chiefly of man- 
ganese, and with the exception of where they are intended 
to strengthen iron, or give it some peculiar character, 
they can achieve little or no more than manganese used 
solely by itself. 

We also have, apart from manganese as currently known, 
silicon and phosphorus, all of which are obtainable in a 
ferro form with other constituents, the manganese ferro 
being as high as 80 per cent., the silicon 50 per cent., 
and the phosphorus 20 per cent., and each obtainable in 
a lump, pea, or ground form. These ferros are best used 
by being placed on the bottom of a ladle and having the 
metal tapped on to it, to be sometimes assisted in their 
work by the metal being agitated with a green stick or 
rod of iron. The amount of these ferros to be u wi 
depend on the character of pig and scrap melted in 
connection with that —- in the casting. The three 
ferros can be used from having } lb. to 1 lb. of either per 
hundredweight of metal in the ladle. .The phosphorus 
serves as a seavenger when used to purify metal, by 
reason of its increasing the fluidity of the metal to thereby 
permit sulphur, oxides, or occluded a better chance 
to escaps. In connection with the above we have 
aluminium that can be placed on the bottom of a ladle to 
the extent of } Ib. to1] oe hundredweight of metal in 
it. Aluminium is obtained fron being all pure down to 
85 per cent. of it in alloy with other constituents, Ferro- 
manganese and silicon are also wu in the cupola alon 
with lime or other fluxes to help deoxidise and desul- 
pote mixtures of iron. The above current generally 

nown points of this ph are given here to make 
this paper more complete 

* Inside Chili” or ite Iron Inside of Gray or So 
Iron.—We have now come to a phenomenon that ex 
most any that might be mentioned in foundry practice, 
for being of a character that so far has not been satisfac- 
torily explained, at least not to the writer’s knowledge. 
The solution is one that presents conditions that are 
evidently as unreasonable to exist and be explained, as 
if one would in hitching a horse to a wagon find the 
pulling the horse and then endeavour to demonstrate the 
cause, 


ll} bar, 30,0002.; walls enclosing basin, 9150/. 





The occurrence of “inside chill,” so-called by Mr. 
Walter H. Wiard, chemist of a large foundry firm in 


all | Illinois, who wrote to me on this subject, is so seldom as 


to be never seen in a life’s experience of a great many 
foundrymen. Nevertheless, it is important that we 


be | should know the cause of this defect if such information 


can be obtained. An extract of the long letter sent me 
by Mr. Wiard, states: 

**As I have met with an excellent example of this 
peculiarity of cast iron, I take pleasure in submitting to 
you all of the data I have at hand. 

‘This phenomenon has occurred only once in the last 
nine months to = 4 knowledge, and I am told it is the 
second time it has apeoeee within the last two years. 

“Only two kinds o ae were complained of out cf 
a probable heat of 18 tons of castings of a similar nature. 

**T am enclosing a rough sketch of the casti The 
inside chill extended throughout the entire casting, and 
the demarcation from the soft iron was very sharp and 
distinct.” Following the above, Mr. Wiard’s letter gives 
a very complete description of iron mixtures and methods 
of —- &c., but believing this can offer no basis to 
account for this unreasonable phenomenon shown by 
Figs. 5 and 6, made from sketches forwarded me, I have 
thought it best not to take space to print the same. 

Explanation for the “ inside chill” has been published, 
but as far as I can remember did not receive my approval 
and led me to believe that some experimenting actually to 
produce such results at will were necessary before anyone 
could feel satisfied with a solution of this problem. ‘This 
the writer hopes to take up in the near future, and as an 
aid to this end he kindly solicits the experience and views 
of any that might think they could throw any light on 
this subject, as well as any of the other points treated by 
this paper. 

Anyone having sent samples to the writer, and not 
a mention of them in this paper. will, it is believed, 
find the treatment given others here serve to tender them 
information on their special cases. 

The writer desires it to be understood that he will continue 
to welcome the receipt of any and all defective samples 
in the line solicited in the first part of this paper that can 
be sent to him before next September. He is desirous of 
receiving as many different samples as he can, as by 
having a variety created under different conditions there 
is much better opportunity to arrive at definite conclu- 
sions as to causes and remedies. Anyone sending defec- 
tive samples is reminded to send all particulars in 
detail, as requested, as by so doing much correspondence 
can be saved, and conclusions more quickly attained. 

The trade paper and foundry journal of this and foreign 
countries have of t assistance in aiding to obtain 
the defective samples that were solicited by their kind- 
ness in publishing the request, and the writer desires here 
to tender them thanks for the same. Also to all those 
pores him defective samples and the information re- 
quested. 





FOREIGN ENGINEERING PROJECTS. 

Ws give below a list of proposed works to be carried 
out in the Colonies and foreign countries. Further data 
concerning the same can be obtained from the Commercial 
Intelligence Branch, Board of Trade, 73, Basinghall- 
street, E.C. 

Canada: The Imperial Trade Correspondent at St. 
John, New Brunswick, reports, under date May 26, that, 
according to the Press, tenders were to be invited within 
the next week or ten days by the Dominion Government 
for (1) the dredging of St. John Harbour East (Courtenay 
Bay), (2) the construction of a dry dock of the first class 
oa of ship-repairing plant, and (3) the construction of 
three berths to accommodate the steamers of the Grand 
Trunk Pacific Railway service. The initial expenditure 
will be 4,000,000 dols. to 5,000,000 dols. (821,000. to 
1,027,0007. ). 

New Zealand : According to a report received from the 
office of H.M. Trade Commissioner for New Zealand, 
members of the Wanganui Harbour Board have published 
a programme of harbour improvements providing for the 
execution of the following works :—(1) Construction of 
an additional wharf at Castlecliff, 7000/. (2) Construction 
of a floating basin between Castlecliff and the soap works 
—dredging of basin to a depth of 30 ft. at low water over 
an area of 15 acres, 1500/.; dredging between basin and 
(3) Extension 
resent moles at the harbour entrance by 1800 ft. 
and 2100 ft. respectively, 68,2507. (4) Enlargement of 
quarry and plant, 8000/. (5) Purchase of combined suc- 
tion and bucket-dredger, lifting 100 tons per hour, 10,000/. 
In addition there will be the cost of enlarging the inner 
harbour, estimated at 39,7007. It is pro to obtain 
the permission of Parliament for the raising of a loan of 
from 200,000/. to 250,000/. At the Harbour Board election 
on April 26, the gentlemen who had issued this programme 
were all re-elected. A further report states that on 
April 26 a proposal was carried on polls of the ratepayers 
of Wanganui and Wanganui East for the construction of 
a bridge across the Wanganui river at a cost of 26,500/. 
A loan proposal was also carried at Wanganui East in 
connection with tramway construction. A proposal to 
borrow 65,0001. for water and drainage works at Blen- 
heim, Marlborough District, a town with a population of 
about 3500, has been accepted by the ratepayers. 

Australia: The Bulletin of the South Australian Intel- 
ligence Department states that, in view of the important 
irrigation and reclamation works in ——— along the 
Ss and in other parts of South Australia, the 
State Government have sent the director of irrigation and 
reclamation, Mr. S. McIntosh, abroad ; 
regarding the methods adopted in other countries. Mr. 
Melntoek, who sailed on the s.s. Morea on A: 27, is to 
visit Europe, Egypt, and America. He may be addressed 


of the 


to make inquiries 





A British manufacturers at the office of the Agent- 
meral in London for South Australia, 85, Gracechurch- 
street, E.C. 

eye His Majesty’s Legation at Christiania reports 
that the Norwegian Government pro to proceed at 
once with a line connecting the existing railway up the 
Gudbrandedal with Trondhjem, and gradually to convert 
the —— narrow-gauge lines to broad gauge, and to 
extend the lines to important commercial centres. 

Sweden: With reference to the Swedish Bill dealing 
with the lease of State waterfalls to private persons, 
His Majesty’s Minister at Stockholm reports that the 
Bill has been , the maximum period for which 
leases may be granted, however, being fixed at seventy- 
five years, instead of ninety-five years, as originally pro- 
posed. If the holder uses the water-power for any purpose 
essentially different from that specified in the Eom the 
lease may be cancelled by the State. 

Italy : The Bollettino Finanze, Ferrovie, states that the 
Italian Public Works Department has approved the plans 
for the construction of a bridge across the Enza, close to 
the station of San Polo d’Enza. The cost of the work is 
estimated at 650,000 lire (26,000/.). The Bollettino further 
notifies that a contract has been entered into with Signor 
Jacques Sutter, engineer, for the construction and work- 
ing of an electric oe a A between Domodossola and the 
Swiss frontier, aes y way of Santa Maria Maggiore. 
The railway is designed to connect the Simplon and St. 
Gothard lines. The Bollettino also notifies that a pro- 
posal, put forward by the General Directorate of Kail- 
ways, for the acquisition of sundry permanent-way 
materials required for the main line from Rome to Naples, 
has been approved. It is estimated that a sum of 
5,000,000 lire (200,000/.) will be devoted to this object. 
The materi will include rails, fish-plates, spikes, 
sleepers, &c. 

Austria-Hungary : The Oé6esterreichischer Zentral- 
Anzeiger states that the communal authorities of Aussig 
have decided to in the construction of the Aussig- 
Pokau railway to Tellnitz station in the autumn. The 
cost of ores the line is estimated at 350,000 kronen 
(about 14, .), of purchasing an accumulator battery at 
140,000 kronen (about 5800/.), and of installing a new 
turbine at 180,000 kronen (about 7500/.). The Anzeiger 
also states that, with a view to working the rich iron 
deposits in Eisenstein (Béhmerwald) and the neighbour- 
hood, it is proposed to erect iron works and to make use 
in connection with them of the water-power available 
there. The Zivnostenska Bank is interested in the 
project. 

Russia: The Official Messenger (St. Petersburg) states 
that a project has been laid before the Russian Minister 
of Finance for the establishment of a company to con- 
struct and work small lines of railway to the stations of 
the State lines, to act as feeders to the latter. The com- 
pany would also undertake the construction of lines for 
private enterprises. The capital pro is 2,500,000 
roubles (about 264,000/.). The project has been approved 
in principle by an inter-departmental commission. It 
has next to go before the second department of the 
Council of the Empire. According to a further notice in 
the Messenger, the Ministry of Finance has recommended 
the grant of a concession to Messrs. A. P. Matvejev and 
S. P. Tarmatovski for the construction and working of a 
normal gauge railway from the end of the Alapajev branch 
line to anowitsch Station, on the Perm line, and 
from a station in the neighbourhood of Ekaterinburg by 
way of Yegorodino and Irbit to Tavda, near Ssaitkovo, in 
the Government of Tobolsk. The length of the lines 
would be 484 versts (about 320 miles), and the cost of con- 
struction 23,200,000 roubles (about 2,450,000/.). The 
object of the railway would be the exploitation of Jarge 
stretches of forest, the improvement of means of trans- 
port to the Irbit fair, and the extension of the pig iron 
and metal industries in the districts in question. 








THe EicHTH INTERNATIONAL CONGRESS OF APPLIED 
Cuemistry.— The Eighth International Congress of 
Applied Chemistry will be held in Washington and New 
York, U.S.A., from September 4 to September 13, 1912, 
under the patronage of His Excellency the President of 
the United States The Hon. President of the Congress 
is Professor ward W. Morley, Sc.D., Ph.D., LL.D. ; 
the President, Mr. William H. Nichols, Sc.D., LL.D. ; 
and the Secretary, Dr. Bernhard C. Hesse, 25, Broad- 
street, New York City. The Congress is divided into 
the following sections and sub-sections :— 


I. Analytical Chemistry. VLU Fermentation. 

Il. Inorganic Chemistry. VII. Agricultural Chemistry. 
IILa Metallurgy and Mining. VIII.a Hygiene. : 
III.b Explosives. VIIL} Pharmaceutical Chemis- 
IIL¢ Silicate Industries. 

IV. Organic Chemistry. 

IV.a Coal-Tar Coloursand Dye- 


try. 
VIILec Bromatology and Phar- 


macology. 
VIII.d Physiological Chemistry. 
IX. Photo-Chemistry. 
X.a Electro-Chemistry. 
X.b Physical Chemistry. — 
XLaLaw and _ Legislation 
affecting Chemical In- 


Stuffs. 
V.a Industry and Chemistry 


of Sugar. 

V.b India-Rubber and other 
Plastics. 

V.c Fuels and ~ ope 


V.d Fats, Fatty Oils, and Soap. dustry. 

V.e Paints, Drying Oils, Var- XL.b Political Economy and 
nishes. Conservation of Natu- 

VLa@ Starch, Cellulose, and ral Resources. 


Paper. 


Papers will be accepted for reading and discussion in all 
the above sections, preference being given to those 
specially adapted for international discussion. They 
must be sent in not later than July 1, 1912. A prelimi- 
nary — has been issued, and may be obtained 
from the on. Secretary of the British Organising Com- 
mittee, Mr. Charles G. Cresswell, Society of Chemical 
Industry, Palace Chambers, Westminster, 5. W. 

















JuNE 23, 1911.) 


ENGINEERING. 





839 








WORKMEN’S COMPENSATION CASES. 
Court oF APPEAL. 


Wilful Misconduct.—This was an appeal of a collier’s 
employer from the Bridgend County Court, which 
made an award in favour of the workman’s dependants’ 
claim against the Bryndu Colliery Company. The 
workman, named Harding, was employed, with others, 
to drill a hole from above to a stall below. The entrance 
te the stall from below had been blocked with cross-boards, 
to show it was unsafe, and the men were forbidden by 
the colliery rules to enter except by special leave. 

Harding and his fellow-workmen had drilled some feet 
into the ground without getting to the stall below, and to 
make sure that they were drilling in the right direction 
they asked the fireman if they might go into the stall 
feom below. Harding and his fellow-workmen were 
warned by the fireman that it was unsafe. Notwithstand- 
ing this, Harding went round and entered the stall from 
below, and his mates afterwards found him dead, suffocated 
by gas. The County Court Judge awarded his dependants 
3007. compensation for his death, which the Judge held 
occurred in the course of the deceased’s employment. The 
employers’ defence was that it did not arise out of the 
collier’s employment, as the man had been expressly for- 
bidden to go into the stall, which was outside the sphere 
of his employment. 

The Court of Appeal dismissed the employers’ appeal, 
and, in their opinion, the majority were supported by the 
recent Scottish decision in Conway v. Pumpherson Oil 
Company, Limited. The rule of law is that serious and 
wilfal misconduct, causing a workman’s death within 
the sphere of his employment, does not free the employer 
from liability under the Workmen’s Compensation Act. 
In this case the question is, was the scope of the deceased’s 
ona so limited as to exclude the “‘ top-hole ” from 
his sphere of employment, or was his entrance into the 
‘‘top-hole” merely an act done honestly in furtherance of 
the object which he was instructed to effect—namely, to 
tap the gas by means of a drill-hole? At the worst, the 
act was an error of judgment, and it was within the sco) 
of his employment, so that the accident was one for 
which the employers were clearly responsible. Under 
the circumstances, the conduct of the collier was not of the 
character which the Act refers to as ‘serious and wilful 
misconduct within the scope of his employment.” 

Not Arising out of Appl t’s Employ t.—The appli- 
cant’s employment was at the Britannia Steel Works, 
Middlesbrough, belonging to Messrs. Dorman, , and 
Co., Limited. The firm has also a wire works adjoining, 
for which they constructed a footpath for the exclusive 
use of the men in the wire works. 

The applicant, going to the steel works before working 
hours, went by & path of the wire works in frosty 
weather, and fell on ice, and injured his ankle. The 
County Court Judge awarded him compensation, presum- 
ably because his employers (the Britannia Steel Works) 
were the same who owned the wire works and the path on 
which the applicant met with the accident. On appeal 
the award was upset, and the employers won because the 
applicant’s accident had not happened during the course 
of his employment, or arising out of it, at the steel works. 
The employers regarded him as a trespasser on the wire- 
workers’ path, and the discipline necessary for order in 
their works required that Messrs. Dorman, Long, and Co. 
of the wire works should be distinguished from the 
Britannia Steel Works, and the fact that Messrs. Dorman, 
Long, and Co., Limited, were owners of both concerns did 
not justify the workman in supposing he had a legal 
claim for an injury received outside the course of his 
employment in the steel works. 





County Courts. 

Injury Inflicted by a Fellow-Workman’s Assault.—An 
elderly navvy was employed making a sewer by the 
Congleton Corporation. In the course of the work, but 
not “arising out” of it, an words with a fellow- 
workman caused him to be brutally attacked by a 
man named Pedley, who for the assault was senten to 
two months’ imprisonment. The injured man had a bad 
fall, and his incapacity from the shock turned out more 
serious than seemed likely at the time; no formal 
claim upon the employers was made. The wife applied 
informally to the faewr for ‘‘ consideration for her poor 
husband,” and the Corporation generously allowed the 
injured navvy full wages for the first four weeks and 
half wages for the next two weeks, but they did not 
admit hability. It was uot till after six months—the 
limit Of time within which notice should be given—that 
the applicant did give notice, which the insurance com- 
pany advised the Corporation was not legal notice, and 
was not concerning an accident for which the Act made 
the employers responsible. It was hard that the appli- 
cant should be made to suffer by the irregularity and 
delay in sending formal notice, but the Ju was, of 
course, right in finding that the applicant’s injuries 
were not due to an “accident” for which the Cor- 
poration as employers might have taken precautionary 
measures. The Court of Summary Jurisdiction had 
dealt with the assault of one citizen by another and given 
the wrongdoer his punishment. But the employers, even 
if the irregular notice were not in dispute, could hardly 
be made responsible for an assault which did not involve 
them in liability for injuries contemplated by the Work- 
men’s Compensation Act, or give the applicant a claim 
such as arises when incapacity has been caused by an 
accident during the workman’s employment and from a 
fause arising out of that employment. No case in the 
courts decides that assaults and quarrels 
among workmen themselves have any relation to em- 
ployers’ liability for injuries received by accident arising 
out of the injured man’s employment. There are subtle 








points in the case which may justify the applicant goi 
to the Court of Appeal, for they are of ek aapesianes 
to workmen in general. 





CATALOGUES. 
Heating Boilers.— We have received from Messrs. 
R. Jenkins and Co., of Rotherham, a list of ‘‘ Ivanhoe” 
atent welded-steel sectional builers, which they claim to 
fe much more efficient than cast-iron boilers for heating 


urposes. These boilers are made of ,;-in. or Faw! 
iemens-Martin steel plates, each section being welded 
into one complete piece, and tested hydraulically. The 


list gives prices and full particulars of seven sizes, with 
two to five sections, the largest being capable of heating 
5350 lineal feet of 4-in. pipe. 

Case-Hardening.—Messrs. W. H. Palfreyman and Co., 
17, Goree Piazzas, Liverpool, have sent us a copy of their 
latest pamphlet on case hardening. The pamphlet points 
out the advantages of the firm’s hydro-carbonated bone- 
black for this purpose, and gives full instructions for 
its use. The firm also sent for ouri tion a cycle crank- 
axle, which, after having being case-hardened by means of 
this material, had been broken to show the result. The 
treatment had produced a dead-hard skin a little over 
vs 7 in thickness, leaving the central part soft and 
touga. 


Electric-Lighting Plants.—We have received from the 
Crypto Electrical Company, 155, &c., Rermondsey-street, 
Sit a small catalogue of electric-lighting plants for 
country houses. This catalogue gives full particulars, 
with prices, of dynamos direct coupled to high-speed 
vertical engines, or driven by slow-speed horizontal 
engines by means of belts. The former range in size 
from 2to 20 horse-power, while the latter are listed from 
0.75 to 13 horse-power ; either type can be supplied to 
use gas, oil, petrol, alcohol, and other fuels. Particulars 
are also given of storage batteries and switchboards suit- 
able for use with these sets. 


Ventilating- Fans. —A catalogue section devoted to the 
“Ordnance” propeller fans has come to hand from the 
Electric and nance Accessories Company, Limited, 
of Aston, Birmingham. These fans are particularly suit- 
able for use in connection with heating and ventilating 
installations, and for other purposes uiring large 
volumes of air to be moved against very slight resistance. 
The prices stated are for fans from 12 in. to 60 in. in dia- 
meter, driven by direct-current motors or by belt. Fans 
driven by tea. Sr or three-phase motors are listed up 
to 48 in. in diameter. Full particulars of the outputs of 
all sizes at various speeds are also included. 


Grain- Handling Plant.—Measrs. Henry Simon, Limited, 
20, Mount-street, Manchester, have sent us two cata- 
logues, one of which deals with elevators, silos, and grain- 
handling plant, while the other gives particulars of 
different t of conveyors. The former illustrates and 
gives brie’ Sesniotions of typical examples of grain-silos 
of widely-varying capacities, designed and constructed by 
the firm in many parts of the world. Numerous illustra- 
tions of elevators for unloading ships, and band-conveyors 
for handling grain in bulk or sacks, are also included in 
this catalogue. The second catalogue ae pwticulars, 
including prices, of conveyors of the d, worm, and 
creeper types, specially suitable for handling grain. 


Gas-Engines.—The British Westinghouse Electric and 
Manufacturing Company, Limited, of Trafford Park, 
Manchester, have issued a catalogue of horizontal gas- 
engines, ranging from 2 to 33 brake horse-power, they 
are now placing on the market. The engines work on 
the Otto four-stroke cycle, and are made in two types— 
for ordinary service and for electric lighting, respectively. 
The ordinary engines have two fly-wheels, while those 
for electric lighting are provided with one very heavy 
fly-wheel, and have an extra out-board bearing. The 
catalogue gives a general illustrated description of the 
engines, and also includes a few illustrations of the 
Trafford Park Works where they are made. [Illustra- 
tions of suction and pressure eee oe plants for 
anthracite, coke, charcoal, and bituminous coal, are also 
given. 


Driving and Conveying- Belts.—A catalogue of their well- 
known belts has been issued by the Gandy Belt-Manufac- 
turing Company, Limited, of Seacombe, Cheshire. The 
catalogue states prices of Gandy red-cotton belts from 
lin. to 48 in. in width, and also calls attention to the 
many advantages they possess over leather belts, particu- 
larly in the matter of strength. Another point mentioned 
is that Gandy belts can be made endless and jointless if 
desired ; full particulars are given of endless belts for 
thrashing-machines. Notes on belt-driving, with numerous 
illustrations of main drives employing these belts, are 
included in the catalogue. Gandy belts are also largely 
used on band-conveyors, and several of these appliances, 
handling coal, stone, grain, and other materials, are illus- 
trated. Among the number is a conveyor used for remov- 
ing the excavated material from a tunnel shield employed 
in the construction of one of the London ‘‘tube” railways. 


Arithmetical Machine.—A pamphlet which has reached 
us from the Felt and Tarrant ufacturing Company, 
Bank Buildings, Kingsway, W.C., deals with the appli- 
cation of the ‘‘Comptometer” arithmetical machine to 
engineering calculations, and shows how the machine can 
assist engineers and contractors to make, with rapidity 
and accuracy, the long calculations which form such a 
large part of their office work. The ‘‘ Comptometer ” can 
be used for all classes of calculations involving the opera- 
tions of addition, subtraction, multiplication, and division, 
the examples dealt with in pamphlet illustrating the 
use of the machine for determining weights and stresses 








for structural steelwork, reducing test results, compiling 
records and tables, cost-keeping, and making up wages 
sheets. Many of these operations can be carried out on 
the — in one-fourth the time required by ordinary 
met. 8. 


Surveying and Engineering Instrwments.—We have 
received from Messrs. W. F. Stanley and Co., Limited, 
Great Turnstile, Holborn, W.C., a copy of the 28th 
edition of their catalogue, Section 1, dealing with theodo- 
lites. mining dials, dumpy levels and staves, plane-tables, 
sextants, road-tracers, clinometer and prismatic compasses, 
and many other instruments, for all classes of surface 
or unde und surveying work. Full particulars, with 
prices, of these instruments (in which several improve- 
ments have recently been made) are given. This cata- 
logue also deals with standard measures made of ‘‘ Kon- 
stat ” steel, the co-efficient of expansion of which is small 
enough to be negligable for all practical purposes. These 
measures, which are of a very high degree of accuracy, 
are intended for use as standards in high-class enginee: - 
ing works, and also for standardising aad ation measures 
in city and borough offices. The ends of the measures are 
made so that they can be used as inside or outside 
standard gauges, as well as for scale-gauges. 


Packing for Condenser Tubes. —The Politz patent packing 
for condenser tubes is illustrated and described in a little 
booklet that hascome to hand from the managing owners, 
Messrs. L. W. Holmes and T. Browett, of Parliament 
Mansions, Westminster, S.W. According to this system 
the tube-plates are drilled so that the tubes pass loosely 
through them, and, in the same operation, the outer parts 
of the holes are countersunk to form conical recesses 
which extend about half-way through the plate. Rubber 
rings of circular cross-sectiun are used to make the joint 
between the inner face of the conical recesses and the out- 
side of the tubes. The method of inserting the tubes is 
such that the rubber rings at each end are pulled firmly 
into their stats, and thus make a tight joint by this means 
alone. It is claimed that this system greatly reduces the 
cost of constructing the condenser, allows the tubes to be 
removed and replaced quickly, and at the same time 
makes a durable and reliable joint. The booklet contains 
a long list of Continental firms who have installed con- 
densers with the Politz system of tube packing. 


Lathes,—From the Judson-Jackson Company, 14, Great 
pane neta} Rte ge vee m” = anne mores 4 
cata!ogue of high-s , all- thes, made essrs, 
Scheater and Co., of Karlsruhe. ese lathes A driven 
pd a constant-speed pulley, with an internal friction- 
clutch, which is operated by a rod running the whole way 
along the back of the machine ; the operator can thus 
stop or start the machine wherever he may be standing. 
The all-geared headstock gives a range of 12 spindle 
— in the 16 in. size and 20 speeds in the other sizes. 

e of the special features of the Schaerer lathes is the 
method of carrying the saddle. This travels clear of tho 
top faces of the bed, running in horizontal *‘ vee” ves 
cast on the back and front vertical faces of the at dif- 
ferent levels. The arrangement allows the leading screw 
and rack to come between the points of support of the 
saddle, and thus avoids any tendency to twist. The vees 
are also protected from chips and dirt, since they are 
situated underneath the extending top faces of the bed. 
The catalogue gives illustrations, with brief specifications 
of lathes ranging in size from 16 in, to 43 in. swing. 


Marine Motors.—From Mr. J. F. Coates, of 64, Mosley- 
street, Manchester, we have received a catalogue of 
** Ajax” marine motors. These motors work on the two- 
stroke cycle, and are made in nine sizes, ranging from 
2 to 24 brake horse-power. An improved method of 
scavenging is employed in these engines. An annular 
chamber, in connection with the crank-case, is formed 
round the lower part of the cylinder. Pure air enters 
this chamber from a short pipe placed near the inlet port, 
at the same time that the explosive mixture enters the 
crank-case through a separate pipe from the carburettor. 
When the piston, in descending, has compressed the 
charge and uncovered the inlet port, the pure air from 
the annular chamber enters the cylinder in front of the 
explosive mixture, and sweeps out the remaining burnt 
gases from the previous explosion. The catalogue gives 
specifications and prices of the various sizes, and also 
states prices for complete outfits for motor-boats, includ- 
ing reversing gear, shaft, stern tube, and solid propeller, 
or with a reversible propeller in place of the reversing 


gear. 

Electrical Thermometers.—We have received from the 
Leskole Company, Limited, of Palace Works, Enfield, a 
pamphlet describing the “ Leskole” distance - thermo- 
meters, which are suitable for use in power plants and in 
connection with all industrial processes involving tempera- 
ture measurements ranging from —300 deg. to 2900 deg. 
Fahr. For temperatures up to 900 deg. Fahr. the thermo- 
meter is of the resistance type, on the Wheatstone bridge 
principle, the galvanometer reading directly in degrees of 
temperature. Ourrent is —_ by a 2-volt accumu- 
lator which can be regula y means of an adjustable 
rheostat. The resistance consists of a small coil of pure 
nickel wire suitably protected according to the conditions 
under which it is to For very high or very low 
tem ures, thermo-couples are generally employed. 
With either type the indicator can be p) in the most 
convenient situation at any distance from the furnace or 
room whose temperature is to be measured, the two 
points being connected by insulated copper wires. Con- 
nections may also be brought from any number of points 
to a central position, where a single indicator can be used 
to read the various temperatures in succession. Record- 
ing instruments are also made by this firm, to give as 
many as six different temperature records simultaneously 
on the same chart. 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 

The number of views given in the Specification Drawings is stated 

ype ak pe ek pros t muatbnel, the Apertiaitton © net 


from abroad, the Names, é&c., 
in italvs. 


be obtained at the Patent Office, Sale 
Buildings, Chancery-lane, W.C., at 


ification ts, in each case, 
has been sealed, when the 
4 at oy eon within two months from 
the advertisement of a Complete Speeijication, 
ive notice at the Patent O, of opposition to the grant of a 
‘atent on any of the mentioned in the Act. 
ELECTRICAL APPARATUS. 
- 9603/10. G. Harlow, Timperley, and K. M. 
Stretford, Al cing -Ousven® Dis 
tion 8: [5 Figs.) April 20, 1910.—Protective a tus 
for alternating-current distribution systems of the kind in which 
the feeder conductors of the system are divided into a plurality of 
ome ‘orm from one another by peng callers com : 
a pilot-wire system formed ae 2 ie seco! windings 
of series transformers san hf at each end of a distribution section 
in series with suitable resistances, the tripping-coils of th 


ng e circuit- 
breakers, for isolating the section in case of a fault therein, being 
connected between points in the windings intermediate 
their terminals and in the resistances or pilot-wires which are at 
the same potential under normal conditions of current flow 
in the section. The drawing illustrates the invention applied to 
a single-phase distribution circuit, one ion of a feeder 1 
including the primary windings 7,3 of two series transformers. 
The secondary windings 6,7 are connected by pilot-wires 8,9, a 
resistance 10 being connected in the wire 8 at one end of the 
section, and a similar resist ll ted in the wire 9 at the 
opposite end of the section. The tripping-coil 12 of one circuit- 
breaker is connected between an intermediate point in the wind- 
ing 6 and a point in the resistance 10 which is at the same 


A WA 


vty 


7 





1 
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tential under normal conditions of current flow in the section. 
The tripping-coil 18 of another circuit-breaker is similarly con- 
nected between intermediate points inthe winding 7 and in the 
resistance 11 respectively. e operation of the protective 
system is as follows :—The windings 6,7, together with the wires 
8,9 and the resistances 10, 11, form a closed pilot circuit, which is 
continually traversed by current so long as the direction and 
magnitude of the current in the windings 2,3 is the same. 
The electromotive force generated by the windings 6,7 is, 
therefore, under normal conditions, equal to the drop of 

tential in the resist 0 and 11, and in the wires 8 and 9. 
It is therefore possible to find any number of points in the wind- 
ings 6, 7, which are at the same potential as corresponding points 
in the resistances 10, 11, and the tripping-coils 12, 13, being con- 
nected across equipotential points thus selected will not be 
traversed by current under normal conditions. Should, however. 
the magnitude or direction of the current in either the windings 2 
and 3 be altered relatively to the magnitude or direction of the 
current in the other of the transformers, the points across which 
the tripping-coils are connected will no longer be at the same 
porentlal, and the tripping-coils will be traversed by currents 
which serve to effect the opening of the circuit-breakers and the 
disconnection of the feeder section. (Accepted April 26, 1911.) 


GUNS AND EXPLOSIVES. 


24,683/10. F. A. Bullivant and G. M. Selby, London. 
Nets. (6 Figs.) October 24, 1910.—The invention 

more icularly consists in the provision of arrangements 
whereby handrail stanchions can be used to constitute brailing 
davits. Each stanchion 1 is arran; so that it can be swung 
inboard, or outboard, it being provided with a footpiece 2, work- 
ing between side-plates on a casting 3 sate with means to 
limit the movement of the stanchion 1. e oie S is also pro- 
vided with parts 6 to carry the rollers 7,8 for guiding the brails 
along the side of the vessel and to the required positions for brail- 
ing. The upper part of the stanchion 1 is provided with a pi 





jece 
passing through it and having lugs to which are attached the 
ropes 11 normally forming the upper hand-rail round the ship, the 












led 
Ma Is 


ropes 11 being connected with the stanchions by socket attach- 
ments 13. Hach of the ropes 11 is made in two coupled 
together by clip-socket pieces 15. A sheave-head 16 is attached to 
the top of the stanchion when the stanchion is to be used asa 
brailing-davit. The web of the stanchion is cut away at the upper 
part, as shown. When used asa hand-rail stanchion, the stanchion 
1 is — > the vertical position by a pin passing th the 


p-socket pieces 15 . eg eh) ft 
et ng w 

stowed away. When used as a brailing-davit, the ropes 11 are dis- 
connected 

davit, and 


and the stanchion 1 moved outboard to constitute a 
plates of the casting 


locked in side- 
manner of guys and secured to attachmente 21 on the vessel’s 












— by a passed through the 
The ropes 11 are then led inboard in the 


deck. The sheave-block 16 is then attached to the head of the 
stanchion and the brails are led over the roller 7 and through the 
sheave 16 in the stanchion-head in the required manner. The 
og enem davits are carried over the rollers 8. ( 4ccepted 
‘ay 3, 1911. 


LIFTING AND HAULING APPLIANCES. 


12,944/10. H. S. Hele-Shaw and F. L. Martineau, 
(5 Figs.) May 27, 1910.—The invention 
consists in draulic lifts ted by continuously- 


viding opera’ 
driven variable-stroke pumps with means operated from the lift- 
cage for im stroke to the pump and automatically operat- 
ing means for reducing the stroke of the pump to zero when the 
lift-cage reaches the floor'at which it is desired to stop. @ desig- 
nates the lift-caye. The ram is in a closed circuit with a variable- 
stroke pump b. From the upper part of the building wherein the 
lift is designed to operate to the bottom of such building a spindle 
¢, which through the lift-clge, is arranged. The lower end 
of this spindle ¢ carries a pinion c!, which gears with a rack bl 
slidably carried upon the stroke-setting rod b2 of the pump, 
springs 6 and 64 being in dd between the ends of the rack 
and flanges or shoulders on the rod l2, Turning of the shaft c will, 
through the pinion cl, the rack b!, and springs 68 and b4, cause 
movement of the stroke-setting rod 2 ofthe pump. The spindlec 
has a groove c2 cut in it for the whole of its effective length, and 
this groove is disposed vertically from floor to floor of the building, 
but at each floor is inclined, as at c*. The controlling-handle d 
is located within the cage a, and this handle is connected to the 
spindle ¢ by means of a floating member ¢, capable of sliding 
in the groove c%. The operation of the lift is as follows :— 
Assuming the lift-cage is on the ground-floor ition, and 
it is desired to go to the first floor, the controlling-handle d 
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a Bea) 
is turned to the 
t 


notch marked 1. This movement, by reason of 
gag of the ber ¢ in the groove c?, turns the 
spindle ¢, and through the pinion c! and rack b!, gives the pump 
6 its full stroke in one direction. The pump, which is con- 
tinuously driven by a motor, commences to pump, and the lift 
ram operates in the usual manner and the cage rises. When, how- 
ever, the first floor is reached, the ber e ters the first 
incline c? in the groove c?, and as the controlling-handle d is 
locked, the — ¢ must turn, and this movement acting through 
the rack-and-pinion gear, reduces the pump stroke to zero, the 
pump ceases operating and the cage stops. Supposing, however, 
it is desired that the cage should travel from the ae floor to 
the fourth floor. The controlling-handle would be turned to 
the notch marked d!, the first part of this movement giving the 
pump its stroke, the remainder of the movement merely com- 

ressing the spring L°. Thecage will rise, and when the first floor 

reached the spindle ¢ will be turned backward by reason of the 
co-action of the member e with the first incline c’. This move- 
ment will not, however, affect the pump stroke, but will be 
absorbed by the relaxing tosome extent of the spring 68. Similarly, 
when the cage passes the second and third floors the spring 3 
will be further relaxed, but when the cage reaches the fourth 
floor the movement will reduce the stroke of the pump to zero 
again, and the cage willstop. (Accepted May 3, 1911.) 


MOTOR ROAD VEHICLES. 
9843/10. S. A. Currin and the “Captain” Motor- 
Wheel Company, Bristol. Twire Wheels. 
(1 Fig.] April 22, 1910. — According to this invention, a wire 
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he 























wet 
wheel hub is so constructed that it can be readily applied to the 
existing parts of a wooden-wheel hub. The shaft A has keyed 


screw-threaded to receive thé axle-cap and a plate Bé4 that i: 
passed over the sleeve holds the wood spokes in place between it 
and the flange B!, the ‘plate being retained in position by bolts 
and nuts. To apply the wire-wheel hub accotding to this inven- 
tion, the plate B+ and the wood spokes and felloe are removed, 
and a hub comprising an annular portion CO, and having a flanye 
C! at its inner end, is slid over thesleeve B. The annular portio: 
has internal flan C2, made sufficiently deep so that they can |. 
bored out to fit the sleeve B. The flange ©! lies against the flany. 
B!, and is drilled to receive short bolts and nuts C*. e annula: 
rtion C is made long enough to provide a good wide ! ase for 
e spokes, and the outer oles of the flange C! is also turned 
inwardly to provide a spoke-receiving portion, and thus the hu’, 
ends of the inner and outer spokes can de kept well apart, whic}: 
as is well known, is essential for giving lateral rigidity to a wir. 


wheel. (Accepted May 3, 1911.) 
9844/10. A. Currin and the “ tain” Moto 
Wheel Co: Bristol. Wire Wheels. 


: mpany, , : 
[2 Figs.} April 22, 1910.—An important feature of the invention 
consists in the combination with a wire-wheel metal felloe of 
channelled cross section having its open face towards the tyre 
and covered by a detachable tyre-carrying rim, of screw-threaded 
sockets or pins secured in the side flanges across the channelled 
felloe in such manner as to constitute distance-pieces, whereby the 
felloe is stiffened, bolts or nuts being received by the sockets or 
pins for holding in place the flange of the detachable rim. The 
rim has a base portion A that receives the spokes B and has out- 
wardly-directed side flanges A!, A? lel to each other, and to- 
gether with the base constituting a felloe of channelled cross-sec- 
tion. The outer edges A®, A+ of the flanges are turned over 
towards each other, as shown. Conveniently, the flange A! is less 
deep than the flange A2, as the detachable rim C has secured at one 











side an angle-piece C! that renders that side of the rim thicker 
than the other. The s A%, A4 provide a seating for the rim, 
and the angle-piece C!, which extends entirely round the rim, 
—— an inwardly-directed flange that can butt inst the 
ace of the flange Al. To hold the rim in place, bolts D pass 
through the flange C! and engage screw-threaded sockets D! 
situated transversely to the felloe and extending between the 
flanges Al, A. It will be seen that in removing the rim the parts 
to be o a the bolts D and the rim itself—are all 
accessible from the right-hand of the wheel, which is the outer 
side, and as the sockets D! are fixed in the rim they cannot get 
displaced, nor is there any need to reach them from the inner side 
of the wheel, as would be the case if they were loose, or if the bolts 
were passed right through the felloe and engaged loose nuts on 
the other side. The sockets D!, in addition to receiving the bolts, 
constitute distance-pieces between the flanges A, A2 and tend to 
considerably stiffen the felloe. (Accepted May 3, 1911.) 


9604/10. H. H. Westinghouse, New York, and L. F. 
Goods; Wilmer , USA. Change - Speed 
Gearing. (8 Figs.) April 20, 1910.—According to the present 
invention, the transmission mechanism comprises driving, driven, 
and intermediate shafts provided with change-speed and reversing 
gears which are continuously in engagement with one another, in 
combination with a series of independent and superimposed 
multiple-disc friction-clutches for controlling the operation of the 
gears, each of the clutches being adapted to be independently 
and successively brought into and retained in engagement by one 
continuous movement of a single controlling device. The change- 
speed device consists of a casing, within which two aligned shafts 
1, 2 are journalled, and are adapted to be ted tog 





ce ether to 
form a through shaft. The friction clutch for directly seemesting 
shafts 1, 2 is housed within a casing 6 integral with shaft 2, an 

consists of annular metallic casing plates 8 positively connected 
to the housing 6. The plates 8 alternate with shaft-plates 10 
feathered toa hub portion 11 keyed to shaft 1. A pressure-plate 13 
is movable longitudinal of hub 11 so as to apply pressure to the 
poe ong | plates 8 and 10 by means of pressure-pins 14 and 
actuating levers 15. The intermediate speed device contains a 
friction-clutch similar to the one just described ; but instead of 
having the last plate 8 abutting against housing 6, a stop-plate 17 














is Paget which abuts against shoulders formed on housing 6, 
and is caused to rotate with the housing. The shaft plates of the 
intermediate friction-clutch are feathered to a hub portion 15, 
keyed to a shaft 19, which surrounds shaft 1, and is provided with 
a gear 23. This friction-clutch device is operated by means of 4 
pressure plate 24, pressure pins, and pivoted levers. The low- 
8 r device is provided with a stop-plate 27, which forms an 
abutment for the interleaving discs of the low-speed clutch, which 
are adapted to be fo together by means of pressure plate 2, 
and pressure pins and pivoted levers. The shaft discs of the low- 
pooet | device are feathered to a hub member 31, which is keyed to 
a telescoping sleeve 32; the sleeve 32 is provided with a gear 
member 34. Slidably mounted on sleeve 32 is a clutch-actuating 
member 385, provided with an inclined face and a straight cylin 
drical face. By means of a collar 38, bell-crank lever 40, and 
actuating rod 41, actuating ber 35 is adapted to be moved 
along sleeve 32. The long arms of the pivoted levers actuating 
the pressure plates 13, 14, 28 are of different lengths, so that, ae 
actuating member 35 is moved in a direction away from the clutch 
device, the levers are moved in succession, by means of the inclined 
to operate the pressure pins, thus operating the low. 











upon it the hub-sleeve B. This sleeve has on its inner end a 
flange B! of large diameter. The outer end of the sleeve is 











face 36, : 
intermediate, and high-speed clutches in succession, and in the 
order given. (Accepted May 3, 1911.) 
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HEAT BALANCES IN LOCOMOTIVE 
BOILERS. 


By Lawrorp H. Fry. 


Tue present article describes a simple method 
which has been developed in order to enable an 
accurate heat balance to be drawn up for a locomo- 
tive boiler from the data which would suffice for a 
stationary boiler. In stationary practice measure- 
ments of the coal fired, and of the water evaporated, 
together with analyses of the coal and flue gases, 
are sufficient for the calculation of a satisfactory 
heat balance, but with the ordinary method of 
calculation these data are insufficient for a locomotive 
heat balance, owing to the large amount of fuel 
which escapes unburnt when a Iccomotive boiler 
is forced. To complete the heat balance by the 
usual method of calculation it is necessary to 
measure accurately the amount of fuel thrown out 
of the stack unconsumed, which is a task of very 
considerable difficulty. Even if the greater part of 
the combustible in the sparks be measured, there 
must remain uncertainty as to the escape of finely 
divided carbon, such as soot, and of unconsumed 
volatile matter, unless experimental methods of 
greater refinement than any hitherto used are 
resorted to. The difficulty is avoided by the 
method of calculation to be described. 

A somewhat similar method was proposed by the 
present writer in a paper read before the Institu- 
tion of Mechanical Engineers in 1908, and a modi- 
fied form of this was described by Professor Dalby 
in ENcrngeRine for August 26,1910. The present 


come in establishing a heat balance from locomotive 
tests is due to the escape of a considerable portion 
of the fuel unburned, and the difficulty of measur- 
ing directly the amount of fuel thus lost. Now, 
since the flue-gas analysis discloses only the — 
of gas produced for each pound of carbon actuall 
acd 4 the unmeasured escape of unburned fue 
introduces two unknowns into the calculation of the 
heat balance. The heat actually produced, and the 
weight of the products of combustion, and hence 
the heat ae by them out of the smoke-box, are 
unknown until the relation between the weight of 
coal fired and the weight actually burned can be 
established. This relation can be determined by an 
equation connecting the two unknowns and based 
on the following considerations. 

The analysis of the smoke-box gases shows the 
weight of air consumed per pound of carbon burned, 
and hence the* weight of the products of combus- 
tion of each pound of carbon. From this and the 
smoke-box temperature the amount of heat carried 
away from the boiler by the products of combustion 
can be found. Let the heat thus carried be B, per 
cent. of the heating value of the coal burned. Then 
if no CO is produced, 100 per cent. of the heating 
value of the coal appears in the furnace, B, per 
cent. escapes to the smoke-box, and consequently 
(100 — B,) per cent. is taken up bythe Salles, Manes, 
if the heat taken up by the boiler be measured, and 
if B,, the per cent. of heat lost in the products of 
combustion per pound of coal burned, be deter- 
mined, the heat produced in the furnace and the 
weight of coal actually burned can be found. From 





TypicaL Heat BALANncr. 


( Test 


135.) 











, p.c. p.c. pc. p.c. p.c. 
n : ® 
: a = Combustible in Ash-Pan = 2.81 \ 
Losses Coal ( Solid b& = Cinders through Stack = 20,50 J 23.31 
. in J Form. 
Heating Produc. } Escaping = 35.20 
Value i tion of | Undurnt. | Gaseous { ¢ = Volatile Matter Lost Unburnt = 11.89 36.02 
Unreali Heat. me Form. \ 
Loss by Partial ‘a : e 
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in 
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Heat 4 shown by { Moisture aati P 14.92 
CoaL Heating ’ J = Water of Combustion = 2.26 
FIRED. — Surface. ym a. g = Moisture in Coal = 0.28 \ 2.77 
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> tion, &c. 
m by —_ Heat 49.06 
aor ver + Usefully { k = Steam Producti 
~ y = am uction < 
{ Surface. | Efficiency. \ Employed = 46.72 ) 











form of the method will be found to mark an 
advance in the direction of simplicity. The accu- 
racy of the method will be tested by comparison 
with the elaborate experimental data obtained by 
Professor Goss and recently published by the 
Carnegie Institution of Washington in a pamphlet 
entitled ‘‘Superheated Steam in Locomotive 
Service.” 

A typical heat balance, calculated by the new 
method from the data of Test 135 of the Carnegie 
Institution report, is shown above. This balance 
is more elaborate than is usually necessary or 
desirable, but it illustrates the principles involved. 
In any heat balance there is a natural division 
between two main groups of items :— 

A. The items making up the heating value 
escaping from the furnace unrealised ; and 

B. The items which make up the amount of heat 
actually produced and offered to the heating 
surface. 

_ These two groups may be further subdivided 
into :— 

A (i). Heat lost by combustible escaping entirely 
unconsumed. 

A (ii). Heat lost by partial combustion producing 
CO; and 

B (i). Heat rejected by the heating surface and 

appearing in the temperature of the smoke-box 
gases, 
_ B (ii). Heattaken up bythe heating surface. This 
includes (j) the heat lost by the boiler in external 
radiation and in steam and water leakages, &c.; 
and (k) the amount of heat usefully employed in 
the production of steam. 

Further sub-divisions can be made, as shown in 
the typical heat balance, but for the discussion of 
the proposed method of calculation the above four 
groups of items are sufficient. 

As has been said above, the obstacle to be over- 


this the amount of coal escaping unburned can be 
calculated. 

If, in the combustion of the coal, CO is produced, 
U, per cent. of the heating value of the coal burned 
being thus lost, (100 — U,) per cent. of the heat 
of the coal burned appears in the fire-box, and B, 
per cent. escapes into the smoke-box. The differ- 
ence, (100 — U, — B,) percent., is taken up by the 
boiler, and, as before, the heat produced in the 
furnace, and the weight of the coal actually burned, 
can be found. This is conveniently expressed in 
the form of an equation. Let the loss by unburnt 
coal, which it is desired to determine, be P, per 
cent. of the coal fired, and let the heat taken up 
by the boiler kh.» been measured and found to be 
T, per cent. of ti:e heating value of the coal fired. 
Then, the heat in the coal fired being 100, the loss 
by unburned coal is P,, and the heat of the coal 
burned (100 — P.,). The heat taken up by the 
boiler is T,, and the reasoning above shows that it 
must at the same time be (100 — U, — B,) per 
cent. of the heat of the coal burned ; hence :— 


» 100 — U; —- B 
00 - b= (1) 
and therefore 
100. T, 
10 - P= i -U, - B “i 


This formula enables the unknown P,, the amount 


* In order to determine exactly the total weight of the 
products of combustion from the analysis of the dry flue- 
gases, it is necessary to know the relation between the 
weight of hydrogen and carbon actually burned. In the 
following it is assumed that these two elements are con- 
sumed in the same proportions as those in which they are 
found in the coal. A complete discussion of this point 
would take more space than is available. The accuracy 
of the assumption for general purposes is shown by the 
close agreement between the calculated results a. the 





results from the Carnegie Institution experiments. 


of coal lost unburned, to be calculated from the 
experimental data. 

As an illustration, the calculation of the heat 
balance annexed is carried out in detail. The data, 
taken from Test 135 of the Carnegie Institution 
report, are as given below. Symbols are added to 
each item for convenience in expressing the various 
relations as formulx. 


Analysis of Dry Coal. 





Carbon BS C, = 83.14 per cent. 
Hydrogen ... H, = 4.16 am 
Oxygen... O,= 352 ,, 
Nitrogen .. N,= 106 ,, 
Sulphur 8, = 0.75 ae 
Ash ... Ai= 7.3 ,, 
100.00 per cent. 
Dru Smoke-Box Gases by Volume. 
Carbonic acid (CO,) A = 12.05 per cent. 
Free oxygen (O.) M = 6.34 * 
Carbon monoxide (CO) B = 0.27 a 
Nitrogen by diff.... (N) 81.33 - 


Calorific value of dry coal, K = 14,690 B. Th. U. per lb. 
Smoke-box temperature /¢, = 781.9 deg. Fahr. 
Temperature of air ta = 75.5 deg. Fahr. 





to = 706.4 deg. Fahr. 


The evaporation was measured as equivalent to 
46.72 per cent. of the heat in the coal fired, and 
the external losses by radiation, &c., will be assumed 
to be 5 per cent. of this, making the total heat taken 
up by the boiler T, = 49.06 per cent. of the heat 
in the coal fired. 

From these data the heat lost in the production 
of CO is found from the usual formula* to be U, = 
1.26 per cent. of the heat of the coal burned. The 
weight of dry gases produced per pound of coal 
burned can found by considering that these 
gases are composed of the carbon and the nitrogen 
of the coal, together with the weight of air and 
nitrogen given by the formula :— 


A+M+05B OQ, 
Q-us” iss “OS 
+ 0.0335 (8 H, — O,) - 
= 11.52 12-05 + 6.34 + 0.14 83.14 
12.05 + 0.0 100 
+ 0.0835 (8 x 4.16 - 3.52) 
= 15.40 Ib. 


Adding to this the weight of the carbon, 0.8314 lb., 
and of the nitrogen, 0.0108 lb., the weight of the 
dry gases per pound of coal burned is found to be 
n = 16.241b. The heat carried by these - is 
foundt to be n, = 18.75 per cent. of the heat of 
the coal burned to produce them. At the same 
time the smoke-box gases contain the water pro- 
duced by the combustion of the hydrogen in the 
coal. The weight of this water is nine times 
that of the hydrogen forming it, and it is found 
that the heat, v,, carried by this water, when trans 
formed into steam at the smoke-box temperature, 
is 3.5 + cent.{ of the heating value of the coal 
burned. 

If the heat balance is to have the highest possible 
degree of exactitude, account must be taken of 
the heat in the smoke-box gases carried by the 
moisture from the air and by the moisture from 
the coal. The report gives these items of loss as 
respectively 0.35 and 0.28 per cent. Ordinarily 
they might well be neglected, but if they are to be 
taken into account for the sake of completeness, 
the air loss must be added to the other losses caused 
by the heat of the flue-gases, while the loss from 
the moisture in the coal must be deducted from the 
heating value of the coal tired. The same effect 
can be produced, without disturbing the form of 
equation (2), by adding the loss by moisture in the 
coal to the heat taken up by the boiler. The total 
heat carried by the smoke-box gases per pound of 


Difference 


(3) 


C, 


B : 
* The formula is U, = 10,180 , ~~, * K’ so that in 
0.27 83.14 
the present case U, = 10,180 12.05 + 0.27 x “Te00 = 


1.26 per cent. 
+ Assuming the specific heat of the gases to be 0.24, the 
xn * t | so that in the present case 


formula is 


24 x 16.24 x 706.4 
14,690 
t The formula is 


1 = ae { wore + 0.48%, - | 





= 18.75 per cent. 


uy = 


— 9 x 4.16 1076 + 
14,690 





0.48 x 781.9 - 76.8} = 3.5 per cent. 
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TABLE I.—Firregn Heat BaLances ror Locomotive Boi.ers aT VARIOUS Powers CALCULATED 
BY THE New Metunop. 





Conpitions or Test. 


Per Square Foot of | P } 
Grate per Hour. | 1. 2 | 


Kind of 
Coal. 


Test } 
No. | Loss by | 
Moisture 
| in Coal. 


} uivalent | Heat of 
| ar the yy = Evapora- 
5 tion. tion. 


. | percent, | 
035 | 





133 35, 5 e 
107 52, . . 
134 | 
131 | 
113 
132 
135 
1'9 
130 
Ww 
124 
121 
109 
105 | 
112 | 


SSESSees 


c- 


75.40 

82.70 2 

90.82 
107.90 . 59. 
101.06 ; | | 


eeszseseoses 


S 
= 
ORwo~0 w 


— pow 


| 
| 
| O15 | 
0.18 | 


TABLE II.—Comparison or Heat BALANces CALCULATED BY THE NEw MeruHop, WITH BALANCES 


OBTAINED BY THE MrtHop EMPLOYED 


Items OF Heat BALANCE AS PER CENT. OF Heat tN CoAL Firep. 


8 


7. 





3, 


4. 5. 


Loss in ee 
eens ‘NE Escaping 
co. Unburnt. 


per cent, 
11.10 
12.00 


Loss by 

Wa:er of 

Combus- 
tion. 


per cent. per cent, 
0.26 


2.72 
0.33 3.02 
0.22 2.75 
0.19 2.48 
2.59 
2.42 
2.26 
3.49 
3.60 
3.90 
3.36 
3.82 
3.54 
3.31 
3.62 


Loss by 
Heat in Dry 
Products of 
Combustion 


External 
Losses of 
Boiler. 


per cent. 


Loss by 
Moisture 
in Air. 
per cent. 
0.50 


per cent. 
13.52 
15.27 


Sees 
= 
i=) 
4 
w 


SSSSESSER5 





eessse 
reorrssmsoses: 
RSRES2SUSSRES 

$2 PO $0 G0 $0 be GO G9 pO PO FO LO go Go 
SSRESBSSE4SZess 


15.00 





IN THE CARNEGIE INSTITUTION REPORT. 





“A” Coat. 


Test 133. 


Report. New. 


Report. 


“B” CoaL. 


Test 135. Test 119. Test 112. 


New. Report. New. Report. New. 





per cent, 
68.14 
0.35 
0 29 


per cent. 
68.14 
0.35 
0.26 
2.72 
13 52 
0.50) 
11,10 


pe 

Heat of evaporation 

Moisture in coal 

. Moisture in air 
Water of combustion 
Heat in dry - 
Loss in producing (O 
Loss by unburnt coal 

. Unaccounted for .. 
External losses 


3.06 
13.58 
0.56 
&71 
5.31 


PONS oS wpm 


3.41 


eens evaporation per square 
oot of heating surface per hour .. 


or 


(2238 , 


coal burned is :— 


Heat carried in dry gases = 
Heat in water of combustion ... 
Heat carried by moisture from air 


2 3 
Draft in Smoke-boa in 


18.75 per cent. 
3.50 
0.35 


22.60 

This is the quantity represented by B, in equation 

(2), and inserting the values for U, and T,, and 

adding to the latter vhe loss by the moisture in the 

coal, the equation becomes :— 

(49.06 + 0.28) 100 
100 — 1.26 — 22.60 

100 x 49.34 

“ , we 

Hence P, = 35.20 p.c. of the coal escapes unburnt. 

From this it follows that the loss by the flue- 

gases, which is 22.60 per cent. of the heat of the 

coal burned, is 22.60 x 0.648 = 14.64 per cent. of 

the heat of the coal fired, being made up as follows :— 


18.75 x 0.648 = 12.15 p.e. 
3.5 x 0.648 = 2.26 
0.35 x 0.648 = 0.28 


” 


100 - Py = 


= 64.80 


e. Heat in dry gases... 
f. Heat in water of 
combustion 
h. Heat carried by 

moisture from air 


14.64 p.c. 
The loss by the production of CO has to be 
reduced in the same Loy aawcew from 1.26 per cent. 


of the heat in the coal burned to 1.26 x 0.648 = 
0.82 per cent. of the heat in the coal fired. 


46.72 


13.98 


24.31 
10.59 


_consideration”the combustible caught in the ash- 


r cent. nt. | per cent, 
63.16 
0.18 
040 
4.17 
14.93 
1.56 
10.79 
4.81 


per cent. 
63.16 
0.18 
0.36 
3.62 
15.00 
1.35 
13.20 


per cent. 
46.72 

023 | 
0.23 
2.26 
12.13 
0.82 
34.20 


per cent. | per ce 
69.12 | 69.12 

0.18 0.18 | 
0.37 0.34 | 
3.80 3.49 | 
14.11 14.04 

1.27 LW | 
5.89 8.20 

5.°6 a 


0.28 
0.35 
3.51 


1 26 


2 34 3.15 


luce 
uu Sparks 
same 


Goal necessary to 


found in Sparks. 
Goal lost Unburnt 

, (by Calculation) 
he Sanvie 


Inches of Water 


pan was 2.81 per cent., and that caught in the 
smoke-box and at the stack was 20.50 per cent. of 
the heat of the coal fired. These two items amount 
to 23.31 per cent., while the total loss by unburnt 
coal has n found above to be 35.20 per cent. 
The difference of 11.89 per cent. of the heat of the 
coal fired must be attributed to the escape of soot 
and volatile matter unburnt and unmeasured, or to 
an error in the assumption as to the external boiler 
losses. By collecting the items determined as 
above, the complete balance, as shown in the 
— heat balance on page 841, is obtained. 
ifteen heat balances calculated by this method, 

from the data given in the Carnegie report, are 
given in Table I. The experiments from which 
these calculations are made were all carried out 
with the same locomotive, on the testing plant at 
Purdue University, and the tests were run at various 
boiler powers. 

Two series of tests were made with coals which 
will be designated ‘‘ A” and B,” and which had 
the average analyses shown below :— 


Coal ... “a.” a" 
per cent. 
1.89 
31.94 
57.71 
8.46 


Total 100.00 100.00 


Moisture... 
Volatile matter 
Fixed carbon 








It remains only to add that in the test under 


As Professor Goss points out in the Carnegie 


Institution report, the two coals behave quite 
differently. e loss by unburnt coal increases 
with the boiler power very much more rapidly 
with the low volatile ‘‘ A ” coal than with the high 
volatile ‘‘ B” coal. 

A comparison between the results obtained with 
the new method and those from the report is given 
in parallel columns in Table II. Four tests are 
represented—a low boiler power test and a high 
boiler power test for each class of coal. It will be 
seen that the differences are so small as to have 
little practical importance, except in the items of 
unburnt coal, external losses, and heat unaccounted 
for, and these will be found to be differences of 
appearance rather than reality. 

ternal Losses.—In the method proposed the 
external loss of heat by the boiler, including radia- 
tion and leakage of steam or water, is assumed to 
be 5 per cent. of the heat of evaporation. This, in 
the tests under consideration, makes the external 
losses vary between 3.46 and 2.41 per cent. of the 
heat of the coal fired. Professor Goss says in 
the Carnegie report that ‘‘ the radiation losses are 
probably from 1 to 2 per cent. of the total heat 
available ;” and from the careful way in which the 
tests were conducted, it appears improbable that 
there can be any large loss by unmeasured leakages. 
The series of tests with the ‘‘B” coal shows that 
when the amount of coal fired per hour is increased 
the percentage of heat lost externally does not 
increase. Altogether, it appears certain that the 
assumption that the external losses are 5 per cent. 
of the heat of evaporation cannot introduce any 
material error. 

Loss by Unburnt Combustible.—This question may 
be studied by means of the diagram annexed, in which 
the tests with both kinds of coal are represented. 
There being little chance of coal escaping unburnt 
and unmeasured in the ash-pan, the measured loss in 
the ash-pan has been deducted from the total loss 
unburnt, and the remainder, the loss by unburnt coal 
escaping into and through the smoke-box, is con- 
sidered in what follows. The draught in the smoke- 


-| box, which is the main cause of this loss of unburnt 


combustible, is measured along the axis of abscissze, 
in inches of water. The ordinates are measured in 
pounds of coal per 1001b. fired, or percentage of 
coal fired. The solid lines MM represent the 
amount of coal shown by the calculation to escape 
unburned through the smoke-box, while the broken 
lines P P show the amount of coal having the same 
heating value as the sparks caught in the smoke- 
box and measured as escaping from the stack. 
Hereafter ‘‘ sparks” will be taken to mean all solid 
matter passing through the flues and into the 
smoke-box, whether it be caught there or escape 
through the stack. The Carnegie Institution report 
does not give any analysis of these sparks, but 
from their specific heating value it appears that 
they are mainly solid carbon and ash, and can only 
contain a very small quantity of volatile matter, if 


any. 

The first point to be noticed is the striking way 
in which the lines P P and M M show the same 
irregularities. This is the case with both classes of 
coal, and is remarkable because the lines M M are 
determined by calculation and the lines P P by the 
measurement of a number of quantities, entirely 


independent, so far as measurement is concerned, ot 
the data from which the lines M M are calculated. 

The similarity between the two lines being noted, 
the difference between them remains to be examined. 
A possible explanation is offered by some observa- 
tions made by Mr. Dubost on the Eastern Railway 
of France.* After carrying out a number of tests, 
in which careful flue-gas analyses were made, Mr. 
Dubost concluded that :— 

1. When no combustible was carried through the 
flues to the smoke-box the smoke-box gases showed 
that combustion was complete, and there was no 
trace of hydro-carbons or of free hydrogen. 

2. When combustible was carried through the 
flues the smoke-box gases contained a certain amount 
of hydro-carbons, in the — of 72 per cent. 
of C,H, to 8 per cent. of ob. “ : 

3. Any hydro-carbons or hydrogen found in the 
smoke-box gases came only from the combustible 
carried through the flues to form the sparks, and 
corresponded to the volatile matter lost by the 
sparks. In other words, it was found that the com- 
bustible carried off the grate by the draught reached 
the flues in the state of coal, and that during its pas- 
sage through the flues and its stay in the smoke-box 


* Revue Générale des Chemins de Fer, 1891, 
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the volatile matter was driven off, while the fixed 
carbon remained as solid sparks. If the same 
action takes place in the tests covered by the 
Carnegie Institution report, the loss caused by 
the sparks will be not only the heating value of the 
combustible in the sparks, but that of the coal 
having the same amount of fixed carbon as is found 
in the sparks. The lines N N in the diagram repre- 
sent this amount of coal. It will be seen that for 
the ‘‘ B” coal the line N N practically coincides with 
the line M M showing the calculated loss, indi- 
cating the same conditions as were observed by 
Mr. Dubost. For the ‘‘ A” coal, the N N line for 
the coal having the same fixed carbon as the sparks 
falls below the line M M for the calculated loss by 
about 1 per cent. of the heat of the coal fired at 
low rates, and by about 5 per cent. of the heat of 
the coal fired at high rates of combustion. It is not 
unlikely that this difference is due to the large 
percentage of fine coal present in the ‘‘A”’ coal 
causing a loss of unburnt coal in such finely-divided 
form as to pass through the measuring apparatus. 

While the foregoing explanation of the diver- 
gence of the lines M M and P P appears probable, 
the evidence is not entirely conclusive. In any 
case, the close general agreement between the 
results of the proposed method of calculation and 
those obtained in Professor Goss’s carefully con- 
ducted experiments is evidence in favour of the 
accuracy of the new method. The differences are 
that the method previously employed determined 
the unburnt conleaiiiite by measuring the solid 
combustible passing into the ash-pan and smoke- 
box, and assuming that all else was burned. All 
heat unaccounted for was assimilated to external 
losses, such as radiation and leakage. The new 
method assumes a value for the external losses, 
and determines the loss by unburnt combustible 
by calculation, assimilating all unmeasured losses to 
the loss by unburnt coal. Though it appears that 
the new method is in some respects more accurate, 
this is not the main reason for proposing it. Its 
great advantage is that it enables a heat balance to 
be established without a measurement of the com- 
bustible lost unburned, a measurement on which 
the older method is dependent. 








200-TON ELECTRIC TITAN CRANE AT 
THE FAIRFIELD WORKS. 

THe continuous increase in the size and power 
of warships has necessitated, on the part of 
naval construction companies, the periodic re- 
construction of their buildings and the superseding 
of machine tools in order to deal not only with 
the increasingly large units in ships and their 
machinery, but to economise production in view of 
the keenness with which contracts are competed 
for. Probably at no period in our industrial 
history has there been a greater demand on the 
management of such works to reduce costs, not 
only because of the greater burden cast upon 
manufacture by the socialistic tendency of legis- 
lation, but also because of the intensity of 
competition. The Fairfield Company, like most 
other industrial concerns, have kept pace with 
the requirements thus imposed, and not with- 
out reward in the volume of work entrusted 
to them. Many of their shops have been built 
within recent years. Larger tools, especially for 
the building of warships and the manufacture of 
large turbines, have taken the place of the older 
appliances, while their dock for the fitting out of 
ships has been increased in size. Thus, the 
armoured cruiser New Zealand, to be launched 
to-morrow, is in some measure an indication of the 
efficiency of these developments in the facilities for 
production. The New Zealand, it may be said, is 
the vessel which the Commonwealth agreed to 
present to the British nation, and although she is 
intended to be a flagship of une of the three units 
of the Pacific Fleet, she will, in that capacity, be as 
effective inthe maintenance of British sea supremacy 
as if the squadron were one of those in home waters. 
It must be borne in mind that wherever the ultimate 
venue of actual warfare may be, there is need for 
the defence of the outposts of the Empire, particu- 
larly if there is the ibility of the presence of an 
enemy’s fleet in oak heat seas. 

The New Zealand is the largest cruiser yet 
launched on the Clyde, which is saying much, 
because of the position which the Scottish river 
has always maintained in warship building. The 
developments since made in design have resulted 
in the evolution of the Lion, the Princess Royal, 


and the Queen Mary, all of which are in various 
stages of progress. The New Zealand, like the 
other ships named, has been designed by Sir Philip 
Watts, K.C.B., the Director of Naval Construc- 
tion, and is identical in design with the Australia, 
which is being built by Messrs. John Brown and 
Co., Limited, of Clydebank, to be presented to the 
nation by the Commonwealth of Australia. These 
vessels resemble the Indefatigable, which has proved 
such a pronounced success, and are improvements 
of the Indomitable, Inflexible, and Invincible, the 
first of which was built at Fairfield. The length of 
the New Zealand is 555 ft., the breadth 80 ft., and 
the depth 41 ft. Gin. On a draught of 26 ft. 6in. 
the displacement tonnage is 18,800 tons, and with 
large-tube boilers and the usual arrangement of 
Parsons turbines driving four shafts, it is antici- 
pated that, with 44,000 horse-power, a speed of 
25 knots will easily be maintained on an eight 
hours’ trial. The hull is, for the most part, pro- 
tected on the water line by 6-in. armour, tapering 
to 4in. and 2} in. forward and aft, while the 
upper works have 3-in. armour. There are 
four barbettes, built up of 7-in. armour, and in 
each of these there are two 12-in. guns. The 
barbettes are arranged as in the Indefatigable, one 
forward and one att, and one on each oar the 
latter two being mounted en échelon ; all eight guns 
may thus fire on either broadside. In addition there 
are sixteen 4-in. guns and two submarine torpedo- 
tubes. 

As soon as the New Zealand has been completed, 
her machinery will be fitted on board by a new 
electric Titan crane, with a lifting capacity of 
200 tons. This will practically be the inauyura- 
tion of the crane, and, as it stands, it may be 
ae as a striking example of that progressive 

icy to which we have just been referring. 

hen, therefore, Sir Joseph Ward, the Prime 
Minister of New Zealand, and other visitors from 
the Colonies are at Fairfield on Saturday, to witness 
Lady Ward launching the ship, they will have 
some evidence of that determination to maintain 
our industrial supremacy which is not always ade- 
quately recognised, even by our colonists. This 
crane is illustrated on Plate XLV., published this 
week, and on page 856. No larger crane has so 
far been constructed. That ee the test-load, 
taking 250 tons at 75 ft. ius, is proof of the 
success of the design, which was prepared by Sir 
William Arrol and Co., Limited, Glasgow, who also 
constructed and erected the crane. 

The general drawings of the crane reproduced on 
Plate XLV. are so complete that there is little need 
to refer at length either to the general principle or 
to the details of design. The horizontal slewing- 
jib, which has cantilever arms of unequal length 
(the main arm being 169 ft. 6 in., and the counter- 
balancing arm 98 ft. long), is secured in position by 
a central pivot, and is capable of making a complete 
circle on a ring of live conical steel rollers on strong 
platform box girders carried at the top of a square 
steel lattice tower. 

The crane is built on the eastern wharf of the 
fitting-out basin—that adjacent to the main work- 
shops in the yard—and as this was made-up ground 
—the strata are indicated on the general elevation, 
Fig. 1—the design of the foundations was a matter of 
importance, and demanded careful consideration. It 
was decided to sink a cylinder for each leg of the 
tower under compressed air, the piling shown on the 
general drawing referring only to the wharf sur- 
rounding the crane. These yn pr were sunk by 
open excavation until the level of high water 
was reached, when the usual air-shaft and air- 
locks were provided at the top of each cylin- 
der. The procedure adopted corresponded exactly 
with that ordinarily carried out by Sir William 
Arrol and Co., under similar circumstances, the 
only point of interest being the great depth to 
which these cylinders were sunk, the maximum 
being 74 ft. As shown in the general elevation, 
the cylinders at the base are 15 ft. in diameter, 
while the main shaft is 11 ft., and they are spaced 
at 45-ft. centres. The maximum air-pressure in 
the working-chamber was 25 lb. per square inch. 
The work proceeded without noteworthy incident. 
The time occupied in sinking the cylinders was 
14 weeks. The method of binding the cylinders to 
each other is clearly shown in Fig. 1, heavy girders 
connecting the tops through bolts passing into the 
concrete which fills the interior of the cylinders. On 
this concrete there was built up a bed-plate of rich 
cement concrete, reinforced by ]-beams (as shown 








in Fig. 3), and the foundation plates of the vertical 








members of the lattice tower were secured to these 
by lewis-bolts extending 20 ft. into the concrete. 

The general construction of the lattice tower is 
well shown in Fig. 1. The vertical uprights are 
at 43 ft. centres at the base and 394 ft. at the top, 
the total height of the towers from their base to 
the roller path being 132 ft. The vertical members 
are of box-section, as are also the first of the hori- 
zontal braces (Fig. 3), while the other horizontal 
and all the diagonal bracing is of the lattice type. 
The platform supporting the live rings is con- 
structed of four main box-plate girders fitted between 
the legs of the towers, withdiagonal box-plate girders 
ateach corner. This is well shown in Fig. 5, which 
illustrates also the construction of the roller path on 
the top of these girders, and also the method of 
protecting and bracing the path and rollers. As 
shown in this view, the girders carrying the roller 
path have a depth of 8 ft., and the width of the 
top flange is 34 in.; the bottom flange, however, is 
divided for drainage purposes. o transverse 
girders, crossing each other at right angles, are 
placed between the centres of each parallel pair of 
main platform girders to take the lower end of the 
centre pivot pin. As shown in Fig. 11 the pivot 
pin is 18 in. in diameter, and passes through the 
cross-girders of the tower at their intersection, and 
through the box-girders secured to the main girders 
of the jib and the drum girders. On the tower 
there is secured, princi ify to the diagonal and 
horizontal bracing members, a stairway leading to 
a platform round the top of the tower. This is 
formed of g-in. chequered plates, with a suitable 
hand-rail. Access is thus afforded to the jib-rail 
level, and also to the operator’s cabin. 

The track for the rotating jib is shown in Fig. 2. 
It has a diameter of 40 ft., and there are eighty 
rollers in the live ring, each 14 in. in mean dia- 
meter and 16 in. long. These rollers are of forged 
steel, conical in form, and spaced at about 18-in. 
centres, as shown in Figs. 2 and 5. The roller 
track is of cast steel, 24 in. thick, and brought 
true by packing-plates and folding-wedges, inserted, 
as shown in Fig. 5, between the bottom track and 
the lower girder, and between the top track and 
the annular bearing-girder. The circular slewing 
rack is of 5% in. pitch, and is bolted to the palms 
cast on the lower track. A check is formed on the 
rack, and four forged hooks bolted to the annular 
bearing-girder, and revolving with the crane, 
engage with these checks, so that any possible 
backward movement of the girders caused by the 
surging of the load is prevented. 

he jib is constructed of two open lattice box- 
girders, as shown in the elevation (Fig. 1), in the 
lan (Fig. 2), and in the detailed cross-sections 
Figs. 9 toll). These girdersare at 14-ft. centres, 
and the distance between the webs of each box- 
girder is 4 ft. The depth of the girders over the 
tower is 29 ft., tapering to 4} ft. at the end of the 
long arm, and 16 ft. 4 in. at the end of the counter- 
balancing arm. The form of girder is of the open 
Warren type, with intermediate verticals from 
the intersection of the diagonals at their lower 
extremity to the top boom, thus breaking up the 
long panels of the top boom into smaller bays, to 
resist the severe bending stresses due to the concen- 
trated wheel-loads of the jenny, which are additional 
to the direct tensile stresses as a cantilever. The 
box-girders are connected together at the end of 
the long arm by a stiff lattice frame, which carries 
the brackets a py the horizontal girders to 
take the jib-head gear. From the front of the 
roller-path to the end of the short arm the two 
main girders are securely braced a both 
horizontally and vertically. The ballast-tanks at 
the end of the short arm are filled with 125 tons of 
nickel-slag concrete. Raking-struts are placed 
between the centre vertical of the jib and the 
drum-girder, to assist in transmitting the lateral 
wind stresses to the tower, and to increase the 
lateral stability of the narrow jib. The jib-girders 
are secured to the drum-girder by large gussets of 
ample dimensions to resist the severe torsional 
stresses due to the sudden starting and stopping 
of the jib. Four lines of flat-bottomed rails are 
provided, one over each web of the box-girders, 
and they are riveted to the top flange. 

The electrical machinery for hoisting and slewing, 
which was supplied by the sub-contractors, Messrs. 
Stothert and Pitt, Limited, Bath, is accommodated 
in the house built of steel plating at the end of the 
counterbalanced arm, and some idea of the magni- 
tude of the crane is indicated by the fact that this 
building is 48 ft. 9 in. long by 24 ft. 6 in. wide, 
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as shown in Figs. 1, 2,9 and 10. The arrangement! latter being supported externally to the pattern- | mould is rammed by hand, and the moulding-box A, 
of the electric motors and the chain of gear-wheels! plate, so that when the latter is lowered the box is | supported on four pins or stools a, a passing through 
between the motor-shaft and the main and auxiliary | left lying on its supports. the table B which carries the pattern, is lifted by 
drums is clearly shown in Figs. land 2. The tw> 
motors for the main hoistare of 65 brake horse-power, 
and are geared to raise the maximum working load 
of 200 tons at a speed of 5 ft. per minute, and 100 
tons at 10 ft. per minute. There is, however, an 
auxiliary hoist, actuated by a 90 horse-power motor, 
to lift 40 tons at the full outreach of 161 ft. at a 
speed of 20 ft. per minute. The electrically-driven 
crab, which is shown in Figs. 1, 2, and 7, is driven 
by a 40-horse-power motor mounted on the crab, 
and gearing direct on to the driving-wheels, which 
run on a track of 4-ft. gauge at a speed of 10 ft. 
per minute with the full load, and of 30 ft. per 
minute with the half load. For slewing the crane by 
means of the chain of gear, shown in Fig. 1, there 
is a 65-horse-power motor, capable of rotating the 
horizontal jib of the crane through a complete revo- 
lution in - minutes when the full load is being —_—- 
carried, and of six minutes with half load. In most Fics. 460 anp 461. Smatt. Moutpine-Macutng, sy THE BapiscHE MascHINENFABRIK 
cases the gear is of machine-cut steel. EIsENGIESSEREI, DuRLACH, BADEN. 

There is, in addition, whip gear, as shown in : 

Fig. 7, mounted immediately over the tower. This _ Fig.462. 
gear has a 50-horse-power motor for lifting. This TURNOVER TABLE 
takes a 5-ton load at a speed of 100 ft. per minute, 
while the racking motor for this load is of 15 horse- 
power and of 100 ft. speed per minute. There is 
a 3-ton traveller working at 25 ft. per minute, the 
racking in this case being done by hand. The 
motors are in all cases designed to work with a 
continuous current of 210 volts. 

As-to the radius at which the crane works, full phillies Nai 
particulars are given on the elevation, Fig. 1, from 
which it will be seen that the 200-ton load can be 
taken at a radius of 75 ft., and the position of the 
crane is such that this radius commands the centre 
line of a vessel of 90 ft. beam, moored alongside 
the wharf on which the crane is built. A load of 
120 tons can be carried at 115 ft. radius, and of 














i") 




















a y 
ST 





nih 








fel 


~-$0}—__ i 4- 








a rs 


= 











100 tons at 133 ft. radius, so that it will be recog- 
nised that ample provision has been made for a 
considerable increase in the beam of ships. The 
range of lift above high water is over 150 ft. 

The view on page 856 shows the crane carrying 
the test load of 250 tons at 75 ft. radius. This 
load was raised at a speed of 5 ft. per minute, and 
lowered by means of the hydraulic brakes, and suc- 
cessfully held by them and by the magnetic brakes 
independently. One revolution with this load at 
75 ft. radius was made in 4,; minutes. During 
the process of raising the load, observations were 
made of the vertical range of the vibrations by means 
of a wire suspended from the jib to a recording 
apparatus on the ground. The range varied from 
jy in. tofin. The maximum deflection at the end 
under this load was 5} in., while the tail end of the 
jib rose 28 in. Under 100 tons load at 156 ft. radius 
the deflection was 8f in. With 50 tons load on the 
auxiliary lift at the end of the jib the crane made 
one complete revolution in 3 minutes 21 seconds, 
giving a velocity of nearly 320 ft. per minute at 
the end of the jib. Thecrane showed great rigidity 
and stiffness. The swing of the tower under the 
racking and lifting tests and the twisting of the 
tower under the revolution of the loaded jib was 
hardly perceptible. 








FOUNDRY PLANT AND MACHINERY. 
No. XXIX. 


By JosrrH Horner. 


.THERE is another group of hand-machines which 
are not moulding presses, but mechanical lifting 
devices only. These use pattern-plates similar to 
those which would be used for plate-moulding, 
registered to the moulding table. e ramming is 
done wholly by the hand, the lifting by hand or by 
foot levers. The simplest of these have rigid 
tables mounted on the standards of the machine. 
It is usual to employ two of these machines, each 
operating on one part of the mould, one on tops 
the other on bottoms. Or else a number of tops 
are first rammed, then the pattern-plate changed 
and a number of bottoms done. e moulding- 
boxes are registered to the plates by means of the 
moulding-box pins. The boxes are lifted off the 
pattern-plates by means of four pins or stools 
passing up —e the saga a coming in 
contact with the box edges, and lifted by treadle 


Fies. 462 to 467. 
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Moutprne-Macuines, By Messrs. Daring anp Setiens, Lrv., KEmGH.ey. 


or by hand-lever. This is often adopted in light} Figs. 460 and 461 show a small machine by the | the foot-lever C, the mass of the movable parts 
machines doing small work. In heavy machines| Badische Maschinenfabrik und Eisengiesserei, of | being counterbalanced at D, which parts include 
the pattern-plate is lowered from the box, the| Durlach, Baden, which has no presser-head. The | the cross E into which the stools a, a are screwed. 
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The levers are operated through loose links 
(Fig. 461), to permit of a rectilinear movement of 
the guide-rod F in the guide G. 

Machines of these kinds are made ina large range 
of dimensions. In any foundries in which plate- 
moulding has filled a considerable place, it would 
be easy to transfer the plates to machines of 
this class, of suitable dimensions, with the gain 
of a mechanical delivery. The mere mass of a 
machine does not seriously interfere with its 
manipulation by hand, and, provided well-designed 
machines are selected, very large work may be 
hand-moulded. But, all the same, the employ- 
ment of power is very desirable in the heavier 


fi Fig-48. 











































































































dries. The designs are varied to take any ordinary 
patterns, or specially deep patterns, and those 
requiring stripping-plates, and the machinesare built 
in a good range of dimensions. The main features, 
however, are similar in all. The only essential 
differences between the lighter and the heavier 
machines are that levers are used in the first 
(Figs. 462 to 465), and gears and hand-wheel in the 
second (Figs. 466 and 467), for elevating the table 
on which the moulding-box is carried and for turn- 
ing over the pattern table. Figs. 462 to 465 show 
a central table, Figs. 466 and 467 an eccentric 
table. Also, the lighter machines stand on the floor, 
and the heavier ones are partly sunk beneath it. 
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work, and a firm which is equipped with a suitable 
supply of power will be wisely advised to instal 
power-machines. The place of such machines as 
illustrated in Figs. 460 and 461, is in rather shallow 
moulding with well-tapered patterns. For deep pat- 
terns turn-over tables are preferred ; besides which, 
the employment of a central table rendersthe vertical 
alignment orsymmetrical setting of the pattern parts 
more easy of accomplishment than their setting on 
separate plates. The employment of screws, rivets, 
or dowels going first through the pattern parts and 
then through the plates, only requires ordinary 
care to ensure alignment of the parts ; while if put 
on separate plates, symmetry can only be secured 
by careful measurement, or by registering through 
both plates. 

The moulding-machines built by Messrs. Darling 
and Sellers, Limited, of Keighley, Figs. 462 to 
467, are suitable for the work of the general foun- 








In each the general construction comprises two 
end standards, the distance apart of which is varied 
in machines of different capacities, ranging from 
30 in: to about 16ft. The standards are carried 
on a suitable base-plate, which serves as one of 
the stretchers. The turn-over pattern table is ter- 
minated by trunnions of large diameter, havin 
bearings at the top of the standards, and is turn 
over by hand in Fig. 462, or by gears and hand- 
wheel in Fig. 466, the arrangement adopted depend- 
ing on dimensions. Set-screws a, a are provided 
with lock-nuts to ensure without test the horizontal 
position of the table when turned over, and catches 
with handles 6, in Fig. 466, prevent it from being 
moved. Pattern parts are mounted on one side of 
the table. They are usually mounted on an inter- 
mediate fitting distinct from the table and bolted 
to it, termed a “‘ pattern-mounting,” illustrated in 


plain plates as in plate-moulding. These are attached 
with bolts passing through the table. When the 
boxes are attached directly to the table, either 
screws and sockets adjustable for different depths 
of boxes, or spring clips for light work, shown at A, 
Figs. 462 to 466, are used to secure them. 

The vertical movements necessary for lowering 
the box from the pattern for delivery are imparted 
to the lifting table. The meulding-box is not carried 
on this directly, but on a drawing-out table which 
rests on the lifting table during delivery, but which 
is ran to and away from the table on the small rollers 
and receiving rails B, shown in Fig. 464. The box 
is rammed by hand on the turn-over table and turned 
over. The lifting table is then brought up to the 
back of the box, and the clamps holding the latter 
are released ; the turn-over table is then rapped with 
a wooden mallet to assist the separation of the sand 
and pattern, and the mould is then lowered from 
the pattern. These movements are effected by 
the levers and slotted links, seen in the drawings 
of the small machine, and by the gears and racks 
in the large machine. In each the mass of the 
table, carriage, and mould are counter-weighted by 
the weights and the mechanisms shown. The lower 
parts of these machines, it will be observed, are 
encased at front and back with plates C, C, Figs. 
462 and 464. These fit by planed joints, and not 
only help to brace the uprights, but also prevent 
sand from falling among the rack gears. D is a 
table on which the moulder places his tools, &c. 

Figs. 468 and 469 illustrate a method which is 
frequently adopted, that of fitting the moulding- 
box to pattern-plates, which are distinct from the 
machine table, and also the use of a ramming- 
frame. The example is by the Badische Maschi- 
nenfabrik und EKisengiesserei of Durlach. Using 
the pattern-plates, any number of boxes and moulds 
match, the boxes having been fitted to the plates 
and to each other, which is much simpler than 
fitting many different patterns directly to a table. 
It is an interchangeable moulding system. ‘ The 
pressing of the sand in the moulds is effected 
against the resistance of the timber presser-head C. 
The sand frame B fits on or over the top edge of 
the moulding-box to hold and confine the supple- 
mentary quantity of sand which is required for 
compression. The presser-head C fits within this 
and squeezes the sand around and above the pattern 
in the moulding-box. When the frame B is removed 
any loose sand is strickled off. This machine is 
operated by compressed air at 90 lb. pressure. 

A variant on the turn-over table machine, also 
made by the same firm (Figs. 470 and 471), uses 
toggle-levers for pressing, actuated through the 
medium of gears from a hand-lever. The combina- 
tion is not only powerful, but it also has the advan- 
tage that the pressure increases as the depth of lift 
increases, due to the straightening-out movement 
of the toggles. Another lever is used for delivery. 
The machine is made for small boxes only, 
the maximum size being 24in. by 20in. Two 
standards are connected by cross-stretchers and 
carry the lower table, which is lifted by the toggle- 
levers. The turn-over table is carried in trunnions 
in pillars which are elevated by a simple lever 
so lifting the pattern-plate from the mould on the 
work table. The same reference letters denote 
similar parts to those shown in the previous figures— 
namely, the pattern-plates A, A, the sand-frame B, 
and the presser-head C. The sequence of opera- 
tions is as follows :—The pattern parts may be 
either fixed directly on opposite sides of the turn- 
over table, or on the intermediate pattern-plates 
A, A, which are attached to the table. The box parts 
are placed over these on opposite sides and secured. 
The one half-box which is uppermost receives the 
loose sand-frame B, which confines the surplus sand 
required for pressing. The sand is shovelled into 
the top of this—facing sand first and ‘‘ box filling” 
or ‘floor sand” above—to the Ievel of the loose 
frame. Then the presser-head, which carries a 

resser-board C that fits loosely within the frame, 
is brought plumb over the mould, and the toggle- 
levers press the box up against the head, compress- 
ing the sand. The loose frame is then taken off 
and the sand strickled. The presser-head is thrown 
back, the table turned over, bringing the box just 
rammed down on the lower table. e other box 
is now filled and pressed similarly. The cottars 
which secure the lower box are next removed and 
the turn-over table lifted, leaving the box part on 
the lower table ready for removal, when the turn- 
over table is again reversed to receive another box 





Article XX VI, page 714 ante. Or they are carried on | part. 
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ELECTRIC IRON-ORE SMELTING AT 
TROLLHATTAN. 
(Concluded from page 814.) 

The Life of the Arch and of the Smelting-Chamber. 
—The arch has stood the test most satisfactorily. 
At first it had been feared that this would prove 
to be a weak point in the furnace. Among the most 
important repairs was that which took place on 
February 9, 1911, in the rear of electrode No. III. 
The materials required for this were 225 kg. 
(44 cwt.) of If6 clay, eleven Stabbarp bricks No. 10, 
eight bricks No. 32, and 100 different I[f6 arch bricks. 
The reason of the wear at this part of the arch is 
perhaps connected with the heat distribution in the 
smelting-chamber; it is not, however, possible as 
yet to state definitely that this is the actual cause. 
On March 9 the arch was repaired close to electrode 
II. with a few bricks, and on April 3 it was also 
repaired at electrode II. in the direction of elec- 
trode III. After the furnace had been working 
for some length of time, signs of undue heating were 
noticed at certain places of the arch in the vicinity 
of the electrodes, but by air cooling it has generally 
been found possible to prevent holes from burning 
through at these places. It is probable that the 
arch would have stood better than it has had the 
furnace been working the whole time with a greater 
degree of uniformity ; as it is, the heating of the 
arch has been uneven, this has led to a warping 
action, and to the formation of cracks, which have 
naturally influenced its wear. 

On April 6, at 5.15 a.m., when the charge con- 
tained 70 per cent. of Persberg ore mixture, a sub- 
sidence took place from the shaft into the smelting- 
chamber, resulting in such a violent development 
of gas that the arch between the electrodes II. and 
III. was somewhat damaged. The round bricks 
closing the holes had become fast and did not act 
as safety valves. The repair of the arch was at 
once taken in hand, and at 7.10 p.m. the work- 
ing could be resumed. The repair required four 
Stabbarp bricks No. 34, 10 Héganis No. 20, 216 
different If6 arch bricks and 250 kgs. (about 5 cwt.) 
of fire-proof clay. The wear and repairs are shown 
in Figs. 23 to 27 ; the portion inside the dotted line 
of Fig. 27 had to be bricked up afresh. The dotted 
line in the cross-section, Fig. 9, on page 812 ante, 
also indicates a repair which had to be carried out 

Iron and Slag.—The question as to whether 
the process is likely to find regular and extensive 
application in the manufacture of a given class of 
iron is one which the experimental working cannot 
yet be said to have solved. 

Analyses of the iron and the slag have been made 
for everyone of the 406 charges referred to in 
pages 812 to 814 ante. The figures of the analyses 
are good and pretty regular ; they proceed, of course, 
from the composition of the material forming the 
charges. As no oxygen and carbon are introduced 
into the furnace apart from what is contained in the 
material forming the charge and that which proceeds 
from the electrodes, the results of the process are toa 
large extent dependent upon the proportion between 
the amounts of oxygen and carbon which are in this 
way introduced. hese are unknown quantities ; 
besides, owing to variations in the composition of 
the fuel and the smelting material, they are never 
constant. This would not signify much if the 
variations above and below the desirable average pro- 
portions of carbon and oxygen to secure the efficiency 
of the furnace were suck that they counter-balanced 
each other sagen ; this, however, cannot be 
attained. The works have had experience of both 
extremes, i.¢., excess of oxygen relatively to 
carbon and vice versa. They have remedied matters 
by a decrease or by an increase in the proportion 
of ore, but in either case it is ry bi overstep the 
mark, and thus to bring about the very opposite 
state of affairs. If a variation in the workin 
becomes so urgent that rapid action is deem 
nec , charcoal can be thrown into the crucible 
through the openings in the arch; ore can be 
thrown in in the same way. If there be less need 
for urgency, the additions for varying the working 
are made from the furnace tcp. 

Compared with the ordinary blast-furnace 
cess, this process has the drawback that there are 
no means available corresponding to the action of 
the blast for regulating the working. One is limited 
to the additions referred to, but these means of 
regulation, and especially the additions made under 
the arch, always have a disturbing effect upon the 
working ; the additions made from the furnace top 
only take effect some considerable time afterwards. 





A third factor—the gas circulation—tends to 
——-> matters still more. The difficulty of 
establishing an even and uniform gas circulation 
has not yet by a long way been overcome. It was, 
however, soon discovered that the CO, content in 
the outflowing gas was closely dependent upon the 
thoroughness of the gas circulation, and there are 
many causes which impede it—such, for instance, 
as a greater or less choking up by charcoal, or a 
greater or less choking up by ore, or, again, the 
presence of soot in the pipes, &c. 

As to the slag, this has been as a rule kept more 
silicious than was expedient for the life of the basic 
lining of the smelting-chamber. This has been done 
nostly with a view to facilitate comparisons with 
ordinary pig iron. 

The Gas, Its Composition, Pressure, &c.—During 
the whole time the furnace has been running the 
gas has been under observation. It has been dealt 
with by analyses ; pressure records have been taken 
and combustion tests have been carried out. Since 
the furnace was first started over 1800 analyses of 
gas from various portions of the furnace have been 
made. A number of these analyses are complete 


Fig. 24. 
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and give the calorific value, whilst others (the 
majority) only record the CO, in the gas. 

Although the tests are by far too few to allow of 
definite conclusions being drawn from the results, 
they seem to point to the fact that there are 
separate currents of gas in the shaft, which move 
and mix in diverse ways according to the density of 
tne charge. In some cases the percentage of CO, 
is higher at the wall than in the centre, and the 
differences between samples taken close to the wall 
and from the centre are more marked in the lower 
than in the higher part of the shaft. On the other 
hand, the percentage of CO, is, in some instances, 
considerably higher in the centre than at the wall. 
Since the ore sets near the wall, it may be surmised 
that consecutive subsiding ore-rings form a kind of 
flue, the penetrability of whose walls to the ascend- 
ing gases depends upon the size of the ore fragments 
or upon the proportion of air in the charge. 

Th: Results of the Working, d-c.—The main results 
of the working are given in the set of figures on 
pages 812 to 814 ante. The detailed records of the 
working show considerable variations in more 
respects than one ; but in this connection interrup- 
tions in the supply of electric current has to be 
borne in mind, as also the fact that each new com- 
position of the charge constituted an experiment. 

During the smelting of the group of charges 12 to 
l7 a mishap with Transformer II. occurred, which 
very materially impeded the working of the furnace. 
The percentage of iron testified to this, as also did 
the mean Toad. In two instances it seemed almost 
impossible to continue the working, but the fur- 
nace was kept going notwithstanding. The fact 
that the repairs to the smelting-chamber, or crucible, 
only took 18 hours for a period of working lasting 
over five months is very significant, to be remem- 
bered when considering the further application of 
the process. 

Another satisfactory feature is that no essential 
fault can be found with the height and dimensions 








of the furnace generally ; these have been found 
to meet all normal conditions of charcoal and ore. 
If, however, charcoal or ore of a more caking 
kind—loose ore, or ‘‘ concentrate ”—is used, and if 
the charcoal or the charge contains much moisture, 
the working in this, as in any other smelting fur- 
nace, is unfavourably affected, and the section 
adopted for the furnace may, under such conditions, 
not be found an ideal one, for it is particularly 
necessary to maintain a powerful gas circulation, 
a condition which may easily be made difficult of 
achievement. If the gas circulation is defective, the 
moisture in the charge leads to a decrease in tem- 
perature, the reducing action of CO decreases, and 
the percentage of CO, in the outflowing gas also 
decreases. ut this percentage of CO, is well 
known to constitute an indication of the degree in 
which the reduction medium is being utilised, and 
thereby of the economy of the process. The per- 
centage of CO, must of necessity be kept high. A 
shaft having a wider neck would constitute an 
advantage from this point of view, inasmuch as 
the rise of the gases would be facilitated thereby, 
this counteracting the fallin temperature. Perhaps 
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a less height of stack and a greater diameter of the 
body might be advisable also. 

In order to bring about as effective and uniform 
a gas circulation as possible, it is essential, in 
the first place, to purify the gas by washing, so 
that the frequent interruptions owing to soot 
accumulation may be avoided. Further, the gas- 
pipes must be perfectly tight, so that the gas 
drawn by the fan be really forced into the 
smelting-chamber ; the latter also must be as gas- 
tight as possible. Improvements in this direction 
are now being made at the Trollhittan furnace. 
The gas deuhtten, which is an essential feature 
of the process, and forms an effective protection 
for the arch, is, however, attended with a draw- 
back—the electrodes suffer from the carbonic acid 
contained in the gas. This is shown by the 
manner in which the electrodes wear (Figs. 11 to 
22, on page 813 ante). The electrode consumption 
per ton of iron has, however, been low—10.28 kilo- 
grammes gross and 5.27 kilogrammes net on an 
average for the whole time. Improvements are 
also in progress in this direction. 

Four electrodes for a furnace of the dimensions 
of the one at Trollhattan seem too few, according 
to the experience gained in actual working. The 
use of six electrodes would, no doubt, be preferable 
with three-phase current directly connected on to 
them. The heat would thereby be more evenly 
distributed in the smelting-chamber, and the inter- 
ruptions due to any derangement in the working of 
the transformers would be reduced. The loss due 
to the cooling water would certainly increase, but 
this would be more than compensated for by the 
advantages which have been referred to in the pre- 
ceding paragraph. 

During the period under review only unburnt 
limestone has been used. The use of burnt lime- 
stone will, however, tend to improve the economical 
working of the process. Whether unburnt or burnt 
lime be selec’ the percentage of CO, in the gas 
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SEMI-PORTABLE COMPOUND ENGINE WITH SUPERHEATER; NORWICH SHOW. 


CONSTRUCTED BY MESSRS. RUSTON, PROCTOR, AND CO., 
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will remain the same. The consumption of charcoal | 
per ton of iron, using various quantities of ores of | 
different composition, is shown in the set of figures | 
on pages 813 and 814 ante, as also are the iron 

output and the current consumption. | 

On the Use of Pig Iron Obtained in the Electric | 
Smelting-Furnace.—The practical results from the 
use of the electrically-reduced pig iron in the manu- 
facture of steel, &c., are, naturally, of the utmost 
importance in arriving at a conclusion as regards the 
actual value of the process. The time during which 
the electric smelting-furnace has been working has 
not allowed of final or very complete tests being 
* made, the more so as the electric pig iron was at 
first received with a certain amount of scepticism, 
owing to prejudice on the part of the steel-makers. 
The information which has been obtained so far 
shows it, however, to be most suitable for use in 
steel-making. 

The Cost of the Furnace.—The original calculation 
put the cost at 220,000 kr. (about 12,000/.), but the 
actual cost proved to be 100,000 kr. (about 55001.) 
in excess of that-——viz., 320,470 kr. (approximately 
17,8001.), owing to various alterations and enlarge- 
ments afterwards adopted. The levelling of the 
site, the railway lines, &c., entailed an expenditure 
of 40,027 kr. (22001.). The furnace-house cost 
54,981 kr. (30001.); the charcoal-shed, 22,509 kr. 
(12501.); the furnage, 48,944 kr. (27001.); the 
electric plant and equipment, 51,424 kr. (2800/.) ; 
cables, &c., 14,298 kr. (790l.) ; electric-lighting 
plant, 19,243 kr. (1050/.), &c. 

The Working of the Furnace. —The electric furnace 
is managed by a commission appointed by the 
Jernkontoret, comprising five well-known scientists. 
Mr. J. A. Leffler, one of the engineers from the 
Jernkontoret, who has drawn up the report, acts 
as managing director, with two assistant engineers ; 
two engineers are engaged in the chemical labora- 
tory, and two act alternately for taking records. 
There is also an assistant chemical engineer, and 
three juniors in the laboratory. The ordinary staff 
comprises twenty-nine men, of whom four are 
engaged in the crushing of the ore, five at the fur- 
nace, three at the electrodes, &. 





THE ROYAL AGRICULTURAL 
SOCIETY’S SHOW. 
_ For the third time in a history which now 
includes seventy-two annual exhibitions, the Royal 
Agricultural Society have held their Show at 





Norwich. Although this city lies in the heart of a 
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very prosperous farming district, and is included 
within the limits of an area famous the world over 
for the production of agricultural machinery of all 
kinds, the previous shows failed to be financially 
successful. That held in 1849 resulted in a loss of 
nearly 2000/., but was, nevertheless, notable for 
the excellence of the exhibits in the implement 
department. At the second meeting at the same city 
in 1886 there was also a deficit, this time of rather 
over 10001., the weather being most unpropitious. 
As in 1886, the beautiful park at Crown Point, 
belonging to Mr. J. J. Coleman, is again the site 
of the Show. The total area of the ground enclosed 
is 150 acres, but of this a certain amount is occupied 
by woods and plantations, so that the actual ‘‘free”’ 
area has been about 108 acres, or much the same 
as at Liverpool last year. The shedding devoted to 
machinery extends to 3095 ft., as against 2555 ft. 
last year. 

In view of the large influx of foreign and colonial 
visitors, attracted in part by the Coronation, there 
is every reason to believe that the Show will be 

ighly successful from a business standpoint, but 
it is not to be expected that the Royal Agricultural 
Society itself will do anything like as well as last 
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year at Liverpool, where the receipts left a profit 
of about 5000/., and this large figure would probably 
have been exceeded had it not been for the bad 
weather experienced during the last two days on 
which the Show was open. At Norwich the weather 
prognostics have been somewhat discouraging, and 
this is bound to be translated into a diminished 
attendance. Fortunately, however, the bad weather 
held off until most of the heavy exhibits were in 
place, and the disheartening experiences of hauling 
heavy weights over water-logged ground, which 
have been a source of such difficulty and expense 
on former occasions, have, in this instance, been 
luckily absent. 


StreaM-ENGINEs. 


In the steam-engine section the most notable 
feature is the steady advance in pularity of 
engines using superheated steam. The theoretical 
advantages to be gained have, of course, been 
recognised for at least two generations, but British 
firms could not afford to build engines of this class 
for the general market until the many mechanical 
difficulties originally inherent in the system had 
been eliminated by a series of very prolonged and 
costly experiments. 

Very few of their clients were in a position to 
attach a secondary importance to questions of 
reliability and ‘‘repairability,” if we may be per- 
mitted the term. ny of the earlier superheater 
engines introduced on the Continent may, no doubt, 
have proved reasonably satisfactory in localities where 
a we a machine-shop was always within 
easy reach, but such engines were wholly unsuit- 
able for use in less favoured areas. Bit by bit, 
however, the design of superheater engines has 
been improved, so that the builders are now pre- 

red to rantee their successful operation even 
in unfavourable conditions. 

Messrs. Ruston, Proctor, and Co., Limited, of 
the Sheaf Iron Works, Lincoln, show a semi- 
portable engine, which has compound cylinders 
a tandem fashion, and is fitted with a 
superheater, and this we illustrate on this page, 
Figs. 1 and 2. The boiler has a detachable fire- 
box. The superheater is fixed inside the smoke- 
box, and can be removed from that as a complete 
unit. With this object in view the steam connec- 
tions between the boiler and the superheater are 
external, and thus do not appear in our sectional 
views. The superheater is arranged, it will be 
seen, so as not to hinder access to the ordinary 





boiler tubes, which can be cleaned or replaced 
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as easily as if the superheater were absent. A 
large throttle-valve is fitted on the smoke-box as 
indicated in Fig. 1, by opening which the whole of 
the gases from the boiler-tubes can be passed direct 
to the chimney without entering the superheater at 
all. This arrangement is important, as it prevents 
the deposit of soot and tar on the superheater tubes 
when the boiler is being started up. The tubes can 
at any time be cleaned by means of a steam-jet. 
The engine develops 86 horse-power when running 
at 175 revolutions per minute, the boiler-pressure 
being 175 lb. gauge. The valves are of the piston 





of 


type, and that for the high-pressure cylinder is con- 
trolled bya shaft-governor. Heavy fly-wheels are 
fitted, making the running of the engine very 
regular. A jet-condenser and a feed-heater, warmed 
by exhaust-steam from the cylinders, are fitted at 
one side of the engine. The crank-shaft is provided 
with ring-oilers. 

Messrs. Richard Garrett and Sons, Limited, 
of Leiston, show a traction-engine of 6 nominal 
horse-power fitted with a superheater. 
they have now a number on the road giving every 
satisfaction. These engines have boilers designed 


Of these, | Th 














for a working pressure of 180 lb., and are operated 
| with 100 deg. to 150 deg. of superheat. They 
| have a single cylinder fitted with piston-valves, 
j}and develop from 30 to 35 horse-power on the 
brake. Their first cost is about the same as that 
of a compound traction engine of equal power, but 
they are found to be substantially more economical 
in fuel. The same firm also show a semi-stationary 
engine, built for the Wey Company’s Water Works. 

is is also designed for a on ihe pressure of 
180 Ib. per square inch, and for a steam tempera- 
| ture of 650 deg. Fahr. The superheater in this 
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case is to all intents and purposes separate from | certain details to which their success is partly due. |loped 22.15 brake horse-power with a fuel con- 
the boiler proper, being bolted on as an extension These engines haul ploughs coupled direct, and are sumption of 2.08 lb. of coal and a steam consump- 
to the smoke-box. All the tubing is arranged so |now built in sizes capable of developing up to 120 tion of 17} lb. per brake horse-power per hour. 
as to admit of easy withdrawal and replacement. horse-power on the brake, and of ploughing 14 A very fine selection of road hauling engines, 
Perhaps the most notable feature of the stand furrows at once. The firm do, however, exhibit road-rollers, tractors and steam-wagons is exhibited 
occupied by Messrs. J. and H. Maclaren, of Leeds, | one of their smaller tractors, similar to that which | by Mesers. Aveling and Porter, Limited, _of 
is the absence of any specimens of the ‘heavy took the gold medal at the Royal Agricultural Rochester. The road-roller hasa compound engine 
ploughing-engines which have for years past been so | Society’s trials held at Baldock last year. In these and weighs 10 tons, and it is of interest to note 
characteristic amongst their exhibits. The reason trials the cost of ploughing one acre was 3s. 1d., | that the weight per lineal inch on the road- 
is that the firm have brought out a new type which | whilst on the a load of 17 tons 17} cwt. was | surface is only about the same as that of an ordi- 
was very successful at the International Competi- | taken a distance of 24 miles at an average speed of | nary railway delivery-wagon ee res 4 in. 
tion held in Hungary a couple of years ago, and | 8 miles per hour, the fuel consumption being about | wide. The firm have recently supplied four sets 
they do not wish as yet to make common property 9 lb. per mile. On brake tests the engine deve- of 30-horse-power ploughing-engines to Asia Minor, 
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These are capable of hauling a six-furrow plough, 
making furrows 18-in. deep. The steam motor- 
lorry shown weighs 6 tons, and one firm alone has 
twenty-three of them in use in the London area. 
A lighter lorry, weighing 5 tons, daily makes the 
trip from London to Birmingham and back. 

Prighly-finished engines of many patterns are, as 
usual, a characteristic feature of the stand occupied 
by Messrs. Marshall, Sons, and Co., Limited, Gains- 
borough. Long experience of trying conditions of 
operation in many climes has pretty well fixed the 

eneral design of these engines, which accordingly 
differ little from year to year and from show to 
show. On this occasion, however, the portable 
engines exhibited are fitted with a new type of fire- 
box, in which suspension-stays have n done 
away with. This box was illustrated on page 779 
of our issue of December 2, 1910, and it is, it 
will be remembered, corrugated diagonally across 
the top in both directions. A test, in which the 
box was subjected to a pressure of 365 lb. per 
square inch, showed no measurable deflection. 
As portable and traction-engines have sometimes 
to be used in places where the water is of bad 
quality, the new fire-box has in such case special 
advantages, since the absence of suspension- 
stays gives a clear crown to the furnace. The 
box is therefore fitted to a ‘‘ Fen” traction-engine 
exhibited by Messrs. Marshall and Co. This 
engine has been specially designed for haulage on 
soft roads, and its weight has been kept down 
accordingly. The hind wheels are of standard 
width, but are provided with extensions outside of 
the main rims. These extensions travel clear of 
the ground on hard roads, but when the engine 
passes over soft ground they take a share of the 
total weight and prevent the engine ‘‘ rutting” its 
way, damaging the roads, and wasting power. 

The steam-engines exhibited at the Show by 
Messrs. John Fowler and Co., Limited, of Leeds, 
are built to their standard patterns, and thus embody 
no notable new departures. This firm have, how- 
ever, at work, near Norwich, a set of ploughing- 
engines fitted with superheaters, in which are 
embodied the results of five years’ careful and 
exhaustive experiments. These engines are de- 
signed to work with steam at a temperature of 
608 deg. Fahr., and have in practice shown a fuel 
economy of 20 to 25 per cent. as compared with 
previous practice. The superheater is arranged in 
the fire-box, and is fitted in such a way that the 
boiler-tubes are as accessible as in the standard 
type of engine. 

At one time Messrs. Robey and Co., Limited, of 
Lincoln, were primarily builders of agricultural 
machinery ; but though they still manufacture and 
exhibit excellently-designed and finished traction 
and portable engines, the construction of powerful, 
drop-valve, factory and winding-engines and of air- 
compressors has become the principal part of their 
large business, and it is exhibits connected with 
this development that form the most interesting 
features at their stand. Both in South Wales and 
in South Africa there has of late years arisen 
a demand for winding-engines of the highest 
efliciency, and recently Messrs. Robey have con- 
structed a double compound set having cylinders 
36 in. and 58 in. in diameter by 72-in. stroke. 
These engines have a 32 ft. drum, and lift 20 tons. 
They are, of course, not shown at the stand, 
but there is a model showing the type of valve 
gear used, and this we have already illustrated in 
ENGINEERING. Apparently recent colliery disasters 
have raised in certain quarters doubts as to the 
safety of electricity in fiery mines, and a renewed 
demand has thus been created for compressors to 
supply air to operate coal-cutting machines and 
for other power purposes below surface. Messrs. 
Robey show at their stand a section of a type of 
high-efliciency compressor which they are supply- 
ing for this service. The air-cylinders are rina tl 
acting and arranged tandem fashion behind the 
steam-cylinders, which are planned on the side-by- 
side compound system. Special interest attaches to 
the air-valves, which are of the multiple-beat disc 
type. They are guided and held in position solely 
by their springs. These are of the helical type, 
and fit inside raised flanges at the exterior and 
interior peripheries of the valve disc. 

The principal exhibit at the stand occupied by 
Leyland Motors, Limited, of Leyland, Lancashire, 
is a 6-ton steam wagon fitted with a two-cylinder 
enclosed vertical engine, using highly-superheated 
steam at 250 lb, pressure. The engine has poppet 
valves, and the cam-shaft is on top of the 





cylinders, so that any condensed steam which may 
leak along the valve spindles will not collect in the 
cam-box and displace the oil there. The super- 
heater coil is p inside the ftire-box. The 
exhaust steam on its discharge —_ through a 
feed-heater, thus economising fuel. 

At their stand Messrs. Willans and Robinson, of 
Rugby, show a double-acting high-speed enclosed 
engine. A peculiarity of the engine lies in the 
fact that the high-pressure cylinder has separate 
admission and exhaust valves, its exhaust valve 
acting also as admission valve to the low-pressure 
cylinder, the crank of which is set opposite to that 
of the high-pressure cylinder. Forced lubrication 
is supplied to all bearings and to the cylinders, and 
the guides are, moreover, water-cooled. The engine 
is designed to run at 550 revolutions per minute, at 
which s it develops 150 brake horse-power. 

In addition to their usual line of traction engines 
and road locomotives, Messrs. Charles Burrell and 
Sons, Limited, of Thetford, are this year showing 
a 5-ton motor-wagon, fitted with a compound 
engine, having cylinders 4} in. and 7 in. in diameter 
by 7-in. stroke. The boiler pressure is 200 lb. per 
square inch. The special feature of the machine is 
the drive to the rear wheels by two Morse silent 
chains, one on each side of the wagon. The hind 
wheels have therefore a fixed, and not a live, axle. 
The differential is on the counter-shaft, and can be 
locked when desired without the driver leaving 
the foot-plate. The wagon body is designed to 
carry loads up to 5 tons, and the weight of the 
machine unladen is low enough for it to be operated 
under the Motor Cars Act. The wagon shown has 
4-ft. wheels in place of the more usual 3-ft. 6-in. 
pattern. 

The steam-wagons made by Mann’s Patent 
Steam Cart and Wagon Company are now well 
known, but in addition to these the firm are this 
year exhibiting a steam-tractor specially designed 
for the new system of power ploughing with directly 
ecupled ploughs. 

essrs. Davey, Paxman, and Co., of Colchester, 
show three sizes of their standard traction engines. 
These all have their cylinders secured to seats 
riveted on to the boilers. These seats are 
planed after being riveted into place, and the 
crank-shaft bearings are also bored when in their 
final position, so that very accurate alignment of 
the engine is easily secured on erection. We may 
also note that the crown-stays of the fire-box pass 
through to the outer shell, thus dispensing with 
stay-girders. A small horizontal engine is also 
shown. This is noteworthy in that the same bed- 
plate, cylinder, and all other details can be used, 
whether the engine is to be right-handed or left- 
handed ; and whether erected in the one way or the 
other, it can be run in either direction. To this 
end the eccentric actuating the slide-valve is of the 
shifting type, and can be bolted in either of two 
alternative positions to a plate keyed to the crank- 
shaft. 

Oi anp Gas-ENGINEs. 

It is now nearly thirty years since the late 
Sir Frederick Bramwell predicted the ultimate 
supersession of the steam-engine by the internal- 
combustion type. A glance round the stands at 
the Sow affords evidence that, although in all pro- 
bability the steam-engine has yet many decades 
of usefulness before it, the oil and the petrol- 
engine are establishing a firm footing in depart- 
ments of engineering in which, up till but a few 
years ago, steam-engines alone were considered 
suitable, and where, indeed, internal-combustion 
engines of the type then available would have 
proved highly unsatisfactory. 

Thus one of the most noteworthy exhibits at the 
stand of Messrs. Marshall, Sons, and Co., Limited, 
of Gainsborough, is a replica of the oil-tractor, 
illustrated in our issue of May 12, which was sup- 
plied for heavy service in Patagonia. This machine is 
fitted with engines rated at 32 horse-power, and is 
calculated to render excellent service in conditions 
where coal and water are both scarce. 

Messrs. John Fowler and Co., Limited, of Leeds, 
also show a very powerful oil-tractor, built on 
orthodox traction - engine lines. This engine is 
intended to work with flin, and is fitted to this 
end with the Davis carburettor, which has already 
been illustrated and described in our columns (see 
page 261 ante). The engine can run 100 miles with- 
out requiring fresh supplies of fuel or water. It has 
four cylinders, placed horizontally in pairs at oppo- 
site sides of the crank-shaft. There are three 
speeds forward and one reverse; the engine will 





take 20 tons over ordinary roads, and is capable 
of executing very heavy ploughing. The whole of 
the valve-gear is completely boxed in. Both coil 
and magneto ignitions are fitted. A special fea- 
ture of the engine is the self-starter. This is an 
adaptation of the compressed-air system of start- 
ing, which has long been used for the larger class 
of fixed engines working on the internal-combustion 
principle. The exterior of the main clutch is 
arranged to take a belt, so that the engine, which 
develops 50 brake horse-power, can be used for 
driving fixed machinery. We hope to illustrate 
and describe this engine in fuller detail in a sub- 

uent issue. 

he Daimler Company, Limited, of Coventry, 
occupy a large stand, where they show several types 
of petrol-tractors, all fitted with the silent Knight 
engine. On pages 848 and 849 (Figs. 3 to 8) we 
illustrate their agricultural tractor, which is fitted 
with a wagon body, designed to carry loads up to 
5tons. This tractor has an engine rated at 30 brake 
horse-power, having four cylinders of 3.99-in. bore 
by 5.11-in. stroke. The engine is fitted under cover 
on the forward part of the carriage, and access to its 
principal working parts can be obtained through 
sliding doors ; whilst if a thorough overhaul is 
required, the whole of the casing can be readily 
removed. The engine runs at 1200 revolutions per 
minute, and drives the differential through worm 
gearing working inside an oil-tight casing. The 
drive from the differential to the road-wheels is 
through machine-cut spur-gearing. The road- 
wheels have their bosses lined with phosphor- 
bronze bushes. Both magneto and coil ignition 
are fitted. The tractor weighs 4} tons empty, 
and thus complies with the requirements of the 
Motor-Car Act. It is spring mounted fore and 
aft. A belt-pulley is provided at the back of 
the tractor, from which fixed maehinery can 
be driven by means of belting. There are 
three speeds forward and a reverse. The engine 
can travel at 7 miles an hour over ordinary 
roads, and at a slower speed can haul an 8-dise or 
furrow plough. The radiator for cooling the cir- 
culating water is deserving of special mention. 
It is constructed on surface-condenser lines, and 
consists of a casing of riveted steel plating. The 
tubes are of drawn steel, 4} in. in diameter. They 
are first expanded into their tube-plates and then 
finally fixed by acetylene welding. The consequence 
is that it is impossible to develop a leaky joint even 
by a journey over the roughest of roads. A fan is 
used to maintain a current of air through the tubes. 
The same type of radiator is fitted to all the other 
tractors shown at the stand. 

The largest tractor is represented in Figs. 9 
and 10, on page 851. It has six cylinders, and 
can develop nearly 100 brake horse-power, though 
on the Royal Automobile Club system it is rated 
at 57 horse-power only. The cylinders are 4.88 in. 
in diameter by 5.11 in. stroke. In this case they 
are located at the rear of the engine, the petrol 
and water-tanks being in front. The former holds 
90 gallons, andthe latter 80 gallons. The petrol 
supply is sufficient for a run of one anda half to 
two days, and so efficient is the cooling system that 
the water loss in normal conditions is only about 
half a gallon per day. The radiator is in this case 
cooled both by fan draught and by the induction 
produced by discharging the exhaust up the chimney 
shown. This chimney gives the engine much the 
appearance of a steam-tractor. The machine weighs 
9tons It is fitted with two speeds forward and a 
reverse, and can haul a 21-disc plough. Special 
attention has been paid to the questions of lubri- 
cation and accessibility. The cylinders have splash 
lubrication, and a tell-tale is fitted which shows the 
attendant to what level to fill the casing. A single 
charge of oil will suffice for several weeks’ run. 

In another part of their stand the same firm 
show a complete Renard road train. The engine 
for this has six cylinders of the same size as in the 
case of the large tractor already described, but in 
this instance they are fixed in the front. The 
clutch is of a special type ; it ‘‘ starts on leather, 
but when finally closed the drive is positive. All 
the axles of the train are fitted with ring lubrication. 
Each wagon has one driving and two steering axles. 
The drive is conveyed to the road wheels through 
the intermediary of a spring. The braking gear is 
very powerful, since it acts on every driven axle, 
and when travelling along a level road at 8 miles 
an hour the whole train, it is stated, has been 
brought to rest within a distance of 7 ft. 

A motor road-roller, weighing 5 tons empty and 
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Fies. 9 anp 10. 100-H.-P. Perrot-Tractor ; Tae DaimiteR Moror Co. (1904), Lrp., Coventry. 








Fie. 11, 


7 tons fully laden, is exhibited by Messrs. Thomas 
Green and Son, Limited, of the Smithfield Iron 
Works, Leeds. This is fitted with a two-cylinder 
pee capable of developing 16 brake horse- 
power. It has two speeds forward and a reverse. 
We give an illustration of this machine in Fig. 11, 
above. The type is proving highly popular with 
road-surveyors in view of the way it facilitates the 
execution of repairs. 

Messrs. Clayton and Shuttleworth, Limited, of the 
Stamp End Works, Lincoln, exhibit for the first time 











Moror-Driven Roap-Rotzer ; Messrs. Tuomas GREEN aND Son, Luowitrep, Leeps. 


system of ploughing by means of two engines a 
a plough to and fro across a field by means of stee 
cables has of recent years met with a serious com- 
petitor in the direct-hauled plough. The latter is 
naturally less economical of power, since the engine 
has to move its own weight as well as drag the 
plough ; but the plant is cheaper in first cost, and 
where the fields are very large, as in some foreign 
countries, there is a great saving of time, since it is 
not nec to ‘*set up” the cable system. 
Indeed, it is stated that in one case the furrows 


& powerful oil-tractor, which we illustrate in Figs. | have been as much as three miles in length, and 


12 and 13, on page 852. This machine is intended 


mainly for ploughing. The old and well-established 





even for less extreme lengths of run it is obvious 
that the direct-hauled plough has some advantages 





over the cable system. The tractor shown has a 
four-cylinder vertical engine. Each cylinder has a 
se te carburettor, and thus forms an indepen- 
dent unit. The ignition is on the low-tension 
magneto system. ere are two < Nene and a 
reverse. The ploughing speed is 24 miles per hour, 
and the road speed 4 miles. A governor is fitted, 
which prevents these speeds being exceeded ; but 
this governor can be adjusted to run the engine 
at any desired speed between 250 and 500 revo- 
lutions per minute. This makes the engine very 
convenient for driving fixed machinery, a belt pulley 
being provided to this end on an extension of 
the engine crank-shaft. Using petrol, the en- 
gine can develop 90 brake horse-power, and with 
parafiin 80 brake horse-power. e tractor will 
draw a 21-disc plough in virgin soil. The engine 
is fitted with forced lubrication, and all the gears, 
save the slow-speed differential, run in oil-baths. 
The clutch is of the metal-to-metal type. The 
radiator is made of a non-corrosive metal, so that 
in hard-water districts it can be cleaned from scale 
by the use of dilute acid. The fuel supply carried 
is enough for a continuous run of 13 hours, whilst 
the water consumption is under 10 gallons per day. 
The weight of the tractor ‘‘ all on ” is 12 tons. 

Messrs. Blackstone and Co., Limited, of Stam- 
ford, in addition to ordinary oil-engines, exhibit 
two patterns of the crude-oil engine which was 
illustrated and described in ENGingerine, vol. 
Ixxxvii., page 756. Some minor changes and 
simplifications have been made in these, but the 
— principle is unaltered. The essential 
eature of the engine is that at each out-stroke 
some fuel is turned into an igniter bulb, but not 
necessarily into the engine. The bulb therefore 
is kept hot even at light loads, so that the engine 
can run indefinitely under no load. The working 
charge is sprayed in the quantity necessary into 
the engine at the end of the compression stroke, 
by air supplied at a pressure of 400 lb. per 
square inch. One of the crude-oil engines shown 
is of the portable type. It is rated at 164 
brake horse-power, but is capable of working up to 
20 brake horse-power. The second engine is of the 
vertical marine type. This has two cylinders. A new 
feature here is the provision of hand-holes through 
which the valves can be removed without taking off 
the whole cylinder head. The reverse is effected by 
gearing, two independent plate clutches being used, 
one in running forward, and the other for the 
reverse. The exhaust-pipe is water-cooled, so as to 
keep down the temperature of the engine-room. 
The circulating water is, moreover, discharged 
through the exhaust-pipe, and helps thus to silence 
the exhaust. The air intake to the engine is fitted 
with a silencer, and is now arranged to take its 
supply from the engine-room instead of above deck- 
level. In this way heated air is constantly being 
removed from the engine-room, and is naturally 
replaced by cold air from outside. The air com- 
pressor is on the two-stage system, and has valves 
of the mushroom type. The engine is fitted with 
a governor which controls the speed by altering the 
stroke of the oil-pumps. The cylinder lubrication 
is on the splash system, but forced lubrication is 
fitted to all bearings. 

At the same stand the firm also show a small 

raffin-engine coupled direct to a small dynamo. 
. this engine a throttle-valve is provided between 
the cylinder and the vaporiser, by opening or 
closing which the charge drawn in can be neon Fev 
by the action of the governor. 

As usual, Messrs. Richard Hornsby and Sons, 
Limited, of Grantham, have a varied exhibit of 
oil-engines, which, on this occasion, are shown in 
sizes ranging from 5 up to 104 brake horse-power. 
All these engines will run, and, indeed, in some 
districts habitually do run, on crude oil. The system 
of working is well known, this engine being, we 
believe, the first in which was embodied the now 

pular system of automatic ignition. It is of 
interest to note that engines of this type are now 
made up to 500 brake horse-power. e firm, for 
the first time at the Royal Show, also exhibit a 
petrol-engine. This is rated at 3 brake horse- 
power, and is built on standard lines of construction. 
A 22-brake-horse-power gas-engine and suction 
producer are also shown, but embody no important 
new departures. 

The National Gas-Engine Company, Limited, of 
Ashton-under-Lyme, show two engines, one of 29 
brake horse-power and the other of 44 brake horse- 

wer, both running off the same suction producer. 

hese engines embody no new departures, their 
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lines having been fixed long since on the results of a 
very wide and varied experience. The firm, we may 
note, have recently supplied to the Crystal Palace 
two coal-gas engines, each rated at 1000 brake horse- 
power, and a third rated at 750. These have eight 
cylinders arranged in | mer tandem fashion. e 
Continental plan of ——o large powers in 
single cylinders is not favoured by the National 
Gas-Engine Company, partly owing to the objec- 
tions raised by some engine insurance societies, who 
have had some unfortunate experiences with certain 
engines with large cylinders built to Contine.tal 


designs. 

+ sel Tangyes, Limited, of Birmingham, also 
exhibit a series of gas and oil-engines substantially 
the same as in previous years, and calling, ac- 
cordingly, for no detailed comment. The gas- 
engine shown was — on gas drawn from a 
suction producer, and we learn that the firm are 
supplying producers of this kind of very large 
capacity, which are running very successfully on 
wood as the fuel. 

The most notable feature at the stand of the 
Campbell Gas-Engine Company, Limited, of Hali- 
fax, 1s an open-hearth producer. In this case the 
base of the furnace consists of a simple circular 
plate mounted on a central pivot, which is sup- 
ported by a stand provided with wheels. Hence 
the whole of the base can at will be run clear of 
the producer proper, making the interior of the 
latter very accessible for inspection or repairs. The 
air supply is drawn in through the annulus left 
between the edge of the furnace base-plate and 
the bottom of the producer casing. The steam is 
supplied at four equidistant points around this 
annulus. The use of a furnace base of this type 
has the further advantage that very small fuel can 
be used, as there are no fire-bars, through the 
interstices of which it might escape. The lower 
part of the producer casing is water-jacketed, and 
the steam supply required is furnished from this 
source. 

As a ‘‘new ee the Ideal Agricultural 
Motor Company, Limited, of Kingston-on-Thames, 
are showing an agricultural motor rated at 24 brake 
horse-power. This machine is intended for hauling 

loughs and also for mowing, provision being made 
or driving from the counter-shaft a 7-ft. cutter- 
bar. The engine fitted has four cylinders, and, 
after being started on petrol, can be run on 
paraffin. A special feature of the machine is 
the system of self-cleaning spuds, the arrangement 
of which will be best understood on reference to 
Fig. 14. Secured near each road wheel is a movable 
eccentric, to the strap of which are permanentl 
hinged the spud-bars. These protrude throug 
holes in a rim of a little less diameter than that of 
the driving-wheels. By suitably fixing this eccen- 
tric the spud-bars protrude any desired distance 
beyond the bottom of the wheel, but are withdrawn 
below the rim of the latter to a corresponding 
extent at the top. In this way clay is automati- 
cally cleaned off each spud at every revolution of 
the driving-wheel. By putting the eccentric con- 
centric with the driving-wheel the spuds clear the 
ground, and the machine may be taken over a 
road without injuring the surface of the latter. 
The total weight of the machine is 3} tons, and it 
can, when employed as a tractor, haul a load of 
5 tons over an ordinary road. Provision is made 
by which, by altering the position of a single lever, 
the drive can be confined to either driving-wheel, 
or, alternatively, the differential may be either 
locked or free. 

Messrs. Willans and Robinson, Limited, of 
Rugby, make a first appearance at the Royal 
Show, and have at their stand a varied and very 
interesting series of exhibits. Amongst them is 
a two-cycle Diesel engine (Fig. 15, page 853) 
embodying some interesting modifications. This 
has three cylinders and is rated at 75 brake 
horse-power, being shown at work driving a con- 
tinuous-current generator. The cylinder proper 
is really a sliding sleeve, which, by means of 
eccentrics, is moved up and down inside a fixed 
cylinder, which is practically nothing but a guide. 
An enlargement to the fixed cylinder serves to 
supply the air necessary for scavenging out the 
spent gases, the volume through the 
working cylinder being 1.6 times the main piston 
displacement. In spite of this large volume of 
scavenging air, the pressure required is small, not 
exceeding 3 lb., the reason being that by the use 
of the sliding sleeve practically a complete annulus 
is available Se the admission of the scavenging air 





80—90-H.-P. OIL-TRACTOR AT THE NORWICH 


SHOW. 


CONSTRUCTED BY MESSRS. CLAYTON AND SHUTTLEWORTH, LTD., LINCOLN. 




















Fig. 


and the discharge of the spent gases. The only 
poppet-valves used are those through which the oil 
charge is sprayed into the cylinders. At the 
moment of this operation the pressure in the cylin- 
der is, as is al’ basen, very high ; but at this 
time the ~ in the sleeve are well beyond the 
rings on the fixed and the movable pistons, and no 
a take place through them. We hope to 
describe this engine in detail at a later date, and 
will reserve further details till then, merely noting 
that the ample area of the scavenging and exhaust- 
ports enables the engine to be run at a high speed. 


MISCELLANEOUS. 


The Hadfield Steel Foundry Company, Limited, 
of Sheffield, occupy for the first time a stand 








13. 

at the Royal Show. They exhibit a combination 
stone-breaker, screen, elevator, and loader, which 
we illustrate in Fig. 16, page 853. The breaker 
is of the jaw type, the jaws being of the firm's 
‘‘Era” manganese steel. These can, accordingly, 
be made much lighter than is possible with chilled 
cast iron; and having a very long life, in con- 
sequence of the extraordinary resistance of the 
alloy used to abrasion, replacements are rela- 
tively cheap. The special feature of the machine 
is that the framing is a steel casting, thus combin- 
ing lightness and strength. In use the material, 
after being broken, passes into the lower screen, 
which takes out the smaller fragments, delivering 
the remainder to an elevator, which passes it on to 
the upper screen, which sorts the broken metal into 
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Fic. 16. ComsprnatTion Stone-BREAKER, SCREEN, AND LoapER ; THE Haprietp STEEL 
Founpry Company, Limitep, SHEFFIELD. 
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Fic. 14. Seir-Cireanine Spups or AGRICULTURAL 
Motor ; THe Ipgat AGricuttuRAL Moror Co., 
Liurtrep, Ktneston-on-THAMES. 























Fie. 17. Casr-Sreen Wueet with Y-Spoxss ; 
Tue Artas Resitient Roap-Wueets, Limirep, 
MANCHESTER. 


| two sizes, discharging it into hoppers or shoots, from 

| which carts can be loaded direct. The tailings from 
the top screen are automatically returned to the 
breaker. 

| A light cast-steel wheel having Y-spokes is ex- 

| hibited by the Atlas Resilient Road- Wheels, Limited, 
of 37, Cross-street, Manchester. This wheel, which 
we illustrate in Fig. 17, above, is specially in- 

| tended for use on agricultural tractors, to replace 
the built-up wheels now commonly employed. Its 

_ design will be sufficiently apparent from the illustra- 
tion. The rim, it will be seen, is supported at 12 
points. The holes at the centre of the Y-spokes are 
provided to facilitate the attachment of the spur or 
chain-wheel, which takes the drive from the engine. 

(To be continued. ) 





Contracts.—The Underfeed Stoker Company, Limited, 
Coventry House, South-place, Finsbury, E.C., have 
recently booked orders for 19 stokers for electrical under- 

| taki 21 stokers and an air-heater for textile works, 
|5 stokers for paper works, and 47 stokers and 3 air- 
| heaters for various other works, several of which bei 
repeat orders.— Messrs. Drummond Brothers, Limited, 
| machine-tool manufacturers, Ryde’s-hill, near Guildford, 
| Surrey, are supplying their new ‘‘ Drummond-Barreto” 
| universal machine to the Admiralty for the new repair 
depot ship Hecla, now building. 





| Toxprevo-BoaT FoR THE RoyaL Danish Navy.—The 
| torpedo-boat Soridderen, built for the Royal Danish 
| Government by Messrs. Yarrow and Co., Glasgow, ran 
her official full-speed trial on Saturday last, the 24th inst., 
| on the Skelmorlie deep-water measured mile at the mouth 
of the Clyde. The contract speed of 27 knots was easily 
attained during a three hours’ continuous trial, with the 
| vessel carrying a load of 50 tons. The trial was under 
the su ion of Sub-Director Adolph and Commander 
Wenck, representing the Danish Navy. The Soridderen 
is 181 ft. 9 in. long by 18 ft. beam, and is propelled by 
twin-screws driven by turbines of the Brown-Curtis type, 
constructed by Messrs. Yarrow. Steam is supplied by 
two Yarrow water-tube boilers of the latest type. 
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THE REVIEW OF THE FLEET. 


Tue Coronation festivities of last week were com- 
re by the review of the Fleet by His Majesty the 

ing at Spithead on Saturday. On that day there 
were gathered for his i tion 167 British war- 
vessels, in addition to the 18 foreign warships 
which had arrived to honour the occasion and to 
bear testimony to the amicable relations that exist 
between this country and the rest of the world. 
Of the British vessels, 32 were battleships, 25 
armoured cruisers, 9 protected cruisers, 12 dépét 
ships, 69 destroyers, 12 torpedo-boats, and 8 sub- 
marine-boats. Of the 32 battleships, 21 have 
been launched since the death of Queen Victoria 
in January, 1901, and are therefore not more 
than ten years old—that is, they have not seen 
more than nine years’ service. The Dreadnought, 
the oldest of the eight vessels in the First Battle 
Squadron of the Home Fleet, was launched 
in 1906, while the King Edward VII., the 
oldest of the eight vessels in the Second Battle 
Squadron, was launched in 1903. The six vessels 
of the Atlantic Fleet are older, the date of launch- 
ing varying from 1898 to 1902. The oldest battle- 
ship at the review was the Victorious, launched in 
1895. 

Of*the 25 armoured cruisers, only one — the 
Hogue—was launched in the reign of Queen 
Victoria, and even this vessel did not enter the 
Service until King Edward had ascended the throne. 
Of the first-class protected cruisers, however, only 
three were really modern, as this class of vessel 
is not now being built in large numbers. The 
destroyers were headed by the Swift, launched in 
1907 ; the whole of the Tribal class were launched 


from 1907 to 1909; the Beagles in 1909 and|y 


1910; and the Acorns in 1910 and 1911. It was 
only in the fourth flotilla of thirteen 30-knot boats 
that there were any destroyers that were not quite 
modern. The fleet that the King passed in review 
was the largest ever gathered together, and it was 
also by far the most formidable. The Admiralty 
had not scoured our home ports for obsolete vessels 
to lengthen out the lines ; the squadrons they put 
forward are those on which they would rely if war 
were to break out at once, and behind which the 
British people might sleep in their beds, satisfied 
that their > ec would remain inviolate. 

The four lines of vessels, each five miles long, 
formed a splendid sight, and were evidence that 
the country is determined to maintain its naval 
force, cost what it may. They also showed 
that the constructive and engineering depart- 
ments of the Admiralty, aided by the great manu- 
facturing concerns of the i are ever 
striving after greater efficiency. he fact was 
brought home that it is only five years since the 
Dreadnought was launched and cast a shade over 
all the navies of the world, and that since that date 
three developments in battleships, each bigger and 
more powerful than its predecessor, have followed 
it. hat the future will bring forth we cannot 
tell, but we may be certain that when another such 
Review will be held it will not be the fault of 
British constructors if our island is not still in a 
condition of security. As long as the people of this 
country are determined to maintain their supremacy 
on the seas, the means will be forthcoming. 





INDUSTRIAL NOTES. 

Accorpine to the monthly report of the United 
Patternmakers’ Association for May the condition of 
the trade continues fair. A gratifying feature of the 
report is a statement made with regard to the North- 
East Coast to the effect that the district is participat- 
ing fully in the general prosperity, every branch 
throughout the district showing an improved condi- 
tion of trade. On the Clyde, also, trade is brisk, 
and very few members are out of work. Barrow 
and Belfast also report tracle as good. The inland 
centres appear to be much as they were at the time 
of the previous report. The total membership now 
stands at 7376. 


The Coronation festivities were somewhat marred, 
at least to a certain number of the public who wished 
to see the Naval Review at Spithead, by the seamen’s 
and firemen’s strike, for much disappointment was 
caused thereby to the intending passengers of eight 
liners whose cruises for the of wi ing the 
Review were cancelled. It Rad been hoped that there 
might be a truce arranged for the time being, and the 
cancelling of the cruises countermanded, but it is 
said that overtures came too late. The men were 
definitely asked if they would go to the Review on the 





literal terms cffered, leaving the further consideration 
of the ea question till afterwards, but the offer was 
declined by the leaders. The affair has, of course, 
naturally caused much regret among the owners as 
well, for they had made very elaborate arrangements 
for the convenience of their passengers. 

At the end of last week it was thought that there 
were signs that a compromise on the wages question 
might be arrived at with the men on the basis of an 
increase of wages at the rate of 103. per month, 
although this is much less than the scale demanded by 
the strikers, but the idea does not appear to have borne 
much fruit. About the middle of last week it was 
stated that as many as 390 coasting-vessels belonging 
to Federation owners had cteusiel 35s. per week, an 
advance of 5s.,and that 120 monthly steamers associa 
with the Federation had granted the full union rate. 
If this be true, it looks very much as though the men 
were gaining their point. Although, up to the present 
time, the London dockers as a whole have refused to 
take any part in the strike, the National Transport 
Federation have approached the Board of Trade with a 
view to the promotion of a settlement. This Federa- 
tion is an amalgamation of stevedores’, carters’, sailors’, 
and other unions, and has a membership of 100,000. 
A strike of the stokers on board the British steamer 
Honorius, bound for America, occurred at Vigo last 
week, and the captain, in order to avoid delay, con- 
sented to increase the men’s wages by 103. per month. 

So far as two large companies at Southampton are 
concerned, the strike of seamen and firemen ended last 
week, the men having, after reconsideration, accepted 
the terms that were offered them by the owners on the 
previous Monday, and at the time refused. The two 
companies are the Royal Mail Steam Packet Company 
and the Union-Castle Line. An advance of Il. per 


month on all grades employed in the California | #gree 


was agreed to by the Anchor Line, and the Allan 
Line offered a rate of 5/., which, though recommended 
the union officials, was rejected by the men, who 
demanded 5/. 10s. The coasting vessels belonging to 
Glasgow owners have suffered delays, and the owners 
have given notice that they cannot be responsible 
for any loss or damage that may arise from the 
strike. Clerks have coaled some vessels, and in two 
cases it is said that the partners in the firms have 


taken active part in loading and discharging the | P 


cargoes. On Friday last the Cardiff seamen passed a 
resolution not to seek strike-pay until the strike has 
lasted fourteen days. 

Information reached London on Sunday last that 
ten a firms of shipowners had paid trade-union 
rates and agreed to recognise the union and abolish 
the Shipping Federation’s medical examination. The 
companies include the Allan, the Donaldson, the 
Anchor Lines, and all the Highland boats. The posi- 
tion of the Shipping Federation has been made more 
difficult by many owners giving way, and at Hull, at 
the end of last week, there appeared to be some likeli- 
hood of complications, for there were indications that 
the railway men—more especially those employed at 
the docks—might come out. A large number of extra 
police were engaged at the docks. Clerks were em- 
ployed to discharge potatoes, but were compelled by 
the strikers to desist. Up to the present time the 
strike certainly ap to be going in favour of the 
men, although the Shipping Federation still seems 
to be standing firm. At Southampton the strike has, 
it is said, involved a direct loss of not less than 
10,000/. 

At the time of going to press the situation had not 
improved, serious rioting by dockers and other 
strikers occurred on Wednesday at Hull, which neves- 
sitated additional police being drafted into the town. In 
Liverpool, although the seamen and firemen of the 
great lines had come to terms with the owners, they left 
work in support of the dockers, who had helped them 
in the early stages of the dispute. It is stated that 
10,000 men came out. On Wednesday last, at a con- 
ference of shipowners, held in London, resolutions 
were against the way in which picketing was 
abused by the men. Theshipowners were, itis stated, 
in favour of conditional increase of pay and the fixing 


of standard rates, and also of extending the Shippi 
Federation’s functions in order to include w: | 
disputes. 
decided against recognition of the Sailors and Fire- 
men’s Union. 


The conference, however, unanimously 


Another struggle is threatened on the North-Eastern 
Railway, for it was stated by the organising 
secretary of the Amalgamated Society of Railway 
Servants at a meeting at Bradford on Sunday last 
that during July and August it was arranged to have 
twenty demonstrations on the North-East Coast, and 
the men were going to have the biggest fight they had 
ever had with a railway company, reason for the 
trouble being that the men refused to work with non- 
unionists on the North-Eastern Railway. It is stated 
that 87 per cent. of the men employed in the runnin 
dep srtment on that railway are mem of the Society. 
The die, the speaker said, would be cast during the next 
two months, and when they had forced men into the 





Society, they were going in for an eight-hour day for 
every man employed on the line. 


The woolcombers’ strike at Bradford still continues. 
A meeting of operatives was held in the St. George’s 
Hall, in the town, on Saturday evening last, and it 
was then stated that, as the result of steps taken by 
the Bradford Trades Council, five firms outside the 
Employers’ Federation had signed an agreement to 
give the minimum weekly wage of 25s. to night- 
workers, and that the average wage would not be 
reduced. Many other firms would, it was said, sign 
the agreement if the operatives endorsed it by resolu- 
tion. With only one dissentient the agreement was 
endorsed, as well as a resolution agreeing to arbitration 


ted | with the federated masters who still stand firm. 


Rumours are abroad that efforts are being made to 
promote an international treaty for regulating hours 
of labour in mines. The hours appear at present to be 
regulated in six European countries. The only two 
countries having an eight-hour day are Great Britain 
and France, the standard for Austria, Belgium, and 
Spain being nine hours, while in Holland 8} hours 
is the ised rule. The statement merely put in 
this way may, however, be misleading, owing to the 
way in which the hours are calculated. For instance, 
the nine-hour day in Austria may be shorter than the 
English eight-hour day, so far as the actual time spent 
underground is concerned, because the Austrian day is 
reckoned from the moment the first man descends the 
shaft until the last man reaches the surface when the 
day ends, while the British miner’s eight hours are 
estimated from the time the last man descends from the 
pit-head until the time the first returning contingent 
appears at the pit-head. The proposed international 

ment would, it is miggented, establish a univereal 
eight-hour day calcula from the first departure 
from the surface to the first arrival there again from 
the pit at the end of the day. The necessary steps 
are, we understand, being taken to approach the 
various Governments on the subject. 


The threatened lock-out by the Norwegian Em- 
ployers’ Union commenced last week, in the first place 
affecting some 16,000 to 18,000 hands, and, in its second 
hase, if no agreement in the meantime be arrived at, 
about twice that number. The men, in their reply to 
the Employers’ Union, stated that they were willing to 
negotiate, but did not see any good in discussing an 
offer already refused, and the masters, in their answer, 
expressed regret at the standpoint taken up by the 
men, and surprise at the last offer from the employers 
not having been laid before the miners, but simply 
declined by the board of the labourers. The Union of 
Employers therefore gave the men 14 days’ notice 
from June 24. If an arrangement has not been 
arrived at by July 1, the lock-out will be extended. 
The list of undertakings affected by the lock-out 
comprises 94 concerns, and includes more especially 
the mines, where there is no strike, the cellulose fac- 
tories, the saw-mills, the planing-mills, the paper-mills, 
and the wood-pulp manufactories. Amongst them are 
some of the largest concerns in Norway and a number 
in which English capital is interested. It is admitted 
from most sides that the masters had no choice and 
that the action taken by them, however serious its 
possible results, was necessary in the face of the 
constant disturbances and unrest to which the doings 
of the men exposed them. 


Arrangements were made in Newcastle-on-Tyne, on 
Tuesday last, for taking the strike ballot as soon as 
possible with regard to the abolition of the three- 
shift system, and it is said that a circular will be issued 
with the ballot-paper advising members of the associa- 
tion to vote in favour of a strike. It is stated that 
the Northumberland steam-coal trade has not been 
flourishing this year, and the coal-owners are not 
inclined to make any further concessions, and intend 
to stand firm. 


ENGINEERING CONSTANTS. 
To THE Epitor oF ENGINEERING. — 

Str,—I am preparing for publication a work containing, 
as far as possible, a complete list of all simple and com- 
pound “constants” for commercial, engineering, and 
scientific calculations. P 

Latimer Clark’s well-known work, ‘‘ Metric Measures, 
gives practically all the simple constants, but in ever) 
trade and profession there has been worked out indi- 
vidual compound constants, which considerably simplif) 
solutions. : 

May I ask your readers if, having such, they will send 
the formule to me, and, if original, the name of the 
author will be duly acknowledged in the print. j 

The use of these constants is proposed in connection 
with a new form of tables, which gives on inspection 
logarithm constants, common to units of English measures 
of length, weight, and money, converting into all metric 
and foreign measures, and dealing by one set of simple 








€ | additions with every possible question. 


I am, Sir, yours faithfully, 
ALFRED STEVENS. 
12, Stanley Gardens, Cricklewood, N.W., -Tune 28, 1911. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.—On Tuesday morning of last 
week the pig-iron market was dead idle, and sellers of 
Cleveland warrants quoted 46s. 5d. cash, 46s. 8d. one 
month, and 47s. 1d. three months. Hematite was quoted 
62s. cash sellers. In the afternoon the only business 
was one lot of Cleveland warrants at 46s. 5d. six days, 
and sellers’ closing ee nay were unchanged from the 
morning. On the following day the tone was steady, but 
only one lot of Cleveland warrants was dealt in at 46s. 5d. 
cash, with sellers over at that figure, and at 46s. 8d. one 
month and 47s. 14d. three months. In the afternoon the 
market was quite idle, and sellers of Cleveland warrants 
quoted no change in prices, On Thursday the market was 
closed, being the Coronation Day of His Majesty King 
George. When business was resumed on Friday a 
the market was firm, and some 3000 tons of Clevelan 
warrants were done at 46s. 54d. six days, and 46s. 6d. 
seven days. Closing sellers quoted 46s. 6d. cash, 46s. 9d. 
one month, and 47s. 24d. three months. The afternoon 
session was idle, but a firmer tone prevailed. At the 
close Cleveland warrants were quoted 46s. 64d. cash, 
46s. 93d. one month, and 47s. 2\d. three months 
s:llers. On Monday morning the market opened 
with an easier tone, and the total turnover only 
amounted to 1000 tons of Cleveland warrants at from 
46s. 8d. to 46s. 74d. one month. Closing sellers quoted 
46s. 54d. cash, 46s. 8d. one month, and 47s. 2d. three 
months. In the afternoon there was nothing doing, and 
Cleveland warrants were almost unchanged, sellers quot- 
ing 46s. 5d. cash, 46s. 84d. one month, and 47s. 14d. 
three months. On Tuesday morning the market was 
quiet, and Cleveland warrants were weak. Prices showed 
a decline of 1d. to 14d., and the business consisted of 500 
tons at 46s. 64d. one month, with closing sellers at 
46s. 4d. cash, 46s. 7d. one month, and 47s. 04d. three 
months. The afternoon session was inclined to be a shade 
firmer, and 3500 tons of Cleveland warrants were dealt 
inat 46s. 4d. cash, and 46s. . one month. At theclose 
sellers quoted 46s. 44d. 46s. 7d. one month, and 
47s. 1d. three months. When the market opened to-day 
(Wednesday) an easier tone prevailed, buta good business 
of 10,500 tons of Cleveland warrants were put through at 
46s. 34d. cash, 46s. 3d. five days, 46s. 6d. and 46s. 54d. 
one month, and 46s. 11d. three months. Closing sellers 
quoted 46s. 3d. cash, 46s. 6d. one month, and 46s. 114d. 
three months. In the afternoon the market was quite 
idle, and prices of Cleveland warrants were quoted nomi- 
nally firmer at 46s. 34d. cash, 46s, 64d. one month, and 
47s. three months sellers. The iollowing are the market 
quotations for makers’ (No. 1) iron :—Clyde, 60s. 6d. ; 
Calder and Gartsherrie, 61s.; Summerlee, 63s.; Langloan, 
64s.; and Coltness, 82s. 6d. (all shipped at Glasgow) ; 
Glengarnock (at Ardrossan), 64s. ; Shotts (at Leith), 62s.; 
and cs (at Grangemouth), 63s. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia is rather stronger this week, and the price 
quoted to-day is 13. 5s. per ton for panes delivery, 
Glasgow or Leith. The amount shipped from Leith 
Harbour last week was 845 tons. 


Scotch Steel Trade.—A quiet tone still prevails in the 
Scotch steel trade, and there seems to be little prospect 
of any improvement on this side of the annual Fair 
Holidays, a or. hence. Shipbuilding specifications, 
as well as those for heavy material quelle, continue 
scarce, while there is also an absence of new business, 
with the result that rolling plant is not all being fully 
employed at present. The demand for light steel is 
good, and deliveries amount to a fairly large tonnage, 
yut the demand for structural sections is perhaps not 
just so satisfactory. Official prices are without change. 
Inquiries in the market this week include a quantity of 
ship-plates for Japan, and several hundred tons of thin 
plates and sheets for Australia. 


Malleable-Iron Trade.—No change of any importance 
has taken place in the malleable-iron trade of the West 
of Scotland, and broken time is fairly general. Business 
continues to be done on the basis of 6/. per ton, less 5 per 
cent. for crown bars for prompt delivery ; but even at 
that figure recent beskiiey bes only been moderate. 


Scotch Pig-Iron Trade.—The demand for the ordinary 
qualities of Scotch pig-iron has recently been only mode- 
rate, but during the past few days the outlook is healthier. 
Inquiries from the South are on a larger scale, and a 
number of these are for forward delivery ; but there is 
likely to be a little difficulty in coming to terms, as pro- 
ducers’ prices are very firm. No change has taken place 


in the hematite — and makers are willing sellers 
at 65s. per ton; but consumers are slow buyers even at 
that figure. 


Shipbuilding.—It_is reported that the Caledon Ship- 
building wey 8 Dundee, have received orders to build 
two steamers of about 210 ft. in length for Messrs. Elder, 
Dempster, and Co., Liverpool. Thess vessels are for the 
West African coasting candi — Aleem. Mackay Brothers, 
Alloa, have received an order for a steamer of 600 tons 
for South American owners.— Messrs, A. Jeffrey and Co., 
Alloa, have also received orders for two 50-ton river 
barges for London owners. 


Sh puting Change of Ownership.—It is stated to-day 
that Inch Works, Port Glasgow, presently in the name of 
Messrs. David J. Dunlop and Co., shipbuilders engi- 
neers, have now changed hands. The works have been 
acquired by a gentleman well-known in shipbuilding and 
ribowning clscies, and will be carried on in future as a 
limited liability concern, with a capital under 100,000/. 


The works extend to several acres. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Employers and the Insurance Bill.—A number of 
interesting points in connection with the National Insur- 
ance Bill were brought out at the meeting of the Sheffield 
Chamber of Commerce. Inquiries among the members 
as to its probable financial effect show that the cost of 
insurance to manufacturers of steel, files, and saws would 
be equivalent to an increase in the income tax of about 
1s. in the £; to coal, iron, and general merchants, 5d. in 
the £; to cutlery manufacturers and silversmiths, 1s. 8d. 
in the £; and grocers and drapers, 7d. in the £. Strong 
objection was Bom taken to the fact that the employers, 
who found, through their share of the general taxation of 
the country and their contribution to the insurance, quite 
half of the fund, were not given any representation on the 
local health committees, nor had they any voice in the 
administration of the fund. 


Iron and Stecl.—Coronation celebrations interfered 
largely with the progress of the iron and steel trades 
during the week, and but little was done until Monday, 
when most of the big works were again in full swing. 
Trade is exceptionally brisk, and a strong effort was 
made to get the men back for the week-end. This, 
however, was found impracticable, and the great majority 
of manufacturers shut down for the three days. ‘These 
frequent holidays at a time when trade is exceptionally 


active, and when makers have to meet the keenest foreign | h 


competition, cause great dislocation in bisiness and 
consequent loss. There is still complaint that profits are 
relatively small to the large output from theshops. Little 
has been done in the pig-iron market during the wesk, and 
prices are unchanged. Quotations for Lincolnshire forge 
are 49s. 6d. to 50s. 6d. ; ditto foundry, 50s. 6d. ; Derby- 
shire forge, 48s. 6d.; Derbyshire foundry, 50s. East 
Coast hematites make 68s. 6d. to 70s., and West Coast 
73s. to 74s. Finished iron makers are well off for orders, 
and prices are very stiff. Foreign business in steel and 
steel manufactures continues brisk, though there are 
signs of a falling off in trade with the States. The arma- 
ment de ments are in full work, and have a big 
reserve of orders on hand. They are practically the only 
people who worked steadily during the holidays. 


South Yorkshire Coal Trade.—In coal, too, Coronation 
festivities have exercised a depressing effect, though 
many of the pits only kept Thursday as full holiday. 
The local coal exchan, did not meet. The most serious 
question at present, 
trouble in the shipping trade is having upon the York- 
shire coal trade. ) far as the export trade is concerned 
business is practically at a standstill, owing to the cargoes 
being held up at the Humber ports. West Riding ex- 
porters work largely through Goole, and there, as a 
result of the dockers going out on strike, wagons and 
canal-boats have been steadily collecting ever since the 
strike began. Collieries are becoming seriously hampered 
by want of wagons. The result is likely to be serious 
unless some early settlement is arrived at, as collieries 
are not likely to go on long ucing coal which there 
is no ery of getting to the market. At present 
no marked effect is noticeable in prices, but these are 
bound to go up as spot lots are disposed of. Stocks are 
fairly large, and good business is in sight when the 
shipping troubles are over. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—There is next to no business 
passing, and values are decidedly easy. Such is often the 
case, however, at this season of the year, for June and 
July are regarded as very quiet months. Traders at the 
same time are inclined to take a rather cheerful view of 
the outlook, and a brisk autumn trade is anticipated. 
Production of pig is fairly well taken up. No. 3 g.m.b. 
is rather freely offered by merchants at 46s. 6d. f.o.b., 
and some makers would not refuse orders at that figure. 
No. 1 is weak at 50s. ; No. 4 foundry and No. 4 forge are 
each on sale at 463.; and mottled and white iron do 

not command more than 45s. 9d. All the foregoi 
prices are for early delivery, any inquiry on forwar« 
account eliciting rather higher quotations. The situation 
is not so unsatisfactory so far as Kast Coast hematite pig 
iron is concerned, though, as a matter of fact, few sales 
have been recorded recently. Makers, however, are well 
supplied with orders, and the improvement in the con- 
suming industries should strengthen their position. 
Merchants are quite prepared to sell Nos. 1, 2, and 3 at 
61s. 6d. for early delivery, and some makers might still 
— that figure, but most of the latter put the price 
at 6 Business in foreign ore is still idle, and in the 
absence of transactions it is difficult to fix quotations. 
Market rates are nominally on 19s. to 20s. ex-ship 
Tees for Rubio of 50 per cent. quality. Buyers consider 
the former quotation too high, and sellers declare that 
the latter quotation is too low. Coke is quiet, but reduc- 
tion in make a rather stiffening influence on 
rices, and average blast-furnace qualities are quite 
4s. 6d. delivered here. Middlesbrough warrants to-night 
closed weak at 46s. 24d. cash buyers—the lowest quota- 

tion since the 14th inst. 


Stocks and Shipments of my ye a ew of pig iron 
are once more accumulating, but only at a very slow rate. 
Up to to-night the stock of Cleveland pig iron in the 
ublic warrant stores had been in this month 
1130 tons, the total stock. standing at 595,130 tons. 
Shipments of pig iron, all things considered, are on a fairly 
good scale, averaging this month close on 4000 tons per 
working day, as compared with 5280 tons for the previous 
month, and a daily average of 4535 tons for June, last 





owever, is the effect which the} qd 


year. Of course, this year’s shipments have been checked 
y Coronation holidays, and by the seamen’s strike. 


Manufactured Iron and Steel.—Favourable accounts are 
given of most branches of the manufactured iron and 
steel industries. Works generally are well ewployed, and 
some firms have contracts made which will keep them busy 
for some time to come. The outlook is thus encouraging. 
Values show rather an upward tendency, but are not 
quotably changed. Common iron bars are 7/.; best bars, 
7l. 7s. 6d.; best best bars, 7/. 15s.; iron ship-plates, 
6l. 12s. 6d. ; iron ship-angles, 7/.; iron ship-rivets, 7/. 5s. ; 
iron girder-plates, 6/. 17s. 6d.; iron boiler-plates, 7/. 7s. 6d. ; 
steel bars, 6/. 5s. ; steel ship-plates, 6/. 15s. ; steel ship- 
angles, 6/. 7s. 6d.; steel strip, 6/. 10s.; steel hoops, 
61. 12s. 6d.; and steel joists, 6. 7s. 6d.—all less the 
customary 24 per cent. discount. Cast-iron columns are 
6l. 10s. ; cast-iron railway chairs, 3/. 12s. 6d. ; light iron 
rails, 6l. 10s.; heavy steel rails, 5/. 12s. 6d.; and steel 
railway sleepers, 6/. 10s.—all net cash at works. Iron 
and steel galvanised corrugated sheets, 24 gauge, in 
bundles, stand at 10/. 15s. f.0.b.—less the usual 4 per cent. 








NOTES FROM THE SOUTH-WEST. 

ape Ey steam-coal trade has ruled quiet upon 
the whole ; the best Admiralty qualities have n some- 
what scarce. bour difficulties have been a subject of 
much attention and discussion. The best large steam coal 
as made 18s. 3d. to 18s. 9d. per ton ; ordinary qualities 
have brought 16s. to 17s. 6d. per ton; best bunker 
smalls, 10s. 9d. to lls. 3d. per ton, and cargo smalls, 
9s. to 9s. 3d. per ton. House coal has shown little 
cones s the best ordinary qualities have made 14s. 6d. to 
16s. 6d. per ton; smalls, 10s. 6d. to 10s. 9d. per ton. 
No. 2 Rhondda large has realised 12s. to 12s. 3d. pet 
ton; smalls, 8s. to 8s. 6d. ton. Foundry coke 
been quoted at 18s. to 20s. 6d. per ton, and furnace ditto 
at 16s. to 17s. per ton. As regards iron ore, Rubio has 
made 19s. to 19s. 6d. per ton, upon a basis of 50 per cent. 
of iron, and charges, including freight, insurance, &c., to 
Cardiff or Newport. 


Rhymney Iron Company.—The profits of the Rhymne 
Iron Company, Limited, for the ten years ending wit 
1910-11 inclusive were as annexed :—1902, 103,269/.; 1903, 
55,7331. ; 1904, 40,9937.; 1905, 39,0917. ; 1906, 41,496/. ; 
1907, 59,1922.; 1908, 80,136/.; 1909, 48,0467.; 1910, 54,5272. ; 
and 1911, 55,890/. During the ten years the company 
applied 225,000/. out of profits to the cost of new pits, 
epreciation, renewals, &c. The production of the new 
pits is now telling upon the annual output. 

Bridging the Towy.—A large Gewteite has been con- 
structed by the Great Western Railway Company on its 
main line, over the Towy, just west of Carmarthen, as a 
former bridge had become an impediment to high speed. 
The new bridge has occupied nearly three years in its 
construction, the laying of the foundations alone taking 
two years. hen the work was first undertaken the 
a ap stipulated for a depth of only 35 ft , but, owing 
to the clayey nature of the of the river, it me 
extremely difficult to secure a firm foundation, with the 
result that the greatest depth is 115 ft. below the highest 
ground level. The bridge, which is 420 ft. in length, 
consists of five fixed spans of 61 ft., and one opening span 
of 61 ft. (with a track span of 21 ft.), of the roller lift 
type, similar to that of the Tower Bridge, mdon. 

here are some 600 tons of steel work in the super- 
structure, which rests on fourteen wrought-iron cylinders. 
The lift span is on the west side of the bridge. Electric 
power, seats on the spot, is used for raising and lower- 
ing the lift span; while the old bridge, worked on the sliding 
principle, was controlled by water-power. The new bridge 
was designed by Mr. Grierson, engineer to the Great 
Western Railway Company, the contractors being the 
Cleveland Bridge and Engineering Company, Darlington. 
Mr. W. T. Dunston, divisional ineer, Neath, super- 
vised the work until he left the district in December, 
when the supervision was taken over by Mr. G. C. Lloyd. 
Mr. H. Stuart Whitley, chief assistant engineer, Neath, 
acted as resident engineer. 


Weston - super - Mare.—Weston-super-Mare has now 
become the second largest town in Somersetshire. Its 
census population comes out at 23,235, or nearly 4000 
more than in 1901. 


French Coal Markets.—The administration of the 
French State Railways has placed orders with German 
firms for about 400,000 tons of small steam coal, to be 
delivered ‘at Bordeaux at 6s. ty ton free on board. 
Formerly, South Wales supplied French railways with 
large quantities of small but the prices now current 
have led to a diversion of orders. 


A South-Western Railway Absorption.—A Bill di 
in Parliament provides for the vesting of the Hadleigh 
and Salterton Railway in the London and South-Western 


Railway Company. 





Personat.—Mr. Marcus Allen has removed to his new 
works and offices, his address now being: The Vernon 
Engineering Works, Elsinore-road, Old Trafford, Man- 
chester. — Messrs. Heenanand wh agg Worcester, 
inform us that Mr. R. H. Longbotham, Wakefield and 
Doncaster, has taken up the for them in York- 
shire, Durham, and Northum , in connection with 
all colliery work.—The Bronze and Brass 
Company, Limited, state that, owing to the ex ion of 
their business during the past few years, they have been 
obliged to move into more commodious premises at Rooms 
210, 211, 212, Caxton House, Westminster, S.W.— Messrs. 
John Davis and Son (Derby), Limited, All Saints’ Works, 
Derby, have transferred London Office to 17, Vic- 
toria-street, Westminster, 8.W. 
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NOTICES OF MEETINGS. 


Tus Roya InstiruTion.—Monday, July 3, at 5 p.m., general 
— 

Tue Institution oF Navab Arcuirects.—Monday, July 3, to 
Saturday, July 8, Jubilee meetings. On Monday, July 3, at 
9.30 p.m., reception of bers and guests by the President 
of the Institution and the Marchioness of Bristol at the Royal 
United Service Institution, Whitehall, S.W. On Tuesday, July 4, 
at llam., opening of the International Co: by H.R.H. the 
Duke of Connaught, K.G., in the Grand Hall of the Connaught 
Rooms, Great Queen-street. Paper to be read :—1. “‘ History of 
the Institution of Naval Architects and the Progress of 
Scientific Education in Naval Architecture,” by Sir William 
H. White, K.C.B., LL.D., D.Sc., F.R.S. At 1 p.m., luncheon 
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bition. At 10 p.m., reception by the Right Hon. Lord Brassey, 
G.C.B., and Lady Brassey, at 24, Park-lane, W. On Wednes- 
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Admiral Sir Cyprian Bridge, G.C.B. 3. ** Progress of Naval Con- 
struction in Japan,” by Rear-Admiral Kondo, Director of Naval 
Construction, LJ.N. 4. “P; in Naval Artillery (1860 to 
1910),” by Sir Andrew Noble, Bart., K.C.B., LL.D., D.Sc., F.R.S. 
5. “ Results of Experimental Tank Tests on Models of Sub- 
marines,” by Mr. Mason F. Chace. At the Institution of Mecha- 
nical Engineers :—6. ‘‘ The Rational Application of Turbines 
to the Propulsion of Warships,” by Professor A. Rateau. 7. 
“The Marine Steam-Turbine from 1894 to 1910,” by the Hon. Sir 
C. A. Parsons, K.C.B., D.Sc., LL.D., F.R.S. 8 “Fifty Years’ 
Changes in British Warship Machinery,” by Engineer-Vice- Admiral 
Sir Henry J. Oram, KOR 9. “Our Present Knowledge of the 
Vibration Ph of St 8,” by Konsul Dr, 0. Schlick. 
At 4 p.m., Opening of the National Experimental Tank, N.P.L., 
Teddington, by the Rt. Hon. Lord Rayleixh, P.C., O0.M., F.R.8., or 
Visit to the Festival of Empire and Pageant of L«ndon in the 
Grounds of the Crystal Palace. At 8.30, Grand Festival Concert 
in the Queen’s Hall. Supper in the Queen’s Hall after the 
Concert. On Thursday, July 6, from 11 a.m, to 1 mae reading and 
discussion of the following cr at the Institution of Civil Engi- 
neers :—10. ‘‘ Development of Merchant Shipbuilding in Japan,” 
by Mr. Yukawa, Director of the Mercantile Marine Bureau, and 
Dr. Terano, Tokyo University. 11. ‘Fifty Years’ Devel 
ments in Mercantile Ship Construction,” by Mr. 8. J. P. 
Thearle, D.Sc. 12. ee on the Great Lakes,” by Mr. Frank 
E. Kirby and Mr. A. P. Rankin, of the Am. Soc. N.A. 13. 
** Recent Developments in the Sea Transportation of Swedish 
Ore,” by Mr. J. Johnson, Swedish Soc. N.A. 14, ‘‘ Remarks on 
the Design and Service Performance of the Trans-Pacific Liners 
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Baron Shiba, Tokyo University. At the Institution of Mechanical 
Engineers :—15. “ of Naval Engineering in ya by 
Engineer Rear-Admiral T. Fujii, Engineer-in-Chief, LJ.N. 16. 
“The Scientific Study of Naval Architecture in Germany,” by 
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“Some Further Notes on Cavitation,” by Mr. Sydney W. Barnaby. 
18. “ Noteson the Collapsing of Beams and Elastic Curve Slips,” 
by Professor Marbec. From 4.30p.m. to 6.30 p.m., reception een 
hy the American Ambassador, the Hon. Whitelaw Reid and Mrs. 
Reid, at Dorchester House, Park-lane, W. At 7.30 p.m., banquet 
to the delegates and representatives at the Connaught Rooms, 
Great Queen-street. On Friday, July 7, from 10.30 to 12.30 
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Institution of Civil Engineers :—19. “‘ Fifty Years of in 
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down the Thames ; at 10 | reception at the Savoy Hotel, given 
by H.M. Government. n Saturday, July 8, afternoon visit to 
Windsor Castle, by command of His Majesty the King. 
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COAST EROSION AND THE RECLAMA- 
TION OF TIDAL LANDS. 

Ir is satisfactory to have the assurance of the 
Royal Commission on Coast Erosion and Afforesta- 
tion, in their final report, that, while some localities 
have suffered seriously from the encroachment of 
the sea, the extent of erosion ‘‘need not be con- 
sidered alarming” from a national point of view. 
The Commission, from existing data, arrive at the 
conclusion that during thirty-five years 6640 acres 
have been lost to the United Kingdom by erosion, 
principally in the — of the secondary and 
tertiary ages from Weybourne southwards along 
the coast of Norfolk and Suffolk, in the soft 
London clay on the coast of Essex, in the 
boulder clay and other glacial —— in parts of 
Scotland, and in the glacial an t-glacial de- 
posits on the east of Ireland. ere has, how- 
same period, 
48,000 acres of land, partly in the tidal-basins of 
estuaries owing to accretion, and partly by reclama- 


858/tion on foreshores due to the accumulation of 
9|shingle and sand. This latter is of little value, 


because long periods must elapse before soil can 

ther upon it, although by the planting of rice grass 
(conrtine) this period has been greatly shortened 
in some cases, and there seems hope that good must 
accrue by the sowing of such grass. The alluvial 
flats in tidal basins, when completely reclaimed, 


ags|0n the other hand, form rich agricultural land 


within a relatively short period. These are, however, 
in most cases below the level of high water of spring 


aes | tides, and have to be protected by artificial means. 


Any extension of this reclamation work, while 
enerally commendable, except where it may 
interfere with free tidal flow in navigable channels, 





must proceed with caution, particularly as there is 
grave doubt as to whether the return will be com- 
mensurate with the cost involved. There are 
various estimates as to the relation of cost to prob- 
able return, but even the most favourable estimate 
shows that the undertaking must necessarily be 
hazardous from the financial point of view. On the 
other hand, such works are in general feasible for 
the relief of unemployment, but the Commission, we 
are glad to note, are decided in the view as to the 
want of economy in such relief operations, and their 
limited approval is on philanthropic grounds alone. 
They absolutely condemn the utilisation ef labour 
which is neither skilled in manual operation nor 
enured to exposure to severe weather conditions, so 
that any scheme for the protection of the coast from 
erosion, or, indeed, for the reclamation of tidal 
lands, cannot be regarded as commendable merely 
for utilising unemployed labour. 

We have thus early focused attention on this 
social question because it was a dominant considera- 
tion in the appointment of the Commission, and is 
answered With convincing logic on the lines we 
have just indicated. The Commission, however, 
has devoted great care, experience and ability, 
as well as time, to the solving of the problems of 
sea-defence works. The members of the Commis- 
sion were chosen sv that all interests would be con- 
sidered, engineering being appropriately represented 
by Sir William Matthews, KOMG. a past- 
president of the Institution of Civil Engineers, than 
whom no one has had a more intimate experience of 
maritime works generally, and particularly in the 
littoral of the United Kingdom. The Commission 
was appointed in July, 1906, to report on certain 
questions affecting coast erosion and the reclamation 
of tidal lands ; later there was added to the terms 
of reference an investigation as to the advisability 
of extending afforestation within the kingdom, 
not only on reclaimed lands, but elsewhere. The 
Commission took a liberal view of their work, and 
appointed sub-committees to investigate special 
questions and for inspecting certain portions of the 
coast-lands of Holland and Belgium. Two previous 
reports, one of which dealt almost exclusively with 
afforestation, have already been issued. The final 
report, which deals with coast erosion and the 
reclamation of tidal lands, now issued, is a most 
comprehensive review of the subject, comprising 
an inquiry into the physiographical and geolo- 
gical considerations affecting the coast-line, and the 
extent of erosion, accretion, and artificial reclama- 
tion. It deals also with the principles of engi- 
neering defence and reclamation works, the ~ 4 
tion of national and local responsibility, and the 
administration necessary to ensure the collation and 
analysis of data bearing on the subject, with co- 
ordination in effort and control in design, and with 
the location and execution of sea-defence works. 
It may at once be said that the Committee are 
opposed to the undertaking of such works by the 
State, and cogent reasons are given for this view. 
But there is held out the hope of some form of 
aid to small and poor communities where the en- 
croachment by the sea is specially destructive, the 
suggestion being made that the provisions of the 
Development, &c., Act of 1909 might in some cases 
reasonably be utilised for this re ** especially 
where the authorities affected have done their best 
to provide adequate defence.” 

As the Commission throughout their investigations 
recognised the paucity of data, they naturally com- 
mend the accumulation of such for guidance, not 
only as to the nature of the defence works, but as 
to their location. They point out that there is no 
evidence that any changes in the relative levels of 
land and sea are now in progress, except possibly a 
slight submergence of the coast of Northumberland, 
in the extreme north of Scotland, and in the south 
and west of Ireland ; but they suggest that the 
Ordnance and Geological Surveys should take steps 
to ascertain from time to time whether, and, if so, to 
what extent, such movements are taking place. 
They also point out that systematic observations are 
desirable as to the change which takes place below 
the level of low water around the coast, because of 
the great depth to which wave-action extends. It 
is in evidence that lobster-creels off Land’s End, 
lying in from 20 to 30 fathoms of water, have 
been found to be filled with sand and shingle on 
their withdrawal subsequent to a heavy gale, some 
of the stones weighing as much as 1 lb. ; and at 
the Bishop Rock Tighthouse, off Scilly, coarse sand 
was feed deposited, after a gale, on the ex- 
ternal gallery at a height of 120 ft. above the 
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water, although the depth in the vicinity was 
35 fathoms. Obviously, therefore, wave-action may 
affect the sea bottom to a depth of at least 200 ft., 
and probably, owing to the continuance of a gale or 
strong wind in one direction, there is what may be 
called ‘‘submerged erosion” —the travelling of 
shingle and the movement of sandbanks in deep 
water. As a consequence, waves may be directed 
specially on parts of the coast, where the pounding 
will be concentrated, and erosion more or less 
localised. It would be beneficial, therefore, if data as 
to changing depths of water near the coast were care- 
fully recorded and the effect of wave-action on the 
coast compared with such hydrographic information. 
There is lack of knowledge of, or indifference to, 
the geological conditions of some districts, and 
as to currents and tidal flow and their influence 
on erosion. The consequence is that works are 
sometimes constructed in the wrong place. While 
of some benefit in the immediate location, these 
increase the extent of destruction to leeward of 
the defence works. Isolated works, therefore, are 
not always commendable, and better results may be 
expected where defensive works embrace a long 
stretch of the coast, and so obviate undue trapping 
and retention of the beach material to the injury of 
the length to leeward. Moreover, the aim should be 
sv to direct the travel as to preserve from inundation 
areas of low-lying land of some agricultural value. 

All these facts point to the advisability of a 
central authority for control and co-ordination, and 
the Commission recommend that a special depart- 
ment of the Board of Trade should be created for 
undertaking this work, and that such part of the 
work as has hitherto been under the control of the 
Commissioners of Woods and Forests should be 
transferred to the Department of Foreshores at the 
Board of Trade. There is no intention, however, to 
interfere with the jurisdiction of the Commissioners 
of Woods and Forests, so far as it relates to 
mines and minerals under the foreshore, unless to 
prohibit the removal of mineral substances in the 
interests of sea-defence. It is also proposed that, 
in order that the proprietary interest of the Crown 
in the foreshore of Scotland may be adequately 
safeguarded, the prescriptive period for acquiring 
title by possession to foreshore in that country 
should, in the absence of an express grant from 
the Crown, be extended from twenty to sixty 
years, as in England and Ireland. The new 
department of the Board of Trade is to have 
considerable powers of controlling the removal of 
material and the construction of works on the 
foreshore, and the supervision and assistance, 
where necessary, of existing authorities con- 
cerned with coast protection. Scientific ee 
of course, are to be employed to collate informa- 
tion for the guidance . of local authorities, and 
to consider schemes. The Commission, how 
ever, think that a general scheme involving an 
immediate arbitrary division of the coast-line in 
the interests of sea-defence, and the transference 
to new authorities of the powers and duties in 
relation to sea defence of all the existing authorities 
within such districts, is impracticable and undesir- 
able. They are especially opposed to such addi- 
tional duty being im upon County Councils. 
Large sections of the coasts are protected by private 
owners at their own expense, and they would have 
reason to object to inclusion in any general scheme 
of administration ; moreover, there are several large 
sections where there is no erosion whatever, so that 
great difficulty presents itself in widening the net 
which small communities desire to cast in order to 
secure financial help for defensive works over a 
limited area. Co-ordination must, therefore, be 
largely the result of a centralised authority, which 
would be vested in the new department of the 
Board of Trade. Empirical rules cannot be laid 
down, but control is necessary, and if sound engi- 
neering guidance can be ensured from the Govern- 
ment department, gain must result. 

The Coninianion s report certainly affords abun- 
dant promise of such sound engineering advice in 
that section of it which weighs the evidence of 
experts examined by the Commission, and lays 
down, with every proof of ripe experience and 
judicial care, the general considerations which 
atfect the design and location of defence works. 
This section of the report dealing with the sea pro- 
tection works lays down the one guiding principle 
that the aim and object of such works should be 
the dissipation of wave-impact on the beach, while 
offering thereto the minimum amount of resistance, 
the idea being to work in harmony,.and not in 











opposition to the natural forces which exist. A 
sea-wall, as pointed out by one witness, may be 
‘*the agent of its own destruction ;” if it is not 
carefully designed and erected, the waves breaking 
against it, when recoiling from its face, tend to 
scour up the beach material at its foot ; and if this 
material is not held in place by groynes or other 
adequate means, its removal causes an undermining 
of the structure, which not infrequently leads to the 
destruction of the wall. Groynes should therefore 
be constructed in association and simultaneously 
with the sea-wall in order to maintain sufficient 
beach material in front. A further source of 
danger arises from the: scooping-out of the backing 
of such walls by falling water from waves during 
gales, and all exposed structures of this character 
should be protected by an effective coating of con- 
crete, bed rng or tarry material. A batter, or 
inclined face, is recommended in preference to a 
curved wall, and it is urged that flints or basalt or 
other material should be used to resist abrasion. 
The foundations of the wall, of course, should be 
carried down until a sound natural bottom is 
reached. With the curve-faced walls a rock or 
non-erodible toe is essential. Where the sea-wall 
is for the protection of roadways and promenades, it 
is recommended that the cliff above the promenade 
should be sloped and drained, in order to prevent 
it softening and slipping forward owing to the 
action of land water. 

On the subject of groynes voluminous evidence 
was given, much of it of a contradictory nature, and 
the Commission have done well in summarising this 
evidence and in offering deductions. Opinions dif- 
fered as to the height of groynes, but generally it 
was accepted that while a relatively low height was 
suitable for sand, the height in the case of shingle 
must be considerable, especially where there is 
extensive travel of the beach material. The most 
approved plan seems to be to arrange for high 
uprights, so that additions may be made to the 
height of the groynes as the beach accumulates. 
In some cases unnecessarily high groynes have been 
built, involving unjustified expense; but more 
serious is the fact that such groynes unduly interfere 
with the travel of the shingle, impoverishing the 
beach to leeward, and increasing the injury to the 
coast. It is not too well recognised that the shingle 
and sand which accumulate on the shore afford 
natural protection to the coast, and as the protec- 
tive material is supplied entirely from the erosion 
of the land, some good accrues. 

The aim, therefore, must be in designing groynes 
not alone to protect the immediate neighbourhood, 
but to prevent injury to leeward. Indeed, in 
some cases it may be desirable, by means of orifices, 
tunnel ways, or scuppers through the groyne, to 
permit some of the beach material to travel onwards. 
As to the length of the groynes, they should 
extend from the wall, or shore to be protected, 
down to the vicinity of low water of spring 
tides, and even beyond, if necessary; but the 
outer portion should be low, so as to avoid scour, 
and, if necessary, should be lengthened as sand 
accumulations occur, thus widening the foreshore 
and easing down the wave-stroke on the length of 
the coast generally under treatment. The distance 
between groynes more or less depends upon local 
conditions ; it should be about equal to the length 
of the groyne. Another important point is as to the 
angle at which groynes should be set relative to the 
coast-line ; some prefer a right angle, others an 
inclination slightly to windward ; the Commission 
recommend the latter. As to the life of groynes, 
this may almost be said to depend entirely on the 
material used and on construction. Certainly, 
where groynes are justified, economy may be mis- 
applied in limiting the first cost. Some of the 
groynes around the coast are over thirty years old, 
and have never involved any cost in repairs, so 
that the Commission are well justified in urging a 
relaxation of the Local Government Board rule 
that not more than ten years should be the period 
of repayment of loans for groynes, and twenty 
years for solid defence works. ese short periods 
of repayment operate detrimentally in many cases, 
especially in the case of small local authorities, 
whose task of defending themselves against the 
sea places a great strain on their resources. 

But all these considerations are necessarily 
subject to local conditions, and the Commission 
favours the view that tion by a central 
authority is necessary in the public interest, and it 
is to be ho from every point of view that the 
recommendations, which, without being drastic, 








romise great results, will be enforced at an early 
te, and that the administrative authority of the 
Board of Trade will be exercised with that broad- 
mindedness which characterises the report now 
issued, and particularly that part of it which refers 
to the engineering phase of the subject. 








THE CRIPPLING STRENGTH OF 
COLUMNS. 

Tue disastrous collapse of a gas-holder, which 
occurred in Hamburg in December, 1909, has 
created considerable stir among German engineers. 
The accident killed thirteen people at once and 
injured forty-seven, some so severely that seven 
more died. A judicial inquiry was opened, and 
the contractors were proceeded against ; but the 
Public Prosecutor finally withdrew his charge on 
the strength of the expert evidence. The several 
experts agreed that the cause of the accident was 
not an explosion, nor any other special elementary 
phenomenon. They unanimously ascribed the 
collapse to insufficient strength of the structure. 
They did not hold the contractors responsible, how- 
ever, because the contractors had merely done what 
was fairly common practice—i.e., applied Euler’s 
column formula without restrictions. Euler’s 
formula is not so applied in our country, nor is its 
unrestricted use sanctioned by most German engi- 
neers. But it would appear that the rules drawn 
up by the German authorities do not sufficiently 
specify the ,conditions under which Euler’s formula 
may be applied ; the experts were hence inclined to 
exonerate the contractors, and the proceedings 
were abandoned. Though the case does not convey 
any particular lesson to British engineers, it offers 
some instructive features. 

The gas-holder in question had a capacity of 
200,000 cub. m. (about 7,000,000 cub. ft.), and it 
was erected at the Grasbrook gas works of Ham- 
burg. The local conditions made it desirable that 
the coal-trucks should be able to pass under- 
neath the gas-holder, which was therefore based 
on an iron structure, consisting of a central column 
and radial girders, resting upon concrete. The 
work was entrusted to an experienced firm. By 
October, 1909, the gas-holder was ready to receive 
an experimental air-charge, and in the last days of 
November gas was being supplied from the holder. 
The quality of the gas has not been questioned. 
The accident happened on the afternoon of Dec- 
ember 7, when the gas-holder had been working 
satisfactorily for more than a week. The gas- 
holder was rising at the moment, engaging with the 
second section, it is believed. The understructure 
gave way, the escaping gas caught fire, and the 
gas-holder, after twice being lifted several yards, 
crushed down, destroying the whole structure. 

The experts were well-known men. Director- 
General Koerting and Director Schimming, gas 
engineers, of Berlin, and Dr.-Ing. Krohn, of 
Danzig, were called by the prosecution, the latter 
to explain the iron structure. The contractors cited 
Professors Miiller-Breslau and Boost, of Charlotten- 
burg. A report on the whole case has recently 
been published by the Deputation for Illumination 
of the State of Hamburg. The opinion which we 
outlined above was, in particular, that of Professor 
Krohn. Professor Miiller-Breslau expressed him- 
self to the following effect :—‘‘ It must not be con- 
cealed that the exclusive use, favoured by most 
engineers, of Euler’s column formula, in conjunction 
with the practice of regarding as one member two 
members connected at intervals by cross-plates—a 
method which is not forbidden by the existing 
official regulations—may lead to systems of con- 
struction in which there is no sufficient guarantee 
against excessive stresses under exceptional loads. 

It is well understood that a compression test has 
not the same general value as a tension test. Two 
similarly conducted tension tests may be relied upon 
to give very fairly similar results with similar 
specimens. This , not hold with compression 
tests, which may be vitiated by a slight deviation 
of the member from straightness. When such 
deviation exists, or has developed, it is no longer 
the crippling strength which comes into question. 
That may have been the case at Rosh. But 
there are other considerations. Euler's formula 
presumes stresses well below the limit of propor- 
tionality. The contractors had made their design 
for a fourfold factor of safety. That would have 
been ample, but the report proves nage that 
nothing of the kind was realized. n the first 
instance the contractors had in their calculations 
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taken 0.7 of the length of the members as equiva- 
lent to the free length, considering the ends of the 
members as fixed. This procedure is criticised by 
the experts ; but it was not the most important 

int. Euler’s formula should not have been 
applied at all in this case. Most German engineers 
of standing agree with Tetmajer that Euler's for- 
mula is applicable only so long as the quotient of 
the length of the member divided by the smallest 
radius of inertia exceeds the value 105. In the 
case of the member the failure of which seems to 
have started the collapse, this quotient was only 93. 
Further—and this is the point emphasised by See. 
fessor Miiller-Breslau—the member was nota single 
unit, but it consisted of two members, which, 
instead of — properly braced and triangulated, 
were imperfectly stiffened by flat plates riveted at 
intervals. The results of this reprehensible prac- 
tice were clearly discernible, for the plates were 
found te have given way along the rivet lines, and 
some of the rivets had been shorn off. If the 
stiffening had been perfect, the real factor of safety 
would, it is calculated, have been about 1.25. That 
was low enough, but there was really no safety at 
all under the actual circumstances. The deplorable 
accident must hence be regarded as due to want 
of foresight. 








THE LAGGING OF PIPES AND WIRES. 


Tue effect of providing a wire or pipe with a 
lagging for the purpose of preventing heat losses 
is still imperfectly understood. Most le prob- 
ably assume that the lagged pipe will always be 
warmer than the bare =. But Professor A. W. 
Porter, F.R.S., of University College, London, 
showed two years ago, in the Physical Society, that 
a coat of a poor thermal conductor might actually 
keep a pipe cooler than it would be without that 
coat. Professor Porter had made that observation 
years ago, and he had subsequently ascertained 
that Professor George Forbes had pointed to this 
effect in 1884, and that Professor Bottomley, 
apparently on Lord Kelvin’s suggestion, had made 
some incomplete experiments in 1885 ; the cooling 
of a degree or two which Professor Bottomley 
observed with shellac coatings was so small, 
however, it would appear, that Lord Kelvin did 
not follow the matter up. 

In a simple demonstration such as Professor 
Porter gave a few weeks ago at the Royal Society 
Soirée, a platinum wire is coated at intervals with 
a thin layer of glass, which is easily fused round 
the wire, which thus ap as if covered with 
cylindrical glass beads. hen the wire is heated 
by the electric current, it glows very brightly in 
the bare portions, while the covered portions 
remain deck ont several hundred degrees cooler. 
The coating is heated from inside, and loses 
heat by radiation on the outside ; its temperature 
will, therefore, depend upon the ratio of its thermal 
conductivity k to its emissivity e, and the thick- 
ness of the coating will enter into the problem. 
As long as the outer radius of the lagging exceeds 
a certain critical value depending upon k/e, the 
temperature on the inside of the sheath of the 
wire will increase, and the sheath will act as a 
lagging ; but when the outer radius is less than this 
critical value, the wire will lose more heat than it 
would if bare. This critical value should, as such, 
be independent of the radius of the wire. 

As regards the thermal conductivities of bad 
thermal conductors, Professor Porter accepted the 
determinations of Dr. C. H. Lees, 1892. There was 
considerable uncertainty concerning the emissivity, 
which is largely influenced by the condition of the 
surface. Professor Porter calculated the following 
values for the critical radius, expressed in centi- 
metres :—Crown glass, 8; slate, 16; shellac, 2; 
rubber, 1.3 ; gutta-percha, 1.5 ; paper, 1.0 ; asbestos 
paper, 1.9; cork, 0.4; silk, 0.7; flannel, 0.8; 
cotton, 1.8; and calcined magnesia, 0.5. Thus a 
coating of glass, up to 8 cm. in thickness, on a fine 
wire would actually be detrimental for maintaining 
a high temperature. If the coating has an outside 
radius greater than the critical value, the effect 
should reverse, but at a slow rate, until a neutral 
radius be reached; a lagging of the thickness of 
the neutral radius should have no lagging effect at 
all, while a still thicker coating should prevent radia- 
tion lusses of heat. This neutral 
as the wire thickness increases. Thus, for a wire 
of 0.25 cm. radius the neutral radius for a laggi 
of Para rubber is 10 cm., whilst for a wire of 0.50 cm. 
radius the neutral radius is 2.9 cm. In practice, 
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other considerations—for instance, the changes of 
the electric resistance and of the emissivity with 
temperature—would complicate the phenomena, and 
reduce the temperature differences between the 
covered and the uncovered portions. 

With respect to the lagging of steam-pipes, and 
the condensation of steam in them, Professor Porter 
made a few experiments in conjunction with Mr. 
E. R. Martin. They joined two brass pipes, 
0.19 cm. in diameter, to a steam-trap and collected 
the issuing water. One of the steam-pipes was 
provided with one coating of asbestos paper, the 
other with several coatings ; the two surfaces were 
thus of the same kind, but the coatings of different 
thicknesses. The emissivity and the thermal con- 
ductivity of the asbestos paper were determined, 
and the critical radius deduced was 0.527 cm. From 
the actual condensation experiments the value 
0.57 cm. would have been expected ; this is a fair 
agreement, which was also shown by the theoretical 
and the observed curves. Thus it would result that 
on small-bore steam-pipes, adding asbestos lagging 
so as to bring the outer radius up to half a centi- 
metre in external radius actually encourages the 
escape of heat, and it is interesting to note that the 
loss of heat would appear to be the same for external 
radii of 0.24 and of 2cm. These small radii are 
hardly engineering dimensions, but they are not too 
small for the laboratory and for experimental 
apparatus generally. The researches of Messrs. 

elsom and Booth on the heating of cables by 
currents, moreover, confirm the peculiar influences 
of coatings of different thicknesses. The properties 
of bad thermal conductors require further study, 
and engineers would welcome the results of full- 
sized experiments designed to test the practical 
aspects of Professor Porter’s scientific investi- 
gation. 





THE INSTITUTION OF CIVIL ENGI- 
NEERS’ CONFERENCE ON EDUCA- 
TION AND TRAINING OF ENGI- 
NEERS. 

A CONFERENCE organised by the Institution of 

Civil Engineers was held on Wednesday and Thurs- 

day of this past week, on the subject of education 

and training of engineers. The Conference was 
divided into sections dealing with general educa- 
tion, scientific training, and practical training. The 
meetings were well attended, and there was no lack 
of speakers, but considerable difficulty was found in 
keeping the remarks within the fields allotted to the 
various sections, and to which the opening notes 
or short papers were restricted. 

he Conference was opened at 10 a.m., in the 
theatre of the Institution, by Mr. Alexander 

Siemens, President of the institution, whose 

remarks we reprint herewith. Mr. Siemens said :— 


It is my pleasant duty to welcome in the name of The 
Institution of Civil Engineers not only members of the 
Institution but also a number of distinguished visitors 
interested in the subject of the education and training of 
engineers, which is to be discussed at the meetings of 
this Conference. 

Thanks to the great Imperial gathering attracted to 
London by the Coronation, we are fortunate enough to see 
among us representatives from all parts of the Empire, 
who are familiar with the great variability of engineering 

roblems under different conditions of climate and of 
Seochupeees of the material resources of a country. Their 
experience will be of the greatest utility during our de- 


liberations. 

In calling this Conference ther the Council have 
endeavoured to define the scope of discussion by declaring 
its object to be— 


‘** To consider the methods of preparation to be adopted 
by those who contemplate entering the engineering pro- 
fession in compliance with conditions laid down by 
the bye-laws for election into the Institution.” 

The arrangement of our meetings is therefore based on 
the requirements of the bye-laws, which demand that a 
candidate should possess:— _ ; 

(1) A sound general education, developed upon lines 
suited to subsequent scientific study ; ; 

(2) A competent knowledge of those branches of science 
which form the basis of engineering ; if : 

(3) Practical training under actual engineering con- 
ditions. 

In addition, there is the necessity common to all pro- 
fessions, which Professor Max Miiller, in his first lecture 
on the science of lang , defines as follows :— 

**. , . no science and no art have long prospered and 
flourished among us, unless they were in some way sub- 
servient to the practical interests of society .. . that 
interest depends on the practical advantages which 
society at me derives from these scientific studi s.” 

Applying this principle to the problem submitted to 
this ference, it ma: ex by saying that 
a young engineer should be educated so as to become a 
dividend-earner for his employer, for this is the most 














reliable indication of his merit, and the corresponding 
reward will not be wanting. 

For the same reason he should possess some knowledge 
of business methods and of law, not with a view of 
becoming his own lawyer, but in order to be able to 
judge when legal advice is needed. 

Besides all these requirements he will find one or 
more modern languages very useful for obtaining 
remunerative employment, as the value of his services 
is thereby increased in the estimation of his employer. 

The omission of this ‘‘ business” aspect of education 
should not be taken as a sign of its unimportance, but 
— to the very short time at our dis the Council 
considered it desirable to indicate the lines to be followed 
by asking a number of prominent men to open the 
discussion on definite sulteste in the three sections of 
the Conference, all of which have a direct bearing on the 
question of so instructing young men as to fit them to 
take part in the design as well as in the control and 
direction of engineering works. 

It is hardly necessary for me to insist on the value of 
proper training for engineers after what I tried to demon- 
strate in my address last year, that modern civilisation 
owes its characteristic features to the success of the engi- 
neer in improving communications and in superseding 
manual labour by mechanical power. 

There is every indication that ple more and more 
realise to what degree the conditions of living comfort- 
ably, according to modern ideas, depend upon the work 
of our profession, and the interest taken in this Con- 
ference is a sign of the serious view that is taken of the 
importance of its object. 

e may accept, as a conclusive proof of this, the fact 
that the Right Hon. Lord Pentland, Secretary for 
Scotland, and the Right Hon. Walter Runciman, M.P., 
President of the Board of Education, have kindly con- 
sented to act as Vice-Presidents of the Conference. 

Whilst it is not proposed that definite resolutions should 
be arrived at by the Conference, but that it should be 
simply a means of forming and maturing the views of 
those interested in the subjects brought forward for dis- 
cussion, the Council have felt that it would be desirable 
to give the widest and most immediate publicity to the 
em of the meetings, and have accordingly invited 
the attendance of representatives of the Press to the 
gatherings. In this respect, the course taken differs from 
that adopted for the professional discussions of the Insti- 
tution, which, of course, in their complete form, include 
criticism by correspondence on the part of members all 
over the world. hese aim at securing a deliberately 
considered and permanently reliable statement of matters 
connected with engineering practice ; which, it is felt, can 
only be arrived at in a satisfactory manner by the pro- 
cedure adopted for the Institution’s own publications, of 
having all reports and criticisms fully revised by con- 
tributors before they are published. In the present case, 
however, the exchange of views which it is the purpose of 
the Conference to promote is not subject in any such 
degree to the foregoing considerations, and as the object 
is rather to form opinion than to arrive at and to record 
definite conclusions, the Council are pleased to know that 
the Jnstitution will be assisted and supported very materi- 
ally in this Conference by the Press. 

At the close of his remarks Mr. Siemens stated 
that, owing to an unfortunate accident, Professor 
Capper, hon. secretary of Section I., on General 
Education, was unable to take up his duties, which 
would devolve upon Professor J. D. Cormack. The 
Chairman also read letters from the Right Hon. 
Lord Pentland and the Right Hon. W. Runciman, 
expressing their regret that, owing to a Cabinet 
meeting having been called, they would not be able 
to be present at the Conference. 

Sir William H. White was then called upon, and 
stated that this was the third definite step taken 
by the Institution in the development of an ideal 
system of training and education for engineers. 

he first was the institution of examinations ; the 
second was the appointment some years ago of a 
Committee of Engineering Education. This Con- 
ference followed upon a stringent revision of the 
by-laws. As was well known, the first step was 
followed by a tendency to lay extreme stress upon 
the development of the theoretical side of the 
engineer’s education. The second tried to make 
better understood the best mode of training, and 
in the report then drawn up he thought one of the 
most valuable passages related to the necessity of 
making provision for the average man. The excep- 
tional men would take care of themselves, and the 
— were those that really needed attention. 
The danger of the present day lay in an excess of 
attention being given to scientific instruction. In 
the past, at one time, this received no care at all. 
Now the pendulum had swung to the other 
extreme; the Conference, it was to be pate 
would bring about the golden mean, when the ti 
interests of the profession would be served. 

Sir J. Wolfe » who followed, said that it 
was quite in accord with the best ideal that 
practical training should be given. The examina- 
tions were set on foot because, up to that time, 
scientific training had been totally neglected, but 
it was foreseen that that only formed one essential 
in the whole. Provision for the practical side had 
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always been included in the regulations of the 
Institution. General education also should not be 
lost sight of. It was desired to turn out as civil 
engineers cultured men of good education, who, in 
addition, had scientific knowledge which they were 
able to put to practical use. 

The Chairman then adjourned the meeting, and 
the sections shortly after commenced the discussion 
of the several topics as arranged on the programme. 


Sections I. anv IIL. ; Jornt Meetine on GENERAL 
Epucation AND ScreNtTIFIC TRAINING. 


The joint meeting of Sections I. and II. was held 
in the library, under the chairmanship of Mr. 
Anthony G. Lyster, Vice-President of the Institu- 
tion, who, in opening the proceedings, said that the 
Conference was one of the most important the Insti- 
tution had undertaken, and that he congratulated 
those who had been responsible for its initiation. 
He thought all agreed that the general education 
of young men desiring to become engineers required 
the closest attention, both of those who realised 
the necessities of the profession and those who 
controlled the selection and organisation of educa- 
tion. The Institution itself had done much 
in recent years towards ensuring that all its 
members should have a suitable intellectual equip- 
ment, but their efforts to obtain the best results 
required to be supplemented by the action of the 
university and school authorities. The proper 
period at which specialisation should begin was a 
disputed matter, but all agreed that some special- 
isation was essential. None the less, it was most 
undesirable that an engineer should be a mere one- 
sided creature with no intellectual equipment beyond 
a knowledge of his own special subjects. Educa- 
tion should not only furnish information and know- 
ledge, but should train and expand the intelligence 
and develop the character. Many of the universities 
and schools were founded in days when life was 
very different from what it was to-day, and with 
the demand for special training which every day 
became more urgent, it behoved the authorities to 
bring their educational standard into line with 
modern requirements. He was far from wanting 
members of the profession to be enginecrs and 
nothing else, and every opportunity should be given 
to the best type of man the university and public 
school could produce to start with the best intel- 
lectual equipment as anengineer. This Conference 
had been inaugurated with the view of exchanging 
and focussing ideas on the subject between the 
authorities on either side. 

The Chairman then called on Dr. J. Gow, and 
afterwards on Professor Silvanus Thompson to read 
their contributions dealing with the subject before 
the joint meeting. These contributions are re- 
printed in full on page 865 of this issue. 

The discussion was then opened by Sir John 
Wolfe Barry, who thought that the only question 
which arose between the views of the two previous 
speakers was as to how much time should be given 
to each subject. He thought no one could dispute 
Dr. Gow’s contention that specialisation should not 
commence at too early an age. He agreed with 
Dr. Gow that the study of language was the most 
valuable one for the training of the mind, but was 
glad that he also set great value on the study of 
literature. A friend of his had suggested that as 
a subject of mental training German was equally 
good with Latin, but, personally, he was unable to 

an opinion on the matter. He thought the 
subject of history was also of great importance. 
Not only general history, but specific history. 
There was such a thing as the wisdom of the 
ancients, and all engineers were not born in 
the nineteenth century. He also thought mathe- 
matics of much value for the training of the mind— 
not merely specific mathematics for specific use, 
but general mathematics also.. He thought it was 
questionable if there was sufticient time available 
for a boy up to the age of sixteen to study all the 
subjects suggested by Professor Thompson. This 
difficulty could only be got over by a system of 
general studies rather than of particular ones. He 
was particularly in favour of general training in 
early life, as it could never be attained to later. 
His own early education had in no way been directed 
towards an engineering career, and he thought the 
result had been in every way to his advantage. 

Mr. Theodore Reunert, of Johannesburg, who 
was the next speaker, stated that it had been his 
privilege to be associated with Lord Milner in the 
organisation of education in South Africa, and he 
was glad of the opportunity of saying that the 





a published by the Institution Committee on 
ucation had been of great value to him. He was, 
however, disappointed as to the practical outcome of 
the work that had been embodied in that report. 
As. far as general organisation went, mrtters had 
gone on pretty much as before. He hoped the pre- 
sent Conference would have the courage to lay down 
once and for all a definite course of training. Ifa 
boy was to be a doctor, his parents were able to 
obtaiu definite information as to the requisite course 
of study; but if he was to be an engineer, there was 
no definite and official scheme of training to which 
his parents could put him. 

Dr. W. H. D. Rouse thought it a very encourag- 
ing sign of the times that a professional institution 
should take the direct interest in general education 
that the Conference indicated. On the question of 
gpm he certainly thought there was some- 
thing wrong with a school if there was any special- 
isation in it before the age of sixteen or seventeen, 
and he thought the Institution should bring its 
influence to bear to prevent earlier specialisation. 
He did not suggest that outsiders should interfere 
with school curricula in matters of detail, but 
in matters of principle he thought they should. 
As a schoolmaster he had many cases of inter- 
ference by parents, but it was usually of the wrong 
sort, as when it was suggested to him that Scrip- 
ture and English should be omitted from the 
studies of one of his pupils on the score ‘* that they 
would be no use to him in his future life.” School- 
masters were subjected to much outside influence 
and public opinion, as, for instance, local bodies, 
and the necessity for meeting the conditions de- 
manded by external examinations, such as matri- 
culations, Oxford and Cambridge locals, and other 
such devices of the devil. ost of this outside 
interference, however, worked the wrong way. In 
the matter of examinations, he thought Professor 
Thompson had not spoken half strongly enough. 
They were mostly of an undesirable type, and 
their continued multiplication was a great evil. 
As an example of the sort of thing the average 
examination aimed at, he would point out 
that last year’s report on the examinations in 
English in the Cambridge locals was chiefly con- 
cerned with the fact that the majority of the 
examinees did not know where to put their commas 
and full-stops; while the report of the examination 
in literature stated that, although most of the 
pupils had an appreciation of the humour of 
Chaucer, they were not able to detect it when 
it was brought under their notice! When he first 
went to Cambridge, some ten years ago, he had 
dropped examinations in his school altogether, and 
found that when, in special cases, any of his pupils 
had to sit for any of the usual examinations, a 
certain preliminary coaching was necessary, not 
because they had not the requisite knowledge, but 
in order to enable them to deal with the special and 
stereotyped way in which the questions were set. 
He was interested in Professor Thompson’s remarks 
about German examinations being carried out by 
a co-operation of the State with the teachers. Such 
co-operation should be very valuable, and was the 
only way that was fair to the teachers. In con- 
clusion, he would urge upon all parents that they 
should interfere with their sons’ education, with 
the idea of having it conducted on right and true 
principles. They would probably be snubbed, but 
if enough of them persevered, their interference 
wguld finally have some effect. 

r. William Whitaker, F.R.S., who next spoke, 
said that his experience did not confirm the idea 
that culture could only be obtained in early life. 
Dr. Gow, in his contribution, had laid stress on the 
educational valye of literature ; there was nothing 
like leather, and he noticed that Dr. Gow was a 
doctor of literature. The same speaker had fallen 
foul of engineers for putting up ugly structures, 
but he thought the architects might equally come 
in for some blame in this matter. Architects had 
put up very ugly erections—even in London. In 
reference to Professor Thompson’s remarks, he 
agreed that the first object of science teaching 
should be to arouse interest. He also agreed 
entirely with what Professor Thompson said about 
Euclid. He thought he could personally concen- 
trate his mind and reason as well as most people, 
and he attributed this partly, at any rate, to his 
study of Euclid at school. He thought that English 
was usually taught very badly, and that in this 
matter scientific men were as as the majority 
of people, and worse than most. He was on the 
editing committee of a scientific society in London, 











and some of the things he received from educated 
scientific men were terrible. 

Dr. R. Mullineux Walmsley thought that the 
want of a definite educational aim in England, 
which had been spoken of by Professor Thompson, 
was due to defective public opinion. The fact 
that matters were better in Scotland was to be 
attributed largely to the superior level of general 
education there. He would like to say something 
about -the school-leaving examination of the Uni- 
versity of London, which had been incidentally 
referred to by Professor Thompson when reading 
his communication. This examination had been 
introduced as a substitute for matriculation, and 
the methods of conducting it were in some ways 
excellent. The examination was set on a school 
curriculum, and the teachers were to a certain 
extent allowed to co-operate in it. The institution 
of the examination had, however, a quite un- 
expected effect, owing to defective public opinion. 
As the examination was known as a school-leaving 
one, its result had been that when a ~~ passed 
it the parents had made it an excuse for removing 
him from school. The difficulty had been met by 
changing the name of the examination, which was 
now known as the senior examination. Dr. 
Walmsley went on to say that he did not hold a 
brief for the London matriculation, and he had 
something to do with it. But he thought he had 
a fair complaint in reply to Professor Thompson’s 
remarks, in that neither he nor anyone else was 
able to get anything out of their critics except 
destructive comments. The statement that univer- 
sities had to hold matriculation examinations 
because they wanted the fees was true, and if the 
London University gave its examinations up it 
would be bankrupt. He agreed that this was a 
scandal. 

Mr. Stanley de Brath reférred to the fact that 
one of the earlier speakers had suggested that the 
Conference should commit itself to some definite 
proposals for engineering education. Some years 
ago the Geological Society, with the idea of stimu- 
lating geology in the schools, had drawn up a 
syllabus of study. The idea was good, but the 
head master of one of our larger schools said the 
whole thing was impracticable, because the founda- 
tion work which the syllabus had assumed to be done 
in the preparatory schools was, in fact, not done. 
Another case which might be mentioned had 
occurred in connection with the Army. A Royal 
Commission on the training of officers reported 
not long ago that it was impossible to obtain 
officers who could read French and German 
and speak one or the other. This fact had led 
to a proposal that the War Office should estab- 
lish schools for the training of 3500 boys. He 
believed difficulties of this sort arose from the 
neglect of the early years of training. No one 
wanted to work young boys hard, but one wanted 
to excite their interest andenthusiasm. Too often 
boys now left school with all their interests killed. 

rofessor W. S. Abell suggested, as two main 
principles for elementary engineering training, 
that a good idea of the properties of matter 
should be given, and that pupils should be 
taught to think dynamically. ll problems, 
such as that of the governor, were now treated as 
if they were static. Boys should be taught to 
think in terms uf work andenergy. He, incommon 
with some other speakers, thought that the Con- 
ference should lay down the main principles of 
engineering education. The case of Euclid had 
been raised. He thought it the basis of the English 
system of mathematics, and the Institution should 
insist that it be taught. 

Colonel J. E. Capper, R.E., thought the discus- 
sion had got somewhat off the track. Engineers 
were required not only to design engineering works, 
but to control and direct them, and general train- 
ing was essential for this. A mechanic might be 
able to lay a railway, but an engineer should be 
able not only to lay it, but to say if it was necessary 
to lay it at all. A general literary education was 
necessary to decide questions of this class. At 
Chatham they found that the more diverse the 
subjects that were studied the better they were 
assimilated. One should be very careful in an 
Institution of this class about laying down a rigid 
syllabus for engineering education. 

Mr. T. H. Bailey, referring to the last paragraph 
in Dr. Gow’s communication, doubted if the clever 
boy was always successful. He also wished to 
mention a point raised by Professor Thompson, 
and to suggest that that speaker had missed the 
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aim of public-school life. The schoolmasters’ object 
was not to turn out professional men. It was to 
give a general grounding and moral training. The 
great aim of our public schools was surely the 
turning out of gentlemen. 

Dr. Gow, in replying to the discussion, stated 
that there seemed to be no essential difference 
between his point of view and that of Professor 
Thompson. His general view on the whole matter 
of elementary engineering education was that there 
should not be a rigid examination introduced. He 
had no objection to the Institution having their 
own examination, but he objected to it being made 
a sine qué non. What schoolmasters wanted was 
the laying down of a general course for the infor- 
mation of parents who wished to make their sons 
engineers; but what they did not want was the 
enforcement of a definite and rigid examination on 
all students. 

Professor Thompson, in his reply, concurred 
with the remarks of Dr. Gow as to the undesira- 
bility of a rigid Institution examination. He wished 
to say that there was then sitting a Departmental 
Committee of the Board of Education, which was in- 
quiring into the whole question of a national school- 
leaving examination. He emphatically endorsed 
Dr. Walmsley’s remarks as to the scandal of a univer- 
sity having to depend for part of its essential income 
on matriculation fees. 

The discussion of Dr. Gows and Professor 
Thompson’s papers was then closed by votes of 
thanks to the authors, and the meeting turned to 
the covsideration of Professor Schwartz’s communi- 
cation on entrance examination for college courses, 
which was read by the author, and is reprinted on 
page 866. Mr. B. Hall Blyth took the chair during 
the reading and discussion of this paper. 

The first speaker in the discussion was Mr. J. T. 
Jackson. He stated that about two years ago he 
became interested in the question as to what ulti- 
mately became of the engineers who studied at 
Dublin University, and took considerable trouble 
to inquire into the matter. It took him about a 
year to obtain the information he required, and 
during that time he was brought a good deal in 
contact with the results of men’s early training, 
and was able to come to some conclusions as to 
how far early examinational successes carried a man 
in later life. As a result of the information he 
obtained he would suggest that entrance examina- 
tions should not be too highly specialised, and that 
they should not be used as a lever to shift any 
part of the specialised training of engineers on to the 
schools. Care should also be taken that entrance 
examinations could only be passed by students 
of good general education. He thought the danger 
at the present time was that early education might 
become too practical, and later education too scien- 
tific. The duty of examiners and those who drew 
up examination syllabuses was to see that both the 
special theoretical training and the general education 
of students were such as to enable them to be able 
later to take full advantage of the more advanced 
training that would come. 

Mr. W. H. Patchell thought that the time avail- 
able for training was the crux of the whole matter. 
He personally was much in favour of modern 
languages, but did not wish to depreciate Greek or 
Latin. None the less, Spanish was very important. 
Apart from the Sahara, it might be said that the 
unexplored fields of the world that were open to 
engineers were specially open to Spanish-speaking 
engineers. German was also very useful, and he 
would draw attention to the fact that in Germany 
one could every day meet Germans with a good 
working knowledge of English, who, none the 
less, had learnt it at school, and who, in many 
cases, had never spoken to an Englishman. 

Mr. J. T. Jackson rose again at this point to say 
that he had omitted to state that one of the con- 
clusions his investigations had brought him to was 
that the men who began their engineering at an 
early age were commonly more successful in later 
life than those who commenced when older. 

Professor W. C. Unwin, who was the next 
speaker, stated that he had had thirty years’ experi- 
ence of boys coming up from school, largely of the 
higher class. In general the boys came to him at 
about the age of eighteen, although sixteen was the 
nominal rule of his college. He thought some early 
specialisation was desirable, because these boys of 
eighteen had to look forward to three years of 
theoretical training and three years of practical 
work before they were in a position to enter re- 
sponsible posts. That is, they would be twenty-four 





years of age before they were in a position to earn 
a living. Without some early specialisation this 

riod of six years might even have to be extended. 

ey did not ask for much, and he thought a boy 
of eighteen might be expected to have been partly 
prepared for his future career. His experience both 
at Coopers Hill and at the Central College had been 
exactly opposite to that spoken of by Mr. Jackson 
in reference to Dublin students, and he had records 
of nearly all his eee: 

Professor H. J. Spooner wished to say a word 
about mathematics. e teaching of this subject 
had been practically revolutionised during the last 
ten years, largely owing to the influence of Pro- 
fessor Perry. Students at the present day had, 
with few exceptions, been taught practical mathe- 
matics, and were given courses in practical mathe- 
matics at the colleges. The result was that very 
few students now took mathematics as a regular 
study, and there was much special cramming for 
mathematical examinations. 

Mr. Stanley de Brath stated that there was now 
so much demand on the time of schoolboys that it 
was almost impossible to teach modern languages. 
He thought the correct procedure was for such 
instruction to commence very early, and to let 
children accumulate a vocabulary of a foreign 
language before any attempt was made to study 
its structure and grammar. 

Professor E. W. Marchant agreed with Professor 
Unwin that some specialisation was necessary in 
elementary training. He thought the difficulty 
arose from an attempt to teach too many subjects. 
The great idea was to teach a boy to think, and 
this could be done as well by mathematics as by 
classics. He did not suggest the omission of classics 
in any school, but boys should be divided into two 
classes—those intended for administrative life and 
the legal profession, and those intended for engi- 
neering or medicine. The latter should be chiefly 
trained in mathematics, and the former chiefly in 
literary subjects. 

Professor A Schwartz, in replying to the dis- 
cussion, said that he agreed with Professor Unwin 
that engineers were asking for a very small amount 
of specialisation, but he would point out that they 
were not the only professional body which exerted 
pressure on the authorities. The same thing was 
true of the medical and legal professions. 

The Chairman, in closing the discussion, said 
that he thought it would bear some good fruit if it 
only resulted in the resteration of Euclid to its old 
place in the schools. Many speakers had pointed 
out the evil effects of cramming, and he thought 
the Institution might take these remarks to heart. 
He thought their own examination was open to the 
charge that it encouraged cramming, and that it 
should be made to cover practical work rather than 
study. The proceedings then terminated with a 
vote of thanks to Professor Schwartz for his com- 
munication. 


Section III.—PracticaL TRrRaInine. 


In Section IIT. (Practical Training) the chair was 
taken by Mr. R. Elliott-Cooper, who opened the 
proceedings by saying that he mg it was by no 
means settled as to what practical training really 
was. In the early days it went little beyond 
making a man into a mechanic, and fitted him in 
no way for positions of control or management. 
The recognition of the value of scientific knowledge 
led to a curtailment of the practical work, but 
had not taken its place. He wished to insist on 
the point that real and useful practical training, in 
design, construction or management, could only be 
obtained under actual or commercial conditions not 
found in educational establishments. He also 
thought that office training was especially impor- 
tant; it was complementary to the knowledge 
gained in the shops or under a contractor, and with- 
out it a man was only half equipped. The pupilage 
system still continued taking the profession as 
a whole. Some months ago the Council had sought 
information on this point, and in 75 per cent. of 
the cases in which they had made inquiry, regular 
arrangements were.in force for pupils, but in 25 per 
cent. no such provision was made; of the latter 
more than half were engineering departments of 
local authorities which would not expected 
to make arrangements of this kind. 

At the conclusion of his remarks the Chairman 
called upon Mr. A. F. Yarrow, and subsequently 





Mr, W. H. Allen, to read contributions openin 
the discussion on ‘‘ The Requirements of ical 
Training and of Scientific Study, and the Apportion- 





| Railway was possibl 


ment of Time to them.” These contributions are 
printed in extenso on page 867 of this issue. 

The first to speak on this subject was Mr. F. E. 
Robertson, who referred to what he considered 
the need of better education in connection with 
locomotive engineering. In electrical, marine, and 
other branches of engineering, they, as a firm ex- 
amining men for all classes of appointment in India, 
found much better education than among the railway 
men. Of the latter only 5 cent. filled their 
requirements, which amounted to only a knowledge 
of elementary mechanics. Neither did many of 
them know the differences between steels and irons, 
&e. Many, it appeared, had never been told that 
they ought to acquire knowledge on these matters ; 
but in other cases the fault lay more with the men, 
who had not troubled to get hold of it. The input 
was not worse in this case than in other branches, 
but the output, he thought, was. Men, to get on, 
must have esvoteies of these things, and loco- 
motive superintendents would help the movement 
by only recommending men who actually had it. 

Professor Arnold said he had listened with 
astonishment to Mr. Robertson’s strictures with 
regard to locomotive engineering. His experience 
had been quite otherwise, and he would like to 
draw attention to the excellent way in which, for 
instance, the Midland Railway Company handle this 
matter. That company had adopted Mr. Yarrow’s 
suggestion that someone should be deputed to look 
after the apprentices. Mr. Henry Fowler, of 
Derby, arranged for them to attend two mornings 
a week at the technical school, and reports on their 
work there were sent into him (Mr. Fowler) regu- 
larly. In addition to this the company held what 
he considered a very stiff examination yearly, and 
he thought such steps indicated that this company 
at least were moving in the right direction, and were 
not by any means in the position which Mr. 
Robertson’s words might appear to indicate. He 
wished to say a word or two on the need of correla- 
tion of knowledge of engineers and metallurgists. 
Lately, these two branches of knowledge had been 
drifting apart instead of coming closer into contact 
with each other. The Midland Railway insisted 
on = spending, in their fifth year, one day a 
week in metallurgical work, occupied by one lecture, 
and laboratory work for the rest of the day. In 
this way the bearing of metallurgy upon engineer- 
ing became a useful part of their knowledge. 

r. E. R. Dolby, following, said that as much of 
his experience had brought him into contact with 
architects : he wished to take an example from that 
Sesrennage He had never found an architect who 

ad been through a practical course of carpentry, 
bricklaying, &c., or, indeed, any handicraft, and 
the reason given was that it was impossible to 
attain to manual dexterity in the time available. 
Since architecture was the older profession, it might 
be pointed out that this profession had developed 
along four distinct lines—a quadruple system 
involving the architect, quantity surveyor, builder, 
and clerk of works, and of those four only two had 
acquired any manual dexterity. It appears from 
this that in the engineering profession they were 
trying to train one man to fill four posts. Perha 
this was partly due to the fact that they had only 
one name ‘“‘engineer,” to cover all. He thought 
four species of members should be developed. 

The next speaker was Mr. C. O. Burge, who 
thought the preparation was at present very often 
deficient for men taking up work abroad. The 
papers, he thought, did not refer sufficiently to this 

int. Civil engineers would have in the future to 
ook abroad for work, rather than at home, and there 
should be in academical instruction greater notice 
taken of this fact and its bearing on many of the 
questions which they would subsequently be called 
upon to decide. He had been pitchforked, so to 
speak, into India, to find that he had to unlearn 
much of his previous knowledge. The same applied 
to engineers working in other countries, as, for 
instance, Australia, South Africa, &c. 

Mr. E. Benedict said, in reference to the last 
speaker, that Mr. I. K. Brunel had once told him 
to learn his profession at home and practise it 
abroad, and he had found that advice correct. He 
thought that in view of the work of the Committee 
of some years ago they were now going over the 
same ground without taking advantage of the result 
of - that labour, and this, he thought, was 
regrettable. He thought the system of the Midland 
an exceptionally good ex- 
ample, but he would go even further. Where 
there were many apprentices, as in works of that 
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kind, he thought something of the nature of a 
hostel should be instituted, where the youths could 
live undera tutor. People who accepted premiums 
should also accept responsibility. It was well 
known that the ordinary head of a business was 
peiany inaccessible to an apprentice, who should 

ve some one deputed to look after him. It was 
not always recognised, however, what good educa- 
tional material existed in the better workmen. 
Steady men among the older hands might be 
singled out to take charge of pupils. Boys of 
fifteen or sixteen were most interesting and 
impressionable, and, if carefully looked after, could 
be moulded at that age along useful lines. 

After Mr. Robertson cod aie an example of 
the simple questions which they had found candi- 
dates failed to answer, Mr. A. Macallum said he 
thought that if a man were to be put in charge of 
the apprentices, as suggested by Mr. Yarrow, he 
would have to be most carefully chosen ; the task 
was a most onerous one. Pupils did not know 
their own needs, as Mr. Yarrow suggested. There 
was a tendency to separate the thevretical and 
practical training. He thought the sandwich system 
better on paper than in practice. The continuity 
of study was broken by it. Rather the two should 
be still more intimately blended. There were two 
classes of engineers. A normal class consisted of 
practical men, an abnormal class of paper men, 
concerned with office work, design, &c. The train- 
ing of the latter should be left to the colleges, but 
the former should be trained by a course intimatel 
combining the two essentials, He did not think 
6 o'clock attendance necessary if thereby a youth 
ran the risk of neglecting or losing his theoretical 
knowledge. 

Mr. J. M. Moncrieff said he thought the fewer 
there were of the abnormal engineers named by the 
last speaker the better. There was far too much 
designing at present without shop knowledge. He 
thought the 6 a.m. start had a good influence on 
lads. Mr. Benedict’s remark about men taking an 
interest in lads of fifteen and sixteen itself gave 
the reason for this. At that age lads were im- 
pressionable and interesting to the men, who 
would teach them a great deal. But if the shop 
training is delayed till the age of twenty, the 
character is then so formed that the youth is not so 
interesting to the workmen, and such a lad learns 
little from them. Manual dexterity was not abso- 
lutely essential, but knowledge of tools and their 
application and of detail was essential. He thought 
every civil engineer should have some mechanical 
training. 

Professor E. G, Coker felt the loss of engineering 
establishments in London ; the students had now 
no actual examples before them, and obtained dis- 
torted impressions of the importance of different 
branches of manufacturing, as, for example, petrol 
motors, He favoured the sandwich system. In 
college it was impossible to get knowledge on the 
commercial side. Misconceptions thus arose which 
were only dissipated after practical work had 
demonstrated the relative value and intention of 
theory. The six months’ system he thought good, 
but it was impossible to work a sandwich system on 
the nine months’ system, as works would take -no 
trouble about a youth who would be with them only 
three months. Then the question of holidays came 
in, but he thought that students looked upon the 
six months in works partly in the light of a Roliday. 

Mr. A. Preece thought most of the difficulty due 
to the receptiveness of the student’s mind. School 
training should teach a boy how to acquire know- 
ledge, college training how to value it, and works 
training how to apply it. Many lads were quite 
unfitted to be let loose in workshops on leaving 
school, and should have the further discipline of 
college before entering works. Others again, who 
felt a were tired of acquiring knowledge, might 
go straight to the shops, and, if handled properly, 
would ultimately see the vaiue of further knuw- 
ledge and acquire it. Students were too often left 
to themselves to find out what bearing lectures had 
on work, and how they could be of assistance to 
them. Colleges should not attempt to teach works’ 
practice in their own workshops. Such laboratories 
were useful only in keeping the professors up to 
the mark, and were of no value in replacing shop 
trainiog. Premium pupils should be most carefully 
looked after. It was to the advantage of the 
management to do this, and it was also well to 
keep in touch with old pupils. 

Professor W. E. Dalby said that teaching was 
much easier to workshop-trained youths than to 


others. The difficulty of finding a solution lay not 


with the colleges but with the works. There was 
little co-ordination between the two, and no general 
lines of policy. Some men, to his knowledge, had 
Seunttel | by training such as Mr. Allen recom- 
mended, men coming from Mr. Allen’s works having 
done well-under him at South Kensington. He 
thought the sandwich system best if it were work- 
able ; he had asked works to take pupils on this 
system, but had not always been successful. The 
premium question presented a difficulty. The 
college should be looked upon as an extension of 
the works. He would point out to Mr. Robertson 
that at the Imperial College the endeavour had 
been made to correct the deficiency formerly exist- 
ing, and courses specially arranged for locomotive 
engineers were now held. 

The Chairman next called upon Mr. W. B. 
Worthington to read his contribution on ‘‘ Practical 
Training in Workshops or on Works of Construc- 
tion, with Special Reference to Training in the 
Engineers’ Office,” Sir H. F. Donaldson following 
also with a contribution on the same subject. These 
papers we reprint on page 868. 

The first speaker after the reading of the two 
introductory contributions was Mr. E. Hayes, who, 
while he agreed generally with the remarks of Sir 
H. F. Donaldson, could not agree with the appor- 
tionment of the time as set out in his paper. He 
wished to emphasise the point that all engineers 
should have a thorough generaleducation. In this 
the position had improved of late. Works and 
theoretical training should run together. Breaking 
off was harmful. When young a lad did not mind 
how dirty he got, the dirtier, in fact, the better, 
and at such an age boys were most likely to get into 
touch with the men. Going first to college unfitted 
alad for turning to the necessary drudgery and 
dirt if it came afterwards. Sound school training 
was an essential to start with. Practical work at 
schools was unnecessary beyond the value it might 
have in pointing out a boy’s inclinations. In that 
it was useful. 

Mr. A. T. Walmisley did not consider aetual work 
in shops essential. He had successfully tried an 
arrangement in which lads had six months or so 
with an engineer, and during that time the boys 
had to write and send in to him reports on the 
work being done. These he revised, and they were 
instructive both in the way of encouraging the 
collecting of information and also by reason of the 
criticisms. The boys were encouraged to look up 
and include in them reasoning and particulars 
bearing on the work reported on. 

The next speaker was Professor A. Barr, who 
found it difficult to distinguish between the subjects 
of these papers and those read previously. He 
thought workshop training essential. Now-a-days 
much work was passing away out of the hands of 
civil engineers and into those of the mechanical 
engineers for the simple reason that the latter were 
more familiar with modern methods, which involved 
so much which was closely allied to their branch of 
the profession. With regard to apportionment of 
time he considered that the greatest possible lati- 
tude was necessary in this respect. Anything like 
absolute apportionment was impossible. In this 
matter of education Scotch and English conditions 
differed. In Scotland they had no premium- 
apprentice question, and he thought it unwise to 
differentiate between the lads on this score. It 
was essential that a gentleman, and nota workman, 
should have the supervision of the apprentices—a 
man who could form a judgment of character and 
other qualifications which it was desirable to bring 
out. He might add they made a practice of en- 
couraging promising lads by higher pay. It was 
certainly not the professors who held that college 
workshop training did away with the need of 
practical work in shops. They recognised that the 
two were complementary. he sandwich system 
had been successfully worked for about seventy 
years—in fact, since the foundation of the Chair of 
Engineering at Glasgow—the oldest in existence. 
He was glad to hear that day that the movement 
was gaining support. Sir W. White referred to 
what had happened in Germany in this connection. 
There it was the practice fur lads to go from the 
secondary schools straight to the technical high 
school, but after a trial of that system it had been 
decided that at least one year should be interposed 
between the two, to be spent in works. In France 








the a was followed by so-called ‘* Schools 
of Application,” but all French engineers he had 
spoken to on the subject, without exception, 


regretted that they had not had their practical 
training earlier. The Polytechnic had turned out 
brilliant mathematicians and scientists, but men 
so trained only reached their practical training at 
about twenty-five, when it was undoubtedly the 
case that many a good man had lost his liking for 
it, and so remained a scientist rather than turn to 
practical work. The British Admiralty system ran 
the two classes of work concurrently for some years, 
followed by a course of what was probably the 
highest course in technical education. This system, 
which he thought had been successful, was not of 
universal application, but might be considered by 
large employers. 

Professor Lambert thought that what was wanted 
was a better grounding in elementary principles. 
Boys wught to be so familiar with the simpler and 
fundamental principles that they would come 
naturally to hon. The technical side of theory 
was too much developed. The study of numerical 
examples (approaching actual practice where pos- 
sible) should have much more attention at schools. 

Mr. E. B. Ellington, following, remarked that all 
were agreed that practical training was necessary. 
Machinery was now largely employed in all branches, 
and ‘‘civil ” engineers could not properly take con- 
trol unless familiar with the mechanical side. It 
was necessary to deal with the case of the man 
of average ability. Training should not be too 
——— The chief question was, When should 
the practical training be obtained ? and the extent 
necessary depended upon the branch taken up. 
Later in life the acquisition of the necessary know- 
ledge might take longer. Large establishments 
were exceptional, and could make exceptionally 
good arrangements. On the whole, he thought 
it best that youths should go to college first, 
and works afterwards. For one reason the college 
would weed out some. He thought the experience 
of Mr. Yarrow and Professor Barr entitled to every 
attention. He agreed with the need of co-ordina- 
tion between works and college, but this did not 
exist at present, and therefore he thought works 
should come after college. Many employers would 
find difticulty in giving effect to the sandwich sys- 
tem. The old idea of training consisted in nothing 
more than attempting to produce an employer who 
should be able to show men superiority in manual 
work. There was no longer the same need for 
this. Now he was called upon to direct. It 
was permissible for some familiarity to be made 
with practical work while at college. Was it now 
necessary for a man to go through a mechanic’s 
course of training? Training should be directed to 
the encouragement of such knowledge and qualiti- 
cations as will fit a man to control. The output of 
tools and other matters are important, as the final 
problem a man has to face when directing is how 
to make things pay. The economy of work is at 
the bottom cf all engineering, and educational 
facilities should take this into account rather than 
aim at turning out a good mechanic. 

Mr. C. P. Hogg gave a few particulars of his 
experience with. regard to civil as opposed to 
mechanical engineering. He thought no definite 
conclusion possible on the subject, so much 
depended upon the individual man. He had 
experience of two classes: on men who had finished 
their college training and obtained a degree, who 
came to them for three years, and another class 
who had a sandwich form of training of 5 years, 
which involved three winter sessions at college and 
three years in the office or works. In the first 
class they found the men did not take kindly to 
the routine work and drudgery of an office, and 
sometimes had erroneous ideas of what the work 
of an engineer really was. Practical and college 
work should run concurrently. In his own case he 
did his works training first and then the college 
part, and really the only trouble he found was that 
in mathematics he was rather rusty. . 

Mr. A. P. Trotter pointed out that the profession 
was always changing, and therefore the requirements 
as regards training would also change. One prac- 
tical advantage of works following college was that, 
if it did not, the lad broke his connections with the 
practical side, and had sometimes a difficulty of 
getting started in. It was common for a lad 
towards the end of his time to be on erection 
and other work, from which he could be drafted 
to useful positions. To break connections then 
often meant a subsequent check. Success in eng!- 
neering was in the end the pecuniary value of the 
work. In science this was different ; money value 








was often wholly ignored. It was very difficult for 
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a young man to nee knowledge of prices and 
costs, and many employers were jealous of divulging 
this information. Could not the principles under- 
lying this side be taught at college? That would 
prevent many disasters. The authors had both 
noticed this point, he was glad to see. 

Mr. F. O. Everard said six o’clock was a bugbear 
to college men, and it was also a difficulty in con- 
nection with the sandwich system. They had tried 
twelve months first in works and then twelve 
months at college and then back to the works, but 
it did not work so well, he thought, as three years 
in works followed by three at college. 

Mr. J. W. Wilson said the time available 
for training was limited. How best could it be 
laid out? All pupils were different, and stan- 
dardisation was therefore impossible. - Character 
should be studied. Early school work should be 
common-sense. The first year should combine 
theory and practice, as boys did not at first 
see the application of theory. It was impor- 
tant that shop-work should be taught by a man 
able to impart knowledge. Boys should not be 
allowed to decide on their career too early. There 
was, for instance, the class of ‘‘ smart ’’ boys who 
had their own ideas of what they wanted, which 
were often wrong. Theconnection between theory 
and practice should beas intimate as possible ; the 
sandwich system could even be improved upon in 
this respect. He was glad to hear such stress laid 
upon practical training ; it was also essential that 
the commercial aspect should be given prominence. 
Classes should go the pace of fhe average ; they 
too often were arranged for the cleverest, which 
was bad. 

Herr Franz zur Nedden remarked that the topic 
now being discussed at that Conference had been 
similarly discussed in Germany ten years ago, with 
the result that certain principles had been laid 
down. With the ten years intervening, experience 
showed that these required modifications, and a 
committee was actually now sitting with a view to 
such a revision, taking into account more largely 
the needs of the average man. 

Brief replies were then offered by the con- 
tributors of the opening papers. Mr. A. F. Yarrow 
said they had listened to much in favour of the 
sandwich system, and to little against it. It was 
not difficult to work, but employers should be made 
to understand that it was the intention that the 
pupil should spend all his work’s time at one 
factory. That was not always understood, and 
therefore facilities were not always granted where 
otherwise they might be. College and workshop 
training should run concurrently, and school educa- 
tion should end where college began. 

Mr. Allen could give support to the six months’ 
sandwich system. Sir H. F. Donaldson admitted 
that individual pupils should be studied. He 
had agreed in some cases to take boys leaving 
school for one year, and had made thorough arrange- 
ments for their moral welfare. They lived under 
the care of approved families, and any irregularity 
of behaviour, such as late hours at night, &c., was 
reported. The mental side of the work was kept 
up by attendance at evening classes. Another type 
of men they had to deal with (men who had taken 
degrees) were not reported on as subject to this 
surveillance. Both classes of pupils were attached 
to high-class workmen, and records of all were kept 
by one of the Arsenal officials, who could produce 
at any moment a detail report of any lad’s attend- 
ance record, progress, conduct, &c. 

Mr. Worthington thought three months’ office, 
as suggested by Sir H. F. Donaldson, too little, 
but there was difficulty in getting more into the 
time available. He wished to add that the excel- 
Jent system in vogue in the Midlands, to which 
reference had been made, was due wholly to Mr. 
H. Fowler. The meeting was then adjourned till 
10 a.m. on Thursday. 


(To be continued.) 








THE INTERNATIONAL RUBBER 

P EXHIBITION. 

Ine rapidly-increasing extent to which rubber 
enters into modern manufactures is not fully 
realised, and the International Exhibition now open 
at the Royal Agricultural Hall, Islington, forms an 
object-lesson in this respect, and at the same time 
carries conviction regarding the extent to which 
ingenuity is being exercised in the improvement of 
mechanical means for the preparation of rubber and 








the manufacture of articles of commercial utility 
from the material. 

It is the second exhibition of the kind seen in 
London, the previous one having been held in 1908. 
Since then the trade has made great strides, and, 
had it not been for the fictitiously high price of 
rubber in 1909, the advance would have been 

reater still. Since 1827 raw rubber supplies 
oe grown from 30 tons to about 75,000 tons in 
1910. The highest production ever recorded was for 
1910, and although the output was so great, it was 
in this year that rubber reached the fictitious price 
of 13s. per lb. However, it is not with this that we 
have to do at present, but with what is in the Hall, 
which may prove chiefly interesting to engineers— 
namely, the machinery. It is, of course, never 
expected that there will be much machinery on view 
at these Exhibitions, for the production of raw 
rubber as it comes to the market does not require 
much machinery. Nevertheless, there is some that 
is well worth inspection. 

As we enter the main entrance to the Hall there 
is, in the left-hand corner of the building, a stand 
occupied by a firm who have not had their goods 
exhibited in this country before. We refer to 
Messrs. Howarth Erskine, Limited, of Singapore, 
who are represented in this country by Messrs. 
James Pollock, Sons, and Co., Limited, 3, Lloyd’s- 
avenue, London, E.C. The chief features of this 
stand are two of the firm’s 12-in. by 16-in. B1 type 
rubber-washing, sheeting, and créping-machines, 
which are driven by a 39- brake - horse - power 
Hornsby suction-gas engine. We reproduce a photo- 
graph of one of these machines in Fig. 1, page 864, 
from which its general features will be understood 
It is of original design, and has been carefully 
thought out. The line ing through the 
centres of the rolls is adieel at an angle of 30 deg., 
and the bearings are fitted with special brass 
removable bushes, which can be easily taken out 
and new ones substituted in a few minutes without 
removing the rolls. The lubrication of these bear- 
ings has received careful attention in order to 
prevent oil from reaching the rubber as it passes 
through the machine. At each end of the rollers 
there is an arrangement of grooves which catch any 
oil leaking from the bearings, the oil being thrown 
outwards by centrifugal force into an annular 
channel, from which it returns to the oil-reservoir. 
The guard-plates, which confine the rubber side- 
ways as it passes through the rolls, also form a 
special feature. They are of a new pattern, and 
are formed of three parts which automatically 
adjust themselves to any position of the rolls, thus, 
irrespective of the distance between the rolls when 
in operation, the guards are firmly pressed against 
them. A compound and independent adjustment 
of the rolls forms part of the design, and the ad- 
justment is carried out by means of the hand-wheel 
seen on the left-hand side of our illustration, 
though, if desired, each roll may be adjusted sepa- 
rately. The means of adjustment consist of a front 
shaft and worm-gearing, the latter being enclosed. 
The adjustment screws do not tighten directly on 
to the rolls themselves, but on cast-iron safety 
plates, which are so arranged that in case any hard 
matter accidentally gets between the rolls, the plates 
will break and allow the rolls to open instead of 
damaging the machine. These safety plates can 
easily and quickly be replaced. Each machine 
has also a special re-wash attachment, the rubber 
as it leaves the drip-pan passing through a strong 
spray of water from two pipes, which serve 
thoroughly to remove all dirt from the rubber 
before it goes through the rollsasecondtime. The 
firm’s créping machine exactly corresponds, except 
as regards the surface of the rolls. Back and front 
hopper-plates of aluminium are fitted for treating 
bark and scrap. It is claimed that the rolls being 
placed at an angle of 30 deg. gives an increased 
accessibility over the ordinary way, where they 
are placed horizontally, a larger output being the 
result. The firm have also on view some hand- 
machines for créping and sheeting, a galvanised- 
iron latex cart, as well as other estate implements. 

Messrs. David Bridge and Co., Limited, Castleton 
Iron Works, Castleton, Manchester, have several 
new machines on view at their stand. Fig. 2, 
on page 864, shows a three-roller machine, for 
which several distinctive claims aremade. Among 
other things, it differs from the ordinary type in 
having three rollers instead of two. In addition to 
washing, the machine can be used for macerating. 
créping, sheeting, and blanketing. The chief 
advantages claimed for it are that it gives a 








greater output than two ordinary machines with 
two rollers each, and it takes less power to drive 
than two ordinary machines, and does not occupy so 
much space. The firm have also a very powerful 
inding-machine on view, which has been designed 
or grinding up old omnibus tyres, &c. There 
is also a rotary cutting-machine with revolving 
knives. This latter machine runs at a high 
speed, and is driven by'two belts. It will cut up 
tyres, outer cases, motor tyres, inner tubes, &c., 
into small pieces, and it has a large output. It has 
been found chiefly suitable for reclaiming mills. 
Among this firm’s exhibits is a Da Costa Patent 
** Rapid ” Rubber Latex Coagulator, which may be 
seen at work in a building in the yard attached to the 
Hall. It is for the coagulation of latex in bulk by 
means of the infusion of steam and smoke (from 
m nuts, native twigs, leaves, &c.), into the latex. 
he reason why the wild Brazilian rubber has been so 
long preferred by manufacturers for their first-class 
goods is that it has been coagulated by smoke, and 
not by means of acetic acid, as is the practice in the 
Eastern archipelago. The old system of smoking is, 
however, unhealthy and slow, and the Da Costa 
system has been introduced to supersede it. It con- 
sists in the injection of the smoke into the latex by 
means of steam at a comparatively low temperature, 
no chemicals whatever being used except the natural 
acids and creosote in the smoke. Any sort of 
forest wood appears suitable for making smoke. 
The force of the steam violently agitates the latex, 
and during the operation the caoutchouc globules 
coagulate and separate from the lyes and rise to 
the surface, the enzymes contained in the latex 
being at the same time killed. In this way, it is 
claimed, rubber equal to that smoked by the 
Brazilian native can be obtained, and the whole 
process does not take more than a few minutes to 
carry out. Some very handy hydraulic blocking- 
presses may also be seen at this stand, as well as 
vacuum-drying and surface-smoking plants, and an 
improved automatic lathe for cutting out rubber 
rings, washers, tape, thread, &c. 
he well-known firm of Francis Shaw and Co., 
Limited, Corbett-street Iron Works, Bradford, 
Manchester, have a comprehensive exhibit at their 
stand, including macerating, washing, créping, and 
sheeting machinery (driven by a gas-engine manu- 
factured by Messrs. Marshall, Sons, and Co., 
Limited, of Gainsborough), vacuum-drying machi- 
nery, &c. There is a a battery of rubber 
blocking-presses, with pulley-driven pumps, and 
machinery used in the manufacture of rubber goods, 
including a new design of hydraulic press for heels 
and small moulded goods. The firm have two 
stands—one No. 31 and the other No. 167. At 
the latter may be seen a drying and smoking-shed, 
which is steel-framed and covered with galvanised 
sheets. Below the floor, in which the smoke is pro- 
duced, fires are placed, and in order that the smoke 
may reach all parts of the drying-room, distributors 
are fitted. This floor is raised about 8 ft. from the 
ground-level, and the boards are left with open joints 
so that the smoke may passthrough. The draught 
can be regulated by means of ventilators in the 
roof, and no fans are required, motive power 
being therefore unnecessary. In an apparatus of 
this class, 12 ft. wide by 15 ft. long by 10 ft. 
high, it is stated that 765 sheets of rubber 18 ft. 
long by 7 in. wide, equal to about 2670 lb. weight, 
can be smoked and dried per day of 10 hours 
under favourable conditions. The gas-engine sup- 
plied by Messrs. Marshall, Sons, aa Co., Limited, 
is one quite recently designed, and has never before 
been exhibited in this country. It is capable of 
developing 30 brake horse-power, and is similar in 
design to the one for which the firm was awarded 
a gold medal at the Brussels International Exhibi- 
tion. It has variable timing of ignition over a wide 
range. Ring-oilers are fitted to the main and outer 
bearings, to the side shaft bearings, and the crank- 
pin, forced lubrication to the piston and exhaust- 
valve spindle, independent wipe lubrication to 
the piston-pin, sight-feed lubrication to the inlet- 
valve spindle, and oil-bath lubrication for the cam 
roller. 

Messrs. W. H. Cochrane and Co., 110, Cannon- 
street, London, E.C., have on view two of their 
‘*P.P.” type rubber-washing machines with 12-in. 
by 15-in. non-rusting ved rolls, driven direct by 
a gas-engine through shaft and friction clutch at the 
back of the machine. They showalso an ‘* M ” ty 
machine with 9-in. by 18-in. hard cast-iron rolls, 
not connected to the running gear. There is alsoa 
‘*K” type machine with 9-in. by 18-in. non-rusting 
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rolls. The drive for the machine is taken from the 
back, and not from the bottom ; the makers think 
that with this arrangement any wear of the main 
shaft bearings affects the accuracy of the meshing 
of the gearing less than when the shaft is at the 
bottom. 

One of the features at the stand of Messrs. 
Werner, Pfleiderer, and Perkins, Limited, of 
Peterborough, is their universal rubber-washing 
machine, which may be seen in operation. It is 
claimed for this machine that it will wash abso- 
lutely clean all grades of rubber, gutta-percha, 
balata, pontianak, jelutong, &c., in the shortest 
possible time, while at the same time the 
‘‘life” and ‘‘nerve” of the rubber are pre- 
served to an extent not before attained. One 
washing operation is said to be sufficient even for 
high-class products, such as cables and surgical 
goods, and can be entirely depended upon. This 
machine effects the removal of new wood, bark, 
and pebbles without splintering and crushing them, 
and plantation scrappy rubbers are dealt with to 
great advantage, all impurities being removed before 
shipment. All gums are washed without manual 
assistance, and the design of the machine is such 
that the gums can be washed with water running 
right through, or they can be completely immersed 
in the washing water. The firm have two stands; 
in the central one mathines for masticating, 
drying, mixing, &c., are exhibited. The Vacuum 
Universal masticator shown has been designed for 
thoroughly drying gutta-percha economically with- 
out the use of a drying-chamber, and the rubber 
need not be run out into sheet form. In addition 
to their rubber machinery the firm exhibit a new 
type of refrigerator suitable for estate-managers’ 
bungalows ; but as we hope to describe this more 
fully ata future date, we will not refer to it further 
here. Other machines of interest are also exhibited 
at this stand. 

A very interesting exhibit, which ought, if pos- 
sible, to be seen, is that of the Continental 
Rubber Company of New York, 111, Broadway, 
N.Y., U.S.A., for it illustrates, in what may be 
called a miniature factory, the most modern 
methods of using the grade of Guayule rubber 
produced hy the firm. This class of rubber is 
employed in the manufacture of all classes of belt- 
ing, hose, valves, mats, and all kinds of moulded 
articles. The Exhibition closes on July 14. 








Private Owners OF Rattway Ro.iine-Stock.—The 
twentieth annual — meeting of the Association of 
Private Owners of Railway Rolling-Stock was held at the 
Midland Grand Hotel, St. Pancras, London, on Tuesday, 
June 27, and was presided over by the chairman, Mr. F. 
Parker Rhodes. After the adoption of the committee’s 
report and the balance-sheet for the past year, matters of 
interest to private wagon-owners, and in particular the 
delays in transit of their loaded and empty wagons (of 
which many complaints had been received), and the 
efforts of the committee to procure improved conditions 
in respect of short-distance traffic and empty wagons, 
were discussed, and the policy of the committee was 
approved. The retiring members of the committee were 
all re-elected, and a vote of thanks to the chairman con- 
cluded the proceedings. 

Tue Parsons GEARED MARINE TURBINE ON THE 
S.S.. “ Vespasian.”—In connection with the Jubilee 
celebrations of the Institution of Naval Architects, it 
has been arranged by the Parsons Marine Steam Turbine 
Company that the cargo steamship be gage which has 
been fitted with geared turbines, shall be open to in- 
spection by members of tie International Congress who 
may desire to visit her next week. Tickets of admission 
will be issued through the Institution of Naval Architects. 
The vessel will be lying in the West India Docks on 
Tuesday, Wednesday, Thursday, and Friday, and visits 
can be paid by those who have cards of admission between 
tke hours of 10 a.m. and 6 p.m. Other persons interested 
in the subject who may desire to inspect the vessel should 
make application to the Parsons Marine Steam Turbine 
Company, 8, Victoria-street, London, S.W., or to the 
Turbinia Works, Wallsend-on-Tyne. 


INTERNATIONAL CONGRESS ON SANITARY DWELLINGS. — 
The Third International Congress on the subject of 
Sanitary Dwellings will be held in Dresden, from 
October 2 to7 inclusive. The Congress has been organised 
with nine sections, dealing respectively with town 
planning, construction of buildings, internal - 
ments, sanitation, town dwelling-houses, country dwelling- 
houses, schools, workshops, and legislation, &c, The 
prs apnea is in the hands of a large committee, with 
sub-committees to deal with —o that should help 
to make the Congress a successful and pleasant function. 
The official languages will be German, English, and 
French. The subscription for membership is 25 marks, 
other persons belonging to the family of a member being 
admitted to the privil at a subscription of 10 marks. 
Communications should be addressed to the ‘ Kongress- 
kanzlei,” Zimmer 156, neues Rathaus, Dresden, 
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CESSPOOL-EXHAUSTER AND WATER-CART. 


CONSTRUCTED BY MESSRS. MERRYWEATHER & SONS, LTD., ENGINEERS, GREENWICH. 
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We illustrate above a vacuum cesspool - exhauster 
and combined water-cart, of which Messrs. Merry- 
weather and Sons, Limited, of Greenwich, are the 
makers. The vacuum system of cesspool emptying, 
owing to its cleanliness and economy of working, is 
being increasingly adopted in districts where cesspools 
are in vogue. Briefly, the apparatus consists of a 
cylindrical tank, in which a vacuum is created by 
means of an air-pump. A suction-pipe is then dropped 
down the cesspool, and, on a valve being opened, the 
contents of the cesspool are drawn up into the tank 
without contaminating the atmosphere in any way. 
It is evident that the efficient working of the apparatus 
is dependent on the air-tight conditions prevailing in 
the tank, and when these are satisfactory there is an 
entire absence of the unpleasantness which is insepa- 
rable from the antiquated method of bucketing. On 
the score of economy it is calculated that a saving 
of from 50 to 75 per cent. is effected in the cost of 
emptying cesspools as compared with old methods. 

Messrs. Merryweather and Sons, who were, we 
believe, the first to introduce the vacuum system of 
cesspool emptying into this country, construct such 
apparatus for either motor, horse, or hand-draught. 

he addition of a water-spreader, as shown at the 
back of the cart in our illustration, marks a further 
advancement, and greatly increases the sphere of use- 
fulness of the apparatus. This addition should form 
a supplementary inducement to public authorities to 
adopt such a plant. 

The apparatus illustrated has a tank of 300 gallons 
capacity, but other sizes are also made, ranging from 
100 to 500 gallons capacity, or as much as 1000 gallons 
in the case of mechanically-propelled plant. The tank 
is made of steel, thoroughly well galvanised, and is fitted 
with a vacuum gauge, a gauge to show the depth of 
contents, man-hole, dome, and inlet and outlet sluice- 
valves. The air-pump for creating the vacuum, which is 
of the double-barrel single-acting type, with gun-metal 
barrels and valves, is fitted in front of the carriage, 
between the tank and the driver’s seat, and cannot 
seen in our illustration. 1t can be worked by two men. 
The road-watering attachment is fitted with arrange- 
ments so that the water can be turned on and off from 
the driver’s seat as required. Pole and sway-bars are 
provided for two horses, a lever-brake is fitted to act 
on both hind wheels, and a skid-pan is also included. 





Pic 1v Germany.—The ye of pig in Germany and 
the Luxembourg in May was 1,312, tons, as compared 
with 1,261,735 tons in May, 1910. Of the 1,312, tons 
representing the production of May this year, 263,749 
tons were casting pig, 24,692 tons mer pig, 852,231 
tons Thomas pig, 132,356 tons spiegel and steel pig, and 
39,227 tons padihing Pig. The aqurogate production of 
pig in Germany and the Luxembourg in the first five 
months of this year was 6,419,558 tons. The output for 
the whole of 1910 was 14,793,325 tons ; for the whole of 
1909, 12,917,653 tons; for the whole of 1908, 11,813,511 
tons ; and for the whole of 1907, 13,045,760 tons. 














THE INSTITUTION OF CIVIL ENGINEERS. 


CONFERENCE ON EpucaTION AND TRAINING 
or ENGINEERS, 1911. 


SECTION |.—GENERAL EDUCATION. 
Literary Education and Engineering.* 


By Rev. James Gow, Litt.D., Headmaster of 
Westminster School. 


Some six years ago I was asked to undertake the office 
of examiner in Latin for the Institution. From my own 
experience at that time, and from the statistics of subse- 
quent examinations, I may fairly infer that Latin is seldom 
included in the preliminary education of an engineer, or 
that boys who intend to be engineers pay little attention 
to this subject ; and it is probable that, where Latin is 
neglected, no very close study is given to any other 
language. I propose to argue that a literary education, 
up to a certain point, which I will define, is of as much 
value to the engineer as to anybody else; and that, at 
least in the higher walks of his profession, he is likely 
to be injured by the want of it. ; ‘ 

I do not contend that literary studies are of any direct 
or immediate use to the engineer. His work must 
largely deductive and mathematical, on which a literary 
education has no bearing. But presumably there are 
occasions when he is called upon to make use of chemistry 
or geology, or some other inductive science, and he is not 
properly equipped unless he has a fair knowledge of these 
sciences. ow it is notorious, at least to schoolmasters, 
that a boy who from the classical side to the modern 
side of a school has an immense advantage in inductive 
science over those who have been educated entirely on 
modern lines. Latin, as we teach it, with grammar and 
dictionary, is inductive science almost in the abstract. 
A page of ‘‘Cwsar” is, as it were, a large collection of 
specimens, each of which has to be parsed—t.c., classified 
under numerous heads. And along with this process of 
analysis there goes a process of synthesis which can 
hardly be matched with any other material. With words 
for his subject, the teacher can say, ‘‘ Construct me a 
word which has the following six characteristics,” and no 
similar exercise can be set at so early a stage in any other 
study. Language is thus incomparably the cheapest 
and the most rapid introduction to inductive science; and 
a boy who has had a thorough drilling in Latin has 
acquired orderly habits of mind which make inductive 
natural sciences easy to him. 

Secondly, the engineer is doubtless often called upon 
to command a of foreign workers. @ sooner and 
the better he Co their. la the more easily he 
will control them and direc¥their labour. The language, 
of course, may be wholly alien to any that is spoken, or 
ever was oe bg in ny Hy et the necessary elements 
of language must always esame. There are thi 
to be named and relations between them to be indicated, 
and the man who, by training, is alive to this fact and on 
the watch for these elements a great advan over 
another who learns at haphazard. Anybody who has 
read Colonel Patterson’s book, ‘‘The Man-Eaters of 
Tsavo,” will remember how nearly he was killed by his 
own coolies, and how he saved his life by some timely 
eloquence. Probably many an engineer has had reason 


oa 


to regret that he could not speak the language of his 
labourers. 

Thirdly, though it is perhaps not the business of the 
engineer to make contracts, it is undoubtedly his business 
to understand them, and to give and receive orders 
accordingly. These transactions require a careful and 
exact appreciation of words by whomsoever used. It is 
too often forgotten that the whole fession of lawyers 
lives in the main on the inability of other people either 
to say what they mean or to understand what is said to 
them. The business of the conveyancer is to draw impor- 
tant documents in the sense required, and most of the 
i litigation between honest people turns on some 
ambiguity in an Act of Parliament or a will or a contract. 
The larger the interests in which the ineer is con- 
cerned the more necessary it is that he should study his 
instructions closely, and be quick to discern a verbal 
difficulty. . 

Hitherto I have spoken only of linguistic education, 
but something also should be said of literary studies 
proper—the world of books, poetry, history, and the rest. 
The engineer, in Europe, and I suppose, also in India, 
China, and other countries which have an ancient civilisa- 
tion, is en youd called upon to deal with places and 
things which have artistic merits or historical associations 
that endear them greatly to the general educated public. 
The French proverb which says. ‘* Rien n’est sacré pour 
un et implies that, in France at any rate, the engi- 
neer has not always been tender to such sentiments, and 
even in England—perhaps even in London—there may be 
found monuments of engineering skill which many people 
would wish away. But of late years the general educated 
public has become much more numerous and more highly 
educated, and I suspect that a time is at hand when it 
will be advantageous to the pn ped to mingle the utsle 
with the dulce, to discern not only what is mathematically 
possible, but also what is artistically impossible ; not only 
what is cheap, but also what is nasty. For this purpose 
some general culture is necessary, some critical faculty, 
some pleasure in beauty, some habit of reading and delight 
in reading, such as makes a man liberal in mind and 
sympathetic to the common run of his fellows. 

And this same culture which keeps a man from being a 
prig may also serve to keep him from becoming a beast. 

suppose that an engineer has as much leisure as other 
folk, and it is just as important to him as to them what 
use he makes of his leisure. Most of the mischief that is 
done in life is done in leisure, and the rational employ- 
ment of this time is the real object of general education. 
To be happy with a book, to know a good book from a bad 
one, to be able to read a first-rate book over and over 

in, finding new pleasure in it every time—the man 
who can do this is master of himself, and saved from a 
hundred base temptations. To these temptations, I 
imagine, the engineer is peculiarly liable, since he is so 
often lonely in a far country and a cruel climate. Many 
of you must know instances of young men who have gone 
to the bad in such conditions, and who might have n 
saved if they had had more resources in their minds, and 
~ phon tae what todo with themselves when they were 
off duty. 

But you may say to me that, even if I have proved my 
case, I have proved too much, and a man who is to have 
all the education that I want to give him will never have 
time to become an engineer at But, in reality, there 
is no fear that literary culture will absorb too much time. 
Against that danger there is a very efficient safeguard. 
The boy who is going to be a first-rate engineer will not 
take any more literary education after the age of sixteen 
or thereabouts. Until that age clever boys are almost 
always equally clever at every subject, but at 16 their 
tastes begin to be pronounced and their minds cease to be 
receptive except in one particular direction. Parents are 
seldom awake to this fact. They see a clever little boy 
amusing himself with a toy-engine, or making an aero- 

lane, or interested in motor-cars, and they assume that 
bis ultimate bent will lie that way, and trundle him off 
to the modern side or the engineering school. It isa 
mistake to be in such a hurry. e best plan, I am sure, 
is to give a boy a general education, mainly literary, up 
to 16, and at that point to watch him closely, and put him 
to what he wants to learn. If he is clever, he will be 
successful ; if he is not clever, he will, at least, be happy 
and proud of his calling. 





On the Extent to which Mathematical and Scientific Sub- 
jects should Share with other Subjects of Literate Educa- 
tion the Attention of School-Boys who intend to enter later 
the Engineering Profession.* 


By Strvanus P. Tompson, D.Sc., F.R.S. 


For the purpose of initiating a discussion on this sub- 
ject the writer chosen rather to set down a few salient 
debatable points than to utter titudes that would 
meet with general agreement. If the result seems dis- 
connected and provocative, the reason is self-evident. 

In the present chaos of secondary education, the schools 
of ove which chiefly furnishes boys to the engineer- 
ing profession are almost ae? destitute of any i- 
sation adapted to that end. From the oldest, such as 
Eton, Harrow, and St. Paul’s, down to the newest 
secondary schools established by the County Councils, 
not one, so far as the writer is aware, has any definite 
educational goal to set before the majority of its boys. 
Some schools aim definitely at Preparing a handful of 
their scholars for Sandhurst, for Woolwich, for Junior 
Civil Service competitions, for University Scholarships, 
for conjoint board examinations, or for matriculation 
at one of the universities. But these aims are for minori- 
ties of the scholars. Is there in all London, nay, 





* Read at a joint meeting of Sections I. and II., 





June 28, 1911. 
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in all England, a single school which has a defi- 
nite educational aim tow: which it focuses the 
training for as many as 50 per cent. of its scholars? In 
general, schoolmasters devote their energies to prepari 

a few scholarship candidates, and have no definite educa- 
tional aim whatever for the bulk of the boys. Until this 
hopeless state of things is radically altered, and until the 
goodness or badness of a school is adju » not by 
the triumphs of a few, but by the proportion of all its 
scholars whom it brings to a maturity test, British 
education will continue to be in a bad way. 

Contrast this state of things with that which exists in 
the secondary schools all over Central Europe. Austria, 
Prussia, Bavaria, Switzerland, and even mmark, are 
i hag of ushere. In all German secondary schools, 
whether of the Gymnasium, the Real Gymnasium, or the 
Oberrealschule type, there is a perfectly definite goal 
before every boy in the school. fore he reaches the 
Ober-prima, or topmost class, he will have to pass the 
Kinjaibrige examination, or pass out di ; and it is 
his ambition, and that of his master, that he shall pass 
not only this, but also the Abiturient or Maturity Exami- 
nation some three years later. If he passes the Abiturient 
examination of his school—an examination held in his 
school by co-operation of his teachers with the Government 
commissioner who comes to conduct it—the way is open 
for him to any university and to any professional career.* 
If the German boy fails to pass the Maturity Examina- 
tion of his school, he is marked as unfit for professional 
life. The universities are closed to him. The Church is 
closed to him ; the higher Civil Service is closed to him ; 
he cannot become a barrister, solicitor, physician, surgeon, 
veterinary surgeon, architect, engineer, surveyor, patent 
agent or accountant. 

The immense advan of this reasoned organisation 
of the secondary schools can hardly be overstated. A 
good systematic secondary education is guaranteed to the 
majority of the boys. A master who might neglect the 
interests of the majority to specialise on a few clever boys 
is at once discredited, The test is really a test of the 
quality of the school. It does not depend on the fashion 
or the prejudice of a university The State, co- 
operating with the school, sets the standard and decides 
whether the school is efficient or not. Throughout 
Prussia, Bavaria, Austria, and Switzerland, the univer- 
sities have lon abandoned reliance on their indi- 
vidual matriculations, and accept the Certificate of 
Abiturient ; they preserve, it is true, a matriculation test, 
but only for exceptional cases. 

Here, with us, the State has not yet (save in Scotland) 
organised the secondary schools. Each university wastes 
its energies over holding matriculations and the like. 
Almost all the professional bodies, such as the Law 
Society, the Institute of Actuaries, the Society of Apothe- 
caries, also hold amateur matriculations or preliminary 
examinations of their own to test the general education 
of candidates for entrance. The result, educationally, is 
muddle, waste, inefficiency. The schoolmasters, in despair 
at the multitude of twenty conflicting matriculations, fix 
upon none, and let c work. On this they are agreed : 
that of all the matriculations that of London University 
is the worst, the most doctrinaire in its requirements. 

Kight years ago the Institution of Civil Engineers 
= a committee, under the chairmanship of Sir 

illiam White, to consider and report on the best 
methods of training for all classes of engineers. After 
24 years their report, affirming both the present system of 
studentship examination in matters of preparatory educa- 
tion, and that of the examination for associate member- 
ship, was adopted by the Institution. The recommenda- 
tions in respect of preparatory education, contained in 
pages 8 to 10 of the Committee’s Report, state admir- 
ably, from the point of view of the engineering profession, 
the requirements toward which the schools should be 
organised to work, though the standard suggested is 
scarcely up to that of the Abiturient examination of a 
German school of corresponding type. Four points in 
these recommendations may claim attention here :— 

1. Specialisation while at school—that is to say, up to 
about the age of seventeen—is undesirable. 

2. ‘*A leaving examination for secondary schools, 
similar in character to those already existing in Scotland 
and in Wales, 1s desirable throughout the United King- 
dom. It is desirable to have a standard such that it 
could be accepted by the Institution as equivalent to the 
Studentship examination, and by the universities and 
colleges as equivalent to a matriculation examination.” 

3. Instruction in mathematics should be by somewhat 
modified methods. 

4. A general veep of elementary physics and 
chemistry or natural philosophy is preferable to the 
pursuit in detail of some particular department in science. 

With this last recommendation the writer finds himself 
in hearty agreement. Many mistaken notions are abroad 
as to science-teaching in schools. Excellent as was the 
notion to give science a place in the school curriculum, 
the pressure put upon schoolmasters to introduce science 
subjects has had some strange results. The writer knows 
of one school where the ‘‘ chemistry” taught twice a 
week consisted in making the beys ‘‘ get up ” a chapter 
from Roscoe’s elementary lessons without their ever 
making, or even being shown, a simple chemical experi- 
ment. On the other hand, the heuristic method—a 
method used in due place by every good teacher since the 
days of has been absurdly pressed, even to the 
detriment of p There can scarcely be anything 
more dreary than a forced heuristic lesson by a er 
who has neither inspiration nor sympathy. For at school 





* Except a mili career, which begins earlier in th 
cadet ne ath ‘Abetorienton can, however, i admitted 


to the ‘* Offizierk ” if possessed of th ualiti 
of birth and no oll whats 18 me 








the first object of science-teaching should be to evoke 
interest, not to impart the facts or data of science, still 
less to systematise their re-discovery. All that has its 
place later. The fossilisation of science-teaching is 
indeed the thing now most to be feared. A lesson 
on the microscope, followed by an hour’s excitement 
in examining or making slides ; a talk about the tele- 
scope and the wonders it reveals, with an actual instru- 
ment to see and handle ; a chemical chat about oxygen, 
followed by a few fireworks; all these will be of 
absorbing interest to intelligent boys of twelve or 
thirteen. After that a few more systematic lessons wi 
attract, without exhausting, the attention of the hearers, 
and the chance of reading some of the more attractive 
boys’ books of science will be eagerly grasped. Elemen- 
tary mechanics, the foundation of all engineering, can be 
made thoroughly attractive by a live teacher who handles 
his subject ina human way, and he will lead his boys 
readily from experimental fact to deduced principle, and 
from deduced principle to simple calculations, which can, 
in, be verified by experiment. The laws of forces, of 
the combinations of forces, of balanced forces, of oblique 
forces ; their applications in the case of levers and pulleys 
and kindred mechanism, will be a delightful change from 
the dreariness of history or the grind of grammar. The 
bad teacher, of course, can make even electricity as dull 
and distasteful a subject as the conjugation of irregular 
verbs. Not until a boy is fifteen or sixteen, and is 
approaching the stage of ae should science be 
oma to degenerate intoa grind. The stimulus of the 
approaching examination will carry him through the 
drudgery, and the amount of drudgery will be felt to be 
small because of the interest already acquired in the 
subject itself. It can hardly be too strongly urged that 
any specialisation in scientific subjects before that stage 
has been is essentially out of place and harmful. 
Reverting to mathematics, it may be remarked that 
a great change hasalready come over mathematical teach- 
ing during the last ten years. This is partly due to the 
general discontent with the bad methods in vogue, partly 
to the strenuous crusade undertaken by Professor Perry 
and other reformers. The recommendations of the Insti- 
tion Committee of 1906 have already been widely adopted 
in the schools. They are worth recalling :— 


Instruction in mathematics should be given by methods dif- 
fering considerably from those usually adopted in the teaching 
of this subject merely as an intellectual exercise. The geome- 
trical side of mathematics should be fostered, and before they 
leave school boys should be conversant with the use of logarithms, 
and with at least the elements of trigonometry, including the 
solution of triangles. It is also of im ce that instruction in 
practical arithmetic should be carried further than has been the 
case hitherto, with the object especially of encouraging the use 
of contracted methods and operations in mental arithmetic. . . . 
Special attention should be given to drawing: the instruction 
should include ordinary geometrical drawing, with orthographic 
aa. curve drawing, freehand drawing, and practical men- 
suration. 


One difficulty, which has been explained by masters of 

p ive tendencies in the promotion of sensible 
reforms such as these, has been the stupidity of inspectors 
who have not yet grasped the importance of them. The 
writer is cognisant of a case—anterior to 1906 it is true— 
where the head of a school who had taken great pains to 
reform the arithmetical teaching on the lines of Sonnen- 
schein’s arithmetic, particularly in the introduction of 
contracted methods, was amazed to find that the inspector 
disallowed all the answers worked on this plan! The 
benumbing influence of the older Cambridge traditions is 
also felt. The writer came across a case in his own 
experience where an experienced master—a high wrangler 
in his day—who was employed as private coach to a 
rather backward student in the technical college, indig- 
nantly refused to give him—as it was suggested he should 
—some exercises in plotting curves from equations, on 
the ground that it was not his business to teach practical 
mathematics. Bad teaching is responsible more than 
anything else for distaste for mathematics, A really 
capable teacher will make his boys enthusiastic over 
matters that in the hands of others are deadly dull. A 
class can be made—the writer has seen it happen with 
students of seventeen or eighteen—wildly excited over 
Bessel’s functions ; and a c of young boys has been 
known to sit up late in the pursuit of finding out all the 
prime numbers that occur between 1000 and 2000. I 
mathematical ans is dull, it is the fault of the teacher. 
Of all the changes that have come over the teaching of 
mathematics, the test is the almost complete dis- 
appearance of Euclid. Theoretical geometry is now 
taught on other lines. But the writer is not sure whether 
the loss is not greater than the gain. Euclid, in the 
hands of an uninspired teacher, was probably the worst 
ible way of teaching geometry ; the worst, because 

it was too often attempted with boys who had not pre- 
viously learned any geometrical drawing, and had, there- 
fore, no conception as to what it was all about, and 
because the way in which the subject was treated was 
often merely to learn by rote something that neither the 
teacher nor the taught really understood or valued. But 
the teaching of Euclid was in one respect absolutely 
invaluable. If it is approached rightly, after practice 
in metrical drawing which familiarises the learner 
with the concrete facts, the study of Euclid con- 
stitutes an unrivalled training in methodical and nt 
reasoning. The great charm and value of Euclid’s 
resentation is the way in which one proposition 
nee logically upon another. uence and sus- 
tained cogency of argument are the vital matters. 
The bad teacher i all this, requiring only verbal 
accuracy in memorising details, and nt disrepute on 
the finest mental discipline ever introduced into education. 
But Euclid is gone, and there has been nothing put in its 
place. It is the writer’s deliberate opinion that boys 
nowadays are less capable of following a sustained train 





of thought than they used to be. The mental discipline 
of the chain of connected thought is strange to them. 
There may be other causes also; but this is assuredly a 
cause. 

It may be that in the evolution of literate studies, 
particularly in the teaching of the analysis of sentences 
and in the logical composition of exercises, some equiva- 
lent discipline may befound. But it is doubtful whether 
in the study of English in the schools as much attention 
is given to analysis as was the case ten years ago. Every 
educator interested in maintaining a good balance in the 

bjects of preliminary education will surely agree that 
while premature specialisation, whether in languages or 
in science, is to be deprecated, boys must be trained in 
thinking, and in the expression of thought. In the conflict 
of subjects one is apt to lose sight of the fact that train- 
ing in thinking, and in the correct expression of thought, 
is more essential than the study of any particular subject, 
whether Greek or metry. It is, after all, not so 
important whether the hours per week given to science 
should be a few more or a few less, as that in all studies 
—science, mathematics, language, or literature — there 
should be cultivated: precision in the use of words and 
cogency in modes of thought. These things are more 
important in the long run, and vastly more important in 
the ultimate making of a professional engineer than the 
acquisition of a hoard of scientific facts. The secondary 
school must not degenerate into a house of cram. 


The Question of Specialised Entrance Examinations for 
University or College Courses of Study in Engineering 
Science, with a View to the Curricula to be followed, and 
also of the Inclusion in the Latter of Cowrses in Modern 
Languages.* 

By AutrreD Scuwartz, M.Sc. Tech., Assoc. M. Inst. C.E. 


THE subject of this note involves a consideration of the 
relations subsisting between the curricula of our secondary 
schools and those of our engineering courses, or, more 
broadly, of the relation of general to specialised education. 

In the preface to his treatise on ‘‘ The Parts of Animals 
([lepi Zo@v Mopiwyv),” Aristotle states very clearly what, 
in his opinion, should be the aims of these two important 
phases of education :— 


An educational course of study should have as its aim one or 
other of two distinct degrees of proficiency in the acquirement of 
the various branches of knowledge or science. The first is the 
more thorough and a knowledge of the man who has to take 
part himself in the advancement of a branch of science, to become, 
in fact, a professor or expert. The second is, on the other hand, 
the more limited degree of knowledge which should be attained as 
a feature of a general education. 


The lapse of more than 2000 years, with the immense 
increase in the sum of human knowledge which it has 
brought, has increased rather than diminished the cogency 
of Aristotle’s dictum. We may define the functions of 
the secondary school and of the college course as follows :— 

(a) The function of the secondary school is to give a 
liberal general education, that is, to impart a limited 
amount of knowledge in a range of subjects so selected 
and dealt with as to develop the mental faculties ina 
comprehensive manner. 

(6) The function of the college course is to impart a 
certain amount of knowledge of a specialised character, 
and to train and develop further the mental faculties along 
specific lines. F 

The function of the entrance examination for university 
or college courses in engineering science may be taken 
to be the determination of the fitness or otherwise of the 
ae to pursue the contemplated course of specialised 
study. 

This question of fitness may be regarded from two 
standpoints as representing :— 

1. A satisfactory standard of general education. 

2. In addition to a general education, a satisfactory 
standard of attainment of a specialised character in 
subjects germane to engineering science. age 

In the writer’s opinion the matriculation examination 
of a university should follow the first of these alterna- 
tives, as it should be essentially a test of ae educa- 
tion, and should admit to all faculties. The governing 
bodies of the leading professional societies, however, 
have exhibited a growing tendency to call for some degree 


f | of specialisation in the matriculation examinations. Hence 


the special obligatory subjects, or higher papers, fre- 
quently demanded (in addition to the ordinary subjects 
of the matriculation examination) to qualify for entry in 
the faculties of law, medicine, or engineering. Similar 
conditions are frequently imposed in the entrance examt- 
nations to courses in engineering science in colleges which 
are not constituents of universities. 

These special demands have to be met by the secondary 
schools. ‘The secondary schools in this country may be 
divided into four groups or classes, as follows :— 

1. The large endowed public schools. 

2. The grammar schools and smaller endowed schools. 

3. The rate-maintained, or Council, schools. 

4. The private and proprietary schools. : 

In schools of the first and second types there is a sharp 
division between the classical and the modern or science 
sides; in the remaining types of school this division is not 
so marked, but there is usually a choice of subjects allowed 
in the upper forms which gives either a classical or 4 
modern bias to the curriculum of the final portion of the 
school course. : idee. 

The minimum age for entry at the universities in this 
country is sixteen, in America it is seventeen, and in 
Germany it is eighteen years. Sixteen years is also the 
minimum age for entry to most of the college courses 1D 


engineering science. 
* Read at a joint meeting of Sections I. and II., held 
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The average boy of sixteen years of age, who has had 
a liberal general education, is not rine | in a position 
to negotiate successfully these speciali entrance ex- 
aminations; he therefore extends his school course, 
the final portion of which is therefore devoted to “ pre- 
paring” him to meet the requirements of the examina- 
tion market, or for the special requirements of his future 


career. 

The subjects which are in varying degree common to 
the college courses in engineering science and to the 
secondary schools are :—Mathematics, Mechanics, Physics, 
Chemistry, Geometrical and Freehand Drawing, Manual 
Training, and Modern La 

In the Matriculation examinations for the universities, 
and in the entrance examinations for engineering courses, 
these subjects are treated either as obligatory or optional 
subjects. Mathematics is invariably made obligatory, 
and the standard of the examination in this subject 
should therefore be such as may be compassed in the 
course of a liberal general education on either the classical 
or the modern side of a secondary school. 

The Science subjects selected for tuition in the second- 
ary schools vary in different schools, and this fact is 
recognised in the matriculation and entrance examina- 
tions by giving an option to the candidate in the selection 
of one or more of these subjects. The fact that these 
options are widely exercised renders it impossible to com- 
mence the college courses in these subjects otherwise than 
ab initio. It is evident, therefore, that the treatment in 
the secondary schools of science subjects, other than 
mathematics, must be regarded as having an educative 
value rather than an instructional one. 

The object of teaching modern languages in the 

secondary schools at the present time is not so much 
the investigation of the logic of lan; and the reflex 
action of its grammar on the structure of other lan, 
—and particularly of our own—as to furnish the ability to 
think, and speak, and write in a foreign tongue. This 
teaching of modern languages may therefore be ed 
as specialised instruction. Here, in, the average boy 
of sixteen years of age falls short of the standard aimed 
at. For technical pu a reading knowledge of the 
language is perhaps sufficient ; but while the average boy, 
on leaving school, may be able to read a scientific French 
work with the aid of a dictionary, he is usually quite 
unable to deal fully successfully with a German work of 
a similar character. Instruction in German, therefore, 
frequently forms part of the courses in the engineering 
colleges, and, regarded as specialised instruction, it is 
not here out of place. 

In conclusion, it appears to the writer to be particu- 
larly necessary, in the case of the engineer, that his 
secondary school training should be on as liberal lines as 
possible, since his subsequent training in the —— “ the 
workshop, and the office, is largely materialistic. In this 
connection we shall do well to remember Tredgold’s 
famous definition of a civil engineer as one who controls 
the forces of Nature for the use and convenience of man, 
and to note that this definition postulates not only a 
knowledge of natural philosophy, but a knowledge of the 
humanities also. 

What is wanted in the engineering courses is a supply 
of students with a wide mental outlook, whose faculties 
have been well trained and evenly developed, and any 
specialisation in the secondary school at the expense of 
this liberal training is to be deprecated. Let us bear in 
mind, with Emerson, that Nature is not fixed but fluid, 
and that spirit alters, moulds, and makes it. The future 
of the whole human race is closely bound up with the 
work of the engineer ; we should see to it, therefore, that 
his preliminary training shall be in no sense a narrow one. 


SECTION IIl.—PRACTICAL TRAINING. 


The Apportionment of Training between Practical Work 
and Scientific Study, with some Suggestions applying to 
er in or on Works far Distant from their 

omes. 


By ALFRED FgRNANDEZ Yarrow, M. Inst. C.E., and 
Members of his Staff. 


Tue observations now submitted deal only with two 
points :— 

First.—Although the advantages and disadvantages 
from a mg | educational point of view of what is 
termed the “sandwich system” have been frequently 
dealt with, the social aspect of the question has perhaps 
been overlooked, and this is one point with which we 
~~ to bm . 

n considering the question of engineering students, 
we have been frequently impressed by their need of being 
accommodated with courses of study which would enable 
them to get their practical training without the necessity 
of being banished from home influences for a continuous 

eriod of several years at a most critical time in their 
1ves, 

It will be admitted, for instance, that London can no 
longer be looked upon as an engineering centre ; conse- 
quently, it is necessary for young men to obtain their 
practical training in the North, where engineering work- 
— exist. 

is practical training, if continuous, would babl 
not be of less duration than three years, and os peur 
men, who —_ have no friends or relations with whom 
they can live when serving their apprenticeship away 
from their family, must reside in lodgi under con- 
ditions of much discomfort, and if this condition should 
exist for lengthened periods during the student’s youth, 
atan age when every young man is subject toa certain 
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amount of temptation, experience has shown that the 
risk is considerable. 

Now, if their practical and theoretical training can be so 
arranged that during the six summer months they work in 
the shops while living in lodgings, and during the six 
winter mon they take up theoretical study in the 
colleges, living at home and subject to good influences 
and affectionate surroundings, this home influence is a 
source of i security, especially if the six months they 
work in the shops be during the summer, when their 
spare time can be spent in outdoor pursuits. 

‘Unless courses of study can be arranged to alternate 
with periods of practical work, so that the yes man 
avoids being banished from his home, he will clearly be 
piaced at a disadvantage compared with those young men 
whose homes are in the manufacturing districts, such as 
Glasgow, Newcastle, or Birmingham. 

For these reasons we submit that the colleges, especially 
those in London, should endeavour to arrange their 
courses of study so as to conform to the social conditions 
indicated above as desirable, and that they should 
arrange their engineering courses of study during the 
winter months. 

We are aware that many firms object to take young 
men into their works for such short periods as six months, 
but we believe this system will be advantageous in 
the distant future to the engineering industry of the 
country, and those firms who have at heart the future 
success of their establishments should, at some small 
present inconvenience, be prepared to fall in line for the 
general benefit of the es industry, of which 
their firm forms a unit. lso, it must not forgotten 
that in treating their apprentices with special considera- 
tion, firms may puny cultivating an advantageous 
connection for the future, for many apprentices attain 
positions of responsibility, and have the means of placing 
orders with the firms where they learnt their profession. 

We have for years allowed students during their summer 
vacation to work in our shops, and we are prepared to 
continue this practice conditionally on their being with 
us a total poe of not less than 36 months, which, to- 
gether with four winter sessions at coll of six months 
each, would represent a total period of training of five 


years. 

Professor Dalby, to whom we sent a copy of these 
observations, wrote :— 

“‘Whatever may be the difficulties in the application of the 
system, I feel sure that if it were ible to obtain universally a 
six months’ session. alternating with six months’ practical work 
in the summer, a condition of things would be arrived at which 
would be beneficial both to the college and to the students.” 


Second.—We would draw attention to the desirability 
that, in works, some member of the staff should be looked 
upon as an adviser to the oy mee pe it being among his 
duties to get into personal touch with each young man. 
The young men should not be thrown into the shops 
without anyone to advise them in their studies or other- 
wise, or to whom they could turn in a difficulty. It is 
clearly undesirable for an apprentice to be simply under 
the eye of the foreman, who would probably not trouble 
himself about the interests of the lads themselves. 

Those who have worked in the shops will know that it 
is almost impossible for a young man to obtain an inter- 
view with the heads of the firm, even if he had the courage 
to do so; he has to pass oe the various offices, and 
will probably be stopped somewhere on his way, and even 
if he did get access to the heads, they would doubtless be 
e on important matters, and would have very scant 
time to devote to the lad. 

It would, therefore, be a very desirable thing if in 
works some gentleman could make it part of his business, 
as it were, to befriend the apprentices. He should be 
accessible at all times, and should make a point of inter- 
viewing each lad at least once in three months, and 
ascertain if he could be of service to him. He should 
also from time to time ascertain what progress is being 
made by those lads who attend evening classes by 
periodical visits to the local technical schools. A record 
should be kept in a book for the purpose, so that the heads 
of the firm can see at a glance the opinion formed of the 
various apprentices. 

This system would not only be a great advantage to the 
lads themselves, but would enabie a to recognise 
ability and industry, and select wisely those young men 

bili d ind d sel i } 

whose services they might desire to retain when their 
a terminates, for it is a notorious fact that 
often employers have lost the services of many capable 
men throug! ~~ > me of the talent that has passed 
through their wor! : 

uently, we submit that, taking a broad view of 
the two questions under consideration, employers would 
sustaitg be gainers by facilitating what is here indicated 
as desirable. 





The Requirements of Practical Training in Works, with 
the Necessary Complement of Scientific Study,* 
By Wiit1amM Henry Aen, M. Inst. C.E. 


During recent years we have seen a great change in 
ideas as to the value of engineering apprenticeship. The 
obvious cause of this change is the now ly-recog- 
nised principle that the period of apprenticeship must be 
combined with a period of college training, either before 
or after apprenticeship. The original idea of a seven 
years’ a ticeship in a workshop only lapsed in the 
sixties, Since that time a period of five years has been 
considered as usually desirable, but now that it has 
become for a young man to devote a consider- 
able period, in addition to his apprenticeship, to scientific 
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study at collége or the university, it has been found 
necessary to curtail the period of works’ apprenticeship. 

I think it is now fairly certain that no man can expect 
in future to take a good position in life as an engineer 
without weep J equip: imself for his work by taking 
advantage of the best that our age can offer in the way of 
scientific training and opportunities for scientific study, 
as well as by a period of apprenticeship in practical engi- 
neering under commercial conditions. he has not 
done so he will find it exceedingly difficult to compete 
with the man who has thus availed himself, and who bas 
gained a clearer insight into those principles which form 
part of his work, and also developed those faculties of 
clear thinking and accurate reasoning which are so in- 
valuable to an engineer. 

In spite of this very ~ oT development one must 
not dis the value of the workshop apprenticeship, 
as it is so often the lot of the engineer to have to deal 
with quantities of which we have, as yet, very little 
accurate knowledge. Problems of this nature are of 
almost daily occurrence in practical work ; hence expe- 
rience of them at the present state of knowledge must 
gained by personal contact with them. In this connection 
it should be remarked that much of the value of scientitic 
training and study for the engineer is more of an indirect 
nature than the mere acquisition of certain mental tools 
and equipment, and consists very largely in the value of 
such studies asa means to mental development, so as to 
enable the engineer to face a. Se with an oper 
mind, whose power of insight been sharpened, and 
which has been trained in methods of accurate reasoning 
and logical deduction. 

One is often asked, in the case of a student determining 
to go both to college and to works, which he should enter 
first. My views on this pointare that a schoolboy coming 
direct to the works does not succeed so well or stand the 
same chance as the one who has been to college first. 
The latter has been better broken in, as it were. He has 

m formed in character by association with others 
of the same age in like pursuits, has learnt the value of 
time, and to recognise the serious side of life, and those 
qualities which tend to manliness, and has also received 
training in mental development. Much economy in time 
is also effected by preserving the continuity of study. I 
should therefore say that the man who sets himself the 
task of obtaining his degree before entering the works 
stands a much better chance of securing a higher and 
more responsible position in life than the one who is 
trained in the reverse order. The former not only takes 
a greater and more complete interest in the works and 
workshop life, but makes the most of his time, and gras 
ideas and their principles much more readily than the 
man who comes to the works with merely a public-school 
training. 

Another question frequently asked is, ‘‘ How much 
study should a pupil undertake during the period of his 
practical training?” In my opinion, if a young man con- 
scientiously does his duty from 6 o'clock in the morning 
until 6 in the evening, he will find that as much as his 
health can stand, without burdening it by further serious 
study at night. At the same time, unless some attention 
is paid to the work which has been done at college, this 
—~ of his studies is apt to lose its freshness and interest 

or him, his attention being concentrated purely on his 
daily task, to the exclusion of everything else. My custom 
has been not to make this a compulsory part of the 
training, but to give lectures weekly explanatory of the 
actual work being carried on in the shops, thus greatly 
increasing interest in and adding to the knowledge of the 
work being done. 

It must be remembered that the workshop to-day, 
involving as it does so many different classes of measure- 
ment, the use of instruments, and more elaborate styles 
of drawing—all necessitating a much higher educational 
standard throughout the works—requires a man of more 
thoughtful age and education to enter fully into his work- 
shop apprenticeship than was formerly the case. A 
college training, moreover, must inculcate that habit of 
accuracy of thought which cannot be obtained in any 
other way. 

As regards the requirements of workshop training, there 
seems little doubt that a period of three years—the actual 
time depending on the previous education of the subject— 
comprising @ year in the drawing-office, should be spent 
in the works in a not too ialised manner—that is to 
say, it should cover work in some or all of the branches 
of mechanical and electrical ioe, which may be found 
in some of our better establishments. So long as this part 
of an engineer’s training has to be carried out under com- 
mercial conditions, so long will it be more or less 
dependent on the state of trade and other local con- 
ditions. This is not altogether a disadvantage, for the 
alternating periods of exceptional activity in trade, and 
the reverse, will carry their own important lessons to the 
observant student. ; 

It will always be difficult, if not impossible, to lay 
down a plan, either for scientific study or works’ appren- 
ticeship, which will suit all, and each individual case will 
require consideration on its merits; at any rate, what- 
ever plan is arrived at will have to be very elastic as 
ene the arrangement of details. I think we are 
inclined at present to attach rather too much importance 
to the direct value of scientific study as being the means 
of providing the student with certain mental tools for use 
in after life, and too little to the indirect side to which 
I have already referred—i.¢c., the development of the 
mental faculties generally, and the cultivation of a true 
scientific insight. we : 

Without a systematic training, sole reliance must be 

laced either on continued experiment or on a highly- 
Socciaped instinct of discernment, in order to 
what must then be invariably regarded as pheno- 
mena. 
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Practical Training in Workshops or on Works of Con- 
struction, with Special Reference to Training in the 
Engineer’s Office. 

By Witt1am Barton WorrTHINGTOoN, B.Sc., M. Inst. C.E. 


Tue object of this note, taken in conjunction with 
Mr. Donaldson’s note on the same subject, is to bring 
about discussion with special reference to that portion of 
the young engineer’s practical training which is to be 
obtained in the engineer’s office. 


It is not preposed to introduce the Institution bye-laws | j 


into the matter beyond noting that under section IL., 
bye-law 3, which requires a training of from five to seven 
years for candidates for election to associate membership, 
sub-sections a, b, and c require that a minimum period of 
one year shall be spent in or on works, and a minimum of 
one year in the engineer's office. < 

Practical training for the man who is to become an 
engineer —a member of the profession—necessarily includes 
two distinct things. , 

On the Works.—On the one hand, during that part of 
his training spent upon works he must, by observation 
and by taking some part in the work, acquire a know- 
ledge of engineering operations, of economical methods 
of carrying them out, and of the time ry ae! for the 
purpose, as wellas of the qualities and disposition of 
materials most suitable to meet varied circumstances. 
While so . although he cannot, of course, during 
the short period of his training, acquire anything ——— 
ing a sufficient knowledge of this side of his professional 
work, he will, if he is afforded fair opportunities, and 
makes full use of them, lay a sound foundation on which 
further experience may be built up. 

Upon works of construction it is not necessary for the 
young engineer to do actual manual work, as is required 
of him if he is to gain a proper knowledge of the making 
of machines, but by availing himself of his opportunities 
of observation he will acquire that practical knowledge of 
construction which is essential to him in projecting and 
designing works. 

In the Engineer's Office.—Engineering as an art and 
profession is based upon the matter of design. It is true 
that even large works may be carried out by rule-of- 
thumb or by blindly following tradition, but the engi- 
neer in carrying out such works will make them the 
realisation of a preconceived and carefully regulated 


design. 

There is some danger, possibly arising out of the very 
practical attitude adopted in this country towards engi- 
neering works and our national preference for results as 
compared with projects, that the importance of training 
in designing works under practical conditions may 
lost sight of. It is with a view to check any tendency in 
this direction that the Institution has recently drawn 
attention to the necessity for every young engineer 
spending a substantial part of his training period in the 
engineer's office as well as in or upon the works. How- 
ever g a man’s training and experience on construc- 
tional works or in the shops may be, it will not, without 
experience in the engineer’s office, make him a civil 
engineer, although it may make him a good mechanic or 
contractor. 

Mr. Ellington—dealing with the mechanical branch of 
the profession—in his Presidential address to the Institu- 
tion of Mechanical Engineers, illustrated most excellent] 
the need for the combination of the works training wit: 
office training in the education of the engineer. He 
says :— 

“The great difficulty is to distinguish between a me- 
chanical engineer and a good artisan on the one hand and 
the commercial man on the other. A very large number 
of men are employed in various 4 as managers, 
ay pee, engineers-in-charge, foremen, and ot 
who have really no ground for being considered mechanical 
engineers, but who in considerable numbers seek admis- 
sion into our Institution.” 

During his term of office training, whether he be there 
as a pupil or as an assistant under agreement to serve for 
a term Of years, the man who is to becomea civil engineer 
should have the opportunity of becoming familiar with as 
great a variety of work as possible. He must gain expe- 
rience in draughtsmanship and design, specifying, costs, 
and estimating. 

On the other hand, the mere fact of being a member of 
the staff in an engineer's office will not train a man to be 
an engineer. He must, while in the office, see and deal 
with as many aspects and varieties of the work as pos- 
sible, and he must, abovevall, have his training in or upon 
works, ise he may me a draughtsman, surveyor, 
clérk, or commercial man, but will not become a civil 
engineer ; just as, on the other hand, he may spend his 
time of training on or in works, and may become a skilled 
mechanic or a resourceful contractor, but without varied 
office experience he will not become a civil engineer. 


Practical Training in Workshops or on Works of Con- 
struction, with ial Re‘erence to Training in the 
Engineer’s Office.* 

By Hay Freperick Donaupson, C.B., M. Inst. C.E. 

Ir is practically impossible to compress the note the 
author 4 invited to nen the above subject within 
the narrow limits of 1000 works su ted, or even within 
much wider limits, without omitting a number of points 
which ought to receive consideration. It is also difficult 
to avoid tres ing on und covered by other notes, 
and the author can only ask the indulgence of his 

audience. . 

_With regard to general education anterior to the defi- 
nite commencement of theoretical and practical courses, 
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the author desires to touch on one or two points such as 
the importance of knowledge of modern foreign languages, 
for which he is of opinion that Latin forms an excellent 
und-work ; phy, physical, geological and ethno- 
ogical; history, both of the world and of our own 
country ; and literature, the love of which will frequently 
be found to be not only very valuable from a professional 
int of view, but extremely so for purposes of relaxation. 

'o these he would add the more or less scientific study of 
accounting and book-keeping and allied commercial sub- 
jects. The want of such knowledge by engineers has not 
ane = been found to be full of danger to under- 
takings with which they may be associated. 

The time available for the acquisition by a young engi- 
neer of his theoretical and practical education must very 
aeey determine the completeness of these studies. The 
author thinks it cannot be properly effected in less than 
six years, or perhaps it would ™ safer to say seven years 
—that is, three years for theoretical study, and three or 
four years for practical training. There should be no 
—— in the study of the theory, as such education 

ould be as wide as possible. The question of specialisa- 
tion does, however, make itself apparent in regard to 
practical training, because shortness of time available is 
so large a factor in the case. This fact may help in 
arriving at a decision on a subject so often discussed as 
to the precedence to be given in point of time to theo- 
retical study or practical training. From this point of 
view manifestly the theoretical study should precede the 
more or less specialised practical work. ere is much to 
be said in favour of the proposal put forward by the 
Committee ->—r over by Sir William White—that 
there should be a preliminary year on practical work 
directly after leaving school, allowed by theoretical study 
for three years, returning to practical work again for two 
or more years. On the other hand, it may involvea break 
in the continuity of mental activity during the prelimi- 
nary year’s practical work, which, in some cases, it takes 
time to recover before the student is fit to take his place in 
the university lecture-room. Matriculation before leaving 
school and evening work during that year would largely 
correct the mental atrophy suggested, but it is not always 
~~ to give effect to such an intention. 

hatever the sequence of the acquisition of knowledge, 
the author is strongly of opinion that six years represents 
the absolute minimum period necessary adequately to 
equip a young engineer, in some, if not most, classes of 
engineering. This minimum must, in order to comply 
with the Institution bye-laws, be extended to seven years, 
of which four should be practical and office work. 

Assuming, then, that the theoretical work should be 


be | taken first, or after a year in the workshops, and that it 


will last three years, there remains the apportionment of 
the three or four remaining years out of the six or seven 
years to be considered. To do this it will, perhaps, be 
advantageous to consider the divisions of the practical 
course for some of the leading branches of the engineering 
profession. 

Taking 

1. Mechanical engineering ; 

2. Constructional engineering ; 

3. Electrical engineering ; and 

4. Shipbuilding and naval architecture, as typical. 


The author places mechanical engineering first because, 
in his opinion, workshop practice is essential for all 
branches of engineering, and he sets the minimum for this 
course at three years, either all after theoretical know- 
ledge has been acquired, or one year before and two years 
after that period. 

For a mechanical engineer he suggests the followin 
apportionment of time to allow of the acquisition of manua 
dexterity, and the application of theory to the main lines 
of shop work, thus :— 


Months 

Machining ... _ iin ws ions 
ee oh ee ee 
Boiler-shop, pote, | millwrights, electrical 

appliances for workshops... “ ik Le 
Pattern-making ... es ie * ean oi 
Foundry... “ah i ae oa pid ace 
Smithy... bes ‘ 3 


This, it will be seen, occupies the full three years, and is 
none too long, but it allows no time for office work, either 
drawing-office or otherwise, and leaves that part of the 
education to be taken as an extension to the workshop 
course. In order partially to meet the requirements 
of the bye-laws the author has arranged the distribution 
of three years for the young men joining the establish- 
ment which he has the honour to direct, as follows :— 


Months. 
Machining ... ee 
Fitting... ~~ es ce = ee 
Erecting, millwrights, electrical appliances 8 
Pattern-making ... See ; as i a 
Foundry 4 
Smithy... =e ae ed : ae 
Drawing-office ... ae 3 


The sequence in which the various shops are taken 
should, of course, be arranged to suit not only the young 
man himself, but the nature of the work which is done at 
particular times in jicular shops, and it is to be noted 
that in the second distribution mentioned the time in the 
foundry has been increased by one month, based upon 
the au "8 experience sed prog men serving with him. 

A young man 50 trained is, however, according to the 
strict letter of the bye-laws, ineligible for election as an 
associate member, he is unable to show twelve 
months’ employment in an office. The author cannot but 
feel that a ages, bey ms trained in the yoy and through 
such a course as he has referred to, is likely to become at 
an earlier stage a more useful assistant than one who has 


not had so complete a period of workshop practice, and 
he is unable to see how, with any shorter time, the same 
result is'‘to be attained in the interests of the individual, 
the profession and the Institution. The strict reading of 
the bye-laws does not appear to allow the council much 
discretion in favourably considering an application from 
a man so trained who has only reached this stage in his 
engineering training by the time he is 25. The author 
understands that the council have, on occasion, treated 
such cases somewhat specially, but he hopes that they 
may be able, in future, to widen such treatment, even to 
the point of extending the period during which a young 
man may remain a student sufficiently to allow of his 
securing the transfer to associate membership without 
cessation of connection with the Institution. 

In the case of constructional engineering, or, as it is 
too frequently called, civil engineering, the author would, 
in addition to the theoretical education, allot at least 
18 months to the shops, with an additional six months for 
the acquisition of practical electrical experience, and 
arrange that he should pass into the office for a period of 
twelve months, or into an office combined with work on 
construction, which, it is assumed, would be regarded by 
the Council as complying. with the bye-laws. This 
apportionment of time in the individual shops should, 
in the author’s — follow the same ratio as the 
period sketched for the mechanical engineer’s training, 
so that some knowledge, at least, of the requirements 
of the different — would be acquired. In this case 
the young man would comply with the bye-laws, but he 
would be in no really stronger position as an assistant 
than the young man undergoing the first suggested course 
for mechanical engineering. 

As regards the electrical engineer, the author considers 
that, besides three years’ theoretical study, four years’ 
practical training is required—that is to say, two years in 
the ordinary mechanical workshops, one year in electrical 
workshops, followed by one year of office experience. 
Here again the division of time in the mechanical work- 
shops should be made on the basis of the complete 
mechanical engineer’s course. There is in this case the 
same disability with anything short of four years’ prac- 
tical course as to election. to associate membership as is 
mentioned in the case of the mechanical engineer. 

The same would apply to the naval architect, where, 
however, the author would suggest one year in the 
mechanical workshops, six months in electrical workshops, 
and two years on shipbuilding design, moulding loft and 
construction. Here again the time in each shop should 
be proportionate to the total period allowed for this part 
of the education. 

(To be continued.) 





THE PAST, PRESENT, AND FUTURE OF 
THE GOLD-MINING INDUSTRY OF THE 
WITWATERSRAND, TRANSVAAL.* 


By Freperick Henry Hatcu, Ph.D., M. Inst. C.E. 


THE newcomer, travelling by rail from Cape Town, 
in the 10-mile stretch between Germiston and 
, won, Haw one of the busiest sections of the Wit- 
watersrand mines. After a two days’ journey across 
the silent veldt, he cannot fail to be impressed by the 
busy scene spread out before him—the mountains of 
white sand residue, representing already worked-out, or 
partially exhausted, mines; the enormous poppet-heads, 
with their rapidly-revolving pulleys, hoisting, from the 
hidden recesses of the mines, gold-bearing rock to feed 
the stamp-mills; the tall smoke-stacks, belching out black 
clouds into the atmosphere, which no longer | 
the crystal clearness of the days before the mines; the 
great tailings-wheels, trestled launders, tiers of vats, and 
other appurtenances of the cyanide process: all bear 
eloquent witness to the vast scale of the operations. 

Should the traveller happen to arrive by night, the 
scene is no less striking: the eye is fascinated by the con- 
stellations of glittering lights, each grouped round the 
shaft-head of a different mine; and the imagination 13 
stirred by the dull roar of the ever-falling stamps, more 
perceptible even by night than by day. 

It is difficult to realise that the well-ordered town of 
Johannesburg, with its parks and gardens, its public 
buildings, business blocks, handsome clubs, colleges and 
schools, its swiftly-moving electric cars, bearing the 
inhabitants from the business quarters to their comfort- 
able villas in the suburbs, can be the growth cf so short a 
span of years; that where the busy city now stands, 
twenty-six years ago was the wind-swept barren veldt ; 
and that the whole Rand, with its long line of mines in 
active operation, was then tenanted by three or four Boer 
farmers, any one of whom would have sold his farm to the 
first-comer for 500/. ths 

Recently published labour statistics show that the Rand 
gold-mines give employment to 25,000 whites and 194,000 
natives. The population of the municipality of Johannes 
burg, according to the last census, is 220,000, of whom 
112,000 are whites.t Of the coloured population 76,000 
are employed in the mines and are included in the figures 
given above. The municipal area extends over 6.3 square 
miles, a large part of which is co-terminous with the 


. The °* James Forrest ” Lecture, delivered before the 
Institution of Civil Engineers, June 28, 1911. 


+ According to the census taken on October 2, 1910, the 
actual figures are :— 
Whites ee 111,857 
Natives ae + 95, 522 
South African coloured 7,749 
Asiatics jay 5,176 
220,304 
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mining area ; but the town itself is mainly built north of 
the outcrop of the “‘ reef,” which strikes east and west and 
dips to the south. 

Early History of the Gold-Field.—The growth of the 
field was at first slow. Some of the earliest workers 
believed that the auriferous gravel, exposed in shallow 
open workings, was a superficial deposit of the nature of 
the alluvial ‘‘ placers” of California and Australia. The 
true character of the conglomerate beds was, however, 
soon realised by those who were fortunate enough to 
possess some geological knowledge, and by 1887 stamp- 
mills were in operation, the output from the Witwaters- 
rand Mines for that year being 81,045/. From 1887 
onward the progress has been rapid, as will be seen from 
the table in the Appendix (No. 2). 

Down to the permanent water-level, at a vertical depth 
varying from 200 ft. to 300 ft., the conglomerate beds 
were ‘free-milling”—that is to say, the iron pyrites, 
with which the gold is intimately associated, had been 
destroyed by oxidation, thus setting free the gold. Below 
the water-table the colour of the rock changes from red 
to blue; the ore becomes pyritic; and the gold is no 
longer so amenable to recovery by amalgamation, as is the 
case with the oxidised ore. This was the first difficulty 
that had to be overcome. Up to the year 1890 the treat- 
ment of the Rand ore had consisted of crushing in stamp- 
mills, and the recovery of 50 to 60 per cent. of the gold, 
by amalgamation on mercury-coated copper plates. 
Usually the pulp leaving the amal 
also run over blanket-strakes, with the object of retaining 
the rich ‘black sands”—1.¢., iron ores produced by the 
oxidation of pyrites; and in some cases Frue-vanners 
were in use, the resulting concentrates being sold for 
treatment to the chlorination customs works. But the 
tailings received no further treatment; they were con- 
sidered to be valueless, and, where the ground permitted 
it, were allowed to flow away, or at least no great pains 
were taken to conserve them. The knowledge that, when 
the free-milling ore became exhausted, the pyritic or 
refractory* nature of the rock would increase the difficulty 
of gold-extraction, caused the greatest anxiety on the 


nd. 

The Cyanide Process.—But the successful introduction 
of the cyanide processt in 1890 dissipated all these fears, 
and a new era in the history of Rand gold-mining _ | be 
said to have been inaugurated at that date. It will be 
observed from the table (Appendix No. 2) how rapid was 
the increase in the gold output from 1891 onwards, until 
checked by the Boer War in 1899, 1900, and 1901. It 
is no exaggeration to say that the great success of 
the Witwatersrand gold industry is a direct result of the 
introduction of the cyanide process. For the majority of 
the mines, the gold won by this process represents the 
difference between profit and loss; and without it, 
the profitable working of the vast quantity of low-grade 
banket, now being mined on the Rand, would be im- 
possible. It soon swept away all the costly methods of 
concentration by Frue-vanners and other shaking tables, 
and the subsequent roasting and chlorination of the 
pyritic concentrates, and thus cheapened the treatment, 
while it increased the percentage of extraction. On 
account of its important bearing on the industry, I will 
briefly trace a few of the steps in the historical develop- 
ment of the cyanide treatment. 

At first the pulp from the stamp-mills was run into 
retaining-dams, from which the sand was afterwards dug 
out, and conveyed in Scotch carts or in mine-trucks for 
treatment in the cyanide-vats. On account of its slime- 
content not more than 50 per cent. of the sand was suit- 
able for treatment by percolation with cyanide solution, 
and of the gold contained in this, some 65 per cent. was 
extracted. In other words, only 30 per cent. of the gold 
left in the pulp from the amalgamating tables was 
recovered, the remainder being in the untreated slimes 
and in the residues. 

The next step was the introduction by Mr. J. Hennen 
Jennings, M. Inst. C.E., of the method of direct treat- 
ment, in which, by means of hydraulic classifiers (or 
Spitzluten) a considerable proportion of the slime was 
eliminated, and a sand soaked obtained which could be 
run directly into leaching-tanks. A further improvement 
in the collection of the sand was the use of Butters and 
Meins’ mechanical distributor, by means of which the 
sand is automatically fed into vats filled to overflow with 
water. The clean sand is retained, while the slime over- 
flows into an annular launder surrounding the vat. 

The treatment of the slimes, which for some time after 
the introduction of the cyanide process had remained a 
waste product, was the problem which next engaged the 
attention of the Rand metallurgists. In the year 1894 
experiments were made independently by Mr. Charles 
Butters, Assoc. Inst. C.E., on accumulated slimes at the 
Robinson mine, and by Mr. J. R. Williams at the Crown 
Reef mine, with such success that thereafter slime treat- 
ment became general. Briefly, the process consisted in 
causing the slime overflowing from the sand-collectors to 
settle, by the addition of ene and the subsequent 
removal of the bulk of the water by decantation. The 
concentrated slime so obtained was then agitated with 
cyanide solution, which was ultimately drawn off by de- 
cantation. 

_ The separation of sand from slime by the old-fashioned 
inverted pyramidal form of hydraulic classifier (Spitz- 
luten and Spitzkasten), and the decantation method for 
the removal of water or cyanide solution from sand or 
slime, which have both played a most important réle in 
the evolution of Rand cyanide practice, are now giving 








mating plates was | ce 


lace to the use of diaphragm-cones and vacuum filters. 
us, in the most modern plants, the separation of sand 
and slime in a mill product is effected by feeding the 
mill- —. into a cone-shaped collector or diaphragm-cone, * 
which differs from previous classifiers in being run nearly 
filled with settled solids instead of fluid pulp; the sand 
is drawn off as a thickened pulp from the bottom, while 
the slime flows over at the periphery. The sand, after 
pas through a secondary washing cone, which it 
eaves as an eminently leachable product with less than 
1 per cent. of slime and about 30 per cent. of moisture, is 
freed from most of its remaining water on a Calde- 
cott filter-table, which is a slowly-rotating horizontal 
vacuum filter. After almost — a journey round 
the table, the sand, containing —y 12 per cent. 
moisture, is scraped off by a fixed inclined plough and 
falls into a launder, where it mixes with a stream of 
cyanide solution, and is raised by a sludge-pump to a vat 
already filled with solution. It is fed in by a Butters’ 
distributor, the overflow being returned to the launder to 
complete the circuit. By this continuous method of sand 
collection the solution of the gold is commenced within 
half-an-hour of the crushing of the ore.t The treatment 
is either completed in the collecting-vat or the charge is 
transferred to a second vat for final treatment. The 
process is accelerated, and assisted, by the use of the 
vacuum pump, by means of which the moisture remaining 
in the sand after each draining can be reduced to 9 per 


nt.t 

As to the slimes, their treatment has been much facili- 
tated by the recent introduction of air-agitation tanks 
and vacuum filters, which enable the enriched cyanide 
solution to be rapidly drawn off from the slime residue 
and sent as a clear liquid to the extractor-boxes. The 
Butters vacuum filter is now in successful operation at 
the Crown mines, and will be installed at the Bantjes, 
the New Modderfontein, the Robinson, and the Modder 
B. mines. 

The precipitation of the gold was effected in the 
original MacArthur Forrest process by zinc shavi and 
this method is still paiee sacd I believe, for the rich solu- 
tions ; but for weak solutions, such as are obtained in the 
treatment of slimes, the Merrill patent, in which zinc dust 
is employed as a precipitant, is considered to be superior 
to the lead-zinc couple; and this method is now being 
used at the Village and will be adopted by the 
Modder B., Brakpan, and other mines. 

Recent Innovations in Milling.—One important result 
of the perfection of the slimes-treatment process n 
the introduction of fine grinding in tube-mills,§ with con- 
sequent increased extraction and shortened treatment 
period. Further, the adoption of tube-mills has modified 
the function of the stamp-mill. The stamp-mill—which 
formerly was not only the sole means employed for the 
comminution of the ore (excepting, of course, a pre- 
liminary reduction in jaw- kers), but also performed 
the duties of an amalgamating-machine, by the introduc- 
tion of mercury into the mortar-boxes—is now, in most 
modern practice, restricted to a single stage in a con- 
tinuous series of crushing operations. The researches 
of Caldecott and other members of the Mines Trials 
Committee have shown that the maximum diameter 
permissible for the battery-feed is 1? in., and that tube- 
mills are most efficient when fed with ore disc 
through a nine-mesh battery-screen, having apertures of 
0.27 in., or say in. The effective range of the stamp- 
mill is, therefore, from 1? in. to} in. As a result, 
stamps are no longer employed for fine crushing, and 
amalgamation in the mortar-boxes has been ouey 
abolished ; and even such plate- amalgamation as too 
place in front of the stamp-mills has, in many cases, been 
done away with. In the most modern mills of the Rand 
the plate area has been much reduced ;|| and some enthu- 
siasts have gone so far as to suggest that amalgamation 
might be dispensed with altogether, and the gold equall 
efficiently, and more economically, recovered by an all- 
cyanide process, in which the ore would be crushed from 
the start in cyanide solution, instead of in water. A 
difficulty, however, which at present appears insurmount- 
able, is to find a means of giving the coarse particles of 
gold a treatment sufficiently long for their complete solu- 
tion, without unduly delaying the whole process. 

In the newest plants the amalgamating - tables are 
assembled, together with the precipitating-boxes for the 
cyanide solution, in a se te — mem | (known as the 
reduction-house), to which the tube-mill pulp and the 
enriched cyanide solutions are conducted. In this build- 
ing the gold is won, away from grease and oil, and under 
conditions which render amalgam stealing (so serious a 
source of leakage in the past) practically impossible. 
Furthermore, the ys time is increased, since the 
stamps no longer have to be hung up while the plates are 
being dressed. 

Concurrently with the limitation of the effective range 
of the stamp-mill, the weight of individual stamps has 
been increased by lengthening the heads, until, with the 
2000 lb. stamp of the new mill of the City Deep mine, 


* So-called on account of the disc placed near the 
bottom of the cones to ensure a 5 y underfiow of 
thickened pulp. See Caldecott : ‘‘ The Continuous Collec- 
tion of Sand for Cyaniding,” Journ. Chem., Met., and Min. 





* The two terms were at that time considered to be 
Synonymous, 

t Under the egis of the African Gold Recovery Com- 
ny formed to work the MacArthur Forrest patents in | 

Tica, 





Soc., S.A., vol. x., 1909, page 47. 

+ Caldecott, J/id., 43. 

+ Caldecott, .’ourn.{Chem., Met., and Min. Soc., 8. A., 
vol. x., 1909, page 241. A 

§ First introduced on the Rand by J. R. Williams in 
1904. See Journal, Chem., Met., and Min. Soc. 8.A., 
vol. vi., 1906, page 373. 

|| The Simmer and Jack plant has now only 18 sta- 
tionary plates in the tube-mill circuit in place of 
former 64 battery plates and 30 tube-mill plates. 
Dowling, Trans. Inst. Min. Met., Bull. 79, 1911. 


‘the economic limit of the cam-lifted gravitation stamp 


appears to have been reached. The aveunee of heavy 
over , ny are thus summarised by Caldecott :* 
_@ uction of initial capital expenditure in erect- 
ing a lesser number of stamps, and a smaller building to 
contain them. 

(2) Less shafting, belts, and other moving parts to 
maintain. 

(3) Less labour for dressing plates, lubricating moving 
parts, changing screens, and other work incidental to 
milling operations. 

The capital charge of a modern reduction plant per ton 
milled is one-third of what it was 15 years ago, and the 
total ore-treatment cost is about 3s. 6d. per ton, the re- 
covery being from 93 to 96 per cent., according to the 
grade of the ore. 

The stamp-duty (or tonnage crushed per stamp in 24 
hours) which 20 years ago, in the days of the 900-lb. 
stamp and fine-mesh discharge screening, did not exceed 
3 tons, has ually grown to an average of 7.45 tons for 
the whole Rand in 1910; and recent experiments have 
shown that by crushing to an aperture of 0.284 in. and, 
by introducing an elimination screen to “ by-pass” the 
fine material from the rock-breakers direct to the tube- 
mills, it can be raised to as much as 26 tons per stamp.t 
Messrs. W. A. Caldecott and E. H. Johnson now propose 
to break the mill oil-feed down to j-in. cube (maximum) 
and to separate 50 per cent. of the total for direct tube- 
milling.t This will still further increase the stamp-duty. 

It is obvious, however, that under the conditions that 
now obtain, ‘‘ stamp-duty” has come to have very little 
meaning as a measure of milling capacity. The bulk of 
the work is done by tube-mills. In most modern plants 
one tube-mill (22 ft. by 4 ft.) is being installed to every 
ten heavy stamps ; and the latter only reduce 30 per cent. 
of the mill ore-feed to the required fineness. 

_ Now that the stamp-mill has been shown to be a crush- 
ing-machine, representing only one stage in a series of 
successive comminuting operations—namely :—(1) by rock- 
breakers ; (2) by heavy stamps ; (3) by tube-mills ; it may 
be questioned§ whether the work of the stamps (viz., 

uction, say, from 1 in. to} in.) could not be equally 
well done either by rolls, or by roller-mills of the Chilian 
type, or, perhaps, by a combination of both. The com- 
bination is favoured in the United States. According to 
Philip Argall, Chilian mills, of 6 ft. diameter, running 
at 33 revolutions per minute, on Cripple Creek ores, will 
reduce 4 tons per hour, 60 per cent. of which will pass a 
150-mesh (0.003 in. aperture), the feed having been pre- 
viously rolled to pass a g-in. aperture. In this case, rolls 
and Chilian mills do the work of stamps and tube-mills 
on the Rand. 

The charge is sometimes made that the Rand metal- 
lurgists are unduly conservative, and that they are averse 
to the introduction of new processes which may even 
have been shown to be successful elsewhere. But this 
conservatism is justified ; the scale of operations on the 
Rand is so enormous that even minor changes in existing 
practice cannot be risked without prolonged investiga- 
tion and actual trial, under lar working conditions, 
on the spot. The seriousness of even a small loss per ton, 
which sy result from an unwise change of practice, 
is shown by the fact that on one of the largest plants a 


harged | difference of one-tenth of 1 dwt. per ton is equivalent to 


18,0007. worth of gold per annum. 

Before leaving this ra of the subject, I will give 
some details of one of the latest mills erected on the 
Rand, which will serve to illustrate the methods em- 
ee for the mechanical handling of the ore at the 
surface. || 

The City Deep mill is designed to handle 65,000 tons of 
ore per month, and is “7 with 200 2,000-lb. stamps 
and nine 25-ft. A. , t. tube-mills, each unit of ten 
stamps being opera by a 50-horse-power motor, and 
each tube-mill by a 100-horse-power motor. The ore from 
the mine, delivered at the shaft-head in 5-ton skips, is 
divided into two classes by screening through grizzlies, 
the bars of which are set at about 21} in. apart ; the fine 
material is conveyed by a 20-in. belt direct to the main 
ore-bin; the coarse is taken by four 36-in. inclined sorting- 
belts to the crushers, which are placed on the top of the 
main ore-bin, each belt feeding three 12-in. by 24-in. jaw- 
crushers. The return portion of each sorting-belt receives 
the rejected ‘“‘ waste” and delivers it to a 20-in. belt 
(common to the four sorting-belts) which conveys it to the 
waste-dump. The main ore-bin, which has a capacity of 
1000 tons and is constructed in reinforced concrete, dis- 
charges through heavy doors, operated by compressed air, 
into 40-ton trucks for transport to the mill. The ore-train 
is drawn by a 25-ton electric locomotive, operating, 
through overhead transmission, on the 2000-volt 50-cycle 
three-phase current furnished by the Power Company. 
The trucks are fitted with automatic discharge-doors. 

In the stamp-battery the ore is crushed to pass a 
10-mesh discharge-screen. The resulting pulp, after 
elevation by a 12-in. Ro -Davi sand-pump, is 
classified in cones, and the coarse product delivered to 

71. 
in. Soc., 


* Trans. Inst. Min. Met., vol. xix, 1909-10, 

+ E. H. Johnson, Journ. Chem., Met., an 
S.A., vol. xi., 1910, page 168. 

t Letter of W. A. Caldecott to the Author. 

§ This question has been raised by Philip Argall, Eng. 
and Min. Journal of New York, January 7, 1911, page 
44. See also H. Bayldon, ‘‘ Notes on Chilian Mills,” 
Inst. Min. Met. Bull. 75, 1910, page 21, and 8. J. Speak, 
thid. Bull. 77, 1910, page 5. 

|| Taken from a description given in the Journal of 
the Chem., Met., and Min. Soc. 8.A., September, 1910, 
One of the first installations of this kind was made at the 


the | New Kleinfontein Mine, by Mr. E. J. Way, by whom it 
has been described in the ion. Inst. Meck” 2 1907, 


page 969. 
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the tube-mills. The putes from the tube-mills, together 
with the overflow from the classifying cones, is con- 
ducted to amalgamating -tables in the gold-recovery 
house. In this house are also placed the extractor-boxes 
for the enriched cyanide solution, the clean-up machinery, 
and the refinery, so that all the operations connect 
with the recovery of the gold are performed in one build- 
ing, under the immediate supervision of the ore-reduction 
officer. The pulp from the a ting-tables is again 
elevated by a Robeson pump and classified, the sands 
being collected in six vats* of reinforced concrete. A 
24-in. conveyor-belt, running under the centre line 
of these vats, takes the sand, excavated from them 
by a Blaisdell excavator, elevates it, and delivers 
it by means of a belt running at right angles to the 
top of the sand-leaching plant, which comprises two 
rows of six vatst each. e sand is fed in by a Blaisdell 
distributor, and, after leaching, is discha: by a Blais- 
dell excavator through central shoots to two 24-in. con- 
veyor-belts, one under each row of vats. A short cross- 
belt delivers it to a 24 in. iaclined belt, which conveys it 
to the residue-dump. This belt is carried on a steel 
cantilever frame, the end of which is 100 ft. above the 
surface of the ground. The slimes are collected in four 
conical-bottomed collectors} built in reinforced concrete. 
They are treated in two steel conical-bottomed air-agitation 
vats of 32 ft. diameter by 38 ft. deep, and washed in eight 
steel conical-bottomed wash-vats, 70 ft. in diameter by 
164 ft. and 234 ft. deep. 

In the plant just described, it will be observed that 
from the moment the ore is delivered at the shaft-head 
until the residues, containing only 5 per cent. of the 
original gold.content, are finally deposited on the ‘‘dump,” 
the various products are conveyed from point to point, 
either by water, moving under the influence of gravity 
pn ee by sludge-pumps, or by purely mechanical 
appliances. In other words, native labour has been prac- 
tically eliminated from the surface operations of the City 
Deep mine. 

‘ative Labour.—This completes my survey of the sur- 
face operations. I will now ask you to accompany me 
underground, to study the economies in time and labour 
that have been effected, in wage | en 7 the introduc- 
tion of mechanical appliances. e@ search after labour- 
saving devices n forced on the mine-owners by 
the fact that, in spite of a substantial growth, the supply 
of native labour has never equalled the demand, a posi- 
tion which has n accelerated by the recent repatria- 
tion of the Chinese. 

Shortly before the outbreak of the Boer War, in 1899, 
the natives employed on the gold-mines numbered 97,000. 
In January, 1903, six months after peace had been 
declared, the number was 44,000. In January, 1904, it 
had risen to 68,000, and by January, 1905, to 83,000. In 
January, 1910, it reached 163,000, and in January, 1911, 

85,000. The number of natives employed on the gold. 
mines at the end of April of this — 194,328, which is 
the largest number of coloured labourers ever employed on 
the Witwatersrand mines, (See Appendix No. 1, page 872). 
As to the present requirements, eames do better than 

uote from Mr. H. H. Webb’s Report to the Consolidated 

old Fields Company, dated October 1, 1910. In esti- 
mating for the next twelve months, he writes :—‘‘ To make 
up the present shortage in the operating mines and fulfil 
the requirements of the expanding companies, — 
mations, and new companies coming on, will call for 
probably another 70,000 natives at least, in addition to 
those already employed.” 

Efforts are being made to attract the native to the 
mines by improving the conditions under which he lives, 
both on and off shift. One important innovation has 
been the curtailment of night-work. Thus, in the mines 
under the control of the Consolidated Gold Fields Com- 
pany, only 7.4 per cent. of the total coloured labourers, 
working underground at the end of 1910, were employed 
on night-shift. This method of working the mine with 
one instead of two shifts has been found to have many 
advan both from a hygienic and from an economic 
point of view. To mention only one thing, the condi- 
tion of the air in the mines has much improved by the 
limitation of machine-drilling and blasting to once in 24 
hours, and by the fact that there is an interval of about 
14 hours between shifts, during which the smoke can 
clear away and the workings cool down. 

Another step in the right direction has been the pro- 
vision of shelters at the shaft-head, and the erection of 
covered ways between the shaft-head and the compound, 
for use in inclement weather. The ‘‘ boys” come up from 
their work hot, tired, and dirty; the protection thus 
afforded them from the bitterly cold. winds that blow 
through the winter months, and the warm shower-bath 
that is now insisted on in many mines, will do much to 
mitigate the pneumonia scourge that used to be so 
prevalent among native miners on the Rand. 

The Dust Problem.—Undei und, efforts have been 
made to solve the dust problem. With few exceptions 
the Witwatersrand mines are dy mines, and the processes 
of machine-drilling, blasting and shovelling consequently 
create and distribute through tae air great quantities of 
fine dust. Fortunately, the gold-mines enjoy an impor- 
tant distinction from coal-mines in to this pheno- 
menon, owing to the fact that the dust is non-inflammable, 
and, therefore, does not lead to explosions. But the 
inhalation of the dust-laden air causes a peculiar — 
known as miners’ phthisis, or silicosis, as it is also term: 
—a deadly complaint which is responsible for a high 
mortality among the white miners, and, to a less degree, 








* 60 ft. in diameter by 10 ft. deep. 

+ The vats measure 56 ft. in diameter by 12 ft. dee 
and are of steel, set on a floor and supperts of reinfo 
concrete. 


among the native labourers. By the proper application 
of water at the point of origin, the formation of dust can, 
to a large extent, be prevented ; and several ingenious 
contrivances have invented for catching the dust 
from the upward holes, into which water cannot be poured 


ed | from a can, in the manner usually adopted with down- 


ward holes.* The chief difficulty, however, appears to 
be to get the men to use the dust-arresters, and to water- 
down the stopes and other working places after blasting. 
By better supervision and a stricter enforcement of regu- 
lations, such difficulties will doubtless be overcome ; and, 
with the disap nce of this serious evil, the conditions 
under which the men work underground will be scarcely 
less healthy than on the surface. 

Ventilation.—This brings me to the question of ventila- 
tion. In the early days of the Rand, and, indeed, up to 
quite recently, it not been found necessary to employ 
any artificial system of ventilation, the numerous shafts 
and outlets to the surface of the outcrop mines having 
sufficed to maintain an —_ supply of fresh air. But 
with deeper levels (the Village Tens Mine is already 
working at a vertical depth of 4000ft.), fewer communica- 
tions with the surface, and an increased rock temperature, 
artificial ventilation is destined to play an ever more and 
more important part in the future. Mr. Stuart Martint 
gives it as his opinion that it will be impossible to work 
the deep levels economically without carefully thought- 
out schemes of ventilation; and that for the success of 
these, it will be necessary to have shafts with small 
frictional resistance and large air space, and to carry the 
air current through special ventilating roads. 

The quantity o _— air to be ———- per minute per 
man employed underground is fix y law at 70 cub. ft. 
This being a standard difficult to enforce, the South 
African Mining Regulations Commission, whose report 
was published in 1910, propose, as a substitute, the 
quality standard of a maximum of 20 parts by volume of 
carbon dioxide per 10,000 parts of air. Of this, 4 parts 
is an allowance for the CO, normally present in the 
atmosphere ; 3 parts are allowed for the CO, produced 
by the burning of candles, and there is a further allow- 
ance of 5 parts for the CO, possibly given off from the 
country rock, leaving 8 parts per 10,000 as a legal limit 
for the noxious CO, due to the vitiation of the air by 
blasting, human emanations, &c. Under the pro 
regulations provision is to be made on each mine for a 
=e yen up-cast and a permanently down-cast shaft, 

y the use of ventilating-fans or otherwise; and the 
current of fresh air so produced is to be split by regulat- 
ing-doors at every level, where work is carried on, in 
proportion to its a een Further, the courses of 

re supply and foul return are to be kept distinct by 
feotticing ; and short-circuiting is to be prevented by 
stopping-off disused drives, stopes, &c. 
he ventilation problem has a been seriously 
attacked on the Rand, and already ventilating fans, vary- 
ing in capacity from 50,000 cub. ft. per minute, at 1 in. 
water-gauge, to 250,000 cub. ft. at 4 in. water-gauge, have 
been installed at the East Rand Proprietary Mines, at 
the Simmer Deep, at the Village Deep, at the ———- 
Royal Shaft of the Crown Mines, and at several other 
mines of the Eckstein Rand mines group. In splitting 
the air-current, the numerous dykes of igneous rock that 
traverse the Witwatersrand mines in a north and south 
direction (#.¢., across the strike) can made to serve as 
natural brattices, since they cut up the mines into air- 
tight compartments. The levels which penetrate these 
dykes must be permanently closed, or, if used for tram- 
=e purposes, closed by double swinging-doors. 

e ventilation of the mines is hampered by the small 
air-space and large frictional resistance of the rectangular 
timbered shafts, at present in use on the Rand. For 
this reason many of the deeper shafts of the future will, 
no doubt, be of the circular type, with either brick or 
concrete lining, as is the common practice in the collieries 
of this country.t 
Main levels and underground inclined shafts will also 
be driven in the footwall. These will serve as intakes 
for the air current, and, being in solid ground, will reduce 
the loss of air by short-circuiting to a minimum. Since 
these main ventilating roads, instead of following the 
oumiee course of the reef-plane, are driven straight, they 

also be admirably adapted for cheap mechanical 
t 


ransport.§ 

Underground Transport.—I pass on now to the subject 
of underground transport. 
The ore broken in the stopes has, in the past, been 
trammed on light rails, from the stoping-boxes to the 
loading stations at the shaft, in four-wheeled trucks of 
from 12 to 16 cub. ft. capacity, the motive power being 
hand-labour. While the ore was being trans) 
every level, through tortuous and badly ed roads 
of the customary small dimensions, scarcely any other 
method was possible. It is true that the late Mr. Wager 
Bradford some few years ago did attempt the introduc- 
tion, at the Langlaagte Deep, of a mono-rail system of 
tramming; and it was also tried by Mr. E. J. Way at 
the New Kleinfontein mine. It has not, however, been 
generally adopted, on account of the expense of installa- 


tion. 
Under the changed conditions now prevailing on the 
Rand, due to the enormously atincll size of the pro- 
perties brought about by recent amalgamations, and the 
consequent possibility of concentrating a large output on 





* Dr. Aymard’s device for this purpose promises to be 
successful. 

J eeees, Stem. Met., and Min. Soc. 8.A., vol. xi., 
1910, 4. 
t Already a circular shaft of large dimensions is being 
sunk on the New Modderfontein mine. 
Stewart Martin : Chem., Met,, and Min. Soc. 





t Of 60 ft. diameter by 10 ft. and 16 ft, deep, 





§ See H. 
S8.A., vol. xi,, 1910, page 214, 
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fewer main hoisting shafts than heretofore,* the evolution 
of an entirely new system of underground transport is 
being accomplished. It is becoming recognised that the 
rock, broken in the stopes, can only be economically dealt 
with by handling it on a few main hestany tevin situated 
at great intervals apart and driven straight, from point 
to point, in the footwall of the reef. The rock mined 
above each haulage-level, can be delivered through vertical 
or inclined ; and, should it be necessary to feed the 
haulage with rock mined below the level, such rock can be 
raised through inclined roads by mechanical haulage or 
electric hoists.+| These main haulage-roads (which, as 
already a are intended to serve also as the intake 
of the f -air current) can, on account of their economic 
importance, be constructed of large dimensions. They 
can also be carefully graded and equipped with heavy 
rails. Such a — is being carried into effect at the 
Crown mines, where the two main hoisting-shafts are to 
be connected, at a vertical depth of 2200 ft., by a main 
haulage-level 144 ft. wide. This gallery is being driven, 
in the footwall of the reef, from one end of the property 
to the other, and will, when completed, be 3 miles long. 
It will be operated by an electrically-driven endless-rope 
haulage, so arranged that the ore may be delivered to 
either shaft; and it is estimated that the two shafts 
between them will account for from 9000 to 10,000 tons 
of ore per diem.t Other main haulage levels will be 
driven, as required, at intervals of 600 ft. vertical. 
Similar work is being done at the New Modderfontein 
mine and at the Modder B., and no doubt the system will 
become general. 

Endless-rope haulage can only be used with advantage 
where the roads are roy where there are many 
curves it is preferable to draw the ore-trains either by 
petrol locomotives (as at the Langlaagte Deep), or by 
electric locomotives (as at the Geduld mine). With the 
latter system some difficulty is experienced in completely 
insulating the electric current from the raw and careless 
native.§ 

The bold policy of driving these straight haulage-roads 
in the footwall of the reef, before even the ore body has 
been blocked out, such as is m carried into effect on 
the Crown, New Modderfontein, and Modder B. mines, 
is an interesting indication of the confidence of the Rand 
engineers in the relative permanence of the gold content 
of the banket formation, as compared with quartz veins. 
The big intervals at which the reef levels are now being 
driven is another indication of the same confidence. 

Stope-Conveyors.—The handling of the broken rock 
in the stopes is, from an economic ose of view, scarcely 
less a than its haulage on the levels. Everything 
depends on the angle of dip of the reef. In many of 
the outcrop mines of the Central Rand the high dip 
of the reef permitted the rock broken in the stopes 
to find its way by gravitation to the tramming level, 
where it was drawn off as required from the stope- 
boxes; but with the dips of from 25 deg. to 30 deg. 
obtaining in most of the deep-level mines, the broken 
rock requires -to be assis’ down the stope - floors 
by shovelling or “lashing,” as it is called in miners’ 
parlance. Only in the extreme East Rand, where the 
reef lies very flat (dipping at from 8 deg. to 10 deg.), is it 
possible to fill the trucks at the stope-faces and to run 
them thence direct to the tramming-levels. Hand-shovel- 
ling isuneconomical, and, moreover, is detrimental tohealth 
on account of the dust it raises. Co uently, several 
attempts have been made to substitute for it some con- 
veyor system of handling the broken rock. Mr. E. J. Way, 
M. Inst. C.E., has described a method employed by him at 
the New Kleinfontein mine, by which he effected a very 
large reduction in the number of unskilled labourers 
engaged in shovelling rock down the stopes.{] Mr. Way’s 
stope-conveyors are shaking - shoots consisting of iron 
plates, 18 in. wide and 8 ft. long, the whole shoot vary- 
ing in length, according to the state of development of 
the stope, from 32 ft. to 224ft. They are suspended by 
short chains from the roof next to the working face of 
the stope, and are operated by one or more men, according 
to their length, who pull at ropes attached to the upper 
ends of the conveyors. Kept in motion by the jerks thus 
transmitted, the ore slides down the conveyors and is 
discharged at their lower ends into stope-boxes, or 
direct into trucks at the tramming level. Being 
easily dismantled, the conveyors can be taken down 
before, and put up after, each blast. When the work- 
ing face has advanced about 6 ft. they are hung in a 
new position close to the face of the stopes, a series of 





* Thus the Crown Mines (late Crown Reef, Crown Deep, 
Robinson Central Deep, South Rand, Langlaagte Deep, 
Royal and Paarl Central) are concentrating 
on two shafts the hoisting done, prior to the amalgama- 
tion, through seven shafts. Rand Mines Report for 1910. 
+ Compare ‘‘The Kimberley System of Handling Large 
Quantities of Ground in the Minimum of Time.” A paper 
read by Mr. Alpheus Williams at the Kimberley meeting 
of the South African Institute of Engineers, 1910. 
t The test output of any existing shaft on the 
+ probably does not exceed 2000 tons per diem. 
§ Mr. E. J. Way, ina letter to the author, states that 
he is experimenting, with considerable success, on a con- 
veyor-belt system of transporting ore. Each section of 
belt will be driven by a separate motor, and will feed on 
to the next section by means of a specially-designed shoot. 
|| Thus in the New Modderfontein mine the reef levels 
will be driven at 500 ft. to 600 ft. apart, and the main 
haulage-levels, in the footwall of the reef, at 1700 ft. to 
2000 ft. apart (Chairman’s speech attached to Report for 
the year 1910). ; 
Proc. Inst. Mech. Eng., 1907, page 989. With 
seventy conveyors in use, Mr. Way employed 420 less 
men in the stopes that when shifting the rock by shovel- 
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small holes being drilled in the roof to take the hook- 
bolts carrying the chai Many of these shaking-shoots 
are now in use on the Rand, and are now mostly hung 
from a rope stretched taut along the roof. Each shoot 
length is attached by chains, hooked on to clips perma 
nently fastened to the rope at the correct intervals. 
Before blasting, the shoots are unhooked from the rope, 
which in most cases can be left on the roof. When shift- 
ing to a new place, it is only necessary to attach the rope 
to the roof, by drilling a few holes in line, without having 
to keep the exact distance of the shoot lengths.* 

Machine-Drills.—The breaking of the ore in the stopes 
is performed to a very la extent by hammer-and- 
jumper drill-work, and since this work absorbs the largest 
proportion of the native labour employed on the Rand, 
it constitutes a serious —_ not only on account of 
the-perennial difficulty of obtaining a sufficient supply of 
natives, but also on account of the time lost in lowering 
and raising such great numbers of men in the shafts. 

The problem can only be solved by increasing the 
efficiency of the native labourer ; or, in other words, A 
increasing the tonnage broken per native em = q 
Labour-saving devices for handling the ore, when broken, 
have already been dealt with. It remains to discuss the 
efficacy of machine-drills in stoping, as compared with 
hand labour. 

In the past the use Of machine-drills for stoping has 
not been looked upon with much favour. For this there 
are several reasons: first, the machine used was the 
heavy drill employed for development work, and with this 
type it was impossible to work in narrow stopes without 
breaking a large amount of waste; secondly, the bands 
of barren quartzite, with which the payable con- 
glomerate is often interstratified, suffered such pul- 
verisation by reason of the] blasting charges used, 
that often it could not afterwards be eliminated by sort- 
ing ; and thirdly, the large blasting charges were found to 
weaken the roof, so that a greater number of pillars had to 
be left for its support than was the case with hand-drilling. 
Only in wide stopes, on a large homogeneous reef wit 
good walls, could these drills be used to economic advan- 
tage. The necessity for a good stoping drill for narrow 
reefs, however, has me more and more pressing with 
the extension of the mining industry, with which the 
supply of native labour for hand-drilling has not kept 
pace. In co: uence the Chamber of Mines decided, in 
the beginning of 1908, to offer a prize of 2500. for the 
best small drilling-machine that could be produced for 
mine work on the Witwatersrand. The prize money was 
subsequently raised to 5000/. by the offer of the Transvaal 
Government to subscribe an equal amount. A committee 
was appointed ; and a series of competitive trials took place 
during the year 1909, the report of the committee being 
published in 1910. The width of the stopes in which the 
competition was held varied from 24 in. to 45 in.;+ and 
the results showed that it was possible to break ground as 
cheaply in narrow stopes with small machines as by hand. 
The winning machines were of the reciprocating per- 
cussive type: thus reversing the result of a previous com- 
petition, held in January, 1908, at the instance of the 
South African Mines newspaper, when the first place in 
the competition was won by a hammer-drill. The names 
of the four leading drills among the competitors are given 
in the following table, cageties with the footage drilled 
by eaeh, the —- drilling speed over the total time, 
and the cost of drilling per foot.t 


Table Showing the Result of the Stope Drill Competition 
of 1909. 


. Foo! |Average Drilling Cost per Foot 
Machine. Drill Speed. | Drilled. 





in. per min. d. 
Holman 2}-in. .. --| 12,779 0.74 9.77 
Siskel .. te --| 14,083 0.818 | 9.90 
Holman 2}-in. .. . 11,744 0.682 10.91 
Chersen.. ..  ..| 11,781 | 0.684 11.94 


These costs compare favourably with the cost of hand- 
drilling, which is rarely less than 13d. per foot drilled. 
The tonnage broken is 6 to 5 in favour of the machines, 
while the cost of explosive is as 6 to 5 in favour of native 
labour. Since the cost of native labour tends to increase, 
and this item amounts to 3d. per foot drilled in machine- 
drilling, as against 10d. per foot drilled in hand-drilling, 
this is also in favour of machine-drilling. It therefore 
may be taken as established by this competition that 
machine-drilling in moderately narrow stopes costs no 
more, and — & even less, than hand-drilling by 
natives. Hund of small drills (drilling a hole to take 
a {-in. explosive) are y employed for stoping on the 
Rand,§ and their average duty is ? fathom per shift. To 
stope very narrow and low-grade reefs hand-labour has 
still to be used ; but it is hoped that a drill capable of 
doing even this class of work will eventually be evolved. 

Sand-Filling.—I shall now direct your attention to 





* Tom Johnson, Journ. Chem., Met., and Min. Soc. 
S.A., vol. x., 1910, page 282. 

| Forty-three per cent. of the work was done in stopes 
of under 40 in.; bat the size of the stopes depended, of 
course, on the local mining conditions, and not on the 


capabilities of the drill. 
rizes, of 40001. and 1000J. 


+ The first and second 
respectively, were divided between the Holman 2) in. 


and the Siskol. 

§ According to the Crown Mines wagon for the year 
1910 (chai ’s poem 234 per cent. of the fathomage 
stoped in the early part of that year was broken with 
small machine-dri 


tonnage mined in the Robinson Deep is 
drills. Superintending Engineer’s 


Again, 20 per cent. of the total 
broken by small 
port of June 11, 


another important problem, which has recently forced 
itself on the notice of those responsible for the mining 
operations on the Rand. I refer to the support of the 
hanging-wall. The removal of the gold- ing con- 
lomerate bed, which, except for its somewhat steeper 
ip, may be compared to a coal-seam, leaves an open 
space, which is not allowed to fall in, as in a -mine 
worked on the long-wall retreating system, but is sup- 
ported over enormous areas by pillars of unworked con- 
Sees in the stopes; by ribs left above and below 
rives; and by pillars left to ensure the safety of the 
shafts, supplemented in some cases by the stowing of 
waste rock. These methods have sufficed in the past to 
keep open the stopes and drives and to protect the 
shafts; but, owing to the robbing of the oy in 
the outcrop mines, and more especially to the increased 
eee of the superincumbent rock mass in the deep 
levels, serious movements of the hanging-wall have lately 
been making themselves felt, crushing the pillars in the 
sto destroying the ribs above and below the drives, 
and in some cases even affecting the shaft pillars. 

To arrest this unto movement, which at one time 
threatened the loss of the main thoroughfares of some of 
the mines,* a system of sand-filling has been adopted. 
By this system the abandoned stopes and other working- 
places in the mines are filled with sand, taken from the 
residue dumps or run-in direct from the current reduction 
operations. This method has been borrowed from the 
Silesian coal-field, where it has for many years been in 
successful operation, enabling a thick seam of coal to be 
safely mined under towns, villages, rivers, and main lines 
of railway.+ 

The method employed in the case of the old residue- 
dumps is te mix the sand with sufficient water to cause 
it to flow down pipes in the shafts and to be discharged 
in the stopes prepared for its reception. Where current 
sand-residues are used, these are pum as a pulp from 
the sand-treatment vats, and are thicken in cone 
classifiers, »efore delivery underground. Underground, 
the pulp is conducted by wooden launders to the stope 
to be filled. Barricades are used to keep the sand in 
place ; but it drains well, and soon Pe solid enough 
to bear the weight of a man. The effluent water is 
pumped back to the surface, and this charge is one of 
the chief items of expense. Another is the renewal of 
the pipes used to convey the sand down the shafts. The 
sand is extraordinarily abrasive, and the life of the pipes 
is very short. The cost of the process is, however, 
balanced to some extent by the increased ore-reserves, 
due to the advantage of not having to leave pillars in 
oe stopes, coupled with the saving of the cost of cutting 
them. 

At first it was feared that the cyanide remaining in the 
sands would dangerous to the mine-workers; but a 
little research has eliminated this source of danger. The 
percentage of moisture in the pulp as it comes from the 
thickening cones is 12 per cent. It consists of water 
containing up to 0.02 per cent. of cyanide. By adding a 
5 pe cent. solution of perman te of potash, or of 
chloride of lime, it is found t the apes we of 
cyanide in the moisture of the sand can reduced to 
less than 0.0025. The effluent water from the sand-packs 
underground shows no trace of cyanide, and no hydro- 
cyanic acid has been found in the air of the stopes which 
are being filled. 

The filling of the worked-out stopes will also assist 
ventilation, since it will prevent the dissipation of the 
fresh air current. The system is already in use at the 
Village Deep, Village Main Reef, Ferreira Deep, Robin- 
son, and Simmer and Jack Mines, and there is little 
doubt but that it will be universally adopted. 

Electric Transmission of Power.—One of the most 
remarkable economic changes on the Rand is now being 
brought about by the concentration of the steaming plant 
at two or three centres, from which power is distributed 
to the mines by electric transmission, or in the form of 
compressed air. This has ly been the work of the 
Victoria Falls and Transvaal Power Company ; although 
one or two of the mini ey (notably the Farrar and 
the Robinson) have established their own power-stations. 
Electrically transmitted power is rapidly supplanting 
independent steam-power for mills, winders, sinking- 
engines, underground hoists, pumps, , owing to the 
favourable rate at a it = be a rom the 
power company. e price has been fix y agreement 
at 0.561d. per unit cath Octabun, 1912, and thereafter at 
0.525d. e company has already in operation three cen- 
tral generating stations—viz., at Rechersiite (50,000 kw.), 
at oe (18,000 kw.), and at Brakpan i kw.) ; 
and a fourth station is in course of erection at Ve 

(20,000 kw.).§ At all these stations the power is genera‘ 

by steam-turbines. Transmission is effected both by over- 
head lines (at 40,000 volts along the Rand, and at 80,000 
volts from Vereeniging, a distance of 30 miles) and by 
underground cables (at 20,000 volts). The length of the 
overhead lines, including Vereeni , is 150 miles ; that 
of the underground cables, 35 miles. A portion of the 
power supplied by the company is in the form of com- 
pressed air for rock-drills. For this there is a supple- 
men station at Rosherville, generating 16,000 horse- 
power by four compressors driven by steam-turbines, and 





* See chairman’s speech at annual meeting of the 
Ferreira Deep Company, held December 14, 1910, ; 
+ It was first introduced at the Myslowitz colliery, in 


Upper Silesia. ; 
+t E. Pam, “Sand-Filling on the Witwatersrand,” 
rn Chem., Met., and Min. Soc. 8.A., 1910, page 
76. 

§ Besides the above, stations have also been erected by 
the Farrarand Robinson groups at Kleinfontein (6000kw. ) 
East Rand Proprietary mines, and at Randfontein (20,000 





1910, 





kw.). 


an electrically-operated station at the Robinson Central 
Deep Mine, delivering 24,000 horse-power from six com- 
pressors. The comp air is conveyed through 20 
miles of air-mains, ranging in diameter from 26 in. to 
9 in., the pressure of supply being 1201b. per square inch. 

A considerable economy will be effected by this cen- 
tralisation of power - generation, and the co uent 
reduction in the number of independent steaming- ts. 
From the price per unit at which the Victoria and 
Transvaal Company are supplying power, the cost of a 
horse-power per annum, ut continuously day and 
night, can be calculated: it works out at 14/. Te is not so 
easy to arrive at the average cost of a horse-power year on 
the mines _ to electrification ; but it is stated to have 
been 28/. In any case, the saving due to the substitution 
of electric motive-power for steam-power is undoubted, 
and there is, moreover, the indirect advantage of greater 
flexibility and more perfect control. 

The introduction of electric winders on the Rand has 
ractically decided the long-debated question of winding 
rom t ‘eT in favour of stage-winding, as against 
a single lift. By the adoption of a large unit of hauling 
and a suitable arrangement of loading boxes, the loss due 
to the repeated handling of the ore can be reduced to a 
minimum, 

In the new seven-compartment shaft of the Crown 
mines the ore is to be raised in 8-ton skips; and even 
greater units have been oteies at Kimberley (as, for 
instance, at the Wesselton, Bultfontein, and Dutoitspan 
mines), where 1l-ton skips are in use, Underground 
electric winders, to serve the inclines from the bottom of 
the vertical shafts, are being ins’ in several mines 
as, for instance, at the Catlin and Howard shafts of the 

upiter Mine). 7 will also be employed for winding 
in the deeper vertical shafts, when the depth reached is 
beyond the economic limit of a single lift. 

Production Statistics.—Having now touched on those 
features of the surface and underground equipment of the 
mines that have recently eee, or are still under- 
going, the greatest changes, I will now endeavour to illus- 
trate to you the present position of the industry, and the 

to be expected in the future, by a few statistics. 

Since the discovery of the Field in 1886 to the end of 
1910 the Rand has milled 155 million tons of ore and 
produced gold to the value of 276,000,000/., this being an 
nee of 35.68., or 8.4 dwt. of fine gold to the ton 
milled. During the same period dividends amounting to 
72,416,550/. have been distributed, equivalent to 9.3s. per 
ton milled. 

During 1910, gold to the value of close on 31,000.000/. 
was produced by crushing 21,500,000 tons of ore ; this is 
equivalent to an average yield of 28s. 6d., or 6.7 dwt. of 
fine gold per ton milled. The working costs averaged 
(from the returns of fifty-six companies) 17s. 7d. per ton, 
giving an average profit of 10s. $d. per ton milled. 

As examples of large producers working at a low cost 
and making a good profit, I have selected the following 
companies, and have averaged their returns for the first 
three months of the present year :— 


Average Working Costs. and Profits of Some Witwatersrand 
Mines during the First Quarter of 1911. 





Average 
Company. Monthly Yield. | “S'KiM | proft, 
Crushing. | 
tons dwt. per shillings | shillings 
ton perton per ton 
Robinson 48,900 10.9 13.9 31.9 
New Primrose .. 24,740 7.0 “48 | 14.9 
Simmer and Jack ..| 68,530 6.3 12.1 14.4 
E. Rand Proprietary..| 182,170 5.9 15.2 9.6 
Witwatersrand ..| 34,860 5.0 12.6 84 
Knight’s Deep .. 57,820 4.7 11.7 8.4 
Glencairn ee 18,520 3.7 13.7 18 





These seven companies, crushing close on a quarter of 
the whole tonnage, are working at an average cost of 
13.88. This very remarkable result has been brought 
about by increasing, to their economic limit, the size of 
the units used in the various operations, such as trucks, 
stamps, tube-mills, vats, pumps, &c. ; by the simplifica- 
tion of the methods of handling ore ; and by replacement, 
as far as it is economy to do so, of hand-labour by mecha- 
nical appliances. Larger units of development* and the 
centralisation of power plant have also contributed to 
this result ; while the tion of the properties into 
larger units has helped to lower working costs, by per- 
mitting a reorganisation of the transport and hoisting 
arrangements, and by ‘spam the standing c' es. 
Future of the —— orking at a cost of 13.86. 
per ton means that the cost of development, extraction, 
and reduction, including administration, is covered by a 
recovery of 3} dwt. of fine gold per ton. On 5 dwt. ore. 
therefore, this would allow of a profit of nearly 7s. 6d. per 
ton. And it is only necessary to look at the value of the 
ore-reserves of many of the big mines given in the latest 
published official Reports to see that this is not far from 
the average grade of much of the ore which the con- 
trolling engineers propose to work in the near future. 
In the Table of ore-reserves of some Witwatersrand 
mines given in the Appendix (No, 3) it will be seen that 
the thirty-six mines enumerated have blocked-out ore- 
reserves, amounting to over 69 million tons, and that the 
value of these range from 11 to 4 dwt., the average over 
the whole tonnage being 6.8 dwt. In addition there are 
12 million tons of low-grade ore develo averaging 
3.2dwt. If this low-grade ore is included in the ore- 
reserves, the total becomes 81 million tons, having an 








* According to the Consulting Engineer’s Report for 
the year 1910, the Modder B. Mine is being o out in 








blocks of 1000 ft. by 800 ft, 
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APPENDIX II. 


Tonnage Crushed and Value of Gold Recovered in the 
Witwatersrand Mines from 1887 to 1910. 


Tons Crushed. Value of Gold ae per 


Recovered. ‘on. 
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average value of 6.3 dwt. It is clear that over a 
considerable area of the Rand the average le 
of the ore- bodies is not much above 5 dwt.* The 
inclusion of large tonnages of relatively poor reef, which 
formerly were considered outside the range of practical 
mining, has been made possible by lower operating costs. 
The grade of the ore crushed has fallen in consequence. 
This does not necessarily imply that the inc depth 
of the mines has (per se) caused a falling-off in the actual 
value of the ore-deposit considered asa whole. I have 
not been able, with the material at my disposal, to come 
to any definite conclusion on this point ; but I am in- 
clined to the view that a gradual impoverishment with 
depth does exist. It would be quite ible from 
existing records and assay plans to settle this really 
vital question ; but hitherto no figures relating thereto 
have ever been published by any of the big houses. 

The effect of this inc tonnage and diminished 
grade on the life of the Rand goldfield as a whole is an 
interesting subject for speculation. Some few years 
my friend, Mr. 1. H. Leggett, and I, set ourselves the 
task of estimating the production of gold to be expected 
from the Main f series, if worked down to a vertical 
depth of 6000 ft.t Up to that date (1902) the Rand had 
already produced gold to the value of 76,800,000/.; and we 
calculated that another 1,233,500,000/. could be produced 
down to the depth stated. The average of the figures for 

ld-recovery used in our estimate was 38s. to the ton. 
The actual recovery at the time averaged 42s. It has 
since fallen to 28s. 6d. But, on the other hand, large 
bodies of ore are now being worked that were then passed 
over as unprofitable. No doubt, to a large extent, the 
one factor cancels the other ; so that, for the purposes of 
a rough estimate, as this must of necessity 4 we may 
still make use of the sum total then arrived at. 

Between the years 1902 and 1911 the Rand has pro- 
duced 187,000,000/. Deducting this figure from the sum 
total, there remains 1,046,000,000/., which, on the basis of 
an average output of 30,000,000/. per annum, is equivalent 
to a life of thirty-five years—t.e., down toa vertical depth 
of 6000 ft. But if at still greater depths the banket 
should contain sufficient gold to yield a profit, after 
deducting the cost of working (which, under the best con- 
ditions existing at the present time, is 12s. 6d., or about 
3 dwts. of fine gold to the ton), we may rest assured that 
it will be worked. What then are the limiting factors? 
They are generally considered to be (1) the mechanical 
—T of “| the ore to the surface from such 
great depths, and (2) the effect of the temperature 
gradient. With regard to the mechanical question, the 
electrical transmission of power applied to stage-winding 
has so modified the mining engineer’s conception of 
the depth from which deep hoisting is practicable that 
it is now generally assumed that there are no mechanical 

* Compare H. H. Webb, Report to the Consolidated 
Goldfields Company for 1910:—‘‘I think this value of 
about 5 dwt. isa grade which will eventually represent 
an average over a large area of the Rand, especially in 
the deeper sections.” 

+ Leggett and Hatch, ‘‘ An Estimate of the Gold Pro- 
duction and Life of the Main Reef Series, Witwatersrand, 
down to 6000 ft.” Trans. Inst. Min. and Met., vol. xii, 
1902-3, p. 39. 





APPENDIX I. 


Table Showing the Number of Coloured Labourers 
Employed on the Witwatersrand Mines. 


Date. 

August, 1899 .. we rae si a 
a 1900 (work suspended by the war) 
eu pe aig sag ianipre (about)! 

January, 1902" .. ms ds a .-| 2 | 

903 


} 
Natives. | Chinese. 





| 96,704 


1,912 


* Coal companies included in the figures for these years. 


difficulties that cannot be overcome if it ong to do so. 
In respect to the temperature question, Mr. Marriott’s 
careful experiments have shown that the rise is only 
1 deg. Fahr. for every 208 ft. of depth, and that the 
average rock temperature at 1000 ft. is 68.7 deg. Fahr.* 
Figuring on these data, the rock temperature at 7000 ft. 
would be only 97.5 deg. Fahr., and with efficient ventila- 
tion the air tem ture would of course be considerably 
lower. It follows, therefore, that for all practical 
purposes the whole question turns solely on the gold 
content and what that may be at a vertical depth of 
7000 or 8000 ft. no one can tell. This much, however, 
may be said, the geological structure of the country 
clearly indicates the continuance of the conglomerate or 
banket beds to still greater depths than even 7000 or 
8000 ft., before the bottom of the great synclinal basin 
of the Witwatersrand is reached; and, beyond that 
point, the beds must still continue until they rise to form 


the southern lip of the basin, known to exist beyond the | yn, 


Vaal River. 
In concluding this brief account of the Witwatersrand 
gold industry, in which I have endeavoured to trace its 
t history and to indicate the lines of future progress, 
must gratefully acknowledge the assistance I cos had 
from many kind friends, both here and in South Africa.t 
Without such help from specialists in the various depart- 
ments of a highly-specialised branch of technol I could 
have done little enough; and the free interchange of 
ideas among engineers and the ready communication of 
information has always been a gratifying feature of the 
Witwatersrand gold industry. 








Sr. GorHarD Rartway.—The revenueof the St. Gothard 
Railway for 1910 amounted to 568,909/., while the working 
expenses of the year were 223,691/., showing a surplus of 
345,218/. A distribution of 1/. 86. per share is to be made 
for the period between July 1, 1910, and June 30, 1911 ; 
but the undertaking has passed into the hands of the 
Swiss Federal Government, which has pure it for 
3,350,000/., taking over at the same time the obligation 
debt of 4,683, 6007. 


Exectric Power ror Brick Works.—The German 
Association for the Supply of Electricity last year 
collected information from German brick works as to 
power costs and cost of production. Particulars were 
received from seventeen works. The Deutsche Tépfer- 
und Ziegler-Zeitung Figg ne the figures, which were 
then analysed by R. Loewenherz for the purpose of 
making comparisons between electric and steam power 
(portable engines) for brick works. The results, calcu- 
lated as working expenses for the production of 1000 
bricks, are very much in favour of electric power, espe- 
cially in the case of the works of small outputs. The 
outputs of the seventeen works ranged from half a million 
bricks to five million bricks, and it is especially pointed 
out that increase in the output makes very little difference 
to the steam-power item, while with electric power the 
relative cost decreases considerably when the output is 
increased. 

* Marriott, ‘‘A record of an Investigation of Earth 
Temperatures on the Witwatersrand Goldfields.” Trans. 
Inst. Min. and Met., vol. xv., 1905-6, page 405. 

+ I would like to mention in this connection the fol- 
lowing gentlemen with whom I have been in communi- 
cation:—Dr. W. A. Caldecott, of the Engineerin; 
Department of the Consolidated Goldfields of South 
Africa; Mr. A. R. Goldring, London secretary of the 
Transvaal Chamber of Mines; Mr. A. E. Hadley, 
gr, director of the Victoria Falls and Transvaal 
Power Company; Mr. A. E. Payne, manager of the 
Consolida Langlaagte Mines ; and Mr. E. J. Way, 
consulting engineer to the New Kleinfontein and East 
Rand Proprietary Mines. 





APPENDIX III. 
Table of Ore Reserves of Some Witwatersrand Mines. 
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Glencairn .. ., 1,121,000 


. .|69,176,673 |@ 6.8 
| 





Totals |11,956,377 |@ 3.2 


Remainder to 


* Reports to June 30 or July 31, 1910. 
December 31, 1910. 





INSTITUTION OF HEATING AND VENTILATING EnaI- 
NEERS.—This Institution will hold its summer meetings 
at the Grosvenor Hotel, Chester, from Monday to 
Wednesday, July 3to 5. The following papers will be 
read and discussed: ‘‘Some doubtful points in it 
hot water heating,” by E. R. Dolby, M.I.C.E., M.T.M.E. 
‘* Characteristics of the Propeller Fan,” by Mr. Oswald 
Stott. Visits and excursions have been arranged to 
places of interest in the neighbourhood. 


Honorary DrcREE FOR Mr. ARCHIBALD Denny, 
DuMBARTON.—The conferring of the honorary degree of 
Doctor of Laws (ILL.D.) upon Mr. Archibald Denny, of 
Messrs. William Denny and Brothers, Dumbarton, by the 
University of Glasgow, at the summer graduation cere- 
mony, on Tuesday, the 20th inst., will be appreciated not 
only as a recognition of personal scientific work of great 
value to naval architecture, but also as a compliment to 
the profession and a stimulus to research work. The 
honour, too, is the greater as Dr. Archibald Denny is in 
this, as in other respects, a worthy successor of his father, 
the late Dr. Peter Denny. The Dean of the Faculty of 
Law (Professor Glaister), in presenting Mr. Denny for 
the degree, said :—‘‘ The name of Denny was world-wide 
in respect of its shipbuilding fame, and nowhere perhaps 
was it more honoured than in Glasgow and the West of 
Scotland. Moreover, it had for many years been closely 
associated with the University in the Denny Bursaries, 
which were founded by the late Peter Denny, who him- 
self was a Doctor of Laws of the University. Mr. Archi- 
bald Denny had had a distinguished career in connection 
with shipbuilding and naval architecture. He had served 
upon at least one Government Commission relative to 
shipping, and for that work not only received the thanks 
but the gift of a handsome service of plate from the 
Lords of the Admiralty. In other aspects of public life 
he had shown a keen and live interest.” ere were 
several other recipients of the degree. At the luncheon 
which followed the uation ceremony, the Vice- 
Chancellor of the University (Sir Donald Macalister, 
K.C.B.), in proposing the toast of ‘‘Our Honorary 
Graduates,” said that in Dr. Denny they recognised & 
philanthropic pioneer of technical education, a captain- 
general of industry on the Clyde, and a practical inves- 
tigator, whose ventures and researches had increased 
their scientific knowledge and added to their civic and 
national resources. 
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} Surveyors, 43, Billiter Bldgs., Billiter St., a E.O. 
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and MATHEMATICS - 
_f Raruagn Mgwpowa, D.S8c., 
\ FBS, F.LO, 
City and Guilds of London Institute, 
Gresham Oollege, 
Basingball Street, E.O. 


Herict- -Watt College, 


EDINBURGH. 
Prixcipat—A, P, LAURIE, M.A., D.Sc. 
(Formerly Fellow of King’s Colle re, ‘Cambridge. ) 


THEORETICAL and PRACTICAL TRAINING for 
Mechanical = neers, Electrical Engineers, Mining 
Fp nete mgt nical Chemists, Brew Distille 


OpEMISTRY 


B 793 





works. 

of p---4 for inee includie 
ntieeship Premium and a at © Con llege, trons 
to £200, Class fees from £12 128. to £16 153. 


per Session. 

Pethe Course in Mining extends over three years, and 
is by the Home Office as equiv.Jent to two 
of the five yeare’ underground tr g required of 

ys of the Oolliery Manager’s Certiticate. The 
in Mining is also r by the bpp 
at Landon n for the purposes of the B.Sc. (Lord.) Degree 


"ioe ie Courses of Instruction, extending over 
four mp Fellowshi 


2 


sini Speabcain 


PETER MACNAUGHTON, §.8.0., 
Heriot Trust Offices, 
20, York Place, Edin 
17th June, 1921, 





SESSION 19 1911—12, 


Vicg-Ci aNCcELLOR—SIR CHARLES ELIOT, K.0.M.G., 
O.B., D.C.L., LL.D. 


FACULTY OF “APPLIED SCIENCE, 
COMPRISING : 
sealers cms ENGINEERING, METALLURGY 
MINING ane 4 AROHITECTURF. 


Dgan-—W. RIPPER, D.] D. R, D. Eng. ~» M. Inst. O.E. 
Professor of Enginecring — W. Ripper, D. Eng, 
M. Inst. O.E. 


Professor of Metallurgy—J. O. Anxoip, D.Met. 
sie Professor of Metallurgy —A. McWi.uiam, 


Professcr of Min . Harpwics, M.A. 
Professor of A lied COheslsteeeL. 7. O’Suea, M.Sc, 
Professor of ematics—A, BH. HY, ae 
Professor of Physics—W. M. Hicks, 8c.D., F 
Professor of Chemistry—W. P. Wsxxz, 
Lecturer in Architecture—W. S. Purcnon, A, 
The Courses in Engineering, orin tear 


Degt oof Becuelor ot of Engineering (B 


bse +R. 
RLBA. 





P.W.D. 

















Degree of 
upgree of a nae oh of Metallurgy” ( Met. ), of the 
Mega | of Sheffie 
The LECIURE COURSES commence 4th October, 
ihe TECHNICAL LABORATORY COURSES 
“Re tensa aon — jculars and 
Getalls of Ooorecs, apply to— = B 
. M. GIBBONS, Registrar. 
Amc.Me Memb.&Stud.Inst.C.E. 
» both Feb, and Oct.; also —~ 
India es &e., with all Mech, and Elect. 
oN Si ee OE bers sree Wee 
. » at On 
Glaggow, W. Special facilities for th those abroad. 
ssoc. M. Inst. C.E. and Stud. 
Inst.O.E. Examin —Thorough 
tuition or ees 170 passes 
A.M. LOE wih very high 89 Smears 
_ 9 er cen of whole pa fist and 80 per ent 
Messrs. NELSON - CiwnEnon i 
Westminster, 8. W. CAWRENGE, 18, Var 
[>** C.E. and all eerin 
Examinations.—Mr, G. P. KNO a 
F.8.L, &c., PREPARES CANDIDATES 
toe next February ms October pegs 
—39, ee ee es a ° aoe 
‘A MICE. and Stud. 1.C.E. 
EXAMS. O. — 
civil enginnet; 3148 aa pry sent in 
successes and re alate Prize, Féb. in Rein- 
Soon adios 
Send for booklet, oy. B 881, Offices of 
De separa Corres sconce 
tors (Est. eS 
serach PENNINGTOND the Oxtoodied. Oatordid, Manchester 
= 





TENDERS. 
THE GREAT INDIAN PENINSULA RAILWAY 
COMPANY, 





The Directors are prepared to receive 
(Trenders for the Supply of the 
following STORES, namely :— 
Signal Wine Fittings. 
L 
Fencing Materials. 
Screw Couplings. 


Ropes, Twines, & 
Grindstones. 
Locks, &c, 

a tals. 


fications and Forms of Tender 
Office on payment of the fee for 
tion, which payment will not be returned. 
Tenders must be delivered in sealed envelopes, 
addressed to the undersigned, ed, marked ‘‘ Tender for 
ey Twines, &.,” or, as the case may be, not 
later than -Eleven o'clock a.m., on Thursday, the 
6th J 1911. 
The tors do not bind ie ig the 
lowest or any Tender. a 


Secretary. 
B 985 


a 


be obtained 
Specifica- 


8, Copthall pat hee : Omens, E.0. 
48, Co; venue, n, 
28th June, 1911. 


CITY OF NOTTINGHAM. 
WATER DEPARTMENT. 
DERWENT VALLEY WATER SUPPLY. 
PIPE LAYING. 

The Water Committee invite 


[lenders for Laying and 
JOINTING about 4880 yards of 24 in. PIPES, 
8080 yards of 16-in. PIPES, and 270 yards of 15 in. 
PIPES in connection with the Derwent Arte eg 24 
The Contract Works will extend 
ge near ley Mill to a point 
, and from lewick Reservoir to 
the junction of Lime Lane with the Oxton Road, and 
will include the fixing of valves and ironwork and 
— appurtenant work in connection with the line 
pes. 
Piss and Drawings — be my 
tion, Schedule, and Form 
Ph. gg Sen Water 


pli 
Engincer, rae Peter's oa » Notti — 
panied me acter gd ‘or Five Pounds, which w 

be refunded on a bona-fide Tender and the 
repealed. Tenders a “Tender ter 
—Derwent Valley Su nd addrewed tothe 
unders at ‘the ham, to ‘~~ 
deli not later Ang og hy Mo , the 10th 

do not bind themselves to accept 





and printed 
ender may be 


“os July, 1911. 
Committee 
the lowest or any Tender. 


Guildhall, Nottingham. 
20th June, 1911. 


J. A. H. GREEN 
Town Clerk. 





8 egos 


| Tenders are Invited for the 


SALE of the MACHINERY and PLANT, &c., 

as well as the LEASE of the Minera Mountain Lead 

and Blende Mine, situated about one mile to the 8. of 
= oe Minera Mine, beac er ea * 

lant Sens inding Engines, Com- 

aor Dressing ae and Plant, &. 

ions to addressed to Mr. — 

SON, la he near Holywell. B 045 


OTAGO HARBOUR BOARD. 
TUG AND SALVAGE STEAMER. 
The Otago Harbour Board, Dunedin, New Zealand, 
invites 


[renders for the Construction 


and DELIVERY of a STEEL TWIN-SCREW 
TUG and SALVAGE STEAMER. Plans and 





< Some 
the High 

i , London ; the Mersey 
Dock and Harbour Board ; and the Olyde Navigation 
Trustees. 


Persons on to submit Tenders poy obtain 
copies of the tions and os 
from the High Commissioner for the Domivion of 


New Zealand on application, u ment of the 
sum of £10 for Plans and Speciations, and 108. 6d. 
for Specifications alone. 





vay dra’ 
iders, endorsed 
“* Tender for Tag and Salvage aoctannes * eed addressed 
to the undersigned, will be received up till Wednesday, 
wnt LAgON, d Engin 
ASON, Secretary an eer. 
Dunedin, 


B 390 


Harbour Om ices, 
Dominion of New Zealand. 


CITY OF COVENTRY. 
EXTENSION OF BAGINTON SEWAGE FARM. 
Commuce 3 No. 2. 


The Corporation of the Cit City of Coventry invite 


(['enders for the Supply and 


DELIVERY of the necessary 24 in., 20 in., 18.in., 
15 in., 12 in., and 9 in. CAST-IRON PIPES, includin 
Bends, Junctions, S ial Lengths, &c., together wi 
yore &c., required in connection with the extension 
of the Baginton Sewag Sewage Farm. | 

General Oonditions, Specification, Form of Tender, 
and Schedule of Prices may be obtained after pay- 
ment of Two Guineas has been made to the City 
Treasurer (which will be returned on receipt of a 
bona-fide ey, on application to the undersigned, 
St Mary’s Hall, Coventry. 

Sealed Tenders, endorsed ‘‘Tender for Cast-Iron 
Pipes, &c., Baginton Sewage Farm,” to be delivered to 
the T Town "eee 3 Office, 10, Hay Lane, Coventry, not 
later than Five p.m., on Mondar, the 10th July, 1911. 
The lowest or any Tender will not necessarily be 
accepted, and the Corporation reserve the right to 
scous the whole or any part of any Tender. No 

er will be considered which is not made out on the 


Form supplied 
J. E. SWINDLEHURST, M. Inst. ©. E, 
City Engineer and Surveyor. 





St. Mary’s Hall, 
Zist June, 1911. 


CONTRACTS. 


GREAT SOUTHERN AND WESTERN RAILWAY 
(IRELAND). 


The Directors of the Great Southern and Western 
Railway Company are prepared to receive 


[lenders for the Supply of the 
undermentioned MATERIAL, for the Year 
from Ist August, 191], to 3ist July, 1912. 


No. of | 
Form. 


MATERIALS FOR ROLLING — 
Bay bay ge OrneR MATERIAL. 
Axles, Loco, Ora: 101 | Qaicium Carbide .. 
A Do. Straight 102 | Garbons for Electric 
= Cuerings = a Light = 
Tyres, lok. 104 teh 
Weg Carriage and Fence Stakes 
Sprine Steel Bars... 108! en EO 
SL ae aes 
a tings - 7 co 
in| — Taper, Split . 
Steel, High- ed for 
Tools ae 
‘Twist Drills, High- 


B923 





No. of 
Form. 


ve Plates 
Rods or Bara 112 | 


BrscaTubesfos Boilers 114 


re RS ys 
SteelPlatesforBoilers 116 
SteelRivetsforBoilers 116a 
Wheel, Centres, 


OILs, 
| Blended Rape for 
Lam 


119 | aps is 6 
Pure Rape for Colza 
| Mineral for Lam 

and 


| Splint... 
= | Coke, Foundry 


124 | 


Sectional Ordinary 
Steel Ferrules for 
Boiler Tubes “ 


Vacuum Brake MATERIAL. 
India-Rubber Dia- 
hragms 125 
Do. leeves oF 
Miniature 


For HAtr-YEAR FROM 
lst Aveust, 1911, 
196/ 7 3ist JaNvaRy, 1912, 


, Lead, &., Sampens 
127 Red Leads Ps 
Do. Rolie 


Lingeed Oil 
Rings, &. 128 Tallow and Palm Oil 163 
Forms of Tender can be obtained on payment of 6d. 
icore, Dublin, to. whow at the General 
3 to whom enquiries for 


The Tenders to to Any — sent in agen * Tender = 
Stores,” and addressed t eomenes 80 a8 
be with him before a orelock a.m., on Wednesday 


Sacks 
Do. Connecting 


- — including theodolite, the dumpy leve), 


THE BENGAL AND NORTH-WESTERN RAILW : \ 
> COMPANY, NY, Lanwes. 


The Directors are receive 


(['enders fo for “tho Supply and 


DELIVERY 
(t) DOG Ss Pi ices, 
(2) COPPER, TIN and LEAD, INGOTS, 
(3) RED and WHITE LE 
ions to be 


un 
“Tendera for Dog Spikes,” or as the case may |x 
are to be lodged not later than Noon, on Tuesda) 
the llth day of July, 1911. 
For each fication a fee of 10s. will be charged 
which cannot, under any circumstances, be returned. 
The Directors do not bind themselves to accep 
the lowest or any Tender. 
By Order of the Board, . 
meee IZAT, 
nD Director. 
237, Gresham House, Old Broad Street. 


London, E.C., 28th June, 1911. O11 





“ THE OALOUTTA ELECTRIC SUPPLY 
CORPORATION, LIMITED. 


COSSIPORE HIGH-TENSION SCHEME. 
The above Corporation are prepared to receive 


[lenders for the Supply, 


DELIVERY, and ERECTION at the site cf 
their Cossipore Station, Calcutta, of the following :-— 
frEciIFICATION No. 16.—AUXILIARY PLANT 

é a ee ee ORK, 

‘opics of 8 Specification, along with Drawings 
and Riera G Conditions, can be obtained on and ater 
Monday, the 3rd July, from the undersigned, on pay- 
ment of a fee of Two Guineas, which will be returned 
on receipt of a bona-fide Tender, or on the return cf 
all the documents, with a satisfactory exp'anation as 
to the Contractor’s inability to Tender. 

Tenders, which are to be written on the Forms at 
the end of the Specification, must be enc’oxd in 
sealed envelopes, endors:d on the outside ‘‘ Electric 
Plant, Tender to Specification 16,” and sent to the 
Secretary of the Calcutta Electric Ser, Co corpora. 
tion, Ltd., Salisbury House, London E.O., 
that they can be received by him before Ten o'clock 
on the 24th July. 

The Curperntian do not. bind themselves to accept 
the lowest or any Tender, and no allowarce whatever 
will be made for expenses incurred in the preparation 
of a Tender. 

The Specification and Drawings can be seen at the 
Office of Messrs, Kennepy & Jenkin, No. 17, Victoria 
Street, 8.W., but can only be obtained from the 


undersigned. 
FRANCIS R. REEVES, Secretary, 
The Calcutta Electric Supply Cor poration, Ltd., 
Salisbury House, on Wall, E.C. 
27th Senet 1911. B 958 








APPOINTMENTS OPEN. 
SECRETARY. 


THE OOUNOCIL OF THE NORTH-EAST COAST 
INSTITUTION OF ENGINEERS & SHIPBUILDERS, 
eng atin NEWCASTLE ON-TYNE, 


prepared to receive 
Ateioatons for the Position 


of SECRETARY to the Institution. 
spate: must be a gentleman of gbdod education 
ress, and of technical qualifications ; 
he on be required to devote the whole of his time 
to the duties of the office, unless otherwise arranged 
by the Council of the Institution. 
Personal canvassing will disqualify. 
Applications must be made on an official form, 
Sa with an addressed envelope, may be ot tained 
y written application only, to Messrs. R. W. and 
bd A, SISSON, Chartered Accountants, 13, Grey Street, 
Newcastle-on- “Tyne. 
Allapplications for the appointment must be receiv as 
on or before 15th August. B8 


abn A Assistant Engineer 


REQUIRED, for the Public Works 

Department of Southern Nigeria, for two 

tours each of 12 months’ residential service, with 

possible extension. Age between 25 and 40, preferably 

unmarried. Strict medical examination and vaccina- 
tion if necessary. 

Salary £300 a year, rising to £400 by annual irccre- 
ments of £20. Free single quarters provided at 
established stations. Free first-class passage out and 
home again on eatisfactory termination of engagement. 
Half salary on voyage out, full salary from date of 
arrival in the Colony. T«o monthg’ leave on full pay 
after 12 months’ tour, increased to four months if 
returning to the Colony, with full pay during voyage 
or Pst She and free passages. 

tes should have served their articles with 
a Member or an Assdciate Member of the Institute 
of Civil Engineers, or be possessed of a diploma from 
some recognised Engineer's Oollege, or have been 
engaged since completion of their articles on Public 
Works in a British Colony. They should be capable 
of d ing and onryies out buildings, besdges 
and © structures, of taking-out priced bills 
of eupatiiies and preparing detailed estimates, and 
sho have a knowledge of book-keeping and 
accounting. They should be competent to execuce 
surveys and take sections, and lay out and construct 
and be familiar with the use of surveying int tre ‘ 
rismatic compass and the box sextant. They should 
Love some knowledge of dock and harbour work, « 
of sanitary and water engineering. Preference ‘il 
be ere to Candidates who have served their artic!«s 
a Municipal or County Engineer, or who have 
been or are attached to the Special Reserve, Royal 
E eers, and have since completing thelr artic! les 
experience atoeaa prcterebly in a British Colc: 
Candidates must be of British parentage. : 
Application by setter pe special form required), 
62 | stating age, whether married or single, giving ‘u 
of experience, accompanied by copies of 
monials (not originals), with names and addresses 
of nee pol whom enquiries can be made a5 ‘0 
og and character, should be sent at on: et to 
CROWN AGENTS FOR THE COLONIES, 
Whitehall Gardens, London, 8. W. 
— M/4804 on jett-hand top comer of applicat 
advertisement contains all the informa'. 
available concerning the appointment. B 











esa pot ey of Railway Rolling 


Stock WANTED. About three months’ aor 
ment.— Address, —e experience and salary, € 
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June 30, 1911.] 


ENGIN 


EERING. 











fab A Stren Locomotive 


SUPEBINTENDENT REQUIRED for 
the Baro Kano Railway in North:rn Nigeria, 
fc tours each of 12 months’ residential servize 
\ ossible ex“ensio2. between 28 and 40, 
I ferably ———. St medical examination 
1d vaccination if necessary. 

‘alary £350 @ year rising to £400 by annual incre- 
» ents of £15. “Fres_ single quarters provided at 

tablished stations. Free first-class passage out and 

vme again on sat stactory termination of engagement. 

Ha f salary on voyage out, full salary from date of 

-_ ival in the Protectorate. Two ——. leave on 
| pay after 12 months tourincreased to four months 

: ‘returning to the Protectorate, with tall pay during 

yage or voyages and free 8. 

Candidates must have 4 a thorough general 
training in the shops of one — the leading allways 
in this Country, and have had experience in firing. 
Preference will be given toa man who has had charge 

a district and sts he ehed, hid shop and 
rianing experience, well up ia the routine 
work of @ railway office. ts ost have had 

-ood theoretical as well as practical t:aining. 

Application by letter (no special form couatnsibs 

tating age, Whether married or single, giviog full 
Pp particulars of eres nes by ies of 
tes timonials (not originals), with names and 

{ referees of whom enquiries can be mate as to capa- 
pilitiesand character, should be sent as soon as le 
t) the OROWN AGENTS FOR THE COLONIES, 
Whitehall Gardena, London, 8. W. 

Quote M/4849 on left-hand top corner of application. 
bene advertisement.contains all the information avail- 
ible concerning the appointment. 

COUNTY BOROUGH OF SUNDERLAND. 


THE TECHNICAL COLLEGE. 
Paincipat—V. A. MUNDELLA, M.A., B.fc. 


. * » . 
\ pplications are Invited for| — 
- the POSITION of ASSISTANT-LECTURER and 
DEMONSTRATOR in the Mathematics and Mechanics 
Department. Candidates must possess a University 
Degree, and have had laboratory and teaching 
experience. 
Salary, £150 annum, p»yable monthly. 
Selected cand.dates will be interviewed on Tuetday, 
22nd August, and the appoiatment will date from 
Ist September, 1911. 
App Nic »ations, together with copies of three recent 
test Thontale, must be received not later than Mon 
Bist July, by the undersigned, from whom further 
re articulars can be obtained. 
HERBERT REED, 
As, istant Olerk to ths Education Authority. 
Education Offic>, 
15, John Street, Sunderland. B 922 


CHARLES GRIFFIN & CO., LTD., 


PUBLISHERS. 





Fovurts Epition. 


STEEL SHIPS: Their 


exceptional praise.” — Engineer. 


Pp. i-xvi.+ 382. With 18 Plates and 237 other Illustrations, including 
59 Folding Diagrams. 183. ne‘. 


A Manual for Shipbuilders, Ship Superintendents, &c. 
By THOMAS WALTON, Naval Architect. 
‘So thorough and well written is every chapter in the book, that it is difficult to select any of them as being worthy of 


Construction and Strength. 





In Cloth. Pp. i-xli+224. Mlustrated. 7s, éd. net. 


THOMAS WALTON 
* We heartily recommend it.""—Steamship. 


PRESENT-DAY SHIPBUILDING, By | 


Exeventn Eprrion, Pp, i-xvi+863. 7s. 64. 
KNOW YOUR OWN SHIP. By 
THOMAS WALTON. 
* Of the highest value.”—Shipping World 


— Ss 
N*® val Architect be in 
Well-known Firm of Yacht 4 Launch 
Builders HAVE VACANOY 
Address’ BBS, Omioed of Emterasmrons raving ie 


Pepi —Wall-knowe Sia “of 





Manufacturers, HAVE VACANGY fortwo PUPIEN 
a 
to go Guns all departments, — Address, at 
neering Pupil.—V 
Ee te ot ox ni sr) ma 
So ee moderate qouatam. —- lisaieen. i: 








aa 
SITUATIONS WANTED. 








* Phe svendasd work =e this seaports: wget." 


Seconp Epimios. Revised. 7s. 6d. net. 


THE CALCULUS FOR ENGINEERS 
AND PHYSICISTS. Iatezration and Diff-ren- 
tiation. By Pro’. R. H. SMITH. 


By CLAUDE V. HILL, 





Experienced Draughtsman 
WANTED, at once, for general arrangement 
of heavy mill machinery, gas plants and convey ors.— 
Address, by letter, stating age, experience and salary 
required, B 971, Offices of ENGINEERING. B 971 


raughtsman Required — in 


consulting engineer’s office. Experience in 
chemical works and knowledge of French or German 
desirable. Oollege man } ohne fix months’ pro- 
visional engagement.— A 
and salary required, to Z. Z.-949, Messrs. Dgac-n’s, 
denhall Street, London. BS 








W. anted, Works Manager for 


motor re oper 10C0 hands. Applica- 
tions will only be considered from trsined technical 
nen who hold, or have held, a similar or assistant 
works manager's position in a fi st-class motor works. 
Saliry offered £500 per year.—Write, stating age and 
a pertionney of experience, to BOX 5915, WILLING's, 

Strand, WC. B 954 


W anted, Smart and 


thcroughly capable MANAGER for engi- 
neering works, Staffs., who has sufficient confidence 
in his abilities to take sole control and invest £1000.— 
Address, B 929, Offices of ENGINEERING. B 929 


W: anted, for South Africa, 


in a large peintiog establishment, a thoroughly 
capable and experienced ENGINEER, non-society, 
with a good all- ~round knowledge ot printing machinery. 
Must be capable of taking charge of 1* linoty; 
three or four monotypes, with which machines be 
mus; ba thoroughly conversant ; two or three years’ 
agreement and ‘g salary to’ thoroughly capable 
manu.—Addresa, stating age and full particulars of 
_ experience and salary, to E. M. T., care Mesare. 
EACON’S, Leadenhall Street, London. B 965 


Wanted, Smart Young En- 


gincer, to improve details of most valuable 
patent. Share of profit given on conditions.—Reply, 
o Kuicat & Co.,12, Abchurch Lane, E.C. B 960 


1D xperieneed Draughtsman, 
well up in practic 1 details of coai and coke 
r3 ao a ed work, REQUIRED for ewe 

“ ster office. State aye, experience and 8: 
re ired —Write BOX 695%, Wiriaye's, 125,  srang 
5 


D« aughtsman Required for|e 
North ot England; one with experience in 
tube boiler work and accessories, including 
Di work.—Address, stating age, experience, and 
fa'ar) required, B 964, Offices of Enctnmerine. B964 


Ch hief Draughtsman. _ Wanted, 


mmediately, a rit-olase MAN with a thoroughly 
exp knowledge of all classes of machinery for 
met:|\\ferous mines, and able to devign complete 
mining equipmentsof the largest size. Parties without 
th i 2wiedge meed not apply. — Address, giving 
particulars of experience, copies of testi- 
3, C 3, Offices of Exainerrixe. Cc 


™m 

\ anted, Immediately, One 
' or Two DRAUGHTSMEN, accustomed to 

c een'ng pliant. To those with ability and 

“ — ary Ab ea hy fp per week Wai be 

aid.~-Address, stating , full ex ence an te 

wi ble to start, B 049, Offices enna 


] ;raughteman Required, with 























acine experience ia erection of machinery with ll be given re 
ele driving thafticg, &c., for a new factory.— | MAN, quick and ecourate surveyor, accustomed. to shop and drawing office ; finally, a sible 
Add) os, stating age, experience, and salary acs? use of theodolite and level. Salary, £50 per annum.— ition will be offered ¢ to a suitab‘e youth. —Address, 
C® \ tices of ENGINEER. $ | Address, B.937, Offices of Exoinxertno. B 937 | B 916, Offices of Enoinsxrine. - B96 


3 | experience, 





r[Wwo Draughtsmen Wanted, 


for designing complete ranges cf lifting 
specialities on repetition lines under head designer. 
Gcoi prospects for applicants who are sufficientiy 
qualified to fill the poste. Replies must state full 
particulars of former and present work, age. salary 
and when at liberty. — Address, B 926, a ot 


ENGINgERING. 
anted, Assistant Chief 


DRAUGHTSMAN, to take charge of section 
in large drawing office in Midlands. Must have good 
ex erience in design of high-class Corliss ard drop 

ve engines, able to make all necessary calculations 
and superintend design under direction of chief. 
Experience with high-class pumping machinery will 
be a recommendation.— Address, stating age, experi- 
ence, salary expected, and when at liberty, BA 





Tump Eprrion. Revised. Pp. i-xv 4-366. With Eight Plates and 218 Illustrations. 21s. 


A MANUAL OF LOCOMOTIVE ENCINEERING 


By WILLIAM FRANK PETTIGREW, M.Inst. C.E. 


~Railway Mazazine, 


In Medium 8vo. Pp. ixx+313. With 366 Figures and 23 Tables. 25s. net. 


ELECTRIC CRANE CONSTRUCTION 


‘A valuable store of accumulated exporignes."- — Mectrivad Engineering. 


LONDON: CHARLES GRIFFIN & c0., Ltd., EXETER STREET, STRAND, wc, 
RE CRANE RE ERS GREE En ng gee neem 


ress, giving full particulars pass 
73 | 190). Apply, stating exp*rience fully and age, en- 


In Quarto, Boards, 7s. 6d. 


pS ASURERE ST CONVERSIONS 
English and French), 48 Graphic —— or 
| Diagrams, on 23 Plates By. Prot. R. H, SMITH. 


A.M. Inst. O.E,, M.1.E.E., &. 1543 


SUSSEX ASYLUM, HELLINGLY. 


Wanted, a Working Foreman 


earn ae a who must possess a eee 
practical knowledge of the repairs and upkeep of high- 
pressure steam boilers, low- -prefsure steam heating 
plant igh pints a steam engines, cocking plant, 
e:.y and steam fitting work generally. 

we bn we 7 nin: and —_ who must be married 
and about 35 years 0! es 9jd. per hour ; hours 
54 a week. Sucoessfa candi te must satistactor i'y 
subject to 
iperannuation Act, 





provisions of Swhane, Once fi 


ch 28 of pot m:re than three test'monials, to 
the R stbENT ENGINEER at the Asylum. 010 


LYoundry Foreman Wanted, 
capable of taking charge of bronze sepelter 

(and other large cartings) foundry ; must be Fook echnica' 
ard a good dizciplinarian, also a Six am. man.— 
pate 8, stating experience, age and salary, = oi, 
of Ena@inesrine. 943 











Jroreman for Crank ecnaes 
WANTED, only experienced men haviagpreviously 
held a similar pcsition need spply.—Address, statin 
age, experience and wage required, B 946, Off ces of | A 
ENGINEERING. Bi 946 


Cr Man Reguired in a 


large engineering firm to look after the filin 
emerge eh oP giving references, age, and ¢ lar 
required, B 921, Offices of Exemrernine. B21 











Offices cf ENGINEERING. 
Wanted, to 


| )raughtsm an 

des'gn centrifugal pumps of saemeal: siz3 on 
market; only those thoroughly accusto to this 
work need apply. ee stating age, expericnce, 
and salary exp 50, Offices of ENGINEERING. 


Tengnbeaeel, Experienced, 
WANTED immediately,for marine engiae works 
on North-East coast.— Address, stating age, experi- 
ence and wages required, B 951, Offices of ENGINEERING. 


W anted, forMidlands District, 


competent DRAUGHTSMAN for general rhe 
colliery work ; give full particulars and state ag — 
Address, B 941, Offices of ENGINEERING. B 941 


[)raughtsman W anted, ex- 


perienced in crane work, for large works near 
laagow. — ~ Address, stating sage, experience a’ — 
om ate B 934, Offices of Enenrsnuwwe. B 934 


hip Draughtsman.— Wanted, 


a Sow SHIP ae ior oy oe ed to 
vessels of | construction.— PP y, stating e 

encé, age, a salary required, J . SAMUEL WHITE 
anv OO., Lrv., East Cowes, I. of W. BSE 

















A @vertising Clerk Wanted. 


Must be thoroughly used to setting out bold 
technical advertisements, writing articles, circulars, 
Rats, &c., and attending to blocks, electros, and the 
ike.—Only those having previous experience need 
ad fress, B 965, Off B 066 


ontract and Shipping Clerk 


WANTED, for nsible posi:ion which muit be 
filled at once, near Londcn. Only emart men with geod 
pract'cal experience re heavy machinery need apply ; 
shorthand essential.—Address, stating age, experience 
and salary required, B 970, Offices of KNGINEERING, 


5 go Experienced: Costs 


CLEB K, accustomed to engire and boiler 
ngs. — Address, stating age, qualifications, and 
ier s required, B 919, Offices of Enomgxnine. B 919 


anted, Junior Cost Clerk, | a 


ices Of ENGINEBRING. 














a moderate salary. Good prospects for smart youth, 
Previous experience of modern costing systems on 
cards absolutely necessary. — Apply to WORKS 
MANAGER, Britis anp 7, aot. AFRorLane Co., 
Ltd., Filton’ Works, Bristol. B 963 





fstimating Draughtsman 

WANTED for steel, bridge, and ——— work, 

Bon. be fally — = ati — ho 
ation: 

icpenion ay anced wired. “FRANCIS MORTON 


axb CO., Lro., Garston, Liverpool 


Nood ‘Mechanical Draughts- 


MAN REQUIRED by a large firm of engineers 
in London,—A ran stating “ge, experience and 
salary required, B 920, Offices of EXGINEERING. B920 


anted, for a Railway 


di Ritabitagincee *soffice in the neighbourhood 
of Manchester, an Assistant JUNIOR DRAUGHTS- 





8 | and a suction gas 


* “BOROUGH OF BRAOKLEY. 


W anted, ac ompetent 


Working FITTER and ENGINE DRIVER to 
take charge of a Feed of horizontal pumping engines 
lant working deep weli pumps at 
the pa es aterworks. Commencing salary, 
353. a wee 


For pi rticulars, a 
pa oe Ba BARNES, 
Brackley, Northante. 


n Old- established - Engi- 


a in Yorkshire REQUIRE a Pre- 
mium APPRE TIOE. Full facilities 


Town Clerk. 
B 962 








|) aughtsman “Required for 

> , iiecollaaaoms armed in —z and electrical 
or State age, ired.— 

BY ‘Works bept, Rugby. ee C12 


\\ uted, Smart Draughtsmen 


; for electrie cranes and steel works plant ; 

mpr g positions to capable men. —Address, stating 

eae and salary required, B 986, Sate ~*~ 
GIS oR CY 








F ''st-class Draughtsman for 


- a nt coke-oren work and gas engineering ; 


se r ences ta to Silfow-oalivisy Lin, 3 Hou: | Apo 


Wieser in the Midlands, 
DRAUGHTSMAN with some knowledge of 


c20ki ces and laundry machinery.— 
B i, Scee of ENGINESRING. B 991 


W anted, a Smart Tracer, for 

constructional work, one able to make details 
t»instruction preferred. —Add 
ence and salary required, B 967, of ENGINGERING. 


Foreman. Moulder.— Wanted, 


cogtomnry. in the Midlands, employing about 100 
pa oe FOREMA N MOULDER used to dry me pee 
. None but ——- men ~ 


Applications s'‘ating pe 


steam 








stating age, experi- 








7 | required, to B 990, Offices of Susereunare. 





Epgineer and Manager of 
ht railways and tramways HAS 
VAOANOY OY for PUPIL or improver with come know- 
ledge of et eS oe venus either civil or mechanical.— 
BPHENS, L. & M. Railway, 

Tonbridge. Kent. 47 


A rticled Pupil.—County 
Artisea PUPIL. has VACANOY in his offices FOR 
B 936 


Vacancy y for Premium Papil 


to learn mechanical Personal tlt practical gy 4 








well up ‘in card system; ; willing to start at engin 


A Gentleman, whohassplendid 


opportunity for hmrenins poe orders for general 
inotaliations requiring internal combustion engines, 
worke, retigersting plants, mills, So, OFFERS i 

plants, mills, &., O 

SERVIGES cs Lootion Mt er to FIRMS who wish 
to increase their op tee and rict business. Latest 
methods of commercial routine as wel! as thorough 
practical “~~ of buildin; ding engines and suction 


ts, modern sh foundry practice, — 
Radtees, B07. 0 Offices of RERING. ei B 917 


Aen havirig just 


terminated a long and important ement 


tative and of 
omc ie, DESIRES a rempoucibte ¢ PO TION in'Emgiand, 


such as manager of a foreign department or London 

office, veers Be his special keowledge would be of use. 

Varied. engi wallasat con at good office 

and nt oe a a tor, can produce proofs of 

successfully eapotiabed most important Governmen’ 
~ ts, pe ; & gly arranging with = 

getting w of ca agent a arran econom 

= 4 x Sar Address, B 928, Offices of Wromamamwe. 


(“thief Eng ineer (30) ‘Requires 


APPOINT cor home or abroad. First-class 

B. of T. certificate. Beven years’ engineering works, 

home and abroad, construction and operative. Three 

Bpeak yt Ad easeps nrgeor onseh pagiitons 
8 ou Seceeys ge or em 

loncludes contract abroad this month.—Address, 

B 754, Offices of Enonmnaine. B 764 


(jhemical Engineer (29), 


honours p eoctthantes, 1l years’ practical oe 

énc2 of chemical works and general engineering, 
pest in development of new process and design! 1 
mont all now under his eole supervision, WOULD 
NTERTAIN an offer of larger WORKS MANAGER- 
SHIP needing special qualifications. Particulars of 
personal qualitics, and record of work done and com: 
mercial experience gained, would be well corroborated, 
Address, ! B 899, Offices of Exouzxnine, B 890 














ngineer, recently Managing 


Director of large wo: ks in Midlands, offices and 
warehouce in London, turning over £100,000 per 
anpum, is OPEN to active DIREOTORSHIP in good 
FIRM ; quali for works and commercial manege- 
ment, or negotiating contracts and outside work,— 

Address, B 924, Offices of ENGINEERING. B 0m 


A Avertiser Requires Position, 
assistant works manager; good beontetes 


f | appliances for rapid and accurate production ; good 
organiser. —Address, B 992, Offices of ENGUtRMRING. 


ngineer, Experienced, who 
has been chief draughteman and works nv 
in a large marine engine and boiler works, and wha 
also has experience in | tive and 
neering, including buildings having steel prt 
and crane girders, and all clases <f up-to-date 
ma: hine tools, cranes and hoists, and hydraulic and 
either steam, internal combus- 
tion, or electric-driven, for rapidly ‘and cheaply pro- 
ducing high-class work, is 
OPEN TO ENGAGEMENT 
in above capacity ; or is open to represent = a 
home or colonial engine:ring firm, in arrangi 
inspecting, and forwarding machines and cnaberial 
of any description most suitable for given work,— 
Addris3, B 979, Offices of Exaivemnine. B79 


Eagineer (32) Seeks Position 
in co ch of ste t. 
od all- aes | ah an gt Pag ye it 
nes; deep well pumps, electric, refrigeration, 
drawing office ; lst class B. of T. certificate, — . pat 
86, Walaworth Road, Hitchin. Herta. 


A2 A.M.LC.E. (B.0.T, first- 


class) SEEKS for an APPOINTMENT abroad, 
Wide experience in cor! tructional and marine engi- 
neering, both abroad and in Great Britain. Used 
to the controling of men.—Addrees, B 940, Offices 
ENGINEERING. B 940 


f4%o ~—Consultin ngineers, 


Contractors, &c.—A DV: i. th ten years’ 
electrical and mechanical oir hart, technical train- 
ing. DESIRES ENG AGEMENT, having just given up 
usiness; moderate salary ‘tor permanency 

prospects; interview in London.at own expente.— 
ENGISEER, 8, Epsom Roed, Croydon. B ese 


arine Electrical Engineer 


(83), B.o.T. certificate, 10 years’ experience 
ttation lay-out, specifcations, erectien, economical 
maragement,H, ‘T.electrical plant, cemahnes ae, 
water. tube boilers, DESIRES OHANGE.—B 983, Offices 
of EXGUNRRRING. B 988 


Yolonial Governments or Com- 


—- —Railway Evgineer (maintenance or c*m- 
strocton fully experienced, with bighest testimonials, 
SEEKS 1GAGEMENT. —B968,Officesof Exeinemnne. 




















Engineer (32), First-class 
B.o.T., DESIRES POSITION of reopeneeny. 
£3 per week. Addre:s, B 975, of EXGiInzERiwe 


Situations Wanted continued on page 94, 


For Continuation of Small 
Advertisements see Pages 94 

















pad ove a jon, — Address, B 960, 
B 950 


and 95. 


4 
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the British Oxygen Company, Ld 
— IN LONDON, et pate OARDIFP, 
and | GLASGOW. ore far 
j Waiginn ood, Cutting f Rrcene #7 
For Full Particulars apply to the COMPANY, at 
ELVERTON STREET, WESTMINSTER, 8.W. 


“Telegrams : “ METALADOS.” Cables : ROBHUNT. 


BRITISH BUREAU. 


ROBERT W. HUNT & CO., Engineers, Norfolk House, Cannon St., B.C. 


INSPECTION anp TESTS oF RAILS anv FASTENINGS, STRUCTURAL 


MATERIAL, BILLETS, PIG IRON, AXLES, CARS, MACHINERY, &c., &o. 
JOHN J. CONE, Resident Partner. 


Phone: 5570, BANK. 


W. L. COOPER, Manager. 1655 


American Offices :—Chicago, New York, Picture, 8s San Francisco, Montreal, St. Louis. 





BULL'S METAL & MELLOID CO. 


YORER, agar a CLAsaow. 
BULL'S METAL—Pr 


By ag oe: 


gs os Tu 
and 
WHITE 


LEECH, 
COODALLCO. 


FOR 


CONVEYING PLANTS. 


Works and Head Office :~ 


HUNSLET, LHHDS 


Shee 
Hiv * Babbitt, Plastic, &. 














1892 





























CONTINUOUS 
DRYERS, DIGESTORS, 


P RESSES For 


Fish and Offal, 
Slaughterhouse Oftfal, etc. 


DRYERS For All 
Animal, Mineral and 
Vegetable Material. 


AMERICAN PROCESS CO., 
NBW YORK CITY, 
1778 U.S.A. 





Catalog “ E.” 














AUTOMATIC. Mechanical LUBRICATION. 
Octopus’ a 


Beartnas. 
pestis mageieties. 


Measures the Oil. ‘| 


bs Rex” 


IMPROVED “ MOLLERUP” 


FORGE LUBRICATOR 
for CYLINDERS, &. 


Regular and certain feed. 
Great economy of oil. 
Easily filled. 

Suits any oil, oil. 6320 


\ Bani B. Yea R. Vickers and 


Sons, 
LEEDS. 








To Colliery Owners. 


SHAFT FREEZING Co, Lro, 


11, IRonmoNGER Lang, 


Lonpon, ENcLanp, 
Working in Association with the 


Tief bau & Kalteindustrie 
Aktiengesellschatt 


"Gebhardt & Koenig, 


of Nordhausen, Germany, 


Undertakes the best and vt rented 
Sinking Shafts and Tunnels and Mirkne 
constructionin Lore yer heavily Bhinaoe | 
grouse means of Gebhardt & Koenig's 

reezing under guarantee of Suc- 





W. Gunther & Sons, Central Works, Oldham. 


CENTRIFUGAL 


ALEX. FINDLAY @ CO., Ltd., 


Steel Roof and Bridge Bullders, MOTHERWELL, N.B. 


Structural Engineers, . . 


Contractors for all the Main aids for the FRANCO-BRITISH EXHIBITION, 
LONDON, 1908, covering a total area of 560,000 square feet; also for 
the Grand Stadium, area 200,000 square feet. 
Aut Kinpos OF Street. StrucTURES DESIGNED AND EXEOUTED. 
SPECIALITY :—HYDRAULIO PRESSED STEEL TROUGH FLOOR G 
Head Office . > MOTHERWELL, N.B. 
London Office - 9, VICTORIA STREET, pee 
TELEGRAMS : “FINDLAY, “ PARKNEUK, LONDON.” 


JENKINS '96 SHEETING 


will pack the most uneven surface, making ab- 
solutely leakless, pager joints. The pressure 
and heat cause the pack king to vuleanize, fill up 
inequalities of surface, afford a perfect fit. 
It is easily and quickly applied in either hot 
or eold joints. 


The Genuine bears our Trade Mark. 


JINEINS BROS., Ltd., 


95, Queen Victoria Street, | St. Remi Street, & Acorn Avenue, 
LONDON, E.C. MONTREAL, CANADA. 


MOTHERWELL.” 








1757 


OXY-ACETYLENE WELDING 


BY THE LOW PRESSURE SYSTEM. 


SAVE 600 Per GENT. 


For full particulars and prices of ATOZ WELDING & CUTTING PLANT, 
APPLY TO THE SOLE MAKERS, 


THE ACETYLENE CORPORATION LTD., 


49, VICTORIA STREET, WESTMINSTER. 1290 
Write for Prices of FINEST QUALITY CARBIDE for WELDING. 























THE 
“GRIP” 
(PATENTED). is absolutely the 


Safest, Cheapest, and Most. Flexible 


BELT FASTENER. 


W. E. BOOSEY & CO., 
Those: un, smixrox, 60, Water Lane, LONDON, S.W. 











o 





J.&E. HALL Lrp., 


Makers of CO, and NH, 


REFRIGERATING 
MAGHINES. 


10, St. Swrram’s Laws, Lonvon, E.O., and 
Danrrrorp Irnowworas, Kur. 1651 


OTIS 
ELEVATORS 


4, Queen Victoria St., London, B.C. 


Ransome-verMehr Machinery Co., 
505, CAXTON HOUSE, LONDON, S.W. 
HAND AND POWER MIXERS FOR CONGRETE AND 
OTHER MATERIALS. STEEL SHEET PILING. 
AUTOMATIC SKIPS For EXCAVATION & GONGRETE. 


See Displayed Advertisement alternate weeks, 1715 


JAMES BENNIE & SONS, 


Cardonald, near GLASGOW, 


MACHINE TOOLS, 


for Shipyards, Boiler Shops, Bridge and Roof 
Works, alwaysinstockorin progress. 1348 
See illustrated Advertisement in last week’s igsue. 


“SIMPLEX” 
TENS PUMPS 














HORIZONTAL & VERTICAL TYPES. 
Positive Action. Moderate Prices. 
MOST SIZES READY IN STOCK. 


T. TOWARD & CO., LTD., 


9, Ouseburn, NEWCASTLE-ON-TYNE. 9606 


(Jovernors 


(PIOKERING TYPE), and with 
* SMITH'S” PATENT KNOCK-OFF CEAR. 


m. Simple. . Efficient. 
Jockey Pulley abandoned. 








from any cause. 


Bole Licensees and Makers:— 


am», Pollock, Macnab & Highgate, 


SHETTLESTON, 1379 
) GrASGow . 


BRISTOL'S RECORDING 
PRESSURE & VACUUM GAUGES | 





For Steam; Gas, Air, Water and Vacuum. 


Switchboard and Portable, with 8in. and 12 im, Dials. ~ 


New Round Form, 6 in. and 8 in. Recorders, 
Recording Water Level ’ 
Se eee oa ee : 
Recording Gauges for Hydraulic Presses, &c, 


THE MOST COMPLETE LINE OF aang 
IN THE WORLD. 


jJ.W.2C.J. PHILLIPS, | 


£3, COLLEGE HILL, CANNON STREET, 
LONDON, B.c. 
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bbott & Co. (Newark), Lid. ts 
v7 Corperation, Ltd. 


Bullivant & Co., Ltd. 





RUSU3SE ‘edilesntll 


822 


SSSke 


Bo BR- 


~ 
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® BeeeaneEs Km alte’ 


~ 
rer a) 


British Niclausse Boiler Co., 
Ltd 
British Oxygen Co., Lid 


British ties, I 
British Steel Piling Co. .. 


NOW READY.—The APRIL EDITION of The Classified Directory of Ourrent Advertisements tn ENGINEERING, with o List of Teleataphic Addresses, &o., &0., to 


TH 


SOOT & ASHES 


should never be al- 
lowed to accumulate. 
Work the RAMONEUR 
daily for a fewminutes 
and your Tubes will 
be constantly clean. 


., Led. 
Staby seam 6 7" 


Buck & Hickman, Ltd. .. 
Buckton, eann,S Se. 4. 


“ee & Valve 


HSBSFSRER-Z 


Be-8 8 
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90 | Grieve, John, 


ef 
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ich, 
Findlay, Alex., & Co. Ltd. 
Firth, T., & Sons, Ltd. 1 & 36 
Fleming & Ferguson, Ltd. 
Flender Company, The t 
Fraser, Douglas & Sons, Lid. 
Fraser & Chalmers, Ltd. .. 1 
Fry, Ernest Bickersteth . 

dy Belt Mig. Co., Ltd. 


26 
Goodehila, ros w. ‘a Partner 86 
Grafton & Co. 1 


4 
8 Grantham Boiler &OrankOo. 94 | J 


Graphite Products, Ltd. .. 20 
Greaves, Bull & Lakin, Ltd. 93 
Greene, Tweed & Co... .. 13 
Greenwood & Batley, Ltd. 8 
Grice, Grice & Son, Ltd. .. 88 
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eo, 





»& 
Orenstein & Koppel .. 
Otis Elevator Co... 

w. x. £00. 
Parkinson, J., & Bon. ° 
Paterson terson Eng. Co., Lta. 
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Holuresk & ee 
Howell & Co., Ltd. ee ee 
Htibner & Mayer . oe ee 
Hudson, Thomas, Ltd. 
egy Clarke &Co., Ltd. 
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i —— Eng. Co. , Ltd. 
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yy Mi ee 
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Smit, 
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same, in compact book form for handy reference, may now be obtained gratis from the Publisher. 





NO WET STEAM in the 
It is perfectly 


process. 


“WILLCOX-RAMONEUR” 


THE \wearene RAMONEUR 


FOR REMOVING SOOT & ASHES © 


HOT. AIR 
IMPELLED TUBE 


TUBE CLEANING 
APPARATUS 


Schema 
ean’ 
a & Mountain, 


Sellers, William, & Oo. 
Shaft 


Bimplex + PN ia. 
© Strickland & Oo., 


Sirius ‘Autogenous WorksCo, 
8 bef & Co., Ltd. 


& Zoon ’. 
Smith Bros. & Co. (Hiyeon), 


Smith Bros. & Hili Lia. ». 
Smith, 8., & Sons, 


Ltd. 


— = 


ADOPTED by THE ADMIRALTY, 


suosadscussxrsneacsse® 


’ 
5 
- 








Watkins, Stephen, fon and 
~ eg 


Bees ae seas.es ~ SUSS2-8.2-9 22238882 


Weir, G. & J., Ltd. 
Weldien Stack Tube Oo., la. 





“ 
+ 
- 
$ 

- 
ie? 
2 
§ 
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CLEANING APPARATUS 


and you will have 


FIRE TUBES 
thoroughly 


cleaned — quickly, 
satisfactorily and 
without ; damage. 





and MANY LARGE ENGINEERS, 
RAILWAYS, and STEAM POWER 


USERS. 


GHORGE! EIL.L.1IOT & SoO., As 


MANUFACTURERS OF PATENT 


LOCKED WIRE ROPES AND LANC’S LAY WIRE ROPES, 


And ether Wire Ropes for Mines, Cranes, Lightning Conductors, Hawsers, &c. 


OFFICE: 16, GREAT GEORGE STREET, WESTMINSTER, LONDON. 





519 


LOCKED COIL secideeieieianatiadl 


H4esesees..ee- cae 


~B8EBSZe- 


SSBte SSSet8I2-S.~ 


Bol SUSE. 8822 





PR. JACKSON « Co., 


MAN CHES TI Ei EF. 


)GHESTER, 


GEARING un STEEL, IRON AND OTHER METALS, &c. 


BREAKDOWN AND REPAIR WORK. 


ELECTRICAL ENGINEERS: 
RAMSBOTTOM PISTON RING6 AND PISTONS. 


MACHINE-MOULDED OR MACHINE-CUT UP TO 30 FT. DIAMETER. 
As Makers of both STEEL and IRON CASTINGS, FORGINGS, &c., we can deal 


very promptly with 


PULLEYS, SHAFTING, FIXINGS, &c. 
STEEL CASTINGS AND FORGINGS. 


SIEMENS-ACID PROCESS. 


DYNAMOS, Morors, &e. 


TYRE ROLLING MILLS AND COMPLETE PLANT FOR TYRE MAKING. 





6 ENGINEERING. (June 36, tort. 


A. RANSOME & CO., L™ NEWARK-ON-TRENT, 


ZNGLAND, 


MANUFACTURERS vs WOOD-WORKING MACHINERY. 


Telegraphic Addresses— 
RANSOME, NEWARK. 








LONDON OFFICE— 


RANSOME, LONDON. | S ee ee | (63, QUEEN VICTORIA ST., E.c. 








RANSOME’S Patent HORIZONTAL ae pe ener <> ee b . _- These Machines are made in 


71\\N a RO a Four Sizes to take logs 
LOG BAND SAW C ) - eae EN oF es '| up to 6ft. in diameter, and are 
is by far THE MOST RAPID, a eee 


of the World. 
ACCURATE and ECONOMICAL Between 30 and 40 of them can 


Log-Sawing Machine IN THE | be seen in operation in some 
WORLD, and is free & of the leading 
from unnecessary complications.' |i Timber Yards in this Country. 


RANSOME'S PATENT LOG BAND SAW will do as much work as a VERTICAL LOG FRAME, 


RACK CIRCULAR SAW BENCH and RECIPROCATING FRAME COMBINED, economizing more 
than half the power, floor space, and labour required to work the above three machines. 














WRITE TO DEPT. ‘‘D’’ FOR PAMPHLET DESCRIBING THIS MACHINE, WITH TESTIMONIALS, POST FREE ON APPLICATION. 


SOLE MAKERS OF RANSOME’S PATENT TESTED 
BALL BEARINGS FOR ALL PURPOSES. 


“WOODITE” WORKS, MITCHAM COMMON, SURREY. 


NOTICE to ENG OTHERS.—“WOODITE” articles can now be obtained with the utmost despa’ 3 “WOODITE” has stood the severest 
testfor six years. No at in existence eas —_ ° Pras, mmm Steam or berm , hey. and other appliances ; has stood every test up to 40,000 volte for 1/8 in. sheet, wit without breaking down, by the London Electric 
Light Corporation and others. Rem “U "Hat Joint and Packing Rings, Pump Cups, Gaskets, Manholes, Valves, She Sheet and ad pre 4 Goods which have hitherto been manufactured in India Ru ber, er =. can 


on WE NARS, STANPS, BRANDING IRONS 


ak of Letter and ecu Punches, Seals, Embossing 
Presses and Dies, Brass Name Plates, Stencil Plates, 
Moulders’ Letters and Figures. 


TIME CHECKS. BRASS LABELS. 





























JOHN J. GRIFFIN & SONS, Ltd., “CinGsway; LONDON, W.C, 


PYROMETERS. 


SOLE AGENTS FOR 1730 


HERAEUS THERMO-COUPLES. 


EXPERIMENTAL ELECTRIC FURNACES. EDW ARD PRY OR & s ge @ 


Brands ‘““N™ and “ NB.” 
for tools which must be capable of resisting to a high degree the effects 
of pressure and blows, and at the same time possess a great toughness, 
such as Chisels, Snag-Rivetting Tools, Punches, &c, 
Tools made from this Steel have a much longer life, ' - 
and are capable of doing many times more work es 
than similar tools made of the ordinary tool steel. a 


Telephone: 4100 and 4101 CENTRAL 


THE POLD!I STEEL WORKS, NAPIER STREET, SHEFFIELD. Telegrams: POLDISTEEL, SHEFFIELD 


ier Gas Gama! Cotes Cae Cote Cee etc Gee See 
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GOLD DREDGERS 



















HOPPER BARGES, ELEVATING FERRY STEAMERS, TUGS, &c. 
Phoenix Works, PAISLEY, N.B. Established 1878. 


JAMES FAIRLEY & SONS °° ecoee:” 
General Steel Méruamciarers, end Seas Tk ae 
FAIRLEY’S SELF-HARDENING TOOL STEEL, for | Heavy Cuts at High Speeds. 


Is considered HARDEST and TOUGHEST Steel yet made oe S Cheapest in Small samples free to ons buyers. 

worn Jaume FAIRLEY & SONG" ’ WORKS (Bramall Lane, SHEFFIELD, and seat ke Force ania Rolling Milla BORMINGIEAM) are merely Breneh oe -.: 
BS All Communications should be addressed to the Head Oficse—OLD MINT, SHADWELL STREET, BIRMINGHAM. 1718 

———_] 


DYNAMO anp MOTOR 
17, Water Lane, Gt. Tower St., London, E.C. DIFFERENT QUALITIES OM APPLIOATION. ons 


in Carbon, Metal, Combined Metal and Carbon, 
FOR ALL TYPES OF ELECTRICAL MACHINES. 

Has been fitted in 4230 Vessels. 21 Ships are having it installed now. 
IN ACTUAL SERVICE IT HAS REDUCED THE COAL CONSUMPTION && TO <8@© PER CENT. 
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For Full Particulars apply to— 


SCHMIDT'S SUPERHEATING CO. (I9I0), LTD. (Marine Dept.), 28, Victoria Street, Westminster, S.W. 


ORENSTEIN & KOPPEL- 
ARTHUR KOPPEL «mateamateny 


27, Clements Lane, Lombard Street, 
Telegrams: enue, $724, 
“guepaal London. LONDON, E.C, "phones out aan 


MAKERS OF 


Locomotives 


ne é and Railway Material of every description. 


“ Locomotive with Flexible Wheel Base. Ps 
- Buiit for a High Capacity Narrow Gauge Mineral Line. 1910 OUTPUT—680 LOCOMOTIVES. 


UNIVERSAL JOIST STEEL SHEET PILING. 


Used by the British and Colonial 
Governments, and all leading 
Contractors at home and abroad. 






































For Caferdains Retaining Walls, 
Harbour Works, Docks, Bridges, 
Sea Walls, &c., &e. 
Cheaper and better than timber. - - 
Send for Catalogues, or write 
us your requirements and we 
will quote specially. 


Easily Driven and Withdrawn. 


Can be used repeatedly, and 
has high salvage value. 


THE BRITISH STEEL PILING COMPANY, ‘ccnson's'c” 
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“ @Hitton” Three-Phase Motor in Textile Factory, 


“@aitton MOTORS 


A.C. and D.C. OF ALL POWERS. 
FOR THE INDIVIDUAL DRIVE OF MACHINERY OF EVERY 
DESCRIPTION. 


% Write for Latest Lists and Particulars. Post free on request. 








c=)’ THE GENERAL ELECTRIC C0., Ltd., 
Head Office : 67, Queen Victoria 8t., London, E.C. 
Seances {Manche Bicmingha, Glagor Cari, 












































nt | 
HIGH-sPHBD 


‘Shaping Machines. 


> .*. « 













1248N., 181N., AND 24 in. STROKE. 


omelet & BATLEY, Lid, 


LenwpPs. 
| 1 \\ 
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CrossBy SPECIALITIES. 


SEE ADVERTISEMENT NEXT WEEK. 


CROSBY STEAM GAGE & Ta 3 co.,"*” QUEEN VicToria Sr., 


LONDON, E.C. 
1206 








! 








AVOID OLD-FASHIONED SHOP STEPS 
AND ADOPT HEATHMAN’S LATEST INVENTION 


“ITILITI” FOLDING PLATFORM STEPS 


with comfortable foot rest and projection rails having table for pail or 
tools; FOLDS UP QUITE FLAT extremely light weight, great 
strength, best for all indoor and outdoor shop or house requirements, 

















Sft.high. O9ft. high. 10ft. high. 11ft.high. 12ft.high. 13ft. high. 14 ft. high, 
11/6 12/9 14/0 15/6 17/6 20/6 23/0 
12/6 14/0 15/6 17/3 19/6 22/9 26/0 

Carriage paid from 


HEATHMAN’S Lapber FACTORY 


PARSON’S GREEN, FULHAM, LONDON, 58.W. 


Sale Shops also at—2, Enprit Srreet, Lone Acrz, W.C. 
7, PENTONVILLE Roap, ANGEL, IstineTON, N. 


Cowal AR Ps of 
“Connanss® 


aso VACUUM PUMPS °?ate 


PATENT.) 
Belt, Rope, Motor or Independently Steam Driven, as illustrated. 


TO SUIT ROOM 
FIR WOOD 
HARD WOOD 








1870 




























Simple, a, No 
Economical : B Bucket 
Reliable. Valves, 
ml 
| ! j 
Will Draw 1 Working 
its own Parts 
Injection Easily 
Water. Accessible. 





$8. STOTT & Og 


ENGINEERS, 
HASLINGDEN, Ai 


1878 Near Manchester. 


Scot MCs 
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\ anuee PEEBLES & CO.,LTD. til 


ENGINEERS, 
EDINBURCH. 


LONDON: MANCHESTER: 


Hastings House, 
Norfolk Street, 
Strand, W.C. 


30, Cross Street, 





~ 42 ~ palit = pe ¢ a a wae TO 


Peebles 2500 HP. 
Slip Ring Induction Motor. 





Pamphlet No, 22 
gives particulars of 


} Send for a Copy. 


1799 


these machines, 












































The Mason. 
Reducing Valve 


STEAM, WATER & AIR. 


This Valve is designed to reduce and main- 
tain an even steam or air pressure, regardless 
of the initial pressure. It will automatically re- 
duce boiler pressure for es aang coils, 
dry-rooms, paper-making machinery, slashers, 
dye-kettles, and all places where it is desirable 
to use lower pressure than that of the boiler, 


25,000 


Of these Valves are in use on the Railroads of the United oe 
SEND FOR CATALOGUE. 
The Mason mo Co., Boston, U.9 U. 8, A. 
bp ber mg 
Meg, aS Renan 

















147, Queen Victoria Stree 
SYDNEY: 74, (anon A 















a 


WROUGHT IRON 


PULLEYS 


ARTHUR G. BARRETT & CO., 


Telephone : THE FORGE, 
4565/6. BRADFORD. 1516 





Strongest 
and 
Best 

Finished, 
































Telegrams : 
“ FORG E. ” 




















WITTING'S 
H.B.PUMP _— 





XA VMrlve. 





Chea: 
24. Baq.in. 
































Can be fitted to any existing pump without alterations. 
Work noiselessly and reliably. 
Ensure increased speed and efficiency. 


We supply free on trial. 


WITTING BROS., LTD., 


49, Cannon Street, LONDON, E.C. 17 











ALFRED PHILLIPS «CO. 


ATLAS WORKS, 


TiIrPToN. 
CHAINS 


Speciality :— 


SLINGS 


of all types. 


HOOKS, SHACKLES, SWIVELS, 
WACON COUPLINGS, STRETCHING SCREWS. 


Reasonable Prices, Prompt Delivery. 


Over 30 years’ Practical Experience, 
ASE FOR LIST BH 8. 1820 


High-class 

















-FREDK BRABY«C° on 


FITZROY WORKS: 
35210364 EUSTON R? qh 
LONDON 


ist 4s 


WROUGHT-IRON PLATE WORK OF ALMOST EVERY DESCRIPTION 





GALVANIZED OR UNGALVANIZED, UNDERTAKEN. 188 
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MANUFACTURERS 


oF 


Engines supplied 
for STERN WHEEL 
or PADDLE 
LIGHT DRAFT 

BOATS. 





Various Designs in 


LAUNCH 
BOILERS. 


OATALOGUE 


ON 
APPLICATION. 


MAN & CO., Limited, 


KING’S LYNN, ENGLAND. 1915 





A. DOD 








Genuine 


Carborundum 
Wheels. 


THE MAN BEHIND 
THE MACHINE 
IS WORTH MORE 
THAN THE 
MACHINE ITSELF. 


SRRRESL 
Rea. TRADE MARK. Se 
PA “Wig 
Ke = 


S 
Ay 
(7) 
ay 
fan | 
~w 
x 
i = 











Carborundum Grinding Wheels increase the efficiency of the 
man—enable him to do more work and better work in a 
day than he could do with any other grinding wheel—thus 
materially decreasing cost of production. 


Carborundum Wheels also last more days before wearing out—thus . 


materially decreasing operating expense. 
Let us give you figures on your particular line of grinding. 1725 


THE CARBORUNDUM CO., Ltd., 


(PATENTS 


PORTABLE DRILL “.., 


DRILLS HOLES UP TO i in., IN PIPES, FLANGES, JOISTS, RAILS, 
&PLATES, Erc., WITHOUT THE USE OF ANY EXTRA ATTACHMENTS. 


TOTAL WEIGHT 28 lbs. 
HEIGHT 10”. FEED 3”, 


FITTED WITH ROTARY AND 
RATCHET MOTION. 


BALL BEARINGS . . 
AND RATCHET FEED. 


MADE ENTIRELY OF STEEL. 


ee 











Telephone—10317, CENTRAL. 
Telegrams—‘' ALEXENGO,” LONDON. 


| Alexander Eng. Co. 


214-216, GOSWELL ROAD, 
LONDON. 629 
Contractors to H. M. Government. 
Portable Vices, Forges, Shapers. 
Portable Slotters, Keyway-Cutters. 
Portable Punches and Shears, etc. 


BROWN BROS. & CO., Lto. 


Rosebank fronworks, EDINBURGH; N.B. 


TELEGRAMS : TELEPHONE : Copzs UsEp: 
HYDRAULIO, EDINBURGH. 16 CENTRAL. ABO, 6rn Epirion, 


ORIGINAL PATENTEES AND MAKERS OF THE 


TELEMOTOR. .. 
STEAM TILLER & RAPSON SLIDE 


STEERING GEARS. .. 
(STEAM, HYDRAULIC & ELECTRICAL. 














TELEMOTOR DIRECT 
HELM ACTING 
SIGNAL REVERSING 
GEARS. ENGINES. 
SPECIAL HYDRAULIC 
STEERING MACHINERY 
GEARS FOR 
FOR SHIPS, 
SUBMARINES. &c. 





1818 





PATENT TELEMOTOR, ADMIRALTY STANDARD TYPE 


$$  —____—_—_ 


A.eW.DALGLISH, 


WEST OF 
SCOTLAND BOILER 
WORKS 


Poliokshaws, 


CLASCOW. 


MARINE, 
DRYBACK, 
LOCOMOTIVE and 
MULTITUBULAR 

BOILERS. 











st aan 


TELEGRAMS : 
Evaporate, 

Po wes. 
Cop : 
ABC 


5th 
Edition. 















ALL SIZES. 
100 —-—— 


MADE BY THE 
MOST 
IMPROVED 





29, Clifton St., Finshury Square, LONDON, E.C. 






MACHINERY 
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SPECIALITY :—Patent Double-Header Wrought Steel 
VAUGHTONS [24] sTEAM SUPERHEATERS 
LIVERY St Bl NGHAM For Lancashire, — oe bn Jb -- ES Wesson Boilers, 





METALSMALL PARTS 


STAMPED PRESS : WORK 
IN BRASS. COPPER. ALUMINIUM. 
GERMAN SILVER. PHOSPHOR BRONZE “ 
& MILD STEEL. 
LETTER CUTTERS ENGRAVERS. 
NAME PLATES. 





British Made. 
— Independent 
SF. > 4-Jaw Chucks. 
mere 19 Reversible Jaws 
me & Solid Bodies. 
“Screws have Double 
Thrust Bearings. 
‘aw 10" size and upwards. 
in., 6in., 8in., 9in., 10in., 12in., 
i4in., 16in., 18in., 20in., $2in. & 24{n. dia. 
Price Lists and Discounts on application. 
Manufactured by: ON ADMIRALTY LIST. 


F. PRATT & CO., LTD., 
Eagle Iron Works, HALIFAX, England. 
London Office: 7, Laurence Pountney Hill, E.O. 


On Admiralty List 


BODLEY BROS. & Go. 


Stock Sizes: 





Engineers, Millwrights, Boiler Makers, and 
Iron and Brass Founders. 


OLD QUAY FOUNDRY, EXETER. 


—s 
(II) 


mL 






SPUR, BEVEL, 
MITRE, MORTICE, 


WORM WHEELS 


Machine Moulded. 
ALSO 


TEETH CUT TO SHAPE 


By special machinery. 


Telegraphic Address— 1601 
Bopigy, Exersr. 


ESTABLISHED 1790. 








Just Introduced. 
THE 


“PARAGON” 
VERTICAL 
DRAWING 
- APPARATUS 


R= (Patent No. 22803/08), 
Absolutely the only scientifically 
constructed Vertical Drawing 
Apparatus on the market. 


IT 1S UMIQUET 
IT 18 COMPACT I 
IT 18 PERFECT! 











Full Particulars on Application. 


A. 6. THORNTON, Lm, 


Practical Manufacturers 
Drawing and Surveying Instruments, 


28, King St. West, MANCHESTER. 











NO LARGE JOINTS. NO STUDDED JOINTS. EACH TUBE ACCESSIBLE WITHOUT 
DISTURBING INSTALLATION. LEAKAGE IMPOSSIBLE. 


This Superheater has stood the test of many years, superseding all other designs. 
LARCE ECONOMY IN FUEL. POWER PLANT EFFICIENCY INCREASED. 
Also makers of Feed Water Heaters. Fuel Economisers and Evaporators of all descriptions. 
ESTIMATES AND FULL PARTICULARS ON APPLICATION. 


McPHAIL & SIMPSON, Ltd., Wakefield. 


London Office: FINSBURY PAVEMENT HOUSE, E.C. 1008 

















—_— 
— 
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| Klinger’s Patent 
Stuffing-Box 
Packing 
Why it is Best 





q@ Ittightens instantaneously. 


@ It accommodates itself immediately both 
to the rod and stuffing box. 

@ It is easily and quickly placed in position. 

@ It remains always elastic and lubricative 

*\ in character. 


@ It reduces wear and tear to the absolute 
minimum. 


G It withstands the highest steam pressures 
and superheated steam. 


@ It can be used with the fullest assurance 
of success where no other stuffing-box 
packing has given satisfaction. 





MEASURY AE ve 


OF ALL KINDS 


EVERETT, EDCCUMBE 


117, VICTORIA nnd cw ted LON 
Patent “HELICOID” 
LOCK-NUT. 


BAYLISS, 
Jones & Bayuiss, Lo., 
WOLVERHAMPTON, 
And CANNON &T., 


Py 








Sample Nut and 
List Free. 





Longon 


PORTLAND 
CEMENT. 


L/ON WORKS. GRAYS. ESTABLISHE 


IUTPUT. 3.000 TONS WEEKLY 


35,GREAT STHELENS.E.C 


10 ARCHITECTS, BUILDERS AND ENGINEERS, 
“st R ” 


Black Line Prints 
rermanoys_pens a sag ruper or um, 
Large Btock of all Requisttes for the Drawing Office. 


W. F. STANLEY & CO., Ltd., 


13, Railway Approach, LONDON BRIDGE, 6.3. 
Telephone : 871, Hop. Telegrame—Tribrach, Lindon, 














pene 


It is also BEST because it is UNIQUE 
It resembles nothing else on the market 


ABSOLUTELY NO WASTE. PERFECT IN ACTION. 


WILL PACK ANY STUFFING BOX, 


Send for full Engineers, Contractors to 


particulars to KLINGER & C &» the Admiralty, &c. 
66, FENCHURCH STREET, LONDON, E.C. 


9117 








MIDDLEMORE'’S 
LEATHER BELTING, 


Made from Solid Oak Tanned English Butts. 
BEST QUALITY ONLY. 
ALL SIZES FROM 
STOCK. 


CARRIAGE PAID 
ANY WHHPRED. 


1826 


& LAMPLUGH, Ltd, BIRMINGHAM. 











MIDDLEMORE 





Barnbrook Works 
+) BURY, LANGS 


- 6289 
JAMES C, KAY & CO. ,LD 








ALSO MAEERS OF 


H. COLTMAN & SONS, 








Midland Iron Works, LOUGHBOROUGH, 
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STEEL COMBINED STOP AND ISOLATING VALVES 


HUBNER & MAYER’S PATENTS. 
The isolating devices have proved effective in over 


"EBD CASES of ACCIDENTS 
PP nn gory Ls reed ye~ y ge he my 
Suitable for highest pressures and superheated 
MANY THOUSANDS IN USE. 


THE H. & M. VALVE LEADS ALL. 


Reducing Valves. Peed Water Motezs. 
Steam Traps. 
Engine and Boiler Fittings Manufactory. 


Hiibner & Mayer, Vienna, IK/t 


For England and Colonies :— 
T. en ee, Fog! - ae cain” 
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flit 











Crane Works 
1230 


"linia Derby 3 
















London House : 
41/42, 
PARLIAMENT STREET, 
WESTMINSTER. 


Manchester House: 
23, KING STREET. 





Combined Refuse Destructor and Power Plant at Southgate, U.D. Oo. wee 


COMBINED REFUSE DESTRUGTORS & POWER PLANTS. 


PUMPING & SEWAGE PLANTS, STEAM DISINFECTORS, 
STEAM STERILISERS, OIL MILL MACHINERY, 
SUGAR MACHINERY, CHEMICAL PLANT, 
LAUNDRY MACHINERY & COOKING APPARATUS. 








STEAM CRANES, 
& OVERHEAD ELECTRIC CRANES 























IF SILENCE IS GOLDEN 


THEN SILENCE COMBINED WITH HIGH 
EFFICIENCY AND RELIABILITY IN THE 
TRANSMISSION a4 — MAKES THE 
APPLICATION OF 








Caza CHAINS 


A MONEY-MAKING Eek adel ad WORTHY 


OF YOUR CONSIDE E SERVICE 
OF OUR EXPERTS IS AT YOUR DISPOSAL. 
Write us To-Day. 

No Proposat 1s TOO INTRICATE. 


THE COVENTRY CHAIN CO., L- 


(Dept. E.) COVENTRY, Eng. 738 

















HIGCINBOTTOM & MANNOGK, Lo. 


Crown Iron Works, West Gorton, 


MANCHESTER. 


Telegrams :—CROWN, GORTONBROOK, 











a 











Electric Cranes, Hoists, Capstans, Winches, Traversers, 
Transporters, Hauling Machinery and Hand Cranes, 
Hand and Power Runways. 


HIGH-CLASS MARINE 
BOILERS. 


To 
Admiralty, Lloyds, 
Board of Trade, 
Bureau Veritas, 
and other Surveys 
up to 
200 Ibs. W.P. 


8358 








Speciality: 





Hydraulic, Gas and 
Water Mains, 
Storage Tanks, Oil 
Stills, Scrubbers, 
_ | Washers, Roofing, 

&c. 


A. F. CRAIG & CO., LD» PAISLEY. 





LONDON ADDRESS: East India Chambers, 23, Leadenhall Street, E.C. 
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NICLAUSSE 


rer-TusE BOILERS 


WATER-TUBE 


3,000,000 HORSE POWER in use. 


SUITABLE FOR ALL 
PURPOSES. 










Automatic 
Coking 
Stokers. 


Superheaters 


Feed Water 


Heaters, 
&c., &c. 


— 1736 















All particulars from 


Tue BRITISH NIGLAUSSE BOILER CO., Lto., 


CAXTON HOUSE, WESTMINSTER, S.W. 
Telephone—4086, Victoria. Code—ABC 5th Ed. 





Telegrams—‘‘Britniclos, London.” 
















If a Packing does not pos- 
sess tensile strength 
you cannot expect it to 
withstand the de- 
stroying tendency 








f 





of high pres- 
sure steam. 


In the fac- 
Test the ten- tory we test 
sile strength each strand jf 
of a single in a sensi- 
strand of tive machine 
* Palmetto” a to insure 
Packing,and : uniform ity 
then multi- on : of tensile 
ply that by , ae strength.but 
the great your hands 
number of —" will give you 
strands that some idea of 
are braided . its great 

together. There is no guess work strength. 
about 
PACKING 






= 
T 


4 
PALMETTO mB 


that is why it is so uniform in its quality and lasts so 
long. If you are not using it you ought to send for a 


Free working sample at once. 
& Co., 


GREENE, TWEED 


Sole Manufacturers, 1310 


Queen Anne's Chambers, Tothill St., Westminster, LONDON, $. W. 

















ISTRUCTION 
BOOK 


This book should be within instant reach of 


FREE" 


every Engineer. It tells clearly, by photograph 
and formula, how to use the well-known Smooth-On 
Iron Cements in repairing boilers, engines, castings, 


tanks, joints, &c. 


Smooth-On 


Cements will save more actual time and money 


Used according to instructions, 


in the engine and boiler room than any single 
product manufactured. Their uses are innumerable 


and their repairs absolutely permanent. 





SMOOTH-ON MFC. CO., 
8, White Street, 

Moorfields, - 

LONDON, BO. 














COMPARY, 
LIMITED, 


MIRRLEES WATSO 


GLASGOW. 


PRODUCING FRESH WATER 
FROM SALT WATER OR OTHER 
IMPURE SOURCES, cern, 


EFFICIENCY, 
OUTPUT and 
PURITY 
GUARANTEED. 


ADOPTED BY 
THE BRITISH GOVERNMENT, 
THE EGYPTIAN GOVERNMENT, 
THE TURKISH GOVERNMENT, 
THE WESTERN AUSTRALIAN GOVERNMENT, 
THE CAPE OF GOOD HOPE GOVERNMENT, 


And also— 
VARIOUS LEADING RAILWAYS, 
ICE FACTORIES, &c. 


Tele. Add.: 
“MIRRLEES, GLASGOW.” 


LONDON OFFICE : 
122, Cannon Street, E.C. 
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(ilustrated Descriptive Price List free on _—_ 


CONTRACTORS TO HM. GOVERNMENT. 


GRAFTON & CO. 


CYCLOPS WORKS, 
Telegrams— 
Grafton, Bedford. 


TMNT 


VSAAVAAL 


~ SILVER MEDAL, Inventions Exhibition, London, 1885, 
GOLD MEDAL, Paris, 1900. 
GRAND PRIX and GOLD MEDAL. Franco-British Exhibition, London. 1908 


BEDFORD. 












” 





“PERFECT 
VISES 


MODELF 


PARKINSONS 


FOR ALL THE WORLD. 





MAKERS: 


J. PARKINSON & SON, 


SHIPLEY, YORKS. 187 


PAXMAN’S PATENT FORCE FEED 


OIL PUMPS 


ARE ADAPTED FOR ALL TYPES OF ENGINES. 










SPECIAL FEATURES: 


No pressure in 
the sight glass. 


Specify 


PAXMAN’S 
LUBRICATORS 


and 
save your 


Oil Bill. 






Independent pump 
for each feed. 







Absolutely 
positive feed. 








MULTIPLE 8-FEED PUMP. No. 1121. 






Sole Licensees and Makers :— 


HUNT & MITTON, 






BNGINEERS, 
Oozells Street North, BIRMINGHAM. 
Telephone : 394 Midland. Telegrams: “‘ Mirron, BIRMINGHAM.’ 
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3" 


SCHAFFER & 


BUDENBERG, Lid. 


Whitworth Street, MANCHESTER. 


77a, Queen Victoria Street, 5, Wellington Street, 
LONDON, E.C. GLASGOW. 





WIRED GLASS 


PROTECTORS 


FOR WATER GAUGES. 
PATENT WIRED GLASS PROTECTORS 


arranged with a window in front of the glass. 
to allow of a free inspection of the gauge glass 


Sole Agents for JENA “ ROBAX" Water Gauge Glasses. 





LARGEST MAKERS IN THE 
WORLD OF PRESSURE GAUGES 


Also Makers of INDICATORS, COUNTERS, TACHOMETERS, 
SPEED RECORDERS, 

Steel Tube Mercury Pyrometers and [Recorders for 
Superheated Steam, Boiler Flues, etc. 
Nickel-Seated Stop Valves and Spring Safety Valves 
for High Pressures and Superheated Steam. 

“ PERFECT" RE-STARTING INJECTORS, STEAM TRAPS, 
and all other types of Engine and Boiler Fittings. 











HEAVY MARINE SHAFTING 
LATHES. 


Turbine Rotor Lathes. 
HORIZONTAL BORING MACHINES 


FOR TURBINE CYLINDERS. 













































NOBLE e LUND, Ltd., 








FELLING-ON-TYNE. 













0D ee eee 


ay 
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PACKS ANY KIND OF 


“RAINBOW” JOINTING 


STEAM, AIR & WATER JOINT. 


NOT AFFECTED BY HEAT, STEAM, OILS, OR AMMONIA. 


CANNOT HOLDS 
aati HIGHEST 
sare. PRESSURE. 


EFFEGTIVE. 


EGONOMICAL. 


Rainbow is RED. Be sure you get the GENUINE. 


DURABLE. RELIABLE. 





“SUCCESS” 


Sezmi-Metallic Pack ins. 
The Best Without EXCEPTION. 


WEAR 
RESISTING. 


ADJUSTABLE 
WEDGE. 





TEesT «rr. 
ALL MECHANICAL RUBBER GOODS. 


PEERLESS RUBBER MANF® COMPANY, 


16, WARREN STREET, NEW YORK, U.S.A. 








BRITISH 


econseenvarves GARR BROTHERS, LTD., LONDON. 


11, QUEEN VICTORIA STREET, LONDON, E.c. 1376 
FOR SALE BY ALL FIRST-OLASS DEALERS. 








To Obtain Accurate 
Castings ... 


the patterns must be drawn from the sand without enlarging 
or breaking the mould. No tooling or mending must be done, 
A otherwise no two castings will be alike. 


The hand moulder en- 
larges the mould when 
rapping the pattern and 
invariably breaks the edges 
when drawing it from the 
sand. 


With Machine Moulding 
all the moulds made from 
the same pattern are alike, 
no mending or slicking 
is mecessary, and con- 
sequently the castings are 
neat in appearance and 
uniform in weight. 





We make HAND and POWER MOULDING MACHINES for all classes of work, ard 
if you will send us sample castings or drawings we will tell you what can be 
done on machines. 


WRITE US A LINE TO-DAY. 


We also Make: SAND BLAST APPARATUS FOR ALL PURPOSES. 
GRINDING MACHINES. ABRASIVE WHEELS. EMERY CLOTHS. 


Tue LONDON EMERY WORKS CO., 


Dept. C2, Park, Tottenham, LONDON, N. 184 








East Ferry Road Engineering Works Go. Ltd. 


HYDRAULIC CRANES AND COAL HOISTS, BELT 
CONVEYORS FOR COAL, &c. 


PATENT PNEUMATIC GRAIN-ELEVATING MACHINERY. 














5-FON SELF-PROPELLING HYDRAULIC COALING CRANES 
(Birkenhead Docks, Liverpool). 





Hydrostatic Orane Weighing Machines up to 250 Tons. 


General Engineers and Irontounders. Estimates given for Repairs. 





Emeeime, lomo, «=60h MILLWALL, LONDON, E. ™ 


Engines, Pumps, Sluices, Oapstans, &c. 














Write for the 


PATERSON 
“RED BOOK” 


IOI E< 





on 


WATER 


SOFTENING & 
FILTRATION. 


™ Paterson Engineering Company, Ltd 


21 Amberley House, Noriolk Street, London. 


THE SCOTTISH FIRM 
RIGIDLY SPECIALIZING IN 


WATER PURIFICATION. 
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CONTRACTORS TO— 
BRITISH ADMIRALTY, WAR 
DEPT., and FOREIGN and 
COLONIAL GOVERNMENTS. 


Manufacturers of— 
MILD STEEL PLATES, ANGLES, Zed Bars, Tees and 
all forms of Sectional Bars required for Ship, Boiler 
and Bridge Building, and other constructive purposes. 
CASTINGS of all kinds and largest sizes for Ship Stems, 
Stern Posts, Anchors, Rudders, &c. 
RAILS, BILLETS, FORGINGS. 
AXLES of highest quality, to meet requirements of Home 
and Colonial Railways. 
TYRES—Locomotive Carriage and Wagon, to all requirements. 
SPECIAL STEEL of all kinds for constructive purposes. 


STREL COMPANY wt SCOTLAND 


23, ROYAL EXCHANGE SQUARE, 


GLASGOW. 












TELEGRAPH 
ADDRESS 


"STEEL EL GLASGOW 


FIBRE ez 


@ 1601 
COMPARE the QUALITY et our 
Red and Black, in Sheets, Rods, Tubes, 
Dises for Gears. 


2 WHY PAY FANCY PRICES? 
MICANITE & INSULATORS CO., Ltd, 


WALTHAMSBTOW, LONDON. E. 628 








GHEST 
AWARD. 





The Only GRAND PRIZE ( 


FRANCO-BRITISH EXHIBITION, 1908, 
FOR 


Diving Apparatus 


PUMPS, DRESSES, DIVERS AND GEAR 


HELMET. $ ready for despatch at 
ot all Salkesren. @ moment’s notice. 


Illustrated Catalogue Telegrams : “Sixes, Lonpon.” 
free on application. Telephone : Hop, 251. 


Sole Makers to the BRITISH NAVY. 


SIEBE, GORMAN & Co., Lp. 


Neptune Works, LONDON, S.E. 1483 















































Te‘egrams 
“ “WATSON, GAINSBOROUGH.” 
Telephone: 
65 GAINSBOROUGH. 


Established 
1869. 


LIGHTERS, BARGES & STEAM BOATS. 
SPECIALITY: WORK FOR SHIPMENT. 


PONTOONS, LARGE STEEL TANKS. 


JSWATSON __ GAINSBORCUGHL 
NO The Demon Rust. 























FIRM Have you. ever followed your Engines and | 


WILL 

CO 

FAR 

ON 
OBSOLETE 
METHODS. 


Machinery right through to the customer? If so, 
you know that nothing prejudices the customer 
against your goods so much as rust. 

Palfreyman’s Rust Preventive for the preser- 
vation of Bright Metal Surfaces is superior to 
white lead and tallow or similar products. Costs 
less, because it goes further, is applied easier, easily 
removed, enters the pores, and is a permanent 
protection after cleaning up. Neither new nor 
experimental, but has been in constant use for 
ovér twenty years by most of the leading and 
up-to-date Engineers. 


Send for Price and Particulars. 


W. H, PALFREYMAN & CO,, 
COREE-PIAZZAS, LIVERPOOL. 


1472 


































































A. EDMESTON & SONS, Ltd. 


Note New Address:-PATRICROFT. 
PAT 


ENT FRICTION CLUTGH. 


300,000 HP. IN SUOOESSFUL OPERATION. 
INVALUABLE FOR DRIVING: 



















Mining Machinery & Haulage, Concrete and Brick-making 
Saw Mills, Machinery, Flour Mills, 
Electric Light and Textile Machinery, 
Power. and Mine Gearing 
Generally. 
FOR 
STARTING 
1889 






GAS 
& OIL 
ENGINES. 


FOR 
COUPLING 
SHAFT-ENDS. 
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Telephone :— 
No. 2, 
DARTMOUTH. 


Telegrams :— 
ENGINEERS, 
DARTMOUTH. 


HIGH-SPEED VESSELS, 
TORPEDO BOATS, 
MOTOR BOATS, 
YACHTS. 


Engineers. 


MARINE ENGINES, 
ELECTRIC-LIGHT ENGINES, 
FANS AND FAN ENGINES, 
INTERNAL COMBUSTION 


. Shipbuilders. 


SHALLOW DRAUGHT VESSELS, 
STERN WHEEL VESGELS, 
LAUNCHES, 

TUGS. 


Boilermakers 


MARINE BOILERS, 

WATER-TUBE BOILERS, 
RETURN-TUBE BOILERS, 
DIRECT-TUBE BOILERS, 


ENGINES, LOCOMOTIVE BOILERS, 

CIRCULATING PUMPS, KINGDON BOILERS, 
FEED PUMPS, IQUID-FUEL BOILERS, 

‘ CONDENSERS, PARAFFIN BURNERS, 
PROPELLERS. CRUDE OIL BURNERS. 


: New and Second-hand ENGINES in Stock. 
New and Second-hand LAUNCHES in Stock. 


SHhuNnD FOR CATALOGU B. 1416 











TAYLOR & GHALLEN, LTD. 


CoininGc Presses. 
TTING-OUT PRESSES 





DRAWING PRESSES. 


AsouTt 150 PRESSES ON VIEW IN OUR SHOW ROOMS. 


SHEARING PRESSES. 








SELF-FEEDING ay sin 
CONSTITUTION HILL, BIRMINGHAM, Ena.ano. 











PRESSES. 


























| 


‘NEw PRO cCHISS” 


RAW HIDE GEARS. 


All to BROWN & SHARPE'S Standard 





Also METAL GEARS. 


SEND FOR BESCRIPTIVE GATALOGUE. 


GEORGE ANGUS se CO., ta. 


NEW CASTLEZ-ON-TYNBE. 1613 

















——— 


Telegrams: “FOUNDRY, PORTADOWN.” 1166 Nat. Telephone 22. 


PORTADOWN FOUNDRY, Ltp., 
(Sele Manufacturers, Portadown, IRELAND. 


Manufacturers of POWER TRANSMISSION APPLIANCES, 
Sole Agents for LANCASHIRE—STUART & MATHEWS, 50, Fountain St., Manche.tcr. 
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COCHRAN BOILERS 
: BLt 











SPECIALLY 
SUITABLE 


| 





—_ 


VENTILATING 


AND 
HEATING |] WIRE ROPEWAVS pus R<f?a 
WORK. TELPHER LINES | / ] 
_ CRANES 9 








WRITE FOR 
cLass “A” 
CATALOGUE. 


— ADOLF BLEICHERT & Co. 


99/100, PALMERSTON HOUSE, BISHOPSGATE STREET WITHIN 


COCHRAN & CO., ANNAN, LTD., LONDON,E.C.57 


ANNAN, SCOTLAND. 


639 
TELEGRAPHIC ADDRESS: : 
“CRANES, RODLEY,”’ ® 


Admiralty and War Office Contractors. 


SEND US Se PATENT 


YOUR t EVAPORATOR 


FRESH WATER FEED MAKE-UP 


EN QU IRIES — APPARATUS. 


Approved by Board of Trade for Passenger Ships. 


FOR ANY ae BOILER FEED PUMPS, 


— 2 Vertical Single-Cylinder Direct-Acting type. 
ELECTRIC, _— ~*~ ' COMPLETE 
ection j ei ) FRESH WATER 
\D, &c. | qa pe DISTILLING 
then ————— il) INSTALLATIONS 
CAP STANS. PL = A i it (All Sizes.) 


ELECTRICAL ; —= | For LAND or MARINE USE. 
EQUIPMENTS. | 4082 Na FEED WATER HEATERS. 


JOSEPH BOOTH & BROS,, Ltd, ||| See=Me= . FEED WATER FILTERS. 


RODLEY, LEEDS. = 7-77 Commercial Road, Limehouse, 


1093 


75A, QUEEN VICTORIA STREET. LONDON, E. 1205 


Tel. Address: “ VAPORIZE, LONDON.” Telephone No. 210, Eastern. 
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| CRAIG« DONALD, Li. 


JOHNSTONE, near GLASGOW. 


MAEFERS OF 


MACHINE 
... TOOLS 


FOR 


SHIPYARDS, 
IRON WORKS, 


BRIDGE 
WORKS, 


BOILER 








TANK WORKS. 





Electrical-Driven Four-Sided Punching & Shearing Machine, 


FRANCIS BERRY & SONS, 


SOWERBY BRIDGE, England. 
ESTABLISHED i832. — 
“BERRYS, SOWERBY BRIDGE.” 











Telegraphic Address: Telephone No.: 525. 


MAKERS OF ALL KINDS OF MACHINE TOOLS. QUALITY GUARANTEED. 








The Illustration represents one of our Powerful Punching and 
Shearing Machines, with 4 ft. gaps, weighing 40 tons. This is one 
of five we have just completed for the British Admiralty. 


We make all styles and sizes, with any method of drive, to suit 
customers’ requirements. 


Contractors to the Admiralty, India and Colonial Offices, and 
most of the Foreign Governments. 








KINDLY FAVOUR US WITH your EXQUIRIES. 1% 





CONDENSING PLANTS, FEED-WATER HEATERS 


WATER-COOLING TOWERS, &c. 
FOR ALL DUTIES. 
FULL PARTIOULARS SENT UPON RECEIPT OF REQUIREMENTS. 


WHEELER CONDENSER & ENGINEERING mo" 


2 a 3, NORFOLK STREET, STRAND, LONDON, W.C. 
6888, GERRARD. Telegrams : “ SUSPEND,” snepen. 


NORTHAMPTON. 


OmrArY sSiIT=zs. 


Large or small, for Factories, Mills or Works. Facilities for Railway Sidings. 


onmrmArYr PTrOWEE. 


Gas 1s. 11d. per 1000 ft. less 10 per cent. discount. Electricity 2d. to 1d. per unit. 


onmrAr WA THr=zE. 
Special Supply for non-domestic purposes, 
INTELLIGENT LABOUR. GOOD HOUSING ACCOMMODATION, 
ITRONSTONE AND LIMESTONE ABOUND IN THE COUNTY. 


EXCEPTIONAL RAILWAY FACILITIES. 
L. & N. W. (Main Line), Great Northern and Midland Railways. 
LONDON IN 1} HOURS. BIRMINGHAM IN 1 HOUR. 1€95 
Rapid Communication with all parts. GRAND JUNCTION CANAL.—Low rates for water carriage. 
LOW RATHS. LOW RENTS. 


For further particulars apply to The Town Clerk, 
Telephone: 279, 280, 282, NaTionat. NORTHAMPTOR. 


Tel. : 


























LARGE SHOPS FITTED WITH ALL THE LATEST 


WOOD WORKING MACHINERY. 
TURBINE oi: PATTERNS 





AND 
OTHER 


FroR SHiPs. 





DAVID BROWN & SONS (HUDD2.) LTD., 


are. ae RSFIELO. say 


PECKETT & SONS, BRISTOL. 














LOCOMOTIV HS » 


of various sizes with all the latest improvements ready for immediate 
Delivery. Engines specially designed for every requirement and gauge. 








Full particulars on application. Telegrams: “PECKETTI, BRISTOL.” 








ENGINEERING. [JUNE 30, 191T. 


“TYPHOON” | FRASER & CHALMERS, LTD., 
TURBINE BLOWER (PATENT) be cee eae creat a 


SYSTEM OF MACHINERY 


MECHANICAL DRAUGHT HIGH-POWER GAS ENGINES. 


THE MODERN METHOD OF BURNING CHEAP FUEL, MINIMISING SPHOCIALITY =: 

BLACK SMOKE AND INCREASING BOILER CAPACITY. GAS ENGINE DRIVEN BLOWERS & COMPRESSORS. 
FRIOTIONLESS PATENT VALVES. 

BOILERS EQUIPPED in U.S.A. To OveR 2°76,QO00O Horse Power. WORKS,—ERITH, KENT. 8198 Cable Address—VANNER, LONDON. 





























BEST QUALITY (ijn 
TAPS, STOCKS 
and DIES. 


‘auih asia ate ee Seen JOHN H. WIDDOWSON, 


WITH CASING COMPLETE. 
(16 years Manager at Sir Joseph Whitworth’s & Co.) 
BRITANNIA ST., ORDSAL LANE, 


The TYPHOON TURBINE BLOWER combines in one casing Established SALFORD, 
ines MANCHESTER. 


a Disc Fan and a Turbine Engine. 


Draught independent of weather conditions. Uniform steam pressure. VC aaa x zee 
Occupies no floor space. [Easily installed. 
consutron | TWISTED es 


























Sole Manufacturers for the United Kingdom :— 
MURRAY, M’VINNIE & Co., Ltd., t=! HIGH SPEED QUALITY 


MAVISBANK, GLASGOW, 8.8. 1731 
TAPER OR STRAIGHT SHANKS. 




















A Sectional Bar is twisted hot. Drills Ps Test them 
are ground with same precision as against the best 
Milled Drills. Shanks are a 

perfect fit in Morse == 

Socket. compare our discount 


with what you pay. 
MANUFACTURED BY 


J. Beardshaw & Son, Ltd. 


Baltic Stee! Works, SHEFFIELD. 
LONDON OFFICE : 88, Victoria Street, Westminster. 





LHRREGERAUI 





ne 
oe 


In the Machine Shop. 


DIXON’S FLAKE GRAPHITE, besides being adapted to 

—_ ‘ practically all kinds of bearings, is used on planer V’s, lathe 

ase positively eH ii centres, taps, dies, &c. Fresh uses are found for it every 

most durable an —< CS day. But insist on having the original DIXON’S 
practical, made. FLAKE GRAPHITE. 


The seating surfaces can be reground and all parts subjected to wear Write us for Free Sample. 

can be renewed, including the seat and disc. ie ia 
d -grai 3 

The seat is self-cleansing and is made of a hard close-grained nickel GRAPHITE PRODUCTS, LTD., 


The bronze used in the body and other trimmings contains a high ; 
percentage of copper and tin. The improved construction of the dise 18-290, Queen's Read, Battoresa, LONDON, 6.W. 
preserves the seating faces and prevents water hammer. 


Lunkenheimer *‘ Renewo"’ Globe 


Angle and Cross Valves D IXO N iS Wie CONS 
are made in two patterns, medium and extra heavy,—guaranteed for ppg erent 5 


working pressures up to 200 and 300 pounds per square inch reapec- 
tively. They are furnished in sizes ranging from } to 3 inches inclusive. 


Write for Catalogue. 


ee voni pers vowow se. {| GRAPHITE. QE 








TICONDEROGA PURE FLAKE 








1482 
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JOHN OAKEY & SONS, Ltd. 


GENUINE EMERY, — EMERY WHEELS 
EMERY CLOTH, For all Purposes. 
Wellington Mis, QLASS & FLINT PAPERS, 


ee LONDON. £ =©6BLACK LEAD, &o. 


SIMPLEX LEAD 
GLAZING 


FOR ROOFS, SKYLIGHTS, AND HORTIOULTURAL WORK. 
NO SPECIAL CONTRACT REQUIRED. 


NO ZINC, IRON, OR PUTTY USED. 


ANY QUANTITY inten, 
Over 1,000,000 superficial feet in use on 2,500 Structures, 


GROVER & CO., LIM.. 4 


ENGINEERS, &c., 
BRITANNIA WORKS, WHARF ROAD, CITY ROAD, LONDON, ¥. 


Write for IUustrations and full Particulars (sent post free). Od 1236 











pOLTO N’S 
Patent 
|  oteam 
== ouperheaters. 





ee FIELD TUBES, 
S24 DOUBLE CIRCULATION, 
@ HIGHEST EFFICIENCY, 
SAVES 15% COAL. 








1204 


4 49, Deansgate, 
MANCHESTER. 


THE BROWN HOISTING MACHINERY Co., 
CRANES or saci DpescoriPrions. 


All Enquiries should be referred to COWANS, SHELDON & CO., Ltd., CARLISLE, 








ASBESTOS 


PACKED 


COCKS. | 


ANY TYPE SUPPLIED 
TO ORDER. 


ON ASmEDALTY LIST. 


NottincHAM 


SMITH Bros.a Go. an 
OXY-ACETYLENE 


WEZIDING and OUTTING. 


(HYSON) 
LTD. f 





WELDING BLOW PIPE, 


Our system has been adopted by H.M. Admiralty, 
and all the Continental Governments, Home and 
Foreign Railways, and nearly all leading Engineers. 


FOR THE WELDING OF STEEL PLATES 4" TO 2" THICK. 


Also for Cast Iron, Copper and Aluminium. 
For quickly and economically Cutting Steel Plates, Bars, &c., up to 8 in. thick, 


INVALUABLE FOR ALL CLASSES OF REPAIR WORK. 
Hundreds of our Plants are now in daily use. 


A. WARDEN & CO., 


44, 46, 48, Shepherdess Walk, City Road, LONDON. 


Telegrams ; “‘ LYTESTRONG, LONDON.” Telephone : 7886, CENTRAL, 
—— 


HEATER DETARTARISERS, 


bec CREASE SEPARATOR AND FILTER. 


) Joseph Wright & Co, 


TIPTON, Staffs., 
AND LONDON, 


SOLE 
MAKERS. 











Two- 
Stage 
Type 
for use 
with 
Inter- 
mittent 
Exhaust. 


20,000 GALLON PLANT. 


YOUR. ENQUIRIES 
ARE SOLICITED. 


SMALL PLANT. 





BRIDGE TRAMWAY CRANES UNLOADING COAL, GENOA. 
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AERIAL ROPEWAYS KERN & CO., AARAU, 


Im” ALI. SYTosTEmMs. 
For the ccnveyance of materials of every description, including 
THE TRANSPORTATION OF PASSENGERS. oa 1819. 
FIRST PRIZE—COLD MEDAL, 
ALLAHABAD (1911) U.P. EXHIBITION, 


20 MEDALS and HIGHEST AWARDS. 


CERETTI AND TANFANI, MILAN. 
GRAND PRIX frtian soos: 























Inclined Planes. Cableways. Suspended Rails. Telpherage. 





K 


Trade Mark. 


MAKERS and EXPORTERS 
of FINEST ENGINEERS’ 


» Drawing Instruments, 
E Telescopic Plane Tables, 
\ Levels, Theodolites. 


THE FINEST 





aimee INSTRUMENTS 
— mmmmmeeims IN THE WORLD. 
ager HIGHEST 
PRECISION. 
LATEST } 
IMPROVEMENTS. 





CATALOCUES SENT FREE. 





Telephone No. 10,411 Central. 
Telegrams : 
KERNAMAT, LONDON. 
1228 


Sore AGENT FOR 5 : ; 
i L. CUNNINGHAM, GREAT BRITAIN AND COLONIES, LONDON 
Balfour House, Finsbury Pavement, E.C. OoOFrFics: HX. BE. HAW, 
PENINSULAR HOUSE, 4, MONUMENT STREET, E.C. 













































Telephone—1739 CEN JRAL, Telegrams—PLATOONS, LONDON. = 1559 
STE EL CA ST IN G $ Maquet Gilled Piping 
By Siemens-Martin and Crucible Processes of every description. FOR HEATING, DRYING & COOLING. 


To Pass Admiralty, Lloyd's, Beard of Trade or Bureau Veritas Tests. 
Castings for Railways, Shipbuilding Yards, Engine Works, Rolling Mills, Iron and Bridge 
Works, Hydraulie and Electrical Machinery, Mining, River Dredging, Excavating Work. 


SPECIALITIES—Tooth Wheels and Pinions used in connection with Cranes, 
Winches, Capstans, &c., Cast Steel Anchor Heads and Dredger Buckets Fit up Complete. 


Specially suitable for Refrigerating Plants for direct Carbonic Acid, 
Sulphuric Acid, or Ammonia Process. Supplied painted or galvanised. 


PPPP RPP h PrP ere eee Pee 





Seven Great Advantages of Maquet Wrought Iron 
over Cast Iron Gilled Pipes :— 


(1). Up to 40% less weight. 

(2). About 40% greater efficiency. 

(3). Breakages avoided. 

(4). High pressures up to 400 atmospheres supported. 

(5). Easier and consequently cheaper erection. 

(6). Fewer pipes required, hence enormous saving of space. 
(7). Greater safety of working. 














' SPECIAL HARD CAST-STEEL BOTTOM AND EDGE RUNNER RINGS FOR CRUSHING MILLS. 


W. SH AW & C0. Wellington Foundry, 
"y MIDDLESBROUGH. 

4 Telegrams :—W2LLINeTON, MIDDLESBROVGR. On Admiralty and War Office Lists. 

London Office—8, Eastcheap, E.C., Representative, A. H. SHARPE. 


Offices for .Mahchester ‘and Birmin m Distri omae reet, heste 
Representatives—THOS. F. W. DIXON one went ng ATHERTON - _— 7 


Coos for Scotiand—H. M. HARPER, he By 

Agent for Leeds and District—G. G. 8. DY, 6, 3, Park Squa uare. 

Agent for Hull and District—P. LAWBON, 2, P; 

Agents for Newcastle and District—HUMBLE & THOM ION. Queen Street. 693 





Catalogues and Prices from the Sole British Representative : 


H. R. WITTING, 9, Southampton St., Holborn, 


LONDON, W.c. 1876 
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WINN’S 
SCREWING MACHINES 


Screwing and Cutting-off Machine for 12 inch Tubes 
fitted with 


WINN'S PATENT QUICK GRIP CHUCK 
POWERFUL GRIPPING INSTANTANEOUS ACTION 
SELF CENTRING 


CHARLES WINN & cf 





Granville Place 


BIRMINGHAM 











Quality, Quantity, and Cost of Output 
Determine the Value of a Mixer. 
| The Chicago 


Improved 
Cube Mixer 





Made in 14 sizes, holding 
from 24 to 64 cubic feet. 


Mounted and equipped 
with any power desired. 


No paddles or shelves 
to- clog up. The Cube, 
with breaker rods inside, 
does the mixing. Abso- 
lutely the most rapid, 
most economical, and most 
| scientific mixer in the 
world, 











The bulk of ali the U.S. Government fortilications, 
harbour and river work in conercte has been done with cube mixers. 


THE CHICAGO 
IMPROVED CUBE MIXER 


was adopted by the engineers of the Panama Canal after practical test 
on preliminary construction alongside all other leading makes of 
concrete mixers. 

The cube principle of mixing produces the most 
perfect concrete that can he mixed. 

If you are interested in concrete mixers, send for our new 64 page 
catalogue, No. 26. 


In writing, kindly state whether you prefer doing business through a local agent in 
your country, or in London, or with ourselves direct. If either of the first two, please 
suggest name and address of parties through whom you would like to erder. 1921 


Municipal Engineering and Contracting Co., 
RAILWAY. EXCHANGE, CHICAGO, ILL., U.S.A. 























Electric Lighting 


ABLES 


AND 


LEXIBLES 


APPLY FOR PRICES TO— 


DRAKE & GORHAM, L”- 









TELEGRAMS: TELEPHONES: 
London, 47, SPRING GARDENS, MANCHESTER. ; City Man- 
Manchester, or ’ 8700 City (2 — 


Glasgow.  o7s3 50, WELLINGTON STREET, GLASGOW. - o105 Argyle’ Glasgow. 








The 


Lassen & Hyort 


FEED-WATER 
HEATER 


Most Economical and Efficient. 





Write for Particulars to— ] ms 


Lassen & Hport, 


Queen's Buildings, 
52, Queen Victoria Street, London, E.C. 





























a 
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PARIS EXHIBITION 


18s9. 


Lubricating Oils 
COLD MEDAL 


AWARDED TO 


PRICES PATENT 
CANDLE COMPANY, L* 


Oil Refiners, 


AND MANUFACTURERS OF 


Lubricating Oils 


For Land and Marine Engines, 
Cylinders and Valves. 


For Textile Machinery of every 
description. 


For Collieries, Iron Works, 
Mines, and Quarries. 


For Saw Mills, Flour Mills, and 
Agricultural Machinery. 


For High-Speed Engines and 
Dynamos. 


For Engineers’ and Machinists’ 
Tools and Shafting. 


For GAS ENGINES. 











Soutz PRoPpRIzTORS AND MANUFACTURERS OF 


VEITCH WILSON’S 


LUBRICANTS. 





PRI? CARDS and SAMPLES MAY ||! 


BE OBTAINED FROM 


PRICE'S PATENT 
CANDLE COMPANY, L 


Belmont Works, Battersea, 


LONDON, 


Guardian Building, Cross St., Manchester. 





Chantiers et Ateliers AUGUSTIN NORMAND, Limited, 


67, Rue du Perrey, Eas EX AW EGE! (FRANCE). 








HIGH-SPEED MAIL STEAMERS, 
LARCE YACHTS, CRUISERS 
AND BATTLESHIPS. 


More than 
700,000 HP. 


realised. 


OIL and COAL BURNING. 


NORMAND’S PATENT WATER-TUBE BOILERS, ae 1762 








TE 























TEE ae_ 


“SUCKLING”’ 
WATER-TUBE BOILER 


FOR ALL PU RPOS ES. (Patented) 





DISTINCTIVE FEATURES: 


Perfect Circulation. Large Water Storage. 
Clean Heating Surfaces. Saving in Space, Weight, &c. 
Ample Steam Space. Dry Steam. 

Highest Efficiency. 








ECONOMY OF FUEL. 
UNIFORMLY HIGH FURNACE TEMPERATURE. SMOKELESS COMBUSTION. 
HICH EVAPORATIVE DUTY. MAXIMUM LIFE OF BOILER. LOW UPKEEP COSTS. 


- A High-class Boiler at Moderate Cost. 
Constructed entirely of Wrought Steel. 
Specially adapted for Electric Light and Power Stations: 
Suitable for Export. Only Two Manhole Joints 
have to be Broken for thorough Cleaning and Inspection. 
All parts circular in form—No Stays. 





SOLE] MAEERS : 


THOMAS BEELEY & SON, Ltd., 


Telegrams: “BEELEY, HYDE.” HYDE, NR. MANCHESTER. 
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You have not used the 


BEST Oils or Greases 


unless you have had 


DELIVERY 


STOCK. 
Ask for 
Catalogue Eg. 98. i 0 b S 


with 
ST UJ RTEVANT FA N S. The Name is a Guarantee of 
QUALITY and EFFICIENCY. 

‘ ° “FASTNUT" Washers bold nuts under any, vibra 

The STURTEVANT ENGINEERING CO., Ltd., ‘°° “Connon.” °* |i]-rizeete Sia f 0S 

PARIS. BERLIN. TURIN. AMSTERDAM. 1565 PASTRUT Ld, 60, Aldermanbury, London, £.. 


C. ISLER & CO.’S|| OXY-ACETYLENE 


Improved “CORE” WELDING 
DRILLING PLANT | PLANT. 


See our larger Advertise Mesment fa test and nent tos 


For WATER and for PROSPECTING!| cipiys AUTOGENOUS WORKS 00. 
for MINERALS, &c. Carpenters Road, Stratford, 
, 188 LONDON, E. 


STERNOL 


* SPECIALITIES. 
Write for List, Samples and Prices. 
IT WILL SAVE YOU MONEY. 
STERN SONNEBORN OIL CO., Ltd., 
Royal London House, Finsbury Square. 





> ee 





The Greatest ee eoney, and GAFETY 
COMBINATION. 





























Any size and any depth Bore Holes fixed 
by the ROTARY or PERCUSSION Systems. 














All kinds of Drilling Plants for HOME 
or EXPORT. 











C. ISLER & CO.’S 


Latest IMPROVED 


AIR LIFT PUMPS 


Capable of Raising Maximum 
Supplies, and also Improved 


DEEP WELL PUMPS. 


Steam Pumps, Steam or Oil 
Engines, Gas Producer Plants, 
Windmills, &c. 





DUG WELLS DEEPENED by C. Isler 
and Co.’s Improved System without 
disturbing existing supplies. 





Sites Inspected and Geological 
Opinions furnished. 


NO VALVES TO GET 
OUT OF ORDER! 
Arranged for 




















Illustration of C. ISLER & CO.’S “CORE” DRILLING PLANT and ESTIMATES FURNISHED. BELT DRIVING 
CORES from Bore Hole 950 feet deep at Malvern. 
can, be coupled, fom © Steam 
ngine or Electric Motor, 
CSC Isler & CO-~., LiL Send for Catalogue No. 90. 
Artesian and Consulting Well Engineers. PROSPEOTORS FOR MINERALS. DRUM ENC!NEERING C0., 
Contractors to H.M. War Office, Admiralty, India Office, Crown Agents for the Colonies, Egyptian Governments, &c., &c. 83, Brook St., BRADFORD. 


BEAR LANE, SOUTHWARK STREET, LONDON, S.E. — 
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Wu. MUIR «Ge. Be Rk sa Seancemartine elimmanoalinonda Beso 


_ LIMITED, 
Sherbourne St, MANCHESTER. 


Telegraphic Address—“' Britannia, MANcnEsrau.” 
Telephone—No,. 529, 


SPECIALISTS in 


MILLING MAGHINERY 


FOR 


Ordnance, Turbine, Motor Car, 


AND 


General Engineering Work. 

















GOHrDHART BROS. Dredging Mdina, Exull. 
Undertake Dredging Contracts for Harbour and Canal Works throughout the World. 1711 


Address enquiries to 89, Westbourne Avenue, HULL. NAT. TEL.: 3718. Tel. Address—“‘GOEDHART, HULL.” 


soa \ortuna. |] THE WELDLESS STEEL TUBE Co., LTD.| 


or BORING Icknield Port Road, BIRMINGHAM. 
Progress: \._ MACHINES. ~< 


DAVID AULD & SONS, 


Limited, 
WHITEVALE FOUNDRY, 


GLASGOW. 


Je Spay fo] On Admiralty List. Estd 1872. 
Steam Reducing Valves}; . | PATENT WELDLESS STEEL TUBES, |= 
































SURPLUS STEAM VALVES. GRAVEN’S PATENT 


Also Makers of Special FULL 


BORE Patent Steam Reducing STIFF-PLASTIG 


Valves for Land and Marine 


BRICK-MAKING 
MACHINE. 


This Machine has always taken the lead for producing 
bricks ready for the kiln, 
The stiff-plastic system of brick making was intro- 
and the bricks are moulded and shaped 
of any other machines the clod.is square 
and almost the size and form of the finished brick, 


For QUALITY OF WORK PRODUCED, UP- 
KEEP, and DRIVING POWER REQUIRED, WE 
CHALLENGE ANY OTHER MACHINE ON THE 
MARKET, 


When once this Machine is adopted, Repeat Orders 
are assured, 


mEDUOING. VALVES | 2 BRADLEY @ CRAVEN, Lid.,"“F.Ssr=" WAKEFIELD. 


FOR AIR OR WATER. 
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GEHMN UIN = 


MACHINE CUT HELICAL GEARS 


CITROEN’ GEARS. 













CUT IN ONE GrPERA TION IN THE SOLID. 


THE LARGEST SIZES AND PITCHES. 


NOISE. LE SS. EFFICIENCY 98, 





BRUSSELS EXHIBITION, 


THREE GRANDS PRIX. 1612 








MANUFACTURED EXCLUSIVELY BY 


ANDRE CITROEN @ CO., 


27, Queen Victoria Street, LONDON, E.C. 


1800 HP. BEVELS for REVERSING ROLLING MILL. 


DAVY BROTHERS 


LIMITED, 
Engineers and Boilermakers, 


Telephone : Rb EFF! ELD. 


UTILISE YOUR 
WASTE HEAT. 


THE “BLAKE” 
PATENT VERTICAL 


MULTITUBULAR BOILER 
(WET BACK.) 

Specially adapted for utilising the Waste 
Heat from Furnaces. 

Also suitable for Coal Firing. 

Economising space. 

Requiring no Brickwork Settings. 

Large Heating Surface in Firebox and 
Combustion Chamber. 

No Stays. 


LANCASHIRE BOILERS 


DISHED ENDS. 


HIGH-SPEED FORGING PRESSES. 


Driven by Steam Hydraulic Intensifiers, 
a Speciality. 


All sizes, 100 to 12,000 tons. 


STEEL WORKS PLANT. 
ROLLING MILL ENGINES. 


REPRESENTATIVES : 


NEWCASTLE & DISTRICT.— 
Suge pe a tte 21, Moseley 
Boller. t.. th ee f CROUDACE, Milburn 
BIRMINGHAM eo STON W. LEACH, 31, Queen Street, 
SOUTH ver. i aoe Oxford Chambers, St, Stephens 














Telegrams : 
MOTOR, 

































1466 
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SECTIONAL ELEVATION AKD PLAN OF BLAKE PATENT BOILER, 





LION cua .» PACKING 
PRESSURES OF STEAM. 
LION EXPANDING STEAM PACKING 


For DIFFICULT WORK. 


Made with one or two Rows of Pins. 
SECTION OF RING. 





SET OF PACKING IN SECTION. 


JAMES WALKER &6O., Ld. 


Lion Works, Garford St., WestIndia Dock Rd., 
LONDON, H. 15% 
Teleg.: ‘‘Lioncuntz.” Telephone: Easr 8084. 


BOILER FEED 


(NICHOLS’ PATENT). 
SIMPLE OR COMPOUND. 








STEAM USED EXPANSIVELY. 
START FROM ANY POSITION. 





ECONOMICAL, RELIABLE 
and EFFICIENT. 


NICHOLS BROS. 


GATHSHHAD-ON-TYNH. 


LONDON Office: 110, Cannon Street, E.C, 





Telephone; 5768, Central, 76} 
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5010 1507, 
INGREASE IN @ 
PRODUCTION 


on such work as Fly- 

wheels, Gear Blanks, 

Gas Engine Cylinders, 
&c. 


Also used for Heavy 

Bar Work, such as 

Wrist-pins, Projectiles, 
&c. 


~ 


Write for Catalogue, 
“The Pond Rigid 


Turret Lathe.”’ ; aed 
28-INCH POND RIGID TURRET LATHE, SINGLE PULLEY DRIVE. 


A very stiff and heavy Machine for cutting down shop costs on a great variety of work usually done on an Engine Lathe. 
Construction of Turret and its wide faces permits short rigid tools to be securely attached for heavy rapid cutting. 


TWO SIZES—2I AND 28-INCH SHOWN IN THE CATALOGUE. 


NILES-BEMENT-POND COMPANY, tew vork. 


“NILIAGUS,” LONDON. 28-25, Victoria Street, London, S.W. mr sane: 


FRANCE: Glaenzer, Perreaud & Thomine, 18-20, Faubourg du Temple, Paris. GERMANY: F. G. Kretschmer & Co., Frankfurt a/M. 
AGENTS {rraty: Ing. Ercole Vaghi & Co., Milan. § JAPAN: F. W. Horne, 70-c, Yokohama. § BRAZIL: A. Cazzani, Boite Postale 802, Rio Janeiro. 
ARGENTINE: F. H. Bagge, 121, San Martin, Buenos Aires. 


— 


Pg ee oy a a 








SOLIDS. 
ADJUSTABLE 


REAMERS -= 











S) 











Ny v1 neta” 











Size accurately adjusted 
without regrinding. 





SECTIONAL SIDE VIEW. 
Section M-M illustrates method of holding blades in head. {-N shows depth of blade in body. SECTIONAL END VIEW. 


PRATT & WHITNEY CO., HARTFORD, CONN., U.S.A. 
Agents: —LONDON, E.C.—Buck & Hickman, Ltd., 2 & 4, Whitechapel Road; LONDON, 3. W.—Niles-Bement-Pond do., 25, Vietoria Street. 
AUSTRALIA.—Noyes Brothers, Melbourne & Sydney. PARIS.—Fenwick Freres & Co., 8, Rue de Rocroy; Agents for France, Belgium and Switzerland. 

JAPAN.—F. W. Horne, 70-e, Yokohama. ITALY.—Ing. Ercole Vaghi, Milan. GERMANY.—F. G. Kretschmer & Company, Frankfurt a/M. 5433 


ecw ee 

















THE McKENZIE, HOLLAND, & 
WESTINGHOUSE POWER SIGNAL CO., Ltd. 


POWER SIGNALLING 


Address: 


58 Victoria Street, London, S.W. 10 
Electro-Pneumatic Polarised Relays for use 
Tube Signal, Telegrams: “ Powersig, London.” Sees: 890 Westminster. on Electric Railways, 
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KERR, STUART&CO. 


LIMITAID. 


WORKS : 
STOKE-ON-TRENT. 


OFFICES : 


I, BROAD ST. PLACE, E.C. 





All Communications te 


. AGENTS :— 
Abbott, Drescher & Co., 20, Queenhithe, E.C 


London Office. 808 





D\ LANGEN & WOLF - Milan J 


“OTTO” GAS ENGINE WORKS. 
GAS ENGINES with Suction Plants. 
“DIESEL” ENGINES. 
PETROL and GASOLINE ENGINES. 








i be det ns 2 
‘Kiydlit Ei ey | 


at Pe: 











SOLID WELDED STEEL 
ANGLE RINGS up to 
6” x 6’ x 1” by any 
Diameter. 





Makers of High-class LANCASHIRE nr “CORNISH 








ESTABLISHED 
1870. 


THOMAS HUDSON, Ltd. 


SHEEPFORD BOILER WORKS, 
SOATEBERIVDGH, N.B. 






Hydraulic Dished and Flanged Plates. 


BOILERS up to 200 Ibs. W.P. -  eaaeeueeee ee 











‘ TELEGRAMS :— 
i { HAWKSLEY, SHEFFIELD.” 
) “ APHASITIO, LONDON.” 


Straight Tubes. 


NO HEADERS. 





“BRIGHTSIDE” WATER TUBE BOILER, SIX DRUM TYPE, FOR HAND FIRING. 


HAWKSLEY, WILD ®& CO., 


Brightside Boiler Works, SEBEEIELDY. 


LONDON OFFICE: Surro.k Houss, Laurenos Pountney Hit, E.C, 






























































ON WAR OFFICE LIST. 


TRLEPH ONE :— 
1223, SHEFFIELD. 
80141, BANK, LONDON. 


All Tubes Removable 





NO EXTRA HEADROOM 
REQUIRED. 





1414 


Ltd., 
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¥ BE SSEME R& 


= an 


~ Sn GD, 


Telegraphic Address, MANUFACTURERS OF Bessemer, Sheffield. 


CAST STEEL BY THE BESSEMER AND SIEMENS PROCESS. 


SPECIALITIES : 
LOCOMOTIVE CRANK AXLES. LOCOMOTIVE STRAIGHT AXLES. COMPRESSED STEEL CRANK SHAFTS. BUILT-UP MARINE CRANK SHAFTS. 
Forge Department ~ { ROLLED WELDLESS TYRES for Locomotives, Carriages and Wagons. Special Hard Quality for Brake Vans and Locomotives. 
SPECIAL HARD TOUGH 8TEEL SHOES and DIES for Gold Mining Purposes, &c. 9218 
STEEL HYDRAULIC CYLINDERS, finished complete, tested and guaranteed to any required pressure » to 7 tons per square inch. 
Casting Department { HEAVY MILL GEARING IN STEEL. STEEL HAMMER TUPS, FACES & SWAGES. SPECIAL HARD STEEL ROLLERS & PATHS for Crushing Quartz, &c. 


THOMAS BROADBENT & SONS, LTD. 


Telegrams: BROADBENT, HUDDERSFIELD. Telephone Nos.; 102 & I00I. 


ELECTRIC OVERHEAD CHARGERS FOR RE- 
CRANES. HEATING FURNACES. 


SOAKER CRANES. SLAB CHARGERS. 
BILLET CHARGERS. 


MAGNET CRANES. 
ELECTRIC CAPSTANS. 
STRIPPER CRANES. | LIFTING GEARS. 


OPEN HEARTH . . me LOCOMOTIVE STEAM 
CHARGERS. \ . pe CRANES. 

Overhead or Ground Type. rt ; eg) HAULING WINCHES. 
OVERHEAD 


JIB CRANES. 
| eens < TRAVERSERS, 
PEDESTAL CRANES. % 4 06, TN, Be., Be. Be. 


STEEL WORKS CRANES A _ SPECIALITY. 


LET US SUBMIT DESIGNS AND ESTIMATES. 


Fy na ‘eet: HUDDERSFIELD. cae ea 
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National Gas Engine Co. 


LIMITED. 




























AS SUPPLIED SPECIAL | 
FOR FEATURES. 
Spinning Reliability 
Sheds, Regularity of 
Weaving Speed 
Sheds, Low Oil 
Electric Consumption 
| Delving. Positive 
Flour Starting 
; . 
| Mills, | Low Fuel 
&c. 


J Consumption 


} STANDARD Tw O-COWVWLINDENR NATIONAL GAS ENGIN El. 
170 to 300 Hffective Horse Power. 


wi, ime, ASHTON -UNDER-LYNE. _....ccm... ™ 


a 
a a A on 


| The MANCHESTER DONKEY or WALL Pomp ae 2 FRANK DEARN & C9 pi 
4 ‘ \_MANCHESTER, S.E. 


N PowER PumMP 


Horizontal Treble Ram. 






































. PEARNS CAMERON TYPE Pump 


National Telephone 
N° 1021. 


Telegrams 
“PUMPS” Mancnesrer. 





Vertical Treble Ram. Od 8461 Single Ram. Double Ram. 
LONDON: 49, Queen Victoria St., B.C, GLASGOW: P.& W. MACLELLAN, Ltd., 129, Trongate, NEWCASTLE-ON-TYNE: B, CLEATON REES & CO., 38, High Bridge, 
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AN OPEN LETTER TO USERS OF STEAM NAVVIES. 


Sheaf Iron Works, 
LINCOLN. 




















Dear Sirs, 





In consequence of reports which have reached us, we beg to confirm our announce- 
ment of December last, to the effect that we have purchased the Steam Crane Navvy, 
Excavator and Dredger Business previously carried on by Messrs. Whitaker Bros., 
Ltd., of Horsforth, near Leeds, with the patents, drawings and patterns relating thereto. 








All enquiries for Machines as constructed by that firm, or for Duplicate or Repair 
parts for any Machines which have been supplied, should be addressed direct to us, and 
they will receive our prompt attention. 







As we have acquired not only the sole rights of the above business, but also 
the use of the name in connection therewith, any statement to the contrary, or to the 
effect that we are not in a position to supply the “ Whitaker’? machines and duplicate 
or repair parts for the same, is absolutely incorrect. 














Yours faithfully, 


yore on. RUSTON, PROCTOR & Company, Lto. 
The LILLESHALL COMPANY Limited - OAKENGATES. 


TELEGRAMS : 
LILLESHALL, OAKENGATES. 












TeLerinone: 
6, O\KEN 3ATES. 











WINDING & HAULING 
ENGINES. 












Steel Converters 


from 10 cwts. to 30 tons 
capacity. 







Gas & Steam 
Blowing Engines. 












HOT BLAST, 
COLD BLAST, 
Gas and Air Valves 
for Cowper Stoves and 
Steel Furnaces. 










ROLLING MILL ENGINES 
AND EQUIPMENT. 










LADLES & CARRIAGES 


FOR 


HOT METAL & SLAG. 


HOISTS & HOIST 
ENGINES. 























J] 

Air Compressors 
WITH 
ROGLER - HOERBIGER 
Patent Valves. 







CUPOLAS 
for FOUNDRY use or 
LIME BASIC BURNING 














MINE & COKE | _ HicH-cLass 
CHARGING BARROWS. ~~~ PumpingEngines. 


THREE COWPER STOVES 66 ft. high by 21 ft. diam. RECENTLY ERECTED. 












ENQUIRIES SOLICITED for ail clusses of ENGINEERING WORK. 
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Head Office: ABCHURCH YARD, CANNON STREET, LONDON, E.C. 





~ sey 





LIGHT SHUNTING LOCOMOTIVE, MINING LOCOMOTIVE. 1375 


ELECTRIC LOCOMOTIVES FOR ALL PURPOSES. 


It BLACKSTONE OIL ENGINE 


STATIONARY TYPE. 
S. : For Crude Oil -» 163 to 105 B.HP. 
For Refined Petroleum 2 ,, 75 B.HP. 
, PORTABLE TYPE. 
iG For Crude Oil ... 16} to 37 B.HP. 
For Refined Petroleum 2 ,, 26 B.HP, 
Starts in <& minutes. 
— No Lamp required except for starting. 
No external flame when working. 


IRENE 














he From a photo of ai7 B.HP. 
Portable Oil Engine, with 
Self Starter and Friction 
' Pulley. 


The Engines of this series are 
mounted on strong steel wheels 
and closed steel girder frame. 
The system of cooling is on an 
improved andthoroughly efficient 
principle. A gun-metal pump is 
used to circulate the water. The 
exhaust 2 » opens into the 
chimney and causes a current of 
air to pass through the circu- 
Heed water. 
Engines are largely u 

- for driving portable thresheree — 

for sawing, general 
estate work, and by contractors, 
























S. BRANCHES :— 
— LONDON: 81, Cannon St., E.C. 
Telegrams—“ Engimanu, London.” 

ES Telephone—3144, Central. 
ADELAIDE .. -- 61-63, Hindley Street. 
ALEXANDRIA -- Rue de la Gare du Caire. 
AMSTERDAM -. Spuistraat 6 & & 
ANTWERP .. .. 83, Rue des Peignes. 

: BOMBAY os -. Ballard Road. 

T BUENOS AIRES .. 333 Calle Peru 335. 
CAIRO .. +e -. Rue Bab-el-Hadeed. 
CALCUTTA . 99, Clive Street. 
CHRISTOHUROH, N. Z. South Belt. 
DUBLIN eS 1, Rutland Square, E. 
GLASGOW... 28, Graham Square. 

rs GERALDTON, W. na Marine Terrace. 
PARIS .. ns -- 28, Boulevard de lI’Hopital, 
MELBOURNE... -» 191, William Street. 
SYDNEY a -. 7, Bent Street. 

ER TORONTO .. .. CornerKing&Simcoe Streeta. 
TUNIS .. oe 19, Rue de Portugal. 





F ESTIMATES & FULL PARTICULARS POST FREE. 


Telegrams—‘ BLAOKSTONES, STAMFORD.” 1683 
Telephones—Nos. 307 and 308 (Two Lines), 
Codes used—LIEBER’S, Al, ABO (4th & 5th Eds). 


BLACKSTONE & CO 








T L. Stamford, England. 


. 
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ROOTS ‘(ACME BLOWER 


FOR USE WITH ANY MAKE OF CUPOLA, SMITHS’ HEARTHS, ALKALI WORKS, &c., &c. SIMPLE & COMPOUND ENGINES, 
‘“‘Aeme’ Blowers & Gas Exhausters 1 


For Ordinary and High Pressures up to 10 lbs. 


FITTED WITH SIMPLE OR COMPOUND ENGINE OB MOTOR DIRECT. 














ie full particulars and prices apply to:— 


SAMUELSON & CO.., Lo. 


BANBURY, ENGLAND. 
CONTRACTORS TO THE ADMIRALTY, WAR OFFICE, COLONIAL AND FOREIGN GOVERNMENTS. 


JOHN H. WILSON & Co. Lrp. 





























45-Ton Steam Excavator or Navvy. Ref. No. 28 E. 527 25-Ton Steam Breakdown Crane. Ref. No, 22 0, 


STEAM & ELECTRIC CRANES. STEAM CRANE-EXCAVATORS. GRAB CRANES. 
CONTRACTORS’ PLANT. STEAM & ELECTRIC WINCHES. WINDLASSES & CAPSTANS. 


Head Office and Works: Dock Road, SEACOMBE, 


Telegraphic (ENaie tonbom C”~=—Ss«sdLondon Office: 15, VICTORIA STREET, WESTMINSTER. near BIRKENHEAD. 
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PROFIT PRODUCING FEATURES 


Cause the Enormous Sale of our Lathes. 
IT WILL PAY YOU TO CONSIDER THESE POINTS WHEN BUYING 























ILLUSTRATION SHOWS 
OUR 10} in. CENTRES 


POWERFUL HIGH-SPEED 
GAP LATHE. 


AUTOMATIC LUBRICA- 
TION TO DRIVING CONE. 


UNBREAKABLE FEED 
GEARS. 


LOOSE HEADSTOCK HAS 
RACK and PAWL TO TAKE 
END THRUST and SPINDLE 
HAS FULL BEARING IN 


| | DEAN, SMITH & GRACE ow elm, === 


| LATHE a aiaaadesieiaal - - KEIGHLEY. Write for 1911 Catalogue. 


WILLIAM BEARDMORE «.C0.. Lo. 


GLASGOW. 






































RELIABL cE. ECONOMICAL. 
THESE 26,800 
ENGINES | B.HP. 
ARE BUILT §& HAVE 
FOR ALREADY BEEN 
HARD WORK. INSTALLED. 


POSSSSSSSCoCoe SOSSCSSSOOSCOSOE 


MAKERS OF 
LARGE ENGINES. 
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FIRTH’S 


SPECIAL “FREEDOM” STEEL. 


(EXCEPTIONALLY FREE FROM PHOSPHORUS AND SULPHUR). 








HIGH-SPEED SHAFTS | ave | SUPPLIED IN NIGKEL, 
a ! Be: NIGKEL GHROME, or 
- MOTORS, — Wc: SM a — MANUFACTURED BY THE 
OIL ENGINES, &e., - AGID SIEMENS-MARTIN 
ALSO | 
TYRES, GRANK and | — 
STRAIGHT AXLES, SPEGIALLY SELEGTED 


SUGAR MILL GUDGEONS, MATERIALS. 


Diar. of Shaft and roe, ves in. THREE THROW FORGED “FREEDOM” STEEL CRANKSHAFT. Wt. Finished, 14 tons 6 cwt. 
Total Length, 2! ft. 8 For Horizontal Reversing Mill Engines. 


THOos. FIRTH & SONS, LIMITED, 


NWorfolk Worlks, SHHFEINID. 
CONTRACTORS TO THE BRITISH ADMIRALTY, WAR OFFICE, INDIA OFFICE, COLONIAL & FOREIGN COVERNMENTS. 


Telegrams: “FIRTH, SHEFFIELD.” ‘‘ MESMERIC, LONDON.” Telephones: SHEFFIELD—3230 to 3237, LONDON—5631 GERRARD, 


$$ 
a TT 


Day, SUMMERS & Co. Limited, 


ENGINEERS, BOILERMAKERS, SHIP AND YACHT BUILDERS. 


posmhanat RONWORKE, a vo 














CONTRACTORS - . ON BD BY ee 5s all Several Sets 
go TEE ‘¢ Nee a = —_ ~— Fle ¥ of this 
Admiralty, lif & pee 7 7 al Machinery 
War Offic, BY. a Cte | ih are 
Russian Government, .¥ ee Pal s2 een A ; Sah now at work 
Spanish Government, ie - tS ——. ‘a ; in various 


Réyptian Government, a 2 a 2 ; 
Argentine Government. f .e- petee ae ~=oof the World. 














1622 


1600 TON HAULING-UP SLIP MACHINERY, 


Designed and Constructed by Dar, Summxns & Co., on their Patent Non-Fleeting Wire Rope System, which enables a vessel to be hauled up in 36 minutes. 


D.,.8. & CO. ARE ALSO THE ORIGINAL INVENTORS AND PATENTEES OF 
Over 86 Sete of these Sheers have 


STEAM TRIPOD TRAVERSING SHEERS (Land and Pleating), 53-3355" 
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DAVEY. PAXMAN # Co. Li 


COLCHESTER, England. 





“AS GOOD AS A PAXMAN STEAM ENGINE.” 


| GAS ENGINES & SUCTION GAS PRODUCERS. 


OVERHEAD 


ELECTRIC oR HAND-POWER 


TRAVELLING CRANES 


OF ANY SIZE ano FOR ANY SERVICE. 


VAUGHAN & SON, L2 


ROYAL IRON WORKS, 


Telegrams: Telephone : 
“Vaunting, Manchester.” N No, 5113, Central. i 
we 


Travelling Crane Specialists for over 25 years. 
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CAMMELL LAIRD ano CO. Lro, 


STEEL MANUFACTURERS, SHIPBUILDERS, AND natin 


Head Office:-CYCLOPS WORKS, SHEFFIELD. 


WAR 3 E | STEEL CASTINGS 
and ee and 
MERCANTILE gee ala 1 a : FORGINGS. 
VESSELS — ~ a, — 
of all descriptions. 


ARMOUR. 


PROJECTILES. 


GUN FORGINGS. a a — ae FILES and RASPS. 


CAST STEEL PROPELLER BRACKET. 


19 ft. 6 in. from centre of bosses. Total Weight 11? Tons. 


a TYRES, AXLES, 
=) SPRINGS, BUFFERS. 


. TOOL STEEL. 
HIGH-SPEED STEEL. 








9869 























FOR IMMEDIATE DELIVERY. 
SLOT DRILLING MACHINES. 





H.W.WARD & CO., L”: 


89, LIONEL STREET, 
BIRMINGHA™. 


10 in. by in. AUTOMATIC DUPLEX 
SLOT DRILLING MAOHINE. 





These Keyways and 
Slots have been Ma- 
chined on our Slot 
Drilling Machine. 


Write us and we will 
arrange to demonstrate 3 e 
how this Machine will 
economically deal with 
YOUR WORK. 
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Steel “‘ Monolith” Shoes for Harbours Docks. Constructed by John Lysaght, Limited. 1841 


} 
BRIDGHS, GInRDARNnS, HROOFSs, BUILDINGS. | 
Chief Offices: St. Vincent’s Ironworks, Bristol. London Office: 26, Gracecharch St., E.C. 


smi | 
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PIONEERS 
OF 
MACHINE 
RIVETTINC. 


OVER 


COMPRESSION 0 


TYPE. YEARS’ 
From Photo of TWELVE EXPERIENCE. 


Fielding Portable Pneumatic 

Rivetters for ONE ORDER, 

each 36in. gap for Iin. rivets CIRCULAR 
in Bridge Work. ~- FREE. 


FIELDING & PLATT L” 


GLovTo cES TE EF. 


LAURENCE, SCOTT & C2: NORWICH. 


Established 1884. 


Telegrams: ‘*Gethic, Norwich.’’ 

ABC Code, 4th and 5th Editions. 

Engineering Code, 2nd Edition. 
Telephone No. 246. 





“NOTES ON 
ELECTRIC MOTORS.” 
2nd Edition. 

This useful Booklet will be sent, post 


SES on a a free to Managers, Engineers, and 
a aati other bona fide users of Machinery. 


TURBO-GENERATORS. 




















oe 
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. INS Ss 2s 


STEAM PUMPS. 








“SPECIAL” or CORE T on 
DUPLEX. RAM PUMPS. 
For MINING, 
COMPOUND DRAINAGE, 
PRESSURE, 
satin BOILER-FEEDING, 
ETC., ETC. 
TD. : 
TANGYES LE’ Birmncuam. 




















CAMPBELLS & HUNTER, LTD., 


Dolphin Foundry, LEEDS. 


Telegrams: ‘DOLPHIN, LEEDS.” 








Nat, Tel.: No. 768, LEEDS. 





HIGH-CLASS MODERN 


DRILLING 
BORING 


MACHINERY. 


HORIZONTAL, BORING, DRILLING, TAPPING, 
STUDDING and MILLING MACHINE. 

6 ft. vertical by 6 ft. horizontal range. 

4in. Spindle. 3 ft. Feed. Revolving Table 

5 ft. 2in. square, 6 ft. 6 in. travel. 

16 Spindle Speeds, 8 Feeds. 


Delivery from STOCK. 





All Types and Sizes 
FOR. 


> ENGINEERS an 
BOILERMAKERS 
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SIEMENS 











TURBO-ALTERNATORS 


Turbo-Alternator installed at the Southwick Power Station of the 
Brighton Corporation 


Output 3000 KW. 8000 Volts; 1500 R.P.M. 
3-Phase, 50 Cycles 


SIEMENS BROTHERS DYNAMO WORKS LIMITED. 


Head Office: Supplies Dept. & Stceres: *‘ Tantalum ’’ Lamane & Fittings 1 
CAXTON HOUSE, WESTMINGTER, 8.W. 39, UPPER THAMES STREET, E.C. TYSSEN STREET, DALSTON, N.E. 1712 
Telephone : GERRARD 860. Telephone: LONDON WALL 8870. Telephones : CENTRAL 8888 & DALSTON 240, ie: 
Telegrams: “ SIEMBRALOS, LONDON.” : “SIEMOTOR, LONDON.” | Telegrams: ‘‘ SIEMODYN, LONDON.” 


Werks: STAFFORD. 


BRANCHES 
BIRMINGHAM. MANCHESTER, JOHANNESBURG. SINGAPORE. SHANGHAI. RIO DE JANEIRO. 
BRISTOL. NEWCASTLE. BANGKOK. ° TOKYO. MEXICO. 
CARDIFF. SHEFFIELD. 8 PENANG. VALPARAISO. NEW YORK. 
GLASGOW. CONSTANTINOPLE. RANGOON. 5 BUENOS AYRES. TORONTO. 
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“THE WORLD'S STANDARD REDUCING VALVES," 


Bailey’s Foster’s Patent ‘‘ Full-Bore.”’ 


Fic. 1770. 
bore,” 


b 


for cheapness. 


2042. 





> No glands. 

FULL BORE valve. 
REDUCING VALVE, 

“Class W." 


thick in vital parts as others. 
valve for general purposes. 


MARVELLOUS RECULATION OF PRESSURE OF STEAM, WATER, CAS, OR AIR. 


**Class W opens “ Full- 
no glands, rubber, asbestos. 
Entirely metallic. Nothing sacrificed 
The metal is twice as 


The 


Gives an even more exact 
regulation than ‘‘Class W,” works 
any way up. Shuts off dead-tight. 
The most compact 





ALL SIZES FROM }in. TO 24in. BORE. 


A LARGE STOCK KEPT FOR URGENT DELIVERY. 





2042. 


“Class G." 


Qui 








DEFECTS IN FLOAT VALVES REMEDIED! ! 


BAILEY'S FLOAT VALVE 
AND PUMP GOVERNOR. 


FOSTER’S PATENT. * 


CONTROLS WATER OR STEAM. 
REQUIRES ONLY A SMALL FLOAT. 
CUMBERSOME FLOATS 
UNNECESSARY. 

CONTROLLED BY A SMALL VALVE 


AND FLOAT. 
CK AND SENSITIVE. 


PERFECTLY TIGHT. 





CAN BE FIXED OVER TANK OR ANY DISTANCE 


AWAY. 





All Sizes in Gun-metal or tron 
Flanges. 
Screwed or Flanged } to 12 in. Bar 





| BAILEY’S PATENT 
STEAne 


PRESSURE RECORDER. 


CHECKS 
CARELESS 
STOKING. 


LECIBLE 
DIACRAM. 


£12 10s. 
PAYS FOR ITSELF IN A FEW WEEKS. 








° DOUBLE COPPER CAP” 
-FUSIBLE PLUG 


Prevents Boiler Explosions through 
Low Water, Oil or Scale. 
| BAILEY’S NEW PATENT. 
FUSIBLE 
METAL, 
PROTECTED 
ON BOTH 
SIDES AND 
CONTINUOUS. 


NO ’ 
LEAKAGE 
POSSIBLE. 


POSITIVE 

















BAILEY'S “KEY RING 








PATENT 













) VALVES. 
| 








RENEWABLE ano 


.E-GRINDING 







































































RENEWED. 


in all Sizes } 
to fit fire- 
box from 
inside or 


outside. 





DOUBLE 
| ACTION. (@) 


VW. 







~ 


~~ 





H. B. a> 





















Complications. 
SURE. 
Valve and Seat easily Refaceable or Renewable. 


PATENT. 


No Floats, Springs, Levers, Cranks, or 
‘* SIMPLE ’’ and 
INSTANTANEOUS ACTION. 


| Large Capacity, 
| with Variable Pressures. 


| Hand Blow- 


| working of trap. m1 


SEE-SAW’ FLOAT STEAM TRAP 


Larger Valve than any other. 
Works 






Visible Action. 
through. 
ADVANTAGES: 


“Pop” action 
giving full-bore 
discharge. 
No Dribbling. 


Motion of lever 
an indication of 














Valve and Seat 
can be re-ground 

































COMPACT. 
For all Steam Pressures. 





~) 7 STEAM OVENS. 










BAILEY’S 


STEAM 4, 
KETTLES 


As supplied to many 
MILLS, FACTORIES, 
WORKS, &c. 
For producing a 
Continuous Supply 
of Hot yo 


CLEAN 
“EQONOMICAL 
ND D 
Ac 









o>. 


ce ee Ls 


in 


7 


HOT HEARTHS. 
CLUE HEATERS. 





“Count Mumford” 
r 
Water Heater. 


DIAL? 














“ STOKER’S 





without alteration or 





of D section. 


patterns, 


BAILEY’S Patent 


:* PROTECTOR,” 


“Life & Sight Shield.” 


Fits any Water Gauge 
Disturbance of any part. 


1896w.—With Wire-embedded 
Glass 

1912.—With Three Toughened 
Glass Plates. 


Reflectors fitted to either 

















BAILEY’'S BEST VALUE IN VALVES (BAILEY’S PATENT). 
“RAPID RE-STARTING | BAILEY’S ‘ADAMANTINE' || NO SCREWS. §¢ 
INJECTOR. STOP VALVE. | NO 
- | LOCK NUTS. 
s Cp) SAVES 
IN IRON H | TIME anp OIL. 
= e 
CUN- : coop Y 
METAL. g METAL. eet - 
STRONG ff | apie 
- DESIGN. J | SIMPLEST 
; and BEST. 
ro) | Ae Supplied to the 


SUITABLE FOR FEEDING ALL 


KINDS OF BOILERS. 


FOR STATIONARY LOCOMOTIVES, 
TRACTION ENGINES, MARINE BOILERS 


&e. 






















THE ONLY RENEWABLE 


REMOVABLE COVER. 





| 
FOR STEAM OR WATER. 


DISC VALVE WITH AN EASILY 


LUBRICATOR 












| British ee ad 


and India Of 


Capacityinozs. 1 2 5 10 2 f 
PRICE with " nth 
| Pass Cur} 4/8 6/6 8/6 14/- 20/ 


| Mies} 8/- 7/- 10/- 16) 22 














| “ Bailey’s Useful Inventions for Engineers in all the Industries,” 420 pages and over 1600 Illustrations of Gauges, Stop Valves, coger Valves, 
Lubricators, Steam Traps, Steam Kettles, Indicators, &c. Price, Bound in Stiff Board, ss. Bound in Cloth, 7s. 


W.H. BAILEY & CO., Ltd 





ALBION 
«9 WORKS, 


Salford, 





MANCHESTER 
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SEE 


| UNIFLUX CONDENSER 
DUAL AIR PUMP 


have been adopted by 








AUSTRIAN LLOYDS S.N. CO., ISLE OF MAN STEAM PACKET CoO., 
BELGIAN STATE RAILWAYS, ITALIAN STATE RAILWAYS, 
BRITISH INDIA S. N. CO., KONINKLIJKE PAKETVAART MAATSCHAPPIJ, 
JAMES P. CORRY & CoO., LONDON & SOUTH-WESTERN RAILWAY CO., 
CUNARD STEAMSHIP CoO., NEW ZEALAND SHIPPING CO., Ltd., 
ELDERS & FYFFES, Litd., ORIENT LINE, 
FEDERAL S. N. CO., Ltd., PENINSULAR & ORIENTAL S.N. CO., 
GREAT CENTRAL RAILWAY CO., SHAW, SAVILL & ALBION CoO., 
GRAND TRUNK RAILWAY CoO., TURNBULL, MARTIN @& CO., 
P. HENDERSON @& CoO., &c., &c. 
and by 


TWELVE NAVIES 
Aggregating Three Millions S.H.P. 


A unique record for the 
period since its introduction. 


* & e 
The simplicity, reliability and obvious e:oaomy of 
the system have obtained for it speedy and universal 
recognition as a real and practical advance in marine 





engineering. 
8° 8° Particulars on Application. 


G. & J. WEIR, L”: 


Marine Condenser Department, 

















UNIF LUX 











Cathcart, Glasgow. 
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PHILADELPHIA, PENNSYLVANIA, U.S.A. 








LABOUR-SAVING MACHINE TOOLS. | 












ros. 


29 


SAEs 





FLOOR BORING, DRILLING AND MILLING MACHINE. 


The machine shown was recently furnished by us to the 
United States Navy Yard, New York. It has a spindle IO in. 
diameter, with a travel of I2 ft. vertically on the upright and 
20 ft. horizontally on the bed. It was provided with an Out- 
board Support for the boring bar, and a Floor Plate 24 ft. by 35ft. 


It is a Horizontal Drill, with a wide range vertically, horizon- 
tally, and angularly by setting the work at an angle. It is a 
Boring Machine of similar application. It is a Milling Machine 
of wide latitude, and can in many instances be used milling 
instead of planing. 


CORRESPONDENCE SOLICITED. 





It has a wide range of feeds and speeds for all classes of 
work. The spindle is carried close to the upright, giving great 
stiffness under cut. Adjustments of the spindle, drilling head, 
and upright are made by power and controlled at the drilling 
head. The mechanism for controlling these various movements, 
as well as the feeds and speeds, is arranged to be operated from 
one convenient position, insuring rapid production. 


Range of sizes 4 in. to 10 in. spindle, with any vertical 
and horizontal travel required. 
1532 








South American Representatives: DUTILH-SMITH, McMILLAN & CO., 29, Great St. Helen’s, LONDON, £.¢, 





G 
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VICKERS |||| VICKERS 


| NEW METAL 


CENTRIFUGAL FANS. Wh 


DURALUMIN 


An alloy of aluminium suitable for 

general manufacturing purposes, 

and especially in structural work 

demanding lightness combined 
with strength. 











| EXTENSIVELY USED IN THE CONSTRUCTION OF THE 
| NAWVAIXIL AIRSHIP 


RECENTLY LAUNCHED AT BARROW-IN-FURNESS. 





| As strong as Mild Steel and 
| only slightly heavier than 
Aluminium. 











| 

| 

| 

| | 

Type O.L.—Direct coupled to Motor. | 
Manufactured ty :— | WRITE FOR PARTICULARS. 


THe ELECTRIC & ORDNANCE ACCESSORIES CO., Lro. THe ELECTRIC & ORDNANCE ACCESSORIES CO., Lro. 


Proprietors :—VICKERS LIMITED, | Proprietors :—VICKERS LIMITED, 






































ASTON, BIRMINGHAM. Hi ASTON, BIRMINGHAM. 















































"WARSHIPS & ‘COMMERCIAL SHIPS, 


FLOATING DOCKS, | DREDCERS, 
FLOATING GRANES, , : ICEBREAKERS, 
ARMOUR PLATES, pee PROJECTILES, 
GUNS AND THEIR = AND EXPLOSIVES. 
MOUNTINGS. : 





- 
Se 











ee Pa. in tne 
et ‘ 


H.M.8. ‘‘ TRIUMPH.” BUILT AT BARROW-IN-FURNESS. 


VICHERS LiMiTED, 





Naval Construction Works BARROW-IN-FURNESS. 
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VICKERS 


ONE-LOCK 2 a A Mi F. R 





ADJUSTABLE 





Adjustment of ;'sth of an 
inch with a 2 in. tool. 


No scrapping of expensive 
solid reamers. 


When worn undersize, the 
Vickers Reamer only 
requires a new set of 
blades. 

All blades adjusted evenly 
and accurately by one 
operation. 


Four component parts 
only. 


Once set to the required 
diameter, the reamer 
cannot be tampered 
with. 








WRITE FOR 


VICKERS LIMITED 


Small Arms and Tools Dept., 


VICKERS HOUSF, BROADWAY, WESTMINSTER, S.W. | 


PARTICULARS: 






































(Proprietors :—VICKERS LIMITED.) 


WOLSELEY 


MARINE ENGINES 


Hold World’s Records for Reliability and Speed. 





30-HP. LIGHT HYDROPLANE MOTOR. 


Send for New Catalogue G., post free on request. 


THE WOLSELEY TOOL & MOTOR CAR CO., LIMITED, 
ADDERLEY PARK, BIRMINGHAM. 


Telegrams: “ Exactitude, Birmingham.” F180 Telephone: 6153, Central, Birmingham 


Contractors to the Admiralty, War Cffice, &c. 
























































j : 
} let » 
— ee 


VICKERS MOTOR & PATENT REVERSIBLE 
SWITCH GEAR. 


Driving a 32 ft. Plate-edge Planing Machine (Planer 
constructed by Smith Bros. & Co., G tlasgow). 


oS 


VICKERS LIMITED, 


SHEFFIELD. 











PATENT 
BELTLESS 
DRIVE. 
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SOLE MAKERS OF 


ALLEN’S ALLEN’S ALLEN’S 


STEEL CASTINGS 


AND 
Gearing, Hydraulic Cylinders, Dynamos, 


“STAG” BRAND SPECIAL M ANG ANESE STEEL Stand Waane Soliaty Wh Railway 
HIGH SPEED STEELS. Crusher, Jaws Ralls and Canes olan 


and Tramway Points and Crossings, S A Ww S 
DREDGER PINS AND BUSHES, FOR CUTTING COLD IRON AND STEEL 


TOOL STEELS. Bucket Lips, &c., &c. A Speciality. 


EDGAR ALLEN & CO., Limiteo, 
_IMPERIAL STEEL WORKS, SHEFFIELD. 




































































Automatic ese , MACHINES. 
Boiler-Houses 5 AWE BH & 4 , + Po IN 1 , 4 F 
WITH ‘ | p : a | = WH EELS. 


NOVEL ASH 
REMOVER. 


TRANSMISSIVE Diy” SQ SONA ey hp —— EMERY, EMERY CLOTH, 
MACHINERY. DOR , O2f | i GLASS PAPER, &c. 





ROPEWAYS. 


STEEL 1«0 AL ey, | <= aver he 
CHAIN - BELTS, : = SEND FOR NEW LIST. 


We publish 15 Bookleta 
on Appliances for the : . F 
Tranemission of : ifc e S mer e2 0 
Power and Materials, - " F 
Please write for copies. ———— 4 
eS Atlas Works, Bradford, 








1460 








ms : DIAMETER, MANCHESTER. 








GALVANISING & OONSTRUOTIONAL IRONWORK — Telephone : 3575 CENTRAL, Telegra 
JOSEPH ASH & SON, 
1569 Rea Street South, BIRMINGHAM. PHOSP H OR RB RONZ ys E 


oy PHOSPHOR =J 540], 743 a 


z O% oN ot oe Phosppor Tin and Phosphor Copper. WHITE ANT METAI 
A RP AAnti-friction White Setals. ——— 


The PHOSPHOR BRONZE Co: 


\T CHESTER STREET SOUTHWARK. LONDON, SE. 


ASTON, BIRMINGHAM 


BILLINGTON: NEWTON, 


MANGANESE BRONZE, LONGPORT, STAFFS. wineries 


PHOSPHOR TIN. MAGNOLIA METAL. he, 
PHOSPHOR COPPER. BABBITT’S METAL. y 
PHOSPHOR BRONZE. WHITE BRONZE. 

And other Anti-Friction Metals. 


SPECIAL COMPRESSED PHOSPHOR BRONZE FOR 
82 Tons Tensile per sq. in. BEARINGS AND SLIDE VALVES. 


55% Elongation in.2 in. 024 Telegrams: “BRONZE,” LONGPORT. . 





Telephone: No. 304. POTTERIES. 
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NACI 
BOARD OF TRADE BOARD OF TRADE 
CONSTANT FOR HIGHEST CONSTANT 
SUSNFURNACE CORRUGATED TYPES 
15,000. 14,000. 
The HIGHEST 
STRONGEST FACTOR of SAFETY. 
FURNAGE UNIFORM 
MANUFACTURED. ; THICKNESS. 
REATEST DIAMETER OF FURNACE EVER OFFICIALLY TESTED TO COLLAPSE. 1584 
TSE LEaEDS FORGE co., TarmxrTrsaDp, LEEDS. 
LONDON AageNnT: Mr. JosepH HALLetT, 108, Fencnurcw Sr., E.C. Telegraphic Address: ‘‘ Exarxovs, Loxvoy.” 














COMPRESSORS 


for GAS or AIR. 


SINGLE or MULTI-STAGE TYPES 
For ANY PRESSURE or OUTPUT. 


PETER BROTHERHOOD, Ltd., 


PETERBOROUGH. 
CONTRACTORS TO THE BRITISH AND OTHER COVERNMENTS. “~ 
London Office: 53, Parliament Street, WESTMINSTER. 


BROTHERHOOD, PETERBOROUGH.” 70, PETERBOROUGH. 
Telegraphic Address { . BROTHERHOOD, LONDO Telephone | 653 WESTMINSTER. 


W. H. ALLEN, Son # Co, Lia. 


QUEEN ANNE’S CHAMBERS, WESTMINSTER, S.W. Queen’s Engineering Works, BEDFORD. 


THE “ALLEN”. HIGH-SPEED oe ENGINE 


FITTED WITH A SYSTEM OF FORCED LUBRICATION TO ALL WORKING PARTS. 


ONE, TWO AND 


























LOW STEAM THREE CRANKS. 
CONSUMPTION. 
PER ile ALL SIZES FROM 
& UP TO 3000 
HIGH 





BRAKE HORSE POWER. 


EFFICIENCY. 


SIMPLE, COMPOUND 
AND 
TRIPLE EXPANSION 
TYPES. 


SUITABLE _-FOR 
SUPERHEATED STEAM. 
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HHAD OFFICHS: 
41, Oswald Street, Nile Street, 
GLASGOW. BIRMINGHAM. 


LONDON OFFICE: WINCHESTER HOUSE, OLD BROAD ST., E.C. 























MAKERS OF & 


SEAMLESS 


MAKERS OF 


ALL KINDS OF 





WROUCHT-IRON 
STEWARTS’ WELDED-ON AND SOLID DRAWN 
FLANGE JOINT. STEEL TUBES SCREWED-ON 
3 Mor STEEL TUBES. FLANGE JOINT. 
LAPWELDED, an —_ 


BUTTWELDED, 
SOLID-DRAWN and 
LOCK BAR Processes, 

with all the necessary 
FITTINGS for same. 


COILS 


of every description. 





IRON & STEEL 








TUBES and FITTINGS BOILER TUBES. se. 
STEWARTS' No. | Gas, Water, Steam, BORING & CASING ALBION LOOSE 
LOOSE FLANGE JOINT. Air, &c. TUBES. FLANGE JOINT. 





Hydraulic Tubes. 


OIL LINE PIPE. 


CAST-IRON PIPES AND 
CONNECTIONS. ¢ 


wie ~ SIEMENS-MARTIN 


MAIN STEAM PIPE | oe 
STEEL PLATES 
STEWARTS' INSTALLATIONS. | FOR ALL PURPOSES, FERGUSON'S PATENT 


INSERTED JOINT. LOCK BAR PIPES. 








TUBULAR TRAMWAY POLES in Parallel Sections or Tapered in One Piece with 


Fittings for same. 


644 





STH, CASTINGS. BLAECTRIC WELDING. 





WE Work to BRITISH STANDARDS or SPECIAL REQUIREMENTS. 
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John MUSGRAVE « Sons 





LIMITED. 
THE Great Economy, 
‘ . Simplicity, 
UNAFLOW Com pactness, 
STE AM Néatness and 
Reliability 
ENGINE At a Reasonable 
GIVES : — welee. 














500 IHP. SIZE. 





ALSO MAKERS OF:— 


STEAM ENGINES for ELECTRICAL POWER or ROPE TRANSMISSION. 
WINDING AND HAULING ENGINES. 

ROLLING MILL ENGINES, 

Fitted with “STEGEN PATENT” EQUILIBRIUM DROP PISTON VALVES, 


or CORLISS VALVES. 


CONDENSING PLANTS of all descriptions. 
BOILERS of the Lancashire, Cornish, Dryback or Water-Tube Type. 
SUPERHEATERS of the “Cruse” Controllable, and “Musgrave Patent” Downtake Type. 


SOLE MANUFACTURERS IN GREAT BRITAIN OF :— 


SLOW AND MEDIUM SPEED AIR COMPRESSORS, AND BLOWING ENGINES, 
Fitted with “ Rogler-Hoerbiger” Patent Frictionless Guided Valves. 























The ECONOMY, 
“ Musgrave - Zoelly ” SIMPLICITY, 
Steam NEATNESS 
Torbine AND 
is unrivalled for:— RELIABILITY. 





925 


Ciose Iron Works, BOLTON. 
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— AND — 


ABRASIVE WHEELS 


OF EVERY DESCRIPTION. 


r“VITRITE” WHEEL 


is ahead of all competition for 


KEEN AND QUICK CUTTING. 
GREAT DURABILITY. 

NO GLAZING, HEATING OR SMELL. 
PERFECT WORK. 


Trial Orders on aperaver 


Write at once for New Li Illustrated Catalogue of 
Wheels and Machines. 


B. R. ROWLAND 


AND CO., LIMITED. 


ile Ae 


A MATI N . 
y nntt MON Kusomatie Peed end Werer Guat izes from gh le REDDISH, near MANCHESTER. 








L. SMIT & ZOON, 


SHIPBUILDERS & ENGINEERS, NOTICE THE ADDRESS WELL: 


KO TN DEHRDIJ KK. qo ROTTERDAM, HOLLAND. 


Telegrams :—“SMIT-ZOON, KINDERDIJK.” 
— APPLY TO MESSRS. L. SMIT & ZOON FOR LICENSE TO CONSTRUCT. —— 





quing) 


SIIUVG WiddOH LNILVd 








(wea1g pu 


SUCTION DREDGERS. 


1674 


Special arrangement to discharge Hopper by Suction, without using a Water Pump. 
Mesars.L SMIT & ZOON have appointed as their Representative for Northern Russia, Warschau and Moskou, Messrs. GREGOIRE WEINBERG & Cy., at St. Petersburg 
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ILGHMAN'S SAND BLAST APPARATUS 


(Arranged for the Operator to work either inside or outside the Sand Blast Chamber) 
FOR CLEANING LARGE AND SMALL CASTINGS. 


WILL SAVE 50 PER CENT. IN FETTLERS’ WAGES. 


IN USE BY THE FOLLOWING WELL-KNOWN FIRMS: 




















STEEL CASTINGS. - ORDINARY TRON CASTINGS. MALLEARLE “TRON. BRASS OR GUNMETAL. 
Beardmore, W., & Oo., Léd. Glasgow Platt Bros. & Os., Led. Oldham Lay's Malleable Castings Oo., Led. Derby | Vickers Limited Barrow 
Steel Co. of Scotland Glasgow Tweedales & Smalley net sson Crowley, John, & Oc., Ltd. Shefbeld & Oe. 

Coltness Iron Co. Coltmess | Sree = Baker Oo., Ltd. Seneth wick Ruston, Proctor & Oce., Ltd. Lineeln 
Dickson & Manns, Lad. Armadale | Dobson & Barlow, Lad. Belten Maddocks, J., & Oo., Ltd. Oakengates | Storey, Imac, & Sons, Led. Manchester 
Vickers Limited Barrow | Doulton & Oo., Lid. Paisley Clogs & Howgate, Lid. — G & Kennedy 

Darlington Forge Oc., Ltd. Darlington § Ruston, Proctor & Oe., Led. Liscoln Foundry Oo., Ltd. Aleall Milne, J., & Son Edinburgh 
Shaw, W. & Co. Middles Marshail, Sons, & Oo., Ltd. Gainsborough Lindop, H. W. Wi Benton & Stone 

Hadfields’ Steel Foundry Oe., Ltd. Shanks & Co., Ltd. Barrhead Birmingham __ British Insulated & Hi Oables, Ltd. - 
Osborn, S8., & Co., Ltd. Sheffield Falkirk Iron Oo. Falkirk | , J., & Oo. Willenhall | Marshall, Sons & Co., Gainsborough 
Jackson, P. R., & Oo., Ltd. Manchester Hopkinson & Co. Huddersfield en, G. N., & Sons Trowbridge age | Dewrance & Oo. 








General Representative: GEO. HOPKINS, 1, Studdridge Street, Fulham, London, 8.W. 


TILGHMAN’S PATENT SAND BLAST CoO., 


BROADHEATH, ser MANCHESTER. Limited, 


1910 Type UNIVERSAL High-Speed FACING, BORING, MILLING & DRILLING MACHINE 


a ay, Fitted with our PATENT HAND FEED ARRANGEMENT to the FACING 

J HEAD SLIDE, by means of which definite adjustment to any amount 

can be made to the facing Tool Slide while the spindle of the 

machine is either revolving or stationary, an index being provided to 
show the amount of adjustment made. 








We are the original makers, and have manufactured and sold close upon 500 of this class of machine during the last 16 years, 


SPHCIAL. FEATURES : 


Power transmitted to the spindle b gate No auxiliary belt drive necessitating | Feeds—16 rates of speed to table longitudinally, transversely, and spindle frame vertically, 
cutting away of upright and spindle frame capable of being instantly aes or reversed. Quick power traverse to all motions. 


Patent Feed Gear Box, with safety clutch and interlocking devices to feeds. The same cutting tool will do both facing and edging. 
or speeds suitable for drilling. Extreme accuracy. Limits of error soaramnecs, and made a special feature with us 
Vide spina of speeds—48 speeds co ae in cone-driven machines, and 32 speeds to in all our machines since the year 1 
e in machines with etal single pulley drive. Low price due to specialisation in manufacture. 


London Representative : GEO. HOPKINS, 1, Studdridge Street, Fulham, 8.W. 


G. RICHARDS & CO., Ltd., sroadheath, near MANCHESTER. 
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ROTOR 
FORGING 
GUN 





BUCKTON 











HEAVY 
MACHINE 
TOOLS 








TURBINE LATHE TO SWING 16’ 0” DIAM. x 50’ 0” LONG. 


JOSHUA BUCKTON & CO LTD LEEDS 1673 LA ES 














THE NEW GLOBE PNEUMATIC TOOLS. 




















ADMIRALTY, 

WAR OFFICE, 

INDIA OFFICE, 

NATAL GOVT. 

NEW ZEALAND GOVT. 
&c. &c, 





THE NEW GLOBE CHIPPING HAMMER. 


Contractors to 


THE GLOB 








THE NEW GLOBE RIVETING HAMMER. 





All Tools are Made for 
us by 
SirW.G.ARMSTRONG, 
WHITWORTH & CO., 
Ltd., at 
Elswick Works. 











By far the Simplest in Design, 
the Strongest and most Durable 


PNEUMATIC HAMMERS 
known. Fully Guaranteed. 











THE NEW GLOBE DRILL. 


The. . 
IMPROVED DIVIDED CRANK CHAMBER 
makes this the most readily 
accessible Drill of its type. 


All parts can be got at for inspection in one quarter 
the time ordinarily required. 





E PNEUMATIC ENGINEERING CO..,L2 


150, Quzu=w VicTOoORIA STEReeT, L.-ONDONM, EI.C. 9611 
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FLENDER WOOD RIM RINGS LIKE METAL. 


Tap the rim of a Flender Wood Split Pulley, 


and it rings clear as a new coin. 

















The perfect dovetailing of each of the segments 
and the dowelling of the arms make a “‘ Flender”’ as 
rigid as any steel pulley. 

“Flenders” save time in fixing by their “split” 
construction—save power because of their light weight ; 
they are interchangeable by means of standardised 
bushings. 





WRITE FOR CATALOCUE No. 7. 


THE FLENDER COMPANY, 


Broad Street House, New Broad Street, LONDON, E.C. 


Telegrams: “Flenderim, London.” - - - - - - - Telephone : 4136, City. 
Ask your Dealer for Flender Wood Split Fulleys. 1706 


art “BULLARD” verrica: 
sean tina TU RRFT [ ATHES 



























































oe BINDER 


—_ aa 


am) 










‘(RAIL BINDER 























|SWIVEL 
oer} Pu 

JMICROMETER DIALS 
pinpen} a eee by taking several cuts at the same time, and by cutting the 
}reep chance time between the cuts, reach the very limit of rapid production 

of accurate face plate work. There’s no complication about it; 

——— |= parts are simple; all operation is accomplished from a two 
CENTER . 
STOP sarery foot circle, 
BLOCK {Points 


—~_ [MAIN FEED They are easier to operate than the Horizontal Turret Lathe on 
lever Vertical Boring Mill, both of which they replace on work 
SLIDE BINDER within their range. They occupy less floor space, use less 


vane READ —_—spower, and allow work to be chucked with greater facility. 


SZ {sinoen On these MACHINES THREE or FOUR TOOLS can be 
ge. S°X in OPERATION SIMULTANEOUSLY, GIVING MULTI- 


CONTROL 
. Ma |weao srocx PLIED OUTPUT. 
CONTROL 
j {[sPeco The SIDE HEADS of these Machines can be fitted with 


f — FORMING ATTACHMENT for CROWNING PULLEYS 
and SIMILAR WORK (see illustration). 


SOLE AGENTS FOR UNITED KINGDOM— 


he BUCK @ HICKMAN, Lé., 


sas 2 & 4, WHITECHAPEL ROAD, LONDON, E. 


BRAKE LEVER 
RAIL BINDF?S Branches :—55, Station St., BIRMINGHAM. 3, Cross 8t., MANCHESTER. 
= 27, Cadogan Street, GLASGOW. 1576 
Agents for BROWN & SHARPE MFG. CO., PRATT & WHITNEY 
CO., BRADLEY CO., GLEASON WORKS, WALCOTT & WOOD 
MCH. CO., MORSE TWIST DRILL & MACHINE CO., &c., &c 


RAIL BINDER——4 


SADDLE 
BINDER {> 


TURRET Lock— 


RAIL BINDER—_ 








UNIVERSAL 
MOVEMENT 





LIMIT 
STOP 







"INDEPENDENT 
MOVEMENT 





ENGINEERING. 


GARDNER OIL & GAS ENGINES 


From 4 to 200 B.HP. 


GARDNER SUCTION GAS 
PRODUGERS trom 15 to 150 .HP 


L. GARDNER & SONS, Limited, 


Barton Hall Engine Works, PATRICROFT, MANCHESTER. 
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SUCTION GAS PRODUCER. 
Suitable for Engines of 65 B.HP. 


Telegrams: 
“THEOREM, PATRICROFT.” 


Telephone: No. 48, ECCLES. 


SHOWROOMS : 
LONDON: 87, Queen Victoria Street. 


Telegrams: Telephone : 
**Nornodeste, London.” No. 836, Bank. 


GLASGOW: 45, Bothwell Street. 


LIVERPOOL: 30, South Castle Street. NEW “H” TYPE GAS ENGINE, FITTED WITH THROTTLE GOVERNING. 








av 


a® 


Agents :— 


HERMANN WEDEKIND, 


LIMITED, 
110, Fenchurch Btreet, 
London, E.0, 


Azents for SCOTLAND and 
IRELAND :— 
WILLOCK, REID & C0., 
LIMIT 4D, 
109, Hope Street, Glasgow 


(General Agents for Gas 
Engine Work). 


Agent for the EAST COAST, 
between the Humber and 
Tyne: 

HAROLD H. EARLE, 

Milburn House, 
Newoastle-on-Tyne. 

General Sales Engineer for 
all Engine Work and 
Plant :— 

JAMES TURNBULL, 

3, New St., Birmingham. 


1000 HP. GAS BLOWING ENGINE. 


Winding Engines, 
also Uniflow 
Steam Winding 
Engines, High and 
Low Pressure 
Centrifugal Pumps, 
Mine Pumping 
Plants. 


Two-cycle 
Gas Engines. 


Four-cycle 
Gas Engines. 


Mill Engines. 
Blowing Engines. 
Rolling Mill Plants. 


Forgings of every 
kind and size. 


STEEL AND 


STRUCTURAL WORK. IRON CASTINGS. 1568 


om ei A ERE, (SSSR SCSSRERSSECETEEESTERCeeee ees 


ascertain apache! SESUSSUCCCERSRECEEECER ER eeeeeeer 
Zz 
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MASCHINENFABRIK THYSSEN & CO., 


AKTIENGESELLSCHAFT, MULHEIM-RUHR. 
Output since 1905—105 LARGE GAS ENGINES: 300,000 B.HP. 








ALL MADE 
IN OUR OWN WORKSHOPS, 
FROM 
OUR OWN MATERIALS. 


Agent :— 


ror GAS ENGINES, 


Mr. JAMES HALCROW, 
18, Coleman Street, 
Tendon, £.C. 


1103 

















This photograph shows a most successful installation 
of 12 in.-40 Ib. United States Steel Sheet Piling as a 
retaining wall for the National Theatre, Mexico City, 
Mexico. The ease of driving, flexibility, and perma- 
nency of this class of material is far above that of 
the usual wooden sheeting. Steel Piling may either 
be left in place as an integral part of the foundation or 
may be withdrawn and re-used many times. 





For Iilustrated Catalogues and complete information, apply to :— 


UNITED STATES STEEL PRODUCTS COMPANY, 


36-38, New Broad Street, LONDON, E.C. 


Or to any of the following Sales Offices :— 1772 


BATAVIA, Java. MONTREAL, Bank of Ottawa Bldg. 
BOMBAY, 74-8, Hornby Road. NEW YORK, 30, Church Street. 
BUENOS AYRES, 544, Bartolome Mitre. RIO DE JANEIRO, Brazil. 

BUFFALO (U.S.A.), 203, Ellicott Square. SHANGHAI, 24a, Kiangse Road. 
CAPE TOWN, New York Mutual Life Bldg. SYDNEY, New York Mutual Life Bldg. 
JOHANNESBURG, The Corner House. VALPARAISO, Casilla 539. 

LIMA, Calle Carabaya (Coca), 482. VANCOUVER, 846, Beach Avenue, 
MEXICO CITY, Edificio de la Mutua. WINNIPEG, Union Bank Bldg. 
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THOMAS SHANKS & 6” ‘ei cisco 
OF ALL SIZES OF ILLUSTRATION 


ap, e | = SHOWS AN 
MAGHINES 1 : INTERIOR VIEW 


of ONE or 








TURNING, 
PLANING 


"- : > OUR 
BORING, ’ | iitee oA oS NG 
DRILLING ee | + | 
| é in 
ey p> ‘ 2 iq et 
- ‘ <a ; é A % om. 
* a ; 34 ; pe 


SLOTTING 


AND 


WITH A RANCE 
OF 


SHAPING. , (= 08 8) ee) VERTICAL 
HIGHEST CLASS | rtf 1 | a J NE | 
DESIGN, tt = > es Se re ee _. ~ HORIZONTAL 
WORKMANSHIP, se (| eee ¥ 2 = —_ z ; = sa ed PLANING 


AND 


— ——_* am a —— f 4 a ie \ 
we eee OE MACHINES 


WITH 


IN COURSE OF 


QUICK DELIVERY 


GUARANTEED. <9 ea ~ i  aae es, iz a | ERECTION. 














CLARKE, CHAPMAN & CO., Ltp., 


L & ELECTRIOAL Telegrams: “CYCLOPS, GATESHEAD. 
iin & BOILERMAKERS. VICTORIA WORKS, Telephones: minane: eee NEWCASTLE. 


GATESHEAD. 


“'WOODESON” 


PATENT 


WATERTUBE BOILERS 


MANY SPECIAL FEATURES. 
ALL HEATING TUBES STRAIGHT. 


Catalogue and full particulars 
on application. 


LONDON OFFICE: 


50, Fenchurch Street, 


*“"WOODESON” Patent WATERTUBE BOILER, fitted with Patent 1031 E.C. Front Sectional Elevation of Boiler showing 


Superheater and Stoker of the Underfeed Type. Superheater in position. 


Mica + 




















Ml 


631 


Au 
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FILTERS 
In operation dealing with over 


65 Million Gallons 


Per Day. 
River & Canal Water rendered 
suitable for BLEACHING 


| DYEING, FINISHING and 
Paper-Making Machinery. 


FILTERS 


For Town Supplies, Textile 
| and Paper Mills and wherever 
] Pure Water is required. 




























Bacteriological Purification of 
| 95 percent. to 99 percent.in | 
| actual working. 











16 8-ft. diameter PRESSURE FILTERS AT BOLTON. 


- Mather x DI P 


| 
| 
_MANCHESTER anp LONDON. He | 


| 
————— 

















L 























Pare Gas ENCINE Co. Lro. 


EALIFA>=X, ENGLAND, 


BEG To ANNOUNCE. that they are now 


placing on the market a Suetion Gas Plant to use 


Bituminous fuel. This Gas Plant Does not Require 





























a Steam Boiler or Tar Extractor, and has been 





tested and found to work successfully with fuels of 
such widely -different quality as Lancashire and 
Yorkshire Nuts, New Zealand Lignite, Mexican 
Bituminous Coal, and West Australian Collie Coal. » 





_ [s0rrimanrs page XII] ENGINEERING. [JUNE 30, Tort. 


HUDSWELL CLARKE & CO., LTD., 


RAILWAZT FOUNDRY, L.HUDs. 


LOCOMOTIVES 


For Main or Branch Railways, Contractors, Ironworks, Gollieries, &c Made to suit any Gauge of Railway. 








~ os 
- or 
eal = 


Established =, Ae ) : a | Tel. Address 
1860. ‘ _ + ‘ Be ing en “Loco, Leeds. ” 


PRICES, PHOTOGRAPHS AND FULL SPECIFICATIONS ON APPLICATION. 
SOLE MAHEERS OF 


“RODGERS PULLEYS” 


(REGISTERED), 
WROUGHT IRON THROUGHOUT, RIM, ARMS, AND BOSS. 


——- ——. ——_—______— 
— — (a 


ELMORE’S METALL-A:G. 


SCHLADERN ad. SIEG. GERMANY. 

















London Office:— 
Finsbury House, Blomfield Street, E.C. 


Tel. No. 1114, London Wall. 
Telegraphic Addresses: Rohren, London. 
Elmores, Schladern. 


MANUFACTURERS OF 


SEAMLESS 


COPPER CYLINDERS 


AND 


DRYIN 

now uNess,’ | BES ‘uamus 
FROM THE 

SMALLEST SIZE UP TO 8 Fr. DIA. 


Copper Coated Iron Tubes 


FOR ROLLERS. 








Price List and Descriptive Pamphlet on 
application. 1210 COPPER COATED IRON DRUMS FOR PAPER MAKING MACHINES. 
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CEREAEe Pow EE. 























The above represents approximately 47 B.HP. and larger sizes of Semi-Diesel Oil Engines. sora 
These Engines will work with the cheap “Gas Oils” and Crude Oils as well as with the refined Lamp Oils, 


All Sizes of GAS, OIL, PETROL & ALCOHOL ENGINES, Horizontal & Vertical, in Stock or Progress. 
ANY SIZE OR TYPE CAN BE SEEN ON TEST BY APPOINTMENT. 


AWARDED THE GRAND PRIX at the BRUSSELS EXHIBITION, and also at the ARGENTINE REPUBLIC INDUSTRIAL EXHIBITION, BUENOS AIRES. 


CROSSLEY BROTHERS LIMITED, Openshav, MANCHESTER. 


COWANS, SHELDON & CO., Ltp., 


LONDON OFFICE: 
AtandABC(6th Edition) Codes used. = JAA EOE. ESE. EI. 2, Victoria Street, Westminster 
MANUFACTURING REPRESENTATIVES FOR THE BROWN HOISTING MACHINERY CO., OF CLEVELAND, U.S.A. 


HYDRAULIC, ELECTRIC, PNEUMATIC & STEAM 
CRANES 


Of every Size and Type. 


CAPSTANS. 
TURNTABLES. “ 
.. TRAVERSERS. 


& 
%& %, % 


%.% *. PENSTOCKS. 
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¥ 


FOR EFFICIENCY 
AND PRODUCTIVENESS 
THE NEW MODEL 


HALDEN’S CONTINUOUS 
PHOTO COPYING 
MACHINE 
IS UNRIVALLED. 


IF YOU ARE INTERESTED 
WRITE FOR PARTICULARS 


J.HALDEN@CO..L 


8, ALBERT SQUARE, 
MANCHESTER. 








veweueeer ae een 


ELECTRIC, STEAM, 
HYDRAULIC, HAND, 


OF ALE TYPHUS. 











Tipping Apparatus, Unloading and 
Conveying Plant for Materials in Bulk. 
Lifting Jacks, Ship Jacks. 
Capstans,. Electric Winches. 


GROUND TRAVERSERS. 


FRIED. KRUPP A.-6. 
GRUSONWERK, 


Magdeburg-Buckau. 


AGENTS Foxk-— 
Great Britain and Ireland: 


W. STAMM, 25, College Hill, Cannon St., 
LONDON, E.C. 


Canadas 
JAS. W. PIKE, Merchants’ Bank Buildings, MONTREAL. 
United States: 
THOS. PROSSER & SON, 16, Gold Street, NEW YORK. 
Mexico: 
GUILLERMO BACH, S.e.C., Apartado 549, MEXICO (City). 
Australias 
NOYES BROS. (Melbourne) Prop. Ltd., 153-7, William 
Street, MELBOURNE, andG.P.0. 153, PERTH;and NOYES 
BROS. (Sydney) Ltd., 109, Pitt Street, SYDNEY, N.S.W. 
Transvaal: 1580 
UNITED ENGINEERING CO., Ltd., P.O. Box 1082, - 








JOHANNESBURG. 








[SUPPLEMENT page xv] 


ENGINEERING. 


JuNE 30, 1911.] 


i 








ASS 
BB ok B 


335733 


ddd 
BBB eB 


3553 


Sf S35 
&B Bo oB 


3333 


atoll 
BB BoB 


3333 


tds 
B&B 0 


$395 


ad dud J 
BB oB 


3335 


siJtJ 
BB o of 


3333 


Jijijii 
&B 0B oF 0B 


3237373 


Sis 
BB BoB 
3335 
i4is 
BBR 


3335 


2 
BB oF 0 


3335 


ee 
BB oB oB 


3333 


Jjijijii 
BB oF 


3333 


dd adub 
BB oF o¥ 


$333 


Sissi 
BBB 
3335 
ee 
BoB 0B 0% 


$353 


tétd .- dd5S 





J435 . 3535. S54 
| saae | aaa | atae | sade | saae | aaa | adaa | saea | sass 


3333 3535 3555 








= 





= 
<* 
% 


ae 
BBB 
$333 


8722 


Jjii 
BoB oB oB 
3333 
jjis 
BBB 
3333 
iijji 
BBB ow 
3335 
Jjis 
BBB oy 
3335 


LONDON. 


Sissi 
BB BR 
3333 
Jiis 
BBB 
3333 
j4is 
BBB 
3333 
Sidi 
BIBL 
3935 


FOR FULL PARTICULARS WRITE TO— 
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the 
which 
provides a 
CROSS-FEED 
for 
every tool. 
Its 
EFFICIENCY 
and 
ECONOMY 
is shown in a 


Makers of 


JONES & LAMSON MACHINE COMPAN 





JONES & LAMSON MACHINE COMPANY, 
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The four. Compressors shown 
the illustration are installed at 
CATALOGUES CAN BE HAD ON APPLICATION. 


Duplex Compound pattern, belt 
te INGERSOLL-RAND ©< 


the New Works of the American 
Car and Foundry Company, at 
Manchester, and are of our “J C” 


in 
driver. 


BUDAPEST, HUNGARY: IV, Ferenez Jozsef Rakpart, 17. 


(INO, in U.S.A.) 


DUSSELDORF, GERMANY: Oststrasse 128-132. 





165, QUEEN VICTORIA ST., LONDON, E.C. 





PARIS, FRANCE: 33, Rue Reaumur. 








AIR COMPRESSORS 
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ALL IRON & STEEL FOUNDRIES 


Bike should be equipped with 
gees | STEWART WHEEL Moutoine 
MACHINES. 


ae ACCURATE. PORTABLE. CHEAP. 







































Write for Price and Particulars to: 


DUNCAN STEWART & CO., LTD, 


, Standard Whee! Moulding Machine. LONDON ROAD IRONWORKS, GLASGOW. 


























Wheels Moulded by this Machine. 




















were 





GRAND PRIX AWARDED AT THE BRUSSELS EXHIBITION, I9IO. 


J. E. RESON Ere, CHEMNITZ- GABLENZ, 


MANUFACTURER OF 


MACHINE & HAND TOOLS 


Of Improved Design and High- ines Workm 1 1ship. 









SPECIALITI Es: 


RELIEVING LATHES for Formed Cutters. 


PLANT for Cutting Racks, Spur, Bevel, Spiral and Worm Gears. 
PARIS, 1900. GRAND PRIX. 


CATALOGUE FREE ON APPLICATION WITH TRADE CARD. 





















SOLE AGENTS FOR THE UNITED KINGDOM 6597 


aati | ans - , p F EIL & CO., Guan tee he. 


ORN, 1 AVE) THREE- 
ATE THROW PS 




























lied to One Gold Mining Group, 
peg go supe gallons per hour, 750 ft. high. Belt-driven Pump for 1100 ft. lift. 






One of Two supplied to a Gold Mine 7 Ne raise 
90,000 gallons per hour, 600 ft. h 







A Complete Set supplied to N.E. Rly. Co. 


_ HYDRAULIC 
-PRESSURE PUMPS. 


Telegrams: ‘‘HATHORN, LEEDS.’ 
NATIONAL TELEPHONE: 524. 1744 


Three Sets, each for 1500 Ibs. pressure. Four oy at at Tyne Dock, each to pump ion tines 
minute against 760 lbs. pressure. 


HATHORN, DAVEY & CO., LTD. LEEDS. 
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HURST, NELSON & CO., LTD.. 


Builders of RAILWAY CARRIAGES, WAGONS, ELECTRIC CARS, and every other 
description of RAILWAY and TRAMWAY ROLLING STOCK. 
— MOTOR OMNIBUS and other ROAD VEHICLE BODIES. — 








PRESSED STEEL 








MAKERS OF 
WHEELS WORK 
AND AXLES, of all kinds, 
RAILWAY PLANT, including 
FORCINGS, 
SMITH-WORK, UNDERFRAMES 
IRON AND BRASS Son 
CASTINGS. BOGIES. 
All Steel Covered Goods Bogie Wagon 
REGISTERED OFFICE & CHIEF WORKS :— 
Glasgow Office :— 
Th Gi R th St k @ oF W k 40, WEST NILE STREET. 
e assow 0 ing 0C ant or 5, Manchester Office :— 
BRANCH WORKS :— waa 
9906 


CHATSWORTH WAGON WORKS, near CHESTERFIELD, 
BRIDGEND WAGON WORKS, BRIDGEND, GLAMORGANSHIRE, _ London Ottice — 


SWANSEA WAGON WORKS, SWANSEA, 14, LEADENHALL STREET, E.C 
















CHURCHILL 12 X 120 IN. PLAIN GRINDER. 


Recognising the importance of weight in a grinding 
machine we have made a judicious distribution of 
nearly 7 tons of metal in the grinder illustrated above. 


Equipped with a Norton Wheel, like all Churchill 


Grinders. Made ira our own works. 





CHARLES CHURCHILL & CO., Ltd., 
9-15, LEONARD STREET, LONDON, E.C. 


Birmingham. Manchester. 
Newcastle-on-Tyne. Glasgow. 









(em 
Advt. No. 88. 
a 
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AND 


MOVING FIRE-BARS 


Give ECONOMY in FUEL, 
Increased Steam Production, 
SMOKE ABATEMENT. 


PROCTOR’S COAL ELEVATOR, 


fitted with Patent RAM FEED BOOT, 
Ensures cheap handling of the coal. 


POSITIVE FEED OF COAL TO BUCKETS. NO JAMMING OF ELEVATOR. 


Wear and Tear reduced to a minimum. 
Write for Illustrations and Particulars. 


JAS. PROCTOR, LD., ‘ro'tens" BURNLEY. 


SOLE AGENTS FOR FRANCE: 
The Societe des Perfectionnements a la Vaporisation, 20, Rue de Londres, Paris. 




















Telegraphic Address : 


Telephone No. 1223 AVENUE. 
“*COMPACTUM, LONDON.” 


» (Works) 5 HARLOW. 
(CO, SYSTEM) 










—— MACHINERY — 















5-TON COz COMPRESSOR. 





ALSO MAEERS OF 1660 


DISTILLING PLANTS, CONDENSERS, FEED HEATERS, FEED 
FILTERS, FEED PUMPS, BALLAST PUMPS, EVAPORATORS. 


ON ADMIRALTY LIST. 
| TO., 


JOHN KIRKALDY, 


101, Leadenhall St., Sat a E.C. 


R, Y. MoIntesh & Oc., 94, Dean St., Newoastle-on-Tyne, 












BURNT IL ESSEX. 
Agents—Avdrew Smith, 12, York Street, Glasgow. 














PROCTOR'S PATENT SHOVEL STOKER|F"""" 







REFRIGERATING & ICE-MAKING| 


{HANS RENOLD, L™- * 







TRANSMISSION BY 


Saale DRIVING CHAINS 


IS NOT LIMITED TO SMALL POWERS. 


150 HP. Renold Silent Chain Drive standing and in 
motion. Chain speed, 1180 ft. per min. Ratio, 44 to 1. 
Centre distance, 8 ft. 6 in. Chain, 1} in. pitch, 12 in. 

wide. Wheels, 94 T. and 21 T. 



































Ten years ago 50 HP. was considered a fairly 
heavy drive for chains. Now it is quite usual to 
transmit 200 HP. by then. 


wa Pera 1607 


vals MANCHESTER. 













E 145 








moved 














E SOLICIT YOUR 
ENQUIRIES. 


Our work is good, 


but 
don’t take our 


word for it, 
ask our clients. 


Their answer is our 
reason for soliciting 
your business. 




























KIRBY BANKS SCREW C°-L™.. 






(DEPT. “E”) MEADOW LANE TELEGRAM EXAGON.” 
LEEDS. 1290 ONE CENTRAL 














oS SE SS. 
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109, Telegrams: 
BURNET, GLASGOW. 















RETURN TUBE BO:LER FOR TUG, 


LINDSAY BURNET & CO. 





Specialty :—-MARINE BOILERS orf ALL 
SIZES FoR SHIPMENT ABROAD. 


CORREDSPONDENCEH INVITED. 1419 


Address: Moore Park Works, Helen Street, 
GOVAN, GLASGOW. 

















HAYWARD-TYLER & CO., 


LIMITED, 


PUMPS 


FOR ALL PURPOSES. 











Write for Illustrated Price Lists. 1616 





90, Queen Victoria Street, 





Telegrams: TLE, Wanner ina ease, LON DON ’ 


E.C. 












S. SMITH & SON'S 
Chronograph Watches 


At all Prices from £1 I 0 to £200, 







THE 
Newest 
SPLIT 
SECONDS. 


Soop. Are now standardised, the result of 
FR of pe experience. Relia- 
‘ bitity of Chronograph mechanism and 
durability in construction guaranteed. 
Makers of these instruments to all 
the electrical and , oy insti- 
tutions, the leading firms in the elec- 
trical world, &c., &c., conclusively 
proving their popularity. 


CASH or MONTHLY PAYMENTS. 


Write for Catalogue “R” 
Watches, Clocks, Jewellery. 





HOLDERS OF SIX ROYAL WARRANTS. 
WATCH AND Ciii~NOMETER MAKERS 
TO THE ADMIRALTY. 1865 


18-ct. Gold Cases, Crystal .. £31 10 0. 


Full or Half Hunter .. .. £35 00, 
Sterling Silver Cases, Crystal £15 15 0, 
Full or Half Hunter .. .. £16 16 0, 


PRESSES for :— 











Wood Pulp, Cotton, Yarn, 
Cloth, Wool, Fibre, Paper, 
Rubber, Scrap, Metal, 
Bowls, Margarine, Oleo, 
Tallow, Meat, Hides, 
Tinctures, Flanging and 
Forgings, &c., &c. 


ACCUMULATORS. 
INTENSIFIERS. 


LIFTS, PUMPS, 


Electric, Steam 
and Belt Driven. 





HYDRAULIC 
LEATHERS 


AND 


MOULDS. 


1692 





Special Facilities for 


GRINDING BOWLS or SHAFTS 


up to 31 In. dia. by 18 ft. long. 


JOHN SHAW & SONS 


(SALFORD), LIMITED, 





Wellington St. Works, Salford, nr. Manchester. 


5th Edition, ABO and Al Codes used. Telegrams :—PRELUM, MANOHESTER, 








ESTABLISHED 1850. Tel. No, 481, City (Private Branch Ex.) 
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FRANK 


WIGGLESWORTH 


& OO., Ltd., 
Engineers, 
MILL LANE, : 
BRADFORD. 





FRICTION 
CLUTCHES wcnreersne 


HAULAGE 
GEARS. 


SHAFTING. 





PULLEYS. 
Send 
your 


Enquiries. 1208 





STEP. CONE and RIM FRICTION CLUTCH. 











SPECIALISTS IN HIGH SPEED 
RADIALS, VERTICALS, 
| HORIZONTALS. 


Scottish 
National 
Exhibition, 
Glasgow. 


STAND 
451/2 “G” 
(Kelvin Hall). 


Scottish 
National 
Exhibition, 
Glasgow. 


STAND 


451/2 “G” 
(Kelvin Hall). 


This Hlustration shows our No.2 6-ft. High Speed (Central 
Thrust Type) Radial Drilling, Boring and Tapping Machine. 


D. & J. TULLIS, Lro, 


MACHINE TOOL MAKERS. 
CLYDEBANEK, W.-B.- 


1167 














VERTICAL BOILERS 


Twelve Sizes in Stock. 


MARRIOT T«GRAHAM 


PLANTATION BOILER WORKS, GOVAN. 


GLASGow . ESTABLISHED 1868, 


Telegrams: Maxziotr, GLaseow. 


LUKE & SPENCER, Lr». 


Canal Engineering Works, BROADHEATH, nr. MANCHESTER. 


ANUFAOTURERS OF 


IMPROVED EMERY AND CORUNDUM WHEELS, 
GRINDING & POLISHING MACHINERY. 


Illustrated Catalogue free on application. 














WITH FOUNTAIN REST. 


PATENT TOOL GRINDER 


AND ON FLOOR ENTIRELY OVERCOME. 


SPLASHING ef WATER on WORKMEN 


Telegraphic Address : “EMERY, ALTRINCHAM,” National Telephone—Altrincham, No. 40, Od 7788 
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J. SAMUEL WHITE & COMPANY, Ltd., 


EAST COWES, 
ISLE OF WIGHT. 


SPECIAL SERVICE VESSELS, 












Builders of - 


TORPEDO VESSELS, 


SHALLOW DRAUGHT VESSELS, 


FAST STEAMBOATS For NAVAL and OTHER PURPOSES. 
MOTOR BOATS, YACHTS, &c., &c, 
TURBINES, 





Patentees and Manufacturers of 


THE “WHITE-FORSTER” WATER-TUBE BOILER. 
OIL, COAL or WOOD FIRED. 





Joint Manufacturers and General Licensees : 


BABCOCK & WILCOX, Ltd., Oriel House, Farringdon Street, £.C. 
Over 400,000 


1554 


1.HP. CONSTRUCTED. 


Shipbuilders, Engineers and Boilermakers. 











Worthington 
Pressure Boiler 
Feed Pump. 


Write for 
Special Literature. 








WORTHINGTON 


PUMP COMPANY, LIMITED, 


with which is Incorporated the European Business of the Blake & Knowles 


Steam Pump Works. 
Registered Offices: 153, Queen Victoria Street, LONDON, E.C. 


AND BRANCHES IN PRINCIPAL CITIES AND TOWNS THROUGHOUT THE WORLD. 
PUMPING MACHINERY OF ALL TYPES and FOR EVERY SERVICE. 








Worthington 


Compound 
Feed 
Pump. 


Boiler 


Write for 
Special Literature, 








1791 





GAS HOLDERS, 





SCRUBBERS, CONDENSERS, 
FOUL and HYDRAULIC MAINS, &c., 


bases and crested fect 














DESIGNS & ESTIMATES SUBMITTED. ENQUIRIES SOLICITED. 


THOMAS PIGGOTT ®& Co., Ltd., 


BIRMINGHAM. 


Telegrams: ‘ ‘a TLAS, BIRMINGHAM.’ 


AIR COMPRESSORS 


ann VACUUM PUMPS. 


BELT ELECTRICALLY OR STEAM DRIVEN. 


1683 Established 1822. 














RELIABLE. 
EFFICIENT’. 
ACCESSIBLE. 
VALUE FOR OUTLAY. 
ECONOMICAL. 

LONG LIFE. 

LITTLE FLOOR SPACE, 
SIMPLE, SILENT. 





MADE 
PORTABLE 
IF DESIRED, 


SUITABLE FOR ALL PURPOSES WHERE COm- 
PRESSED AIR IS NEEDED. 


REAVELL & C0., P- IPSWICH. 


Also Makers of HIGH-SPEED : Rave and OIL ENGINES. 

















Telephone: No. 212. Telegrams: “* REAVELL, IPSWICH.” Derr. B. 
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“ooxsctvas |G. & A. HARVEY, i710, GOVAN, 


MANUFACTURERS OF 722 
BRIDGES, STEEL BUILDINGS, 
ROOFING and CONSTRUCTIONAL 
STEELWORK of every description. 





’ TAPER’ 


v 
i 1D . 3 ¥ : P N ’ , 
TAL eS & | ‘ 5 ‘ J 


FRED MoUNTFORD. | 
BIRMINGHAM.L® 


ASK FOR IT. 


an an aim, a, Gain Ae 



















GLASGOW, W. 


MACHINE TOOLS 


For TURBINE WORK, 
For BOILER WORK, 
For RAILWAY WORK. 





BOILER SHELL 


Drilling Machine 


(See Illustration). 


“THE HARVEY 
STUDER,” 


for Drilling, Tary in 
and Studding. “ 


“THE HAR HARVEY 
FACER,” ‘ 


for Boring & Facing on 
Four Sidesat one Setting 
Numerous sizes, 


Prompt Delivery. 





Catalogue on application 














BRIDGES, ROOFS, 
PIERS, TANKS, 


THE MOTHERWELL BRIDGE CoO. 








Telegraphic Address—" BRIDGE.” MOTHERWELL, N.B. National Telephone No. 40. 
‘ ; fae OS aR 4 








HYDRAULIC PRESSED FLOORING A SPECIALITY. 


DOCK GATES, 


AND SIMILAR 


STRUCTURAL WORK. 


1333 

















We have 





5 UsED. been awarded the 
GRAND PRIX 
THE WORLD! BRUSSELS 





FROM ALL FIRST- |} "TERNATIONAL 
GLASS STATIONERS. 


1910. 




















Valeanite Works — Dr. UN & SONS 


‘ormer ly HARBURG INDIA- yr om C. CO.) 
London Manager : 1726 
F. WINTER, 25, Goswell Road, E.C, 








“SPLIT GRIP” 
COLLAR (rat 


IN HALVES. 


NO Set Screw 
to cause 
Accidents, 





a Grips like a Vice. 


Fixed 
or Removed 
without 
Disturbance. 


Scle Makers, 


TRIER Bros. 


AXTON HOUSE, WESTMINS i 
OAXTON TONOON, S.We ist 




































Vertical Hollow~ Chisel 
MORTISING & BORING 
MACHINE. Type HS. 


New Design. Heavy 
construction. 





Mortices are cut toan 
even depth without stopping the 
chisel. The table is quickly 
adjusted longitudinally or for 
cross traverse. 


The Timber Cramp 
is very powerful and at the same 
time quick-acting. 


Capacity :—12 in. by 12 in. 
timbers, cutting mortices up to 
5 in. deep and 1} in. wide. 


We shall be glad to send you 
all details. 


) THOS ROBINSON 


& SON, LTD., 
WORKS: ROCHDALE. 





LONDON, E.C. 
79, Queen Victoria Street. 
(8) 





















be | 
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EWALL’S MAGNESIA COVERING 


STEAM PIPES, BOILERS, TURBINES. 


ONPAREIL CORKBOARD INSULATION 


COLD STORE INSULATION. 











Sole Manufacturers: 


NEWALLS INSULATION CoO., LTD. 


NEW CASTLE-ON-TYNE. 1T9 


WHY USE HIGH-SPEED STEEL ? 


You are Wasting Money Chips cut from 2} in. 


bar held in a 
UNLESS SPIRAL CHUCK 
you have good 


of 8 in. dia. only. 
means for hold- 


ing your work. 




















STANDARD PATTERN CHUCKS 
DESPATCHED SAME DAY AS ORDERED 





CHARLES TAYLOR, Sneih Mies, Reitadanes ae BIRMINGHAM. 


SOLE MAKER OF THE KENNEDY PATENT TUBE-BENDING MACHINE. 


FAWCETT, PRESTON & CO., LTD., 


HEAVY 
and other 


Cane- 
Grinding 
Plants 


and all other 
classes of 


SUGAR 
MACHINERY 
Also 
SEA-WATER 


DISTILLING 
APPARATUS, 


HYDRAULIC 
PRESSES 








THE REX ROOFING CO., 


CONNSWATER, 
BELFAST. 


BUILDERS OF 
THE 
BELFAST 
ROOF. 








20 YEARS’ EXPERIENCE. 


References ali over 
the U.K. 
TELEPHONE: 151, KNOCK. 1087 








’ 
LONDON 
OFFICE 


60, QUEEN 
VICTORIA st 














~ WIRES 
GAS, LEEDS 

















LARGE STOCK READY 
\ FOR IMMEDIATE DELIVERY 

















London Office: 
wetiial ; Eee = 69, Victoria St. : 
ENGINE and §TEEL GEARING for driving AN ELEVEN-ROLLER CANE-GRINDING PLANT. 1401 aw. | 





FOR THE 


DRAWING OFFICE. 
B. J. HALL & Co., Ld, 


39, Victoria Street, 
WEST Min Sr}. 











Consult our Lists before 
purchasing elsewhere. 





No. 1.—Drawing Instruments. 

No. 2.—Slide Rules, Seales, &c. 

No. 3.—Inks, Colours, Pencils, &c. 

No. 4.—Drawing Tables, Cabinets. 

No. 6.—PHOTO COPYING OUTFITS. 

No. 7.—Drawing & Tracing Papers 
and Cloths. 





No. 8.—“ Ordoverax ” (true scale) 
Copying. 


Post free on application. v¢ 
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EDWARD HAYES 


2174 «Watling Works, 
Stony Stratford. 










' i Marine Engines 
Now Ready. 


6&12x 8C.8.C 
17&14x 9C.8.C. 
8 &16x10C.8.C 
J 9&18x11C8.C 


Boilers to Suit. 
Maker to Admiralty, & 


PULSATING PUMPS 


TURNSTILES, 
AND GENERAL ENGINEERING. 


W. T. ELLISON & GO., Ltd. 


Irlams-o’-th’-Height, 980¢ 
MANCHESTER. 


Telegrams:—“‘ Ellisons Ltd., Irlams’-o’-th’-Heighs.' 
Telephone: No. 20, Pendleton. 


THE STANDARD ENGINEERING CO., Ltd., 


LEICESTER. 











BLOWING 


AND 


EXHAUSTING 
FANS. 







1582 


AUTOMATIC CONTROLLERS 


and 


STARTERS 








fer 
Motors, 
Compressors, 
Organs, 
Lifts, 
Hydraulic 
Apparatus 
Battery & Dynamo Regulation, &c. 
A.C. & D.C. 


i i i ti i 


COX-WALKERS, LTD. 


Electrical Manufacturers, 1843 


DARLINGTON. 


CANON-LEGRAND, 


MONS (Belgium). 
BUILDER OF 


PORTABLE AND LICHT RAILWAYS 


of all Descriptions. 


RAILWAY AND TRAMWAY ROLLING STOCK. 





— 

















The Oldest Establishment in Belgium 
for its Specialities. 
First Class Workmanship and Lowest Prices 
guaranteed, 1626 





LONDON OFFICE: 266, Strand, W.C. 
HENRY ENTHOVEN, Agent, 


JOHN GRIEVE & CO., crane suioens, MOTHERWELL. 




















OF ALL TYPES, 


BLHOTRIO, 
= YT DRAULIOC, rae 


CRANES © “22: 





- 














Gebr. Pfeiffer, 


Engineering Works and K al sers | au te rn. 14. 


Iron Foundry, 


DRESSING P LANTS of all types for Ore and Minerals. 


SPHCIALITINS : 


Combined Air-Current 
and Electro-Magnetic 


CONCENTRATORS 


For HIGH ano LOW-GRADE 
MAGNETIC ORES. 


Patented Dust-proof 











Tippler. Sorting Screens. Adjustable Devices 
for Regulating Delivery. 
Stonebreakers. Conical Grinders. Roller Mills. 

Dry and Wet Ball Mills. 
Crushing Mills with Vertical Runners. 
Stamp Mills. Washing and Screening Trommels. i 
Rotary Sorting Tables. Coarse and FineJiggers. 
Hydraulic Classifiers. 
Shaking Tables for Concentrating. 


Rotary Slimes Tables and Fixed Slimes Tables AIR SE P AR ATORS 


with Rotating Washing Device. 
au iPe* Conveying Machinery. Pa Fn ga 


All types of CRUSHING MACHINERY for all purposes 


‘SIR WILLIAM ARROL & CO., Ltd., 


Dalmarnock Ironworks, BRIDGETON, GLASGOW. 
CONTRACTORS, BRIDCE BUILDERS, AND DESIGNERS OF STRUCTURAL STEELWORK. 
































— MAKERS OF — 
HYDRAULIC MACHINERY AND CRANES OF ALL KINDS. 
oe 






































PORTION OF WORKS FOR THE COVENTRY ORDNANCE WORKS ©O., LTD., AT SOCOTSTOUN. 
Shop 676 feet long x 134 feet wide, and Gantry 675 feet x 87 feet Span, carrying 100 Ton, 60 Ton and 10 Ton Oranes. 


LONDON OFFICHS: 56, VICTORIA STREET, WESTMINSTER, 8.W- 


1842 
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STEAM HAMMERS 


Shipbuilders’ & Boiler Makers’ Machine Tools 
PATENT BEVELLING MACHINES ror snips’ Frames. 


FORGE CRANES, Hand and Steam. 
Sugar Cane Mills. Water Wheels, &eo. 


DAVIS & PRIMROSE, 


BANGOR WORKS, 
LEITe, SDInNBvURGHs. 








For Difficult Drives 


The New Patent 
HENDRY... 


‘AveatHer BELTING 


The New Hendry Belting gives efficient 
and satisfactory Service, even where all other types of 
flat belting have failed. 

Hendry's Patent Flexible construction so increases the flexibility 
and equality of driving Grip that the heaviest New Hendry Belt gives 
efficient driving over Pulleys ONE HALF and even ONE THIRD the 
diameter of those required for ordinary belting. 


















For all classes of special drives including QUARTER-TWIST Driving, 
for running over a SERIES OF PULLEYS, etc., the New Hendry Belting 
is a proved success. It is the only L aminated Leather Belting used 
and approved by the largest concerns in every branch of industry 
at home and abroad, 

To responsible firms we toty supply Test Belts, under 
guarantee, to meet special needs. 


WRITE for the book of the New HENDRY Belt, 






James HENDRY 
262 Main Street, Bridgeton 
GLASGOW 4 


Copyright Registered - 


1481 


























ISAAC STOREY & SONS, tia. 


Branch of United Brassfounders and Engineers Limited. 
Contractors to the Admiralty and War Office. 





Sole Makers of 


THE STOREY DIRECT-ACTING 


STEAM PUMPS 


(STOREY & HALLOWELL’S PATENTS), FOR 


HIGH PRESSURE BOILER FEEDING 


and other Duties. 


as 





} 

i 
és 
E 
x | 
E 


TS a 
eae 68 


ne ot 
wr 
sar ; 


Simplicity of Design. Positive Starting. No Hand Gear. 
Highest Efficiency. Steam Economy. 





Vertical Boiler Feed TYPES.—Vertical Slow Speed Boiler Feed, Horizontal Air and Circulating 
Pump (Short Stroke). Pumps, Separate or Combined for Surface or Jet Condensing Plants. 








Empress Foundry, MANCHESTER. 








(WALLWOR K 


SENo FOR OUR 
{ILLUSTRATED 
caTracocue!l 





Henry WALLWORK 
& Ce? LT 


MANCHESTER. 


WORM CEARS 
RUBMETAL 


is of the nature of India-rubber, and is better 

adapted than Leather or Rubber for 

Valves, U Rings, Cup Rings, and all India- 
rubber Requisites used by Engineers. 


IT RESISTS Steam, Acids, Oils, Alkaline 
and Wear, and is extensively used throughout 
the Engineering Industry. lll4 


ALMAGAM LIMITED, 


General Rubber Manufacturers, 
Specialities:—_Almagam & Rubmetal, 


Phone: 2870, North. 172, GT, PORTLAND ST., W. 
WORKS: Almagam Mills, Harpenden. 
MANCHESTER DEPOT: 246, Deansgate. 


ATLAS 


BEST WHITE 
ANTI - FRICTION 
































METAL 


Address— 
52, Queen Victoria Street, were E.C. 











JOHN STIRKé SONS 


LTD 


HALIFAX. i 





MACHINE TOOLS. All kinds. 


File Metal 


42 tons TENSILE 
INCORRODIBLE 


Bars, Castings, Forgings, 
Sheets, Wire, &. ws 








J. T. SAUNDERS & CO., 


150, Queen Victoria Bt., 














LONDON: 
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ROBEY « CO., 


IN oR, Ltd. 
LONDON OFFICE: 79, Queen Victoria Street, £.C. 


Telegrams :—" ROBEY, LINCOLN.” “ROBEY, LONDON.” 











DROP-VALVE FIXED and WINDING ENGINES with 
PATENT REVERSING GEAR UP TO 4000 HP. 


WINDING AND HAULING ENGINES with PATENT 
DEVICE for PREVENTION of OVERSPEED and 
OVERWINDING. 


AIR COMPRESSORS FITTED with PATENT AUTO- 
MATIC DISC VALVES UP TO 12,000 FT. FREE AIR. 


a ‘, HIGH PRESSURE and COMPOUND OVERTYPES, 
PORTABLES and UNDERTYPES. 


TRACTION ENGINES, TRACTORS, ROAD 
LOCOMOTIVES, STEAM WAGCNS. 1308 


BOILERS OF ALL TYPES. 


Catalogues Free on Application. 


“BOM ACCORD” 
HIGH LIFT Horizontal or Vertical Spindle, Turbine Type 


GENTRIFUGAL PUMPS, 


Also LOW-LIFT CENTRIFUGAL PUMPS 
FOR MINE PUMPING and SINKING, 


CONDENSING, DRAINING, DOCK PUMPING, 
IRRIGATING, SAND PUMPING & SEWAGE WORK, &c. 


4 | HIGH-SPEED ENGINES 


FOR DRIVING DYNAMOS, PUMPS, FANS, &c. 


en DRYSDALE & GO., Lt“ Yoker, Glasgow, W. 


Bere any: Shostitentt y-driven High-lift Centrifugal Pump. TsiEe2zams: ‘‘ BONACOORD, GLASGOW.” 1329 WRITE FOR CATALOGUE. 


Soe North Eastern Marine Engineering C- 
























ENGINEERS, BOILERMAKERS & REPAIRERS. = 
IRON FOUNDERS, BRASS FOUNDERS, COPPERSMITHS. 
Sole Makers of North-Eastern Grease and Air Extractor and Feed Heater. 1271 


PROPELLERS SUPPLIED AND QUICK DELIVERY GIVEN. 


NORTHUMBERLAND N ORTHUMBERLAND| LICENSEES 
ae... al TYNE. | WORKS, | MANUFACTURE 


Telegrame—News, WALLSEND. || WALLSEND-ON-TYNE. AND FITTING OF 


ena ser Se a || Telegraphic Address - NEWS, WALLSEND. SCHMIDT 
LIVERPOOL OFFICE: 1 WORKS, _ SUPERHE ATERS 














22, Billiter Street, E.C. | SUNDERLAND 
529, —— ay | 
mph econ |sourn DOCK, pce 


Telegrams—SKILFUL, LivERPOOL. | 
8500 |.HP. QUADRUPLE ENCINES. Tel. No. 1896 Central (Two Lines). | Telegraphic Address—NEWS, SUNDERLAND. || ‘MARIN e BOILERS. 








Misammns or CAST-IRON TANKS 


oF AXZE: SIZES AMD GAPAOCITIES. 





Telephone — 


Telegrams :— 
JACKSON, CLAYCROSS, 147, CHESTERFIELD. 





THE CLAY CROSS COMPANY, near CHESTERFIELD. 
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“THE LANCASTER” atm) 


PATENT LIMIT RINGS For PISTON VALVES 


are the result of twenty-five years’ experience with piston-valves working under all known 
conditions. All the advantages of a solid piston valve ring are retained, and the valve is made 
in one wide ring which passes easily over the ports, however wide. S-eam tightness is maintained 
with a minimum amount of friction, while adjustment (if required) can be effected in a few 
minutes. The valves are invaluable for superheated steam, high pressures, high speeds, and 
limited lubrication. 

On reference to Fig. 28 it will be seen that the valve consists of a broad outer ring R, and 
an inner ring 8, the outer ring having a projection turned on the inside which fits into a 
corresponding recess in the inner ring as shown at A A. 

The outer ring is cut through the projection ; the recess in ring 8 forming the limit and 
preventing the ring R from opening beyond a predetermined size. 

‘The Lancaster” Serpent Coil Spring which is specially adopted for piston valves, is fitted 
to these rings. The design makes it impossib!e for the ring to jam in the ports, as the ring is in 
every case wider than the port, and the liner is kept truly Bee ay while there is no possibility 
of collapse from the great steam pressure act'ng on the outside of the ring. 


“eos SM LANCASTER & TONGE, Lo. PENDLETON, MANCHESTER. 


— MAVOR & oT lid, . 
MOTORS === DYNAMOS 


BELT PULLEYS. 


SPREAS aAnms. 


ROPE PULLEYS. 
MILL GEARING. 


DOUGLAS FRASER & SONS, LIMITED, 


Makers of Flax and Jute Machinery, Spindles and Flyers, Evaporative 
Condensers, Mill Gearing, Shafting, Rope Pulleys, Belt Pulleys, &c. 


Telegraphic Address—“FRASER, ARBROATH.” WWogstBurn Foundry, ARBROATH, Scotland. 









































































ON ADMIRALTY, WAR OFFIGE, AND INDIA OFFICE LISTS. Registered Trade Marks. 


DELTA. 
* .) DIXTRUDO. 
DIXTAMPO. 


THE DELTA METAL CO., LTD., —~/ 


Delta Works, East Greenwich, London, S.E. ae at Birmingham). 


HIGH-CLASS ENGINEERING ALLOYS 


Castings, Forgings, Stampings, Rods, Sheets, Wire, Tubes, Patent Extruded Bars of any Section. 


COPPER, BRASS, NAVAL BRASS, YELLOW METAL, RED METAL, SILVER BRONZE, MANGANESE BRONZE, 
PHOSPHOR BRONZE, ALUMINIUM BRONZE, WHITE ANTIFRICTION METALS. 1429 
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“~“DOWSON & MASON 


GAS PLANT COMPANY, LTD., 


(fonpon® THE DOWSON ECONOMIC GAS & POWER CO., LTD., 
(PSnDON, and MASONS GAS POWER CO., LTD., MANCHESTER. 

















London Office: 39, Victoria St., Westminster, §.W. Works: Levenshulime, Manchester. 


CAS POWER | GAS FIRED 
PLANTS xxzz| FURNAGES. 





ron BITUMINOUS COAL wo orzze roms. FOR ALL PURPOSES. 

















JOHN SPENCER & SONS, _— 


NEWBURN STEEL WORKS, NEWCASTLE-ON-TYNE. 


ESTABLISHED 1810. 
Offices :—NEWCASTLE-ON-TYNE: Collingwood Buildings. LONDON: 82, Victoria Street, Westminster, S.W. 


Contractors to Anite War Office, Indian States, and a. Governments. 


MANUFACTURERS oF STEEL BY THE SIEMENS- 
MARTIN ACID OPEN-HEARTH PROCESS. 


SHIP AND BOILER PLATES UP TO 13 FEET WIDE. 


INGOTS, SLABS, BLOOMS, BILLETS, and BARS of all Sizes. RIVET STEEL. SPECIAL MILD STEEL for BOILER FLUES. 
STEEL FORGINGS, STEEL OASTINGS, of all Descriptions, to any Weight, Rough or Machined. 
CRANK AXLES AND SHAFTING HYDRAULIC PRESSED. 








SPRINGS .— Laminated, Volute, Patent Seaprornd Volute, Conical, Spiral. 53°6 
BUEE*EECS.— Of Wrought and Cast Iron, of all Descriptions. Tool Steel of the Finest Quality. Best Cast Steel Files. 


FOSTER’S PATENT CRANK SHAFTS. WASTENEYS SMITH’S PATENT STOCKLESS ANCHORS. 
—————— a a 


a D 
Put Bt mUNG BONER CO LTD er. ‘ 
STANDARD 8 OfUM BTIMLIWO BONER —— 
o- 3 


| 7d { «dy ns __ HEAD OFFICE: 58, VICTORIA STREET, WESTMINSTER, S.W. 


























































} ee ; — Telegrams: ‘‘STIRLINICO, LONDON.” Telephone: No. 821, Westminster, Two lines. — 
. ~— fj Uh WW } 
Y Wiki What Users say of the STIRLING BOILER: 
Wha ] ‘*It saves coal.”’ 
iT] Yi] ff ‘** Repairs to tubes nil, tubes easily accessible.” 
LVN Y/ Y, G =—y NA * ‘We have not lost an hour with our plant through any defect 
jf / ‘atoll NG a. in the boiler’’ (after_6} years’ work). 
Yip. = ; 4 4 ‘‘ These boilers have given us every satisfaction and no repairs 
= Qe a: = a ne w have been required up to the present time” (after three 
Ps A wea Soa 3 ; i years’ work). 
eee eee meas r = ii ‘“‘I prefer them to any other kind of boiler.”’ 
gS A I : : 
Vi Eee BRANCH OFFICES AND AGENCIES: =. | 














j 
Glasgow, Manchester, Leeds, Sheffield, Newcastle, Cardiff. 
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WALKER BROS. wwicaw. [= 


RPagefield Ironworks, WiGAN. Established 1866. 


Codes: ABC 5, WESTERN UNION, LIEBER’S MOREING & NSIL’S MINING. and A 1. Telegrams: “PAGEFIELD,” WIGAN. 


AIR COMPRESSING ENGINES 


To LATEST PATENTED DESIGNS hee ne scmencunedl to ening Engines). 














STEAM and ELECTRICALLY DRIVEN VENTILATING FANS. 
WINDING, HAULING and GENERAL MINING MACHINERY. 
DRIVING ENGINES for all purposes. 





WiLDE & PHTRIES 3 














» A. C. MUMFORD, 


LTD., 


Culver Street Engineering wire, 9 
COLCHESTER. 


Contractors to Admiralty, War Department, India Office, 
Crown Agents for the Colonies. 











i, iin 
i 


Patent WATER-TUBE 


BOILERS. 


NEWEST DESIGN, 


LARGE POWER on VERY LIGHT WEIGHTS, 








soe eee. es. —_ ---- ~ _—ses -_" 
¥ ¥ 


~~ eS eee eee oe eee ee eee eee eer ear eee en ae ewe eee eee eee ee 


$ ESTIMATES and 

} FULL PARTICULARS 
} ON APPLICATION. 
Seal cinageinenesh 


— 








~~ of ALL TYPES, SCREW, STERN or SIDE Paddles; their Engines are 
@ of the latest and most improved —_— —_ lightness with and power, as supplied to the "Admiralty and other Government Departments, 
Ne ae mee hip in the Wor 


A. G. MUMFORD, Ltd., will have great pleasure in quoting for 


2 ved Compound, Surface- rate Launch Machinery, with WATER-TUBE BOILERS. Steam more rapidly, and are more easily CLEANED and 
REPA RED than any other type. Very light and durable, designed for running at high speeds. 2180 


-_ 


PR OOO? 


= _—S-- ~ __s _ ——_— ee ee ss ina slit ii 
Se Sceaa ROA = ey Man er gg, “Ry Spang AE RE OY a I a Ee eee a ee eee ae ww tlt teil °7 rome 
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LARGEST MAKERS «CAST IRON TANKS 


BRANOH OFFICES :— IN Tease EINGDvDOoOMmM._ 
“Brook House,” 10-12, Walbrook, LONDON, B.C. - 
Grosvenor Buildings, Deansgate, MANCHESTER, |” 
60a, Lord Street, LIVERPOOL. 
Moorhead, SHEFFIELD. 


ALL PLATES PLANED FULL 
WIDTH OF FLANGES. 


TANKS OF ANY SIZE SUPPLIED) 
and ERECTED ANYWHERE. 


DRAWINGS, SPECIFICATIONS ann ESTIMATES | 
CIVEN UPON APPLICATION. 


Gentracters te the Admiralty, War Department, 
and Crown Agents for the Colonies. 


1563 
TELEGRAMS :—  Narowat Taturnons No. 2200 
“NEWTON, SHEFFIELD.” EsTas.isHeD 1793 


NEWTON , CHAMBERS & C nim me SHEFFIELD, 


STEAM INLET . 
i ——7 ; ; 
Sd i 
‘- 3 we 
7 ‘ j ‘ so > “a 
ar 2) 


We hold the LARGEST STOCK of any Manufacturers 
in the WORLD. 


JOSEPH EVANS & SONS 


(WOLVERHAMTON) Lto. 


CATALOGUE CULWELL WORKS ao 


ON APPLICATION. WOLVERHAMPTON. 


Telegrams :—‘‘ EVANS, WOLVERHAMPTON.” 
















































































TRADE 
YUVA 
































, LONDON :—Salisbury House, sa 
712. DOUBLE “RAM” STEAM PUMP. London Wall, Wail, E.C._ C. 


FAIRBAIRN MACPHERSON, 


Branch of FAIRBAIRN LAWSON COMBE BARBOUR, Ltd., 
WHLELINGTON FOUNDRY. tLAEwYPs, 


state ties OF GENERAL AND SPECIAL MACHINE TOOLS 


— FOR — 


LOCOMOTIVE, CARRIAGE AND 
WAGON WORKS, 


Also fur the MANUFACTURE of 


HEAVY ORDNANCE, ARMOUR 
PLATES, atc., &e. 


WHEEL TURNING & TYRE 
“3a BORING LATHE. 




















Telegraphic Address: “ FAIRBAIRNS, LEEDS.” 
Telephone: No. 275. 9€0 
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ADAMS’ RHEOSTATS & 
CONTROLLERS 















4 


ADAMS MFG. CO., Ld. 


106, New Bond Street, 
LONDON, W. 1415 


Works: BEDFORD. 



























JOSEPH KAYE & SONS, Ltd, 


MAKERS OF PATENT AUTOMATIC CARRIAGE 
DOOR LOCKS, LATCHES, HANDLES, &c. 


Recent Orders and Contracts from the 

















North-Eastern Railway (including Royal Saloon). South-Eastern and Chatham Railway. 
Great Northern Railway (including Royal Saloon). Midland Railway. 
London and South-Western Railway. Great Central Railway. 


Lancashire and Yorkshire Railway. Great Eastern Railway, &c., &c. 














Railway Engineers and Carriage Superintendents are Invited to visit our Showrooms at 
Works: | 
HUNSLET, LEEDS. } 














HEENAN & FROUDE, LTD., 


Telegrams: HEENAN, WORCESTER. _* “ q> Ee. qc EI £4 ry" FE) Ee. Telephone: No. 21, WORCESTER, 


THE ““FROUDE”’ 
WATER DYNAMOMETER 


THE MOST RELIABLE DYNAMOMETER 
ON THE MARKET. 


FOR TESTING 
ENGINES & MOTORS 


OF ALL KINDS. 


NO ENGINE, MOTOR OR MOTOR CAR 
BUILDER SHOULD BE WITHOUT ONE. 














Bridges, Roofs & Constructional Works: 
Newton Heath Iron Works, MANCHESTER. 
Refuse Destructors: 
4, Ohape! Walks, MANOHESTER. THE FROUDE DYNAMOMETER 
LONDON OFFICE: 56, Victoria St., Westminster, S.W. In Use at Messrs. Browett-Lindley’s Works, Manchester. 3082 
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DARLING# SELLERS, I‘ KEIGHLEY 
PATENT HIGH-SPEED LATHES 


HAVE SPECIAL FEATURES POSSESSED BY 
NO OTHERS. 


' FULL PARTICULARS SENT ON APPLICATION. 


_ THE ILLUSTRATION REPRESENTS OUR 10} in. 
LATHE, WITH ALL GEAR SINGLE PULLEY 


| DRIVE. 

| BUILT IN FIVE STANDARD SIZES :—7 in., 9 in., 
10} in., 12} in., and 16} in. CENTRES. 

WITH CONE, ALL GEARED SINGLE PULLEY 


OR — DRIVE. 
NATIONAL TELEPHONE No. 38. 


ON ADMIRALTY AND 


= | OF ALL DESCRIPTIONS. 
$ MACHINE MOULDED AND MACHINE CUT. 





























RAW HIDE AND COMPRESSED PAPER PINIONS. 


THOUSANDS OF MODELS to select from. 1462 
URGENT BREAKDOWN WHEELS a Specialty. 


QUOTATIONS AND ALL INFORMATION FREELY GIVEN. 


URQUHART, LINDSAY & CO., Ltd., Blackness Foundry, DUNDEE. 


REFRIGERATING MACHINERY. 


ON THE AMMONIA, CARBONIC (CO2) AND 


Haslam’s Refrigerators ©" Compressep Ain SYSTEMS. 


ADOPTED BY ALL THE LEADING SHIPOWNERS AND MEAT COMPANIES IN THE WORLD. 
LOZ] PLANTS UP TO 200 TONS CAPACITY. 


THE HASLAM FOUNDRY & ENGINEERING €0., Ltd. 


























(INCORPORATED WITH PONTIFEX AND WOOD, LTD.) Od 1448 
MAEEMRS OF GAS EBNGINZES, 100 TO 2000 HF. 
_ UNION FOUNDRY, DERBY. Lonpon OFFice: 175-177, SALISBURY HOUSE, LONDON WALL, E.C. 


AWARDED GRAND PRIX, | FRANOO-BRITISH EXHIBITION, _LONDON, 1908. 


“BAMBER'S” “EYRE”. METAL 


USED FOR ALL CLASSES OF BEARINGS. 





—_—s 


NON-ENGRUSTING ZINCS 


FoR 
PRIMARY BATTERIES. 


Are free from encrustation and local action. 
Ensure a full and constant supply of ourrent. 
Have more than double the life of ordinary zincs. 
Require little attention, with consequent low 
maintenanee oharges. Will outlive any ¢ other alloy or this description under similar work. 


Tuzename—‘ EYRISH, TONBRIDGE.” WRITH FOR PARTICULARS. 1247 TaLarHowE—No, 134, TONBRIDGE. 


THE EYRE SMELTING CO., Ltd., Tonbridge, Kent. 























ie 
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ELECTRIC CRANE DEPARTMENT. 














BABCOCK & WILCOX LTD. 


Telegrams: ‘“‘BABCOCK, LONDON.” Telephone No.: 5540, HOLBORN (6 Lines). 
— PAT Tr 


WATER-TUBE STEAM BOILERS. 


FIRED with COAL, COKE, WASTE GASES (Coke Oven & Blast Furnace), REFUSE, WOOD, TAN, OIL, &c., &e. 
7,800,000 HP. Land and 2,100,000 HP. Marine Type Installed or on Order. 


Also WHITE-FORSTER Water-Tube Marine Steam Boilers. 
Joint Manufacturers and General Licencees with J. SAMUEL WHITE & CO., Ltd. 


MECHANICAL STOKERS for Smokeless Burning and - Highest BMeieney, 


AND ALL , BOILER-HOUSE ACCESSORIES. 


Head Oftee: ORIEL HOUSE, FARRINGDON STREET, LONDON, E.C. 


Baboook & Wiloox 5-tons Electric Travelling Jib’ Orane. ESTIMATES FREE. Works: RENFREW, SCOTLAND. SEND FOR CATALOGUE. 


THE LEEDS FORGE CO., LTD., LEEDS 











@OLIATH, PORTAL, OVERHEAD and 
JIB TRAVELLING ELECTRIC CRANES, 

















Pioneers in the 





Design and LONDON OFFICE :— 
Manufacture of CAXTON HOUSE, 
Piegees Steet WESTMINSTER. 
Underframes and 
Bogies, and 
All-Steel 1586 


Railway Wagons. 
BENGAL AND NORTH WESTERN RAILWAY. 
22 Tons BOGIE TRUCK, fitted with Fox’s Pressed Steel Underframe and Bogies. 


HOWELL & C0., LIMITED, ’s2ais3.2%22' SHEFFIELD. 


‘HIGH- HARDENS 
AIR 
OR 
WATER. 


SPEED’ 
BRAND. 














TOOL 


STEEL. 







1562 



















I From 3x1#T0 eT 
C From 3x1%'10 15x 4" 
L quar sipes fl T0353" 
L unequm sipes 1x1 T0104" 
C prom 4x2h 10124 
T from 61012 

@ FROM % dia To I2Zdia 
® SQUARES FROM % 106" 







SLABS uP To 14x60" 
& 20 TONS IN WEIGHT 
3x24x3T010x34x3h SF 
x1" 10 723%" T 
FLATS FROM % TO18" | 
ALSO 
NUMEROUS RAIL AND 
OTHER SPECIAL SECTIONS 


56 070 ths per yd Baroce Rus 
ALWAYS GEPT in STOCK . 


MANUFACTURERS OF = 
ALL SIZES OF ROLLED STEEL SECTIONS 

















BLOOMS FOR FORGINGS UP TO 20 TONS 
OuTPUT 15,0000 TONS PER MONTH 


CONTRACTORS TO THE ADMIRALTY, WAR OFFICE, ETC. 


HEAD OFFice :—LANARKSHIRE S1EeL WorKS, MOTHERWELL, N.B. 
LONDON OFFICE :—28, VicTo 1A STREET, WESTMINSTER. 1838 
Other Branch Offices at GLASGOW, NEWCASTLE, BIRMINGHAM and MANCHESTER. 
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NORTH BRITISH LOCOMOTIVE CO., L™. 












HYDE PARK WORKS QUEEN'S PARK WORKS ATLAS WORKS 
(Late NEILSON, REID & CO.). (Late DUBS & CO.). (Late SHARP, STEWART & CO., Ltd.). 
ADMINISTRATION BUILDING, 110, FLEMINGTON ST., SPRINGBURN, GLASGOW. 






LONDON OFFICE :—17, VICTORIA STREET, WESTMINSTER, S.W. Telegrams—LOCO., CLASCOW. 












BUILDERS OF ALI EINDS OF 


LOCOMOTIVE ENCINES AND TENDERS SUITABLE FOR ANY GAUCE OF RAILWAY. 


Wey Workshops Equipment : 


Annual Capacity: —__ C—O z 8000 MEN. 
700 + | Mm ty “s tee elit S ss _s' — 716 
MAIN LINE , ¢ = a;-—— = Output now exceeds : 


LOCOMOTIVES. 18,000 
LOCOMOTIVES. 

























LARGEST LOCOMOTIVE WORKS IN ‘EUROPE. 


| ct i — ae | 


HUNSLET ENGINE GO., Ltd., 


LEEDS. 
MAKERS OF 


LOCOMOTIVE ENGINES 


ADAPTED TO EVERY VARIETY OF WORK AND GAUGE 






























Designs and Specifications supplied 
or worked to. 


Quotations and Specifications on 
application. 













1435 



















Telegraphic Address : ‘‘ ENerna, Lamps.” 
Telephone ; Nos. 3430 to 3434 inclusive. 














Reduction in triction and boiler losses, with corresponding increase in pull at dipper, 
is the reason why the Atlantic Shovel digs more at less cost than shovels of the chain type. 


Wire rope hoist exerts a direct pull on the dipper and substitutes friction or a rope 
with but one large sheave for that of a chain with from four to six additional small sheaves. 
The less power lost in the machine itself, the more you have left for digging. 


Further economy in operation is secured by using a large boiler of the locomotive type, 
in which more of the heat is utilised and less is lost up the stack. This is possible only 
because of the removal of the hoisting engines from their usual position on the car body, 
to the boom. 

The placing of the main hoisting engines at the foot of the boom reduces the power 
necessary for swinging the boom and removes the twist upon the car body when working 
on one side. With this construction, the turnable center and boom foot constitute the engine 
frame. One casting takes the place of four or more in the usual construction, reducing the 
total weight of the shovel, and the weight on the front trucks. 


AMERICAN LOCOMOTIVE COMPANY, 


30, CHURCH STRIDT, NEw YTor=E. 
LONDON OFFICES :—26, Victoria Street, Westminster. Cable Addresses :—LOCOMOTIVE, NEW YORK; SIVAD, cecil 
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| | MANNING, WARDLE & CO., Ltd., sso:t8"Winxs, LEEDS. 
° Makers of Locomotive Engines for any width of gauge and for all purposes. Also makers of Steam Rail Motor Coaches for passenger traffic. Materials and workmanship of the best quality. 


Tank Engines up to 17 in. cylinders, on four or six wheels, always in stock or in progress. Specifications, Photos and Prices on application, and Special Designs 
sent on receipt of particulars of requirements. The ‘‘ A BC” and “ The Engineering Telegraph Codes ” used. Od 2486 


‘ _——_——— ey BALDWIN LOCOMOTIVE WORKS. | 


Broad Single 
sat |_ OCOMOTIVES... 22 
Gauge and Compound 
Mine, Furnace and Industrial Locomotives. Electric Locomotives with 
Westinghouse Motors and Electric Trucks. 
PRINCIPAL OFFICES AND WORKS, 500, North Broad Street, 
PHILADELPHIA, Pa., U.S.A. 
Cable Address: “ Baldwin,” Philadelphia ; “Sanders,” London. 1@5s 
General Agents :—Messrs. SANDERS & CO., 110, Cannon St., LONDON, E.C 


HANNOVERSCHE MASCHINENBAU ACTIEN-GESELLSGHAFT, vormals GEORG EGESTORFF, 


= : HANNOVER -LINDEN, GERMANY. 


ESTABLISHED 1835. 6400 LOCOMOTIVES BUILT. 


Broad and For all 

<=" LOCOMOTIVES “=: 

Gauge service. 
Main and Branch Lines, Tramways, Plantations, Collieries, Contractors. 


LOCOMOTIVES for SUPERHEATED STEAM. Fireless Locomotives. 
STATIONARY ENGINES, PUMPS, BOILERS. 


Cable Address: HANOMAG HANNOVERLINDEN, GERMANY. 1225 


REE UIKADO LOCOMOTIVE ARGENTINE STATE RAILWAYS” ENGLISH REPRESENTATIVE: JAMES HALCROW, 18, COLEMAN STREET, LONDON, B.C. 


| R. & W. HAWTHORN, LESLIE & CO., LTD. 



























































Locomotives 


Of every description for Home and Foreign Railways. 


TANK ENGINES & COMBINED CRANES & LOCOMOTIVES. 


ALWAYS IN STOCK AND IN PROGRESS. 
For Collieries, Irénworks, Railway Depots, Branch Lines, Contractors, dec. 











Telegraphic Address: ‘‘ Locomotive, NEWCASTLE-ON-TYNE.” ESTABLISHED 1817, 


MARINE ENGINEERS & SHIPBUILDERS. NEWCASTLE-ON-TYNE. — 


noon orvee: Wi, @, BAGNALL 
Sanctuary House, II, Tothill Street, z ® = 


Westminster, S.W. 











HEAD OFFICE 
and WORKS: 


Stafford, England. 











Highesi-class Workmanship and Material. 
BUILDERS OF 
STEAM, PETROL and ELECTRIC 
TIPPING TRUCKS, SUGAR LIGHT RAILWAYS, 
CANE and other SPECIAL WAGONS LOCOMOTIVES SWITCHES, TURNTABLES, &c. 
eighing from 3 to 50 Tons, for any Gauge. 


— Speciality: -MARROW-GAUGEH rtOcomoziztivses. — 651 
Codes used :—“ Engineering,” “ABC,” “Bedford McNeill's,” and “Western Union.” Telephone :—No. 15. Telegrams :—Bagnall, Stafford, 
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Telegraphic Address: Wagner, Dortmunderfeld, Dortmund. ABC Code, 5th Ed. 


WAGNER & CO., 


Machine Tool Manufacturers, 
DO RTM U N D (Westphalia). 


SPECIALITIES: Middle-sized and heavy Machine Tools for 
Rolling Mills, Iron and Steel Works, Boiler Makers, 
Bridge Builders, Railway Shops, &e. 


Illustration represents— 1604 
—PN - Machine for Straightening Angles,.T and LJ-Irons. 
AGENTS WANTED. 


DROP-FORGING PLANT. 


PATENT HAMMERS for DIRECT MOTOR, or BELT DRIVE. 


CONTROL BY HAND LEVER. LOW POWER CONSUMPTION. 
LIFTERS CAN BE APPLIED TO EXISTING STEAM OR PULLING STAMPS. 


STEAM or MECHANICAL STAMPS 


FOR THE PRODUCTION OF ALL CLASSES OF DROP FORGINGS. 


ARCH SLIDE FORGING HAMMERS 


FOR GENERAL SMITHY WORK. No TIMBER GUSHIONING required under ANVIL BLOCK. 


OIL or COKE FURNACES, PRESSES, 8. 
BRETT’S PATENT LIFTER Co., Lm 


CSCovin Tey. 


hot ime = A.eP.W. McONIE. 


GOVAN, Glasgow. 






































MAKERS OF 
PUNCHING AND SHEARING MACHINES, 
PLATE EDGE PLANING MACHINES, 
HYDRAULIC PUMPING ENGINES, 
FLANGING AND FORGING PRESSES, 
Sees a ACCUMULATORS, RIVETTERS, AND 
Rar hvsightestig; Rutling ant. Petdiing Maciies: ALL CLASSES OF SHIPBUILDING TOOLS. 














LOCKWOOD & CARLISLE, Ld. 


HAGLLE EF OUNDRERY, SHEFFIELD. 


Telegraphic Address: ‘‘ PISTON, SHEFFIELD.” National Telephone: 1376, 


Improved Double-action Metallic Piston Packing a & =, 


CARLISLE’S PATENTS. 








| SPECIAL FACILITIES FOR QUICK DESPATCH OF URGENT ORDERS. tl 
Improved Dyuble-actics Piston Valve Rings. ALL P ACKINGS GUARAN TEED. ass LP, Rings — ae - ring specially designed for 


igh Steam Pressures. 














JUNE 30, 1911.] 


ENGINEERING, 


[SUPPLEMENT page XXXVI! | 


85 








HIGH-SPEED aes ENGINES 


Telegrams: 
SISSON, GLOUCESTER. 







Telephone 
No. 57. 





Cable Code: ABC. 
6th Edition. 


W. SISSON & CO.,Ltd, 


GLOoOvuUCISTIRN, BNG. 


DENNYSTOWN FORCE CO. 


DUMBARTON. 


Telegrams - - “FORGE, DUMBARTON,” 


9000000000000 60000000 


London Office: 301-302, Mansion House Chambers, E.C, 


STEEL AND IRON 


FORGINGS 


UP TO ANY WEIGHT. 











Exceptionally quick delivery given for 


FINISHED GRANK 
SHAFTS, 
PROPELLER SHAFTS 


with Continuous Gun - metal 
liners complete, and 


STERN AND RUDDER 
FRAMES. 


Specialities :—Repair work ot 
all descriptions, also Finished 
Hollow Crank and Line Shafting, 
Forgings for Turbine Engines 
(Wheels, Spindles, Drums, &c.). 








Patentees and Sole Manufacturers of the 
WEDGWOOD” Patent Vertical Inter- 
locking Scarphed Jointed Rudders. 


Also Patentees of Combined Rotor Wheel and 
Spindle Forgings, for Turbine Engines, 


On ADMIRALTY, WAR OFFICE, and 








Werts’ “Lietnine” Line & Gorour Wasner 





Wallwork & Wells’ Patents. 


A GREAT SAVING IN TIME, 
LABOUR AND MONEY. 


ovER 5000 SOLD. 


NO OUTSIDE POWER REQUIRED. 





LIME, WHITING or COLD WATER PAINTS 

applied at a speed of from 10 to 20 square 

yards per minute, in a manner superior to 
brush work. 


One coat with the Machine on rough surfaces 
is equal to TWO applied with Brushes. 


The Material is applied in the form of a 
spray, and is driven into corners and diffi- 


cult places where a brush would not reach. 


WILL SAVE FIRST COST IN A FEW DAYS. 


No, 6a—With Detac hable Pail .. oa ~~ on os ee ee ee Price 


No, 6— Handy size, No Tank . 

No. 4—With 5-ft. Pole Single Spraying Nozzle and 20 ft. ‘special Armoured Hose. 
Capacity 6 gallons .. 

No, 4a—With Wheels, 5-ft. Pole, Single ‘Spraying Nozzle and 20- it. special Armoured 
Hose. Same capacity as No. 4 machine ; 

No. 5—Large Machine, with 5-ft. Pole, Double Spraying Nozzle and 20 ft. of 5  pecial 
Armoured Hose. ~ tree 10 gallons 

No. 5a—Ditto, with wheels , 


£5 15 
77 
8 10 


9 10 


10 10 
11 15 





ww EL. 1.8’ 


Quickly Mixed. Will not rub off. 


The material is in the form of a 
water, and is supplied in barrels containing 1 or 3 cwt. 





in lots of 3 cwt. at a time, 128, 8d, per cwt. 


IMPROVED LIMEWASH. 


Much superior to ORDINARY Limewash slaked with water. 
Leaves a good surface, 


Price 13, 84. per cwt. Carriage paid in England oma welee, 


wder ready for mixing with 


If 





A, 7 WELLS & 60,72 London, tat: Manchester. 

















CROWN AGENTS’ LISTS. 1340 

















“EMPIRE” 


PATENT 


LIFT CONTROLLERS 


RELIABLE AND 
SILENT IN ACTION. 





We are Specialists in Lift 
Controllers, and in Auto- 
matic Starters and Acces- 
sories for the Automatic 
Control of Pumps, 


Hydraulic Accumulators, 
Air Compressors, Machine 
Tools, 


Capstans, &c, 














All “ EMPIRE” 
apparatus is 
British made 


from 
FIRST to LAST. 





Waite For CATALOGUE L. 


Electric Control Ld. 


177, REID STREET, 
BRIDGETON, 
GLASGow . 


Telephone : 





Telegrams; 
“OONTROL, 


2347, 
BRIDGETON, GLASGOW.” 


























DC. Lift Controller, 


Car Switch Type. 1670 





A.C. Lift Controller, 
Push-Button Type. 
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RPATINT WATER BALLAST 


MOTOR ROAD ROLLERS. 


4 to 10 Tons in Weight. Petre! or Paraffin. 
Latest Pattern for ali 


en 
%% 


P 
oe 





THE VERY BEST RESULT 





kindsof Street and Road 
Work, including Tar 
Macadam. 
Reliable and Economica! 
in Work. 
Over 100 already made. 
Smalier Sizes for 
Estates, Golf Links, &c. 





en 
@e Shepherd's Bush Exhibition 
(three), &c., &c. ree 


Patentees & Makers: 


Barford & Perkins, 


ENGINEERS, 
PETERBOROUGH, 
ENGLAND 


is SECURED sy 


 GLYCO-TIN 


ABSOLUTELY THE FINEST ANTI-FRICTION BEARING 
METAL ON THE MARKET. 
NOTHING BETTER CAN BE PRODUCED REGARDLESS OF COST. 
ONE CWT. TRIAL LOTS SENT ON APPROVAL. 


4 SOLE MAKERS: 9839 
Q5°% | GLYCO METAL COMPANY, Limited, ~ 
af % SOUTH PARADE, MANCHESTER. 


sy 














CEO. W. GOODCHILD & PARTNER, 


30-32, Farringdon Road, 


D.W.F. LONDON, E.C. 
BALL-BEARINGS 


and Steel, Cast-Iron, Bronze, Brass, Copper 


and Aluminium Balls guaranteed to 


a 33 
10,000. 





1769 











Telephone No.—HOLBORN, 2254. Telegraphic Address—‘‘ AMROSSITE, LONDON.” 


The “AMROSS” Positiwe 


LOCK WASHER 


Made of Tempered Steel. 


STRONG. DURABLE. RELIABLE. 


Notethe Invaluable to Railways, Tramways, 
device. Electrical Plant, Collieries, and all 
Machinery subject to vibration. 


A LARGE STOCK OF VARIOUS SIZES 
ALWAYS ON HAND. 


SOLE MANUFACTURERS— 


THE ‘AMROSS” POSITIVE LOCK WASHER MFG. 00. 


59-61, HATTON GARDEN, LONDON, E.C. 
Write us To-day for List Noe. 20. 


Beware of 
Imitations. 





1 y 

















THERMOMETERS. 


eg) 


CAPILLARY TUBING, 
UP TO,60 YARDS 
FROM 
SOURCE OF HEAT. 


ENGINEERING SUPPLIES, LTD., 
28, Victoria Street, LONDON, S.W. 


“ PROELLS, LONDON,” Telephone No. : 1555, VICTORIA, 


RECORDING. 
1800° Fah. 


ALI: 
yeas. 


1377 
Telegrams : 








VERTICAL BOILERS. 


VERTICAL-CROSS TUBE BOILERS. 
VERTICAL DONKEY BOILERS. 
MARINE RETURN-TUBE BOILERS. 
LOCO-TYPE BOILERS. 
VERTICAL BOILERS ON STOCK 
from 1 N.HP. to 14 N.HP. 





Telegrams :—“ BOILERS, LOUGHBOROUGH.” Telephone:—No 5i. 


Code :—A BC, 5th Edition. 


WALTER W. COLTMAN & CoO., 


CENTRAL BOILER WORKS, 5x1 LTD. 
LOUGHBOROUGH, England. 











SIGHT-FEED LUBRICATORS. 


SIMPLEST, MOST RELIABLE, AND CHEAPEST IN THE MARKET. 


Single & Double “patent. 


PATENT. 


In the Double Lubricator each feed is absolutely 
independent, so that one can be closed off without 
interfering with the full working of the other. 


Fitted with Patent Protectors which 
also enable Sight-glasses to be removed 
and replaced in TWO minutes. 


As supplied to the Chief Railways. 
The Hulburd Engineering Co., Ltd., 


BRASSFOUNDERS AND COPPERSMITHS, 
160, LEADENHALL ST,., E.C. 





CEMENT PLANT. 


BRICK-MAKING 
@ MACHINERY, “Plastic,” 
©" “Stiff Plastic” &“Semi-dry.” 
ao CRUSHING and GRINDING 

MACHINERY for all materials. 


ELEVATORS, CONVEYORS, 
DRYERS, ROASTERS, 
and all classes of Mining Machinery. 


Wm. Johnson & Sons (Leeds) Ltd., Armley, Leeds. 





. 
g” 
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TYPEWRITERS 








BOUGHT, > REPAIRED, 
SOLD, EXCHANGED 
HIRE: 10s. MONTH, ~ 27s. 6p. QUARTER. 
ms. COPiIED. 1796 


SHORTHAND TYPISTS WITH MACHINE FROM 4s, PER DAY. 


TAYLOR'S TYPEWRITER CO., Lto., 


74, Chancery Lane, LONDON, w.c. 













Contractors to H.M. Government, 
India Office, and Colonies. 


STEAM ENGINES 


Condensing, Non-Condensing, and Compound 
VERTICAL ENCINES AND BOILERS, 
Combined or Separate. 1459 
Winding and Hauling Engi: Engines, Vacuum Pumps. 
We offer terms to Merchants 
Tos Sai feng Taoag sent feo 


" Bapincor’, HOLLINWOOD, nr. MANCHESTER. 
Telegrams—"'LEES, HOLLINWOOD.” — Telephone—No. 16, FAILSWORTH. 








T. & R. LEES, 








| MEASURES BSP 
| ||53® SOUTHWARK ST LONDON sie Sere 
s PITLAKE. CROYDON. 


9492, CENTRAL, 
mL OROYDON. 


WTR 


2 OF EVERY DESCRIPTION 


DES/GNS & ESTIMATES FRFE 
ae oo: OWES] PRICES W/7TF ; Ea? PRICES OY me OLS a DELIVERY 4~— 





MARINE 
MOTORS. 


ie MANUFACTURERS: 
mame) THE BERCIUS LAUNCH 
AND ENCINE CO., 


DOBBIES LOAN, 
GLASGOW. 


SSS 
R. G. ROSS & SON 


Glasgew, Limited. 
P SOLE MAKERS OF 


RIGBY’S PATENT 


STEAM, AIR AND POWER 


HAMMERS. 


2500 IW Rg = EOF 





40 HP. PARAFFIN MOTOR. 1465 
































HARTUNG, KUHN & CO. 


HARTUNG GOVERNORS 


THE BEST 


for Steam, Gas and Oi!-Engines, Steam and Water Turbines. 
ee mere 


30,000 SOLD. 


ion-capacity unapproached in any other system 
PNEUMATIC TOOLS 
Hammers, Riveters, Drills and Hoists, Complete Installations. 
All enquiries should be addressed to our Sole Representative for Great Britain and Colonies :— 


C. C. CAMPART, 40, Newgate Sire, LONDON, B.C. 














ITUBELESS SUPERHEATERS 


Telegrams : ‘‘ CRCAMPART, Lonpon.” Telephone: 3497, CanTRa.. 












Marine, Locomotive ne Stationary Boilers. 





UNEQUALLED FAOILITIES FOR INTERNAL 
INSPEOTION. 





THE SIMPLEX SUPERHEATER CO., Ltd., 


39, VICTORIA STREET, 1324 
WESTMINSTER, 8.W. 














ESTABLISHED 1852. 
Telegrams :—" BOILER, GLASGOW. 


WN) 


WI NWR, ei 
LILYBANK BOILER works 


CLASCGOW 





= — Niel ti) 
Britt 1 H Hh ina 
HF ii ye 
INCASHIRE & CORNISH BOILERS FOR HOME & EXPORT 
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a meeetese as Se BRASS & COPPER, LOCO & leer 





JOHN SPENCER, L 


1775 WEDNESBURY. 
IRON & STHDL 


TUBES 


POLES, STEAM MAINS, TUBULAR PILES, &c. 


WELDED PIPES 


THE BRITISH WELDING CO., LD., 


58, Victoria St., Westminster, ow. 
VULCAN WORKS, MOTHERWELL, N.B. 


DRUMMOND BROS, LT2. 


SMALL HIGH-CLASS 


LATHES. 




















Engel Works, near GUILDFORD, ae. 
See Advertisement last and next week. 














Blair, Campbell 8 M‘Lean, 


-—— LIMITED, — 


WOODVILLE STREET, QOVAN, 
GLASGOW. 


Bee large Advertisement, 23rd June. 


EDWARD FINCH & CO., Ld., 


CHEPSTOW. 


Bridges and Roofs, 
Oolilery Iron Work. 


See Illustrated Advertisement appearing every 
fourth week. 861 


1708 











ARS, FLATS, ROUNDS, SQUARES, ANGLER 
sone iy ae ee 


MERCHANT B 
TEES, OVALS, 
SIEMENS homes 


Tele. ‘Add.: ™ Hoops,” 
Mother well, Plain or 
played ; also for Cotton 
Ties ae all other purposes. 
The Motherwell Iron 





and Steel Co., Ld., Motherwell, x.s. 








SHAFTING & MILL FITTINGS. 


See our Advertisement last week. 
1752 


C. F. CARVER, Ltd. 


Alfred Street Mills, NOTTINGHAM. 


VALYES! 


TURNBULL'S SAFETY, STOP, OHEOK, SLUICE 
Ato REDUCING VALVES. 1664 


FOR VALVE SHEET. 


ALEX. TURNBULLACO., Ld. ,Bishopbrigés. 


Telegraph— Valve, Glasgow. Codee—Western U fi 


BULLIVANT 2 CO., L°- 


Steel Wire Rope Makers, 
BULLIVANTS’ AERIAL ROPEWAYS, Ltd., 


72, MARK LANE, LONDON, E.O. 821 
Works: Mrrzwaut, B. See Iilus. Advt. last and next issue 


COAL ELEVATING 
STORAGE PLANTS. 


MANY ERECTED. INSPECTION INVITED. 


























SIMON-CARVES, Ld., “*srnouesren 















ENERO , CLASS LIVERPOOL. 


Extensive oors of all descriptions and Sections 


MALLEABLE IRON AND STEEL, 


Including all — poe Square and Flat Bars, Flitch 
‘ees, Angles, &c. 


Rolled Girders & Joists, 3in,to20in, deep. 


COMPOSITE GIRDERS MADE TO SPECIFICATION. 


PLAIN AND CHEQUERED PLATES. 
Boiler and Tank Plates in Iron or Siemens-Martin Steel, all sizes, 


QUOTATIONS AND SECTION SHEETS ON APPLICATION. 697 
SHIPMENT ORDERS PROMPTLY EXECUTED. CORRESPONDENCE A lll leant en tl 


Zeit 


el 


CRANES, ELECTRIC. STEAM, HYDRAULIC, HAND, ELECTRIC, STEAM, HYDRAULIC, HAND, 


— OF ALI TYPYKIEsS. — Od 6431 


OVERHEAD CRANE. 


WINDING & HAULING ENGINES. SHEERLECS, SLIPWAYS 


> ALEX. CHAPLIN & CO., [~ GOVAN, GLASCOW. 
ABBOTT & CO. 


National Telephone: No. 34. 


THREE-MOTOR ELECTRIC 











ne Address: (TEDW AERES), EERE TEI, sys. 
WELDED AND FLANGED wornK WNWEWARK-ON-TRENT, 


OF EVERY DESCRIPTION, 


ENGLAND. 


———— 








CUSTOMERS’ OWN PLATES WORKED AND FLANGED UNDER ADMIRALTY, 


BOARD OF TRADE, OR LLOYD'S SURVEY IF REQUIRED. DEGREASING PLANTS. 


CONTRACTORS powtomg 
TO THE 
ADMIRALTY, HYDRO 
CASINGS, 
WAR 
OFFICE, REPAIR 
- BOXES. 
sea FIRE-BO 
OFFICE, EVAPORATOR 
eet SHELLS. 
CUSTOMS, AIR RECEIVERS, 
CROWN &e. 


AGENTS, 
&., &, 


nee 


FROM 


PHOTO. 
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e 
Stamped Forgings 
SECURING CHAINS, DECK & EYE BOLTS, 
RIGGING & COLLAPSING SCREWS, 


CLEATS OF EVERY DESCRIPTION. 


CARRON COMPANY sses excellent facilities in its EN- 

GINEERING DEPARTMENT for the production of this class of 

x The Machinery being thoroughly up-to-date, places the 

ny in the position of being able to supply accurate and well 

fond ed Forgings (rome or machined) at the keenest prices, with 
e least possible delay, 


CONTRACTORS TO THE ADMIRALTY. 


Prices and particulars on application to 


ENGINEERING DEPT., 
CARRON Company Carron. STIRLINGSHIRE. 











PATENT 














ee 











_——<= -<- 












































BALL BEARING PLUMMER BLOCKS AND HANGERS. 


MAKERS OF BALL AND ROLLER BEARINGS FOR WHEELS, AXLES, &c. 


MAIR, NIXON & FERGUSON, Ld., Kettering 








i a. 

m 

: 

4 = 

h 

Eng 

: ; 

ES pm 
oS QO 

2 8 ras 

@D -«- co 

a 6 — + 

2 EB 

ae F 

°e a 

g : 

8 

= 

P| 





This 8}" Centre HIGH-SPEED LATHE has a box section bed and is filed with etiitenabie deep square guide ways; it|} 


will swing in gap with piece removed 28” dia. b y 13” wide. 
4 the oc four food Cemipia speed the es + will remove 3 Ibs. ia mild = chips per minute of wet , 
ere are four pene aPaten nay ace tive ceds with self-acting knoc motion; it may, if desired, be fitted 
with a — _ steel turret and and the fast head sist bodes adtock spina red to & a 4” bar. ” 
¢ chip trays being mounted on it is an matter to keer the Lathe—and its surroundings—clean. Ring lubrication is 
fitted te the main spindle as well as to the mel isn ery mate ok " 


May we send you a Complete Description of our Range of Lathes ? 


THOS. RYDER & SON, "oR 


6017 


BOLTON. 








VERTICAL 


GAS ENGINES 


THE ANDERSTON FOU FOUNDRY 00. ‘Lid. 
GLASGOW. 
See displayed Advertisement next week. 


The CLYDE STRUCTURAL IRON CO., Ltd. 
Clydeside Ironworks, 8cotstoun, Glasgow. 


MANUFACTURERS OF 1758 


[ron & Steel Roofs, Buildings, 
Workshops, &c., &c. 


LONDON OFFICE: 48, Cornhill, EC. 


MOND GAS 


SUCTION - PRESSURE 


THE POWER GAS 6 CORPORATION, La 


STOCKTON-ON-TEES. 


NASMYTH, WILSON & CO., Lr. 


BRIDGEWATER FOUNDRY, 
PaTRicROFT, NEAR MANCHESTER. 
MAKERS OF COTTON, JUTE, HIDE & FIBRE. 
HYDRAULIC PRESSES. 
PUMPING ENCINES & PUMPS, STEAM HAMMERS 
STAMP HAMMERS, &c. 1245 


See TNustrated Adet. page 58, June Zi, 


LANTERN SLIDES. 


From Necatives, Puoroorarns, Drawines, 
Drae@rams, CATALOGUE ILLUSTRATIONS, 
cines, &., & 1729 


PHoroerarnic WorK UNDERTAKEN. 


ERNEST BICKERSTETH FRY, 


4&6, VICTORIA AVENUE, SHIPLEY, YORKS 











AND 
1445 





























FILTRATION. 


PUEOH-OHABAL SYSTEM 


(Patented), 1774 


FOR WATER & SEWAGE WORKS. 


ARMAND PUECH, Eingsway House, 
Kingsway, LONDON, W.C. 


FERRANTI Ltd. 


Hollinwood, Lancs. 


Electrical Apparatus for Industrial Purposes. 


SwirtTronmertar 
High and Low Tension) 1464 
UP TO 100,000 VOLTB. 


JOHN G. KINCAID & CO., 


LIMITED, 
ENGINEERS, BOMERMAKERS 
=m A — 


SHIPBUILDERS, 
CLYDE FOUNDRY, GREENOCK. 
Telegrams : “‘ Kuvcarp,” Gauexnoox. 1£68 


UNIVERSAL 
OIL SEPARATOR 


Free Trial. Pays for ltacit. 
See large Advt. page 18, April 28, 
EATER & ANEERSMIT 
34, Fenchurch Street, LONDON, E.C. 1793 
AND AT PARIS. *Phone—Bayx 54, 


AILSA SHIPBUILDING C0., 


LIMITED, 
Shipbuilders, Engineers, 


and Repairers, a: 
TROON and AYR. 


See Dispia; ed Advertisement last week and next week 


THE VACUUM BRAKE C0., Ltd. 


32, Queen Victoria Street, 
LONDON, E.C. 


534, Bank. Telegrams: Souvrion, Lowpox. 
A BC and A 1 Codes used, 1402 


Por Large Advt. see Last and Next Week. 























Telephone : 5: 
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Robert ert Stephenson & Co., Ld. 


LOCOMOTIVE BUILDERS, DARLINCTON. 
at Newcastle, 1821. 1130 


ew eetablished 

MAKERS o of FLOOOMOTIVES o! 
EVERY TYPE AUGE. 
tangas! Rek DESICNS. Paourr DELIVERY. 


5 
Bos Bee Trctrated aatercisemben page 33, Tween and next issue. 


Haws Pumps 


J.P. HALL « SONS, L» 


PETERBOROUGH. 


E. S. HINDLEY 8 SONS, 


URTON, DORSET, 
And 11, our pa aoe Street, Loxpon, E.O. 


HIGH-SPEED VERTICAL MULTI-CYLINDER 
GAS ENGINES, STEAM ENGINES, STEAM BOILERS 
AND SAWING MACHINERY, 182! 


See large Advertisement last week and next. 


CONSOLIDATED BRAKE & ENGINEERING 
COMPANY, LIMITED 


Spencer House, | South Place, | LohDon, E.c. 
STANDARD AUTOMATIC VAGUUM BRAKE 
ae Actin to : Eme ~ Accelerators. 

iat rents tan 2710, 70, London Wall. 


HACK SAWS 


As supplied to the Crown Agents for the Colonies, 


FROM gfSecm EACH. = 
F, PATRICK, Oxford St., Leeds. 


LIDGERWOOD 
Pile Drivers, Hoisting Engines 


for BUILDERS and CONTRACTORS. 


LIDGERWOOD MANFG. CO., 12» 
Caxton House, Westminster, LONDON, 5S.W. 


DANIELS GAS PLANTS 
DANIELS GAS ENGINES . 
DANIELS HIGH-SPEED PUMPS 


Complete Pumping Installations. 
T. H. & J, DANIELS, Ltd., Engrs., Stroud, Eng, 


See displayed Advt. last and next week. 506 


THE STEEL PIPE GO. 


LIMITED, 1188 
KIRKCALDY, N.B. 


See our large Advertisement on alternate weeks. 


SOUND SIGNALS 


STEAMERS, LIGHTHOUSES, FIRE ALARMS. 
Sounded by Steam or Compressed Air. 


BOILER MOUNTINGS. 


ADMIRALTY CONTRACTORS 


SYDNEY SMITH & SONS, Ln 
Basford Brass Works, 
NOTTINCHAM. 


Telegrams: Surrus, NorrmyenamM. Cable: ABO Code. 
Send for Sound Signa! Catalogue. 


The Cleveland 


Bridge 8 Engineering Co., 
wm» DARLINGTON, ENGLAND, ™** 


Specialists in the Design, Manufac- 
ture and Erection of Bridges, 
Girders, Roofs, Warehouses, and 
all classes of Iron and Steel 
Constructional Work. 









































Head Offices 8 Works: DARLINGTON. 
Loadoa Office: CRAVEN STREET, 
STRAND, W.C. 


pote 


Two. Wonders of the Age 


\ Marconi Wireless Telegraph 
_ Hyatt Flexible Roller 


{| This is a “less” age. We have wireless teleg- 
raphy, horseless carriages, painless surgery, etc., etc. 
4% But the most important advance in the world of 
mechanics is the HYATT FRICTIONLESS 
' BEARING. You can move the heaviest loads with 
the least effort by means of the Hyatt Roller. It 
does away with most of the friction, and friction 
means wear and waste of power. ‘{] Hadn't you 
better investigate ? 














10,000 BEARINGS IN STOCK 


’ at High ‘Wyenmia, suitable for all loads 
and speeds, 


15 % Reduction in frictional load. 
Over 1000 satisfied users in England alone, 





BROOM k WADE, Lt, wvoossse. 









GREAT IMPROVEMENT IN TRADE. 


Only the following NOW IN STOCK :— 





7 6$in. by 6 ft. LATHES. 6 36in. VERTICAL DRILLS. 
6 8tin. by 8ft. ,, 1 30in. 9 ” 
1 123 in. by 18 ft. »»  HighSpeed 2 24in. ” ” 


Order early to secure what we have left at present low prices. 





C. REDMAN ®& SONS, Dunkirk, HALIFAX. 


Telegrams “Redmans, Engineers, Halifax.” 


MAKERS OF 


Variable Speed 


MOTORS. 


INDUCTION 
MOTORS. 


MAKERS OF 


CRANE 


MOTORS. 
OYNAMOS. 


Alternators. 





Special Large Size 


MOTORS 


for heavy duty. 





" x SAS ab Egy a < rom 
FIG. 351. VENTILATED ENCLOSED CRANE MOTOR. 


Contractors to Admiralty, War Office, India Office, Chief British and Foreign Railway Co.’s, &c. 


J. P. HALL & CO., Ltd., OLDHAM. 








20 
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“ae & WADE, Lp., 


High Wycombe. 


SILENT AIR 
COMPRESSORS. 


Sizes in Stock and 
progress :— 


From 10 to 300 cub. ft. 


JACKSON 


PATENT 


GRINDER. 


Low H.-P. 
Low First Cost. 
No Extra Sieves. 























1669 


J. G. Jackson, L™- 


34, West George St. GLASGOW. 


STONEBREAKERS 


CRUSHING ROLLS, 
SCREENS, ELEVATORS AND CONVEYORS, 


Complete Plants for Fine Crushing or Macadam, 
ARE OUR SPECIALITY. 














ROBERT BROADBENT & SON, Lr. 


PHCENIX IRONWORKS, 
STALY BRIDGE. 


No. 296. 


768 


TELEPHONE : Tet, Appress- ““ BROADBENT,” STALYBRIDGE, 


HIGH - SPEED LATHES, 


WITH ONE FEED HANDLE ONLY. 
Fool-proof Feeds. Automatic Stop. 


NARROW GUIDE SADDLE. 


HICH PRODUCTIVE CAPACITY. 
ON THIS 7 in. by 7 ft. HIGH-SPEED LATHE. 




















Cope Worp (BREAM). 


HOLBROOK & SONS, 


_STRATF ORD, LONDON. 


TELEPHONE Sole Agents for Australia 
STRATFORD, ‘351. R. L. SCRUTTON & CO., Ltd., ‘SYDNEY. 


—_— 


Lanen 9 " NDON. 





E. SCOTT sMOUNTAIN, Le. 


ALL CLASSES OF 
PUMPING MACHINERY 
AND ELECTRICAL PLANT FOR 

COLLIERIES. 
Close Works, GATESHEAD-ON-TYNE. 


1248 
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: carn, BRIS: - BRONZE TUBES =CHLINDERS 





‘MANCHESTER. 
YORKSHIRE 
COPPER WORKS 


LIMITED, 











LEHDS. 


On Admiralty, War Office, and other 
Government Lists. 


Ap eeee|| SOLID DRAWN 
Over 20 Years’ \ NN, CO bY Fr 


EXPERIENCE HAS |: \\ 2a 
: AND 


memes | A BRASS TUBES 


AND WELL PROPOR- i) Ss 
TIONED PULLEY. . , ; 
for Locomotive, Marine and General 


H EN R Y C ROWTH ER & : 0 NS [1D cps 9 age a 2 


CLECKHEATON CHC. 4360 (two lines) ABC, 4th & 5th Editions. ‘“ TUBES, LEEDS.” 
. f 

















Round Core Packing. 











Silvertown Lubricated, 














ENGINE PACKINGS. 


INDIA RUBBER and CANVAS. ASBESTOS and RUBBER. 
“ SILVERTOWN ” LUBRICATED PACKING. SOLUBLE METALLIC. 


Please write for SAMPLES and PRICES of these RELIABLE PACKINGS. 














India. Rubber, Gutta Percha & Telegraph Works. Co., ts 


HEAD OFFICES: 106, Cannon St., London, E.C. WORKS: Silvertown, London, E. -1- 
Telegrams: Head Offices—“Silvergray, London.” Works :—“ Graysilver, London.” 











India-Rubber aod Asbestos, Washers or Rings. 














- POINTS AND CROSSINGS. 
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Ri. White & Sons, Widnes 


“ RAI LS, Lancs. 


CAMPBELL 8 CALDERWOOD, WATER TURBINES, PIPE LINES, 

Sate Hagin Wors &, | TURBO PUMPS, TACHOMETERS, 

sma ecco EOINES: | FLEXIBLE COUPLINGS, = 

poe GOVERNORS (Jahns’ Patent). 
See 


JENS ORTEN - BOVING & CO., 
9}, Union Court, Old Broad Street, E.C. 


Tilustrated Advertisement 
Last Week and Next Week. 


AERIAL ROPEWAYS. 











FOR 


WATER PURIFIERS, &c., 


APPLY TO— 


THE HARRIS PATENT FILTER LTD. , 
24, Grainger Street West, 
NEWCASTLE-ON-TYNRE. 














MITCHELL-WILLIAMS PATENT 


 LUFFING CRANES.| 


HIGHEST SPEEDS & EFFICIENOY. 


GREATEST SAFETY. 


The MITCHELL-WILLIAMS CRANE Co., 
____ 9% Lead Leadenhall St., LONDON, E.C. 1723 


CRANES 99, 


, aa _ g Wh cpt 
: i 
4 “AXLOR & = Lirtne, y+ 


STEAM & ELECTRIC. 


- HIGH-SPEED PLANING 


on Old Machines by means of 
Bateman's Patent Planodrive. 


| BATEMAN'S MACHINE TOOL CO. Lr. 


Electric Works, LEEDS. 776 





of all Kinds for TRAM O OARS, RAIL- 
WAY CARRIAGES. 
Reatoom Valves, , UENGINEERS, 


SEED DRILL TUBES 
for 
Agricultural Machines 


a Speciality. 


Telegrams: “ Srarxes.” 
Telephone; Ne. 185. 


MNEIL’S PATENT Reber & SLUDGE DOORS 
with Flanged ompenentior Wings 


SMITH, BROS. & HILL, Lb., 
her Sptng Wert, WEST SRUOTOR. 





pan rg dv pe ds 




















— MANUFACTURED aT — 


Kinning Park Ironworks, 
CLASCOW. 





) +LASG 

Code; Sth Edition, A BC 

Rugineering Telegraph Code 
ad Editlo 








WATER FILTRATION. 
WATER SOFTENING, 
Factory Effluent and Sewage Purification. 
ss Se see Most ray 3 and cones 


FREDK. LIPSCOMBE. & CO., 
49, Queen Victoria Street, E.C. 


Phone 2333 City. Retastisurnp 17M. 


Jd. TOMEY & 80N8 Lid. 





STOw 
inM INGHAM. 


RAPID 
ELECT RO-MACNHETIC 
SEPARATORS. .... 


FOR METALS, DESTRUCTOR REFUSE, POTTERS' SLIP. 
The Crescent, BIRMINGHAM. 











MARSHALL, FLEMING & co, ENGINEERS, MOTHERWELL. 


CONTRACTORS TO THE ELECTRIC and 


ADMIRALTY, WAR OFFICE, &c., &c. HAND TRAVELLERS. 


80-TON FOUR-MOTOR 


. LONDON OFFICE: 301-2, Mansion House Chambers, E.C. 
' NEWCASTLE-ON-TYNE OFFICE: 1, St. Nicholas Buildings. 


ELECTRIC GRANE. 


ELECTRIC GOLIATH CRANES. 
ELECTRIC WHARF CRANES. 
LOCO. STEAM CRANES. 


'FRIED. KRUPP, Essen « ANNEN. 


Manutacturer of Gruolhie & Slemens-Martin 


STEEL CASTINGS: 


EBEOR AIT PUR Pos Ss. 
To pass Admiralty, Board of Trade, Lloyds, and Bureau Veritas Tests. 


1476 


1571 











APPLY TO 


AUGUST RRIGHWALD (2222222), Masoary Poreen Woue, Msbay Pree, 8.62 


FRICTION COUPLINGS anp 
, FRICTION PULLEYS 


To Transmit up to 1000 HP. 
Ws [emmy CHEAPEST and BEST in the Marke. 
300,000 HP. IN USE. 


website y ieee hal Bolte Beene’ oes Rules for Transmission of Power 
Shafts, and Wheel Gearing, POST FREE. 


" J. BAGSHAW & SONS, FE 





SHIPBUILDERS. 
MARINE ENGINEERS, 


SEE DISPLAYED ADVERT. ALTERNATE WEEKS, 


CRABTREE & CO., Lro., 


GREAT YARMOUTH. 1270 


CONDENSING PLANT. =» 
COOLING TOWERS. 


Balcke & Co., Ltd. 


Broadway Court, Broadway, Westminster, S.W. 


ENTWISLE « GASS,Lo., 


Engineers, BOLTON, 

For CENTRIFUGAL PUMPS, 
AIR COMPRESSORS, 
OLUTOHES, GEARING, 
CASTINGS up to 10 TONS, 
BLEACHING, DYEING & PRINTING 

MACHINERY. 1182 


SPECIALTIES :— 














Machine Vice 


The only perfect Viee for use 
with Plening and other Platen 





Zz 
“GREAVES ” BLUE GAS LIME 


ear y trom weer -known won THE 


GREAVES, BULL & LAKIN, Lim. 


Chief Office : ngs ta LEAMINGTON. 


tone, LW, 
Weoreester Whart. 





SUPPLIES 
ARTESIAN TUBE WELLS 


AND “ABYSSINIAN” TUBE WELLS. 
AIR LIFT PUMPING PLANT. 


Le Grand & Sutcliff, 


Artesian Well and Waterworks Engineers, 
125, BUNHILL ROW, «ss 








Bi tei Ss Corkshixre. 


9622 


LONDON, E.0. 


eo 











[JUNE 30, 1911. 







































(Constructional EngineerSeeks WANTED, dc. 
manager or rasponsil ti 
Seema sale eianibeneh with commercial a eral [the Propri prietor of the Patent 
engineering, estimating and management of men; cet tb 6, for Improvements in the Manu- 
would travel. — 998, Offices of ENGINEERING. bm and the prorenens is DESIROUS 
ENTERING int) pint by way of 
A *5) ssistant to Steel Works} License = otherwise, on ere 7 is the 
RES RE-ENGAGEMENT ; good elon same ensur 

technical Ind snd workahopesperienc ; fair ei Sren me ore La elopment and penetiont« in tale Oc hats — 
oe Ane ppc Certo 2 instance, to HASE! to i oaaariea LAKE & 00, cay sri 
cmpton Halide setLondon. W. 0. B995 





Ctcel Works Chemist Desires 
CHANGE; excellent seterences and qualificalions; 

in anal, f fuels, micro- 
er sane Or of Enorenunine. 


No. 9881, of 1908, for ‘Im ements in 


rau uires Sitta- | Armour Plates and the like,” is DESIROUS of EN LER- 
TION. ec years’ worksop aon drawing- ANG fata sean by-way of a 


purpos: 
office experience with Messrs. G exploiting the same and ensuring its full development 


Sa 
OLTON, $ Melon” 











cemenense noderate.— Apply.) BO. ractical wor! in this Country.—All com- 

n Road, Willesden, N. 9] trnieations abou | be be addressed in "Ones f instance, | requi 

Gituation as Bricklay er Fore-|'* Agvate ond Coatatinn Magineens,? arg rey 

MAN in rolling mills. Practical experience ; | ton Buildings, Chancery Lane, London, W. 

good en references, &c. — on sat 

wae a: ase [he Proprietor of the Patent 

No. 44 f 1908, for ‘Improvements in or 

PARTNERSHIPS. relating to Wire Ropes or Cables,’ Is DESIROUS of 

ENTERING into A ANGEMENTS, by way of License 

and otherwise, on reasonable terms, tor the of 


Partners and Partnerships 


@ purpose 
exploiting the _ and ensuring its full development 








in many branches of 
and practical w in this Country.—All communi- 
wit ENGINEERING h cations should be , in the first instance, to 
WHEATLEY KIRK PRICE & OO HASELTINE, LAKE & CO., Ohartered Patent Agents 
Exonrasns ‘ao Vv. ‘ALURRS, - and ©. Consulting Engineers, 7& 8, Southampton Build- 
: 46, Wat Street, London, £.C., ings, Chancery Lane, London, W. B 997 
bart Races, Maachasier. 
m6, Collingwood treet, Newcastle-on-Tyne, [the Proprietor of the Patent 
“or lied on. No, 21088, bod oF ge se age 8 ome ore 
_ Be polity. "or ae x Metal Wheels, Tyres, and similarly sha extlatos 
and a: us therefor,” IS DESIROUS of ENTERING 


into ARRANGEMEN fs, by way of License and other- 
wise, on reasonable terms, for the purpose of exploiting 
the same and ensuring its full development and practi- 
cal working in this Nags ay SF —A)}l communications 
should be addressed, in the firat instance, to HASEL- 


(prortunity for Junior En- 

ineeras PARTNER, to join M.I. Mech, E., long 
established in Weatminster, "who has several important 
agencies ; must have no objection to travel or to call 
on Engineers, Exporters, Contractors, Merchants, &c. 





Favourable terms to suitable man possessing some T 
capital.—Address, B 961, Offices of ENGINEERING. INE, Goneuition wn & 0. 7a, Southampton ome = 
Chancery Lane, London, W.C B 998 





Fiagiish Partner in First-class 


Baku Machinery Business, with £10,000 capital, 
— RED ; someone with knowledge of engineering 
German or French besides E 
magulivens opening for gentleman’sson. Six months’ 
sojourn in Russia per annum only essential, — 
B 077, Offices of ENGINEERING. B 977 


ngineer, Clever, Energetic, of 

dd position and great experience, REQUIRES 

POST : Y PARTNE ERSHIP, home or colonies, £500 to 
£900 a year to commence with ; excellent testimonials, 
money could be invested on good security.—Write, 
SOLICITOR, care of Ruyneuu’s Advertisement Offices, 
44, Ohancery Lane, W.C. Bgs¢ 


he Proprietor of Letters 
Patent No. 14925, of 1909, relating to ‘‘ Aute- 

matic Signalling yatem for Railways,” DESIRES 
to | DISPOSE of the PATENT or to Grant Licenses to 
jes, on reasonable terms, with a 

} meal the adequate working of the patents in this 


Enquiries to be addressed to— 

CRUIKSHANK & FAIRWEATHER, Loursp, 
International Patent Agency, 65 66, Ohancery Lane, 
London, W.O. B 999 


the Proprietor of the following | 


Patents No, 13560, of 1907, No. 13662, of 1907, 
Improvements in Power En. 














PATENT AGENTS. 


(Fiss8o" Patent it _ Agency, 


ORUIKSHANKS Ps YAIRWEATHER, Lp, (and at 
45 & 66, Chan Lane, London, W. 6. ). Handbook 
Patents post free. 911s 


Poe Designs and Trade 


Peg in all Coun 


Bostiet of fosetul information, contain: 

aad - _— . New Patent Act, 
Patent Agents, 

— Buildings, Ohancery 


‘Avice freeon PatentingInven- 
tions and a Marks. Ore 

list of fees, gratis. KINGS PATENT AGENOY, Lap. 
Regd. Patent Agents, 165, Queen Victoria St., London. 





= ae of Boo! for “* 
and ps with Rotating Wing Pistons,” is 
ESIROUS of PENTERING into ARRANGEMENTS, 


by way of License and otherwise, on reasonable terms, 
for the ined of exploiting the same and ensuring 
their full deve'opment and practical working in this 
Country.—All Communications should be addressed, 
in cme first instance, to L, DUVINAGE, 39, Avenue 
des Nerviens, Brussels, Belgium. C1 


he Proprietor of the British 
Patent No. 17970, of 1908, relating to ‘“‘An 
marenee ong es tor the Preservation and Trans- 
aoe F301 Products,” DESIRES TO GRANT 
MCENSES to interested parties. — Address to 
J. GERMAIN, Engineer, 31, Kue de I'Hotel de Mee 
Lyons, France. BQ: 


1 A® Old-established Firm of 


795 Oha'n, Anchor, Shipping Tackle and Loe 
Block Manufacturers DESIR#& to be REPRESENTED 


1 
o h n E R awort h’ on a aemnicee basis in the principal ports of the 
° ’ 


world. lications will only be considered from 
OHARTERED PATENT AGENT, first _ a rms able to introduce business. Ko 
70/71, Queen Anne’s Chambers, 1478 


B 948, Offices of ENGINEERING. 943 
Tothill Street, Westminster, 8.W. 


Snipa Travellers Wanted, with Con- 


nection, to take up the sale al Lubricating Oil 




















Pik. .—G.F. Redfern &Co., 


and Heat-resisting Paint as a side line, on a remuner- 


. see. ee ; pa we omnes 
Finsbury, ier) vgs thay w.o. | ye Th meme ag pee - aence only "7 
Esta nd Ocdonial idsomely,—Apply b; s 
: Tg Tete Marks | 2-E.N., Deacon’s, tha Leadenhall Street, o B 





registered. Circular gratis. Tel N 

Central. Tele. Address: “ eiinvention London 1 
atents.—Stephen Watkins, 
SON & GROVES, seg Paten bees Daeete, ~m, 

Strand, London, w.0. 

Prince's Square, SW ebvisleniagtons “1 _ Esta. 1 a 1728 


‘Patents. =— Messrs. Va 


noun tt SON, Bri 
57, Ohancery Lane, W.C., 
nae Ra "ot rita Guide to Inv with Letters Patent 


fer Inventions. “ je'to Inventors,” free by - : r c 
ena 5 a M arine Engineering Firm on 


I rade Tyneside SOLIOITS ENQUIRIES, and is pre- 
uide to Patents, a pared to arrange for the Saawelerae of wonteediag 

MARKS AnD ay 1910. og es. specialities. Address letters in first instance, B 902, 
Patente, eo All Inventors 2 nen 


and ~~ ~ Id send for free to: 
ose or rate 2 
J. &. WITHERS & SPOONER,” A gency y Desired in South 
Patent Agents, ‘ales for structural stockwork, inlet enced 
a with large A adap toe to influence 


828, Hiéu Hoisoryx, Lonvor. 1848 
Telep.: 480 Holborn. Teleg. : ‘‘ Improvably, London.” 
Manufacturing Facilities.— 
h accarate and 


PUBLICATIONS. 
London, wit: 
PREPARED to com ly 


ookson Engi neerin a 
Bem UNDERTAKE MANUFACTURE 
medium sized line.—B 927, Offices of 


Engineers, &c.—Wanted, 


0 

Er Pose the United Kingdom, AGENTS for 
~ sale of “Genuine Magnolia Anti-friction Metal.” 
—For terms, &c., apply HENRY PYLE & O©O., Lp., 
196 and 198, High Street, Poplar, London, E ’B 952 


se ser rnin .— Licenses, 
to manufacture under —_ Ley - 875,06, 
be Obtained from H. T. N GIN, A.MLLOC.E. 
't. Nicholas Buildings, Tencute. on-Tyne. B560 






































ustraliaand New Zealand.— 
neer, A.M.1.0.E., M.LMLE. 
R {ESPONDENOE 


INS AOT, 1907,” 
DESIG OT, A hy Mews. LLOYD Tre OO 


Ex 
WISE & OO., te, can be | M.IEE., 


rhe Peopileter of the Patent | speed engin 


for the leat last oo years wi with the metallurgical 
works of and North and Bast of 
France, are WILLING. 95 ‘AKE the SALE of 


material ( ially coal) a t for 
ong bmw and an works. — Adavets, 8 7 
Offices of EncingErine. 


Casmared| HAy28 ineer (M. I. Mech. E.), 


ES additional REPRESENTATIONS or 
extensive 
of all classes of 


amongst bu 
seca hh 9a | eae 
€s, r- 
address, B. Rievos Offices of ENGINEERING. Beis 
H. Greenin ing, 15, Clifford's 
® Inn, London, E Engineer's Agent for 

London and export trade ; electrical, mechanical or 
buildin ators | materia!s. Propositions ion price cit 











irm in London will consider 
TAKING UP a specialit; the goodwill 

of a business on qeuieaintien. "ut repli A treated con- 
fidentiallv.—Address, A 932. Offices of ENGINEERING, 


lasgow Firm, with first-class 
connection soe a Oly de ae a pep isOPEN 


for AGENCIES on commission ; any Sanden mgt 
.— Address, B 915, Offices of Ener 


Wanted, Second- hand Air- 


COMPRESSOR, suitable for colliery work ; 
mus be in good condition.— Address, stating tali 
particulars, and where can be inspected, and lowest 
price, B 933, Offices of ENGINEERING. B 933 


W anted,Second-hand Suction 


GAS PLANT, 100B.HP. Write, stating maker 








and lowest price, and if can seen working.— 
the Rig? TON & CO., 141, Fenchurch we 
ndon, 





Wanted, Second-hand Lathe, 


back-geared, with gap bed, change wheels and 
slide rest. Distance between centres 5 ft. 6 in., height 
of centres 16 in.—-Address, stating price, &., 2, 
Offices of E of ENGINEERING. C2 


anted, ‘Second-hand 


Marshall VERTICAL, ENGINE, cylinder, 
8 inches.—A B., care of W. H, 
Sons, 11, St. tide Seseat E.C. B 965 





44 dia. b: 
Evsrett 


anted, Three or Four|tre 
DYNAMOS, preferably bi- » havin 
armatures about 11 in. diameter and about 11 in. 
long. Should 2 capable of running up-to 2000 revo- 
fg per minute, and at that speed absorb about 
HP. 200 volts at 1000 revolutions. Shunt 
wee. Must be in good condition, and ready for 
immediate use. 

Address, giving (1) name of maker, (2) date of manu- 
facture, (3) where the machines may be seen, and 
(4) price delivered Derby &tation, B926, Offices of 
ENGINEERING, B 925 


W anted, a Pair of Good 
Second-hand HAULING ENGINES, in 
thorough working order, with cylinders 18 in. to $4in. 
=. and ee beg be om and = pend gn 
carriages. Ww. 
ins can be made. oe 








PATERSON, Timber, 
=. — Machinery Contractor (South) Manchester. 


rtment.” — Special quotations for 
acmnee hand Piant and Machinery. Plant, Machinery 
Stores, Motor Vehicles, all kinds. B 258 


AUCTION SALES. 


Wheatley Kirk, Price & Co. 


(Established 1850.) 
Auctioneers 


AND VALUERS OF 1479 
ENGINEERING WORKS, PLANT AND STOCK, 
46, WATLING STREET, LONDON, E.O. 

16, ALBERT SQ., 26, COLLINGWOOD ST., 
MANCHESTER. NEWCASTLE-ON-TYNB, 
Telephones & Telegrams at each Addrese. 


MODERN COMPACT LITTLE WORKS AT 
HANWELL, MIDDLESEX. 


Re AOER (Limite). 


TO MOTOR AND GENERAL 
LAUNDRIES AND OTH 


heatley Kirk, Price & Co., 


will SELL ‘> PUBLIC AUCTION, upon the 
Works Premises, situaté in Grosvenor Road, Hanwell, 
Middlesex, at Eleven o’clock prompt, on Tav RSDAY, 
the 6th day of Juty, 1911, 
THE SUBSTANTIAL MODERN WORKS, having 
an unexpired term -of nearly 80 years, at a “nominal 
ground rent of £5 per annum. Area 1333 square 
yards. § —S sinheed Shop, .50 ft. by 60 ft. ; 
ditto, 64 by ft, and numerous Outbuildings, 
Garage, &e. Capital district, close to tram. 

Plan and particulars on a ion to ALLEN axp 
SON, 17, Carli-le Street, Soho Square, London, W., or 
the AUCTIONEERS, 46, Watling Street, E.O. 








ENGINEERS, 
ERS. 





Re ACER (Limrrep). 
SALE OF MODERN HIGH-CLASS MACHINE 
TOOLS, STOCK, STORES, &c. 


“> 


Wheatley y Kirk, Price & Co., 


will SELL by PUBLIO AUCTION, upon 
the Works Premises, at Grosvenor Road, Hanwell, 
Middlesex, on Tutrspay, the 6th Jviy, at E‘even 

o’clock prompt, piecemeal, in the lots of the Cata- 
toga ang silting. Stotting, Shaping, yo 


Capstan, Boring, Sliding, 
and Screw cotting Lathes 1 18 BE. Neceaet s 








ont, 
@btained from’ their Offices, ‘s Inn Fields, | with 
London, W.C, Price One "1606 117, St, George's Square, 3. W, 





tok peel neh nsta Geta Stock, 
Too! n 

Stores, Furniture wre ty appli- 

SE ee AUCTIO: 46, Watling Street, 

London, E.0.; Albert Albert. Square, 

emseeer; snk 2, Culingwens Plspet, Mewensts- 




























Tnurspar and Fripay, 20rn and 2ist Juny, 1911. 
INGS FOUNDRY, WAKEFIELD. 


~ COLLIERY PROPRIETORS, ENGINEERS, 
MACHINERY MERCHANTS axp OTHERS. 
IMPORTANT SALE or WORKS, PLANT axp STOOK 


heatley Kirk, Price & Co. 


have mo favoured with instractions fron 
Messrs. BR. H. Lonezorsam & Co., Ltd., to SELL b: 
PUBLIO AUCTION, at the Works, upon the abov: 
ragag commencing each day at Eleven o’clock promy 


FREEHOLD LAND, BUILDINGS and OFFICES 
in one or more lots, comprising a total area of 482 

yards, or thereabouts, and contain brick 
built 1 Erecting ~t. By Shop, Store ms 
c. e 


PLANT and MACHINERY 


includes :—5-ft. Vertical Boriug Mill, Radial Drills u; 
to 5 ft. 6in. Slide, Surfacing and Screw- cutting Lathe: 
up to 18-in. centre on 36-ft. bed, Slotting and Shap 
ing Machines up to 12 in stroke, Grinding, Drilling 
Mi and Sawing Machines, — Motors up t< 
t6 HP. Contents of Smithy, large assortment of 
loose Tools, Chains, Lifting Tackle and utensils 


a apes The 
STOOK of ENGINEERS’ and COLLIERY PLANT 
comprises :— Eight Horizontal Steam Engines, fror 
6 in. to.16 in. cylinders ;.two pairs of 54 in. and 18 in. 
ditto, Set of 8} in, High-spe ed Engines, Semi-portab|. 

Engine and Boiler, 94 ty cylinder by 12 in. stroke - 
Vercical, Duplex, and other Pumps up to 100,00 
gallons ity; Steam and Belt-driven Fans, Por: 
able and ixed Steam Winc hes, Electric Ho's:, 6 tons 

“Coulthard” Steam Motor Wagon, Water Heaters, 
Condensers, Winding Drums, &c., &c. 

The whole may be viewed cn Tuesdsy and Wednes 
ny 18th and 19th July, or earlier by spec‘al permit. 

Oatalogues may be obtained from the Fi:m's 

Solicitor, Mr, HARRY PLEWS, Yorkshire Buildings, 
Wocd Street, Wakefield ; from the Works Offices ; or 
from the Auctioneers, WHEATLEY KIRK, PRICE 
axp ©O., 46, Watling Street, London, E.0., Albert 
Square, "Manchester, and 26, Collingwood Street, 
Newcastle-on-Tyre. Cé 





TUESDAY, 


In THE Hien Court or Justice, 
Onancery Division. 
Mr. JvUsTice PARKER. 
In re W. R. RENSHAW & CO., L1rp., Stoke-on-Trent. 


EXTENSIVE ENGINEERING aromas PLANT 
AND MACHINERY 


By Order of the Court, 


W heatley Kirk, Price & Co., 


will SELL by PUBLIC AUCTION, in bus 

ea ‘&t the Nort StaFForD STATION HoreL, Stoke-on- 
on Turspay, the 4th of Juty, 1911, at Three 

ooo prompt, the extensive WORKS PREMISES, 


47H JULY, 1911, 
1910 W. No. 1987. 


id together w: ith the Fixed Plant and Machinery thereon, 


known as 


THE PHCENIX ENGINEERING WORKS, 
STOKE-ON-TRENT. 


The rty includes seme 18 acres of enfranchi:ed 
Copyhold Land, also some 14 acres of Leasehold Land 
having some 63 years unexpired, at an annual rental 
of £33 10s. f 


The Works have a fron of some 1330 ft. to the 
main N.S. Railway, with Sidings therefrom, other 
extensive frontages to the New Road to Etruria and 
to Newcastle Road. 

The Buildings yen are of an extensive and 
Wagon Shop 1 ft. 
by 112 ft. ; Erecting ‘Shop 219 ft. by 69 ft, ; Machine 
Shop 104 ft. by 21 ft. ; Fitting Shop 121 ft. by 51 ft. ; 
Carriage Sho: 450 ft. by 90 it. ; Ditto 570 ft. by 120 ft. ; 

, Repair Shop igi ft. by 90 ft. ; Smithy: 
Boiler Shop ‘numerous other erections. 

The Works are equi with Boilers, Engines, 

Electric Generators, ixed Plant and Machinery 

ble for Wagon Building, General 
Constructional Work, Engineering, Boilermaking, 
Founding, &. 

Full particulars of which, together with Plan, may 
be obtained gratis from the Solicitors, Receiver or 
Auctioneers. 

THE ENTIRE slates $a BE OFFERED IN 


including the Land, Buildings, Fixed Machinery and 
Plant, Steam, Heating, Water, Gas, Blast, Pneumatic 
and Hydraulic Services; and the purchaser thereof 
shall have the option of ‘acquiring the Stock-in-trad: 
and loose Tools and Utensils at a valuation. 
Solicitors, Messrs. OLDFIELDS, 13, Wa\brcok, E.C. 
Mesers. FRERE, CHOLMELEY & CO., 28, Lincol yIn's 
Inn Fields, W. Messrs. JAQUES & & 00., 8, Bl 
Place, E.C. ; Receiver, Mr. A. O. MILES, F.O.A. .2 
Street, Cheapside, E.C., sf or onal (then 
WHEATLEY KIRK, PRICE & CO., 46, Watling 
Street, E.C. All of London. B 86: 














FOR SALE. 
G team (Al Dee) Boilers. 1s 
Vertical, Loco., Cornish, Launch, Field-tube ; alse 


Air Receivers, Feed-water Heaters, ‘Oylinders, kec.- 
Tas Grawrpam Borer & Caranc Co., Lev., Granthan. 


ameron Boiler Feed Pumps, 


New, in stock, 5 in., 4 in., and 8 in. rame 
Sa rens —RAWLINSON’S Lap., Pump — 








or Sale, a Self- Propelliv: 
BUCKET DREDGER, centre ladder ; will ra 
300 cubic yards per —“¢ and dredge to 45 ft. Or 
sags nine months’ work. 
CENTRE LADDER BUCKET DREDGER, 
aie 2 100 cuble yards per hour and dredge to 19 f 
cutting own flotation. 
For prices and other particulars, apply to /0! 
SHELBOURNE & CO,, 29, Mark Lane, E.C. B 


NEW DREDGING PLANT FOR BALE. 


OQ. for Sale, an entire!y 


output 4% 
oe Gocaes DREDGER, hourly outer i: 
, capacity of Bucks: 




















~—" 
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BALDWINS L° 


LONDON OFFICE: 
5, Fenchurch Street, E.C. 
LONDON Works: 
Orchard Place, Blackwall, E. 





IRON ROOFS 
BUILDINGS. 





GALVANIZED CORR?: 
ano PLAIN SHEETS. 


TANKS & CISTERNS. 





Sole Makers of 
THE IMPROVED 


HOT WATER TANKS, 


FITTED WITH 
BRAIN’S Patent MANHOLE 


COVER and SOLID CORNERS 
Registered Design, 


ALSO OF 


Leech’s Patent Welted 


CISTERNS. 





GALVANIZERS 





Rangoon, Karachi, Bomba 
Southampton, Norah 
Staines, Felixstowe, Houses of 
and many other ie 


AIR COMPRESSING MACHINERY. 


COMPRESSED AIR LIFTS 
For Raising Water from Wells, Boreholes, &c. 


PNEUMATIC AUTOMATIC EJECTORS 


Sewage, Sludge, Pail Contents, &c. 


A8 USED AT 

ee eee Town, Eastbourne, 
~ ow ae 

rliam Wasbeinctee ; 





HUGHES ‘ LANCASTER, 16, 


LATHES 


For Estimates and Full Particulars apply to— 518 


Victoria $t., London, 8.W. 


GEO. SWIFT & SONS, 
Range Bank, 1816 
HALIF. 


See our large Adverii t last week. 











Fo Sale, Diamond Bori 
MACHINE, adapted for hand or power, cheap, 

Address, MAIN. & SON, 
Contractors, B 932 


or Sale, Old- established 


London LAUNDRY ENGINEERING BUSINESS. 
Good opportunity for young energetic man enterin 
business, or for amalgamating with another branch 
engineering.— Address, B 930, Offices of ENGINERRING. 





2 Overhead Travellers, 


15 ton and 20 ton, by Sunderland Forge, 87 ft. 
6in. volts. Very low price. —JENNIN os 
West ewcastle-on-Tyne. 


= “Sale, Two Sets 9 in. b 


Anitte poms urtves Wyiste. by iio: exe! 

0 im ven 12 in. n. © ne Os 
fret os Siw Borehole P PUMPS. Alisos 
—A. 0. want Ben Street, London, 5 








W ell-established Engineering | ¢ 
WORKS, East London, near —— doing 
both mechanical and electrical, FOR DISPOSAL, 
having plenty of ordere. Satisfactory chine for dis- 
Will sell same cheap. Inspection invited.— 

Z ¥ 926, Messrs, Deacon’s, Leadenhall Street, E.C. 
B 910 


ENGINEERING WORKS AND MACHINERY, 
LEICESTER. 


“These W orks, 


For § Sale, 
on ed a4 THE APPLEBY CRANE 





AND TRANS os tae situated at Grafton 
Place, St. paeeeiae, a and former! known 
as THE LON EAM OBANE AND ENGINE 


WORKS, together with COTTAGE PROPERTY front- 
ing St. John Street, and the Yard on Crane Street. 

e land forming the the site contains 4962 square 

yards or aye 8 ; the buildi: which have suitable 

good repair, and the plantand machinery 

The electric power supply 


is obtained from the 
Co; diem, end the warty es a whale ove tulip 
eres Sa ee ee oy Oe aang aS 


general a business. 
For fu apply to ym ALFRED 
TONGUE &O 84, West TONGUE & OO., 34, West George Street, Glas; Suet, S 











Noa- 
Stretching. 


Efficient. 


Head Office 
and Works: 


Orry Orrices : Salisbury House, London a London 
E.C. Telephone : 4904 London W : 


LiveRPoo, Orrices: Towar marten Telephone : 





of all kinds of IRONWORK. 


1830 Centra’. 





LOPES 


STEEL WIRE ROPES 


Cranes, 
Aaecrial Rope- 
ways, Loggins 


AND ALL ENGINEERING RURPOSES. 


Experts in every description of Wire Rope 
for Oil Well wring. 





BIRMINGHAM. 


econd-hand Sur 
MAOHINERY FOR IMMEDIATE DISPOSAL. 


_— 


Two H.P. Horizontal Steam ENGINES, working 


compound, 12 in. and 21 in. dia. by 24 in. stroke. 
Qne Lancashire BOILER, 24 {t. by 7 ft., with fittings 
(by Danks, Oldbury). 
14 in. 8. LATHE, 16 fc. gap bed. 


10) ho Screw-cutting LATHE, 14 ft. bed. 
le-geared Break LATHE, face plate, 80 in. dia., 
= take 20 ft. dia. 
— 8.8.8. LATHE, 16 ft. bed. 
aR in, 8,8. LATHE, by 28 ft. bed. 
r-milling MAOHINE, 80 in. by § in., geared. 
Wheel Gear Cutting core sliding table rest, 
48 in. by 12 in. ty, 10 ft. dia. 
Radial Drilling MACHINE, with square pedestal bed, 
66in. by 20ir> by 80in. by 5 ft. arm, 24 in. spindle. 
Ingot Seg INE, central head and two tool 


heads, § 
Slotting MAOHINE, heavy, 15 in. stroke by 30 in. 


circular table, self-acting. 
Travelling ORANE, 14 ft. span. by 90 ft. gantry and 
10 0.1. columns. 


Screw-cutting LATHE, 12 in. centre, 30 ft. bed. = 
Bd 


Subject to being ursold, can be inspected at HUNT 
gow. | axp MITTON’S, Oozelis Street North, Hee ee 








Lifts, 











COTTON ROPES 


For TRANSMISSION OF POWER. 


Durable. 


Economical. 


ESTABLISHED 1770, 


\J. & E. WRIGHT, Lp. 


TSLEGRAMs : ‘ Universe, Brawinenam.” 
TELEPHONE : 6914 Cznrrat (Three Lines). 
Suerrietp ry Bank Chambers, Fargate. Tele- 
phone : 1472 Oentral. <8 


| Sour Waves Orricrs : Royal Chambers, Park Place, 
Cardiff. Telephone : 1502. “a : 


Resident Representatives in all important Centres. 


actory of Armatures, work- 
ing for railway, WANTS to SELL PATENT, 

No. 2099, oe, 10,00 to “Oonductor of Oondenred 
Offers to U. H. 1887, care of Haasuxsrmw and 
Voeurr, A, G. , Cologne. B 958 


O28 Sale, Two Roy ce 2 -pole 
pound-wound Hae 0 270 amps., 100 


volt, ab 700 np and two Sets of Inv 
pound J et Condensing Steam ENGINES driving the 
lynameos neough belts from the 











heels ; may be 
-— — ee 17th of pF BRIDGE HALL 
Bury, Lancashire. Bo? 

FOR SALE. 


SECOND-HAND STEAM BOILERS, iccluding— 
Three Lancashire, 30 ft. by 8 ft, reinsure 100 Ib. prers, 


One ee 20 ft, by Sft.Gin. ,, WOlb. ,, 
One op 14 ft. by 7 ft. o MO aw 
Three * 80 ft. by 8 ft. » Sh 
Four 9 80 ft. by 7 ft. es 7Olb, 
One Cornish, 28 ft. by 6 ft, te S00 Te vis 
One pa 20 ft. by 6 ft. » lol, ,, 
One ~ 18 ft. by 6 ft. oo. Le 
One 18 ft. by 6 ft. za 30Tb. 
Two “ Economic” 14 ft. by 7ft. Gin, ,, I20ib. ,, 


ATALOGUE of Stock MACHINERY, 2-3000 LOTS, 
free on application. Inspection invited, 


=. Ww. en 4 LTD. 

dha Sheffield.” 

7| Be Sele: ae 

ONE ALTERNATOR. by Johnson & Phillips, single 
phase, 100 kilowatts, 2100volte, belt driven, pulley 
39 in. diam. by 18 in. face, all mounted on slide 
rails, fitted with belt driven exciter, mounted on 
lracket which is bolted to base plate. Can easily 
be converted to two or three phase. The machine 
has done little work and is practically in new 
condition, 

Two Premier Tandem Horizontal se yper GAS 

ENGINES, 150 B.HP., each fitted th water- 

oe pistona . the aes ae and a 

mn. 40 reva. tl bags, valves, 

r shafte, : noere, two cireulat tanks 10 ft. 
square, 6 ft. deep, pipes valves and connec 

team BARRING ENGINE and One Hand 

BARRING GEAR, for starting. 

Three 200 HP. GAS PRODUCERS, two by the Dowson 
Gas Producer Co., and cne by Messrs, Daniels of 

all ¢ -omplete with condensers, scrubbers, 

— twain, valves connections, 80 
arran, that any producer can wor rough 
all or either set of scrubbers. 

One 20 ft. dia, by 15 ft. litt GAS HOLDER, in brick 
tank. One 15 ft. dia., 10 ft., in celf-contained 
iron tank, ther —_ all the pipes, valves and 
connections for gam 

a, Double Orange Tanned BELTS, cach 72 ft. by 


5 in. wide. 
One § in. Leather LINK BELT, 16 in. wide by 72 ft. 


The Sole, or any part of this plant, can be seen 
running by appointment. The t price of the above plant 
complete ase it —_ a aia £750, or would con 
offers for any port 

EDWARD WHITE, Engineer, Redditch. B88 





ALBION WORKS, 
SHEFFIELD. 


Stroud ; 
hydraulic 





MISCELLANEOUS. 


Me Bn we Rock-boring 


ES and DRILL STEEL. 








Prompt delivery.—-THE HARDY PA’ 
PIOK 00. Lap., Shi , England. 
me ee < ones ee 





“ APOLLO” MACHINE TOOLS. 
Pollock & Macnab, Ld. 


1872 


BREDBURY, MANCHESTER. 


LIFTS & CRANES 


ELECTRIC and HYDRAULIC, 


J.G. CHILDS6 Co., Ld. 


HAWTHORN ROAD, 
WILLESDEN GREEN, we 


Wiison Hartnell & Oo., La., 


Electrio Light and Power Engineers, 
689 
VOLT WORKS, LEEDS. 
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MARSHALL, SONS & Co. LTD., GAINSBOROUGH, England 


Telegrams : ‘‘MARSHALLS, GAINSBORO’.’ Engineers and Boilermakers. 


Telephone No. 40 & 41. 


Also Offices, Showrooms and Stores at HORIZONTAL ENGINES up to 2000 HP. 
79, Farringdon Road, LONDON, E.C. BOILERS, Cornish, Lancashire, Loco., Vertical, &. 
eegrma:*Bngn, Loodn.” Tle No 648, Bator. YNDERTYPE ENGINES, Simple and Compound. 
AND AT CALCUTTA, BOMBAY, LAHORE AND ee... VERTIC ‘AL ENGINES, Simple an é Compoun d. 
GRAND PRIX, FOUR GOLD MEDALS, PORTABLE and SEMI-PORTABLE ENGINES. 
nant nl TRACTION ENGINES, ROAD ROLLERS, STEAM 


UNITED PROVINCES EXHIBITION 


o ALLAHABAD, 1910-1911. and OIL TRACTORS. 
sg, RNa scree ges T1460 THRASHING MACHINERY for al! Countries. 
> GRINDING MILLS. | SAWING MACHINERY. 
LEIS Se ns Quer 143,000 Engines, GOLD DREDGING PLANTS. 
Self-contained Horizontal Engines, from 4} in. to 16 in, Boiler 8, & Cos made. . TEA PREPARING MACHINERY, &e. Od 2529 


diameter of IC SMAI Meee I ag a: na OO AES I ee thal alba 


ELECTRIC, Cc Pp PR ANE NE ES-“: GEORGE RUSSELL 
STEAM, AnD and 60., Ltd., 
HYORAULIG orn wax, 


‘The Dulsometer=: 


Steam Pump 












































Has no moving parts to rust up, nothing to get out of order. It will pump 
dirty and gritty water without injury, and will stand any amount of hard 
wear and rough usage. 

Write for List No. 7. 


LONDON ; READING; 


often,  Tanstsee, — FOulsometer Engineering C2 1? Works, 


Westminster, S.W. Nine Elms Iron Works. 














B. « S. MASSEY 


MANCHESTER. 
BRETTS’ SYSTEM 


DROP STAMPS 


STEAM HAMMERS, POWER HAMMERS, BAND SAWS FOR OOLD METALS, & 


LONDON OFFICE: St. Stephen’s House, Westminster, S.W. GLASGOW OFFICE : 74, York Street. 
BELFAST OFFICE: 93, Ann Street. PARIS OFFICE FOR FRANCE: W. COPE & CO., 13, Rue Pordonnet. 
GENOA OFFICE FOR ITALY : EMILIO CLAVERINO, 33 Via XX Settembre. on 


a 
the Parish of St. ete Oy ee Sot at Omartes Ropert JonNsON, at the Offices of ENGINEERING, aN 
Oo in the County of Middlesex.— , June 30th, 1911. ] 






































